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Summary

This study was conducted to evaluate the optimal energy and protein level in feed
of growing-finishing pigs for growth, blood profiles, pork quality and feed cost. This
experiment was done by a factorial design and factor 1 was two level of energy (3,150 or
3,300 kcal of ME/kg), and factor 2 was also two level of dietary protein in feed (90% of
NRC CP requirements in 2012 or NRC CP requirements in 2012). Growth performance
of growing-finishing pigs was improved when pigs were fed high dietary energy and high
protein treatment diet (HH) both in late growing phase and the late finishing phase,
respectively (P=0.03; P=0.05). Average daily gain (ADG) was increased when higher
protein diets (LH and HH) were provided to growing-finishing pigs (P=0.03) and dietary
protein was much more potent nutrient than dietary energy for growth of pigs during the
whole experimental period. Average daily feed intake (ADFI) was also increased when
pigs were fed higher protein diet particularly during growing phase (P=0.01) and this
trend was maintained during finishing phase (P=0.03). Gain to feed ratio (G:F), however,
was mainly affected by dietary energy (P=0.06) rather than dietary protein level (P=0.67).
Blood urea nitrogen (BUN), total protein, creatinine and blood glucose were lowered
when low energy and low protein diet (LL) was provided (P=0.01), resulted in an
interaction (P=0.01). Although pH of pork was lowered when pigs were fed low protein
treatment diet (P=0.03), but other measurements of pork quality, such as color, chemical
analysis and TBARS, were not affected by dietary levels of energy and protein. Feed cost
per weight gain was lowered when pigs were fed high energy and low protein treatment
diet however, feed cost per pig was increased when dietary protein level was increased
(P=0.01). Although total feed cost to 110kg of body weight was the lowest in low energy
and low protein treatment (LL), days to market weight from 27.22 to 110kg was the

shortest in high energy and high protein treatment (HH) among dietary treatments. Even



though feed cost could be saved in LL treatment, days to market weight was delayed
about 19 d compared to HH treatment subsequently LL treatment would not be efficient
feed formulation for growing-finishing pigs. Consequently, this experiment demonstrated
that high protein diet resulted in improved growth performance in growing pigs but high
energy (3,300 kcal of ME/kg) and low protein (90% of NRC(2012)) diet would be

desirable feed formulation based upon feed cost, days to market weight and pork quality.

Key words: Dietary energy and protein, Growing-finishing pig, Growth

performance, Blood profiles, Pork quality, Feed cost
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I. Introduction

Recently, global grain price tends to increase with various reasons.
Extreme climate change, decrease of cultivation acreage and increase of
meat consumption are also having a significant impact on global grain prices
subsequently prices of feed ingredients will be increased continually in the
future. In South Korea, it is known that feed cost comprised approximately
60 percent of the total cost of pig production and about 60 to 70 percent
of ingredients in swine feed is consisted of corn and soybean. Over the last
two decades, pig industry in Korea has been developed greatly and pork
price has been maintained about 2~3 times higher than that of USA and
EU. Therefore, swine producers in Korea are concerned about fast growing
of pigs regardless of cost of feed or pork quality and are less interested in
saving of production cost and improving productivity of farm. Moreover,
many feed companies have been selling high-nutritive feed at high prices,
and swine producers do not aware of the serious situation by feeding
over-nutritive feed to pigs. Swine feed contained excessive nutrients not only
increased Growing-finishing period is an important time to maximize the
growth of pigs, in addition, pigs are generally consuming much more feed
compared to other phase of pigs subsequently feed cost during this period is
being comprised approximately 70% of total cost of feed of pigs. To save
feed cost, swine producers need to avoid wasting of feed and formulate

efficient feed which contains adequate nutrients for normal growth of pigs.



When swine feed is formulated efficiently, nutrients in feed will be well
utilized in growing-finishing pigs subsequently growth rate of pigs has
improved and days to market weight can be reduced. Not only price of
swine feed, but also pollutants in environment will be great concerned when
feed contained excessive nutrients. Among of nutrients, crude protein and
energy contents in swine feed determine the price of feed, resulting in
affecting net profit of swine farm. Consequently, this study was conducted
to evaluate the optimal levels of energy and protein in swine diet on growth
performance, blood profiles, carcass characteristics and feed cost in

growing-finishing pigs.



II. Literature Review

1. Introduction

1.1 Genetic Improvement and Nutrient Requirement for Pigs

Genetic improvement of pigs, supported by constant breeding programs
and genetic discoveries, has steadily been enhanced since its start in the
early 20th century (especially in Northern Europe). In its initial phase, the
focus was mainly on lean mass and feed efficiency of pigs. Studies have
seen gradual advances in genotype or phenotype, so that enhancement of
breed characteristics (such as type, color, and back fat thickness) was
achieved, and daily gain and feed efficiency were constantly improved.

Since the beginning of animal domestication, humans have been
aiming to breed animals best satisfying our interests. In its start, our goals
concerned general features like size and color, and the matter of docility.
Dickerson (1952, 1974) studies concerning crossbreeding of plants and
poultry garnered attention from pig farms. The phenotypic trends of Dutch
Landrace pigs and Dutch Yorkshire pigs from 1930 through 1990 is shown
in Table 1. Merks (2000) reports 50-plus percent increase in daily gain,
outstanding enhancement in feed efficiency, and approximately 50% of
decrease in backfat thickness. Figure 1 shows main genetic trends through

the century (including daily gain, backfat thickness, and litter size).



Table 1. Phenotypic trends in central test results in the Netherlands from 1930 until
1990

. . Feed efficiency Backfat
Race Daily gain (g/d) :
(kg/ke) thickness (mm)
Dutch landrace
1930 500 35 45
1947 650 34 33
1972 788 2.6 26
1990 840 2.8 24
Great Yorkshire
1930 550 34 48
1947 680 3.2 35
1972 815 2.5 27
1990 840 2.7 22
Sources:Merks,2000
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Figure 1. Schematic description of one century of genetic progress in
pigs (Merks, 2000)

Advancement in the field of genetics (such as that of molecular
genetics) continued into the last decade of 20th century, allowing

improvement of sire and dam lines for swine reproduction systems.
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Enhancement in growth performance and feed efficiency keeps proceeding,
according to Knap (2009) and Torres et al. (2005). Intramuscular fat (IMF)
content shows decrease in Brewer et al. (2001), as an outcome of breeding
for leaner genotype.

The purpose of breeding programs was centered on daily gain, feed
efficiency and litter size, and has evolved to also include characteristics like
meat quality and vitality of piglets (Knol, 1998). There are also some
studies involving gene-environment interaction (Andersen et al., 1998; Merks
and Hanenberg, 1998) and inbreeding (Meuwissen, 1998).

Some scientists concentrated on the nutrient requirements of pigs.
Ideal lysine/digestible energy (DE) ratio in growing pigs can be seen in
Table 2, according to their genotype. Van Lunen and Cole (1996) observed
that through genetic improvement, protein deposition and lysine requirements
have increased. Naturally, it would be safe to assume that there will be

steady increase of the nutrient requirements in pigs.

Table 2. Optimum lysine/digestible energy ratios in growing pigs by different

genotype
. Lysine/DE ratio
Genotype PD (greky) | ik {5g) Castrate Gilt Boar
) <25 0.78 0.80 0.83
Unimproved 100
25-55 0.73 0.75 0.78
<25 0.85 0.85 0.88
Average 125
25-55 0.78 0.80 0.83
_ <25 0.88 0.90 0.93
High 150
25-55 0.83 0.85 0.88
) <25 1.20 1.20 1.20
Hybrid 175
25-55 1.10 1.10 1.10

Sources: Van Lunen and Cole 1996



1.1.1 Nutrient requirement

Dietary energy is used in maintenance, accretion of protein and lipid,
and heat loss of production (Van Milgen and Noblet, 2003). From pigs’
birth to the point where they reach market weight, daily energy intake keeps
increasing. The energy is firstly spent on maintenance, then on protein and
lipid accretion (Lizardo et al., 2002). Spare energy will be accumulated as
fat. The amount of energy for maintenance takes up about a third of their
total energy intake, and the rest is spent on protein and lipid accretion
(Black and Lange, 1995; NRC, 1998).

The interaction between energy intake and protein deposition decides
the accretion of protein and lipid (through dietary energy) above the
animal’s maintenance needs. Bikker et al. (1995) states that the genotype
and energy intake has influence on the effect of a dietary energy intake on
body composition. Davies (1983) states that compared to pigs with low
feeding level, pigs with high feeding level accumulated more fat and less
muscle. Kanis (1988) and Bikker et al. (1995) suggested that increase in
energy intake dropped the efficiency of lean tissue gain. Older pigs,
according to Bikker et al. (1996) were shown to preserve more lipid per
unit of extra energy than protein. Rao and McCracken (1991) reported an
even increase of protein deposition up to 230 g/d, affected by the nitrogen
balance of approximately 38 MJ of DE/d. Ellis et al. (1983) and Jorgensen
et al. (1985) demonstrated that lowering the energy intake also increases the
lean portion and decreases the fat portion in a pig’s body. Raising the
energy intake has been found to boost the ratio of lipid and protein

deposition (LD : PD) (Campbell et al., 1983; De Greef et al., 1994; Bikker



et al., 1995). Campbell and Taverner (1988) agreed to these influences of
energy intake on body composition. Bikker et al. (1995) claimed that higher
energy intake in growing female pigs lessened the protein deposition of lean
tissue. De Greef et al. (1994), illustrated the increase of LD : PD as pigs’
body weight increased, claimed that LD : PD increased in boars weighing

25 ~ 105 kg, regardless of high or low feeding level.

1.1.2 Nutrient Requirement of Pigs

In pig farming industry, two important factors for maximum result are
growth rate and feed cost. Swine production aims to get more products
from various feeds that provide proper nutrients. There are several nutrients
crucial for synthesis of muscle, adipose tissue, bone, hair, skin and other
body parts. They include energy, protein, amino acid, minerals, vitamins,
water, etc. Nutrients also play great part in body maintenance, growth,
reproduction and lactation.

Meanwhile, Wilson and Bayer (2000) claimed that feed ultimately
affects 60% of the cost for producing market-weight pigs. Overfeeding
nutrients is reported to have negative influence on the environment (Swine
Nutrition 2nd Edition, 2001). Underfeeding is reported to affect pigs’
reproductive, lactating and growth performance (Baker et al., 1970; Svajgr et
al., 1972; Head and Williams, 1991; Jongbloed and Lenis, 1992; Paik et al.,
1996; Messias de Braganca et al., 1998; Revell et al.,, 1998; Kusina et al.,
1999b; Jeong et al., 2010). As these claims imply, nutrient concentration
influences swine performance, and thus connected to cost of production.

Accordingly, we need studies appraising changes in requirements of nutrients



and resulting swine performance. The studies would enable us to enhance

swine productivity and save feed cost.

1.2. Nutrient Requirement for Growing-Finishing Pigs

As nutrients intake is vital for growth, breeding and production of
livestock animals, there has been continuous study on animal nutrition, in
order to provide enough nutrients for animals without either excess or
deficiency. As of pigs, there are enough information acquired through
numbers of experiments (concerning pig’s weight gain, feed efficiency,
protein accretion rate, etc.). However, some differences exist depending on
changing body weight and circumstances of animals. As a result, the
standard of nutrient requirement for pigs was set by institutions worldwide
(e.g. NRC of the USA (1998), ARC of the UK (1981), SCA of Australia
(1987) and JRC of Japan (1993)). Rural Development Administration of
South Korea also joined in by publishing the Korean Feeding Standard for
Swine (2007).

Feed intake of growing-finishing swine depends on energy content in
feed. Feed of high energy content leads to decrease in feed intake, increase
in weight gain, and decrease in lean percentage following increased lipid
accumulation. Daily energy requirement is obtained through the sum of the
requirements  for  maintenance, protein and fat deposition, and
thermo-regulation. Pigs of growing-finishing period need energy to grow and
maintain bodily functions. Maintenance energy is fundamental in supporting
life and body temperature and is gauged from heat production in fasting

period. NRC (1998) suggests 110 W*” kcal of DE daily or 106 W°” kcal



of metabolizable energy (ME) daily for pigs of all weights.

Because stage of growth, dietary energy and other nutrients influence
fat and protein deposition, energy requirements for growth may vary. They
are needed in synthesis of bone, tissue, organ, muscle and fat by protein
and lipid deposition. Verstegen et al. (1987) stated that 10.6 Mcal of ME is
needed for synthesis of a gram worth of protein, 12.5 Mcal of ME for
synthesis of equal amount of fat. According to Wenk et al. (1980), protein
took up 23% in a kilogram of muscle tissue; fat took up 80~95% in a
kilogram of fat tissue. This shows that muscle synthesis requires more
energy than fat deposition.

Table 3 shows standardized energy requirements for growing-finishing
pigs set up by different institutions worldwide. NRC suggested 3,265 kcal/kg
of ME (1998) as energy requirement of growing-finishing pigs (3,300
kcal/kg in its 2012 report). KFFS suggested 3,265 kcal’kg of ME (2007) as
well (2012 report details the amount as follows: 3,350 kcal on 25 ~ 45 kg
pigs, 3,300 kcal on 45 ~ 120 kg pigs). SCA (1987) and JRC (1993) shares
similar information regarding pigs of growing-finishing phase. ARC (1981)
shows lower energy requirement according to their own data of genotype,

growth rate, lipid deposition and environmental factors.



Table 3. 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
EstimatedME", 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
EstimatedMEY, kcal/kg 2,983 2,983

SCA, 1987 20 - 50 50 - 90

DE. kcal/kg 3,346 3,346
EstimatedMEY, kcal/kg 3,212 3,212

JRC, 1993 30 - 70 70 - 110

DE. kcal/kg 3,300 3,300
EstimatedMEY, kcal/kg 3,168 3,168

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

Protein level in pigs in general represents 15~18% of their body mass,
and 45~60% of it is shared to dissectible muscle or lean meat. Others
spread to pigs’ visceral organs, hair, bone, skin, blood and other tissues.
Dietary protein replaces proteins lost in protein turnover, and is disposed as
cells, amino acids, other nitrogenous compounds and unabsorbed enzyme
secretions from the intestine (“metabolic fecal losses” or “endogenous fecal
losses™), or urea from the kidney (“urinary losses”). In addition, amino acids
found in protein are needed for the synthesis of non-protein compounds
(hormones, neurotransmitters, immunoglobulins and other bioactive peptides).
As seen in Table 4, which shows protein requirement for growing-finishing

pigs, they require less protein as they mature. Quite a few researchers

_10_
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proposed that adequate amino acids balance is more effective for pigs’

growth than protein level.

Table 4. 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

Protein?, % 15.8 13.8 12.2 10.5
KFSS, 2007 25 - 50 50 - 80 80 - 120
Protein, % 18.0 16.0 13.0

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

DCalculated from total nitrogen X 6.25

Main ingredients for swine feed like corn, barley and wheat can cover
30~60% of total amino acid requirements. Soybean meal is also an ample
provision of pigs’ requirements of protein and amino acid. The following 9
amino acids are indispensable amino acids that should be obtained through
pigs’ diet: lysine, methionine, threonine, tryptophan, histidine, isoleucine,
leucine, phenylalanine and valine. Cysteine and tyrosine can only be
synthesized from essential amino acids (from methionine and tyrosine,

respectively), and these can be viewed as semi-essential. Lysine generally is

_11_
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considered the first-limiting amino acid in cereal-grain-based pig diets.
Dietary amino acids requirement for swine is closely associated with protein
accretion, energy intake and dietary energy density in their growing-finishing
phase (NRC, 1998). The whole-body protein accretion rate differs according
to genetic strain, gender, health and stock density, or to combination of
these or other factors. However, the amount of lysine needed for

growing-finishing pigs decreases linearly (Figure 2).

1.1
1.0 +
09 4
08 4
0.7 L

06 4

True Digestible Lysine Requirement(%)

0.4 t — t i t f t i i i

20 30 40 50 60 70 80 90 100 110120
Body Weight(kg)

Figure 2. Lysine requirements (%, true ileal digestible basis) of pigs with a

mean lean growth rate (NRC, 1998)

Institutes differ as to the requirement of lysine for growing-finishing
pigs (Table 5). They all show linear decline of lysine requirement through
pigs’ growth. Nonetheless, these feeding standards show distinction, taking

into account genetic strain, gender, health, growth rate, etc.
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Table 5. Lysine requirements for growing-finishing pigs

Item Body weight (kg)
NRC, 1998 20 - 50 50 - 80 80 - 120
Lysine", % 0.95 0.75 0.60
NRC, 2012 25-50 50-75 75 - 100 100 - 135
Lysine”, % 1.12 0.97 0.84 0.71
KFSS, 2007 25 - 50 50 - 80 80 - 120
Lysine", % 0.98 0.82 0.64
KFSS, 2012 25 -45  45-65 65 -85 85 - 120
Lysine”, % 1.22 1.01 0.91 0.76
ARC, 1981 15 - 50 50 - 90
Lysinel), % 1.10 0.78
SCA, 1987 20 - 50 50 -90
Lysine", % 0.83 0.60
JRC, 1993 30 - 70 70 - 110
Lysine”, % 0.75 0.56

DLysine requirement for total basis(%)

Dietary protein is vital source for the synthesis of body tissue, organ,
hair, bone, skin, blood and other tissues. Moreover, some amino acids in
protein are necessary for the synthesis of non-protein compounds; hormones,
neurotransmitters, immunoglobulins to name a few, and other bioactive
peptides.

Nutrient requirements decrease as pigs grow, and one way to provide
appropriate nutrients for growing-finishing pigs is phase feeding. Phase
feeding prevents the waste of nutrition, saves the cost for feedstuff, as well
as curtails the emission of nitrogen.

Table 6 shows crude protein (CP) requirements for growing-finishing

pigs set by the NRC. It shows that NRC (2012) has divided the phases of

_13_
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growing-finishing pigs into four, whereas in NRC (1998) the phases had
been divided into three. CP requirements according to pigs’ weight has
lessened in NRC (2012) than in NRC (1998). This, along with many other
reports, suggests that providing precise balance of amino acids is more

effective for pigs’ growth than protein level is.

Table 6. Crude protein requirements for growing-finishing pigs in NRC 1998 and
2012

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
Protein”, % 15.8 13.8 12.2 10.5

DCalculated from total nitrogen X 6.25

1.3 Protein Deposition
1.3.1 Protein and Amino Acids

Proteins are primary nutrients for biological processes. They are
macromolecules that make possible, virtually all molecular transformations
and biochemical reactions.

Amino acids can combine into various chemical substances apart from
proteins, including peptides, hormones, neurotransmitters, purine and
pyrimidine nucleotides, creatine, carnitine, porphyrins, polyamines, and nitric
oxide in an animal body (Wu and Morris, 1998). All natural proteins
consist of 20 a-amino acids. These have a carbon that includes a primary

amino group and a carboxyl group. Amino acids vary according to different

_14_



structures of side chains contained in them. Since animal cells cannot utilize
inorganic N (like urea or ammonia) to form amino acids when carbon
skeletons are unavailable, essential amino acids must be included in the
animal diets. Chung and Baker (1991) observed that piglets are fattened
when provided a diet with crystalline amino acids as the only source of
nitrogen. Easter and Baker (1976) observed that gilts go through normal
pregnancy during the last 84-day phase of gestation when fed the same diet.
Amino acids not only act as precursors of protein, but also of nitrogenous
substances (such as nitric oxide, polyamines, creatine, dopamine, and
catecholamines) that are crucial for whole-body homeostasis (Wu and

Meiniger, 2002; Odenlund et al., 2009; Suryawan et al., 2009).

1.3.2 Protein Deposition

PDmax refers to the upper limit of protein deposition achieved or
achievable by a pig. To get maximum results in growth rate and body
weight gain (especially lean tissue growth), pigs’ genotype and their PDmax
were considered on the preferential basis. Energy usage for maintenance is
followed by energy usage for protein accretion, which is followed by
PDmax curve. PDmax curve is set up by numerous studies (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).

In Figure 3 is displayed the interrelationship between energy intake
and body protein deposition. When body weight reaches certain amount,
protein deposition slowly increases while energy intake approaches PDmax

point (This is on the assumption that there are no factors hindering the
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protein deposition.) (Campbell and Taverner, 1988; Bikker et al., 1995,
1996; Quiniou et al., 1995, 1996). More energy intake from this point on
results only in more lipid deposition. This will lead to fatter carcass and
poorer feed efficiency. Pig farming is most efficient when energy intake is

at PDmax level.

4 PD max

Extra PD per
unit extra E
intake

PD

E intake at which
PDmax 1s just achieved

4
Energy Intake

Figure 3. Relationship between energy intake and body protein deposition(PD)

in growing pigs (Swine nutrition, 2nd edition)

PDmax point in growing-finishing pig is between 90~160 g/day (Carr
et al., 1977, Moughan and Verstegen, 1988; Thompson et al., 1996).
Recently, boars occasionally show PDmax of above 200 g/day (De Greef et
al., 1994; Van Lunen and Cole, 1998; Weatherup et al., 1998). This shows
that PDmax can be enhanced to a great extent, which is linked to great
possibilities of lean growth through genetic selection. PDmax curve can be
maintained or increased as energy intake in a 40 ~ 90 kg weighing pig,
depending on pig’s genotype (Campbell and Taverner, 1988; De Greef et
al., 1994; Quiniou et al., 1995; Bikker et al., 1996).
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PDmax is highest in boars, then in gilts, and is lowest in castrates.
When fully grown, there is approximately 5% difference in PDmax between
gilts and castrates (Moughan and Verstegen, 1988; Stranks et al., 1988;
Thompson et al., 1996), approximately 20 ~ 30% difference between boars
and castrates (Moughan and Verstegen, 1988; Van Lunen and Cole, 1998).

1.4 Lipid Deposition

Protein deposition and lipid deposition occur simultaneously, but extra
dietary energy is utilized first in protein deposition and then on lipid
deposition.

Whittemore (1993) defined ‘target fat’ as the minimum amount of fat
when animals would feel physiologically comfortable, so that available
nutrients can be properly shared, and metabolism for reaching potential rate
of lean tissue growth can be maximized. When remaining energy level for
lipid deposition is lower than certain target fat level, achievement of protein
deposition rates will be altered to achievement of target fat levels. This
condition would set the physiological priority to restore fat levels to target
fat level. Whittemore et al. (1988) explains the minimum amount of lipid
(connected to the amount of protein deposition a growing pig can achieve)
through the target fat level. This is because protein gains will be held back
until target fat level is reached. Before lean-tissue growth rate reaches the
full extent, the ratio of fat to lean will indicate the percentage of fat in the
gain, which is the target level (Figure 4, Whittemore, 1993).

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

deposition is determined by the protein deposition rate that an animal may
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Constant ratio of Increasing ratio of
fat:lean in gains fat:lean in gains

Daily gains of lean and fat

Feed supply
Figure 4. The ratio of lean to fat in gain (Whittemore, 1993)

achieve in its attempt to reach the normal level in a non-limiting
environment. If the animal lacks in both protein and lipid level, each will
aid the other in their balance. Increasing feed intake in the state of protein
deficiency improves lipid retention rates (Kyriazakis and Emmans, 1992;
Ferguson and Gous, 1997; Ferguson et al., 2000).

Whittemore (1998) explains, when animals become or are made
overweight (through high quality diet, for example), they use remaining
body fat to maintain their normal protein level, or they accumulate less lipid
to restore by the lipid : protein ratio. Ferguson and Theeruth (2002) states
that empty bodies of the pigs that are provided high-protein diet showed
notably lower response from the lipid : protein ratio compared to those
provided with low-protein diet, also agreed with Kyriazakis and Emmans

(1991) and Ferguson and Gous (1997) reports. Pigs given feed of deficient
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protein are reported to acquire lipid rapidly compared to those given feed
with appropriate amount of protein, and try meeting their potential protein

growth rate (Kyriazakis et al., 1991; Ferguson and Gous, 1997).

2. Dietary Energy of Growing-Finishing pig

2.1 Effect of Dietary Energy Levels in Growing-Finishing Pigs

Dietary energy level is an important factor for having variety in feed
intake. Controlling feed intake is dependent on energy density. Pettigrew and
Moser (1991) explained that growing-finishing pigs generally showed less
average daily feed intake (ADFI), more average daily gain (ADG) and gain
to feed ratio (G : F) when provided with high dietary energy level. Few
studies suggested that increasing energy in growing-finishing pigs’ diet —
although it did not have noteworthy effect on body weight and ADG —
enhanced G : F (Baird et al, 1958; Clawson et al., 1962; Wagner et al.,
1963). Chadd and Cole (1999), Smith et al. (1999) and De la Llata et al.
(2001) however, represented that energy level too low for pigs lessened the
energy intake and growth performance. Energy level too high on the other
hand (according to Stahly et al. (1981), Southern et al. (1989), Williams et
al. (1994) and Dunshea et al. (1998)), decreased ADG, ADFI and G : F.
Cromwell et al. (1978) and Matthews et al. (2003) claimed different results
altogether, stating different levels of energy on growing-finishing pigs do not
affect growth rate and ADFI.

Stahly (1984) pointed to fat as a crucial component in
growing-finishing pigs’ diet, having high energy level. According to Young
et al. (2003), adding 2.5% and 5% fat in the feed for growing-finishing
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pigs resulted in similar ADG and G : F. Haydon et al. (1989) claimed
likewise, that 5% fat added for growing pigs did not produce any effect on
their growth performance. However, adding 4.5% or 10% fat produced
higher G : F and lower ADFI (Southern et al., 1989; Azain et al., 1991;
Williams et al.,, 1994; Matthews et al.,, 2003). Some experiments achieved
enhanced ADG and G : F in summer season by adding 5% fat in
growing-finishing pigs’ diet (Stahly and Cromwell, 1979; Stahly et al,
1981). De la Llata et al. (2001) reported enhanced ADG and G : F,
reduced ADFI by adding 0%-6% of fat with 3.31~3.61 Mcal.

2.2 Dietary Energy Level and Fat Deposition

Pigs nowadays are leaner and require less feed intake. This means
that growth rate can be enhanced by increasing energy intake, and pigs are
less likely to become fatter (Young et al., 2003). Additionally, humans have
achieved the desirable level of energy density in growing-finishing pigs’
diet. Many countries have found diets using the available energy sources
with least cost to satisfy the energy levels of pigs. Quite a few studies
report that increasing energy density by including fat in growing-finishing
pigs’ diets generally enhances ADG and feed efficiency, while cutting down
the ADFI. Pigs up to 59 kg go through an energy-dependent phase in
growing phase (De la Llata et al, 2001). Bikker et al. (1996) noticed an
energy-dependent phase in gilts from 45 ~ 85 kg and reasoned that protein
deposition increased with more energy intake. Pigs from 93 ~ 120 kg were
not in an energy-dependent phase, and therefore energy density of diet did

not boost ADG. Smith et al. (1999) similarly observed added dietary fat had
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no effect on ADG from pigs weighing 73 ~ 104 kg. Put together, it can be
said that dietary energy density is a crucial factor in protein or fat
deposition. If pigs get more dietary energy than needed in growing phase,
they will use leftover energy in lipid deposition or other body functions. If
they get less than required, however, they will spend the energy not only in
protein deposition but also in fat deposition. In finishing phase, dietary
energy will be used in maintenance and protein deposition, and the excess
will usually be spent in lipid deposition.

There are many studies demonstrating the relationship between dietary
protein level and fat deposition in animals. Several reports that decrease in
dietary protein level causes increase in fat deposition (Cromwell et al., 1978;
Karlsson et al., 1993; Chiba et al., 2002). Teye et al. (2006) states that
researchers have been applying CP diets containing unbalanced amino acids
with net energy in order to bolster pigs’ fat deposition (especially IMF).
There are still some claims, however, of inclination for higher fat deposition
with low-protein diets, even if the pigs are supplied balanced amino acids
(Figueroa et al., 2002; Gomez et al.,, 2002b). Wood et al. (2013) study
states that feeding low-protein diet, especially those with unbalanced amino
acids content, boosted the IMF accumulation. This study, however, does not
display much difference between low-protein diet group and control group in
subcutaneous or intermuscular fat deposition.

Several studies explain the reason behind fat deposition when
low-protein diets are provided. The gap between lipogenesis and lipolysis
rates decides fat deposition. The reactions are controlled by metabolic
enzymes and functional genes in the growth, and the following development

process of muscle tissue (Wang et al., 2012). Jurie et al. (2007) suggested
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that fatty acid transport in muscle tissue also regulates IMF deposition.

Chen et al. (2008) discovered a beneficial link between IMF
deposition and expression level of SREBP-1 messenger RNA (mRNA) in
muscle tissue of pigs. Some other studies also discovered a connection
between stearoyl-CoA desaturase (SCD) protein expression and the amount
of total fatty acids in muscle of pigs that are provided a low-protein diet
(Doran, 2006). Wang et al. study (2012) claimed that low-CP diet increases
the mRNA and protein expression of SREBP-1c, ACC, FAS and SCD.
mRNA and protein expression level of lipolytic genes including HSL and
CPT-1 were seen to decrease in the low-protein diet group. Furthermore, a
positive connection between an elevated IMF content in pigs that are fed
low-protein diet and activation of PPAR-y and H-FABP mRNA expression
is also suggested (Guo et al.,, 2011). According to Zhao et al. (2010), pigs
fed low-protein diet showed increase in subcutaneous fat deposition. This
result was induced primarily by up-regulation of lipogenic genes for pigs
weighing 60 ~ 100 kg, down-regulation of lipolytic genes for pigs weighing
60 kg, and up-regulation of lipolytic genes for those weighing 100 kg.

Dietary protein level affects muscular fatty acid composition. Wang et
al. (2012) claimed that pigs with low-protein diet showed higher
concentration of C18:2, C18:3 and poly-unsaturated fatty acid (PUFA) than
pigs with high-protein diet. The difference of fatty acid composition between
low-protein/high-protein diet may come from the variance of SCD.
According to Cohen and Jeffrey (2004), SCD 1is accountable for the
generation of mono-unsaturated fatty acids, which catalyzes its substrates
palmitic (16:0) and stearic acid (18:0) to produce palmitoleic (16:1) and

oleic acid (18:1). Wang et al. (2012) demonstrated that pigs fed low-protein
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diet showed higher mRNA and protein expressions of SCD than those of
high-protein diet. Additionally, Wood et al. (2013) pointed out that oleic
acid is the central outcome from de novo fat synthesis in pigs and deduced
that its concentration is heightened as the pig gets fatter.

Meanwhile, there are studies displaying considerably lower PUFA and
higher IMF content in pigs with low-protein diet (Teye et al., 2006; Alonso
et al., 2010). Lambe et al. (2013) claimed that the CT scans of growing

pigs showed no meaningful differences in total fat deposition.

2.3 Effect of Dietary Energy Level on Growth Performance

High dietary energy diet for growing-finishing pigs generally enhances
ADG, G : F and carcass fatness, and diminishes ADFI (Pettigrew and
Moser, 1991).

Young et al. (2003) demonstrates that through quadratic effect of
added fat, adding 2.5% fat in the diet caused 2% enhancement in ADG;
adding 5% fat resulted in 2.1% increase in ADG. Feed efficiency also was
almost coinciding among 2.5% and 5% added fat levels. Following these
results, adding 5% or 10% fat in growing-finishing pig’s diet increased G :
F and decreased ADFI (Southern et al., 1989; Azain et al., 1991; Williams
et al., 1994). Furthermore, growing-finishing pigs bred in high temperature
conditions showed enhanced ADG and G : F when fed diet of high energy
level with 5% added fat, without difference in carcass leanness (Stahly and
Cromwell, 1979; Stahly et al., 1981). Increasing fat percentage with 3.31 ~
3.61 mcal (De La Llata et al., 2001) or energy density (Smith et al., 1999)

also proved effective in boosting ADG and G : F while decreasing ADFI.
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Feeding increasing choice white grease have been observed to garner similar
effects in growing-finishing pigs (Stahly and Cromwell, 1979; Stahly et al.,
1981). Campbell and Taverner (1986) and Southern et al. (1989) also
reported enhancement of ADG in pigs provided with added fat.

Few researches report important advancement in feed efficiency by
adding energy, albeit seeing no noteworthy effect on growth rate (Baird et
al., 1958; Clawson et al., 1962; Wagner et al., 1963).

Smith et al. (1999) introduces an experiment of adding 0%, 1.5%,
3%, 4.5% and 6% CWG in the diet of growing-finishing pigs (energy
density ranging 3.31 ~ 3.56 mcal’kg of ME in growing diets, 3.32 ~ 3.56
mcal’kg of ME in finishing diets). As energy density increased, ADG and
ADFI were lessened, and feed efficiency saw improvement during the course
of experimental phase (44.5 ~ 104.3 kg). Tribble et al. (1979), Stahly et al.
(1981) and Southern et al. (1989) coincided with the outcome.

Apple et al. (2004) conducted an experiment centered on energy
density in finishing phase (3.30 mcal/kg and 3.48 mcal/kg). During the final
week of finishing phase, pigs fed 3.48 mcal/kg showed higher ADG then
those fed 3.30 mcal/kg, although no such important variation was seen in
other phases. Le Dividich et al. (1987) and Matthews et al. (2003) describes
no noteworthy result on ADG despite having increased the energy density of
late-finishing diets. Williams et al. (1994) and Dunshea et al. (1998) failed
to find any interactions between energy density and growth rate in pigs.
Again, Seerley et al. (1978), Campbell and Taverner (1986) and Southern et
al. (1989) reported to have seen the effect of increased dietary energy on
feed efficiency.

Contrary to previous reports, there are claims of no relationship
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between dietary energy level and growth performance of growing-finishing
pigs. Cromwell et al. (1978) and Matthews et al. (2003) stated no influence
of higher dietary energy level on growth performance and feed intake,
respectively. Matthews et al. (2003) elaborated that high-ME diet (added 200
kcal by 4.5% fat to control diet) did not affect ADG in pigs’ early growing
phase (although ADFI was increased and G : F was decreased). The ME
level in diet did not have noteworthy influence on the growth performance
during other phases (late-grower, early-finisher, late-finisher and overall
phases). Haydon et al. (1989) also concurred with aforementioned reports

that 5% added fat did not affect growth performance.

2.4 Effect of Dietary Energy Level on Carcass Characteristics

Energy level is closely related to carcass fat level in pigs that are
provided ad libitum access to feed.

Stein and Easter (1996) experimented with finishing pigs (weighing 55
~ 112 kg), feeding them diet with 2,700 ~ 3,500 kcal’kg of ME. When
dietary energy increased from 3,300 kcal’kg to 3,500 kcal’kg of ME, feed
intake lessened. At lower energy density in diet, no change was observed in
feed intake. Dietary energy below 3,300 kcal’kg of ME increased carcass
lean content. It can be concluded from this experiment that low dietary
energy density helps increasing the carcass lean content. Factors pointed out
to increase carcass fatness in growing-finishing pigs include added fat
(Pettigrew and Moser, 1991), dietary ME (Seerley et al., 1978; Coffey et
al., 1982; Myer et al., 1992) and energy intake (Nossamen et al., 1991;
Ellis et al., 1996; Wood et al., 1996). Cromwell et al. (1978) and Ellis et
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al. (1996) observed increased LM area following increased dietary energy
intake. Myer et al. (1992) and Matthews et al. (2003) reported few instances
when energy density didn’t affect LM area. Other studies claimed that
marbling and IMF content was increased by higher dietary energy density
(Cromwell et al., 1978; Le Dividich et al., 1987) or energy intake (Ellis et
al., 1996; Wood et al, 1996; Lebret et al., 2001). Drew et al. (1971)
experimented with the diet of 10% added fat and discovered that IMF
content was higher in longissimus (22.4% vs 14.6%) and gluteus medius
(14.7% vs 11.1%). According to Wagner et al. (1963), when IMF was
augmented in high-energy diet, no difference could be observed in nitrogen
content of the meat. It induced thicker carcass backfat, lower lean cut yield,
and notably higher dressing yield. Additionally, increase in energy level
produced higher dressing yield — matching the claims of Bowland and
Berg (1959) — and decrease in energy level produced lower lean cut yield
— also proposed by Mulholland et al. (1960). Sewell and Cartoon (1959)
study, on the other hand, claimed no relationship between energy level in
diets and total yield of lean cuts.

Cromwell et al. (1978) states that dietary fat has no influence on
carcass characteristics except for lower yield of lean cuts. Similarly,
Matthews et al. (2003) explained that no difference in carcass traits were
made by ME level in diet. According to them, carcass temperature (45
min.) and CIE L value showed some increase in pigs given high-ME diets,
but shear force was decreased. According to Apple et al. (2004), energy
density in finishing pigs’ diets did not affect hot carcass weights and
dressing percent. In fact, dietary energy density (3.30 or 3.48 Mcal) did not

affect any quality traits (e.g., muscle pH, drip loss, meat color, marbling,
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firmness, moisture, protein, lipid, ash, cooking loss and shear force). Other
researches also concur that dietary energy level is insignificant regarding
ultimate LM pH, drip loss percentage (Matthew et al., 2003), meat color
and firmness (Coffey et al., 1982; Matthews et al., 2003), marbling scores
and 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 is strongly related to carcass fatness in regard to
pork quality and can be an indirect indication of pork quality. Cromwell et
al. (1978) claimed that pigs produced more carcass backfat when provided
with diet that was higher in energy level. This outcome many other
researchers agree to, such as Heitman (1956), Kennington et al. (1958) and
Boenker et al. (1960). Smith et al. (1999) measured 10th rib fat depth or
longissimus muscle area with real-time ultrasound before slaughter and saw
no effect of energy density. After slaughter, however, backfat thickness
showed a variance according to different dietary energy density. These
discrepancies between the real-time ultrasound and commercial plant fat
depths might be coming from the skinning procedure during the slaughter
process. Apple et al. (2004), comparing with pigs fed low-energy diets (3.30
mcal/kg), stated that pigs’ fat thickness — measured with ultrasound — was
greater on dl4 and 28 in pigs fed high-energy diets (3.48 mcal/kg).
However, dietary energy level did not affect scanned LM area or live
weight.

There have been many studies claiming low-protein diet elevates the
IMF deposition (Teye et al., 2006; Alonso et al., 2010; Wood et al., 2013).

According to Fernandez et al. (1999), increase of IMF content in muscle
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may be of good influence on meat quality (such as tenderness, flavor,
juiciness, and the nutritional value of meat). Various studies agree with this
relationship between the meat quality and IMF content in meat that was fed
a low-protein diet (Cisneros, Ellis, Baker, Easter and McKeith, 1996; Teye
et al., 2006). Font-i-Furnols et al. (1987) went on to report that pork with
high IMF content won favor from consumers. Dikeman (1987) stated that
IMF activates saliva secretion and improves the juiciness by coating the
inside of the mouth. Accordingly, pig farms strived to gain pork with
enough IMF content that, not only guarantees taste but also assuages
health-related issues concerning high-fat pork (Fortin et al.,, 2005).
(According to Zhang et al. (2007), high consumption of saturated fatty acids
heightens the plasma cholesterol level, which may bring cardiovascular
disease.)

As of meat color, increase of Hunter L* wvalue in pork fed
low-protein diet contributes to visual aspects, giving it more lightness
(Suarez-Belloch et al.,, 2016; Teye et al., 2006). Also, Hunter b* value has
been reported to have connection with marbling (Suarez-Belloch et al.,
2016). Goerl et al. (1995) observed that low-protein diet increases the
Hunter b* value of pork.

Glycolytic potential refers to the potential amount of all muscular
substrates that will be utilized in generating lactate after butchery (Monin
and Sellier, 1985). It is another crucial factor, considering the effect muscle
glycogen content at slaughter has on the rate and the extent of post-mortem
pH drop (Henckel et al., 2000). According to Huff-Lonergan and Lonergan
(2005), glycogen contained in muscle produces lactic acid during glycolysis,

resulting in lower pH level. Ruusunen et al. (2007) observed higher
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glycolytic potential in pigs fed low-protein diet than in pigs fed high-protein
diet. Katsumata et al. (2003) study shares similar point, claiming higher

glycogen content in the low-lysine group than the high-lysine group.

3. Dietary Protein and AA in Growing-Finishing Pig
3.1 Protein and amino acid requirements for swine diets

3.1.1 Transition of Protein and Amino Acid Requirements in NRC

Table 7 is the change of protein and amino acid requirements set by
NRC. Growth phase is more detailed in 2012 model than in 1998 model.
This elaboration can aid in pig farmers’ saving the feed cost and decreasing
excess nutrient composition of the feed. 2012 model displays higher ME as
well, from 3,265 kcal to 3,300 kcal. Moreover, it shows lower CP
requirement and higher amino acids requirement compared to its previous
report; this comes from preventing lack of limiting amino acids (or
imbalance of them). Any deficiency of essential amino acids caused by

low-CP diet is suggested that they be filled out by crystalline amino acids.

Table 7. Nutrient requirements of growing-finishing pig (NRC)

BW, kg 510 1020 2050 50-80 80-120
NRC, ME keal 3265 3265 3265 3,265 3,265
CP, % 237 209 18 155 132
9% Lys, % 135 115 095 0.75 0.6
Met, % 035 03 025 0.2 0.16

BW, kg  7-11 1125 2550 5075 75100  100-135

NRC, ME keal 3400 3350 3300 3300 3300 3300
" Ccp, %V 206 189 157 138 12.1 10.4
012 pys % 153 14 112 097 084 0.71
Met, % 044 04 032 028 025 0.21

UCalculated from total nitrogen X 6.25
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3.1.2 Transition of Ideal Amino Acid Profile

Lack of limiting amino acids may hinder protein synthesis in the
body. However, they are essential amino acids that can easily be insufficient
in the feed. Mainly, the first limiting amino acid is lysine.

Mitchell (1964) report was first of many researches that specified the
‘ideal amino acids profiles.” It indicates amino acids profiles that are
adequate for animals’ performance, so that all amino acids are equally
limiting. ARC (1981), based on the pig carcass, displayed the ideal amino
acid ratio of essential amino acids. Wu (2010) however, claimed that their
report centers only on the essential amino acid composition of the animal
body. Similarly, Wu (2014) claimed that ARC’s ideal protein concept fails
to consider the relative contribution of maintenance to the total amino acid
pigs need. It goes on to assert that ARC did not include arginine, glycine
and all synthesizable amino acids.

Wang and Fuller (1989) provided another ideal amino acid profile.
They took account of the requirements for both maintenance and tissue
protein accretion. Their study featured high content of glutamate in the diet,
a reinforcement for non-specific nitrogen source. Non-specific nitrogen source
was thought to make up for lack of non-essential amino acids.

Baker made an attempt to assess the amino acid requirements of pigs
between 1990 and 2000. Chung and Baker (1992) produced the ideal amino
acid profile that includes arginine, glycine, histidine and proline. Their report
does not take into account other synthesizable amino acids. They don’t
elaborate on the reason for using arginine, glycine, histidine and proline

proportions to lysine. Whether glutamate is an effective precursor or not,
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and the influence of high glutamate content on metabolism is also not
explained thoroughly. NRC and Baker (2000) does not include proline or
glycine in ideal amino acids profiles.

Meanwhile, NRC (2012) increased the requirement of amino acid for
pigs, while keeping the ratio among amino acids unchanging. This made the
need of limiting amino acids increased. Plus, lower CP level brought about

new limiting amino acids such as valine.

3.1.3 Effects of Dietary CP Levels in Growing-finishing Pigs

Growing-finishing pigs, when fed enough CP level in diet, showed
higher ADG, G : F and carcass leanness (Gilster and Wahlstrom, 1973;
Kornegay et al., 1973; Easter and Baker, 1980). According to Cromwell et
al. (1978), diets with dietary CP level from 12 ~ 16% caused greater
weight gain and G : F. Cromwell et al. (1993) and Chen et al. (1995) saw
similar response in ADG and G : F when fed higher CP content diet.
Cromwell et al. (1978) also noticed no influence on growth performance
when dietary CP level ranges from 16 ~ 20%. Wagner et al. (1963)
observed that boosting the CP level from 13% to 25% caused enhancement
in ADG.

Kerr et al. (1995) study states that when fed low-CP diets
(15-12-11%), pigs should be supplemented with lysine, tryptophan and
threonine. Pigs with high-CP diets (19-16-14%) showed no such need.
Growing-finishing pigs mostly showed low ADG and G : F when fed
low-CP diets without amino acids supplementation. Also, compared to those

fed high-CP diets, their carcasses displayed smaller longissimus muscle,
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thicker average backfat, and lower percentage of muscle overall (Gilster and
Wabhlstrom, 1973; Kornegay et al., 1973; Easter and Baker, 1980). Cromwell
et al. (1996) and Tuitoek et al. (1997) claimed that decreased CP level
(2-3%) with amino acids supplementation did not have negative influences
on ADG and G : F of growing-finishing pigs. Plus, CP level lower than
3% did not decrease ADG and G : F in growing-finishing pigs (Hahn et
al., 1995; Kerr et al.,, 1995). Hansen and Lewis (1993) and Gomez et al.
(2002b) show different results.

3.2 Dietary Protein and AA Metabolism
3.2.1 Lysine Metabolism

Numerous studies established for decades that dietary supply of
protein, or its components, amino acids are crucial to the pigs’ growth and
development of muscles. About 20 natural amino acids exist that are utilized
in protein biosynthesis (called standard proteinogenic amino acids). Not all
amino acids are essential dietary components, since through de novo
synthesis pigs can acquire approximately 10 of them. ‘Essential amino acids’
refer to those that pigs cannot acquire on their own (or at least not enough
for their metabolic needs) and need to be provided from outside sources
(Fuller et al.,, 1987). Lysine is the first and main limiting one among these
essential amino acids, it being the most lacking amino acids in almost every
swine diets based on cereal grains (Lewis, 2001; NRC, 2012). This reason
puts lysine in a predominant position in nutritional management of the pigs

(Figure 5).

_32_



NADP* NADPH + H* 0,  NH,

3 ' eetoeoarin.
Saccharopine < o W Lysine L . keto-g-amino
1 caproic acid
H,0 NAD' a-KG

Glu NADH + H* H,0

a-aminoadipic- 7 Al-Piperideine- 6 Pipecolic 5 Al-Piperideine-2-
6-semialdehyde i(v-carboxy!ate ; \ acid carboxylic acid

H,O H,0, 0O, NADP® NADPH +H"
8
Acetoacetyl- 9 10
CoA 7—» Acetyl-CoA —— CO,
CoA

Figure 5. Lysine catabolism in monogastric animals. (Chung, 2018)

Papes et al. (1999) and Gatrell et al. (2013) stated that the main
pathway of lysine catabolism is the saccharopine pathway in liver. By the
catalysis of lysine-ketoglutarate reductase, lysine is initially combined with «
-ketoglutarate to produce saccharopine. Then, saccharopine is transformed to
a-aminoadipic-6-semialdehyde and glutamate by saccharopine reductase.
Saccharopine reductase (also called saccharopine dehydrogenase), like
lysine-ketoglutarate reductase, is a part of a polypeptide, bifunctional
aminoadipate 6-semialdehyde synthase (Gatrell et al., 2013). Through several
more phases, the a-aminoadipate-6-semialdehyde will then be transformed to
acetyl-coenzyme A (Wu, 2013). This pathway is a rare reaction, because ¢
-amino group is carried to a-ketoglutarate and then to the general nitrogen
pool. Oxidizing acetyl-coenzyme A generates CO2 and energy through the

citric acid cycle.
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1) Physiological Functions of Lysine
Lysine, apart from metabolic functions, plays a part in physiological
functions of monogastric animals as well. Lysine influences metabolism of
nutrients, hormone production, and immunity of animals (Wu, 2010a; Wu,
2013). Peptide-bound lysine is also where post-translational modification and
epigenetic regulation of gene expression happens. In order to utilize lysine
properly for animals, scientists and farmers need to be well-acquainted with

these functions that lysine can provide.

2) Lysine Mechanism and Perspectives

Wittmann and Becker (2007) mentions that late 1980s saw an
introduction of commercial feed-grade crystalline lysine in animal feed
industry. Animal nutritionists should take into deep consideration the
replenishment of dietary lysine, since the lack of lysine impedes animals’
health maintenance and growth performance. (Oversupply of lysine, on the
other hand, is harmless.)

Dietary supplementation of crystalline lysine is proved to aid in
muscle protein accretion and whole-body growth of pigs. Researchers found
out that lysine supplementation helps in nitrogen retention and protein
accretion, as well as the growth performance of the animals (Sharda et al.,
1976; Fuller et al., 1987, Salter et al., 1990; Shelton et al., 2011).
Additionally, Salter et al. (1990) attributed the increase of muscle protein
accretion to the increase in the rate of protein synthesis, as opposed to the
decrease in the rate of protein degradation.

The metabolic/molecular mechanisms in which dietary lysine controls

muscle mass accumulation in pigs was not clarified (Wu, 2010b; Rezaei et
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al., 2013). Then, Liao et al. (2015) discovered the metabolic and
physiological roles of lysine, concerning swine muscle growth and
development. Relevant studies have been scarce concerning pigs, and so
much of the knowledge amassed up to now have been dependent on studies

of other monogastric animals, including humans.

3.2.2 Methionine Metabolism

There are metabolic relationships between methionine and cysteine that
are now academically accepted (Figure 6). Methionine, by adenosine
triphosphate, can be turned into  S-adenosyl  methionine.  This
methionine-derivative  gives its methyl group to various acceptors
(Finkelstein, 1990). S-adenosyl-L-homocysteine is formed, and then is
hydrolyzed to homocysteine and adenosine. Homocysteine holds a pivotal
place, since it can be recycled into methionine, or be condensed with serine,
forming cystathionine and then cysteine. The fact that the conversion of
homocysteine into cysteine is irreversible is noteworthy (Bauchart-Thevret et
al., 2009). Overall, these metabolic pathways show that methionine can be
transformed into cysteine, but not so vice versa. De-/re-methylation process
between methionine and homocysteine in the activated methyl cycle needs

B-vitamin coenzymes (Finkelstein, 1998).

_35_



v

Methionine S-Adenosylmethionine

Homocysteine S-Adenosylhomocysteine

v

Cystathionine Cysteine

Figure 6. Metabolic pathways of sulfur amino acids. (Chung, 2018)

3.2.3 Tryptophan Metabolism

Another essential amino acid is tryptophan. It is a crucial component
for its biological roles, main one being its connection to metabolic pathways
involved in tryptophan catabolism. Tryptophan is a precursor for the
synthesis of serotonin, a neurotransmitter related to mood, stress response,
sleep and appetite regulation. From the perspective of quantity, the rate of
tryptophan usage in creating serotonins is very low. This is because the
tryptophan transport and availability in the brain might be limiting for the
synthesis of brain serotonin. Diets with low tryptophan lower feed intake.
The mechanism concerning this effect of low tryptophan diets is generally
linked with the relationship between tryptophan and serotonin. Adding the
fact that tryptophan is one of the essential amino acids that can only be
gained from outer source, it can be suggested that deficiency of tryptophan

limits protein synthesis, accretion and growth rate.
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3.2.4 Threonine Metabolism

Portal-drained viscera is known to oxidize some essential amino acids
(Van Goudoever et al., 2000; Riedijk et al., 2007). However, it cannot be
said that the essential amino acids will doubtlessly be catabolized inside the
intestinal tissues. Threonine catabolism through L-threonine 3-dehydrogenase
pathway is a small factor within the visceral tissues, not influenced by
intestines (Le Floc’h and Séve, 2005; Schaart et al., 2005). Schaart et al.
(2005) states that splanchnic oxidation (measured by 13CO2 production from
13C-labeled threonine) takes up 2% of intestinal utilization of threonine,
13% of whole-body threonine oxidation.

These results imply that protein synthesis controls the dietary threonine
utilization by the intestinal mucosa of pigs (Le Floc’h and Seéve, 2005;
Schaart et al., 2005), probably by being included into mucins. According to
Montagne et al. (2004), mucins are polymeric glycoproteins featuring heavily
in mucus layer that coats the epithelium of the gastrointestinal tract, or all
epithelia of mammals. Most mucins are secreted, and some of them are
membrane-bound. Secreted mucins are important in the inborn immune
defense of mucosa. Lots of threonine can be found in the core protein of
the major intestinal mucins. Faure et al. (2002) study involving rats reports
that the fractional synthesis rate of mucin glycoproteins stayed comparatively
same following the length of intestine (range 112 ~ 138%/d). However, it
was considerably higher compared to the total mucosal protein synthesis
rate, notably in the ileum (77%/d) and colon (44%/d).

Around 11% of endogenous protein in ileal digesta of pigs consists of

mucins, 30% of them being threonine (Lien et al., 1997). When amino acids
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from proteins that are secreted internally reach the large intestine, they are
lost by the animal. Similarly, secretion of mucins, erosion of the mucus, and
recovery of mucins following endogenous ileal losses are susceptible to
many factors, be it dietary or anti-nutritional (Montagne et al., 2004). The
need for threonine seems to receive huge influence from secretion, recycling,
or loss of intestinal mucins, triggering the energy needs of the organism. In
12-hour feeding phase and 12-hour fasting period, intestinal recycling of
amino acids from secretory proteins are crucial regulatory mechanism for
systemic availability of dietary amino acids (Van der Schoor et al., 2002).
Noteworthy threonine recycling from mucosal protein in the portal
circulation, however, was absent. This indicates either that these proteins can
cope with digestion or that recycled threonine are re-absorbed directly into

mucosal protein.

3.3 Dietary Protein Level and Protein Deposition

Synthesis of body tissue, organ, etc. essentially needs dietary protein
as its source. Protein intake, however, is not a primary factor to pigs’
growth. Their growth depends on energy intake and usage of that energy.
The energy took in by the pigs is used in maintenance, body protein
deposition and fat deposition. Most of them will constantly be spent on
maintenance. The remainder then goes to body protein deposition, and then
finally, the surplus will be utilized in body fat deposition.

Body protein deposition, a significant factor in utilization of energy in
pigs, is regulated by PDmax. PDmax level is generally consistent in pigs

weighing up to approximately 80 ~ 90 kg (Moughan and Verstegan, 1988;
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Quiniou et al.,, 1995). Mathematical models like Gompertz function can
illustrate the decrease in PDmax level following pigs’ growth; pigs provided
high-protein diet can utilize appropriate amount of protein that meets PDmax
requirement. The remainder will either be secreted or utilized in other bodily
functions and energy production. Therefore, protein intake higher than

PDmax requirement is crucial to maximum growth of pigs.

3.4. Effect of Dietary Protein Level on Carcass Characteristics

Many studies claimed that adequate amount of dietary protein for pigs
contribute to enhancement of carcass characteristics.

Cromwell et al. (1978) states that increase in protein level caused
increase in longissimus area and lean cut yield. Backfat did not seem to be
influenced by protein level, but pigs provided low-protein diet showed
highest IMF content in longissimus, and vice versa. Difference in shear
values of loin was insignificant, only to the point where pigs fed
low-protein diets produced marginally lower numbers than those with
high-protein diets. Flavor and overall satisfaction scores also showed minimal
contrast (Pigs fed low-protein diets showed slightly higher scores). Roasts
prepared from pigs with low-protein diets performed greater in tenderness
and juiciness, owing to the higher IMF content. Along with Wagner et al.
(1963), Wyllie et al. (1969) and Drews et al. (1971), the study also states
that dietary protein level has considerable effect on the IMF content of
longissimus.

Wagner et al. (1963) states that increase in protein level causes

carcass backfat, dressing percentage and IMF content to decrease, and the
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percent yield of lean cuts to increase. However, tissue nitrogen content
showed no sign of noteworthy change by increasing protein level. Figueroa
et al. (2002) observed that decreasing dietary protein level from 16% to
12% increased backfat and decreased longissimus muscle area.

Apple et al. (2004) (along with Cromwell et al. (1978), Goerl et al.
(1995) and Kerr et al. (1995)) states that increasing dietary CP decreased
LM marbling and IMF. The study concurs with Goodband et al. (1990) and
Goerl et al. (1995) that it has no influence on proportion of ash in the
longissimus muscle. Increasing CP level caused increase in LM are and lean
yield.

Kerr et al. (1995) states that decrease in dietary CP increases the
firmness and marbling of the longissimus muscle. Decrease in dietary CP
also brought about the decrease of longissimus muscle area and overall
percentage of muscle in pigs. Pigs that were provided low-CP diet (reduced
CP level by 4% compared to control group) showed increase in average
backfat thickness, 10th rib fat thickness, leaf fat weight and total fat in the
longissimus muscle. Increase of carcass fat and decrease of longissimus
muscle occurred concurrently when pigs were fed low-CP diet. Also,
compared to pigs with high-CP diet, pigs with low-CP diet (with
supplementation in amino acids) showed tendency for higher fatness. (This
result is also claimed by Stahly et al. (1981), Fuller et al. (1984, 1986),
Noblet et al. (1987), Schoenherr (1992) and Tuitoek et al. (1993)). There
are two possible reason for this increase in carcass fatness; (1) Carcass
quality is responsive to nitrogen content in the diet rather than amino acid
from CP. (2) Low-CP level diets may possess higher net energy value. This

allows the leftover energy that are related with low-CP/amino acids
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supplemented diets to be accumulated as fat.

Hansen and Lewis (1993), having experimented with growing-finishing
pigs, states that the 10th backfat thickness showed curvilinear reaction to
dietary protein level, proposing the possibility that subcutaneous fat would
increase at dietary protein level over 23%. Increase in dietary protein also
resulted in curvilinear reaction from longissimus muscle area and carcass
lean percentage. Dietary protein level of 11% to about 19% caused
longissimus muscle to increase almost linearly in pigs. However, longissimus
muscle decreased when dietary protein level was boosted up to 23%. When
protein level went over 19%, it ended up abating possible advances in
carcass lean percentage. In conclusion, both lack and excess of dietary
protein proved to be of adverse circumstance for carcass quality of

growing-finishing pigs.

4. Dietary Energy and Protein Intake

4.1 Dietary Energy Level and Voluntary Feed Intake

One of the many theories concerning regulating factors of voluntary
feed intake of pig points to dietary energy intake. According to this theory,
pigs take energy according to their near or past energy needs. This will
affect their meal size and time between meals. Gastric distension and
emptying also have been pointed out to be a regulating factor of pigs’ feed
intake (Martin et al., 1989).

Both ARC (1981) and NRC (1998) points to DE content in diet and
live body weight as main factors of voluntary feed intake in pigs. However,

differences of up to 20 ~ 30% in voluntary feed intake are discovered
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according to different pig genotypes (Forbes et al., 1989; Schinckel, 1994)
and gender (Schinckel, 1994).

Figure 7 shows the possible link between energy density of diet,
levels of feed and energy intake according to Cole et al. (1971). There was
a theoretical range of dietary energy levels that researchers thought the pigs
can adapt their feed intake for maintaining constant energy intake. The
physiological control of feed intake, however, is likely to be associated, not
with maintenance of energy intake but with other mechanisms. These
mechanisms include full gut capacity with diets of low nutrient density and
a lack of gut capacity with diets of high nutrient density (Cole et al.,
1971).

4
Feed Energy
Intake Intake
>

Energy density of the diet ——

—— Feed intake —-—  Energy intake

Figure 7. Schematic representation of the relationship between feed and energy

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

There are numerous factors of functional importance that can influence
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these relationships to decide the feed intake of pigs provided a specific diet.
They include the size, genotype, sex, previous nutrition of the animal,
dietary concentration of protein and other nutrients, and the sources of
energy in the diet (especially concerning the type of fat or fiber). According
to Giles et al. (1998), pigs weighing below 20 kg were not capable of
increasing feed intake, in order to adapt to decreasing dietary energy density
(roughly under 16 MJ/kg of DE concentration). Pigs weighing between 20 ~
50 kg were able to increase feed intake with DE concentration of 14

MlJ/kg, those weighing above 70 kg with 10 MJ/kg.

4.2 Dietary Protein Level and Protein Intake

The level of other essential nutrients in the diet can have effect on
the voluntary feed intake of pigs, especially in the perspective of
deficiencies or imbalances. Several studies point out that lacking protein or
essential amino acids in diets can decrease the feed intake of
growing-finishing pigs (Rogerson and Campbell, 1982; Hahn et al., 1995).
Imbalance of adequate amino acids shares similar effect (Henry et al.,, 1992;
Henry, 1995; Hahn and Baker, 1995). Friesen et al. (1994) contrarily
claimed an increase in feed intake by dietary protein deficiency.

Protein level in diet and the amount of voluntary feed intake decides
the content of protein intake. Studies below show nutrient factors (energy
and protein) that are crucial to protein intake.

According to Kyriazakis and Emmans (1992), only the rate of protein
supply at low levels of protein intake determines the rate of protein

deposition. Energy supply at high levels of protein intake determines the
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protein deposition. Poultry performance have been reported to be affected 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, 1955; Combs and Romoser, 1955). The effects of protein and
energy content in pigs’ feed on performance and carcass characteristics are
also claimed by numerous researches (Bowland and Berg, 1959; Noland and
Scott, 1960; Pond et al., 1960; Constain and Morgan, 1961).

Devilat et al. (1970) and Davey (1978) experimented with choice
feeding method, in which pigs are given choice between two isoenergetic
diets with different protein level and can choose according to their needs.
This plan is built upon a hypothesis that pigs can control their feed intake
to match their nutrient requirements. It has been suggested by Kyriazakis
(1989) and Kyriazakis et al. (1990) that individually housed pigs can
distinguish their diets between different protein levels, and they likely will
choose feed intake adequate for their needs. Bradford and Gous (1991)
study also imply similar remark, stating that choice feeding appears to be
more beneficial to commercial swine farm than phase feeding is. Braude
(1967) contradicts and claimed that pigs are often incapable of selecting
certain diet that matches their requirements, and so that choice feeding
method is not much better than single feeding. Gourley et al. (1993), Owen
et al. (1994) and Nam and Aherne (1995) joins this refutation, concurring
with pigs’ inability to make a choice among isoenergetic diets with different

protein level.
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4.3 Dietary Energy Level and Protein Intake

A high-energy diet tends to contain high concentration of other
nutrients, and vice versa. It 1is wunpractical, however, to lessen the
concentration of various nutrients even in lower energy diets.

The process of forming ingested amino acids into body protein
requires energy. About 30 ~ 50% of energy is utilized in the anabolism of
lean tissue for growing pigs. Meanwhile, dietary amino acids can also be
utilized as a source of energy. It will maintain a lot of body functions and
support the synthesis of body lipid after the nutrients are degraded into
carbon and hydrogen. The synthesis of protein from pigs’ feed shows 30 ~
60% efficiency. Accordingly, there is a significance in the energy yield from
the deamination of amino acids that are not accumulated in pigs’ body or
milk. Deaminated amino acids not linked with protein can also be effective
precursors for other bodily activities (e.g. the formation of fatty tissues).
However, main functions of proteins through feed are supply of amino acid
elements in swine protein deposition (in growth or milk) and maintenance of
tissues.

Henry (1988) claims that provision of amino acids matching the
energy density of diet is crucial to maintaining the ratio of amino acid and
energy steadily. Some studies like Carr et al. (1977) and Whittemore and
Fawcett (1976) suggested that the ratio of available lysine/MJ of DE did not
display linearly during the whole of pigs’ life span. However, others like
Chiba et al. (1991) implied linear response from linkage between energy
intake and the rate of protein deposition (for growing pigs weighing up to

50 kg).

_45_



Pigs’ altering amino acid/energy needs, and their extent of feed intake
in different growth phases control the correlation between amino acid and
energy in growing-finishing pigs that are given random choice to feed. Pigs
in their growing phase (weighing approximately up to 50 kg) show their
innate capability of protein deposition outpacing their capability of absorbing
enough feed matching their tissue needs for protein synthesis. Therefore, the
reaction between amino acid intake and protein deposition and amino acid
requirements with energy is clearly linear. In the pigs’ finishing period,
however, energy intake surpasses their need for protein deposition. Their
demands of amino acid for tissue synthesis are irrelevant to the energy

intake.
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II. Different Energy and Protein Levels in Diet on
Growth Performance, Blood Profiles, Pork Quality
and Feed Cost in Growing-finishing Pig

ABSTRACT: This study was conducted to evaluate the optimal energy and
protein level in feed of growing-finishing pigs for growth, blood profiles, pork
quality and feed cost. This experiment was done by factorial design and factor 1
was two level of energy (3,150 or 3,300 kcal of ME/kg), and factor 2 was also two
level of dietary protein in feed (90% of NRC CP requirements in 2012 or NRC CP
requirements in 2012). Treatements were 1) LL : ME 3,150 kcal/kg + 90% of NRC
2012 CP diet; 2) LH : ME 3,150 kcal’/kg + NRC 2012 CP diet; 3) HL : ME 3,300
kcal/kg + 90% of NRC 2012 CP diet; 4) HH : ME3,300 kcal’kg + NRC 2012 CP
diet. Growth performance of growing-finishing pigs was improved when pigs were
fed higher dietary energy and high protein treatment diet (HH) both in late growing
phase (7th week) and the late finishing phase(13th week), respectively (P=0.03;
P=0.05). Average daily gain (ADG) was increased when higher protein diets (LH
and HH) were fed to growing-finishing pigs (P=0.03) and dietary protein was
much more potent nutrient than dietary energy for growth of pigs during the whole
experimental period. Average daily feed intake (ADFI) was also increased when
pigs were fed higher protein diet particularly during growing phase (P=0.01) and
this trend was maintained during finishing phase (P=0.03). However, Gain to feed
ratio (G:F), was mainly affected by dietary energy (P=0.06) rather than dietary
protein level (P=0.67). Blood urea nitrogen (BUN), total protein, creatinine and

blood glucose were lowered when low energy and low protein diet (LL) was
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provided (P=0.01) resulted in an interaction (P=0.01). Although pH of pork was
lowered when pigs were fed low protein treatment diet (P=0.03), but other
measurements of pork quality, such as color, chemical analysis and TBARS, were
not affected by dietary energy and protein level. Feed cost per weight gain was
lowered when pigs were fed high energy and low protein treatment diet but feed
cost per pig was increased when dietary protein level was increased (P=0.01).
Although total feed cost to 110 kg was the lowest in low energy and low protein
treatment (LL), days to market weight from 27.22 to 110kg was the shortest in high
energy and high protein treatment (HH) among dietary treatments. Even though
feed cost could be saved in LL treatment, days to market weight was delayed about
19 d compared to HH treatment subsequently LL treatment would not be efficient
feed formulation for growing-finishing pigs. In conclusion, this experiment
demonstrated that high protein diet resulted in improved growth performance in
growing pigs but high energy (3,300 kcal of ME/kg) and low protein (90% of
NRC(2012)) diet would be desirable feed formulation based upon feed cost, days

to market weight and pork quality.

Keywords : Energy, Crude protein, Growing-finishing pig, Growth

performance, Blood profiles, Pork quality, Feed cost
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Introduction

Recently, global grain price tends to increase with various reasons.
Extreme climate change, decrease of cultivation acreage and increase of
meat consumption are also having a significant impact on global grain prices
subsequently prices of feed ingredients will be increased continually in the
future. In South Korea, it is known that feed cost comprised approximately
60 percent of the total cost of pig production and about 60 to 70 percent
of ingredients in swine feed is consisted of corn and soybean. Over the last
two decades, pig industry in Korea has been developed greatly and pork
price has been maintained about 2~3 times higher than that of USA and
EU. Therefore, swine producers in Korea are concerned about fast growing
of pigs regardless of cost of feed or pork quality and are less interested in
saving of production cost and improving productivity of farm. Moreover,
many feed companies have been selling high-nutritive feed at high prices,
and swine producers do not aware of the serious situation caused by feeding
over-nutritive feed to pigs. Growing-finishing period is an important time to
maximize the growth of pigs, in addition, pigs are generally consuming
much more feed compared to other phase of pigs subsequently feed cost
during this period is being comprised approximately 70% of total cost of
feed of pigs. To save feed cost, swine producers need to avoid wasting of
feed and provide efficient feed which contains adequate nutrients for normal
growth of pigs. When swine feed is formulated efficiently, nutrients in feed

will be well utilized in growing-finishing pigs subsequently growth rate of
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pigs has improved and days to market weight can be reduced. Not only
price of swine feed, but also pollutants in environment will be great
concerned when feed contained excessive nutrients. Among of nutrients,
crude protein and energy contents in swine feed determine the price of feed,
resulting in affecting net profit of swine farm. Therefore, this study was
conducted to evaluate the optimal energy and protein level in feed of

growing-finishing pigs for growth, blood profiles, pork quality and feed cost.
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Materials and Methods

Experimental animals and management

A total of 140 finishing pigs ([Yorkshire X Landrace] x Duroc) with
an average body weight of 27.22 + 0.445 kg were used for 13 weeks
feeding trial at Daewoo swine farm in Muan-gun, Jeollanam-do, Republic of
Korea.

Experimental animals were allotted to one of four treatments, 5
replicates, 7 pigs per pen considering gender and body weight with RCB
(randomized complete block) design.

Experimental period was consisted with 4 phases and early growing
phaseis 1 - 4 week, late growing phase, is 5 - 7 week, early finishing
phase is 8 - 10 week, and late finishing phase is 11 - 13 weeks,
respectively. All pigs were housed in an automatically environment
controlled room with fully-concrete floor facility (2.60 x 2.84m) during the
whole experimental period. Each pen was equipped with a feeder and a

nipple drinker to provide ad-libitum during experiment.

Experimental design and diets

The experimental period was classified into 1-4 weeks, 5-7 weeks,
8-10 weeks, and 11-13 weeks, and was designed to be 2 x 2 factorial
design. Factor 1 is two levels of dietary energy (3,150 or 3,300 kcal of
ME/kg), and factor 2 is also two levels of dietary protein (90 or 100% of
CP requirements in NRC 2012). The experimental treatments are as followed
(Table 8); 1) LL: ME 3,150 kcal’kg + low CP, 90% of CP of NRC 2012,
2) LH: ME 3,150 kcal’kg + CP of NRC 2012, 3) HL: ME 3,300 kcal’kg +

_51_



low CP, 90% of CP of NRC 2012, 4) HH: ME 3,300 kcal’kg + CP of
NRC 2012. Experimental diets were formulated with corn-soybean meal
base, and all other nutrients in experimental diets were met or exceeded the
NRC requirements (2012). Formulae and chemical compositions of the

experimental diets are shown in Tables 9, 10, 11, and 12.

Growth performance

Body weight (BW) and feed intake were measured in the beginning
(initial) and at the end of each phase (4, 7, 10 and 13 week) to calculate
the average daily gain (ADG), average daily feed intake (ADFI) and gain to

feed ratio (G:F), respectively.

Blood sampling and analysis

Blood samples were taken from the jugular vein of randomly selected
6 pigs in each treatment for measuring blood urea nitrogen (BUN), total
protein, creatinine, and glucose. Blood collection was performed both at
initial and at the end of each phase (4, 7, 10 and 13 week). Blood was
collected in serum tubes (SSTTMII Advance, BD Vacutainer, Becton
Dickinson, Plymouth, UK) and quickly centrifuged for 15 min by 3,000 rpm
at 4C (Eppendorf centrifuge 5810R, Germany). Then, the sera were
transferred to 1.5 ml plastic tubes by pipette and stored at -20T until
later analysis. BUN, total cholesterol, creatinine, and glucose concentration
were analyzed with Kinetic UV assay test method using blood analyzer

(Cobas 8000, Roche, Germany).

Carcass traits
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At the end of experiment, a total of 16 pigs of 4 pigs from each
treatment were slaughtered and pork samples were collected from nearby
between 4th and 6th rib 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 after initial time. The meat color was monitored
at 3, 6, 12 and 24 hour after initial time. The pH was determined by pH
meter (Model, Themo Orion, U.S.A) and meat color was analyzed by CIE
color L*, a* and b* value using a CR300 (Minolta Camera Co., Japan).
Proximate analysis of pork samples was done by the method of AOAC
(2005)

Pork quality

Centrifuge method was used for measuring water holding capacity of
pork (Abdullah and Najdawi, 2005). Pork samples were wrapped in filter
tube, and heated in water bath at 80°C for 20 min then, centrifuged for 10
min at 2,000 rpm and 10°C (Eppendorf centrifuge 5810R, Germany). After
centrifugation, the cooking loss was measured by packing of pork samples
with polyethylene bag, heated in water bath until core temperature reached
72°C and weighed before and after cooking. Additional samples were taken
from core of longisimuss (0.5 inch in diameter) parallel to muscle fiber and
used to measure the shear force (Warner Bratzler Shear, USA). Cooking
loss, shear force, water holding capacity of pork sample were analyzed by

Animal Origin Food Science lab in Seoul National University.

TBARS Assay

The extent of lipid oxidation was measured for the 2-thiobarbituric
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acid reactive substances (TBARS) value by using a spectrophotometer (X-ma
3100, Human Co. Ltd., Seoul, Korea). Each sample (5g) was homogenized
with 15mL of DDW and 7.2% butylated hydroxyl toluene in ethanol at
9,600 rpm for 30 s (T25, Ika Works, Staufen, Germany). After
homogenization, 2 mL of the homogenates were transferred to 15 mL falcon
tubes. Then added 4 mL of 20 mM TBA in 15% TCA. The tubes were
heated in a laboratory water bath at 90°C for 30 min, and centrifuged at
2,265 for 15 min (HM-150IV, Hanil Co. Ltd., Incheon, Korea). The
samples were measured before and after cooking boiled in water bath at
90°C for 8 min. The absorbance of supernatant was measured at 532 nm.

The TBARS value was expressed as mg MDA/kg.

Fatty acid composition

Lipids in pork sample (10 g) were extracted with 100 mL of
chloroform/methanol (2.1, v/v) (Folch et al.,1957) and shaking incubator (2
5C, 120 rpm) for 24 hours. Extracted lipids were filtered with filter paper
(Whatman™ No.4, Buckinghamshire, UK). 25 mL of 0.88 % NaCl was
added in the filtered sample and centrifuging at 2,090xg for 10 min
(Continent 512R, Hanil Co., Ltd., Incheon, Korea). The supernatant was
separated and concentrated pork lipids using N, gas at 45T. After
concentrating the lipids, 0.1 g was weighted into a 15 mL tube with 1 mL
of internal standard (1 mg of undecanoic acid in 1 mL of iso-octane) and
1.5 mL of 0.5 N methanolic NaOH. The samples were heated in the water
bath at 85°C for 10 min and cooled to room temperature. After cooling, 2
mL of 14% BF3-methanol was added and repeated heating process one

more time. After then, 2 mL of iso-octane and 1 mL saturated NaCl was
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added, centrifuged at 2,500 rpm for 3 min (Continent 512R, Hanil Co., Ltd.,
Incheon, Korea). Upper layer containing fatty acid methyl ester(FAME) was
dehydrated with anhydrous sodium sulfate and transferred to a wvial
Analyzed the wvial wusing a gas chromatograph (HP 7890, Agilent
Technologies, Santa Clara, CA, USA) with a split ratio (50:1). A capillary
column (DB-23, 60 m x 250 pm x 0.25 um, Agilent, Santa Clara, CA,
USA) was used. The injector and detector temperatures were maintained at
250°C and 280°C, respectively. The column oven temperature were as
follows: 50°C for 1 min, increased to 130°C at 25°C/min, 170°C at
8°C/min, then held at 215°C at 1.5°C/min. Nitrogen was used as a carrier
gas at linear flow of 4 mL/min. Individual FAME was identified by
comparison of the relative retention times of peaks from samples, with those
of the external standards (37 FAME mix and CLA mix, Supelco, Bellefonte,
PA, USA) calculated based on the Korean Food Standards Codex (MFDS,
2017).

Chemical Analyses

Diets were ground by a Cyclotec 1093 Sample Mill (Foss Tecator,
Hillerod, Denmark) and ground diets were analyzed. All analyses were
performed in duplicate samples and those processes were done again if
results from duplicate samples varied more than 5% from the mean.
Experimental diet was analyzed for contents of dry matter (procedure
930.15; AOAC, 1995), crude ash (procedure 942.05; AOAC, 1995), ether
extract (procedure 920.39; AOAC, 1995), nitrogen by using the Kjeltec
procedure with Kjeltec (KjeltecTM 2200, Foss Tecator, Sweden).
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Economic analysis

As the experimental pigs were reared in the same environmental
condition, economic analysis was calculated using the feed cost without
considering other factors. The total feed cost (won) per body weight gain
(kg) was calculated by using amount of the total feed intake and feed price.
The feed cost per weight gain was calculated based on price of raw
materials during the time of the experiment. The days to market weight
(110 kg) were estimated from the body weight at the end of feeding trial
and ADG of 13 weeks.

Statistical analysis

The experimental data was analyzed using 2 by 2 factorial procedure
of SAS. For data on growth performance and economic analysis a pen was
considered as an experimental unit, while individual pig was used as an unit
for data on blood profile, pork quality and carcass traits. Effect of energy
factor, protein factor, and interaction between two factors were declared

significant at P<0.05 or highly significant at P<0.01.
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Results and Discussion

Growth performance

The effect of energy level and protein level in feed on growth
performance are presented in Table 13. Body weight was increased at 7th
week (late growing phase) and 13th week(late finishing phase) by protein
factor when it increased (P=0.03; P=0.05 respectively).

Average daily gain (ADG) was increased when higher protein diets (LH and
HH) were provided to growing-finishing pigs (P=0.03) and dietary protein was
much more potent nutrient than dietary energy for growth of pigs during the whole
experimental period. Average daily feed intake (ADFI) was also increased when
pigs were fed higher protein diet particularly during growing phase (P=0.01) and
this trend was maintained during finishing phase (P=0.03). Gain to feed ratio
(G:F), however, was mainly affected by dietary energy (P=0.06) rather than dietary
protein level (P=0.67).

Protein and amino acids in feed affected the muscle development of
pigs, and lack of protein and amino acids negatively influenced on growth
performance and muscle development in pigs (Schinckel and de Lange,
1996). In addition, ADG and feed efficiency were increased significantly as
the level of protein in growing-finishing feed increased (Kerr et al., 2003).
Adequate CP level in the growing phase showed better growth and feed
efficiency than pigs were fed feed from inappropriate CP level (Gilster and
Wabhlstrom, 1973; Easter and Baker, 1980). The increase in CP level
resulted in improved ADG and feed efficiency (Cromwell et al., 1993; Chen
et al., 1995).

However, muscle and fat depositions are not only affected by protein
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level but also energy-protein ratio (Wood et al., 2004). It was very known
that protein deposition max was related with energy-protein ratio (Swine
Nutrition, 1991). Also, ratio between energy-lysine can also influence on
protein deposition because high-energy without appropriate lysine ratio can
lead to low energy utilization (Noblet et al., 1987). Seve et al. (1986) also
showed that imbalance of energy and protein could make slow protein
synthesis and this study demonstrated that no effect by energy factor or
interaction between energy and protein factors.

In conclusion, increase of protein level in feed resulted in significantly
improving body weight, ADG and ADFI however, dietary energy was less

effect than that of dietary protein.

Blood profiles

The effect of energy level and protein level on blood profiles in
growing-finishing pigs is shown in Table 14. Blood urea nitrogen (BUN), total
protein, creatinine and blood glucose were lowered when low energy and low
protein diet (LL) was provided (P=0.01) resulted in an interaction (P=0.01).

BUN is a representative evaluation indicator of the efficiency of the
use of amino acids in pigs and has been used as a response indicator to
determine the protein requirements of animals or the single amino acid
requirements (Hatori et al., 1994; Coma et al.,, 1995; Cai et al, 1996).
Fuller et al. (1977) suggested that carbohydrates increased the accumulation
of protein in the body. In this study, the increase in energy in feed raised
the accumulation of protein in the body, which resulted in a decrease in
BUN in the blood. In addition, previous studies have shown that pig's BUN

was involved in the maintenance of ingested nitrogen in the body (Whang
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and Easter, 2000), and has a negative correlation with ADG and feed
efficiency (Hann et al., 1995). These results are consistent with the results
of higher BUN concentrations, such as reports from Chen et al. (1995,
1996) and Gomez et al. (1998). The reason for the high BUN concentration
in the blood of pigs was that the protein was not fully utilized and released
in the form of urea, which meant that protein utilization rate through feed
was low.

In the total protein level in the blood, there were no significant
differences in total protein in 4, 7, 10 week. However, total protein was
decreased as energy level increase (P=0.01) however, it was increased as CP
level increase (P=0.01), resulted in interaction between energy and CP level
(P=0.01) in the 13 week (late finishing phase).

The total protein concentration in the blood is a complex compound
of all kinds of proteins in the blood (Buzanovskii, 2017). Total protein in
the blood plays important role to maintain normal osmotic pressure and pH
in the blood. Diarrhea, vomiting, and dehydration could be occurred if the
total protein concentration in the blood is excessively high (Brown and Otto.
2008).

The present study found that the total protein concentration in
finishing pig blood increased significantly as energy levels increased but
there were no symptoms such as vomiting or dehydration. Therefore, dietary
energy levels in current experiment did not negatively influence on total
protein in the blood.

The present study demonstrated that the concentration of creatinine is
affected by dietary energy and CP level in feed (P=0.01). Creatinine is a

nonprotein nitrogenous compound in the blood and is the final metabolite
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produced by non-enzymatic dehydration from the creatine of muscles
(Zinellu et al., 2005). Since creatinine is produced as a muscle metabolite
and is released into the blood and excreted into the urine subsequently the
creatinine production is widely used as an indicator to estimate the total
muscle mass of the body (Salazar, 2014). The concentration of creatinine in
blood and urine is closely correlated with muscle mass (Baxmann, 2008).
Creatinine 1s positively related with muscle percentage and performance
(Doornenbal et al., 1986).

Blood glucose concentration was lowered when pigs were fed high
protein treatment diets (LH and HH) presumably due to the fact that relative
ration between energy and protein determined blood glucose. Although there
were some significant differences by energy and protein treatment, dietary
protein level influenced greater on BUN, total protein and blood glucose

level than that of dietary energy.

PH and Meat color

The effects of dietary energy and protein levels on the pH changes in
pork after slaughter are presented in Table 15. As a result, the final pH of
pork in all treatments was between 5.2 and 5.9, but it was within normal
range(RFN, Red Firm and Non-exudative).

The pH change of pork after slaughter can be seen as a very
important factor of pork quality such as freshness, WHC, shear force, pork
color, and tenderness (Brewer and McKeith, 1999; Binder et al., 2004). Bole
et al (1993) reported that the pH level is closely related to the quality of
pork, WHC and ternderness. Palansky and Nosal (1991) demonstrated that

increasing pH resulted in reducing of cooking loss. The pH immediately
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after the slaughter is used as a prediction of PSE, and the final pH is
recognized as a prediction of DFD.

Significant differences in energy and protein levels have occurred, but
given that they are all within normal ranges, it is believed that the energy
and protein levels in the treatment did not adversely affect the pH change
of pork. In conclusion, it is believed that the energy and protein level of
the feed will not have a negative effect on the pH change of pork after
slaughter.

The effect of the energy Ilevel and protein level in the
growing-finishing feed on the meat color is shown in Table 16. Bendall and
Wismer (1962) reported that increasing yellowness and decreasing redness in
pork resulted in decreasing freshness of pork. In this experiment, there was
a significant decrease in Hunter value a, measured 6 hours after slaughter,
as energy levels increase (P=0.01). However, there were no significant
differences in all other analytical items. Therefore, the energy and protein

level had no effect on the meat color in this experiment.

Pork quality

The effect of the energy and protein levels in the growing-finishing
feed on the pork are presented in Table 17. There was significant decrease
in crude fat content as energy increase (P=0.04). There was significant
decrease in crude ash content as energy increase (P=0.03). In this
experiment, there was no significant difference between moisture and crude
protein level, depending on the energy level and protein level.

The composition of the carcass changes depending on the protein

level fed by pigs. The shear force and water holding capacity are affected
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by the content of fat in the loin. The shear force decreases as the fat
content increases. The water holding capacity is a measure of the ability of
the meat to hold water due to internal and external environmental changes,
determined by the microstructure of the meat or the change in the moisture
content that occurs during cutting, and is known to be closely related to the
pH change of the meat. In addition, shear force is a mechanically measured
measure of the tenderness of meat, and is known to be highly associated
with fat. Cooking loss is one of the indicators of indirect water holding
capacity and is generally known to have inverse correlation with water
holding capacity. In this study, there was significant increase in cooking loss
as energy increase (P=0.01). In addition, shear force was significantly
increased as energy levels increased (P=0.01). According to a study by
Goerl et al (1995), as the fat content increases, water holding capacity is
increased while the cooking loss is reduced, which improves the juice
reduction, and weakens the shear force. However, further study is needed to
clearly demonstrate energy and protein level in pork quality. Feeding
high-protein feed improves the composition of the carcass (Davey, 1978) and
improves the carcass (Davey 1978).

In conclusion, high energy affects negatively to cooking loss and
shear force.

The effect of the energy level and protein level in the
growing-finishing feed on the lipid oxidation of pork after slaughter are
presented in Table 18. The results of this experiment showed significant
differences in TBARS as CP level increase in the 5th day(P=0.05).
However, there were no significant differences in all other analysis items. In

addition, the TBARS value of all treatments were not reached 0.6 mg/kg
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(Guo et al.,, 2003) which is the represent of lipid oxidation. Other studies
have also reported that energy levels and protein levels do not show
significant differences in lipid oxidation (Meng et al., 2010; Madeira et al.,
2014).

Therefore, the energy and protein level in the growing-finishing feed

did not have significant effect on the lipid oxidation of pork.

Fatty acid composition

The effect of the energy Ilevel and protein level in the
growing-finishing feed on the fatty acid composition in pork after slaughter
are presented in Table 19. Several studies have already shown that changes
in diet affect fatty acids composition in pork (Miller et al., 1990; Larick et
al.,, 1992). A prior study found that C18:3n3 is primarily oxidized in energy
use, which leads to a reduction in storage of C18:3n3 in adipose cells
(Leighton, Drury, Crawford, 1987). Several studies reported that the fatty
acid content of the test feed was reflected in the loin of pork (Culp et al,
1980; Von Schacky and Weber.,, 1985; Hwang et al., 1988). According to
the European Food Safety Administration (EFSA), safer foods have lower
SFA content (EFSA, 2010). There was no significant difference in this
experiment, but the HH treatment showed the lowest SFA content.

The fatty acid composition analysis resulted in a significant difference
in the heneicosylic acid(c21:0) (P=0.01). However, there were no significant
differences in all other fatty acids. Some studies have shown that
protein-level adjustments did not show significant differences in MUFA
(Bessa et al.,, 2013; Madeira et al., 2014). This resulted in similar results to

this experiment.
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Therefore, the energy and protein level in the growing-finishing feed

did not have a negative effect on the formation of fatty acids.

Economic analysis

The effect of the energy Ilevel and protein level in the
growing-finishing feed on economic analysis are presented in Table 20. To
analyze economic analysis, feed per weight gain and total feed cost per pig
were calculated using the total feed intake and feed cost of 1kg, and 110kg
was estimated based on the weight and ADG at the end of the days to
market. The feed cost per weight gain was significantly different at the
early finishing phase (8-10 weeks). Feed cost per weight gain increased as
energy and protein increase (P=0.01). There was no significant difference in
feed cost per lkg gain in early growing, late growing and late finishing
phase. High energy and low protein treatment (HH) showed the lowest feed cost
per weight gain.

In total feed costs, there were significant difference in protein level
for the early growing phase (P=0.02), late growing phase (P=0.01) and
growing-finishing phase (P=0.01). And feed cost tended to increase when
protein level increase in the late finishing phase (P=0.06).

In this experiment, There were significant effect of energy and protein
factors on feed cost per weight gain in early finishing phase because of
significantly different G:F ratio. Also, the higher the protein level, the
significantly higher the ADFI in the early growing phase, late growing
phase, and growing-finishing phase. Consequently, the total feed cost was

high according to the ADFI. And LL treatment showed lowest feed cost per

pig.
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Days to market weight from 27.22 to 110kg showed significant differences
in protein content, and the higher the protein content, the shorter the market date by
about 11 days. In addition, low energy and low protein treatment (LL) showed 124
days, while high energy and high protein treatment (HH) showed 105 days.
Although total feed cost to 110 kg was the lowest in low energy and low protein
treatment (LL), days to market weight from 27.22 to 110kg was the shortest in high
energy and high protein treatment (HH) among dietary treatments.

Considering the rotation rate, adding another 70 days in order to reach 27kg
each treatment took 194, 182, 185 and 175 days to market weight(110kg) and 1.9,
2.0, 2.0, 2.1 rotations/year. In estimated feed cost to 110kg, low energy and low
protein treatment (LL) was the cheapest but the lowest rotation per year and in the
feed cost per weight gain, high energy and low protein treatment (HL) was the
lowest. In spite of the fact that feed cost could be saved in low energy and low
protein treatment (LL), days to market weight was delayed about 19 days
compared to high energy and high protein treatment (HH) concluding LL treatment
would not be the efficient feed formulation for growing-finishing pigs.

Therefore, this experiment demonstrated that high protein diet resulted
in improved growth performance in growing pigs but high energy (3,300
kcal of ME/kg) and low protein (90% of NRC(2012)) diet would be
desirable feed formulation based upon feed cost, days to market weight and

pork quality.
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Conclusion

Growth performance in this experiment showed that the higher the
protein level and the energy level in the feed during the late growing phase
and the late finishing phase, the greater the body weight (P=0.03; P=0.05,
respectively). The ADG increased as the protein level increased early
growing phase, late growing phase and growing phase, late finishing phase
and entire experimental phase (P=0.02; P=0.02; P=0.01; P=0.01; P=0.03,
respectively). The ADFI increased significantly as the protein level increased
early growing phase, late growing phase and growing phase and entire
experimental phase (P=0.03; P=0.01; P=0.01; P=0.03). The blood profile
showed that the BUN concentration increased as the protein level increased
(P=0.01). There was a significant difference between the total proteins in the
late finishing phase (P=0.01) but no significant difference in other phases.
There were significant differences in creatinine by energy and protein levels,
and glucose was significantly different in the 10th and 13th weeks. The pH
of pork was significantly different at 12 hrs after slaughter (P=0.01) but the
pH of all items was within the normal range and no significant differences
occurred in the rest of the items. The color of pork showed significant
differences in Hunter value a (P=0.01), but no significant differences
occurred in all other items. In pork quality, the crude fat content appeared
to be lowered as energy levels increased (P=0.03) and the cooking loss and
shear force increased as energy levels increased (P=0.01; P=0.01,
respectively). In carcass traits, the dressing rate showed low results as the
protein level increased (P=0.01). Backfat thickness in carcass was decreased

as energy content increased (P=0.04). The lipid oxidation showed a decrease
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in the TBARS value as the protein level increased on the 5th day of
storage, but no significant difference was observed in all other items than
(P=0.05), and no negative effect was present because the TBARS value was
not reached at 0.6. Significant differences occurred in the formation of fatty
acids in the heneicosylic acid (P=0.01). However, there were no significant
differences in all other fatty acids. In the economic analysis, feed cost per
weight gain increased as energy increased (P=0.01) and protein increased
(P=0.01) at early finishing phase (8-10 weeks). The total feed cost increased
as protein increased in early growing(1-4 week, P=0.02), late growing (5-7
week, P=0.01) and growing-finishing (0-13 weeks, P=0.01). A significant
difference in protein level was found in the days to market weight and the
higher the protein level, the shorter the days of market by about 11 days.
Experiment of different energy level and protein level in growing-finishing
feed showed that, the high protein level is better for the growth rate but
low protein level is more economic.

Therefore, high levels of protein significantly increased body weight,
ADG, and ADFI. In the energy level, high level of energy level showed
negative effect on pork quality, but showed more economic in feed cost.

In summary, a growing-finishing diet of high level of ME and low
level of CP(amino acid) can improve growth performance, pork quality and

reduce the cost of production.
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Table. 8 Experimental treatments

30~50 - 50~70 30~50 - 50~70
BW, kg - _
70~90 — 90~110 70~90 - 90~110
ME, kcal Low (3,150 kcal/kg) High (3,300 Kkcal/kg)
Cp & 90% of 90% of
NRC 2012 NRC 2012
Amino Acid NRC 2012 NRC 2012
Treatment LL LH HL HH
14.12 - 12.38 15.69-13.75 14.12-12.38 15.69-13.75
CP, % - - - -
1091 - 9.39 12.13-10.44 10.91-9.39 12.13-10.44
1.01-0.87 1.12-0.97 1.01-0.87 1.12-0.97
Lys(%o) - - - -
0.76-0.64 0.84-0.71 0.76-0.64 0.84-0.71
0.29-0.25 0.32-0.28 0.29-0.25 0.32-0.28
Met(%) - - - -
0.23-0.19 0.25-0.21 0.23-0.19 0.25-0.21
0.65-0.58 0.72-0.64 0.65-0.58 0.72-0.64
Thr(%) - - - -
0.50-0.44 0.56-0.49 0.50-0.44 0.56-0.49
0.17-0.15 0.19-0.17 0.17-0.15 0.19-0.17
Trp(%) - - - -
0.14-0.12 0.15-0.13 0.14-0.12 0.15-0.13
— 68 —
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Table 9. Formulaec and chemical compositions of the experimental diet of early

growing pigs (1-4 weeks).

Item Treatment"

LL LH HL HH
Ingredient, %
Ground corn 73.64 69.71 70.37 66.47
SBM 14.55 18.43 15.08 18.96
Wheat bran 7.90 7.90 7.90 7.90
Tallow 0.11 0.19 2.85 2.92
MDCP 1.34 1.28 1.36 1.29
Limestone 0.97 0.97 0.96 0.97
Salt 0.30 0.30 0.30 0.30
Vitamin premix? 0.10 0.10 0.10 0.10
Mineral premix’’ 0.10 0.10 0.10 0.10
L-Lysine-HCI, 78% 0.48 0.49 0.47 0.48
DL-met, 99% 0.06 0.07 0.06 0.07
L-Threonine, 99% 0.15 0.16 0.15 0.16
Tryptophan, 10% 0.30 0.30 0.30 0.28
Sum 100.00 100.00 100.00 100.00
Chemical composition®
ME, kcal/kg 3,150.00 3,150.00 3,300.00 3,300.00
CpP 14.12 15.69 14.12 15.69
Lys 1.01 1.12 1.01 1.12
Met 0.29 0.32 0.29 0.32
Thr 0.65 0.72 0.65 0.72
Trp 0.17 0.19 0.17 0.19
Ca 0.66 0.66 0.66 0.66
Total P 0.56 0.56 0.56 0.56

D LL : ME3,150 kcal’/kg + 90% of NRC 2012 CP diet, LH : ME3,150 kcal’kg + NRC 2012 CP
diet, HL : ME3,300 kcal’kg + 90% of NRC 2012 CP diet, HH : ME3,300 kcal’kg + NRC 2012

CP diet.

? Provided the following quantities of vitamins per kg of complete diet : Vit A, 16,000IU
D;, 3,200IU; Vit. E, 35IU; Vit. K;, 5mg; Rivoflavin, 6mg; Calcium pantothenic acid, 1
Niacin, 32mg; d - Biotin, 128ug; Vit.B;,, 20ug.
» Provided the following quantities of minerals per kg of complete diet : Fe, 281mg; Cu, 288mg;
Zn, 143mg; Mn, 49mg; I, 0.3mg; Se, 0.3mg.

9 Calculated value.
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Table 10. Formulae and chemical compositions of the experimental diet of late

growing pigs (5-7 weeks).

Treatment”

ltem LL LH HL HH
Ingredient, %

Ground corn 77.74 74.55 84.10 80.69
SBM 10.10 13.50 11.64 15.02
Wheat bran 8.60 8.40 0.00 0.00
Tallow 0.04 0.05 0.55 0.61
MDCP 1.21 1.16 1.40 1.34
Limestone 0.87 0.87 0.79 0.79
Salt 0.30 0.30 0.30 0.30
Vitamin premix? 0.10 0.10 0.10 0.10
Mineral premix’’ 0.10 0.10 0.10 0.10
L-Lysine-HCI, 78% 0.45 0.47 0.44 0.45
DL-met, 99% 0.04 0.05 0.04 0.05
L-Threonine, 99% 0.15 0.15 0.14 0.15
Tryptophan, 10% 0.30 0.30 0.40 0.40
Sum 100.00 100.00 100.00 100.00
Chemical composition®

ME, kcal/kg 3,150.00 3,150.00 3,300.00 3,300.00
CpP 12.38 13.75 12.38 13.75
Lys 0.87 0.97 0.87 0.97
Met 0.25 0.28 0.25 0.28
Thr 0.58 0.64 0.58 0.64
Trp 0.15 0.17 0.15 0.17
Ca 0.59 0.59 0.59 0.59
Total P 0.52 0.52 0.52 0.52

D LL : ME3,150 kcal’/kg + 90% of NRC 2012 CP diet, LH : ME3,150 kcal’/kg + NRC 2012 CP
diet, HL : ME3,300 kcal’kg + 90% of NRC 2012 CP diet, HH : ME3,300 kcal/kg + NRC 2012 CP
diet.

? Provided the following quantities of vitamins per kg of complete diet : Vit A, 16,000IU; Vit Ds,
3,200IU; Vit. E, 35IU; Vit. K;, 5mg; Rivoflavin, 6mg; Calcium pantothenic acid, 16mg; Niacin,
32mg; d - Biotin, 128ug; Vit.B;,, 20ug.

» Provided the following quantities of minerals per kg of complete diet : Fe, 281mg; Cu, 288mg;
Zn, 143mg; Mn, 49mg; I, 0.3mg; Se, 0.3mg.

9 Calculated value.
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Table 11. Formulae and chemical compositions of the experimental diet of early

finishing pigs (8-10 weeks).

Treatment”

ltem LL LH HL HH
Ingredient, %

Ground corn 81.13 78.22 88.26 85.33
SBM 6.30 9.35 7.89 10.95
Wheat bran 9.25 9.22 0.00 0.00
Tallow 0.00 0.01 0.33 0.34
MDCP 1.03 0.98 1.23 1.16
Limestone 0.79 0.80 0.70 0.72
Salt 0.30 0.30 0.30 0.30
Vitamin premix? 0.10 0.10 0.10 0.10
Mineral premix’’ 0.10 0.10 0.10 0.10
L-Lysine-HCI, 78% 0.44 0.44 0.43 0.43
DL-met, 99% 0.04 0.04 0.04 0.04
L-Threonine, 99% 0.12 0.14 0.12 0.13
Tryptophan, 10% 0.40 0.30 0.50 0.40
Sum 100.00 100.00 100.00 100.00
Chemical composition®

ME, kcal/kg 3,150.00 3,150.00 3,300.00 3,300.00
CpP 10.91 12.13 10.91 12.13
Lys 0.76 0.84 0.76 0.84
Met 0.23 0.25 0.23 0.25
Thr 0.50 0.56 0.50 0.56
Trp 0.14 0.15 0.14 0.15
Ca 0.52 0.52 0.52 0.52
Total P 0.47 0.47 0.47 0.47

D LL : ME3,150 kcal’lkg + 90% of NRC 2012 CP diet, LH : ME3,150 kcal’/kg + NRC 2012 CP
diet, HL : ME3,300 kcal’kg + 90% of NRC 2012 CP diet, HH : ME3,300 kcal’kg + NRC 2012 CP
diet.

? Provided the following quantities of vitamins per kg of complete diet : Vit A, 16,000IU; Vit Ds,
3,200IU; Vit. E, 35IU; Vit. K5, 5Smg; Rivoflavin, 6mg; Calcium pantothenic acid, 16mg; Niacin,
32mg; d - Biotin, 128ug; Vit.B;,, 20ug.

» Provided the following quantities of minerals per kg of complete diet : Fe, 281mg; Cu, 288mg;
Zn, 143mg; Mn, 49mg; I, 0.3mg; Se, 0.3mg.

9 Calculated value.
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Table 12. Formulae and chemical compositions of the experimental diet of late

finishing pigs (11-13 weeks).

Treatment”

ltem LL LH HL HH
Ingredient, %

Ground corn 83.98 82.03 92.55 90.03
SBM 2.25 5.00 4.07 6.71
Wheat bran 10.70 9.91 0.00 0.00
Tallow 0.01 0.00 0.10 0.11
MDCP 0.88 0.85 1.10 1.05
Limestone 0.72 0.73 0.63 0.64
Salt 0.30 0.30 0.30 0.30
Vitamin premix? 0.10 0.10 0.10 0.10
Mineral premix’’ 0.10 0.10 0.10 0.10
L-Lysine-HCI, 78% 0.42 0.42 0.41 0.41
DL-met, 99% 0.02 0.03 0.02 0.02
L-Threonine, 99% 0.12 0.13 0.12 0.13
Tryptophan, 10% 0.40 0.40 0.50 0.40
Sum 100.00 100.00 100.00 100.00
Chemical composition®

ME, kcal/kg 3,150.00 3,150.00 3,300.00 3,300.00
CpP 9.39 10.44 9.39 10.44
Lys 0.64 0.71 0.64 0.71
Met 0.19 0.21 0.19 0.21
Thr 0.44 0.49 0.44 0.49
Trp 0.12 0.13 0.12 0.13
Ca 0.16 0.46 0.16 0.46
Total P 0.43 0.43 0.43 0.43

D LL : ME3,150 kcal’/kg + 90% of NRC 2012 CP diet, LH : ME3,150 kcal’kg + NRC 2012 CP
diet, HL : ME3,300 kcal’kg + 90% of NRC 2012 CP diet, HH : ME3,300 kcal’/kg + NRC 2012 CP

diet.

? Provided the following quantities of vitamins per kg of complete diet :

32mg; d - Biotin, 128ug; Vit.By,, 20ug.

» Provided the following quantities of minerals per kg of complete diet :

Zn, 143mg; Mn, 49mg; I, 0.3mg; Se, 0.3mg.

9 Calculated value.
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Table 13. Effects of energy and protein levels on growth performance in

growing-finishing pigs

Treatment” P-value
oG 2)
Criteria LH HL SEM Energy Protein Energ.y*
Protein
Body weight, kg
Initial 27.40 27.16 27.16 27.16 - - - -
4th week 35.74 3747 36.60 41.53 0.983 0.20 0.09 0.40
7th week 49.11 53.67 51.89 59.33 1.469 0.12 0.03 0.59
10th week 65.29 7033 68.38 73.30 1.593 0.35 0.13 0.98
13rd week 82.80 90.69 87.94 95.07 1.938 0.20 0.05 0.92
ADG, g
0-4 weeks 298 368 337 513 29.3 0.08 0.02 0.30
5-7 weeks 637 771 728 848 27.9 0.10 0.02 0.88
0-7 weeks 443 541 505 657 27.3 0.07 0.01 0.56
8-10 weeks 770 793 786 665 22.1 0.19 0.25 0.10
11-13 weeks 834 969 931 1,037 24.7 0.05 0.01 0.71
8-13 weeks 802 881 859 851 15.9 0.68 0.27 0.19
0-13 weeks 608 698 668 746 19.8 0.15 0.03 0.88
ADFI, g
0-4 weeks 908 1,028 897 1,217 52.0 0.35 0.03 0.30
5-7 weeks 1,613 1,945 1,682 2,121 74.7 0.35 0.01 0.68
0-7 weeks 1,210 1,421 1,223 1,605 58.5 0.31 0.01 0.43
8-10 weeks 2,549 2,848 2,694 2,709 62.9 0.98 0.23 0.28
11-13 weeks 2,752 2,961 2,768 2,882 53.2 0.78 0.15 0.67
8-13 weeks 2,651 2,904 2,731 2,796 54.4 0.90 0.16 0.40
0-13 weeks 1,875 2,105 1,924 2,154 51.4 0.61 0.03 0.99
G:F ratio
0-4 weeks 0.317 0.359 0.371 0422 0.0162 0.07 0.14 0.87
5-7 weeks 0.394 0.400 0.433 0.403 0.0077 0.16 0.44 0.24
0-7 weeks 0.318 0.359 0.371 0422 0.0162 0.07 0.14 0.87
8-10 weeks 0.304 0.279 0.292 0.246 0.0078 0.11 0.01 0.42
11-13 weeks 0.305 0.329 0.337 0.360 0.0082 0.05 0.14 0.99
8-13 weeks 0.304 0.304 0.315 0.305 0.0047 0.59 0.63 0.61
0-13 weeks 0.305 0.332 0.347 0.347 0.0047 0.06 0.67 0.69

D LL : corn-SBM based diet with ME 3,150kcal/kg + low CP, LH

3,150kcal/kg + high CP, HL : corn-SBM based diet with ME 3,300kcal’kg + low CP, HH :

corn-SBM based diet with ME 3,300kcal/kg + high CP.

Y Standard error of means
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Table 14. Effects of energy and protein levels on blood profiles in growing-finishing

pigs
Treatments" P-value
Criteria LL LH HL HH S Energy Protein nerg.y*
Protein
BUN, mg/dL
Initial 5.10 - - - -
4th week 3.03 9.60 3.47 5.03  0.853 0.03 0.01 0.01
7th week 3.63 9.83 3.30 5.07 0.837 0.01 0.01 0.01
10th week 3.03 6.83 3.10 7.30  0.686 0.73 0.01 0.80
13rd week 4.17 6.50 5.03 7.03  0.345 0.01 0.01 0.01
Total protein, mg/dL
Initial 5.57 - - - -
4th week 6.77 6.70 5.90 5.67 0.265 0.10 0.78 0.88
7th week 6.53 6.90 5.93 5.63 0.262 0.10 0.95 0.53
10th week 6.57 6.80 6.10 6.67 0.143  0.31 0.19 0.57
13rd week 6.63 6.97 6.13 6.87 0.098 0.01 0.01 0.01
Creatinine, mg/dL
Initial 1.04 - - - -
4th week 1.02 1.12 1.12 1.02  0.020 0.96 0.96 0.02
7th week 1.00 1.09 1.11 0.99 0.022 0.86 0.80 0.03
10th week 1.13 1.29 1.19 1.13  0.027 0.22 0.24 0.03
13rd week 1.03 1.09 1.45 1.17  0.048 0.01 0.01 0.01
Glucose, mg/dL
Initial e 92.67-------=----- - - - -
4th week 87.00 87.33 93.00 9333 2708 0.35 0.96 0.99
7th week 9233  83.67 94.67 94.00 2492 0.24 0.37 0.44
10th week 83.67 70.67 98.00 84.33 3.837 0.04 0.05 0.96
13rd week 92.00 71.00 9033 75.67 2750 0.03 0.01 0.01

D LL : corn-SBM based diet with ME 3,150kcal/kg + low CP, LH : corn-SBM based diet with ME

3,150kcal’kg + high CP, HL :

corn-SBM based diet with ME 3,300kcal/kg + high CP.

2 Standard error of means

_74_

corn-SBM based diet with ME 3,300kcal’lkg + low CP, HH :



Table 15. Effects of energy and protein levels on pH of pork in growing-finishing

pigs
Treatments" P-value

Criteria SEM? Energy*
LL LH HL HH Energy Protein X

Protein

Time after slaughter

0 hour 586 586 590 591 0.016 0.21 0.77 0.88
3 hour 575 5776 579 579 0.024  0.55 0.91 0.98
6 hour 5.56 557 554 547 0.019 0.13 0.47 0.34
12 hour 525 554 547 579 0.054 0.01 0.01 0.71
24 hour 5.56 5.65 557 574 0.031 0.36 0.03 0.52

Y LL : corn-SBM based diet with ME 3,150kcal’/kg + low CP, LH :
corn-SBM based diet with ME 3,300kcal’kg + low CP, HH :
corn-SBM based diet with ME 3,300kcal’kg + high CP.

ME 3,150kcal’kg + high CP, HL :

2 Standard error of means.
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Table 16. Effects of energy and protein levels on color of longissimus muscles in

growing-finishing pigs

Treatments” P-value
Criteria SEM? . Energy*
LH HL HH Energy Protein Protein
Hunter value3), L
3 hour 4921 4837 4881 49.61 0.695 0.79 0.99 0.61
6 hour 51.18 49.13 51.84 50.77 0.568 0.33 0.19 0.68
12 hour 51.09 4874 51.84 5094 0.727 0.34 0.30 0.64
24 hour 52.08 50.72 51.95 52.04 0.529 0.62 0.59 0.54
Hunter value, a
3 hour 7.60 7.07 7.06 6.23 0.295 0.28 0.29 0.81
6 hour 7.36 7.50 6.68 5.51 0.293 0.01 0.28 0.18
12 hour 7.84 8.30 7.44 7.31 0.228 0.16 0.72 0.54
24 hour 6.62 6.68 6.38 5.78 0.211 0.21 0.54 0.46
Hunter value, b
3 hour 13.09 12.82 12.52 12.39 0.239 0.35 0.70 0.89
6 hour 13.86 13.34 13.41 12.78 0.202 0.19 0.22 0.79
12 hour 13.79 13.84 13.77 14.02 0.151 0.82 0.67 0.78
24 hour 13.94 13.37 13.59 13.32 0.143 0.52 0.18 0.62

D LL : corn-SBM based diet with ME 3,150kcal’kg + low CP, LH

: corn-SBM based diet with

ME 3,150kcal/’kg + high CP, HL : corn-SBM based diet with ME 3,300kcal’kg + low CP, HH :
corn-SBM based diet with ME 3,300kcal’kg + high CP.

2 Standard error of means

» CIE L: luminance or brightness (vary from black to white), a: red and

(+a:red, -a:green), b: yellow and blue component (+b:yellow, -b:blue)

_76_

green component



Table 17. Effects of energy and protein levels on proximate analysis and

physiochemical property of longissimus muscles in growing-finishing pigs

Treatments”

Criteria SEM?
LL LH HL HH

P-value

Energy*

Energy Protein Protein

Proximate analysis, %

Moisture 72.80 7239 71.86 73.44  0.351
Crude protein 22.18 2320 22.74 23.81 0.378
Crude fat 3.70 3.34 2.36 275  0.228
Crude ash 1.00 0.92 0.57 0.81  0.067

Physiochemical property
WHC, % 66.88 65.06 6240 66.76 0.827

Cooking loss,
%

21.61 2341 28.14 26.09 0.835

Shear force,
kg

31.08 2793 39.58 43.17 2.214

Carcass trait

Carcass
46 1.00 1.00 1.13 1.13 -
grade

Dressing rate,
%

74.61 7329 7411 7235 0.328

Back-fat

thickness, mm

2450 20.25 19.00 19.00 0.884

0.94 0.43 0.19
0.47 0.21 0.98
0.04 0.97 0.39
0.03 0.47 0.19

0.38 0.42 0.07

0.01 0.92 0.13

0.01 0.95 0.35

0.21 0.01 0.69

0.04 0.18 0.18

D LL : corn-SBM based diet with ME 3,150kcal’kg + low CP, LH :

corn-SBM based diet with ME

3,150kcal/kg + high CP, HL : corn-SBM based diet with ME 3,300kcal’kg + low CP, HH :

corn-SBM based diet with ME 3,300kcal/kg + high CP.

Standard error of means

The grade of ccarcass was scored as follows: ‘1+’grade = 0.5 point, ‘1’grade = 1 point, ‘2’grade

= 2 score (n=30). The lower the score, the higher the quality of the carcass
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Table 18. Effects of energy and protein levels on TBARS assay in the longissimus

muscles of growing-finishing pigs

Treatments" P-value

Criteria LH HL HH S Energy  Protein Fnergy*
Protein

TBARS, mgMA/kg

1 day 0.34 030 032 0.33 0.009 0.77 0.25 0.16

3 day 033 032 034 032 0011 0.77 0.52 0.98

5 day 0.34 032 037 033 0.009 0.24 0.05 0.54

7 day 0.33 032 036 036 0.013 0.22 0.76 0.90

D LL : corn-SBM based diet with ME 3,150kcal’kg + low CP, LH :
ME 3,150kcal’kg + high CP, HL : corn-SBM based diet with ME 3,300kcal’kg + low CP, HH :
corn-SBM based diet with ME 3,300kcal’kg + high CP.

2 Standard error of means
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Table 19. Effects of energy and protein levels on fatty acid composition of

longissimus muscles from growing-finishing pigs

Treatments” P-value

oG 2) %
Cais . i oL BHHE O™ pnergy  Protein Emgy
m

Fatty acid composition, %
C14:0 1.56 146 1.64 136 0.129 0.98 0.52 0.76
Cl16:0 2841 26.13 30.35 23.77 2.200 0.96 0.37 0.66
Cl6:1 328 3.09 3.15 266 0277 0.66 0.58 0.80
C17:0 092 056 1.00 0.85 0.102 0.39 0.23 0.62
C18:0 14.52 14.10 16.82 1230 1.176 092 0.33 0.42

C18:1 n-9 50.09 44.43 53.55 40.79 3.762 0.99 0.27 0.66
C18:2 n-6 828 855 975 7.84 0.524 0.73 0.47 0.34
C18:3 n-3 024 024 027 022 0.021 0.83 0.61 0.57

C20:0 022 023 028 0.18 0019 087 026 0.19
C20:1 096 0.83 1.10 085 0.084 0.66 030 0.74
C20:2 0.39 041 051 040 0.027 037 042 023
C21:0 024 026 027 022 0.007 080 0.18 0.01
C20:4 n-6 151 157 1.65 155 0.026 027 064  0.15
SFAY 4587 4273 5037 38.68 3.558 098  0.35 0.58
UFA? 64.74 59.12 70.00 5431 4.433 098 027 0.60

MUFA® 5433 4834 57.81 4430 4.086 0.97 0.28 0.67
PUFA® 10.42 10.77 12.19 10.01 0.583  0.69 0.47 0.32
UFA/SFA

ratio

142 141 140 1.44 0.020 0.92 0.71 0.62

YLL : corn-SBM based diet with ME 3,150kcal’/kg + low CP, LH : corn-SBM based diet with ME
3,150kcal/kg + high CP, HL : corn-SBM based diet with ME 3,300kcal’kg + low CP, HH :
corn-SBM based diet with ME 3,300kcal/kg + high CP.

? Standard error of means

? SFA = saturated fatty acids

# UFA = unsaturated fatty acids

® MUFA = monosaturated fatty acids

® PUFA = polyunsaturated fatty acids
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Table 20. Effects of energy and protein levels on feed cost in growing-finishing

pigs
Treatments" P-value
I 2)
Giteria vy, i #HL HH ™ Energy Protein "
Feed cost per weight gain, won/kg
0-4 week 732 645 682 585  32.1 0.40 0.17 0.94
5-7 week 740 740 683 757  13.7 0.44 0.18 0.17
8-10 week 924 1,024 983 1,189 289 0.01 0.01 0.20
11-13 week 888 846 817 782 213 0.13 0.38 0.94
0-13 week 830 830 801 815 11.2 0.36 0.77 0.77
Feed cost per pig, won/head
0-4 week 5,745 6,628 5917 8,267 3592 0.15 0.02 0.24
5-7 week 9,831 12,031 10.408 13,497 488.9 0.21 0.01 0.58
8-10 week 14,777 16,995 16,560 16,587 394.2 0.53 0.10 0.25
11-13 week 15,484 16,998 15,992 16,957 319.8 0.71 0.06 0.66
0-13 week 45,838 52,652 48,477 55,307 13657 0.28 0.01 0.99
Estimated feed cost to 110 kg, won
53,124 57,932 54,545 59,490 966.1 0.39 0.01 0.97
Days to market weight(110) from 27.22kg, days
124 112 115 105 2.6 0.11 0.03 0.78

D LL : corn-SBM based diet with ME 3,150kcal’kg + low CP, LH : corn-SBM based diet with ME 3,150kcal/kg + high CP, HL :

corn-SBM based diet with ME 3,300kcal/kg + low CP, HH : corn-SBM based diet with ME 3,300kcal/kg + high CP.

? Standard error of means

_80_



Literature Cited

Alonso, V., M.M. Campo, L. Provincial, P. Roncale’s, J.A. Beltra'n. 2010.
Effect of protein level in commercial diets on pork meat quality.
Meat Sci. 85:7 - 14

Andersen, S., B. Pedersen and A. Vernersen. 1998. Impact of nucleus
selection at production level 6 th WCGALP, Australia, 23:515 - 518.

Apple, J. K., C. V. Maxwell, D. C. Brown, K. G. Friesen, R. E. Musser,
Z. B. Johnson, and T. A. Armstrong. 2004. Effects of dietary lysine
and energy density on performance and carcass characteristics of
finishing pigs fed ractopamine. J. Anim. Sci. 82:3277 - 3287.

ARC. 1981. The Nutrient Requirement of Pigs. Commonwealth Agric.
Bureaux. Slough, UK.

Azain, M. J.,, R. W. Seerley, J. O. Reagan, and M. K. Anderson. 1991.
Effect of a high-fat diet on the performance response to porcine
somatotropin (PST) in finishing pigs. J. Anim. Sci. 69: 153-161.

Baird, D. M., H. C. McCampbell and W. E. Neville. 1958. The
performance and carcass characteristics of growing-fattening swine as
affected by ration levels of protein and inedible fats. J. Anim. Sci.
17:1165 (Abstr.).

Baker D.H. 2000. Recent advances in use of the ideal protein concept for
swine feed formulation. Asian-Aus J Anim Sci. 13:294 - 301

Baker, D. H., D. E. Becker, A. H. Jensen, and B. G. Harman. 1970.
Reproductive performance and progeny development in swine as
influenced by protein restriction during various portions of gestation.

J. Anim. Sci. 31: 526-530.

_81_



Baldini, J. T. and H. R. Rosenberg. 1955. The effect of productive energy
level of the diet on the methionine requirement of the chick. Poul.
Sci. 34:1301.

Bauchart-Thevret, C., Stoll, B., Chacko, S., and Burrin, D. G. 2009. Sulfur
amino acid deficiency upregulates intestinal methionine cycle activity
and suppresses epithelial growth in neonatal pigs. Am. J. Physiol.
Endocrinol. Metab, 296(6), 1239-1250.

Bergner H. 1977. Protein evaluation and protein metabolism. FEBS 11th
Meeting. Copenhagen. 149-160.

Bikker, P., Karabinas, V., Verstegen, M.W.A., and Campbell, R., 1995.
Protein and lipid accretion in body components of growing gilts
(20-45 kg) as affected by energy intake. J. Anim. Sci. 73, 2355 -
2363.

Bikker, P., Verstegen, M.W.A., Campbell, R.G., 1996. Performance and body
composition of finishing gilts (45 - -85 kg) as affected by energy
intake and nutrition in earlier life. II. Protein and lipid accretion in
body components. J. Anim. Sci. 74, 817 - 826.

Black, J. L. and de Lange, C. F. M. 1995. Introduction to principles of
nutrient partitioning for growth. Pages 33 - 46 in P. J. Moughan, M.
W. A. Verstegen, and M. 1. Visser-Reyneveld, eds. Modelling growth
in the pig. Wageningen Pers, Wageningen, The Netherlands.

Boenker, D. E., L. F. Tribble and W. H. Pfander. 1960. An evaluation of
calorie-protein ratios for growing-finishing swine. J. Anim. Sci.
19:1248 (Abstr.).

Bowland, J. P. and R. T. Berg. 1959. Influence of strain and sex on the

relationship of protein to energy in the rations of growing and

_82_



finishing bacon pigs. Can. J. Anim. Sci. 39:102.

Bradford, M. M. V., and R. M. Gous. 1991. A comparison of phase feeding
and choice feeding as methods of meeting the amino acid
requirements of growing pigs. Anim. Prod, 52:323-330.

Braude, R. 1967. Copper as a stimulant in pig feeding. World Rev. Anita.
Prod. 3:69.

Brewer, M. S., L. G. Zhu, and F. K. McKeith. 2001. Marbling effects on
quality characteristics of pork loin chops: consumer purchase intent,
visual and sensory characteristics. Meat Sci. 59:153-163.

Brown, A. J. and C. M. Otto. 2008, Fluid Therapy in Vomiting and
Diarrhea. Vet Clin Small Anim 38: 653 - 675

Buzanovskii, V.A. 2017, Determination of proteins in blood. Part 1:
Determination of total protein and albumin. Rev. J. Chem. 7, 79 -
124

Campbell, R. G., M. R. Taverner, and D. M. Curic. 1983. Effects of
feeding level from 20 to 45 kg on the performance and carcass
composition of pigs grown to 90 kg live weight. Livest. Prod. Sci.
10:265.

Campbell, R. G. and Taverner, M. R. 1986. A note on the response of pigs
weaned at 28 days to dietary protein. Anim. Sci, 42(3), 427-429.

Campbell, R. G. and Taverner, M. R. 1988. Genotype and sex effects on
the relationship between energy intake and protein deposition in
growing pigs, J. Anim. Sci, 66: 676-686.

Campbell, R. G., M. R. Taverner, and D. M. Curic. 1983. Effects of
feeding level from 20 to 45 kg on the performance and carcass

composition of pigs grown to 90 kg live weight. Livest. Prod. Sci.

_83_



10:265.

Carr, J. R, K. N. Boorman, and D.J.A. Cole. 1977. Nitrogen retention in
the pig. Br. J. Nutr. 37:143.

Chadd, S. A, and D. J. A. Cole. 1999. The performance response of
growing and finishing pigs fed differing proportions oatfeed as a
dietary fibre source. EAAP Annual Meeting, Zurich.

Chen, H. Y., Miller, P. S., Lewis, A. J., Wolverton, C. K, and W. W.
Stroup. 1995. Changes in plasma urea concentration can be used to
determine protein requirement of two populations of pigs with
different protein accretion rates. J. Anim. Sci. 73: 2631.

Chen, J., X.J. Yang, D. Xia, J. Chen, J. Wegner, Z. Jiang, R.Q. Zhao.
2008. Sterol regulatory element binding transcription factor 1
expression and genetic polymorphism significantly affect intramuscular
fat deposition in the longissimus muscle of Erhualian and Sutai pigs.
J. Anim. Sci. 86:57 - 63.

Chiba, L. 1., A. J. Lewis, and E. R. Peo, Jr. 1991. Amino acid and energy
interrelationships in pigs weighing 20 to 50 kilograms: 1. Rate and
efficiency of weight gain. J. Anim. Sci. 69:694 - 707.

Chiba, L.I., D.L. Kuhlers, L.T. Frobish, S.B. Jungst, E.J. HuffLonergan,
S.M. Lonergan, K.A. Cummins. 2002. Effect of dietary restrictions
on growth performance and carcass quality of pigs selected for lean
growth efficiency. Livest. Prod. Sci. 74:93 - 102.

Chung, T. K., and D. H. Baker. 1991. A chemically defined diet for
maximal growth of pigs. J. Nutr, 121(7), 979-984.

Chung, T. K., and D. H. Baker. 1992. Ideal amino acid pattern for ten
kilogram pigs. J. Anim. Sci, 70:3102 - 3111.

_84_



Chung, W. R. 2018. Effects of Dietary Energy and Amino Acid Levels on
Growth Performance, Physiological Responses and Reproductive
Performance in Swine. Ph.D. Diss., Seoul National University. Korea.

Cisneros, F., M. Ellis, D. H. Baker, R. A. Easter, and F. K. McKeith.
1996. The influence of short term feeding of amino acid-deficient
diets and high dietary leucine levels on the intramuscular fat content
of pig muscle. Anim. Sci. 63: 517 - 522.

Clawson, A. J., E. R. Barrick and T. N. Blumer. 1956. The relation of
energy-protein ratio to performance and carcass composition of swine.
J. Anim. Sci. 15:1255 (Abstr.).

Coffey, M. T., R. W. Seerley, D. W. Funderburke, and M. C. McCampbell.
1982. Effect of heat increment and level of dietary energy and
environmental temperature on the performance of growing-finishing
swine. J. Anim. Sci. 54:95 - 105.

Cohen, P., and M. Jeffrey, 2004. Friedman leptin and the control of
metabolism: role for stearoyl-coA desaturase-1 (SCD-1)1. J. Nutr.
134:2455S - 2463S.

Cole, D. J. A., B. Hardy and D. Lewis. 1971. Nutrient density of pig diets.
In Pig Production, Proceedings of the Eighteenth Easter School in
Agricultural Science, University of Nottingham, Butterworths, London,
243,

Coma J., D. R. Zimmerman, and D. Carrion. 1996. Lysine requirement of
the lactating sow determined by using plasma urea nitrogen as a
response criterion. J. Anim. Sci. 74:1056 - 1062.

Combs, G. F. and G. L. Romoser. 1955. A new approach to poultry feed
formulation. Md. Agr. Exp. Sta. Misc. Pub. No. 226.

_85_



Costain, R. A. and J. T. Morgan. 1961. The effect of wvariations in the
energy and protein status of the diet upon productive efficiency in
the pig. An Prod. 3 : 199.

Cromwell, G. C, and R. D. Coffey. 1993. Future strategies to diminish,
nitrogen and phosphorus in swine manure. Pages 20-32 in Proc.
NPPC Environ. Symp. "Meeting the Environmental Challenge,",
Minneapolis, MN.

Cromwell, G. C., and R. D. Coffey. 1993. Future strategies to diminish,
nitrogen and phosphorus in swine manure. Pages 20 - 32 in Proc.
NPPC Environ. Symp. “Meeting the Environmental Challenge,”,
Minneapolis, MN.

Cromwell, G. L., M. D. Lindemann, G. R. Parker, K. M. Laurent, R. D.
Coffey, H. J. Monegue, and J. R. Randolph. 1996. Low protein,
amino acid supplemented diets for growing - finishing pigs. J. Anim.
Sci. 74 (Suppl. 1): 174. (Abstr.)

Cromwell, G. L., V. W. Hays, V. Trujillo-Figueroa, and J. D. Kemp. 1978.
Effects of dietary protein and energy levels for growing-finishing
swine on performance, muscle composition and eating quality of
pork. J. Anim. Sci. 47: 505-513.

Davey, R. J. 1978. Self-selection by growing pigs of diets differing in
protein quantity or quality. J. Anim. Sci. 47:213.

Davey, R. J. 1978. Self-selection by growing pigs of diets differing in
protein quantity or quality. J. Anim. Sci. 47:213.

Davies, A. S. 1983. Growth and development of pigs: A reanalysis of the
effects of nutrition on body composition. J. Agric. Sci. 100: 681-687.

De Greef, K. H.,, M. W. A. Verstegen, B. Kemp, and P. L. van der Togt.

_86_



1994. The effect of body weight and energy intake on the
composition of deposited tissue in pigs. Anim. Prod. 58:263 - 270.

De la Llata, S. S. Dritz, M. D. Tokach, R. D. Goodband, J. L. Nelssen and
T. M. Loughin. 2001. Effects of dietary fat on growth performance
and carcass characteristics of growing-finishing pigs reared in a
commercial environment. J. Anim. Sci. 79:2643-2650.

Devilat, J., W. G. Pond and P. D. Miller. 1970. Dietary amino acid balance
in growing-finishing pigs: Effect on diet preference and performance.
J. Anim. Sci. 36:536.

Dickerson, G.E. 1952. Inbred lines for heterosis tests in Gowen J.W. (ed.)
Heterosis, lowa State University, Ames, lowa (USA). 330 - 351.
Dickerson, G.E. 1974. Evaluation and utilization of breed differences. In:
Proceedings of the working symposium on breed evaluation and

crossing with farm animals. Zeist. The Netherlands, 7-23

Dikeman, M. E. 1987. Fat reduction in animals and the effects on
palatability and consumer acceptance of meat products. In
Proceedings-Annual Reciprocal Meat Conference of the American
Meat Science Association (USA).

Doornenbal H., A. K. W. Tong, and A. P. Sather. 1986. Relationships
among serum characteristics and performance and carcass traits in
growing pigs. J. Anim. Sci. 62(6):1675-1681

Doran, O., S. K. Moule, G. A. Teye, F. M. Whittington, K. G. Hallett, and
J. D. Wood. 2006. A reduced protein diet induces stearoyl-CoA
desaturase protein expression in pig muscle but not in subcutaneous
adipose tissue: Relationship with intramuscular lipid formation. Br. J.

Nutr. 95:609 - 617.

_87_



Drews, J. E. R. L. Best, G. L. Cromwell, V. W. Hays, J. D. Kemp and W.
G. Moody. 1971. Effect of dietary protein and fat levels on carcass
measurements and eating quality of pork. J.  Anim. Sci.
33:1142(Abstr.).

Dunshea, F. R., R. H. King, P. J. Eason, and R. G. Campbell. 1998.
Interrelationships between dietary ractopamine, energy intake, and sex
in pigs. Aust. J. Agric. Res. 49: 565-574.

Easter, R. A., and Baker, D. H. 1976. Nitrogen metabolism and reproductive
response of gravid swine fed an arginine-free diet during the last 84
days of gestation. J. Nutr, 106(5), 636-641.

Easter, R. A, and D. H. Baker. 1980. Lysine and protein levels in
corn-soybean meal diets for growing-finishing swine. J. Anim. Sci.
50: 467-471.

Eggum B. O. 1970. Blood wurea measurement as a technique for
assessingprotein quality. Br. J. Nutr, 24:983-988.

Ellis, M., W. C. Smith, R. Henderson, C. T. Whittemore, R. Laird, and P.
Phillips. 1983. Comparative performance and body composition of
control and selection line Large White pigs. 3. Three low feeding
scales for a fixed time. Anim. Prod. 37:253.

Ellis, M., A. J. Webb, P. J. Avery, and I. Brown. 1996. The influence of
terminal sire genotype, sex, slaughter weight, feeding regime and
slaughter-house on growth performance and carcass and meat quality
in pigs and on the organoleptic properties of fresh pork. Anim. Sci.
62:521 - 530.

Faure, M., Moénnoz, D., Montigon, F., Fay, L. B., Breuillé, D., Finot, P.

A., and Boza, J. 2002. Development of a rapid and convenient

_88_



method to purify mucins and determine their in vivo synthesis rate
in rats. Anal. Biochem, 307(2), 244-251.

Ferguson, N. S. and R. M. Gous. 1997. The influence of heat production on
voluntary food intake in growing pigs given protein-deficient diets.
Anim. Sci. 64:365-378.

Ferguson, N., Arnold, G., Lavers, G., & Gous, R. 2000. The response of
growing pigs to amino acids as influenced by environmental
temperature. 1. Threonine. Anim. Sci, 70(2), 287-297.

Ferguson, N. S. and B.K. Theeruth. 2002. Protein and lipid deposition rates
in growing pigs following a period of excess fattening. S Afr J
Anim Sci. Vol.32(2): 97-105

Fernandez, X., G. Monin, A. Talmant, J. Mourot and B. Lebret. 1999.
Influence of intramuscular fat content on the quality of pig meat —
2. Consumer acceptability of m. longissimus lumborum. Meat Sci.
53:67-72.

Figueroa J. L., A. J. Lewis, P. S. Miller, R. L. Fischer, R. S. Gémez and
R. M. Diedrichsen. 2002. Nitrogen metabolism and growth
performance of gilts fed standard corn - soybean meal diets or
low-crude protein, amino acid-supplemented diets. J. Anim. Sci.
80:2911 - 2919.

Finkelstein, J. D. 1990. Methionine metabolism in mammals. J. Nutr.
Biochem, 1(5), 228-237.

Finkelstein, J. D. 1998. The metabolism of homocysteine: pathways and
regulation. Eur. J. Pediatr, 57(2), 40-44.

Font-i-Furnols, M., N. Tous, E. Esteve-Garcia, and M. Gispert. 2012. Do all

the consumers accept marbling in the same way? The relationship

_89_



between eating and visual acceptability of pork with different

intramuscular fat content. Meat Sci. 91:448 - 453.

Forbes, J. M., M. A. Varley, T.L.J. Lawrence, H. Davies, and M. C.

Fortin,

Dikethly (ed.). 1989. The Voluntary Food Intake of Pigs. Occas.
Publ. no. 13, Br. Soc. Anim. Prod., Edinburgh, Scotland

A., W. M. Robertson, and A. K. W. Tong. 2005. The eating quality
of Canadian pork and its relationship with intramuscular fat. Meat

Sci. 69:297 - 305.

Friesen, K. G., J. L. Nelssen, J. A. Unruh, R. D. Goodband, and M. D.

Fuller,

Fuller,

Fuller,

Tokach. 1994. Effects of the interrelationship between genotype, sex,
and dietary lysine on growth performance and carcass composition in
finishing pigs fed to either 104 or 127 kilograms. J. Anim. Sci.
72:946.

M. F., A. Cadenhead, and K. Pennie. 1984. Effects of omitting
lysine from diets conforming to Agricultural Research Council (1981)
standards for pigs. Anim. Prod. 39:449-453.

M. F., J. Wood, A. C. Brewer, K. Pennie, and R. MacWilliam.
1986. The responses of growing pigs to dietary lysine, as free lysine
hydrochloride or in soya-bean meal, and the influence of food intake.
Anim. Prod. 43:477.

M. F., Reeds, P. J.,, Cadenhead, A., Seve, B., and Preston, T. 1987.
Effects of the amount and quality of dietary protein on nitrogen

metabolism and protein turnover of pigs. Br. J. Nutr, 58(2), 287-300.

Gatrell, S. K., Berg, L. E., Barnard, J. T., Grimmett, J. G., Barnes, K. M.,

and Blemings, K. P. 2013. Tissue distribution of indices of lysine

catabolism in growing swine. J. Anim. Sci, 91(1), 238-247.

_90_



Giles, L. R.,, M. L. Lorschy, H. J. Bray and J. L. Black. 1998. Predicting
feed intake in growing pigs. In Progress in Pig Science, Wiseman,
J., M. A. Varley, and J. P. Chadwick, Eds., Nottingham University
Press, Nottingham, 2009.

Gilster, K. E. and R. C., Wahlstrom. 1973. Protein levels for swine fed to
heavy weights. 1. Effects on gain and feed efficiency. J. Anim. Sci.
36:883-887.

Gilster, K. E, and R. C., Wahlstrom. 1973. Protein levels for swine fed to
heavy weights. II. Effects on quantitative and qualitative carcass
characteristics. J. Anim. Sci. 36: 888-893.

Goerl, K. F., S. J. Eilert, R. W. Mandigo, H. Y. Chen, and P. S. Miller.
1995. Pork characteristics as affected by two populations of swine
and six crude protein levels. J. Anim. Sci. 73:3621 - 3626.

Gomez, S., Phillip, S. M., Lewis, A. J. and Chen, H. Y. 1998. Responses
of barrows consuming a diet formulated on an ideal protein basis at
different feeding levels. Univ. of Nebraska. Swine Rep. pp. 30-33.

Gomez, R. S., A. J. Lewis, P. S. Miller, H Y. Chen, and R. M.
Diedrichsen. 2002b. Body composition and tissue accretion rates of
barrows fed corn-soybean meal diets or low-protein, amino
acid-supplemented diets at different feeding levels. J. Anim. Sci.
80:654 - 662.

Goodband, R. D., J. L. Nelssen, R. H. Hines, D. H. Kropf, R. C. Thaler,
B. R. Schricker, G. E. Fitzner, and A. J. Lewis. 1990. The effects
of porcine somatotropin and dietary lysine on growth performance
and carcass characteristics of finishing swine. J. Anim. Sci. 68:3261

- 3276.

_91_



Gourley, G., and D. Zimmerman. 1993. Relationship of plasma urea nitrogen
to carcass measurements and estimates of rate of lean growth in pigs
of four strains. J. Anim. Sci. 71(Suppl.1):168 (Abstr.).

Guo, X., R. Tang, W. Wang, D. Liu, and K. Wang. 2011. Effects of
dietary protein/carbohydrate ratio on fat deposition and gene
expression of peroxisome proliferator activated receptor y and heart
fatty acid-binding protein of finishing pigs. Livest. Sci. 140:111-116.

Hahn, J. D., R. R. Biehl, and D. H. Baker. 1995. Ideal digestible lysine
level for early and late finishing swine. J. Anim. Sci. 73: 773-784.

Hansen, B. C, and A. J. Lewis. 1993. Effects of dietary protein
concentration (corn: soybean meal ratio) on the performance and
carcass characteristics of growing boars, barrows, and gilts:
Mathematical descriptions. J. Anim. Sci. 71: 2122-2132.

Haydon, K. D., C. R. Dove, and M. L. Harrison. 1989. Effect of varying
digestible lysine: calorie ratio on the performance of growing pigs.
Nutr. Rep. Int. 40: 341-348.

Head, R. H, and 1. H. Williams. 1991. Mammogenesis is influenced by the
nutrition of gilts during pregnancy. In: Manipulating Pig Production
III (Ed. E. S. Batterham). Aust. Pig. Sci. Association. p 33.

Heitman, It. J. 1956. Use of stabilized tallow in swine rations. J. Anim. Sci.
15:1046.

Henckel, P., A. Karlsson, N. Oksbjerg, J. Sgholm Petersen. 2000. Control of
post mortem pH decrease in pig muscles: experimental design and
testing of animal models. Meat Sci. 55:131 - 138.

Henry, R. J. 1988. The carbohydrates of barley grains; A review. J. Inst.
Brew. 94:71-78.

_92_



Henry, P. R.,, C. B. Ammerman, and R. C. Littell. 1992. Relative
bioavailability of manganese from a manganese-methionine complex
and inorganic sources for ruminants. J. Dairy Sci. 75:3473 —3478.

Henry, Y. 1995. Effects of dietary tryptophan deficiency in finishing pigs,
according to age or weight at slaughter or live weight gain. Livest.
Prod. Sci. 41:63 - 76.

Huff-Lonergan, E., and S. M. Lonergan. 2005. Mechanisms of water-holding
capacity of meat: The role of postmortem biochemical and structural
changes. Meat sci. 71:194-204.

Jeong, T. S., P. S. Heo, G. Y. Lee, D. H. Kim, W. S. Ju, and Y. Y. Kim.
2010. The influence of phase feeding methods on growth
performance, meat quality, and production cost in growing-finishing
pigs. J. Anim. Sci. Technol. 52: 29-36.

Jongbloed, A. W, and N. Lenis. 1992. Alteration of nutrition as a means to
reduce environmental pollution by pigs. Livest. Prod. Sci. 31: 75.

Jorgensen, J. N., J. A. Ferna'ndez, H. H. Jorgensen, and A. Just. 1985.
Anatomical and chemical composition of female pigs and barrows of
Danish Landrace related to nutrition. J. Anim. Physiol. Anim. Nutr.
54:253.

JRC. Japanese Feeding Standard for Swine. Agriculture, Forestry and
Fisheries Research Council Secretariat, Japan. 1993.

Jurie, C., 1. Casouthernsar-Malek, M. Bonnet, C. Leroux, D. Bauchart, P.
Boulesteix, D.W. Pethick, J.F. Hocquette. 2007. Adipocyte fatty
acid-binding protein and mitochondrial enzyme activities in muscles
as relevant indicators of marbling in cattle. J. Anim. Sci. 85:2660 -

2669.

_93_



Kanis, E. 1988. Effect of average daily food intake on production
performance in growing pigs. Anim. Sci, 46:111-122.

Karlsson, A., A. C. Enfalt, B. Essen-Gustavsson., K. Lundstrom., L.
Rydhmer and S. Stern. 1993. Muscle histochemical and biochemical
properties in relation to meat quality during selection for increased
lean tissue growth rate in pigs. J. Anim. Sci. 71(4):930-938.

Katsumata, M., M. Matsumoto, Y. Kaji. 2003. Effects of a low lysine diet
on glucose metabolism in skeletal muscle of growing pigs. In:
Souffrant, W.B., Metges, C.C. (Eds.), Progress in Research on
Energy and protein Metabolism. Wageningen Academic Publishers,
The Netherlands. 109:187 - 190.

Kennington, M. H., T. W. Perry and W. M. Beeson. 1958. Effect of adding
animal fat to swine rations. J. Anim. Sci. 17:1166 (Abstr.).

Kerr, B. J., F. K. McKeith, and R. A. Easter. 1995. Effect on performance
and carcass characteristics of nursery to finisher pigs fed reduced
crude protein, amino acid-supplemented diets. J. Anim. Sci. 73:
433-440.

KFSS. (Korean Feeding Standard for Swine) National Livestock Research
Institute, RDA, Ministry of Agriculture and Forestry; Sejong, Korea:
2007.

KFSS. (Korean Feeding Standard for Swine) National Livestock Research
Institute, RDA, Ministry of Agriculture and Forestry; Sejong, Korea:
2012.

Knap, P. W. and L. Wang. 2012. Pig breeding for improved feed efficiency.
In Feed efficiency in swine. Wageningen Academic Publishers.

Knol, E. 1998. Genetic parameters of litter mortality and 6 related

_94_



characteristics. Abstract ADSA and ASAS meeting, Denver.

Kornegay, E. T., H. R. Thomas, and J. H. Carter. 1973. Evaluation of
dietary protein levels for well-muscled hogs. J. Anim. Sci. 36: 79-85.

Kusina, J., J. E. Pettigrew, A. F. Sower, M. E. White, B. A. Crooker, and
M. R. Hathaway. 1999b. Effect of protein intake during gestation
and lactation on the lactational performance of primiparous sows. J.
Anim. Sci. 77: 931-941.

Kyriazakis, J. 1989. Growth, feed intake and diet selection in pigs: Theory
and experiments. Ph.D. Diss., Univ. of Edinburgh, U.K.

Kyriazakis, 1., G. C. Emmans, and C. T. Whittemore. 1990. Diet selection
in pigs —choices made by growing pigs given feeds of different
protein concentrations. Anim. Prod. 51:189 - 199.

Kyriazakis, 1., G. C. Emmans, and C. T. Whittemore. 1991. The ability of
pigs to control their protein intake when fed in three different ways.
Physiol. Behav. 50:1197-1203.

Kyriazakis, 1., and G. C. Emmans. 1992. The growth of mammals following
a period of nutritional limitation. J. Theor. Biol. 156:485 - 498.
Lambe, N. R., J. D. Wood, K. A. McLean, G. A. Walling, H. Whitney, S.
Jagger, P. Fullarton, J. A. Bayntun, and L. Bunger. 2013. Effects of
low protein diets on pigs with a lean genotype. 2. Compositional
traits measured with computed tomography (CT). Meat Sci. 95:129 -

136.

Le Dividich, J., J. Noblet and T. Bhwa. 1987. Effect of environmental
temperature and dietary energy concentration on the performance and
carcass characteristics of growing-finishing pigs fed to equal rate of

gain. Livest. Prod. Sci. 17:235.

_95_



Le Floc'h, N., and Seéve, B. 2005. Catabolism through the threonine
dehydrogenase pathway does not account for the high first-pass
extraction rate of dietary threonine by the portal drained viscera in
pigs. Br. J. Nutr, 93(4), 447-456.

Lebret, B., H. Juin, J. Noblet, and M. Bonneau. 2001. The effects of two
methods of increasing age at slaughter on carcass and muscle traits
and meat sensory quality in pigs. Anim. Sci. 72:87 - 94.

Leong, K. C., M. L. Sunde, H. R. Bird and C. A. Elvehjem. 1955. Effect
of energy:protein ratio on growth rate, efficiency, feathering, and fat
deposition in chickens. Poul. Sci. 34:1206. (Abstr.).

Lewis, A. J. 2001. Methionine-cystine relationships in pig nutrition. Amino
acids in Animal Nutrition, 143-155.

Liao, S. F., Wang, T., and Regmi, N. 2015. Lysine nutrition in swine and
the related monogastric animals: muscle protein biosynthesis and
beyond. Springer Plus, 4(1), 147.

Lien, K. A., Sauver, W. C., and Fenton, M. 1997. Mucin output in ileal
digesta of pigs fed a protein-free diet. Zeitschrift fiir
Erndhrungswissenschaft, 36(2), 182-190.

Lizardo, R., J. V. Milgen, J. Mourot, J. Noblet and M. Bonneau. 2002. A
nutritional model of fatty acid composition in the growing-finishing
pig. Livest. Prod. Sci. 75:167-182.

Lockhart, W. C. 1955. Energy protein relationships in turkey poult starters.
Poul. Sci. 34:1208 (Abstr.).

Martin, R. J., J. L. Beverly and G. E. Truett. 1989. Energy balance
regulation. In Animal Growth Regulation, Campion, D. R., G. J.
Hausman, and R. J. Martin, Eds., Plenum Press, New York, 211.

_96_



Matterson, L. D., L. M. Potter, Lois D. Stinson and E. P. Singsen. 1955.
Studies on the effect of varying protein and energy levels in poultry
rations on growth and feed efficiency. Poul. Sci. 34:1210. (Abstr.).

Matthews, J. O., A. D. Higbie, L. L. Southern, D. F. Coombs, T. D.
Bidner, and R. L. Odgaard. 2003. Effect of chromium propionate and
metabolic energy on growth, carcass traits, and pork quality of
growing-finishing pigs. J. Anim. Sci. 81: 191-196.

Merks, J. W. M. and E. H. A. T. Hanenberg. 1998. Optimal selection
strategy for crossbred performance in commercial pig breeding
programmes, 6th WCGALP, Australia. 23:575 - 578

Merks, J. W. M. 2000. One century of genetic changes in pigs and the
future needs. BSAS occasional publication. §8-19

Messias de Braganca, M., A. M. Mounier, and A. Prunier. 1998. Does feed
restriction mimic the effects of increased ambient temperature in
lactating sows? J. Anim. Sci. 76: 2017-2024.

Meuwissen, T. 1998. Risk management and the definition of breeding
objectives. 6th WCGALP. Australia. 25:347-354.

Mitchell H. H. 1964. Comparative nutrition of man and domestic animals.
New York: Academic Press.

Monin, G., and P. Sellier. 1985. Pork of low technological quality with
normal rate of muscle pH fall in the immediate post-mortem period:
the case of the Hampshire breed. Meat Sci. 13:49 - 63.

Montagne, L., Piel, C., and Lalles, J. P. 2004. Effect of diet on mucin
kinetics and composition: nutrition and health implications. Nutr. Rev.
62(3), 105-114.

Moughan, P. J.,, and M.W.A. Verstegen. 1988. The modelling of growth in

_97_



the pig. Neth. J. Agric. Sci. 36:145-166.

Mulholland, R., E. S. Erwin and R. S. Gordon. 1960. Protein energy ratios
for barrows and gilts marketed at 145 and 195 pounds. J. Anim Sci.
19:1278 (Abstr.).

Myer, R. O., D. D. Johnson, D. A. Knauft, D. W. Gorbet, J. H.
Brendemuhl and W. R. Walker. 1992. Effect of feeding
high-oleic-acid peanuts to growing-finishing swine on resulting
carcass fatty acid profile and on carcass and meat quality
characteristics. J. Anim. Sci. 70:3734 - 3741.

Nam, D. S. and F. X. Aherne. 1995. A comparison of choice and phase
feeding for growing-finishing pigs. Can. J. Anim. Sci. 75:93-98.
Noblet, J., Y. Henry, and S. Dubois. 1987. Effect of protein and lysine
levels in the diet on body gain composition and energy utilization in

growing pigs. J. Anim. Sci. 65:717-726.

Noland, P. R. and K. W. Scott. 1960. Effect of varying protein and energy
intakes on growth and carcass quality of swine. J. Anim. Sci. 19:67.

Nossaman, D. A., A. P. Schinckel, L. F. Miller, and S. E. Mills. 1991.
Interaction of somatotropin and genotype on the requirement for
energy in two lines of finishing pigs. J. Nutr. 121:223 - 230.

NRC. 1998. Nutrient requirement of pigs. National Research Council,
Academy Press.

NRC. 2012. Nutrient requirement of swine 11th ed. National Research
Council, Academy Press. Washington, D. C.

Odenlund, M., Holmgqvist, B., Baldetorp, B., Hellstrand, P., and Nilsson, B.
O. 2009. Polyamine synthesis inhibition induces S phase cell cycle

arrest in vascular smooth muscle cells. Amino Acids. 36(2), 273-282.

_98_



Owen, K. Q., D. A. Knabe, K. G. Burgoon, and E. J. Gregg. 1994.
Self-selection of diets and lysine requirements of growing-finishing
swine. J. Anim. Sci. 72:554 - 564.

Paik, I. K., R. Blair, and J. Jacob. 1996. Strategies to reduce environmental
pollution from animal manure: Principles and nutritional management.
A review. Asian-australas. J. Anim. Sci. 9(6): 615.

Papes, F., Kemper, E. L., Germano, C. N., Langone E, F., and Arruda, P.
1999. Lysine degradation through the saccharopine pathway in
mammals: involvement of both bifunctional and monofunctional
lysine-degrading enzymes in mouse. Biochem. J. 344(2), 555-563.

Pettigrew, J. E., and R. L. Moser. 1991. Fat in swine nutrition. In: E. R.
Miller, D. E. Ullrey, and A. J. Lewis (Ed.) Swine Nutrition. pp 133
- 146. Butterworth-Heinemann, Stoneham, MA.

Pond, W. G., E. Kwong and J. K. Loosli. 1960. Effect of level of dietary
fat, pantothenic acid and protein on performance of growing-fattening
swine. J. Anim. Sci. 19:155.

Quiniou, N., J. Noblet, J. Van Milgen and J. Y. Dourmad. 1995. Effect of
energy intake on performance, nutrient and tissue gain and protein
and energy utilization in growing boars. Anim. Sci, 61:133-143.

Quiniou, N., J. Noblet and J. Y. Dourmad. 1996. Effect of energy intake on
the performance of different types of pig from 45 to 100 kg body
weight. Anim. Sci. 63:277-296.

Rao, D. S. and K. J. McCracken. 1991. Effect of energy intake on protein
and energy metabolism of boars of high genetic potential for lean
growth. Anim. Sci. 52: 499-507.

Revell, D. K., I. H. Williams, B. P. Mullan, J. L. Ranford, and R. J. Smits.

_99_



1998. Body composition at farrowing and nutrition during lactation
affect the performance of primiparous sows: I. Voluntary feed intake,
weight loss, and plasma metabolites. J. Anim. Sci. 76: 1729-1737.

Rezaei, R., Knabe, D. A., Tekwe, C. D., Dahanayaka, S., Ficken, M. D.,
Fielder, S. E., and Wu, G. 2013. Dietary supplementation with
monosodium glutamate is safe and improves growth performance in
postweaning pigs. Amino Acids. 44(3), 911-923.

Riedijk, M. A., Stoll, B., Chacko, S., Schierbeek, H., Sunehag, A. L., Van
Goudoever, J. B., and Burrin, D. G. 2007. Methionine
transmethylation and transsulfuration in the piglet gastrointestinal
tract. Proc. Natl. Acad. Sci. 104(9), 3408-3413.

Rogerson, J. C. and R. G. Campbell. 1982. The response of early-weaned
piglets to various levels of lysine in diets of moderate energy
content. Anim. Sci. 35:335-339.

Ruusunen, M., K. Partanen, R. P0s6, and E. Puolanne. 2007. The effect of
dietary protein supply on carcass composition, size of organs, muscle
properties and meat quality of pigs. Livest. Sci. 107:170-181.

Salazar, J H. 2014. Overview of Urea and Creatinine, Lab Med 45, el9 -
e20

Salter, D. N., Montgomery, A. 1., Hudson, A., Quelch, D. B., and Elliott,
R. J. 1990. Lysine requirements and whole-body protein turnover in
growing pigs. Br. J. Nutr, 63(3), 503-513.

SCA. 1987. Feeding Standard for Australian Livestock Pigs, Commonwealth
Scientific and Industrial Research Organization, East Melbourne.
Schaart, M. W., Schierbeek, H., van der Schoor, S. R., Stoll, B., Burrin, D.

G., Reeds, P. J., and van Goudoever, J. B. 2005. Threonine

- 100 -



utilization is high in the intestine of piglets. J. Nutr. 135(4),
765-770.

Schinckel, A. P. 1994. Nutrient requirements of modern pig genotypes.
Pages 133 - 169 in Recent Advances in Animal Nutrition. P. C.
Garnsworthy and D. J. A. Cole, ed. Univ. of Nottingham Press,
Nottingham, U.K.

Schinckel, A. P., and C. F. M. de Lange. 1996. Characterization of growth
parameters needed as inputs for pig growth models, J. Anim. Sci.
74:2021.

Schoenherr, W. D. 1992. Ideal protein formulation of diets for growing
finishing pigs housed in a hot environment. J. Anim. Sci.
70(Suppl.1):242 (Abstr.).

Scott, L. C. and D. L. Staheli. 1955. The effect of varying protein and
energy on the performance of chicks. Poul. Sci. 34:1220 (Abstr.).

Seerley, R.W., M. C. McDaniel and H. C. McCampbell. 1978.
Environmental influence on utilization of energy in swine diets. J.
Anim. Sci. 47:427-434.

Seve B., P. J. Reeds, M. F. Fuller, A. Cadenhead, and S. M. Hay. Protein
synthesis and retention in some tissues of the young pig as
influenced y dietary protein intake after early-weaning. Possible
connection to the energy metabolism. Rep. Nutr. Dev. 26(3):849-861

Sewell, R. F. and J. L. Cartoon. 1959. Effect of variations in dietary energy
density on carcass value in swine. J. Anim. Sci. 18:1483 (Abstr.).

Sharda, D. P., Mahan, D. C., and Wilson, R. F. 1976. Limiting amino acids
in low protein corn-soybean meal diets for growing-finishing swine.

J. Anim. Sci, 42(5), 1175-118]1.

- 101 -



Shelton, N. W., Tokach, M. D., Nelssen, J. L., Goodband, R. D., Dritz, S.

Smith,

S., DeRouchey, J. M., and Hill, G. M. 2011. Effects of copper
sulfate, tri-basic copper chloride, and zinc oxide on weanling pig
performance. J. Anim. Sci, 89(8), 2440-2451.

J.. W.,, M. D. Tokach, P. R. O’Quinn, J. L. Nelssen and R. D.
Goodband. 1999. Effects of dietary energy density and lysine:calorie
ratio on growth performance and carcass characteristics of

growing-finishing pigs. J. Anim. Sci. 77:3007-3015.

Southern, L. L., K. L. Watkins, A. R. Ojeda, and F. G. Hembry. 1989.

Stahly,

Stahly,

Stahly,

Effect of season of the year and energy density of the diet on
growth, feed intake, and feed efficiency of swine. Nutr. Rep. Int. 40:
1029-1039.

T. S, and G. L. Cromwell. 1979. Effect of environmental
temperature and dietary fat supplementation on the performance and
carcass characteristics of growing and finishing swine. J. Anim. Sci.
49: 1478-1488.

T. S., G. L. Cromwell, and J. R. Overfield. 1981. Interactive effects
of season of year and dietary fat supplementation, lysine source and
lysine level on the performance of swine. J. Anim. Sci. 53:
1269-1277.

T. D. 1984. Use of fats in diets for growing pigs. Pages 313 - 331
in Fats in Animal Nutrition. J. Wiseman, ed. Butterworths, London,

UK.

Stein, H. H. and R. A. Easter. 1996. Dietary energy concentration effects

carcass leanness in finishing hogs. University of Illinois Swine

Research Reports. University of Illinois, Urbana-Champaign, 41.

- 102 -



Stranks, M. H., B. C. Cooke, C. B. Fairbairn, N. G. Fowler, P. S. Kirby,
K. J. McCracken, C. A. Morgan, F. G. Palmer, and D. G. Peers.
1988. Nutrient allowances for growing pigs. Res. Dev. Agric. 5:71.

Suarez-Belloch, J., M. A. Latorre, and J. A. Guada. 2016. The effect of
protein restriction during the growing period on carcass, meat and fat
quality of heavy barrows and gilts. Meat sci. 112:16-23.

Suryawan, A., O’Connor, P. M., Bush, J. A., Nguyen, H. V., and Davis, T.
A. 2009. Differential regulation of protein synthesis by amino acids
and insulin in peripheral and visceral tissues of neonatal pigs. Amino
Acids. 37(1), 97-104.

Svajgr, A. J, D. L. Hammell, M. J. DeGetter, V. W. Hays, G. L.
Cromwell, and R. H. Dutt. 1972. Reproductive performance of sows
on a protein-restricted diet. J. Reprod. Fertil. 30: 455.

Teye, G. A., P. R. Sheard, F. M. Whittington, G. R. Nute, A. Stewart, and
J. D. Wood. 2006. Influence of dietary oils and protein level on
pork quality. 1. Effects on muscle fatty acid composition, carcass,
meat and eating quality. Meat Sci. 73:157 - 165.

Thompson, J. G., R. G., Partridge, F. D. Houghton, C. I. Cox and H. J.
Leese. 1996. Oxygen uptake and carbohydrate metabolism by in vitro
derived bovine embryos. Reproduction. 106:299 - 306.

Torres Filho, R. D. A., R. D. A. Torres, P. S. Lopes, C. S. Pereira, R. F.
Euclydes and C. V. D. Aragjo. 2005. Genetic trends in the
performance and reproductive traits of pigs. Genet. Mol. Biol.
28:97-102.

Tribble, L. F.. Shannon H. Ingram, C. T. Gaskins, C. B. Ramsey. 1979.

Evaluation of Added Fat and Lysine to Sorghum-Soybean Meal Diets

- 1038 -



for Swine, J. Anim. Sci. 48:541 - 546,

Tuitoek, J. K., L. G. Young, B. J. Kerr, and C.F.M. delange. 1993.
Digestible ideal amino acid pattern for growing finishing pigs fed
practical diets. J. Anim. Sci. 71(Suppl. 1):167 (Abstr.).

Tuitoek, J. K., L. G. Young, C. F. M. de Lange, and B. J. Kerr. 1997. The
effect of reducing excess dietary amino acids on growing-finishing
pig performance: an evaluation of the ideal protein concept. J. Anim.
Sci. 75: 1575-1583.

Van Der Schoor, S. R., Reeds, P. J., Stoll, B., Henry, J. F., Rosenberger, J.
R., Burrin, D. G., and van Goudoever, J. B. 2002. The high
metabolic cost of a functional gut. Gastroenterology, 123(6),
1931-1940

Van Goudoever, J. B., Stoll, B., Henry, J. F., Burrin, D. G., and Reeds, P.
J. 2000. Adaptive regulation of intestinal lysine metabolism. Proc.
Natl. Acad. Sci. 97(21), 11620-11625.

Van Lunen, T. A., and D. J. A. Cole. 1996. Energy-amino acid interactions
in modern pig genotypes. Atlantic Veterinary College, University of
Prince Edward Island, Charlottetown, Prince Edward Island. Canada.

Van Lunen, T. A., and D. J. A. Cole. 1998. The effect of dietary energy
concentration and  lysine/digestible energy ratio on  growth
performance and nitrogen deposition of young hybrid pigs. Anim.
Sci. 67:117-129.

Van Milgen, J. and J. Noblet, 2003, Partitioning of energy intake to heat,
protein, and fat in growing pigs, J. Anim. Sci. 81:86-93.

Verstegen, M. W. A., J. M. F. Verhagen, and L. A. den Hartog. 1987.

Energy requirements of pigs during pregnancy: A review. Livest.

- 104 -



Prod. Sci. 16: 75-89.

Wagner, G. R., A. J. Clark, V. W. Hays, and V. C. Speer. 1963. Effect of
protein-energy relationships on the performance and carcass quality of
growing swine. J. Anim. Sci. 22:202.

Wang T.C., and M.F. Fuller. 1989. The optimum dietary amino acid pattern
for growing pigs. 1. Experiments by amino acid deletion. Br. J.
Nutr. 62:77 - 89.

Wang, J., S. M. Zhao, X. L. Song, H. B. Pan, W. Z. Li, Y. Y. Zhang, S.
Z. Gao, and D. W. Chen. 2012. Low protein diet up-regulate
intramuscular lipogenic gene expression and down-regulate lipolytic
gene expression in growth - finishing pigs. Livest. Sci. 148:119-128.

Weatherup, R. N., V. E. Veattie, B. W. Moss, D. J. Kilpatrick and N.
Walker. 1998. The effect of increasing slaughter weight on the
production performance and meat quality of finishing pigs. Anim.
Sci. 67:591 - 600.

Wenk, C., H. P. Pfirter, and H. Bickel. 1980. Energetic aspects of feed
conversion in growing pigs. Livest. Prod. Sci. 7: 483.

Whittemore, C. T., and R. H. Fawcett. 1976. Theoretical aspects of a
flexible model to simulate protein and lipid growth in pigs. Anim.
Prod. 22:87 - 96.

Whittemore, C. T., J. B. Tullis, and G. C. Emmans. 1988. Protein growth
in pigs. Anim. Prod. 46:437-445.

Whittemore, C. T. 1993. The science and practice of pig production.
Longman Ltd, London

Whittemore, C. T. 1998. The science and practice of pig production, second

edition. Blackwell Science Ltd, Oxford.

- 105 -



Williams, N. H., T. R. Cline, A. P. Schinckel, and D. J. Jones. 1994. The
impact of ractopamine, energy intake, and dietary fat on finisher
growth performance and carcass merit. J. Anim. Sci. 72: 3152-3162.

Wilson, K. J, and Beyer R. S. 2000. Poultry nutrition information for the
small flock. Kansas State University Agricultural Experiment Station
and Cooperative Extension Service.

Wittmann, C., and Becker, J. 2007. The L-lysine story: from metabolic
pathways to industrial production. In amino acid biosynthesis
pathways, regulation and metabolic engineering. Springer, 39-70.

Wood, J. D., S. N. Brown, G. R. Nute, F. M. Whittington, A. M. Perry, S.
P. Johnson and M. Enser. 1996. Effects of breed, feed level and
conditioning time on the tenderness of pork. Meat Sci. 44:105 - 112.

Wood J. D, G. R. Nute, R. I. Richardson, F. M. Whittington, O.
Southwood, G. Plastow, R. Mansbridge, N. da Costa, and K. C.
Chang. 2004. Effects of breed, diet and muscle on fat deposition
eating quality in pigs. Meat Sci. 67(4): 651-667

Wood, J. D, N. R. Lambe, G. A. Walling, H. Whitney, S. Jagger, P. J
Fullarton, J. Bayntun, K. Hallett, L. Biinger. 2013. Effects of low
protein diets on pigs with a lean genotype. 1. Carcass composition
measured by dissection and muscle fatty acid composition. Meat sci.
95:123-128.

Wu, G., and Morris, S. M. 1998. Arginine metabolism: nitric oxide and
beyond. Biochem. J., 336(1), 1-17.

Wu, G., and Meininger, C. J. 2002. Regulation of nitric oxide synthesis by
dietary factors. Annu. Rev. Nutr. 22(1), 61-86.

Wu G, F. W. Bazer, R. C. Burghardt, G. A. Johnson, S. W. Kim, D. A.

- 106 -



Knabe, X. L. Li, M. C. Satterfield, and S. B. Smith. 2010. Spencer
TE: Functional amino acids in swine nutrition and production. In
Dynamics in Animal Nutrition. Edited by Doppenberg J, van der Aar
P. The Netherlands: Wageningen Academic Publishers.

Wu, G. 2010a. Functional amino acids in growth, reproduction, and health.
Adv. Nutr, I(1). 31-37.

Wu, G. 2010b. Recent advances in swine amino acid nutrition. J. Anim.
Sci. Biotechnol, 1(2), 118-130.

Wu, G. 2013. Functional amino acids in nutrition and health. Springer,
45(3), 407-411.

Wu, G. 2014. Dietary requirements of synthesizable amino acids by animals:
a paradigm shift in protein nutrition. J Anim Sci Biotechnol. 5:34.

Wyllie, D., V. C. Speer, R. C. Ewan and V. W. Hays. 1969. Effects of
starter protein level on performance and body composition of pigs. J.
Anim. Sci. 29:433 - 438.

Young, M. G., M. D. Tokach, S. S. Dritz, J. M. DeRouchey, R. D.
Goodband, and J. L. Nelssen. 2003. Dietary energy density and
growing-finishing pig performance and profitability. Kensas univ.
Swine day. p 165.

Zhang, S., T. J. Knight, K. J. Stalder, R. N., Goodwin, S. M., Lonergan, D.
C., Beitz. 2007. Effects of breed, sex, and halothane genotype on
fatty acid composition of meat longissimus muscle. J. Anim. Sci.
85:583 - 591.

Zhao, S., J. Wang, X. Song, X. Zhang, C. Ge, and S. Gao. 2010. Impact
of dietary protein on lipid metabolism-related gene expression in

porcine adipose tissue. Nutri. Metab. 7:6.

- 107 -



Zinellu, Angelo., M. A. Caria, C. Tavera, S. Sotgia, R. Chessa, L. Deiana,
C. Carru, 2005. Plasma creatinine and creatine quantification by
capillary electrophoresis diode array detector. Anal. Biochem. 342:186
- 193

- 108 -



V. Summary in Korean
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Summary

This study was conducted to evaluate the optimal energy and protein level in feed
of growing-finishing pigs for growth, blood profiles, pork quality and feed cost. This
experiment was done by a factorial design and factor 1 was two level of energy (3,150 or
3,300 kcal of ME/kg), and factor 2 was also two level of dietary protein in feed (90% of
NRC CP requirements in 2012 or NRC CP requirements in 2012). Growth performance
of growing-finishing pigs was improved when pigs were fed high dietary energy and high
protein treatment diet (HH) both in late growing phase and the late finishing phase,
respectively (P=0.03; P=0.05). Average daily gain (ADG) was increased when higher
protein diets (LH and HH) were provided to growing-finishing pigs (P=0.03) and dietary
protein was much more potent nutrient than dietary energy for growth of pigs during the
whole experimental period. Average daily feed intake (ADFI) was also increased when
pigs were fed higher protein diet particularly during growing phase (P=0.01) and this
trend was maintained during finishing phase (P=0.03). Gain to feed ratio (G:F), however,
was mainly affected by dietary energy (P=0.06) rather than dietary protein level (P=0.67).
Blood urea nitrogen (BUN), total protein, creatinine and blood glucose were lowered
when low energy and low protein diet (LL) was provided (P=0.01), resulted in an
interaction (P=0.01). Although pH of pork was lowered when pigs were fed low protein
treatment diet (P=0.03), but other measurements of pork quality, such as color, chemical
analysis and TBARS, were not affected by dietary levels of energy and protein. Feed cost
per weight gain was lowered when pigs were fed high energy and low protein treatment
diet however, feed cost per pig was increased when dietary protein level was increased
(P=0.01). Although total feed cost to 110kg of body weight was the lowest in low energy
and low protein treatment (LL), days to market weight from 27.22 to 110kg was the

shortest in high energy and high protein treatment (HH) among dietary treatments. Even



though feed cost could be saved in LL treatment, days to market weight was delayed
about 19 d compared to HH treatment subsequently LL treatment would not be efficient
feed formulation for growing-finishing pigs. Consequently, this experiment demonstrated
that high protein diet resulted in improved growth performance in growing pigs but high
energy (3,300 kcal of ME/kg) and low protein (90% of NRC(2012)) diet would be

desirable feed formulation based upon feed cost, days to market weight and pork quality.

Key words: Dietary energy and protein, Growing-finishing pig, Growth

performance, Blood profiles, Pork quality, Feed cost
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I. Introduction

Recently, global grain price tends to increase with various reasons.
Extreme climate change, decrease of cultivation acreage and increase of
meat consumption are also having a significant impact on global grain prices
subsequently prices of feed ingredients will be increased continually in the
future. In South Korea, it is known that feed cost comprised approximately
60 percent of the total cost of pig production and about 60 to 70 percent
of ingredients in swine feed is consisted of corn and soybean. Over the last
two decades, pig industry in Korea has been developed greatly and pork
price has been maintained about 2~3 times higher than that of USA and
EU. Therefore, swine producers in Korea are concerned about fast growing
of pigs regardless of cost of feed or pork quality and are less interested in
saving of production cost and improving productivity of farm. Moreover,
many feed companies have been selling high-nutritive feed at high prices,
and swine producers do not aware of the serious situation by feeding
over-nutritive feed to pigs. Swine feed contained excessive nutrients not only
increased Growing-finishing period is an important time to maximize the
growth of pigs, in addition, pigs are generally consuming much more feed
compared to other phase of pigs subsequently feed cost during this period is
being comprised approximately 70% of total cost of feed of pigs. To save
feed cost, swine producers need to avoid wasting of feed and formulate

efficient feed which contains adequate nutrients for normal growth of pigs.



When swine feed is formulated efficiently, nutrients in feed will be well
utilized in growing-finishing pigs subsequently growth rate of pigs has
improved and days to market weight can be reduced. Not only price of
swine feed, but also pollutants in environment will be great concerned when
feed contained excessive nutrients. Among of nutrients, crude protein and
energy contents in swine feed determine the price of feed, resulting in
affecting net profit of swine farm. Consequently, this study was conducted
to evaluate the optimal levels of energy and protein in swine diet on growth
performance, blood profiles, carcass characteristics and feed cost in

growing-finishing pigs.



II. Literature Review

1. Introduction

1.1 Genetic Improvement and Nutrient Requirement for Pigs

Genetic improvement of pigs, supported by constant breeding programs
and genetic discoveries, has steadily been enhanced since its start in the
early 20th century (especially in Northern Europe). In its initial phase, the
focus was mainly on lean mass and feed efficiency of pigs. Studies have
seen gradual advances in genotype or phenotype, so that enhancement of
breed characteristics (such as type, color, and back fat thickness) was
achieved, and daily gain and feed efficiency were constantly improved.

Since the beginning of animal domestication, humans have been
aiming to breed animals best satisfying our interests. In its start, our goals
concerned general features like size and color, and the matter of docility.
Dickerson (1952, 1974) studies concerning crossbreeding of plants and
poultry garnered attention from pig farms. The phenotypic trends of Dutch
Landrace pigs and Dutch Yorkshire pigs from 1930 through 1990 is shown
in Table 1. Merks (2000) reports 50-plus percent increase in daily gain,
outstanding enhancement in feed efficiency, and approximately 50% of
decrease in backfat thickness. Figure 1 shows main genetic trends through

the century (including daily gain, backfat thickness, and litter size).



Table 1. Phenotypic trends in central test results in the Netherlands from 1930 until
1990

. . Feed efficiency Backfat
Race Daily gain (g/d) :
(kg/ke) thickness (mm)
Dutch landrace
1930 500 35 45
1947 650 34 33
1972 788 2.6 26
1990 840 2.8 24
Great Yorkshire
1930 550 34 48
1947 680 3.2 35
1972 815 2.5 27
1990 840 2.7 22
Sources:Merks,2000
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Figure 1. Schematic description of one century of genetic progress in
pigs (Merks, 2000)

Advancement in the field of genetics (such as that of molecular
genetics) continued into the last decade of 20th century, allowing

improvement of sire and dam lines for swine reproduction systems.



Enhancement in growth performance and feed efficiency keeps proceeding,
according to Knap (2009) and Torres et al. (2005). Intramuscular fat (IMF)
content shows decrease in Brewer et al. (2001), as an outcome of breeding
for leaner genotype.

The purpose of breeding programs was centered on daily gain, feed
efficiency and litter size, and has evolved to also include characteristics like
meat quality and vitality of piglets (Knol, 1998). There are also some
studies involving gene-environment interaction (Andersen et al., 1998; Merks
and Hanenberg, 1998) and inbreeding (Meuwissen, 1998).

Some scientists concentrated on the nutrient requirements of pigs.
Ideal lysine/digestible energy (DE) ratio in growing pigs can be seen in
Table 2, according to their genotype. Van Lunen and Cole (1996) observed
that through genetic improvement, protein deposition and lysine requirements
have increased. Naturally, it would be safe to assume that there will be

steady increase of the nutrient requirements in pigs.

Table 2. Optimum lysine/digestible energy ratios in growing pigs by different

genotype
. Lysine/DE ratio
Genotype PD (greky) | ik {5g) Castrate Gilt Boar
) <25 0.78 0.80 0.83
Unimproved 100
25-55 0.73 0.75 0.78
<25 0.85 0.85 0.88
Average 125
25-55 0.78 0.80 0.83
_ <25 0.88 0.90 0.93
High 150
25-55 0.83 0.85 0.88
) <25 1.20 1.20 1.20
Hybrid 175
25-55 1.10 1.10 1.10

Sources: Van Lunen and Cole 1996



1.1.1 Nutrient requirement

Dietary energy is used in maintenance, accretion of protein and lipid,
and heat loss of production (Van Milgen and Noblet, 2003). From pigs’
birth to the point where they reach market weight, daily energy intake keeps
increasing. The energy is firstly spent on maintenance, then on protein and
lipid accretion (Lizardo et al., 2002). Spare energy will be accumulated as
fat. The amount of energy for maintenance takes up about a third of their
total energy intake, and the rest is spent on protein and lipid accretion
(Black and Lange, 1995; NRC, 1998).

The interaction between energy intake and protein deposition decides
the accretion of protein and lipid (through dietary energy) above the
animal’s maintenance needs. Bikker et al. (1995) states that the genotype
and energy intake has influence on the effect of a dietary energy intake on
body composition. Davies (1983) states that compared to pigs with low
feeding level, pigs with high feeding level accumulated more fat and less
muscle. Kanis (1988) and Bikker et al. (1995) suggested that increase in
energy intake dropped the efficiency of lean tissue gain. Older pigs,
according to Bikker et al. (1996) were shown to preserve more lipid per
unit of extra energy than protein. Rao and McCracken (1991) reported an
even increase of protein deposition up to 230 g/d, affected by the nitrogen
balance of approximately 38 MJ of DE/d. Ellis et al. (1983) and Jorgensen
et al. (1985) demonstrated that lowering the energy intake also increases the
lean portion and decreases the fat portion in a pig’s body. Raising the
energy intake has been found to boost the ratio of lipid and protein

deposition (LD : PD) (Campbell et al., 1983; De Greef et al., 1994; Bikker



et al., 1995). Campbell and Taverner (1988) agreed to these influences of
energy intake on body composition. Bikker et al. (1995) claimed that higher
energy intake in growing female pigs lessened the protein deposition of lean
tissue. De Greef et al. (1994), illustrated the increase of LD : PD as pigs’
body weight increased, claimed that LD : PD increased in boars weighing

25 ~ 105 kg, regardless of high or low feeding level.

1.1.2 Nutrient Requirement of Pigs

In pig farming industry, two important factors for maximum result are
growth rate and feed cost. Swine production aims to get more products
from various feeds that provide proper nutrients. There are several nutrients
crucial for synthesis of muscle, adipose tissue, bone, hair, skin and other
body parts. They include energy, protein, amino acid, minerals, vitamins,
water, etc. Nutrients also play great part in body maintenance, growth,
reproduction and lactation.

Meanwhile, Wilson and Bayer (2000) claimed that feed ultimately
affects 60% of the cost for producing market-weight pigs. Overfeeding
nutrients is reported to have negative influence on the environment (Swine
Nutrition 2nd Edition, 2001). Underfeeding is reported to affect pigs’
reproductive, lactating and growth performance (Baker et al., 1970; Svajgr et
al., 1972; Head and Williams, 1991; Jongbloed and Lenis, 1992; Paik et al.,
1996; Messias de Braganca et al., 1998; Revell et al.,, 1998; Kusina et al.,
1999b; Jeong et al., 2010). As these claims imply, nutrient concentration
influences swine performance, and thus connected to cost of production.

Accordingly, we need studies appraising changes in requirements of nutrients



and resulting swine performance. The studies would enable us to enhance

swine productivity and save feed cost.

1.2. Nutrient Requirement for Growing-Finishing Pigs

As nutrients intake is vital for growth, breeding and production of
livestock animals, there has been continuous study on animal nutrition, in
order to provide enough nutrients for animals without either excess or
deficiency. As of pigs, there are enough information acquired through
numbers of experiments (concerning pig’s weight gain, feed efficiency,
protein accretion rate, etc.). However, some differences exist depending on
changing body weight and circumstances of animals. As a result, the
standard of nutrient requirement for pigs was set by institutions worldwide
(e.g. NRC of the USA (1998), ARC of the UK (1981), SCA of Australia
(1987) and JRC of Japan (1993)). Rural Development Administration of
South Korea also joined in by publishing the Korean Feeding Standard for
Swine (2007).

Feed intake of growing-finishing swine depends on energy content in
feed. Feed of high energy content leads to decrease in feed intake, increase
in weight gain, and decrease in lean percentage following increased lipid
accumulation. Daily energy requirement is obtained through the sum of the
requirements  for  maintenance, protein and fat deposition, and
thermo-regulation. Pigs of growing-finishing period need energy to grow and
maintain bodily functions. Maintenance energy is fundamental in supporting
life and body temperature and is gauged from heat production in fasting

period. NRC (1998) suggests 110 W*” kcal of DE daily or 106 W°” kcal



of metabolizable energy (ME) daily for pigs of all weights.

Because stage of growth, dietary energy and other nutrients influence
fat and protein deposition, energy requirements for growth may vary. They
are needed in synthesis of bone, tissue, organ, muscle and fat by protein
and lipid deposition. Verstegen et al. (1987) stated that 10.6 Mcal of ME is
needed for synthesis of a gram worth of protein, 12.5 Mcal of ME for
synthesis of equal amount of fat. According to Wenk et al. (1980), protein
took up 23% in a kilogram of muscle tissue; fat took up 80~95% in a
kilogram of fat tissue. This shows that muscle synthesis requires more
energy than fat deposition.

Table 3 shows standardized energy requirements for growing-finishing
pigs set up by different institutions worldwide. NRC suggested 3,265 kcal/kg
of ME (1998) as energy requirement of growing-finishing pigs (3,300
kcal/kg in its 2012 report). KFFS suggested 3,265 kcal’kg of ME (2007) as
well (2012 report details the amount as follows: 3,350 kcal on 25 ~ 45 kg
pigs, 3,300 kcal on 45 ~ 120 kg pigs). SCA (1987) and JRC (1993) shares
similar information regarding pigs of growing-finishing phase. ARC (1981)
shows lower energy requirement according to their own data of genotype,

growth rate, lipid deposition and environmental factors.



Table 3. 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
EstimatedME", 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
EstimatedMEY, kcal/kg 2,983 2,983

SCA, 1987 20 - 50 50 - 90

DE. kcal/kg 3,346 3,346
EstimatedMEY, kcal/kg 3,212 3,212

JRC, 1993 30 - 70 70 - 110

DE. kcal/kg 3,300 3,300
EstimatedMEY, kcal/kg 3,168 3,168

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

Protein level in pigs in general represents 15~18% of their body mass,
and 45~60% of it is shared to dissectible muscle or lean meat. Others
spread to pigs’ visceral organs, hair, bone, skin, blood and other tissues.
Dietary protein replaces proteins lost in protein turnover, and is disposed as
cells, amino acids, other nitrogenous compounds and unabsorbed enzyme
secretions from the intestine (“metabolic fecal losses” or “endogenous fecal
losses™), or urea from the kidney (“urinary losses”). In addition, amino acids
found in protein are needed for the synthesis of non-protein compounds
(hormones, neurotransmitters, immunoglobulins and other bioactive peptides).
As seen in Table 4, which shows protein requirement for growing-finishing

pigs, they require less protein as they mature. Quite a few researchers
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proposed that adequate amino acids balance is more effective for pigs’

growth than protein level.

Table 4. 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

Protein?, % 15.8 13.8 12.2 10.5
KFSS, 2007 25 - 50 50 - 80 80 - 120
Protein, % 18.0 16.0 13.0

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

DCalculated from total nitrogen X 6.25

Main ingredients for swine feed like corn, barley and wheat can cover
30~60% of total amino acid requirements. Soybean meal is also an ample
provision of pigs’ requirements of protein and amino acid. The following 9
amino acids are indispensable amino acids that should be obtained through
pigs’ diet: lysine, methionine, threonine, tryptophan, histidine, isoleucine,
leucine, phenylalanine and valine. Cysteine and tyrosine can only be
synthesized from essential amino acids (from methionine and tyrosine,

respectively), and these can be viewed as semi-essential. Lysine generally is
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considered the first-limiting amino acid in cereal-grain-based pig diets.
Dietary amino acids requirement for swine is closely associated with protein
accretion, energy intake and dietary energy density in their growing-finishing
phase (NRC, 1998). The whole-body protein accretion rate differs according
to genetic strain, gender, health and stock density, or to combination of
these or other factors. However, the amount of lysine needed for

growing-finishing pigs decreases linearly (Figure 2).

1.1
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0.7 L
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0.4 t — t i t f t i i i
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Body Weight(kg)

Figure 2. Lysine requirements (%, true ileal digestible basis) of pigs with a

mean lean growth rate (NRC, 1998)

Institutes differ as to the requirement of lysine for growing-finishing
pigs (Table 5). They all show linear decline of lysine requirement through
pigs’ growth. Nonetheless, these feeding standards show distinction, taking

into account genetic strain, gender, health, growth rate, etc.
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Table 5. Lysine requirements for growing-finishing pigs

Item Body weight (kg)
NRC, 1998 20 - 50 50 - 80 80 - 120
Lysine", % 0.95 0.75 0.60
NRC, 2012 25-50 50-75 75-100 100 - 135
Lysine”, % 1.12 0.97 0.84 0.71
KFSS, 2007 25 - 50 50 - 80 80 - 120
Lysine", % 0.98 0.82 0.64
KFSS, 2012 25 -45  45-65 65 -85 85 - 120
Lysine”, % 1.22 1.01 0.91 0.76
ARC, 1981 15 - 50 50 - 90
Lysinel), % 1.10 0.78
SCA, 1987 20 - 50 50 -90
Lysine", % 0.83 0.60
JRC, 1993 30 - 70 70 - 110
Lysine”, % 0.75 0.56

DLysine requirement for total basis(%)

Dietary protein is vital source for the synthesis of body tissue, organ,
hair, bone, skin, blood and other tissues. Moreover, some amino acids in
protein are necessary for the synthesis of non-protein compounds; hormones,
neurotransmitters, immunoglobulins to name a few, and other bioactive
peptides.

Nutrient requirements decrease as pigs grow, and one way to provide
appropriate nutrients for growing-finishing pigs is phase feeding. Phase
feeding prevents the waste of nutrition, saves the cost for feedstuff, as well
as curtails the emission of nitrogen.

Table 6 shows crude protein (CP) requirements for growing-finishing

pigs set by the NRC. It shows that NRC (2012) has divided the phases of
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growing-finishing pigs into four, whereas in NRC (1998) the phases had
been divided into three. CP requirements according to pigs’ weight has
lessened in NRC (2012) than in NRC (1998). This, along with many other
reports, suggests that providing precise balance of amino acids is more

effective for pigs’ growth than protein level is.

Table 6. Crude protein requirements for growing-finishing pigs in NRC 1998 and
2012

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
Protein”, % 15.8 13.8 12.2 10.5

DCalculated from total nitrogen X 6.25

1.3 Protein Deposition
1.3.1 Protein and Amino Acids

Proteins are primary nutrients for biological processes. They are
macromolecules that make possible, virtually all molecular transformations
and biochemical reactions.

Amino acids can combine into various chemical substances apart from
proteins, including peptides, hormones, neurotransmitters, purine and
pyrimidine nucleotides, creatine, carnitine, porphyrins, polyamines, and nitric
oxide in an animal body (Wu and Morris, 1998). All natural proteins
consist of 20 a-amino acids. These have a carbon that includes a primary

amino group and a carboxyl group. Amino acids vary according to different
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structures of side chains contained in them. Since animal cells cannot utilize
inorganic N (like urea or ammonia) to form amino acids when carbon
skeletons are unavailable, essential amino acids must be included in the
animal diets. Chung and Baker (1991) observed that piglets are fattened
when provided a diet with crystalline amino acids as the only source of
nitrogen. Easter and Baker (1976) observed that gilts go through normal
pregnancy during the last 84-day phase of gestation when fed the same diet.
Amino acids not only act as precursors of protein, but also of nitrogenous
substances (such as nitric oxide, polyamines, creatine, dopamine, and
catecholamines) that are crucial for whole-body homeostasis (Wu and

Meiniger, 2002; Odenlund et al., 2009; Suryawan et al., 2009).

1.3.2 Protein Deposition

PDmax refers to the upper limit of protein deposition achieved or
achievable by a pig. To get maximum results in growth rate and body
weight gain (especially lean tissue growth), pigs’ genotype and their PDmax
were considered on the preferential basis. Energy usage for maintenance is
followed by energy usage for protein accretion, which is followed by
PDmax curve. PDmax curve is set up by numerous studies (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).

In Figure 3 is displayed the interrelationship between energy intake
and body protein deposition. When body weight reaches certain amount,
protein deposition slowly increases while energy intake approaches PDmax

point (This is on the assumption that there are no factors hindering the
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protein deposition.) (Campbell and Taverner, 1988; Bikker et al., 1995,
1996; Quiniou et al., 1995, 1996). More energy intake from this point on
results only in more lipid deposition. This will lead to fatter carcass and
poorer feed efficiency. Pig farming is most efficient when energy intake is

at PDmax level.

4 PD max

Extra PD per
unit extra E
intake

PD

E intake at which
PDmax 1s just achieved

4
Energy Intake

Figure 3. Relationship between energy intake and body protein deposition(PD)

in growing pigs (Swine nutrition, 2nd edition)

PDmax point in growing-finishing pig is between 90~160 g/day (Carr
et al., 1977, Moughan and Verstegen, 1988; Thompson et al., 1996).
Recently, boars occasionally show PDmax of above 200 g/day (De Greef et
al., 1994; Van Lunen and Cole, 1998; Weatherup et al., 1998). This shows
that PDmax can be enhanced to a great extent, which is linked to great
possibilities of lean growth through genetic selection. PDmax curve can be
maintained or increased as energy intake in a 40 ~ 90 kg weighing pig,
depending on pig’s genotype (Campbell and Taverner, 1988; De Greef et
al., 1994; Quiniou et al., 1995; Bikker et al., 1996).
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PDmax is highest in boars, then in gilts, and is lowest in castrates.
When fully grown, there is approximately 5% difference in PDmax between
gilts and castrates (Moughan and Verstegen, 1988; Stranks et al., 1988;
Thompson et al., 1996), approximately 20 ~ 30% difference between boars
and castrates (Moughan and Verstegen, 1988; Van Lunen and Cole, 1998).

1.4 Lipid Deposition

Protein deposition and lipid deposition occur simultaneously, but extra
dietary energy is utilized first in protein deposition and then on lipid
deposition.

Whittemore (1993) defined ‘target fat’ as the minimum amount of fat
when animals would feel physiologically comfortable, so that available
nutrients can be properly shared, and metabolism for reaching potential rate
of lean tissue growth can be maximized. When remaining energy level for
lipid deposition is lower than certain target fat level, achievement of protein
deposition rates will be altered to achievement of target fat levels. This
condition would set the physiological priority to restore fat levels to target
fat level. Whittemore et al. (1988) explains the minimum amount of lipid
(connected to the amount of protein deposition a growing pig can achieve)
through the target fat level. This is because protein gains will be held back
until target fat level is reached. Before lean-tissue growth rate reaches the
full extent, the ratio of fat to lean will indicate the percentage of fat in the
gain, which is the target level (Figure 4, Whittemore, 1993).

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

deposition is determined by the protein deposition rate that an animal may
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Constant ratio of Increasing ratio of
fat:lean in gains fat:lean in gains

Daily gains of lean and fat

Feed supply
Figure 4. The ratio of lean to fat in gain (Whittemore, 1993)

achieve in its attempt to reach the normal level in a non-limiting
environment. If the animal lacks in both protein and lipid level, each will
aid the other in their balance. Increasing feed intake in the state of protein
deficiency improves lipid retention rates (Kyriazakis and Emmans, 1992;
Ferguson and Gous, 1997; Ferguson et al., 2000).

Whittemore (1998) explains, when animals become or are made
overweight (through high quality diet, for example), they use remaining
body fat to maintain their normal protein level, or they accumulate less lipid
to restore by the lipid : protein ratio. Ferguson and Theeruth (2002) states
that empty bodies of the pigs that are provided high-protein diet showed
notably lower response from the lipid : protein ratio compared to those
provided with low-protein diet, also agreed with Kyriazakis and Emmans

(1991) and Ferguson and Gous (1997) reports. Pigs given feed of deficient
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protein are reported to acquire lipid rapidly compared to those given feed
with appropriate amount of protein, and try meeting their potential protein

growth rate (Kyriazakis et al., 1991; Ferguson and Gous, 1997).

2. Dietary Energy of Growing-Finishing pig

2.1 Effect of Dietary Energy Levels in Growing-Finishing Pigs

Dietary energy level is an important factor for having variety in feed
intake. Controlling feed intake is dependent on energy density. Pettigrew and
Moser (1991) explained that growing-finishing pigs generally showed less
average daily feed intake (ADFI), more average daily gain (ADG) and gain
to feed ratio (G : F) when provided with high dietary energy level. Few
studies suggested that increasing energy in growing-finishing pigs’ diet —
although it did not have noteworthy effect on body weight and ADG —
enhanced G : F (Baird et al, 1958; Clawson et al., 1962; Wagner et al.,
1963). Chadd and Cole (1999), Smith et al. (1999) and De la Llata et al.
(2001) however, represented that energy level too low for pigs lessened the
energy intake and growth performance. Energy level too high on the other
hand (according to Stahly et al. (1981), Southern et al. (1989), Williams et
al. (1994) and Dunshea et al. (1998)), decreased ADG, ADFI and G : F.
Cromwell et al. (1978) and Matthews et al. (2003) claimed different results
altogether, stating different levels of energy on growing-finishing pigs do not
affect growth rate and ADFI.

Stahly (1984) pointed to fat as a crucial component in
growing-finishing pigs’ diet, having high energy level. According to Young
et al. (2003), adding 2.5% and 5% fat in the feed for growing-finishing
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pigs resulted in similar ADG and G : F. Haydon et al. (1989) claimed
likewise, that 5% fat added for growing pigs did not produce any effect on
their growth performance. However, adding 4.5% or 10% fat produced
higher G : F and lower ADFI (Southern et al., 1989; Azain et al., 1991;
Williams et al.,, 1994; Matthews et al.,, 2003). Some experiments achieved
enhanced ADG and G : F in summer season by adding 5% fat in
growing-finishing pigs’ diet (Stahly and Cromwell, 1979; Stahly et al,
1981). De la Llata et al. (2001) reported enhanced ADG and G : F,
reduced ADFI by adding 0%-6% of fat with 3.31~3.61 Mcal.

2.2 Dietary Energy Level and Fat Deposition

Pigs nowadays are leaner and require less feed intake. This means
that growth rate can be enhanced by increasing energy intake, and pigs are
less likely to become fatter (Young et al., 2003). Additionally, humans have
achieved the desirable level of energy density in growing-finishing pigs’
diet. Many countries have found diets using the available energy sources
with least cost to satisfy the energy levels of pigs. Quite a few studies
report that increasing energy density by including fat in growing-finishing
pigs’ diets generally enhances ADG and feed efficiency, while cutting down
the ADFI. Pigs up to 59 kg go through an energy-dependent phase in
growing phase (De la Llata et al, 2001). Bikker et al. (1996) noticed an
energy-dependent phase in gilts from 45 ~ 85 kg and reasoned that protein
deposition increased with more energy intake. Pigs from 93 ~ 120 kg were
not in an energy-dependent phase, and therefore energy density of diet did

not boost ADG. Smith et al. (1999) similarly observed added dietary fat had
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no effect on ADG from pigs weighing 73 ~ 104 kg. Put together, it can be
said that dietary energy density is a crucial factor in protein or fat
deposition. If pigs get more dietary energy than needed in growing phase,
they will use leftover energy in lipid deposition or other body functions. If
they get less than required, however, they will spend the energy not only in
protein deposition but also in fat deposition. In finishing phase, dietary
energy will be used in maintenance and protein deposition, and the excess
will usually be spent in lipid deposition.

There are many studies demonstrating the relationship between dietary
protein level and fat deposition in animals. Several reports that decrease in
dietary protein level causes increase in fat deposition (Cromwell et al., 1978;
Karlsson et al., 1993; Chiba et al., 2002). Teye et al. (2006) states that
researchers have been applying CP diets containing unbalanced amino acids
with net energy in order to bolster pigs’ fat deposition (especially IMF).
There are still some claims, however, of inclination for higher fat deposition
with low-protein diets, even if the pigs are supplied balanced amino acids
(Figueroa et al., 2002; Gomez et al.,, 2002b). Wood et al. (2013) study
states that feeding low-protein diet, especially those with unbalanced amino
acids content, boosted the IMF accumulation. This study, however, does not
display much difference between low-protein diet group and control group in
subcutaneous or intermuscular fat deposition.

Several studies explain the reason behind fat deposition when
low-protein diets are provided. The gap between lipogenesis and lipolysis
rates decides fat deposition. The reactions are controlled by metabolic
enzymes and functional genes in the growth, and the following development

process of muscle tissue (Wang et al., 2012). Jurie et al. (2007) suggested
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that fatty acid transport in muscle tissue also regulates IMF deposition.

Chen et al. (2008) discovered a beneficial link between IMF
deposition and expression level of SREBP-1 messenger RNA (mRNA) in
muscle tissue of pigs. Some other studies also discovered a connection
between stearoyl-CoA desaturase (SCD) protein expression and the amount
of total fatty acids in muscle of pigs that are provided a low-protein diet
(Doran, 2006). Wang et al. study (2012) claimed that low-CP diet increases
the mRNA and protein expression of SREBP-1c, ACC, FAS and SCD.
mRNA and protein expression level of lipolytic genes including HSL and
CPT-1 were seen to decrease in the low-protein diet group. Furthermore, a
positive connection between an elevated IMF content in pigs that are fed
low-protein diet and activation of PPAR-y and H-FABP mRNA expression
is also suggested (Guo et al.,, 2011). According to Zhao et al. (2010), pigs
fed low-protein diet showed increase in subcutaneous fat deposition. This
result was induced primarily by up-regulation of lipogenic genes for pigs
weighing 60 ~ 100 kg, down-regulation of lipolytic genes for pigs weighing
60 kg, and up-regulation of lipolytic genes for those weighing 100 kg.

Dietary protein level affects muscular fatty acid composition. Wang et
al. (2012) claimed that pigs with low-protein diet showed higher
concentration of C18:2, C18:3 and poly-unsaturated fatty acid (PUFA) than
pigs with high-protein diet. The difference of fatty acid composition between
low-protein/high-protein diet may come from the variance of SCD.
According to Cohen and Jeffrey (2004), SCD 1is accountable for the
generation of mono-unsaturated fatty acids, which catalyzes its substrates
palmitic (16:0) and stearic acid (18:0) to produce palmitoleic (16:1) and

oleic acid (18:1). Wang et al. (2012) demonstrated that pigs fed low-protein
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diet showed higher mRNA and protein expressions of SCD than those of
high-protein diet. Additionally, Wood et al. (2013) pointed out that oleic
acid is the central outcome from de novo fat synthesis in pigs and deduced
that its concentration is heightened as the pig gets fatter.

Meanwhile, there are studies displaying considerably lower PUFA and
higher IMF content in pigs with low-protein diet (Teye et al., 2006; Alonso
et al., 2010). Lambe et al. (2013) claimed that the CT scans of growing

pigs showed no meaningful differences in total fat deposition.

2.3 Effect of Dietary Energy Level on Growth Performance

High dietary energy diet for growing-finishing pigs generally enhances
ADG, G : F and carcass fatness, and diminishes ADFI (Pettigrew and
Moser, 1991).

Young et al. (2003) demonstrates that through quadratic effect of
added fat, adding 2.5% fat in the diet caused 2% enhancement in ADG;
adding 5% fat resulted in 2.1% increase in ADG. Feed efficiency also was
almost coinciding among 2.5% and 5% added fat levels. Following these
results, adding 5% or 10% fat in growing-finishing pig’s diet increased G :
F and decreased ADFI (Southern et al., 1989; Azain et al., 1991; Williams
et al., 1994). Furthermore, growing-finishing pigs bred in high temperature
conditions showed enhanced ADG and G : F when fed diet of high energy
level with 5% added fat, without difference in carcass leanness (Stahly and
Cromwell, 1979; Stahly et al., 1981). Increasing fat percentage with 3.31 ~
3.61 mcal (De La Llata et al., 2001) or energy density (Smith et al., 1999)

also proved effective in boosting ADG and G : F while decreasing ADFI.
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Feeding increasing choice white grease have been observed to garner similar
effects in growing-finishing pigs (Stahly and Cromwell, 1979; Stahly et al.,
1981). Campbell and Taverner (1986) and Southern et al. (1989) also
reported enhancement of ADG in pigs provided with added fat.

Few researches report important advancement in feed efficiency by
adding energy, albeit seeing no noteworthy effect on growth rate (Baird et
al., 1958; Clawson et al., 1962; Wagner et al., 1963).

Smith et al. (1999) introduces an experiment of adding 0%, 1.5%,
3%, 4.5% and 6% CWG in the diet of growing-finishing pigs (energy
density ranging 3.31 ~ 3.56 mcal’kg of ME in growing diets, 3.32 ~ 3.56
mcal’kg of ME in finishing diets). As energy density increased, ADG and
ADFI were lessened, and feed efficiency saw improvement during the course
of experimental phase (44.5 ~ 104.3 kg). Tribble et al. (1979), Stahly et al.
(1981) and Southern et al. (1989) coincided with the outcome.

Apple et al. (2004) conducted an experiment centered on energy
density in finishing phase (3.30 mcal/kg and 3.48 mcal/kg). During the final
week of finishing phase, pigs fed 3.48 mcal/kg showed higher ADG then
those fed 3.30 mcal/kg, although no such important variation was seen in
other phases. Le Dividich et al. (1987) and Matthews et al. (2003) describes
no noteworthy result on ADG despite having increased the energy density of
late-finishing diets. Williams et al. (1994) and Dunshea et al. (1998) failed
to find any interactions between energy density and growth rate in pigs.
Again, Seerley et al. (1978), Campbell and Taverner (1986) and Southern et
al. (1989) reported to have seen the effect of increased dietary energy on
feed efficiency.

Contrary to previous reports, there are claims of no relationship
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between dietary energy level and growth performance of growing-finishing
pigs. Cromwell et al. (1978) and Matthews et al. (2003) stated no influence
of higher dietary energy level on growth performance and feed intake,
respectively. Matthews et al. (2003) elaborated that high-ME diet (added 200
kcal by 4.5% fat to control diet) did not affect ADG in pigs’ early growing
phase (although ADFI was increased and G : F was decreased). The ME
level in diet did not have noteworthy influence on the growth performance
during other phases (late-grower, early-finisher, late-finisher and overall
phases). Haydon et al. (1989) also concurred with aforementioned reports

that 5% added fat did not affect growth performance.

2.4 Effect of Dietary Energy Level on Carcass Characteristics

Energy level is closely related to carcass fat level in pigs that are
provided ad libitum access to feed.

Stein and Easter (1996) experimented with finishing pigs (weighing 55
~ 112 kg), feeding them diet with 2,700 ~ 3,500 kcal’kg of ME. When
dietary energy increased from 3,300 kcal’kg to 3,500 kcal’kg of ME, feed
intake lessened. At lower energy density in diet, no change was observed in
feed intake. Dietary energy below 3,300 kcal’kg of ME increased carcass
lean content. It can be concluded from this experiment that low dietary
energy density helps increasing the carcass lean content. Factors pointed out
to increase carcass fatness in growing-finishing pigs include added fat
(Pettigrew and Moser, 1991), dietary ME (Seerley et al., 1978; Coffey et
al., 1982; Myer et al., 1992) and energy intake (Nossamen et al., 1991;
Ellis et al., 1996; Wood et al., 1996). Cromwell et al. (1978) and Ellis et
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al. (1996) observed increased LM area following increased dietary energy
intake. Myer et al. (1992) and Matthews et al. (2003) reported few instances
when energy density didn’t affect LM area. Other studies claimed that
marbling and IMF content was increased by higher dietary energy density
(Cromwell et al., 1978; Le Dividich et al., 1987) or energy intake (Ellis et
al., 1996; Wood et al, 1996; Lebret et al., 2001). Drew et al. (1971)
experimented with the diet of 10% added fat and discovered that IMF
content was higher in longissimus (22.4% vs 14.6%) and gluteus medius
(14.7% vs 11.1%). According to Wagner et al. (1963), when IMF was
augmented in high-energy diet, no difference could be observed in nitrogen
content of the meat. It induced thicker carcass backfat, lower lean cut yield,
and notably higher dressing yield. Additionally, increase in energy level
produced higher dressing yield — matching the claims of Bowland and
Berg (1959) — and decrease in energy level produced lower lean cut yield
— also proposed by Mulholland et al. (1960). Sewell and Cartoon (1959)
study, on the other hand, claimed no relationship between energy level in
diets and total yield of lean cuts.

Cromwell et al. (1978) states that dietary fat has no influence on
carcass characteristics except for lower yield of lean cuts. Similarly,
Matthews et al. (2003) explained that no difference in carcass traits were
made by ME level in diet. According to them, carcass temperature (45
min.) and CIE L value showed some increase in pigs given high-ME diets,
but shear force was decreased. According to Apple et al. (2004), energy
density in finishing pigs’ diets did not affect hot carcass weights and
dressing percent. In fact, dietary energy density (3.30 or 3.48 Mcal) did not

affect any quality traits (e.g., muscle pH, drip loss, meat color, marbling,
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firmness, moisture, protein, lipid, ash, cooking loss and shear force). Other
researches also concur that dietary energy level is insignificant regarding
ultimate LM pH, drip loss percentage (Matthew et al., 2003), meat color
and firmness (Coffey et al., 1982; Matthews et al., 2003), marbling scores
and 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 is strongly related to carcass fatness in regard to
pork quality and can be an indirect indication of pork quality. Cromwell et
al. (1978) claimed that pigs produced more carcass backfat when provided
with diet that was higher in energy level. This outcome many other
researchers agree to, such as Heitman (1956), Kennington et al. (1958) and
Boenker et al. (1960). Smith et al. (1999) measured 10th rib fat depth or
longissimus muscle area with real-time ultrasound before slaughter and saw
no effect of energy density. After slaughter, however, backfat thickness
showed a variance according to different dietary energy density. These
discrepancies between the real-time ultrasound and commercial plant fat
depths might be coming from the skinning procedure during the slaughter
process. Apple et al. (2004), comparing with pigs fed low-energy diets (3.30
mcal/kg), stated that pigs’ fat thickness — measured with ultrasound — was
greater on dl4 and 28 in pigs fed high-energy diets (3.48 mcal/kg).
However, dietary energy level did not affect scanned LM area or live
weight.

There have been many studies claiming low-protein diet elevates the
IMF deposition (Teye et al., 2006; Alonso et al., 2010; Wood et al., 2013).

According to Fernandez et al. (1999), increase of IMF content in muscle
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may be of good influence on meat quality (such as tenderness, flavor,
juiciness, and the nutritional value of meat). Various studies agree with this
relationship between the meat quality and IMF content in meat that was fed
a low-protein diet (Cisneros, Ellis, Baker, Easter and McKeith, 1996; Teye
et al., 2006). Font-i-Furnols et al. (1987) went on to report that pork with
high IMF content won favor from consumers. Dikeman (1987) stated that
IMF activates saliva secretion and improves the juiciness by coating the
inside of the mouth. Accordingly, pig farms strived to gain pork with
enough IMF content that, not only guarantees taste but also assuages
health-related issues concerning high-fat pork (Fortin et al.,, 2005).
(According to Zhang et al. (2007), high consumption of saturated fatty acids
heightens the plasma cholesterol level, which may bring cardiovascular
disease.)

As of meat color, increase of Hunter L* wvalue in pork fed
low-protein diet contributes to visual aspects, giving it more lightness
(Suarez-Belloch et al.,, 2016; Teye et al., 2006). Also, Hunter b* value has
been reported to have connection with marbling (Suarez-Belloch et al.,
2016). Goerl et al. (1995) observed that low-protein diet increases the
Hunter b* value of pork.

Glycolytic potential refers to the potential amount of all muscular
substrates that will be utilized in generating lactate after butchery (Monin
and Sellier, 1985). It is another crucial factor, considering the effect muscle
glycogen content at slaughter has on the rate and the extent of post-mortem
pH drop (Henckel et al., 2000). According to Huff-Lonergan and Lonergan
(2005), glycogen contained in muscle produces lactic acid during glycolysis,

resulting in lower pH level. Ruusunen et al. (2007) observed higher
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glycolytic potential in pigs fed low-protein diet than in pigs fed high-protein
diet. Katsumata et al. (2003) study shares similar point, claiming higher

glycogen content in the low-lysine group than the high-lysine group.

3. Dietary Protein and AA in Growing-Finishing Pig
3.1 Protein and amino acid requirements for swine diets

3.1.1 Transition of Protein and Amino Acid Requirements in NRC

Table 7 is the change of protein and amino acid requirements set by
NRC. Growth phase is more detailed in 2012 model than in 1998 model.
This elaboration can aid in pig farmers’ saving the feed cost and decreasing
excess nutrient composition of the feed. 2012 model displays higher ME as
well, from 3,265 kcal to 3,300 kcal. Moreover, it shows lower CP
requirement and higher amino acids requirement compared to its previous
report; this comes from preventing lack of limiting amino acids (or
imbalance of them). Any deficiency of essential amino acids caused by

low-CP diet is suggested that they be filled out by crystalline amino acids.

Table 7. Nutrient requirements of growing-finishing pig (NRC)

BW, kg 510 1020 2050 50-80 80-120
NRC, ME keal 3265 3265 3265 3,265 3,265
CP, % 237 209 18 155 132
1998 Lys, % 135 115 095 0.75 0.6
Met, % 035 03 025 0.2 0.16

BW, kg  7-11 1125 2550 5075 75100  100-135

NRC, ME keal 3400 3350 3300 3300 3300 3300
" Ccp, %V 206 189 157 138 12.1 10.4
012 pys % 153 14 112 097 084 0.71
Met, % 044 04 032 028 025 0.21

UCalculated from total nitrogen X 6.25

_29_



3.1.2 Transition of Ideal Amino Acid Profile

Lack of limiting amino acids may hinder protein synthesis in the
body. However, they are essential amino acids that can easily be insufficient
in the feed. Mainly, the first limiting amino acid is lysine.

Mitchell (1964) report was first of many researches that specified the
‘ideal amino acids profiles.” It indicates amino acids profiles that are
adequate for animals’ performance, so that all amino acids are equally
limiting. ARC (1981), based on the pig carcass, displayed the ideal amino
acid ratio of essential amino acids. Wu (2010) however, claimed that their
report centers only on the essential amino acid composition of the animal
body. Similarly, Wu (2014) claimed that ARC’s ideal protein concept fails
to consider the relative contribution of maintenance to the total amino acid
pigs need. It goes on to assert that ARC did not include arginine, glycine
and all synthesizable amino acids.

Wang and Fuller (1989) provided another ideal amino acid profile.
They took account of the requirements for both maintenance and tissue
protein accretion. Their study featured high content of glutamate in the diet,
a reinforcement for non-specific nitrogen source. Non-specific nitrogen source
was thought to make up for lack of non-essential amino acids.

Baker made an attempt to assess the amino acid requirements of pigs
between 1990 and 2000. Chung and Baker (1992) produced the ideal amino
acid profile that includes arginine, glycine, histidine and proline. Their report
does not take into account other synthesizable amino acids. They don’t
elaborate on the reason for using arginine, glycine, histidine and proline

proportions to lysine. Whether glutamate is an effective precursor or not,
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and the influence of high glutamate content on metabolism is also not
explained thoroughly. NRC and Baker (2000) does not include proline or
glycine in ideal amino acids profiles.

Meanwhile, NRC (2012) increased the requirement of amino acid for
pigs, while keeping the ratio among amino acids unchanging. This made the
need of limiting amino acids increased. Plus, lower CP level brought about

new limiting amino acids such as valine.

3.1.3 Effects of Dietary CP Levels in Growing-finishing Pigs

Growing-finishing pigs, when fed enough CP level in diet, showed
higher ADG, G : F and carcass leanness (Gilster and Wahlstrom, 1973;
Kornegay et al., 1973; Easter and Baker, 1980). According to Cromwell et
al. (1978), diets with dietary CP level from 12 ~ 16% caused greater
weight gain and G : F. Cromwell et al. (1993) and Chen et al. (1995) saw
similar response in ADG and G : F when fed higher CP content diet.
Cromwell et al. (1978) also noticed no influence on growth performance
when dietary CP level ranges from 16 ~ 20%. Wagner et al. (1963)
observed that boosting the CP level from 13% to 25% caused enhancement
in ADG.

Kerr et al. (1995) study states that when fed low-CP diets
(15-12-11%), pigs should be supplemented with lysine, tryptophan and
threonine. Pigs with high-CP diets (19-16-14%) showed no such need.
Growing-finishing pigs mostly showed low ADG and G : F when fed
low-CP diets without amino acids supplementation. Also, compared to those

fed high-CP diets, their carcasses displayed smaller longissimus muscle,
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thicker average backfat, and lower percentage of muscle overall (Gilster and
Wabhlstrom, 1973; Kornegay et al., 1973; Easter and Baker, 1980). Cromwell
et al. (1996) and Tuitoek et al. (1997) claimed that decreased CP level
(2-3%) with amino acids supplementation did not have negative influences
on ADG and G : F of growing-finishing pigs. Plus, CP level lower than
3% did not decrease ADG and G : F in growing-finishing pigs (Hahn et
al., 1995; Kerr et al.,, 1995). Hansen and Lewis (1993) and Gomez et al.
(2002b) show different results.

3.2 Dietary Protein and AA Metabolism
3.2.1 Lysine Metabolism

Numerous studies established for decades that dietary supply of
protein, or its components, amino acids are crucial to the pigs’ growth and
development of muscles. About 20 natural amino acids exist that are utilized
in protein biosynthesis (called standard proteinogenic amino acids). Not all
amino acids are essential dietary components, since through de novo
synthesis pigs can acquire approximately 10 of them. ‘Essential amino acids’
refer to those that pigs cannot acquire on their own (or at least not enough
for their metabolic needs) and need to be provided from outside sources
(Fuller et al.,, 1987). Lysine is the first and main limiting one among these
essential amino acids, it being the most lacking amino acids in almost every
swine diets based on cereal grains (Lewis, 2001; NRC, 2012). This reason
puts lysine in a predominant position in nutritional management of the pigs

(Figure 5).
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Figure 5. Lysine catabolism in monogastric animals. (Chung, 2018)

Papes et al. (1999) and Gatrell et al. (2013) stated that the main
pathway of lysine catabolism is the saccharopine pathway in liver. By the
catalysis of lysine-ketoglutarate reductase, lysine is initially combined with «
-ketoglutarate to produce saccharopine. Then, saccharopine is transformed to
a-aminoadipic-6-semialdehyde and glutamate by saccharopine reductase.
Saccharopine reductase (also called saccharopine dehydrogenase), like
lysine-ketoglutarate reductase, is a part of a polypeptide, bifunctional
aminoadipate 6-semialdehyde synthase (Gatrell et al., 2013). Through several
more phases, the a-aminoadipate-6-semialdehyde will then be transformed to
acetyl-coenzyme A (Wu, 2013). This pathway is a rare reaction, because ¢
-amino group is carried to a-ketoglutarate and then to the general nitrogen
pool. Oxidizing acetyl-coenzyme A generates CO2 and energy through the

citric acid cycle.
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1) Physiological Functions of Lysine
Lysine, apart from metabolic functions, plays a part in physiological
functions of monogastric animals as well. Lysine influences metabolism of
nutrients, hormone production, and immunity of animals (Wu, 2010a; Wu,
2013). Peptide-bound lysine is also where post-translational modification and
epigenetic regulation of gene expression happens. In order to utilize lysine
properly for animals, scientists and farmers need to be well-acquainted with

these functions that lysine can provide.

2) Lysine Mechanism and Perspectives

Wittmann and Becker (2007) mentions that late 1980s saw an
introduction of commercial feed-grade crystalline lysine in animal feed
industry. Animal nutritionists should take into deep consideration the
replenishment of dietary lysine, since the lack of lysine impedes animals’
health maintenance and growth performance. (Oversupply of lysine, on the
other hand, is harmless.)

Dietary supplementation of crystalline lysine is proved to aid in
muscle protein accretion and whole-body growth of pigs. Researchers found
out that lysine supplementation helps in nitrogen retention and protein
accretion, as well as the growth performance of the animals (Sharda et al.,
1976; Fuller et al., 1987, Salter et al., 1990; Shelton et al., 2011).
Additionally, Salter et al. (1990) attributed the increase of muscle protein
accretion to the increase in the rate of protein synthesis, as opposed to the
decrease in the rate of protein degradation.

The metabolic/molecular mechanisms in which dietary lysine controls

muscle mass accumulation in pigs was not clarified (Wu, 2010b; Rezaei et
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al., 2013). Then, Liao et al. (2015) discovered the metabolic and
physiological roles of lysine, concerning swine muscle growth and
development. Relevant studies have been scarce concerning pigs, and so
much of the knowledge amassed up to now have been dependent on studies

of other monogastric animals, including humans.

3.2.2 Methionine Metabolism

There are metabolic relationships between methionine and cysteine that
are now academically accepted (Figure 6). Methionine, by adenosine
triphosphate, can be turned into  S-adenosyl  methionine.  This
methionine-derivative  gives its methyl group to various acceptors
(Finkelstein, 1990). S-adenosyl-L-homocysteine is formed, and then is
hydrolyzed to homocysteine and adenosine. Homocysteine holds a pivotal
place, since it can be recycled into methionine, or be condensed with serine,
forming cystathionine and then cysteine. The fact that the conversion of
homocysteine into cysteine is irreversible is noteworthy (Bauchart-Thevret et
al., 2009). Overall, these metabolic pathways show that methionine can be
transformed into cysteine, but not so vice versa. De-/re-methylation process
between methionine and homocysteine in the activated methyl cycle needs

B-vitamin coenzymes (Finkelstein, 1998).
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Figure 6. Metabolic pathways of sulfur amino acids. (Chung, 2018)

3.2.3 Tryptophan Metabolism

Another essential amino acid is tryptophan. It is a crucial component
for its biological roles, main one being its connection to metabolic pathways
involved in tryptophan catabolism. Tryptophan is a precursor for the
synthesis of serotonin, a neurotransmitter related to mood, stress response,
sleep and appetite regulation. From the perspective of quantity, the rate of
tryptophan usage in creating serotonins is very low. This is because the
tryptophan transport and availability in the brain might be limiting for the
synthesis of brain serotonin. Diets with low tryptophan lower feed intake.
The mechanism concerning this effect of low tryptophan diets is generally
linked with the relationship between tryptophan and serotonin. Adding the
fact that tryptophan is one of the essential amino acids that can only be
gained from outer source, it can be suggested that deficiency of tryptophan

limits protein synthesis, accretion and growth rate.
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3.2.4 Threonine Metabolism

Portal-drained viscera is known to oxidize some essential amino acids
(Van Goudoever et al., 2000; Riedijk et al., 2007). However, it cannot be
said that the essential amino acids will doubtlessly be catabolized inside the
intestinal tissues. Threonine catabolism through L-threonine 3-dehydrogenase
pathway is a small factor within the visceral tissues, not influenced by
intestines (Le Floc’h and Séve, 2005; Schaart et al., 2005). Schaart et al.
(2005) states that splanchnic oxidation (measured by 13CO2 production from
13C-labeled threonine) takes up 2% of intestinal utilization of threonine,
13% of whole-body threonine oxidation.

These results imply that protein synthesis controls the dietary threonine
utilization by the intestinal mucosa of pigs (Le Floc’h and Seéve, 2005;
Schaart et al., 2005), probably by being included into mucins. According to
Montagne et al. (2004), mucins are polymeric glycoproteins featuring heavily
in mucus layer that coats the epithelium of the gastrointestinal tract, or all
epithelia of mammals. Most mucins are secreted, and some of them are
membrane-bound. Secreted mucins are important in the inborn immune
defense of mucosa. Lots of threonine can be found in the core protein of
the major intestinal mucins. Faure et al. (2002) study involving rats reports
that the fractional synthesis rate of mucin glycoproteins stayed comparatively
same following the length of intestine (range 112 ~ 138%/d). However, it
was considerably higher compared to the total mucosal protein synthesis
rate, notably in the ileum (77%/d) and colon (44%/d).

Around 11% of endogenous protein in ileal digesta of pigs consists of

mucins, 30% of them being threonine (Lien et al., 1997). When amino acids
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from proteins that are secreted internally reach the large intestine, they are
lost by the animal. Similarly, secretion of mucins, erosion of the mucus, and
recovery of mucins following endogenous ileal losses are susceptible to
many factors, be it dietary or anti-nutritional (Montagne et al., 2004). The
need for threonine seems to receive huge influence from secretion, recycling,
or loss of intestinal mucins, triggering the energy needs of the organism. In
12-hour feeding phase and 12-hour fasting period, intestinal recycling of
amino acids from secretory proteins are crucial regulatory mechanism for
systemic availability of dietary amino acids (Van der Schoor et al., 2002).
Noteworthy threonine recycling from mucosal protein in the portal
circulation, however, was absent. This indicates either that these proteins can
cope with digestion or that recycled threonine are re-absorbed directly into

mucosal protein.

3.3 Dietary Protein Level and Protein Deposition

Synthesis of body tissue, organ, etc. essentially needs dietary protein
as its source. Protein intake, however, is not a primary factor to pigs’
growth. Their growth depends on energy intake and usage of that energy.
The energy took in by the pigs is used in maintenance, body protein
deposition and fat deposition. Most of them will constantly be spent on
maintenance. The remainder then goes to body protein deposition, and then
finally, the surplus will be utilized in body fat deposition.

Body protein deposition, a significant factor in utilization of energy in
pigs, is regulated by PDmax. PDmax level is generally consistent in pigs

weighing up to approximately 80 ~ 90 kg (Moughan and Verstegan, 1988;
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Quiniou et al.,, 1995). Mathematical models like Gompertz function can
illustrate the decrease in PDmax level following pigs’ growth; pigs provided
high-protein diet can utilize appropriate amount of protein that meets PDmax
requirement. The remainder will either be secreted or utilized in other bodily
functions and energy production. Therefore, protein intake higher than

PDmax requirement is crucial to maximum growth of pigs.

3.4. Effect of Dietary Protein Level on Carcass Characteristics

Many studies claimed that adequate amount of dietary protein for pigs
contribute to enhancement of carcass characteristics.

Cromwell et al. (1978) states that increase in protein level caused
increase in longissimus area and lean cut yield. Backfat did not seem to be
influenced by protein level, but pigs provided low-protein diet showed
highest IMF content in longissimus, and vice versa. Difference in shear
values of loin was insignificant, only to the point where pigs fed
low-protein diets produced marginally lower numbers than those with
high-protein diets. Flavor and overall satisfaction scores also showed minimal
contrast (Pigs fed low-protein diets showed slightly higher scores). Roasts
prepared from pigs with low-protein diets performed greater in tenderness
and juiciness, owing to the higher IMF content. Along with Wagner et al.
(1963), Wyllie et al. (1969) and Drews et al. (1971), the study also states
that dietary protein level has considerable effect on the IMF content of
longissimus.

Wagner et al. (1963) states that increase in protein level causes

carcass backfat, dressing percentage and IMF content to decrease, and the
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percent yield of lean cuts to increase. However, tissue nitrogen content
showed no sign of noteworthy change by increasing protein level. Figueroa
et al. (2002) observed that decreasing dietary protein level from 16% to
12% increased backfat and decreased longissimus muscle area.

Apple et al. (2004) (along with Cromwell et al. (1978), Goerl et al.
(1995) and Kerr et al. (1995)) states that increasing dietary CP decreased
LM marbling and IMF. The study concurs with Goodband et al. (1990) and
Goerl et al. (1995) that it has no influence on proportion of ash in the
longissimus muscle. Increasing CP level caused increase in LM are and lean
yield.

Kerr et al. (1995) states that decrease in dietary CP increases the
firmness and marbling of the longissimus muscle. Decrease in dietary CP
also brought about the decrease of longissimus muscle area and overall
percentage of muscle in pigs. Pigs that were provided low-CP diet (reduced
CP level by 4% compared to control group) showed increase in average
backfat thickness, 10th rib fat thickness, leaf fat weight and total fat in the
longissimus muscle. Increase of carcass fat and decrease of longissimus
muscle occurred concurrently when pigs were fed low-CP diet. Also,
compared to pigs with high-CP diet, pigs with low-CP diet (with
supplementation in amino acids) showed tendency for higher fatness. (This
result is also claimed by Stahly et al. (1981), Fuller et al. (1984, 1986),
Noblet et al. (1987), Schoenherr (1992) and Tuitoek et al. (1993)). There
are two possible reason for this increase in carcass fatness; (1) Carcass
quality is responsive to nitrogen content in the diet rather than amino acid
from CP. (2) Low-CP level diets may possess higher net energy value. This

allows the leftover energy that are related with low-CP/amino acids
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supplemented diets to be accumulated as fat.

Hansen and Lewis (1993), having experimented with growing-finishing
pigs, states that the 10th backfat thickness showed curvilinear reaction to
dietary protein level, proposing the possibility that subcutaneous fat would
increase at dietary protein level over 23%. Increase in dietary protein also
resulted in curvilinear reaction from longissimus muscle area and carcass
lean percentage. Dietary protein level of 11% to about 19% caused
longissimus muscle to increase almost linearly in pigs. However, longissimus
muscle decreased when dietary protein level was boosted up to 23%. When
protein level went over 19%, it ended up abating possible advances in
carcass lean percentage. In conclusion, both lack and excess of dietary
protein proved to be of adverse circumstance for carcass quality of

growing-finishing pigs.

4. Dietary Energy and Protein Intake

4.1 Dietary Energy Level and Voluntary Feed Intake

One of the many theories concerning regulating factors of voluntary
feed intake of pig points to dietary energy intake. According to this theory,
pigs take energy according to their near or past energy needs. This will
affect their meal size and time between meals. Gastric distension and
emptying also have been pointed out to be a regulating factor of pigs’ feed
intake (Martin et al., 1989).

Both ARC (1981) and NRC (1998) points to DE content in diet and
live body weight as main factors of voluntary feed intake in pigs. However,

differences of up to 20 ~ 30% in voluntary feed intake are discovered
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according to different pig genotypes (Forbes et al., 1989; Schinckel, 1994)
and gender (Schinckel, 1994).

Figure 7 shows the possible link between energy density of diet,
levels of feed and energy intake according to Cole et al. (1971). There was
a theoretical range of dietary energy levels that researchers thought the pigs
can adapt their feed intake for maintaining constant energy intake. The
physiological control of feed intake, however, is likely to be associated, not
with maintenance of energy intake but with other mechanisms. These
mechanisms include full gut capacity with diets of low nutrient density and
a lack of gut capacity with diets of high nutrient density (Cole et al.,
1971).

4
Feed Energy
Intake Intake
>

Energy density of the diet ——

—— Feed intake —-—  Energy intake

Figure 7. Schematic representation of the relationship between feed and energy

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

There are numerous factors of functional importance that can influence
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these relationships to decide the feed intake of pigs provided a specific diet.
They include the size, genotype, sex, previous nutrition of the animal,
dietary concentration of protein and other nutrients, and the sources of
energy in the diet (especially concerning the type of fat or fiber). According
to Giles et al. (1998), pigs weighing below 20 kg were not capable of
increasing feed intake, in order to adapt to decreasing dietary energy density
(roughly under 16 MJ/kg of DE concentration). Pigs weighing between 20 ~
50 kg were able to increase feed intake with DE concentration of 14

MlJ/kg, those weighing above 70 kg with 10 MJ/kg.

4.2 Dietary Protein Level and Protein Intake

The level of other essential nutrients in the diet can have effect on
the voluntary feed intake of pigs, especially in the perspective of
deficiencies or imbalances. Several studies point out that lacking protein or
essential amino acids in diets can decrease the feed intake of
growing-finishing pigs (Rogerson and Campbell, 1982; Hahn et al., 1995).
Imbalance of adequate amino acids shares similar effect (Henry et al.,, 1992;
Henry, 1995; Hahn and Baker, 1995). Friesen et al. (1994) contrarily
claimed an increase in feed intake by dietary protein deficiency.

Protein level in diet and the amount of voluntary feed intake decides
the content of protein intake. Studies below show nutrient factors (energy
and protein) that are crucial to protein intake.

According to Kyriazakis and Emmans (1992), only the rate of protein
supply at low levels of protein intake determines the rate of protein

deposition. Energy supply at high levels of protein intake determines the
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protein deposition. Poultry performance have been reported to be affected 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, 1955; Combs and Romoser, 1955). The effects of protein and
energy content in pigs’ feed on performance and carcass characteristics are
also claimed by numerous researches (Bowland and Berg, 1959; Noland and
Scott, 1960; Pond et al., 1960; Constain and Morgan, 1961).

Devilat et al. (1970) and Davey (1978) experimented with choice
feeding method, in which pigs are given choice between two isoenergetic
diets with different protein level and can choose according to their needs.
This plan is built upon a hypothesis that pigs can control their feed intake
to match their nutrient requirements. It has been suggested by Kyriazakis
(1989) and Kyriazakis et al. (1990) that individually housed pigs can
distinguish their diets between different protein levels, and they likely will
choose feed intake adequate for their needs. Bradford and Gous (1991)
study also imply similar remark, stating that choice feeding appears to be
more beneficial to commercial swine farm than phase feeding is. Braude
(1967) contradicts and claimed that pigs are often incapable of selecting
certain diet that matches their requirements, and so that choice feeding
method is not much better than single feeding. Gourley et al. (1993), Owen
et al. (1994) and Nam and Aherne (1995) joins this refutation, concurring
with pigs’ inability to make a choice among isoenergetic diets with different

protein level.
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4.3 Dietary Energy Level and Protein Intake

A high-energy diet tends to contain high concentration of other
nutrients, and vice versa. It 1is wunpractical, however, to lessen the
concentration of various nutrients even in lower energy diets.

The process of forming ingested amino acids into body protein
requires energy. About 30 ~ 50% of energy is utilized in the anabolism of
lean tissue for growing pigs. Meanwhile, dietary amino acids can also be
utilized as a source of energy. It will maintain a lot of body functions and
support the synthesis of body lipid after the nutrients are degraded into
carbon and hydrogen. The synthesis of protein from pigs’ feed shows 30 ~
60% efficiency. Accordingly, there is a significance in the energy yield from
the deamination of amino acids that are not accumulated in pigs’ body or
milk. Deaminated amino acids not linked with protein can also be effective
precursors for other bodily activities (e.g. the formation of fatty tissues).
However, main functions of proteins through feed are supply of amino acid
elements in swine protein deposition (in growth or milk) and maintenance of
tissues.

Henry (1988) claims that provision of amino acids matching the
energy density of diet is crucial to maintaining the ratio of amino acid and
energy steadily. Some studies like Carr et al. (1977) and Whittemore and
Fawcett (1976) suggested that the ratio of available lysine/MJ of DE did not
display linearly during the whole of pigs’ life span. However, others like
Chiba et al. (1991) implied linear response from linkage between energy
intake and the rate of protein deposition (for growing pigs weighing up to

50 kg).
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Pigs’ altering amino acid/energy needs, and their extent of feed intake
in different growth phases control the correlation between amino acid and
energy in growing-finishing pigs that are given random choice to feed. Pigs
in their growing phase (weighing approximately up to 50 kg) show their
innate capability of protein deposition outpacing their capability of absorbing
enough feed matching their tissue needs for protein synthesis. Therefore, the
reaction between amino acid intake and protein deposition and amino acid
requirements with energy is clearly linear. In the pigs’ finishing period,
however, energy intake surpasses their need for protein deposition. Their
demands of amino acid for tissue synthesis are irrelevant to the energy

intake.
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II. Different Energy and Protein Levels in Diet on
Growth Performance, Blood Profiles, Pork Quality
and Feed Cost in Growing-finishing Pig

ABSTRACT: This study was conducted to evaluate the optimal energy and
protein level in feed of growing-finishing pigs for growth, blood profiles, pork
quality and feed cost. This experiment was done by factorial design and factor 1
was two level of energy (3,150 or 3,300 kcal of ME/kg), and factor 2 was also two
level of dietary protein in feed (90% of NRC CP requirements in 2012 or NRC CP
requirements in 2012). Treatements were 1) LL : ME 3,150 kcal/kg + 90% of NRC
2012 CP diet; 2) LH : ME 3,150 kcal’/kg + NRC 2012 CP diet; 3) HL : ME 3,300
kcal/kg + 90% of NRC 2012 CP diet; 4) HH : ME3,300 kcal’kg + NRC 2012 CP
diet. Growth performance of growing-finishing pigs was improved when pigs were
fed higher dietary energy and high protein treatment diet (HH) both in late growing
phase (7th week) and the late finishing phase(13th week), respectively (P=0.03;
P=0.05). Average daily gain (ADG) was increased when higher protein diets (LH
and HH) were fed to growing-finishing pigs (P=0.03) and dietary protein was
much more potent nutrient than dietary energy for growth of pigs during the whole
experimental period. Average daily feed intake (ADFI) was also increased when
pigs were fed higher protein diet particularly during growing phase (P=0.01) and
this trend was maintained during finishing phase (P=0.03). However, Gain to feed
ratio (G:F), was mainly affected by dietary energy (P=0.06) rather than dietary
protein level (P=0.67). Blood urea nitrogen (BUN), total protein, creatinine and

blood glucose were lowered when low energy and low protein diet (LL) was
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provided (P=0.01) resulted in an interaction (P=0.01). Although pH of pork was
lowered when pigs were fed low protein treatment diet (P=0.03), but other
measurements of pork quality, such as color, chemical analysis and TBARS, were
not affected by dietary energy and protein level. Feed cost per weight gain was
lowered when pigs were fed high energy and low protein treatment diet but feed
cost per pig was increased when dietary protein level was increased (P=0.01).
Although total feed cost to 110 kg was the lowest in low energy and low protein
treatment (LL), days to market weight from 27.22 to 110kg was the shortest in high
energy and high protein treatment (HH) among dietary treatments. Even though
feed cost could be saved in LL treatment, days to market weight was delayed about
19 d compared to HH treatment subsequently LL treatment would not be efficient
feed formulation for growing-finishing pigs. In conclusion, this experiment
demonstrated that high protein diet resulted in improved growth performance in
growing pigs but high energy (3,300 kcal of ME/kg) and low protein (90% of
NRC(2012)) diet would be desirable feed formulation based upon feed cost, days

to market weight and pork quality.

Keywords : Energy, Crude protein, Growing-finishing pig, Growth

performance, Blood profiles, Pork quality, Feed cost
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Introduction

Recently, global grain price tends to increase with various reasons.
Extreme climate change, decrease of cultivation acreage and increase of
meat consumption are also having a significant impact on global grain prices
subsequently prices of feed ingredients will be increased continually in the
future. In South Korea, it is known that feed cost comprised approximately
60 percent of the total cost of pig production and about 60 to 70 percent
of ingredients in swine feed is consisted of corn and soybean. Over the last
two decades, pig industry in Korea has been developed greatly and pork
price has been maintained about 2~3 times higher than that of USA and
EU. Therefore, swine producers in Korea are concerned about fast growing
of pigs regardless of cost of feed or pork quality and are less interested in
saving of production cost and improving productivity of farm. Moreover,
many feed companies have been selling high-nutritive feed at high prices,
and swine producers do not aware of the serious situation caused by feeding
over-nutritive feed to pigs. Growing-finishing period is an important time to
maximize the growth of pigs, in addition, pigs are generally consuming
much more feed compared to other phase of pigs subsequently feed cost
during this period is being comprised approximately 70% of total cost of
feed of pigs. To save feed cost, swine producers need to avoid wasting of
feed and provide efficient feed which contains adequate nutrients for normal
growth of pigs. When swine feed is formulated efficiently, nutrients in feed

will be well utilized in growing-finishing pigs subsequently growth rate of
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pigs has improved and days to market weight can be reduced. Not only
price of swine feed, but also pollutants in environment will be great
concerned when feed contained excessive nutrients. Among of nutrients,
crude protein and energy contents in swine feed determine the price of feed,
resulting in affecting net profit of swine farm. Therefore, this study was
conducted to evaluate the optimal energy and protein level in feed of

growing-finishing pigs for growth, blood profiles, pork quality and feed cost.
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Materials and Methods

Experimental animals and management

A total of 140 finishing pigs ([Yorkshire X Landrace] x Duroc) with
an average body weight of 27.22 + 0.445 kg were used for 13 weeks
feeding trial at Daewoo swine farm in Muan-gun, Jeollanam-do, Republic of
Korea.

Experimental animals were allotted to one of four treatments, 5
replicates, 7 pigs per pen considering gender and body weight with RCB
(randomized complete block) design.

Experimental period was consisted with 4 phases and early growing
phaseis 1 - 4 week, late growing phase, is 5 - 7 week, early finishing
phase is 8 - 10 week, and late finishing phase is 11 - 13 weeks,
respectively. All pigs were housed in an automatically environment
controlled room with fully-concrete floor facility (2.60 x 2.84m) during the
whole experimental period. Each pen was equipped with a feeder and a

nipple drinker to provide ad-libitum during experiment.

Experimental design and diets

The experimental period was classified into 1-4 weeks, 5-7 weeks,
8-10 weeks, and 11-13 weeks, and was designed to be 2 x 2 factorial
design. Factor 1 is two levels of dietary energy (3,150 or 3,300 kcal of
ME/kg), and factor 2 is also two levels of dietary protein (90 or 100% of
CP requirements in NRC 2012). The experimental treatments are as followed
(Table 8); 1) LL: ME 3,150 kcal’kg + low CP, 90% of CP of NRC 2012,
2) LH: ME 3,150 kcal’kg + CP of NRC 2012, 3) HL: ME 3,300 kcal’kg +
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low CP, 90% of CP of NRC 2012, 4) HH: ME 3,300 kcal’kg + CP of
NRC 2012. Experimental diets were formulated with corn-soybean meal
base, and all other nutrients in experimental diets were met or exceeded the
NRC requirements (2012). Formulae and chemical compositions of the

experimental diets are shown in Tables 9, 10, 11, and 12.

Growth performance

Body weight (BW) and feed intake were measured in the beginning
(initial) and at the end of each phase (4, 7, 10 and 13 week) to calculate
the average daily gain (ADG), average daily feed intake (ADFI) and gain to

feed ratio (G:F), respectively.

Blood sampling and analysis

Blood samples were taken from the jugular vein of randomly selected
6 pigs in each treatment for measuring blood urea nitrogen (BUN), total
protein, creatinine, and glucose. Blood collection was performed both at
initial and at the end of each phase (4, 7, 10 and 13 week). Blood was
collected in serum tubes (SSTTMII Advance, BD Vacutainer, Becton
Dickinson, Plymouth, UK) and quickly centrifuged for 15 min by 3,000 rpm
at 4C (Eppendorf centrifuge 5810R, Germany). Then, the sera were
transferred to 1.5 ml plastic tubes by pipette and stored at -20T until
later analysis. BUN, total cholesterol, creatinine, and glucose concentration
were analyzed with Kinetic UV assay test method using blood analyzer

(Cobas 8000, Roche, Germany).

Carcass traits
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At the end of experiment, a total of 16 pigs of 4 pigs from each
treatment were slaughtered and pork samples were collected from nearby
between 4th and 6th rib 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 after initial time. The meat color was monitored
at 3, 6, 12 and 24 hour after initial time. The pH was determined by pH
meter (Model, Themo Orion, U.S.A) and meat color was analyzed by CIE
color L*, a* and b* value using a CR300 (Minolta Camera Co., Japan).
Proximate analysis of pork samples was done by the method of AOAC
(2005)

Pork quality

Centrifuge method was used for measuring water holding capacity of
pork (Abdullah and Najdawi, 2005). Pork samples were wrapped in filter
tube, and heated in water bath at 80°C for 20 min then, centrifuged for 10
min at 2,000 rpm and 10°C (Eppendorf centrifuge 5810R, Germany). After
centrifugation, the cooking loss was measured by packing of pork samples
with polyethylene bag, heated in water bath until core temperature reached
72°C and weighed before and after cooking. Additional samples were taken
from core of longisimuss (0.5 inch in diameter) parallel to muscle fiber and
used to measure the shear force (Warner Bratzler Shear, USA). Cooking
loss, shear force, water holding capacity of pork sample were analyzed by

Animal Origin Food Science lab in Seoul National University.

TBARS Assay

The extent of lipid oxidation was measured for the 2-thiobarbituric
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acid reactive substances (TBARS) value by using a spectrophotometer (X-ma
3100, Human Co. Ltd., Seoul, Korea). Each sample (5g) was homogenized
with 15mL of DDW and 7.2% butylated hydroxyl toluene in ethanol at
9,600 rpm for 30 s (T25, Ika Works, Staufen, Germany). After
homogenization, 2 mL of the homogenates were transferred to 15 mL falcon
tubes. Then added 4 mL of 20 mM TBA in 15% TCA. The tubes were
heated in a laboratory water bath at 90°C for 30 min, and centrifuged at
2,265 for 15 min (HM-150IV, Hanil Co. Ltd., Incheon, Korea). The
samples were measured before and after cooking boiled in water bath at
90°C for 8 min. The absorbance of supernatant was measured at 532 nm.

The TBARS value was expressed as mg MDA/kg.

Fatty acid composition

Lipids in pork sample (10 g) were extracted with 100 mL of
chloroform/methanol (2.1, v/v) (Folch et al.,1957) and shaking incubator (2
5C, 120 rpm) for 24 hours. Extracted lipids were filtered with filter paper
(Whatman™ No.4, Buckinghamshire, UK). 25 mL of 0.88 % NaCl was
added in the filtered sample and centrifuging at 2,090xg for 10 min
(Continent 512R, Hanil Co., Ltd., Incheon, Korea). The supernatant was
separated and concentrated pork lipids using N, gas at 45T. After
concentrating the lipids, 0.1 g was weighted into a 15 mL tube with 1 mL
of internal standard (1 mg of undecanoic acid in 1 mL of iso-octane) and
1.5 mL of 0.5 N methanolic NaOH. The samples were heated in the water
bath at 85°C for 10 min and cooled to room temperature. After cooling, 2
mL of 14% BF3-methanol was added and repeated heating process one

more time. After then, 2 mL of iso-octane and 1 mL saturated NaCl was
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added, centrifuged at 2,500 rpm for 3 min (Continent 512R, Hanil Co., Ltd.,
Incheon, Korea). Upper layer containing fatty acid methyl ester(FAME) was
dehydrated with anhydrous sodium sulfate and transferred to a wvial
Analyzed the wvial wusing a gas chromatograph (HP 7890, Agilent
Technologies, Santa Clara, CA, USA) with a split ratio (50:1). A capillary
column (DB-23, 60 m x 250 pm x 0.25 um, Agilent, Santa Clara, CA,
USA) was used. The injector and detector temperatures were maintained at
250°C and 280°C, respectively. The column oven temperature were as
follows: 50°C for 1 min, increased to 130°C at 25°C/min, 170°C at
8°C/min, then held at 215°C at 1.5°C/min. Nitrogen was used as a carrier
gas at linear flow of 4 mL/min. Individual FAME was identified by
comparison of the relative retention times of peaks from samples, with those
of the external standards (37 FAME mix and CLA mix, Supelco, Bellefonte,
PA, USA) calculated based on the Korean Food Standards Codex (MFDS,
2017).

Chemical Analyses

Diets were ground by a Cyclotec 1093 Sample Mill (Foss Tecator,
Hillerod, Denmark) and ground diets were analyzed. All analyses were
performed in duplicate samples and those processes were done again if
results from duplicate samples varied more than 5% from the mean.
Experimental diet was analyzed for contents of dry matter (procedure
930.15; AOAC, 1995), crude ash (procedure 942.05; AOAC, 1995), ether
extract (procedure 920.39; AOAC, 1995), nitrogen by using the Kjeltec
procedure with Kjeltec (KjeltecTM 2200, Foss Tecator, Sweden).
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Economic analysis

As the experimental pigs were reared in the same environmental
condition, economic analysis was calculated using the feed cost without
considering other factors. The total feed cost (won) per body weight gain
(kg) was calculated by using amount of the total feed intake and feed price.
The feed cost per weight gain was calculated based on price of raw
materials during the time of the experiment. The days to market weight
(110 kg) were estimated from the body weight at the end of feeding trial
and ADG of 13 weeks.

Statistical analysis

The experimental data was analyzed using 2 by 2 factorial procedure
of SAS. For data on growth performance and economic analysis a pen was
considered as an experimental unit, while individual pig was used as an unit
for data on blood profile, pork quality and carcass traits. Effect of energy
factor, protein factor, and interaction between two factors were declared

significant at P<0.05 or highly significant at P<0.01.
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Results and Discussion

Growth performance

The effect of energy level and protein level in feed on growth
performance are presented in Table 13. Body weight was increased at 7th
week (late growing phase) and 13th week(late finishing phase) by protein
factor when it increased (P=0.03; P=0.05 respectively).

Average daily gain (ADG) was increased when higher protein diets (LH and
HH) were provided to growing-finishing pigs (P=0.03) and dietary protein was
much more potent nutrient than dietary energy for growth of pigs during the whole
experimental period. Average daily feed intake (ADFI) was also increased when
pigs were fed higher protein diet particularly during growing phase (P=0.01) and
this trend was maintained during finishing phase (P=0.03). Gain to feed ratio
(G:F), however, was mainly affected by dietary energy (P=0.06) rather than dietary
protein level (P=0.67).

Protein and amino acids in feed affected the muscle development of
pigs, and lack of protein and amino acids negatively influenced on growth
performance and muscle development in pigs (Schinckel and de Lange,
1996). In addition, ADG and feed efficiency were increased significantly as
the level of protein in growing-finishing feed increased (Kerr et al., 2003).
Adequate CP level in the growing phase showed better growth and feed
efficiency than pigs were fed feed from inappropriate CP level (Gilster and
Wabhlstrom, 1973; Easter and Baker, 1980). The increase in CP level
resulted in improved ADG and feed efficiency (Cromwell et al., 1993; Chen
et al., 1995).

However, muscle and fat depositions are not only affected by protein
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level but also energy-protein ratio (Wood et al., 2004). It was very known
that protein deposition max was related with energy-protein ratio (Swine
Nutrition, 1991). Also, ratio between energy-lysine can also influence on
protein deposition because high-energy without appropriate lysine ratio can
lead to low energy utilization (Noblet et al., 1987). Seve et al. (1986) also
showed that imbalance of energy and protein could make slow protein
synthesis and this study demonstrated that no effect by energy factor or
interaction between energy and protein factors.

In conclusion, increase of protein level in feed resulted in significantly
improving body weight, ADG and ADFI however, dietary energy was less

effect than that of dietary protein.

Blood profiles

The effect of energy level and protein level on blood profiles in
growing-finishing pigs is shown in Table 14. Blood urea nitrogen (BUN), total
protein, creatinine and blood glucose were lowered when low energy and low
protein diet (LL) was provided (P=0.01) resulted in an interaction (P=0.01).

BUN is a representative evaluation indicator of the efficiency of the
use of amino acids in pigs and has been used as a response indicator to
determine the protein requirements of animals or the single amino acid
requirements (Hatori et al., 1994; Coma et al.,, 1995; Cai et al, 1996).
Fuller et al. (1977) suggested that carbohydrates increased the accumulation
of protein in the body. In this study, the increase in energy in feed raised
the accumulation of protein in the body, which resulted in a decrease in
BUN in the blood. In addition, previous studies have shown that pig's BUN

was involved in the maintenance of ingested nitrogen in the body (Whang
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and Easter, 2000), and has a negative correlation with ADG and feed
efficiency (Hann et al., 1995). These results are consistent with the results
of higher BUN concentrations, such as reports from Chen et al. (1995,
1996) and Gomez et al. (1998). The reason for the high BUN concentration
in the blood of pigs was that the protein was not fully utilized and released
in the form of urea, which meant that protein utilization rate through feed
was low.

In the total protein level in the blood, there were no significant
differences in total protein in 4, 7, 10 week. However, total protein was
decreased as energy level increase (P=0.01) however, it was increased as CP
level increase (P=0.01), resulted in interaction between energy and CP level
(P=0.01) in the 13 week (late finishing phase).

The total protein concentration in the blood is a complex compound
of all kinds of proteins in the blood (Buzanovskii, 2017). Total protein in
the blood plays important role to maintain normal osmotic pressure and pH
in the blood. Diarrhea, vomiting, and dehydration could be occurred if the
total protein concentration in the blood is excessively high (Brown and Otto.
2008).

The present study found that the total protein concentration in
finishing pig blood increased significantly as energy levels increased but
there were no symptoms such as vomiting or dehydration. Therefore, dietary
energy levels in current experiment did not negatively influence on total
protein in the blood.

The present study demonstrated that the concentration of creatinine is
affected by dietary energy and CP level in feed (P=0.01). Creatinine is a

nonprotein nitrogenous compound in the blood and is the final metabolite
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produced by non-enzymatic dehydration from the creatine of muscles
(Zinellu et al., 2005). Since creatinine is produced as a muscle metabolite
and is released into the blood and excreted into the urine subsequently the
creatinine production is widely used as an indicator to estimate the total
muscle mass of the body (Salazar, 2014). The concentration of creatinine in
blood and urine is closely correlated with muscle mass (Baxmann, 2008).
Creatinine 1s positively related with muscle percentage and performance
(Doornenbal et al., 1986).

Blood glucose concentration was lowered when pigs were fed high
protein treatment diets (LH and HH) presumably due to the fact that relative
ration between energy and protein determined blood glucose. Although there
were some significant differences by energy and protein treatment, dietary
protein level influenced greater on BUN, total protein and blood glucose

level than that of dietary energy.

PH and Meat color

The effects of dietary energy and protein levels on the pH changes in
pork after slaughter are presented in Table 15. As a result, the final pH of
pork in all treatments was between 5.2 and 5.9, but it was within normal
range(RFN, Red Firm and Non-exudative).

The pH change of pork after slaughter can be seen as a very
important factor of pork quality such as freshness, WHC, shear force, pork
color, and tenderness (Brewer and McKeith, 1999; Binder et al., 2004). Bole
et al (1993) reported that the pH level is closely related to the quality of
pork, WHC and ternderness. Palansky and Nosal (1991) demonstrated that

increasing pH resulted in reducing of cooking loss. The pH immediately
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after the slaughter is used as a prediction of PSE, and the final pH is
recognized as a prediction of DFD.

Significant differences in energy and protein levels have occurred, but
given that they are all within normal ranges, it is believed that the energy
and protein levels in the treatment did not adversely affect the pH change
of pork. In conclusion, it is believed that the energy and protein level of
the feed will not have a negative effect on the pH change of pork after
slaughter.

The effect of the energy Ilevel and protein level in the
growing-finishing feed on the meat color is shown in Table 16. Bendall and
Wismer (1962) reported that increasing yellowness and decreasing redness in
pork resulted in decreasing freshness of pork. In this experiment, there was
a significant decrease in Hunter value a, measured 6 hours after slaughter,
as energy levels increase (P=0.01). However, there were no significant
differences in all other analytical items. Therefore, the energy and protein

level had no effect on the meat color in this experiment.

Pork quality

The effect of the energy and protein levels in the growing-finishing
feed on the pork are presented in Table 17. There was significant decrease
in crude fat content as energy increase (P=0.04). There was significant
decrease in crude ash content as energy increase (P=0.03). In this
experiment, there was no significant difference between moisture and crude
protein level, depending on the energy level and protein level.

The composition of the carcass changes depending on the protein

level fed by pigs. The shear force and water holding capacity are affected
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by the content of fat in the loin. The shear force decreases as the fat
content increases. The water holding capacity is a measure of the ability of
the meat to hold water due to internal and external environmental changes,
determined by the microstructure of the meat or the change in the moisture
content that occurs during cutting, and is known to be closely related to the
pH change of the meat. In addition, shear force is a mechanically measured
measure of the tenderness of meat, and is known to be highly associated
with fat. Cooking loss is one of the indicators of indirect water holding
capacity and is generally known to have inverse correlation with water
holding capacity. In this study, there was significant increase in cooking loss
as energy increase (P=0.01). In addition, shear force was significantly
increased as energy levels increased (P=0.01). According to a study by
Goerl et al (1995), as the fat content increases, water holding capacity is
increased while the cooking loss is reduced, which improves the juice
reduction, and weakens the shear force. However, further study is needed to
clearly demonstrate energy and protein level in pork quality. Feeding
high-protein feed improves the composition of the carcass (Davey, 1978) and
improves the carcass (Davey 1978).

In conclusion, high energy affects negatively to cooking loss and
shear force.

The effect of the energy level and protein level in the
growing-finishing feed on the lipid oxidation of pork after slaughter are
presented in Table 18. The results of this experiment showed significant
differences in TBARS as CP level increase in the 5th day(P=0.05).
However, there were no significant differences in all other analysis items. In

addition, the TBARS value of all treatments were not reached 0.6 mg/kg
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(Guo et al.,, 2003) which is the represent of lipid oxidation. Other studies
have also reported that energy levels and protein levels do not show
significant differences in lipid oxidation (Meng et al., 2010; Madeira et al.,
2014).

Therefore, the energy and protein level in the growing-finishing feed

did not have significant effect on the lipid oxidation of pork.

Fatty acid composition

The effect of the energy Ilevel and protein level in the
growing-finishing feed on the fatty acid composition in pork after slaughter
are presented in Table 19. Several studies have already shown that changes
in diet affect fatty acids composition in pork (Miller et al., 1990; Larick et
al.,, 1992). A prior study found that C18:3n3 is primarily oxidized in energy
use, which leads to a reduction in storage of C18:3n3 in adipose cells
(Leighton, Drury, Crawford, 1987). Several studies reported that the fatty
acid content of the test feed was reflected in the loin of pork (Culp et al,
1980; Von Schacky and Weber., 1985; Hwang et al., 1988). According to
the European Food Safety Administration (EFSA), safer foods have lower
SFA content (EFSA, 2010). There was no significant difference in this
experiment, but the HH treatment showed the lowest SFA content.

The fatty acid composition analysis resulted in a significant difference
in the heneicosylic acid(c21:0) (P=0.01). However, there were no significant
differences in all other fatty acids. Some studies have shown that
protein-level adjustments did not show significant differences in MUFA
(Bessa et al.,, 2013; Madeira et al., 2014). This resulted in similar results to

this experiment.
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Therefore, the energy and protein level in the growing-finishing feed

did not have a negative effect on the formation of fatty acids.

Economic analysis

The effect of the energy Ilevel and protein level in the
growing-finishing feed on economic analysis are presented in Table 20. To
analyze economic analysis, feed per weight gain and total feed cost per pig
were calculated using the total feed intake and feed cost of 1kg, and 110kg
was estimated based on the weight and ADG at the end of the days to
market. The feed cost per weight gain was significantly different at the
early finishing phase (8-10 weeks). Feed cost per weight gain increased as
energy and protein increase (P=0.01). There was no significant difference in
feed cost per lkg gain in early growing, late growing and late finishing
phase. High energy and low protein treatment (HH) showed the lowest feed cost
per weight gain.

In total feed costs, there were significant difference in protein level
for the early growing phase (P=0.02), late growing phase (P=0.01) and
growing-finishing phase (P=0.01). And feed cost tended to increase when
protein level increase in the late finishing phase (P=0.06).

In this experiment, There were significant effect of energy and protein
factors on feed cost per weight gain in early finishing phase because of
significantly different G:F ratio. Also, the higher the protein level, the
significantly higher the ADFI in the early growing phase, late growing
phase, and growing-finishing phase. Consequently, the total feed cost was

high according to the ADFI. And LL treatment showed lowest feed cost per

pig.
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Days to market weight from 27.22 to 110kg showed significant differences
in protein content, and the higher the protein content, the shorter the market date by
about 11 days. In addition, low energy and low protein treatment (LL) showed 124
days, while high energy and high protein treatment (HH) showed 105 days.
Although total feed cost to 110 kg was the lowest in low energy and low protein
treatment (LL), days to market weight from 27.22 to 110kg was the shortest in high
energy and high protein treatment (HH) among dietary treatments.

Considering the rotation rate, adding another 70 days in order to reach 27kg
each treatment took 194, 182, 185 and 175 days to market weight(110kg) and 1.9,
2.0, 2.0, 2.1 rotations/year. In estimated feed cost to 110kg, low energy and low
protein treatment (LL) was the cheapest but the lowest rotation per year and in the
feed cost per weight gain, high energy and low protein treatment (HL) was the
lowest. In spite of the fact that feed cost could be saved in low energy and low
protein treatment (LL), days to market weight was delayed about 19 days
compared to high energy and high protein treatment (HH) concluding LL treatment
would not be the efficient feed formulation for growing-finishing pigs.

Therefore, this experiment demonstrated that high protein diet resulted
in improved growth performance in growing pigs but high energy (3,300
kcal of ME/kg) and low protein (90% of NRC(2012)) diet would be
desirable feed formulation based upon feed cost, days to market weight and

pork quality.
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Conclusion

Growth performance in this experiment showed that the higher the
protein level and the energy level in the feed during the late growing phase
and the late finishing phase, the greater the body weight (P=0.03; P=0.05,
respectively). The ADG increased as the protein level increased early
growing phase, late growing phase and growing phase, late finishing phase
and entire experimental phase (P=0.02; P=0.02; P=0.01; P=0.01; P=0.03,
respectively). The ADFI increased significantly as the protein level increased
early growing phase, late growing phase and growing phase and entire
experimental phase (P=0.03; P=0.01; P=0.01; P=0.03). The blood profile
showed that the BUN concentration increased as the protein level increased
(P=0.01). There was a significant difference between the total proteins in the
late finishing phase (P=0.01) but no significant difference in other phases.
There were significant differences in creatinine by energy and protein levels,
and glucose was significantly different in the 10th and 13th weeks. The pH
of pork was significantly different at 12 hrs after slaughter (P=0.01) but the
pH of all items was within the normal range and no significant differences
occurred in the rest of the items. The color of pork showed significant
differences in Hunter value a (P=0.01), but no significant differences
occurred in all other items. In pork quality, the crude fat content appeared
to be lowered as energy levels increased (P=0.03) and the cooking loss and
shear force increased as energy levels increased (P=0.01; P=0.01,
respectively). In carcass traits, the dressing rate showed low results as the
protein level increased (P=0.01). Backfat thickness in carcass was decreased

as energy content increased (P=0.04). The lipid oxidation showed a decrease
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in the TBARS value as the protein level increased on the 5th day of
storage, but no significant difference was observed in all other items than
(P=0.05), and no negative effect was present because the TBARS value was
not reached at 0.6. Significant differences occurred in the formation of fatty
acids in the heneicosylic acid (P=0.01). However, there were no significant
differences in all other fatty acids. In the economic analysis, feed cost per
weight gain increased as energy increased (P=0.01) and protein increased
(P=0.01) at early finishing phase (8-10 weeks). The total feed cost increased
as protein increased in early growing(1-4 week, P=0.02), late growing (5-7
week, P=0.01) and growing-finishing (0-13 weeks, P=0.01). A significant
difference in protein level was found in the days to market weight and the
higher the protein level, the shorter the days of market by about 11 days.
Experiment of different energy level and protein level in growing-finishing
feed showed that, the high protein level is better for the growth rate but
low protein level is more economic.

Therefore, high levels of protein significantly increased body weight,
ADG, and ADFI. In the energy level, high level of energy level showed
negative effect on pork quality, but showed more economic in feed cost.

In summary, a growing-finishing diet of high level of ME and low
level of CP(amino acid) can improve growth performance, pork quality and

reduce the cost of production.
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Table. 8 Experimental treatments

30~50 - 50~70 30~50 - 50~70
BW, kg - _
70~90 — 90~110 70~90 - 90~110
ME, kcal Low (3,150 kcal/kg) High (3,300 Kkcal/kg)
Cp & 90% of 90% of
NRC 2012 NRC 2012
Amino Acid NRC 2012 NRC 2012
Treatment LL LH HL HH
14.12 - 12.38 15.69-13.75 14.12-12.38 15.69-13.75
CP, % - - - -
1091 - 9.39 12.13-10.44 10.91-9.39 12.13-10.44
1.01-0.87 1.12-0.97 1.01-0.87 1.12-0.97
Lys(%) - - - -
0.76-0.64 0.84-0.71 0.76-0.64 0.84-0.71
0.29-0.25 0.32-0.28 0.29-0.25 0.32-0.28
Met(%) - - - -
0.23-0.19 0.25-0.21 0.23-0.19 0.25-0.21
0.65-0.58 0.72-0.64 0.65-0.58 0.72-0.64
Thr(%) - - - -
0.50-0.44 0.56-0.49 0.50-0.44 0.56-0.49
0.17-0.15 0.19-0.17 0.17-0.15 0.19-0.17
Trp(%) - - - -
0.14-0.12 0.15-0.13 0.14-0.12 0.15-0.13
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Table 9. Formulaec and chemical compositions of the experimental diet of early

growing pigs (1-4 weeks).

Treatment”

ltem LL LH HL HH
Ingredient, %

Ground corn 73.64 69.71 70.37 66.47
SBM 14.55 18.43 15.08 18.96
Wheat bran 7.90 7.90 7.90 7.90
Tallow 0.11 0.19 2.85 2.92
MDCP 1.34 1.28 1.36 1.29
Limestone 0.97 0.97 0.96 0.97
Salt 0.30 0.30 0.30 0.30
Vitamin premix? 0.10 0.10 0.10 0.10
Mineral premix’’ 0.10 0.10 0.10 0.10
L-Lysine-HCI, 78% 0.48 0.49 0.47 0.48
DL-met, 99% 0.06 0.07 0.06 0.07
L-Threonine, 99% 0.15 0.16 0.15 0.16
Tryptophan, 10% 0.30 0.30 0.30 0.28
Sum 100.00 100.00 100.00 100.00
Chemical composition®

ME, kcal/kg 3,150.00 3,150.00 3,300.00 3,300.00
CpP 14.12 15.69 14.12 15.69
Lys 1.01 1.12 1.01 1.12
Met 0.29 0.32 0.29 0.32
Thr 0.65 0.72 0.65 0.72
Trp 0.17 0.19 0.17 0.19
Ca 0.66 0.66 0.66 0.66
Total P 0.56 0.56 0.56 0.56

D LL : ME3,150 kcal’kg + 90% of NRC 2012 CP diet, LH : ME3,150 kcal’kg + NRC 2012 CP
diet, HL : ME3,300 kcal’kg + 90% of NRC 2012 CP diet, HH : ME3,300 kcal’kg + NRC 2012
CP diet.

? Provided the following quantities of vitamins per kg of complete diet : Vit A, 16,000I1U; Vit
D;, 3,200IU; Vit. E, 35IU; Vit. K;, S5mg; Rivoflavin, 6mg; Calcium pantothenic acid, 16mg;
Niacin, 32mg; d - Biotin, 128ug; Vit.B;,, 20ug.

» Provided the following quantities of minerals per kg of complete diet : Fe, 281mg; Cu, 288mg;
Zn, 143mg; Mn, 49mg; I, 0.3mg; Se, 0.3mg.

9 Calculated value.
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Table 10. Formulae and chemical compositions of the experimental diet of late

growing pigs (5-7 weeks).

Treatment”

ltem LL LH HL HH
Ingredient, %

Ground corn 77.74 74.55 84.10 80.69
SBM 10.10 13.50 11.64 15.02
Wheat bran 8.60 8.40 0.00 0.00
Tallow 0.04 0.05 0.55 0.61
MDCP 1.21 1.16 1.40 1.34
Limestone 0.87 0.87 0.79 0.79
Salt 0.30 0.30 0.30 0.30
Vitamin premix? 0.10 0.10 0.10 0.10
Mineral premix’’ 0.10 0.10 0.10 0.10
L-Lysine-HCI, 78% 0.45 0.47 0.44 0.45
DL-met, 99% 0.04 0.05 0.04 0.05
L-Threonine, 99% 0.15 0.15 0.14 0.15
Tryptophan, 10% 0.30 0.30 0.40 0.40
Sum 100.00 100.00 100.00 100.00
Chemical composition®

ME, kcal/kg 3,150.00 3,150.00 3,300.00 3,300.00
CpP 12.38 13.75 12.38 13.75
Lys 0.87 0.97 0.87 0.97
Met 0.25 0.28 0.25 0.28
Thr 0.58 0.64 0.58 0.64
Trp 0.15 0.17 0.15 0.17
Ca 0.59 0.59 0.59 0.59
Total P 0.52 0.52 0.52 0.52

D LL : ME3,150 kcal’/kg + 90% of NRC 2012 CP diet, LH : ME3,150 kcal’/kg + NRC 2012 CP
diet, HL : ME3,300 kcal’kg + 90% of NRC 2012 CP diet, HH : ME3,300 kcal/kg + NRC 2012 CP
diet.

? Provided the following quantities of vitamins per kg of complete diet : Vit A, 16,000IU; Vit Ds,
3,200IU; Vit. E, 35IU; Vit. K;, 5mg; Rivoflavin, 6mg; Calcium pantothenic acid, 16mg; Niacin,
32mg; d - Biotin, 128ug; Vit.B;,, 20ug.

» Provided the following quantities of minerals per kg of complete diet : Fe, 281mg; Cu, 288mg;
Zn, 143mg; Mn, 49mg; I, 0.3mg; Se, 0.3mg.

9 Calculated value.
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Table 11. Formulae and chemical compositions of the experimental diet of early

finishing pigs (8-10 weeks).

Treatment”

ltem LL LH HL HH
Ingredient, %

Ground corn 81.13 78.22 88.26 85.33
SBM 6.30 9.35 7.89 10.95
Wheat bran 9.25 9.22 0.00 0.00
Tallow 0.00 0.01 0.33 0.34
MDCP 1.03 0.98 1.23 1.16
Limestone 0.79 0.80 0.70 0.72
Salt 0.30 0.30 0.30 0.30
Vitamin premix? 0.10 0.10 0.10 0.10
Mineral premix’’ 0.10 0.10 0.10 0.10
L-Lysine-HCI, 78% 0.44 0.44 0.43 0.43
DL-met, 99% 0.04 0.04 0.04 0.04
L-Threonine, 99% 0.12 0.14 0.12 0.13
Tryptophan, 10% 0.40 0.30 0.50 0.40
Sum 100.00 100.00 100.00 100.00
Chemical composition®

ME, kcal/kg 3,150.00 3,150.00 3,300.00 3,300.00
CpP 10.91 12.13 10.91 12.13
Lys 0.76 0.84 0.76 0.84
Met 0.23 0.25 0.23 0.25
Thr 0.50 0.56 0.50 0.56
Trp 0.14 0.15 0.14 0.15
Ca 0.52 0.52 0.52 0.52
Total P 0.47 0.47 0.47 0.47

D LL : ME3,150 kcal’lkg + 90% of NRC 2012 CP diet, LH : ME3,150 kcal’/kg + NRC 2012 CP
diet, HL : ME3,300 kcal’kg + 90% of NRC 2012 CP diet, HH : ME3,300 kcal’kg + NRC 2012 CP
diet.

? Provided the following quantities of vitamins per kg of complete diet : Vit A, 16,000IU; Vit Ds,
3,200IU; Vit. E, 35IU; Vit. K5, 5Smg; Rivoflavin, 6mg; Calcium pantothenic acid, 16mg; Niacin,
32mg; d - Biotin, 128ug; Vit.B;,, 20ug.

» Provided the following quantities of minerals per kg of complete diet : Fe, 281mg; Cu, 288mg;
Zn, 143mg; Mn, 49mg; I, 0.3mg; Se, 0.3mg.

9 Calculated value.
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Table 12. Formulae and chemical compositions of the experimental diet of late

finishing pigs (11-13 weeks).

Treatment”

ltem LL LH HL HH
Ingredient, %

Ground corn 83.98 82.03 92.55 90.03
SBM 2.25 5.00 4.07 6.71
Wheat bran 10.70 9.91 0.00 0.00
Tallow 0.01 0.00 0.10 0.11
MDCP 0.88 0.85 1.10 1.05
Limestone 0.72 0.73 0.63 0.64
Salt 0.30 0.30 0.30 0.30
Vitamin premix? 0.10 0.10 0.10 0.10
Mineral premix’’ 0.10 0.10 0.10 0.10
L-Lysine-HCI, 78% 0.42 0.42 0.41 0.41
DL-met, 99% 0.02 0.03 0.02 0.02
L-Threonine, 99% 0.12 0.13 0.12 0.13
Tryptophan, 10% 0.40 0.40 0.50 0.40
Sum 100.00 100.00 100.00 100.00
Chemical composition®

ME, kcal/kg 3,150.00 3,150.00 3,300.00 3,300.00
CpP 9.39 10.44 9.39 10.44
Lys 0.64 0.71 0.64 0.71
Met 0.19 0.21 0.19 0.21
Thr 0.44 0.49 0.44 0.49
Trp 0.12 0.13 0.12 0.13
Ca 0.16 0.46 0.16 0.46
Total P 0.43 0.43 0.43 0.43

D LL : ME3,150 kcal’/kg + 90% of NRC 2012 CP diet, LH : ME3,150 kcal’kg + NRC 2012 CP
diet, HL : ME3,300 kcal’kg + 90% of NRC 2012 CP diet, HH : ME3,300 kcal’/kg + NRC 2012 CP

diet.

? Provided the following quantities of vitamins per kg of complete diet :

32mg; d - Biotin, 128ug; Vit.By,, 20ug.

» Provided the following quantities of minerals per kg of complete diet :

Zn, 143mg; Mn, 49mg; I, 0.3mg; Se, 0.3mg.

9 Calculated value.
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Table 13. Effects of energy and protein levels on growth performance in

growing-finishing pigs

Treatment” P-value
oG 2)
Criteria L i HL mg oM Energy Protein OB
Protein
Body weight, kg
Initial 27.40 27.16 27.16 27.16 - - - -
4th week 35.74 3747 36.60 41.53 0.983 0.20 0.09 0.40
7th week 49.11 53.67 51.89 59.33 1.469 0.12 0.03 0.59
10th week 6529 7033 68.38 73.30 1.593 0.35 0.13 0.98
13rd week 82.80 90.69 87.94 95.07 1.938 0.20 0.05 0.92
ADG, g
0-4 weeks 298 368 337 513 29.3 0.08 0.02 0.30
5-7 weeks 637 771 728 848 27.9 0.10 0.02 0.88
0-7 weeks 443 541 505 657 27.3 0.07 0.01 0.56
8-10 weeks 770 793 786 665 22.1 0.19 0.25 0.10
11-13 weeks 834 969 931 1,037 24.7 0.05 0.01 0.71
8-13 weeks 802 881 859 851 15.9 0.68 0.27 0.19
0-13 weeks 608 698 668 746 19.8 0.15 0.03 0.88
ADFI, g
0-4 weeks 908 1,028 897 1,217 52.0 0.35 0.03 0.30
5-7 weeks 1,613 1,945 1,682 2,121 74.7 0.35 0.01 0.68
0-7 weeks 1,210 1,421 1,223 1,605 58.5 0.31 0.01 0.43
8-10 weeks 2,549 2,848 2,694 2,709 62.9 0.98 0.23 0.28
11-13 weeks 2,752 2,961 2,768 2,882 53.2 0.78 0.15 0.67
8-13 weeks 2,651 2,904 2,731 2,796 54.4 0.90 0.16 0.40
0-13 weeks 1,875 2,105 1,924 2,154 51.4 0.61 0.03 0.99
G:F ratio
0-4 weeks 0.317 0.359 0371 0422 0.0162 0.07 0.14 0.87
5-7 weeks 0.394 0.400 0433 0.403 0.0077 0.16 0.44 0.24
0-7 weeks 0.318 0.359 0371 0.422 0.0162 0.07 0.14 0.87
8-10 weeks 0.304 0.279 0.292 0.246 0.0078 0.11 0.01 0.42
11-13 weeks 0.305 0.329 0.337 0.360 0.0082 0.05 0.14 0.99
8-13 weeks 0.304 0.304 0.315 0.305 0.0047 0.59 0.63 0.61
0-13 weeks 0.305 0.332 0.347 0.347 0.0047 0.06 0.67 0.69

D LL : corn-SBM based diet with ME 3,150kcal/kg + low CP, LH : corn-SBM based diet with ME
3,150kcal/kg + high CP, HL : corn-SBM based diet with ME 3,300kcal’kg + low CP, HH :
corn-SBM based diet with ME 3,300kcal/kg + high CP.

Y Standard error of means
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Table 14. Effects of energy and protein levels on blood profiles in growing-finishing

pigs

Treatments” P-value
Criteria SEM? . Energy*
LL LH HL HH Energy Protein .
Protein
BUN, mg/dL
Initial 5.10 - - - -

4th week 3.03 9.60 3.47 5.03  0.853 0.03 0.01 0.01
7th week 3.63 9.83 3.30 5.07  0.837 0.01 0.01 0.01
10th week 3.03 6.83 3.10 7.30  0.686 0.73 0.01 0.80
13rd week  4.17 6.50 5.03 7.03 0345 0.01 0.01 0.01
Total protein, mg/dL
Initial 5.57 - - - -
4th week 6.77 6.70 5.90 5,67 0.265 0.10 0.78 0.88
7th week 6.53 6.90 5.93 5,63 0.262 0.10 0.95 0.53
10th week 6.57 6.80 6.10 6.67 0.143  0.31 0.19 0.57
13rd week 6.63 6.97 6.13 6.87 0.098 0.01 0.01 0.01
Creatinine, mg/dL
Initial 1.04 - - - -
4th week 1.02 1.12 1.12 1.02  0.020 0.96 0.96 0.02
7th week 1.00 1.09 1.11 0.99 0.022 0.86 0.80 0.03
10th week 1.13 1.29 1.19 1.13  0.027 0.22 0.24 0.03
13rd week 1.03 1.09 1.45 1.17  0.048 0.01 0.01 0.01
Glucose, mg/dL
Initial e 92.67----------—-- - - - -
4th week 87.00 87.33 93.00 9333 2708 0.35 0.96 0.99
7th week 9233  83.67 9467 9400 2492 0.24 0.37 0.44
10th week 83.67 70.67 98.00 8433 3.837 0.04 0.05 0.96

13rd week 92.00 71.00 90.33  75.67 2.750 0.03 0.01 0.01
D LL : corn-SBM based diet with ME 3,150kcal/kg + low CP, LH : corn-SBM based diet with ME
3,150kcal/kg + high CP, HL : corn-SBM based diet with ME 3,300kcal’kg + low CP, HH :
corn-SBM based diet with ME 3,300kcal/kg + high CP.

2 Standard error of means
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Table 15. Effects of energy and protein levels on pH of pork in growing-finishing
pigs

Treatments” P-value

Criteria SEM? Energy*
LL LH HL HH Energy Protein X
Protein

Time after slaughter

0 hour 586 5.86 590 591 0.016 0.21 0.77 0.88
3 hour 575 576 579 579 0.024  0.55 0.91 0.98
6 hour 556 5.57 554 547 0.019 0.13 0.47 0.34
12 hour 525 554 547 579 0.054 0.01 0.01 0.71
24 hour 5.56 565 557 574 0.031 0.36 0.03 0.52

Y LL : corn-SBM based diet with ME 3,150kcal’kg + low CP, LH : corn-SBM based diet with
ME 3,150kcal/kg + high CP, HL : corn-SBM based diet with ME 3,300kcal’kg + low CP, HH :
corn-SBM based diet with ME 3,300kcal’kg + high CP.

2 Standard error of means.
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Table 16. Effects of energy and protein levels on color of longissimus muscles in

growing-finishing pigs

Treatments" P-value

Criteria SEM? . Energy*
LL LH HL HH Energy Protein :
Protein

Hunter value3), L

3 hour 4921 4837 4881 49.61 0.695 0.79 0.99 0.61
6 hour 51.18 49.13 51.84 50.77 0.568 0.33 0.19 0.68
12 hour 51.09 4874 51.84 5094 0.727 0.34 0.30 0.64
24 hour 52.08 50.72 51.95 52.04 0.529 0.62 0.59 0.54
Hunter value, a

3 hour 7.60 7.07 7.06 6.23 0.295 0.28 0.29 0.81
6 hour 7.36 7.50 6.68 5.51 0.293 0.01 0.28 0.18
12 hour 7.84 8.30 7.44 7.31 0.228 0.16 0.72 0.54
24 hour 6.62 6.68 6.38 5.78 0.211 0.21 0.54 0.46
Hunter value, b

3 hour 13.09 12.82 12.52 1239 0.239 0.35 0.70 0.89
6 hour 13.86 13.34 13.41 12.78 0.202 0.19 0.22 0.79
12 hour 13.79 13.84 13.77 14.02 0.151 0.82 0.67 0.78
24 hour 13.94 13.37 13.59 13.32 0.143 0.52 0.18 0.62

D LL : corn-SBM based diet with ME 3,150kcal’kg + low CP, LH : corn-SBM based diet with
ME 3,150kcal/’kg + high CP, HL : corn-SBM based diet with ME 3,300kcal’kg + low CP, HH :
corn-SBM based diet with ME 3,300kcal’kg + high CP.

? Standard error of means

» 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, -b:blue)
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Table 17. Effects of energy and protein levels on proximate analysis and

physiochemical property of longissimus muscles in growing-finishing pigs

Treatments”

Criteria SEM?
LL LH HL HH

P-value

Energy*

Energy Protein Protein

Proximate analysis, %

Moisture 72.80 7239 71.86 73.44  0.351
Crude protein 22.18 2320 22.74 23.81 0.378
Crude fat 3.70 3.34 2.36 275  0.228
Crude ash 1.00 0.92 0.57 0.81  0.067

Physiochemical property
WHC, % 66.88 65.06 6240 66.76 0.827

Cooking loss,
%

21.61 2341 28.14 26.09 0.835

Shear force,
kg

31.08 2793 39.58 43.17 2.214

Carcass trait

Carcass
46 1.00 1.00 1.13 1.13 -
grade

Dressing rate,
%

74.61 7329 7411 7235 0.328

Back-fat

thickness, mm

2450 20.25 19.00 19.00 0.884

0.94 0.43 0.19
0.47 0.21 0.98
0.04 0.97 0.39
0.03 0.47 0.19

0.38 0.42 0.07

0.01 0.92 0.13

0.01 0.95 0.35

0.21 0.01 0.69

0.04 0.18 0.18

D LL : corn-SBM based diet with ME 3,150kcal’kg + low CP, LH :

corn-SBM based diet with ME

3,150kcal/kg + high CP, HL : corn-SBM based diet with ME 3,300kcal’kg + low CP, HH :

corn-SBM based diet with ME 3,300kcal/kg + high CP.

Standard error of means

The grade of ccarcass was scored as follows: ‘1+’grade = 0.5 point, ‘1’grade = 1 point, ‘2’grade

= 2 score (n=30). The lower the score, the higher the quality of the carcass
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Table 18. Effects of energy and protein levels on TBARS assay in the longissimus

muscles of growing-finishing pigs

Treatments" P-value

Criteria LH HL HH S Energy  Protein Fnergy*
Protein

TBARS, mgMA/kg

1 day 0.34 030 032 0.33 0.009 0.77 0.25 0.16

3 day 033 032 034 032 0011 0.77 0.52 0.98

5 day 0.34 032 037 033 0.009 0.24 0.05 0.54

7 day 0.33 032 036 036 0.013 0.22 0.76 0.90

D LL : corn-SBM based diet with ME 3,150kcal’kg + low CP, LH :

corn-SBM based diet with

ME 3,150kcal’kg + high CP, HL : corn-SBM based diet with ME 3,300kcal’kg + low CP, HH :
corn-SBM based diet with ME 3,300kcal’kg + high CP.

2 Standard error of means

_78_



Table 19. Effects of energy and protein levels on fatty acid composition of

longissimus muscles from growing-finishing pigs

Treatments" P-value

oG 2) %
Cais . i oL BHHE O™ pnergy  Protein Eﬂgy
m

Fatty acid composition, %
C14:0 1.56 146 1.64 136 0.129 0.98 0.52 0.76
Cl16:0 2841 26.13 30.35 23.77 2.200 0.96 0.37 0.66
Cl6:1 328 3.09 3.15 266 0277 0.66 0.58 0.80
C17:0 092 056 1.00 0.85 0.102 0.39 0.23 0.62
C18:0 14.52 14.10 16.82 1230 1.176 092 0.33 0.42

C18:1 n-9 50.09 44.43 53.55 40.79 3.762 0.99 0.27 0.66
C18:2 n-6 828 855 975 7.84 0.524 0.73 0.47 0.34
C18:3 n-3 024 024 027 022 0.021 0.83 0.61 0.57

C20:0 022 023 028 0.18 0019 087 026 0.19
C20:1 096 0.83 1.10 085 0.084 0.66 030 0.74
C20:2 0.39 041 051 040 0.027 037 042 023
C21:0 024 026 027 022 0.007 080 0.18 0.01
C20:4 n-6 151 157 1.65 155 0.026 027 064  0.15
SFAY 4587 4273 5037 38.68 3.558 098  0.35 0.58
UFA? 64.74 59.12 70.00 5431 4.433 098 027 0.60

MUFA® 5433 4834 57.81 4430 4.086 0.97 0.28 0.67
PUFA® 10.42 10.77 12.19 10.01 0.583  0.69 0.47 0.32
UFA/SFA

ratio

142 141 140 1.44 0.020 0.92 0.71 0.62

D LL : corn-SBM based diet with ME 3,150kcal/kg + low CP, LH : corn-SBM based diet with ME
3,150kcal/kg + high CP, HL : corn-SBM based diet with ME 3,300kcal’kg + low CP, HH :
corn-SBM based diet with ME 3,300kcal/kg + high CP.

? Standard error of means

? SFA = saturated fatty acids

# UFA = unsaturated fatty acids

® MUFA = monosaturated fatty acids

® PUFA = polyunsaturated fatty acids
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Table 20. Effects of energy and protein levels on feed cost in growing-finishing

pigs
Treatments" P-value
I 2)
Giteria vy, i #HL HH ™ Energy Protein "
Feed cost per weight gain, won/kg
0-4 week 732 645 682 585  32.1 0.40 0.17 0.94
5-7 week 740 740 683 757  13.7 0.44 0.18 0.17
8-10 week 924 1,024 983 1,189 289 0.01 0.01 0.20
11-13 week 888 846 817 782 213 0.13 0.38 0.94
0-13 week 830 830 801 815 11.2 0.36 0.77 0.77
Feed cost per pig, won/head
0-4 week 5,745 6,628 5917 8,267 3592 0.15 0.02 0.24
5-7 week 9,831 12,031 10.408 13,497 488.9 0.21 0.01 0.58
8-10 week 14,777 16,995 16,560 16,587 394.2 0.53 0.10 0.25
11-13 week 15,484 16,998 15,992 16,957 319.8 0.71 0.06 0.66
0-13 week 45,838 52,652 48,477 55,307 13657 0.28 0.01 0.99
Estimated feed cost to 110 kg, won
53,124 57,932 54,545 59,490 966.1 0.39 0.01 0.97
Days to market weight(110) from 27.22kg, days
124 112 115 105 2.6 0.11 0.03 0.78

D LL : corn-SBM based diet with ME 3,150kcal’kg + low CP, LH : corn-SBM based diet with ME 3,150kcal/kg + high CP, HL :
corn-SBM based diet with ME 3,300kcal/kg + low CP, HH : corn-SBM based diet with ME 3,300kcal/kg + high CP.

? Standard error of means
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