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ter digestibility, apparent digest-
ible energy and apparent metabo-
lizable energy are similar to the
published values of Adeola and
Bajjalieh (1997) and NRC (1998).

Total nitrogen intake was simi-
lar (P > 0.10) between the corn
varieties (Table 3). The amount of
nitrogen digested (0.03 and 0.03
lb/d) and retained (0.01 and 0.01
lb/d) were similar (P > 0.10)
between the corn rootworm pro-
tected and non-transgenic corns,
respectively. Likewise, nitrogen
digestibility (77.30 and 78.30%;
P > 0.10) was similar between corns.
The values for nitrogen digestibil-
ity of the corn varieties used in this
experiment are similar to the
values published by Lawrence et
al. (1995) and Adeola and Bajjalieh
(1997).

In conclusion, results of energy
and nitrogen balance with growing
pigs demonstrate that the potential

Table 3. Energy and nitrogen balance.

Item RX740CRW a RX740 a SEM P-Value

No. pigs 6 6
Initial weight, lb 74.13 74.97 0.430 0.20
Final weight, lb 80.15 80.26 0.571 0.89
Dry matter intake/d, lb 2.38 2.36 0.057 0.83
Apparent dry matter digestibility, % 87.78 87.71 0.321 0.88
Gross energy, Mcal/lb bc 2.05 2.06 — —
Apparent digestible energy, Mcal/lb bc 1.78 1.79 0.007 0.38
Apparent metabolizable energy, Mcal/lb bc 1.73 1.74 0.008 0.43
Nitrogen intake, lb/d c 0.04 0.04 0.001 0.86
Nitrogen digested, lb/d c 0.03 0.03 0.001 0.86
Nitrogen retained, lb/d c 0.01 0.01 0.001 0.45
Nitrogen digestibility, % 77.30 78.30 0.733 0.36
Nitrogen retention, % of intake 28.02 31.12 2.530 0.41
Nitrogen retention, % of absorbed 36.22 39.67 3.084 0.45
aRX740CRW — Corn rootworm protected corn (event MON 863) and RX740 — non-transgenic
control corn.
bCalculated on a 100% corn basis.
cCalculated on a 100% dry-matter basis.

feeding value of corn rootworm
protected corn (RX740CRW; event
MON 863) is equivalent to that of a
genetically similar non-transgenic
control variety (RX740). Therefore,
corn rootworm protected corn can
be used in swine diets without

negatively affecting energy and/
or nitrogen digestibility.

1Robert L. Fischer is a research tech-
nologist and graduate student and Phillip
S. Miller is a professor in the Department of
Animal Science.

Effect of Increasing Dietary Crude Protein
Concentration on Growth Performance and

Serum Insulin-Like Growth Factor-I
Concentration

Robert L. Fischer
Phillip S. Miller1

Summary and Implications

This study was conducted to
investigate the effects of increasing
dietary protein intake on growth per-
formance and serum insulin-like growth
factor-I (IGF-I) concentration in
growing-finishing gilts. Thirty-nine
crossbred gilts with an initial body
weight of 74.3 lb were used in a 28-day
growth study. The gilts were randomly
allocated to one of five dietary treat-
ments. The diets were standard corn

soybean meal diets, which were formu-
lated to contain 10, 14, 18, 22, or 26%
crude protein by changing the ratio of
corn to soybean meal in the diet. Pig
and feeder weights were recorded weekly
for the determination of average daily
gain (ADG), average daily feed intake
(ADFI) and feed efficiency (ADG/
ADFI). Weekly blood samples were
collected to evaluate dietary effects on
plasma urea and IGF-I concentrations.
There was no difference (P > 0.10) in
ADFI among the treatments through-
out the 28-day experimental period.
Dietary protein concentration had sig-
nificant linear and quadratic effects on
ADG and ADG/ADFI (P < 0.01). Gilts

fed the diet containing 22% CP had
the greatest accretion rate of fat-free
lean (0.82 lb/d); however, gilts fed the
18 and 26% CP diets had numerically
similar fat-free lean accretion rates.
Increased dietary protein concentra-
tion resulted in increased cold carcass
weight (linear, P < 0.01; quadratic,
P < 0.01) with no differences in car-
cass dressing percentage. Protein con-
centration had a significant quadratic
effect (P < 0.01) on plasma urea and
serum IGF-I concentration during weeks
1 thru 4 of the experiment. In sum-
mary, dietary protein concentration
had significant linear and quadratic
effects on final body weight, ADG, feed
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efficiency, fat-free lean gain, cold car-
cass weight, plasma urea and serum
IGF-I concentration. Thus, the inter-
esting finding in this experiment was
that the decrease in fat-free lean gain
in gilts fed the 14% CP diet was not
associated with a decrease in serum
IGF-I concentration. This finding sug-
gests that something is inhibiting the
actions of IGF-I protein by causing a
decrease in protein accretion rate in
these gilts. Thus, the future focus of
this research is to determine the effects
of dietary crude protein and crystal-
line amino acids on serum IGF-I con-
centration.

Introduction

Excessive excretion of nitrogen
by livestock operations is a major
environmental concern. A conse-
quence of excess nitrogen excre-
tion is the potential for leaching of
nitrates into groundwater and from
runoff of nitrates into surface
water. Thus, a major factor that has
stimulated interest in the use of
low-protein amino-acid supple-
mented diets is this potential
impact on the environment. It is
estimated that when growing-
finishing pigs are fed low-protein
amino acid-supplemented diets

there is a 30% reduction in nitrogen
excretion. Nutritional and hormonal
factors are major determinants of
animal growth, but the mechanisms
of how protein (amino acids) influ-
ence the hormonal control of pro-
tein accretion in growing animals
remains relatively undefined. Pro-
tein accretion in growing animals
is mediated indirectly by pituitary
growth hormone. When growth
hormone is bound to specific
receptors, it stimulates the produc-
tion of insulin-like growth factor-I
(IGF-I). Although growth hormone
is the primary stimulus for IGF-I
synthesis, many nutritional factors
(i.e., protein intake, energy intake,
and essential amino acid intake)
affect the production and action of
IGF-I in the growing animal. There-
fore, the current research seeks to
fill the gaps in our current knowl-
edge of how the use of crystalline
amino acids affects protein accre-
tion by gaining a greater under-
standing of how IGF-I is affected
by the dietary concentration of crude
protein (amino acids) in swine
growing-finishing diets.

The long-range goal of this
research is to determine the con-
centrations of essential amino
acids and the dietary protein ingre-

dient (protein-bound versus crys-
talline amino acids) that will opti-
mize IGF-I expression in
growing-finishing pigs to maximize
protein accretion. The objective of
this experiment (first step toward
attaining our long-range goal) is to
demonstrate in vivo the effect of
increasing dietary protein intake
on serum IGF-I concentration.

Procedures

Animals and Treatments

Thirty-nine crossbred [Danbred
× (Danbred × NE White Line)] gilts
were used in a 28-day growth study.
Pigs averaged 74.3 and 126.3 lb at
the initiation and termination of
the experiment, respectively. Four
gilts were randomly selected for an
initial slaughter group for the col-
lection of tissue samples. The
remaining 35 gilts were randomly
assigned to one of five dietary treat-
ments. The diets (Table 1) were stan-
dard corn soybean meal diets, which
were formulated to contain 10, 14,
18, 22, or 26% crude protein (CP)
by changing the ratio of corn to
soybean meal in the diet. Diets were
fortified with vitamins and miner-
als to meet or exceed the NRC (1998)
requirements for 45-lb pigs. The
pigs were housed in an environ-
mentally controlled room and
allowed ad libitum access to feed
and water throughout the experi-
ment.

Data and Sample Collections

Pig and feeder weights were
recorded weekly for the determi-
nation of average daily gain (ADG),
average daily feed intake (ADFI)
and feed efficiency (ADG/ADFI).
Fat-free lean gain (FFLG) was cal-
culated from backfat (BF) thickness
and longissimus muscle area (LMA);
BF and LMA were obtained on the
first and the last day of the experi-
ment using real-time ultrasound
using the National Pork Producers
Council (1991) equation. Plasma
urea and serum insulin-like growth

Table 1. Ingredient and chemical composition of diets, as-fed basis.

Dietary protein concentration, %

Item 10 14 18 22 26

Ingredient, %
Corn 89.10 79.00 69.10 59.00 49.00
Soybean meal, 46.5% CP 5.50 15.75 25.75 36.00 46.10
Tallow 3.00 3.00 3.00 3.00 3.00
Dicalcium phosphate 1.05 1.00 0.95 0.85 0.80
Limestone 0.70 0.65 0.58 0.55 0.50
Salt 0.30 0.30 0.30 0.30 0.30
Vitamin premix a 0.20 0.20 0.20 0.20 0.20
Mineral premix b 0.15 0.15 0.15 0.15 0.15

Analyzed nutrient composition
Dry matter, % 90.33 90.77 91.04 90.93 91.52
Crude protein, % 9.15 13.60 17.54 22.17 25.82
Lysine, % 0.37 0.64 0.87 1.17 1.37
Calcium, % 0.66 0.71 0.68 0.68 0.77
Total phosphorus, % 0.47 0.54 0.57 0.60 0.69
Crude fat, % 5.08 4.96 4.82 4.57 4.41

aSupplied per kilogram of diet: retinyl acetate, 4,400 IU; cholecalciferol, 440 IU; α-tocopherol
acetate, 24 IU; menadione sodium bisulfite, 3.5 mg; riboflavin, 8.8 mg; d-pantothenic acid, 17.6 mg;
niacin, 26.4 mg; vitamin B

12
, 26.4 µg.

b Supplied per kilogram of diet: Zn (as ZnO), 128 mg; Fe (as FeSO
4
•H

2
O),128 mg; Mn (as MnO),

30 mg; Cu (as CuSO
4
•5 H

2
O), 11 mg; I (as Ca(IO

3
)•H

2
O), 0.26 mg; Se (as Na

2
SeO

3
), 0.3 mg.

(Continued on next page)



���������	
�	��
��������������	�����

factor-I (IGF-I) concentrations were
determined in blood collected
weekly throughout the experiment.

Statistical Analysis

Data were analyzed as a com-
pletely randomized design using
PROC MIXED of SAS (1999). The
main effect in the statistical model
was dietary protein concentration
(10, 14, 18, 22, and 26% CP). In all
analyses, pig was the experimental
unit. Only linear and quadratic
effects are presented for variables
in which the main effect of CP was
significant.

Results and Discussion

Growth Performance

The response of ADG, ADFI
and ADG/ADFI to dietary treat-
ments are shown in Table 2. There
was no difference (P > 0.10) in ADFI
among the treatments throughout
the 28-day experimental period.

Protein concentration had signifi-
cant linear and quadratic effects on
ADG and feed efficiency (P < 0.01).
Average daily gain increased as the
dietary concentration of crude pro-
tein increased from 10% (1.15 lb/d)
to 22% dietary CP (2.14 lb/d; a 54%
improvement in gain) then slightly
decreased in gilts fed the diet con-
taining 26% CP (2.05 lb/d). Feed
efficiency followed a similar pat-
tern as ADG. Gilts fed the 10%
dietary CP had the lowest ADG/
ADFI (0.35) and those fed the diets
containing 22% and 26% CP had
the greatest ADG/ADFI (0.52; a 62%
improvement in feed efficiency).

Carcass Characteristics

Real-time ultrasound measure-
ments recorded on days 0 and 27
are summarized in Table 2. At the
initiation of the experiment there
were no differences (P > 0.10) in
tenth-rib BF depth or LMA among
the dietary treatments. However,
at the end of the experiment, there

was a significant linear effect of
dietary protein (P < 0.01) on tenth-
rib BF depth and linear and qua-
dratic effects (P < 0.01) on LMA.
Gilts fed the diet containing 22%
CP had the lowest BF (0.38 in) and
gilts fed the 14% CP diet had the
greatest BF (0.51 in). The greater
amount of BF detected in the gilts
fed the diet containing 14% CP could
be due to the numerically greater
ADFI observed for these gilts. Long-
issimus muscle area was similar
among the gilts fed the diets con-
taining 14% through 26% CP (3.82,
4.01, 3.92, 4.04 in2, respectively);
however, gilts fed the 10% dietary
CP had a reduction in LMA (3.01
in2). Protein concentration had a
significant quadratic effect on fat-
free lean (P < 0.01). Gilts fed the
diet containing the 22% CP had the
greatest accretion rate of fat-free
lean (0.82 lb/d). Gilts fed the 18
and 26% CP diets had numerically
similar fat-free accretion rates (0.80
and 0.80 lb/d, respectively). The

Table 2. Effect of protein concentration on growth performance of growing gilts.

Dietary protein concentration, %

Item 10 14 18 22 26 SEM Linear Quadratic

Number of pigs 7 7 7 7 7

Growth performance
Initial wt., lb 73.65 74.75 74.31 73.43 74.75 0.827 NS NS
Final wt., lb 106.07 127.67 131.42 133.62 132.30 2.624 < 0.01 < 0.01

d 0 to 28
ADG, lb a 1.15 1.87 2.03 2.14 2.05 0.073 < 0.01 < 0.01
ADFI , lb b 4.06 4.41 4.01 4.17 3.95 0.141 NS NS
ADG/ADFI 0.28 0.42 0.51 0.52 0.52 0.010 < 0.01 < 0.01
Lysine intake, g/d 6.82 12.77 15.81 22.12 24.51 0.647 < 0.01 NS

Ultrasound measurements
Initial Backfat, in 0.32 0.34 0.34 0.32 0.33 0.015 NS NS

LMA, in2 c 2.44 2.39 2.36 2.43 2.45 0.064 NS NS

Final Backfat, in 0.47 0.51 0.44 0.38 0.41 0.017 < 0.01 NS
LMA, in2 3.01 3.82 4.01 3.92 4.04 0.123 < 0.01 < 0.01
FFLG, lb/d d e 0.35 0.69 0.80 0.82 0.80 0.035 < 0.01 < 0.01

Carcass measurements
Cold carcass wt., lb 78.79 96.00 98.64 99.36 99.14 1.962 < 0.01 < 0.01
Dressing, % 74.38 75.23 75.00 74.32 74.87 0.504 NS NS

aADG = average daily gain.
bADFI = average daily feed intake.
cLMA = longissimus muscle area.
dFFLG = fat-free lean gain.
eCalculated from equation of NPPC, 1991.
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no differences in carcass dressing
percentage.

Blood Metabolites

The effects of dietary crude
protein on plasma urea concen-
tration are illustrated in Figure 1.
Protein concentration had signifi-
cant linear and quadratic effects
(P < 0.01) on plasma urea concen-
tration during weeks 1 thru 4 of the
experiment. Gilts fed the 10, 14 and
18% CP diets had similar plasma
urea concentrations throughout the
experiment. While gilts fed the 22%
CP diet had an intermediate con-
centration of plasma urea, and gilts
fed the 26% CP diet had the highest
plasma urea concentration. The
plasma urea data indicate that the
CP requirement for gilts during the
four-week experimental period was
> 18% CP which also was supported
by the FFLG data.

Serum IGF-I concentrations are
presented in Figure 2. Protein con-
centration had significant linear and
quadratic effects (P < 0.01) on
serum IGF-I concentration during
weeks 1 thru 4 of the experiment.
Gilts fed the diet containing 10%
CP had the lowest IGF-I concen-
tration throughout the experiment
and gilts fed the 18% CP had the
highest IGF-I concentration during
the experiment, except during week
3. These serum IGF-I concentrations
indicate that the production and
release of IGF-I into the blood is
inhibited by the consumption of a
10% CP diet. This reduction in
serum IGF-I is supported by the
low fat-free lean accretion rates cal-
culated in the gilts consuming the
10% crude protein diet. However,
gilts fed the 14, 18, 22 and 26% CP
diets had numerically similar
serum IGF-I concentrations. How-
ever, gilts fed the 14% CP diet had
a significant decrease in FFLG as
compared to gilts fed the 18, 22,
and 26% CP diets. These results
would suggest that the consump-
tion of a diet slightly deficient in
CP (14%) does not inhibit the pro-

NRC (1998) requirements for swine
suggest a total lysine intake of 17.5
grams/day for pigs weighing 44 to
110 lb and accreting 0.72 lb/day of
fat-free lean. Thus, gilts fed the
diets containing 10 and 14% CP
consumed approximately 7 and 13
grams of lysine/day, respectively,
which was less than the amount

suggest by the NRC (1998) to maxi-
mize fat-free lean accretion. Thus,
the fat-free lean data suggest that
the CP requirement for gilts in the
present study was > 18% from 74 to
126 lb of body weight. Increased
dietary protein concentration
resulted in increased cold carcass
weight (quadratic, P < 0.01) with (Continued on next page)

Figure 1. Response of plasma urea concentration (PUC) to experimental diets by week.
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Figure 2. Response of serum insulin-like growth factor-I (IGF-I) to experimental diets by
week.
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duction of IGF-I. However, the
actions of IGF-I in the body (i.e.,
muscle protein accretion) are in some
way inhibited (i.e., receptor bind-
ing, receptor concentration, IGF-I
binding proteins) which is sup-
ported by the reduction in FFLG in
gilts fed the 14% CP diet.

Conclusions

The results from this experi-
ment demonstrate that growing gilts
respond to increased dietary crude
protein concentration, which is sup-
ported by the improvement in ADG,
feed efficiency and fat-free lean gain
in gilts fed up to 22% crude protein.

A similar effect was detected in
plasma urea concentration. Gilts fed
the 22% CP diet had an increase
concentration of plasma urea com-
pared to the gilts fed the 10, 14 and
18% CP diet, indicating that the CP
requirement of gilts in this experi-
ment was > 18% CP. However,
serum IGF-I concentrations were
only decreased in gilts fed the 10%
CP diet, indicating that the con-
sumption of a diet below the gilts
dietary crude protein requirement
(14%) was not always associated
with a reduction in IGF-I serum
concentration. Thus, future research
in this area will focus on the rela-
tionship between carcass protein

accretion and serum IGF-I concen-
tration. Also, the effect of crystal-
line amino acids will be investigated
to determine their effects on serum
IGF-I concentration and how the
pattern of dietary crystalline amino
acid supplementation can be
manipulated in diets for growing-
finishing pigs without having a
negative effect on carcass protein
accretion rates.

1Robert L. Fischer is a research tech-
nologist and graduate student and Phillip
S. Miller is a professor in the Department of
Animal Science.

Different Biological Responses of Pigs
of Two Genetic Populations to PRRSV

Challenge Suggests Underlying Genetic
Variation in Susceptibility/Resistance

to PRRSV
Derek B. Petry
Justin W. Holl

John Weber
Alan R. Doster

Fernando A. Osario
Rodger K. Johnson1,2

Summary and Implications

The objective was to determine
whether genetic variation in suscepti-
bility to Porcine Respiratory and
Reproductive Syndrome virus (PRRSV)
exists. One hundred pigs from each of
two distinctly different populations (NE
Index Line, I, and Duroc-Hampshire
cross pigs, DH) were challenged with
PRRSV at 26 days old. A littermate to
each challenged pig was included in
the experiment without PRRSV chal-
lenge to serve as a control. Body weight
and temperature were recorded and

blood samples were drawn from all
pigs on the day of challenge and 4, 7
and 14 days post-challenge. All pigs
were sacrificed and a necropsy was
performed on day 14. At necropsy,
lungs were scored for evidence of inter-
stitial pneumonia, lung tissue was
collected for microscopic evaluation
to determine incidence and severity of
lesions, and aliquots of lung, lymph
and spleen tissue were collected and
stored. Interactions of line by chal-
lenge (PRRSV negative vs. PRRSV
positive) were significant for several
traits. I pigs challenged with PRRSV
had greater weight gain, lower tem-
peratures, replicated virus at lower
rates in lungs, and lymph nodes, had
fewer lesions, and lower ELISA values
than DH pigs. Changes in tempera-
ture with time were similar for unchal-
lenged I and DH pigs, and unchallenged
DH pigs grew significantly faster than

I pigs. Response of pigs of the two lines
to PRRSV challenge differed
indicating underlying genetic varia-
tion exists. Future research with tis-
sues collected will determine which
genes are expressed differently in pigs
with resistant and susceptible responses
to PRRSV.

Introduction and Background

Disease costs the swine indus-
try more than $1.5 billion a year
and Porcine Reproductive and Res-
piratory Syndrome Virus (PRRSV)
is currently the most economically
significant infectious disease.
PRRSV is an enzootic virus that
targets pulmonary alveolar macro-
phage and causes pneumonia. It
may cause abortion, premature far-
rowing, stillborn and mummified
pigs and respiratory disease.
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