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Dedicated to Dr. George W. Libal
The 2001 SDSU Swine Research Report is dedicated to Dr. George
Libal, Professor Emeritus, for his 31 years of outstanding and dedicated service to South Dakota State University and the South
Dakota swine industry.
George was born on November 3, 1943 and grew up on a livestock
and grain farm near Lexington, Nebraska. He attended the
University of Nebraska where he received his BS degree in Animal
Science in 1966 and his MS degree in Swine Nutrition with Dr. Ernie
Peo in 1968. George then took an lnstructorship at SDSU and
earned his Ph.D. degree in Swine Nutrition in 1974 under the guidance of Dr. Rick Wahlstrom. He stayed at SDSU in a researchteaching position where he achieved the academic rank of
Professor in 1983. George served as Acting Department Head for
the Department of Animal and Range Sciences in 1998, and retired
on June 30, 1999.
During his tenure at SDSU, George has mentored countless students, faculty, and industry associates as a colleague, teacher, scholar, advisor, and friend. He brought out the best in his students by
demanding excellence, and then helping them achieve it. He was known by two generations of students as a tough, but very fair teacher who always had their best interests at heart. George has
received the SDSU Outstanding Teacher Award, the Honorary State FFA Degree, and the
Outstanding Teaching Achievement Award presented by Gamma Sigma Delta. He also received the
Dedicated and Distinguished Service Award from the South Dakota Pork Producers Council.
George developed a research program in sow nutrition that is internationally known and respected.
Not only did his research program provide invaluable information for the pork producers in South
Dakota, but it also allowed him to mentor many graduate students throughout the years. Many have
become leaders in the swine industry, and attribute their success to George's guidance and standards of excellence. He has distinguished himself as a scientist and was active in professional societies and organizations including the American Society of Animal Science, the Council for Agriculture
and Scientific Technology, Gamma Sigma Delta, Sigma Xi, the Farmland Industries University Feed
Advisory Board, and the Editorial Board of the Journal of Animal Science.
One of George's greatest assets is his willingness to firmly stand up for what he believes to be fair
and right, regardless of the opposition. Many a departmental and professional meeting was made
livelier and better by his interaction. George was also a recognized leader in the department, and
would routinely volunteer his time and experience for the betterment of the Department of Animal
and Range Sciences.
Dr. George Libal has left a tremendous legacy at SDSU and throughout the swine industry. He has
touched many lives in a wide variety of ways, and will always be remembered as a true professional
and friend.

Foreword
This South Dakota State University Swine Research Report is a compilation of research
conducted by faculty from the Department of Animal and Range Sciences, Department of
Veterinary Sciences, the Ag and Biosystems Engineering Department, and the Economics
Department. We hope the information and concepts presented here are of benefit to the South
Dakota swine producers and allied industry. For further information on specific research, please
contact the individual authors directly.
We'd like to thank the South Dakota Pork Producers Council and all the other sponsors for their
support of our research programs. Their contributions to our efforts are invaluable. Also, we'd
like to express our gratitude to the people at the SDSU Swine Research Farm, the Southeast
SD Research Farm, and the personnel in the various research labs throughout the campus for
their efforts in making our programs successful.
Finally, we gratefully acknowledge the contributions of Mary Brashier, Margie Thom,
Carol Kleinjan, and Joyce Finley in putting this report together.

Don Boggs
Head, Animal & Range Sciences Dept.

Bob Thaler, Editor
Extension Swine Specialist
robert_thaler@sdstate.edu
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Effect of gestation gain on lactation performance
and return to estrus of first parity sows
G. W. Libal 1 , C. R. Hamilton, and D. N. Peters
Department of Animal and Range Sciences

SWINE 2001-1
The treatments consisted of three feeding
regimens that included a standard level of a
nutrient-fortified diet that nutrient-fortified diet
that supplied all the daily nutrients required of a
pregnant gilt and additional levels of ground corn
to supply additional energy. The composttion of
the standard diet fed at 1.2 kg per day to each
sow is shown in Table 1.

One of the most costly problems in the
swine industry is the high turnover rate of sows
in the herd. Failure to consume adequate feed
and excess weight loss during lactation has
been associated with subsequent reproduction
problems.
Research has proven that high
gestation feeding levels and excessive gestation
gain results in low lactation feed, intake and
excessive sow weight loss during lactation.
Sows completing their first parity and sows from
extremely productive lines have been identified
as those most likely to be lost from the operation
because of failure to conceive after weaning.
Recommended gestation feeding levels often
result in much larger gestation weight gain
relative to body weight for first parity sows than
mature sows. This might partially explain the
high culling rate of sows after their first parity.
The research reported herein was designed to
determine the effect of gestation gain for first
parity sows on farrowing performance, lactation
feed intake, change in sow weight, and backfat
during lactation and the interval from weaning to
estrus.

The gestation treatments were:
•
•
•

NORMAL - 1.2 kg of a fortified diet plus
.6 kg ground corn
MEDIUM - 1.2 kg of a fortified diet plus
.4 kg ground corn
LOW - 1.2 kg of a fortified diet plus .2 kg
ground corn.

The feeding levels were for gilts housed in a
thermoneutral environment. Gilts were fed once
daily and housed in gestation crates over slatted
floors in a naturally ventilated gestation barn. As
the environment changed by seasons and
weather patterns, the level of corn included was
increased by .2 kg when the temperature
dropped below 10°C and decreased by .2 kg
when the temperature rose above 27°C for more
than 24 hours.

(Key Words: First parity sow, Gestation gain,
Lactation feed intake, Sow weight change.)
Experimental Procedure

Gilts were weighed, ultrasonicaily measured
for last rib and average backfat thickness, and
placed in farrowing crates on day 110 of
gestation. Sows and pigs were weighed within
12 hours after farrowing, at 7 days, 14 days, and
21 days post-farrowing, and at weaning which
was between 21 and 28 days after farrowing.
Sows were allowed ad .libitum consumption of a
standard lactation diet (Table 1) from farrowing
to weaning. Feed was weighed into the feeder
twice daily and weekly feed consumption was
calculated for each sow. At weaning, sows were
measured for backfat by ultrasound to calculate
fat change during lactation. Within the time
period of normal breeding schedules, days to
return to estrus after weaning were obtained.

Eight-month. old, Large White x Landrace F1
gilts were assigned to one of three gestation
feeding regimes as they were bred. Assignment
to treatment was based on breeding date,
weight, and boar to which she was bred
(Hampshire x Duroc F1 ). Treatments consisted
of energy levels that were calculated to provide
for 45 kg of gestation gain (NORMAL), 32.5 kg
of gestation gain (MEDIUM), or 20 kg of
gestation gain (LOW).
1

The authors acknowledge the partial support for
this research in the form of a research grant by
the South Dakota Pork Producers Council,
Madison, SD, 57042.
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36.6 kg) than for sows of the MEDIUM (28.0 kg)
and LOW (24.3 kg) feeding levels but not as
high as anticipated (45 kg). The gain by sows
receiving MEDIUM and LOW were higher than
expected. Net gestation gain (post-farrowing
weight minus breeding weight) followed the
same pattern and ranged from 23. 7 kg to
12.5 kg for the highest and lowest feeding
levels, respectively. It was anticipated that the
net gain would be 25 kg for the group fed
NORMAL and O kg for the group fed LOW. The
sows receiving LOW were much heavier than
expected.

TABLE 1. COMPOSITION OF
GESTATION AND LACTATION DIETS,

%
Ingredient
Ground corn
Soybean meal, 44%
Dicalcium
Phosphate
Limestone
White salt
Vitamin-TM premix

Gestation•
57.51
36.54
3.52
1.05
.88

.so•

100.0

Lactation 6
76.57
19.22
2.49
.72
.50
.50d
100.0

Crude protein, %
Calculated
21.0
15.4
Analyzed
20.7
15.4
•Fed at 1.2 kg per day.
bFed ad libitum.
0
Provided per kg of complete gestation diet:
148 mg Zn, 110 mg Fe, 11 mg Cu, 37 mg Mn,
259 :g I, 440 :g Se, 34 IU vitamin E, 6.93 mg
riboflavin, 46.2 mg niacin, 35:g vitamin 8 12,
4.62 mg vitamin K3 , 27.7 mg pantothenic acid,
874 mg choline, 7390 JU vitamin A, and 739 JU
vitamin D3 .
dProvided per kg of complete lactation diet:
100 mg Zn, 75 mg Fe, 7.5 mg Cu, 25 mg Mn,
159 :g I, 300 :g Se, 33 JU vitamin E, 6.6 mg
riboflavin, 44 mg niacin, 30 :g Se, 33 IU vitamin
E, 6.6 mg riboflavin, 44 mg niacin, 30 :g vitamin
B,2, 4.4 mg vitamin K3 , 26.6 mg pantothenic
acid, 545 mg choline, 5480 JU vitamin A, and
548 IU vitamin D3 .

Table 3 summarizes sow weights at various
stages of lactation that averaged just over 24
days in length for each treatment group. Sow
weights differed by gestation treatment at 7 days
(P<.001) and at 14 days, 21 days, and weaning
(P<.01 ). The differences in weights that existed
post-farrowing due to gestation feeding levels
were maintained during lactation. Sow weight
change during lactation was not different (P>.10)
among sows that had received different
gestation feeding levels. Compared to sow
weights post-farrowing, sow weights at 21 days
of lactation were slightly heavier and sow
weights at weaning were similar to weights for
the same sows post-farrowing regardless of
gestation feeding level.
Table 4 summarizes feed intake on a weekly
basis and for the 21-day and total lactation
periods. No differences (P>.10) in feed intake
among sows that had received different feeding
levels during gestation were observed for any
portion of the lactation period. Week 1 feed
consumption averaged just less than 5 kg/day
and week 3 feed consumption was over
6.5 kg/day. Average daily feed consumption for
lactation was over 5.9 kg for all sows regardless
of gestation treatment and was above the level
normally expected for first parity sows. These
high levels of feed intake would account for the
lack of change in first parity sow weight during
lactation.

A total of 120 gilts were bred and allotted to
treatments as they were brought into the herd
for their first parity.
The experiment was
analyzed as a randomized block design with
nine blocks of sows and three treatments. The
sow and her litter were considered the
experimental unit.
Results

Of the 120 gilts that were allotted to the
three feeding regimens at breeding, 83 sows
successfully completed lactation with data
collected. Table 2 presents a summary of the
weight. changes of sows associated with the
three feeding levels. As anticipated, weights of
sows at day 110 of gestation and post-farrowing
reflected (P<.001) the feeding level during
gestation. Total gain for sows receiving the
NORMAL feeding level was higher (P<.001,

Last rib backfat, average backfat, and
backfat change for first parity sows is
summarized by gestation feeding level in
Table 5. Backfat measurements at 110 days of
gestation were affected by gestation feeding
levels (P<.05) and were reflective of the
gestation weight gain. Last rib backfat was
2.1 mm greater for sows receiving NORMAL
compared to those receiving LOW. Average

2

TABLE 2. FIRST PARITY SOW WEIGHTS AND WEIGHT CHANGES FOR
GESTATION RELATED TO GESTATION FEEDING REGIMENS
NORMAL
41
31

Item
No. of sows bred
No. of sows farrowing
Sow weight, kg
126.0
Breeding
163.6
110 days
150.7
Post-farrowing
36.6
Gestation weight gain, kg"
23.7
Net gestation weight gain, kg"
nsP>.10
·
••• P<.001
"Breeding weight - 110-day weight.
"Breeding weight - post-farrowing weight.

Gestation feeding levels
MEDIUM
41
26
129.6
158.1
144.7
28.0
14.4

LOW
38
26
125.6
151.3
139.4
24.3
12.5

SD

10.1
12.4
10,0
9.3
8.0

p

ns

•••

....•••
•••

TABLE 3. FIRST PARITY SOW WEIGHTS AND WEIGHT CHANGES FOR
LACTATION RELATED TO GESTATION FEEDING REGIMENS
Item
Sow weight, kg
Post-farrowing
Day7
Day 14
Day21
Weaning
Sow weight change, kg
To 21 days
Lactation
Lactation length, days
ns P>.10.
•• P<.01.
••• P<.001.

NORMAL

Gestation feeding levels
MEDIUM

LOW

SD

p

.150.7
154.9
152.9
151.4
150.5

144.7
148.9
147.4
147.3
146.3

139.4
142.8
141.6
141.1
139.3

10.0
10.3
11.0
11.0
11.3

•••

.7
-.6
24.3

2.6
1.2
24.5

.8
-.4
24.3

9.6
10.2
2.1

ns
ns
ns

•••

••
••

••

TABLE 4. FIRST PARITY SOW FEED INTAKE DURING LACTATION RELATED TO
GESTATION FEEDING REGIMENS
Item
Feed intake, kg
Week 1
Week2
Week3
21 days
Lactation
Lactation length, days
ns P>.10.

NORMAL
34.0
40.7
46.3
121.0
146.3
24.3

Gestation feeding levels
MEDIUM
35.2
39.7
45.2
120.0
143.5
24.5

3

LOW

31.7
41.2
45.5
119.1
143.3
24.3

SD

p

5.9
7.0
7.2
16.9
21.1
2.1

ns
ns
ns
ns
ns
ns

TABLE 5. FIRST PARITY SOW BACKFAT AND BACKFAT CHANGES DURING
LACTATION RELATED TO GESTATION FEEDING REGIMENS
Item
Last rib backfat, mm
110days
Weaning
Change
Average backfat, mm
110 days
Weaning
Change
ns P>.10
* P<.05.

NORMAL

Gestation feedin9 levels
MEDIUM

LOW

SD

p

•

13.8
12.2
-1.6

12.7
11.0
-1.7

11.7
10.6
-1.1

2.6
2.6
1.9

ns
ns

17.8
15.8
-2.0

16.5
15.3
-1.2

15.6
14.3
-1.3

2.7
3.1
2.5

ns
ns

backfat was greater than last rib backfat for all
sows and the spread between the average
backfat for sows receiving NORMAL and LOW
was 2.2 mm. No differences in backfat loss
(P>.10) were observed due to gestation
treatment. However, each group of sows lost
some backfat during gestation whether
measured as last rib or average backfat.
Variation associated with backfat levels within a
treatment group remained the same (last rib) or
increased (average) over lactation and the
difference in mean backfat among groups
narrowed. As a result, backfat levels for sows
among the treatment groups were not
statistically different at weaning. -

•

Weights of adjusted litters were similar across
gestation treatment (P>.10) at birth, 21 days,
and at weaning. Litter weights at weaning were
within the range expected of first parity sows
that have the genetic potential for high milk
production.
Return to estrus information related to
gestation feeding levels is shown in Table 7.
Estrus detection was accomplished only during
a specified breeding window that was generally
from weaning to 10 to 16 days post-weaning.
This accounts for the relatively small percentage
of sows detected in estrus. Most sows were
detected in estrus and rebred during subsequent
breeding windows. No difference (P>.10) in time
to return to estrus after weaning was observed
due to gestation treatment among. those
detected in estrus during the breeding window.
Days to return to estrus for those sows were
between 6.6 and 6.9.

Sow farrowing performance and litter
performance during lactation is shown in
Table 6. Numerically, first parity sows fed the
LOW energy during gestation farrowed more live
pigs than the other groups. However, no
statistical difference (P>.10) in number of live
pigs born was observed due to gestation
treatment. Litter weights at birth were similar
(P>.10) among treatment groups. Litter size
was adjusted by cross fostering to about 10 pigs
per litter (9.92 for the NORMAL group).
Lactation performance was based on the
adjusted litters. Litter size at weaning was not
different (P>.10) among treatment groups. Pig
survival rate averaged about 90% for all litters.

Reduction of gestation feeding levels of first
parity sows below those recommended had no
advantage for any criteria evaluated. However,
reduction of feeding levels to provide roughly
50% of the net gestation gain (LOW) of the
NORMAL group of sows produced no negative
effects.
Farrowing performance, lactation
performance, and return to estrus were similar
among all sow groups.

4

TABLE 6. FIRST PARITY SOW LITIER SIZE AND LITIER PERFORMANCE
DURING LACTATION RELATED TO GESTATION FEEDING REGIMENS
Item
Farrowing performance
Pigs born alive
Litter weight, kg
Lactation performance
Litter size
Adjusted birth
Weaned
Litter weight, kg
Adjusted birth
21 days
Weanin9
ns P>.10.

NORMAL

Gestation feedin9 levels
MEDIUM

LOW

9.46
12.95

9,64
12.43

10.45
13.04

2.7
3.6

ns
ns

9.92
9.30

10.60
9.29

10.75
9.62

2.1
2.0

ns
ns

13.56
51.82
58.35

13.81
50.24
54.71

13.63
54.71
57.29

2.8
10.4
11.2

ns
ns
ns

SD

p

TABLE 7. FIRST PARITY SOW RATE AND TIME OF RETURN TO ESTRUS AFTER
WEANING RELATED TO GESTATION FEEDING REGIMENS•
Gestation feedin9 levels
NORMAL
MEDIUM
31
26

Item
No. of SOWS
Detected in estrus
Number
24
15
Days
6.6
6.9
"Sows were observed for estrus for 10 to 16 days post-weaning during
ns P>.10.
Summary
Eight-month old replacement gilts (120)
were assigned by breeding date, weight, and
boar to which they were mated to one of three
gestation feeding regimes as they were bred.
Treatments consisted of energy levels that were
expected to provide for 45 kg of gestation gain
of
gestation
gain
(NORMAL),
32.5 kg
(MEDIUM), or 20 kg of gestation gain (LOW).
Each treatment consisted of a standard level of
a complete diet and an additional level of ground
corn to supply additional energy. Sows were
allowed ad libitum consumption of a standard
lactation diet from farrowing to weaning. Of the
120 gilts that were allotted to the three feeding
83
successfully
regimens
at
breeding,
completed lactation with data collected.

LOW
26

SD

17
6.9
2.3
normal breeding period.

P

ns

high as anticipated. Net gestation gain (postfarrowing weight minus breeding weight)
followed the same pattern and ranged from
23.7 kg to 12.5 kg for the highest and lowest
feeding levels, respectively.
Sow weights
differed by gestation treatment at 7 days and at
14 days, 21 days after parturition, and weaning.
Sow weight change during lactation was not
different among sows that had received different
gestation feeding levels and, thus, sow weights
at weaning were a function of different weights
at farrowing.
Backfat measurements at 110 days of
gestation were affected by gestation feeding
levels and were reflective of the gestation weight
gain. No differences in backfat loss during
lactation were observed due to gestation
treatment.

Weights of sows at day 110 of gestation and
post-farrowing reflected the feeding level during
gestation.
However, total gain for sows
receiving the NORMAL feeding level was not as

No differences in feed intake among sows
that had received different feeding levels during

5

gestation were observed for any portion of the
lactation
period.
Average daily feed
consumption for lactation was over 5.9 kg
regardless of gestation treatment, above the
level normally expected for first parity sows.

gestation gain to well below the recommended
level (24 kg) was observed as well.
Implications
The results of this study do not support the
hypothesis that reducing gestation energy intake
of first parity sows below levels, which will
produce, recommended gestation gain will
improve lactation performance, lactation feed
intake and return to estrus.
However, the
performance of sows that were fed for gestation
gain well below the recommended level was
very good. This would suggest that the level of
gestation gain for the first parity sow is not
critical as long as it is not excessive. Because
of the documented problems of excessive
feeding levels during gestation, this research
would also suggest that when choosing a
standard feeding level for a group of first parity
sows which may differ in their energy
requirements because of body weight, genetic
makeup, or housing conditions it might be better
to err to the side of lower gestation energy
intake and thus lower gestation gain.

Litter size did not change from birth to
weaning due to gestation feeding regimen. Pig
survival rate averaged about 90% for all litters.
Weights of adjusted litters were similar across
gestation treatment at birth, 21 days, and
weaning. Litter weights at weaning were within
the range expected of first parity sows that have
the genetic potential for high milk production.
No difference in time to return to estrus after
weaning was observed due to gestation
treatment among those detected in estrus during
the breeding window. Days to return to estrus
for those sows were between 6.6 and 6.9.
No advantage for any criteria measured
were found for reducing first parity sow gestation
gain below that normally recommended (45 kg).
However, no negative effect of lowering

6
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SDSU

Effect of body fat measurement at breeding and gestation energy
level on farrowing and lactation performance of first parity sows
G. W. Libal
Department.of Animal and Range Sciences

SWINE 2001-2

Records kept by the swine industry reveal
that a large percentage of fema.les entering the
sow herd are culled prior to reaching their peak
reproductive performance expected in their
fourth to sixth parity.
In herds with low
replacement rates over 30% of the females are
culled and in herds with high replacement rates
this figure exceeds 50% annually. Of those
sows not culled for health or structural problems,
most are removed because they fail to return to
estrus or fail to maintain pregnancy after their
first or second litter. Low feed intake and
excessive weight loss during lactation have
been associated with this problem, particularly
with first parity sows from very productive
genetic lines.
·

(Key Words: First parity sow, Breeding backfat,
Gestation energy, Lactation feed intake, Return
to estrus.)
Experimental Procedure
Three groups of 40 replacement gilts (F1
Large White x Landrace) were purchased when
they averaged 140 to 150 days of age. -Al· 150
days of age, the gilts were weighed and
ultrasonicallymeasured for last rib backfat. Gilts
· were paired by weight and backfat thickness and
each pair was assigned to two developmental
treatments that consisted of feeding 2.5 kg per
day of either a 10% .or a 24% protein diet for 60
days (Table 1). The two feeding regimens were
intended to produce gilts that were similar in
weight but different in backfat levels. Gilts were
housed two per pen in a slatted flcior,
environment-modified confinement barn that
also served as an isolation unit. The two gilts in
the pen received the same developmental diet
and were fed once daily. Gilt weight and backfat
were .recorded at the end of the 60-day
developmental period.

Many believe that selection of replacement
females from lean genotypes and limit feeding
the gilts during the development stage has
exacerbated the problem: Thin sows are often
prevalent among the sows that are culled.
However, research has demonstrated that
absolute body condition is not of itself
associated with reproductive failure. Some feel
that it is the amount of fat lost that is the
problem, not the resulting body fat level after
lactation.
Sows with low feed intake and
substantial body weight loss during lactation are
among those most often culled due to failure to
recycle. Sows with. low feed intake are thinner
than those with more desirable feed intake and
have lost both body fat and body protein as they
have lost weight. A feeding strategy that would
increase lactation feed intake and allow sows to
maintain body weight · and condition during
lactation, regardless of their starting body fat
level, might allow more sows to reach their
potential for reproductive efficiency.
·

After the 60-day development period, gilts
were moved to group housing and penned by
developmental treatment in straw-bedded pens
with an outside concrete slab and individual
feeding stalls. Both treatment groups were fed a
standard gestation diet (Table 1) for a 30-day
adjustment period and during the breeding
period at the rate of 2.5 kg in the summer and
2.7 kg in the winter. Gilts were hand-mated to
F1 Hampshire x Duroc boars during a 14-day
breeding period and immediately moved to a
gestation facility.
Bred gilts were placed in gestation stalls
with rubber sleeping mats in a naturally
ventilated gestation room. Gilts were randomly
assigned to two gestation feeding regimens
within developmental treatment group to provide
for two levels of gilt gestation gain. Those

The research reported herein was designed
to evaluate the effect of body backfat level at
breeding and the effect of gestation energy level
on sow lactation feed intake, body weight
change, and return to estrus of first parity sows.
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TABLE 1. COMPOSITION OF EXPERIMENTAL DIETS(%)
Ingredients
Ground corn
Soybean meal, 44%
Dicalcium phosphate
Limestone
White salt
Choice yellow grease
Vitamin-TM premix

Gilt develoeer"
FAT
LEAN
78.26
52.58
6.70
44.36
2.37
1.43
.62
.88
.25
.25
11.30
.50°
.50°
100.0
100.0

Gestation
HIGH-NORM
80.32
15.42
2.57
.70
.50

Lactation
69.20
26.72
2.33
.75
.50

.50"
100.0

.501
100.0

Calculated nutrient levels. as fed (%)
Crude protein
10.0
24.0
13.6
17.7
Lysine
.40
1.42
.65
.95
Calcium
.80
.80
.90
.90
Phosphorus
.70
.70
.80
.80
Analyzed nutrient levels. 90% DM (%)
Crude protein
9.1
23.7
13.7
17.2
Ether extract
12.8
2.5
"Gilts were fed 2.5 kg of a 10% protein (FAT) or a 24% protein {LEAN) diet.
bSows were fed 2.0 and 2.2 kg (HIGH) or 1.8 and 2.0 kg (NORM) during summer and winter,
respectively.
'Provided per kg of complete developer.diet: 100 mg Zn, 75 mg Fe, 7.5 mg Cu, 25 mg Mn, 159 :g. I,
300 :g Se, 16.5 IU vitamin E, 3.3 mg riboflavin, 22 mg niacin, 15 :g vitamin 8 12 , 2.2 mg vitamin K3 ,
13.3 mg pantothenic acid, 3300 IU vitamin A. and 330 IU vitamin 0 3 •
"Provided per kg of complete gestation and lactation diet: 100 mg Zn, 75 mg Fe, 7 .5 mg Cu, 25 mg Mn,
159 :g I, 300 :g Se, 16.5 IU vitamin E, 3.3 mg riboflavin, 22 mg.niacin, 15 :g vitamin 8 12 , 2.2 mg vitamin
K3 , 13.3 mg pantothenic acid. 570 mg choline, 5480 IU vitamin A. and 548 IU vitamin 0 3 •
feeding regimens {beginning on the day after
breeding) were either 2.0 or 2.2 kg of the
gestation diet (Table 1) during the winter and 1.8
or 2.0 kg of the gestation diet during the
summer. Gilts remained in the gestation room
until day 110 of gestation. At that point weights
and backfat levels were recorded and gilts were
moved to farrowing crates in the farrowing
rooms where they continued to receive the
gestation diet at their assigned level until they
farrowed.

lactation and final sow backfat was recorded at
day 21 of lactation.
The treatments resulting from the factorial
arrangement of developmental and gestation
treatments were:
Gestation
Gilt development
(Summer/winter)
• (FAT) 10% protein
{HIGH) 2.0/2.2 kg
• (FAT) 10% protein
(NORM) 1.8/2.0 kg
• (LEAN) 24% protein
(HIGH) 2.0/2.2 kg
• (LEAN) 24% protein
(NORM) 1.8/2.0 kg

After farrowing, sow and litter and individual
pigs were weighed. Sows were allowed free
access to lactation feed (Table 1) that was
weighed into the feeder twice a day to stimulate
feed intake. Feed intake was recorded daily and
compiled by week to day 21 and for the entire
lactation period. Sow and pig weights were
recorded at 7-day intervals and at weaning. The
sow fat measurement taken at day 110 of
gestation was considered the initial backfat for

The experiment was analyzed as a
randomized block design.
Data from the
developmental period were analyzed as two
developmental treatments with three groups of
sows as blocks. Data for all subsequent periods
were analyzed as a factorial arrangement of the
two developmental treatments and the two
gestation treatments. The sow and her litter
were considered the experimental unit.
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TABLE 2. SOW WEIGHT AND BACKFAT READINGS AND CHANGES DURING THE
GILT DEVELOPMENT PERIOD AS INFLUENCED BY NUTRITION MANAGEMENT
STRATEGY
Developmental strategy"
FAT
LEAN
39
36

Item
No. of sows
Sow weight, kg
lnitia1°
60 days
60-day gain
Breeding
Developmental gain

112.7
149.9
37.3
154.6
41.9

112.1
143.8
31.7
149.7
37.6

Sow fat, mm
Initial
12.8
12.5
60 days
18.8
14.7
5.9
2.2
60-day gain
Breeding
18.1
15.4
Developmental gain
5.2
2.9
"Gilts were fed 2.5 kg of a 10% protein (FAT) or a 24% protein (LEAN) diet for 60
(summer) or 2.7 kg (winter) of a gestation diet for 30 days.
"Probability of F: ns = P>.10, • = f;'<.05, •• = P<.01, and ••• = P<.001.
0
Sows averaged 150 days of age.
Results

SD

6.4
9.8
7.6
9.8
7.9

Prob. 0

ns

••
••
•
•

2.7
ns
3.4
•••
2.6
***
3.4
***
2.6
•••
days followed by 2.5 kg

(P .01) 37.3 kg and 31.7 kg for FAT and LEAN
gilts, respectively. At breeding at 180 days of
age, gilt weights were 154.6 and 149.7 kg for
FAT and LEAN sows, respectively. Thus, the
goal of maintaining one group of gilts as a lean
group and the other group of gilts as a much
fatter group at breeding was accomplished. Gilt
weight differences between the two treatment
groups were minimized but not eliminated.

Table 2 summarizes the effects of the
developmental nutrition strategy on gilts until the
time of breeding at 180 days of age. The table
includes only the 75 gilts that were chosen to
breed and that successfully farrowed. Although
120 gilts were introduced into the developmental
stage (40 per group), limitation in farrowing
space dictated a goal of 24 sows in each of the
three farrowing groups (blocks) of sows. Actual
numbers farrowing were 27, 24, and 24 for the
three respective groups. The replacement gilts
utilized in this study were of the high lean gain
type with day 150 weights at approximately
112.kg and last rib backfat at approximately
12.5 mm. As designed, initial gilt weights .and
initial gilt backfat were the same (P> .10)
between the two development treatment groups.
Gilts fed the 10% protein diet with 11.3% added
Jat (FAT) increased (P<.001) in backfat during
the first 60 days by 5.9 mm compared to an
increase in backfat of 2.2 mm for the gilts fed the
24% protein diet (LEAN). After the 30-day
standardization period on the common gestation
diet, the gilts had breeding backfat levels
(P<.001) of 18.1 and 15.4 mm for the FAT and
LEAN groups, respectively. During the same
period, 60-day gilt weights were increased

The interaction means for the effects of
developmental
and
gestation
nutrition
treatments on gilt weights and backfat levels are
shown in Table 3. No interactions (P>.10) were
observed.
Therefore, the main effects of
and
gestation
deyelopmental
treatments
treatments on gilt weights and backfat levels are
shown in Table 4. Gilts developed as FAT were
heavier (P<.01) at day 110 of gestation than
those developed as LEAN. However, since
gestation weight gain to 110 days was not
affected (P> .10) by developmental treatment,
differences in gilt 110-day weights were a
function of the differences (P<.05) in weights at
breeding. Postpartum weight of sows and net
gestation gain was not affected (P>.10) by
developmental treatment. Gilt backfat, which
was greater for the FAT gilts at breeding, was
similar (P>.10) for gilts of the FAT and LEAN
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TABLE 3. SOW WEIGHT AND BACKFAT READINGS AND CHANGES DURING THE
GESTATION PERIOD AS INFLUENCED BY DEVELOPMENT MANAGEMENT
STRATEGY AND BY GESTATION ENERGY LEVEL (INTERACTION MEANS)
Gilt development"
Gestation energy"
No. of sows

FAT

LEAN

HIGH
17

Sow weight, kg0
Developmental gain
Breeding
110 days
Gestation gain
Postpartum
Net gestation gain

41.8
155.8
211.9
56.1
190.0
34.2

NORM
22
42.0
153.6
202.9
49.3
182.9
29.3

HIGH
20
36.7
150.7
202.6
51.9
186.2
35.5

NORM
16

SD

38.5
148.2
196.1
47.9
178.2
30.2

7.9
10.0
12.4
9.2
11.1
7.8

Sow fat, mm 0
Developmental gain
4.81
5.59
2.89
2.92
2.6
Breeding
17.58
18.38
15.27
15.54
3.4
110 days
16.72
16.31
16.34
15.9
13.5
Gestation gain
-.85
-2.07
1.07
.38
2.5
"Gilts were fed 2.5 kg of a 10% protein (FAT) or a 24% protein (LEAN) diet for 60 days followed by
2.5 kg (summer) or 2.7 kg (winter) of a gestation diet for 30 days.
·
bsows were fed 2.0 and 2.2 kg (HIGH) or 1.8 and 2.0 kg (NORM) during summer and winter,
respectively.
'No interactions (P>.10) were observed.

TABLE 4. SOW WEIGHT AND BACKFAT READINGS AND CHANGES DURING THE
GESTATION PERIOD AS INFLUENCED BY DEVELOPMENT MANAGEMENT
STRATEGY AND BY GESTATION ENERGY LEVEL (MAIN EFFECT MEANS)

No. of sows
Sow weight, kg
Developmental gain
Breeding
110 days
Gestation gain
Postpartum
Net gestation gain

FAT
39
41.9
154.7
207.4
52.7
186.5
31.7

Gilt develoement"
LEAN
36

•
•

••

37.6
149.4
199.4
49.9
182.2
32.9

Gestation energ~
HIGH
NORM
37
38
39.3
153.3
207.3
54.0
188.1
34.9

••
•

••

•••

40.3
150.9
199.5
48.6
180.5
29.7

SD

7.9
10.0
12.4
9.2
11.1
7.8

Sow fat, mm
Developmental gain
5.20
•••
2.90
3.85
4.25
2.6
17.98
••
15.40
16.42
16.96
3.4
Breeding
16.11
3.5
110days
16.52
16.13
16.53
Gestation gain
-1.46
•••
.72
.11
-.85
2.5
8
Gilts were fed 2.5 kg of a 10% protein (FAT) or a 24% protein (LEAN) diet for 60 .days followed by 2.5 kg
(summer) or 2.7 kg (winter) of a gestation diet for 30 days.
·
"sows were fed 2.0 and 2.2 kg (HIGH) or 1.8 and 2.0 kg (NORM) during summer and winter, respectively.
•Means differ within main effect (P<.05) .
..Means differ within main effect (P<.01 ).
...Means differ within main effect (P<.001 ).

10

groups at day 110 of gestation. Change in
backfat during gestation differed P<.001) due to
developmental treatment.
Gilts that were
developed as LEAN added backfat and those
developed as FAT lost backfat during gestation
even though they were fed the same daily level
of gestation feed. Thus, after farrowing, the two
groups of sows were of similar weights and
backfat thickness (P>.10), regardless of
developmental regimen The effects of gestation
energy level on sow weights and backfat from
breeding to farrowing are also shown in Table 4.
Since gestation treatments were assigned
across developmental treatment, sow weights at
breeding were similar (P>.10). Both 110-day
and postpartum weights were greater (P<.01) for
sows which had received the HIGH level of
energy during gestation compared to those
receiving the NORM level with similar effects on
gestation gain (P<.05) and net gestation gain
(P<.001 ). Sow backfat, which was similar at
breeding (P>.10), remained similar (P.10) at day
110 of gestation with no difference (P>.10) in
backfat gain during gestation for sows receiving
the HIGH and NORM levels of gestation energy.

sws each week and for the entire lactation
period.
Gestation energy level affected sow weight
postpartum (P<.01) with sows receiving HIGH
weighing more than sows receiving NORM.
This difference in weight was maintained until
weaning (P<.05).
However, no difference
(P>.10) in lactation weight loss was observed
due to gestation feed intake. Backfat levels and
changes were similar (P>.10) between sows in
the HIGH and LEAN groups. Feed intake during
lactation was unaffected (P>.10) by gestation
energy intake.
Interaction means for litter performance
during lactation and sow return to estrus as
affected by developmental treatment and
gestation energy treatment are shown in
Table 7.
No interactions (P>.10) for these
criteria were observed. Table 8 summarizes the
results for these criteria on the basis of
treatment main effects. Neither developmental
treatments nor gestation energy treatments
affected (P> .10) litter size at birth or at weaning.
Litter size at weaning averaged 10 pigs. Litter
and individual pig weights were not different at
birth or weaning for FAT and LEAN sows. Litter
gain during lactation and litter weaning weight
were influenced (P<.05) by gestation energy
level, favoring sows that had received HIGH
gestation energy.
This difference can be
explained by a numerical, but not statistical,
difference in litter size at birth and weaning for
the HIGH group. Individual pig weights were not
affected (P>.10) by gestation energy level. Days
, required for sows ·lo return to estrus after
weaning are also shown in Tables 7 and 8. Days
to return to estrus ranged from 5.2 to 5.6 for the
interaction means and did not diffedor the main
effects of FAT and LEAN or HIGH and NORM
(P>.10). Lactation length was just short of 24
days.
Summary

The interaction means for the effects of
developmental
and
gestation
nutrition
treatments on sow weights and backfat levels as
well as feed intake during lactation are shown in
Table 5. No interactions were found (P>.10) for
However,
sow weights and sow backfat.
interactions among developmental treatments
and gestation treatments were found for sow
feed intake during lactation. Feed intake during
week 2 (P .10), week 3 (P<.05), and for the 21day (P<.0.1) and total lactation period (P<.05)
was greater for FAT sows if they had· received
the HIGH gestation energy compared to the
NORM gestation energy.
LEAN sows
consumed similar feed during gestation
regardless of their gestation energy treatment.
The main effects of developmental treatment
and gestation energy levels on sow weight,
backfat, and feed intake during lactation are
The treatments that
shown in Table 6.
developed FAT and LEAN sows had no effect
(P> .10) on sow weight postpartum or at day 21
of lactation or at weaning. FAT sows tended
(P<.10) to lose more weight during the lactation.
Backfat levels postpartum and at 21 days of
lactation were similar (P>.10) between FAT and
LEAN sows. Developmental treatment affected
feed intake during all stages of lactation. FAT
sows consumed less feed (P<.01) than LEAN

At 150 days of age, three groups of 40 gilts
were paired by weight and backfat thickness and
each pair was assigned to one of two
developmental treatments intended to produce
gilts that were similar in weight but different in
backfat levels.
The two feeding regimens
consisted of gilts fed 2.5 kg/day of either a
10%or a 24% protein diet for 60 days. Both
groups were then fed a standard gestation diet
for a 30-day adjustment period and during the
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groups at day 110 of gestation. Change in
backfat during gestation differed P<.001) due to
developmental treatment.
Gilts that were
developed as LEAN added backfat and those
developed as FAT lost backfat during gestation
even though they were fed the same daily level
of gestation feed. Thus, after farrowing, the two
groups of sows were of similar weights and
backfat thickness (P> .10), regardless of
developmental regimen The effects of gestation
energy level on sow weights and backfat from
breeding to farrowing are also shown in Table 4.
Since gestation treatments were assigned
across developmental treatment, sow weights at
breeding were similar (P>.10J. Both 110-day
and postpartum weights were greater (P<.01 J for
sows which had received the HIGH level of
energy during gestation compared to those
receiving the NORM level with similar effects on
gestation gain (P<.05J and net gestation gain
(P<.001 J. Sow backfat, which was similar at
breeding (P>.10), remained similar (P.10J at day
110 of gestation with no difference (P> .1 OJ in
backfat gain during gestation for sows receiving
the HIGH and NORM levels of gestation energy.

sws each week and for the entire lactation
period.
Gestation energy level affected sow weight
postpartum (P<.01) with sows receiving HIGH
weighing more than sows receiving NORM.
This difference in weight was maintained until
However, no difference
weaning (P<.05J.
(P>.10) in lactation weight loss was observed
due to gestation feed intake. Backfat levels and
changes were similar (P>.10J between sows in
the HIGH and LEAN groups. Feed intake during
lactation was unaffected (P> .1 OJ by gestation
energy intake.
Interaction means for litter performance
during lactation and sow return to estrus as
affected by developmental treatment arid
gestation energy treatment are shown in
Table 7.
No interactions (P>.10J for these
criteria were observed. Table 8 summarizes the
results for these criteria on the basis of
treatment main effects. Neither developmental
treatments nor gestation energy treatments
affected (P>.10) litter size at birth or at weaning.
Litter size at weaning averaged 1O pigs. Litter
and individual pig weights were not different at
birth or weaning for FAT and LEAN sows. Litter
gain during lactation and litter weaning weight
were influenced (P<.05J by gestation energy
level, favoring sows that had received HIGH
gestation energy.
This difference can be
explained by a numerical, but not statistical,
difference in litter size at birth and weaning for
the HIGH group. Individual pig weights were not
affected (P>.10J by gestation energy level. Days
required for sows to return to estrus after
weaning are also shown in Tables 7 and 8. Days
to return to estrus ranged from 5.2 to 5.6 for the
interaction means and did not differ for the main
effects of FAT and LEAN or HIGH and NORM
(P>.10J. Lactation length was just short of 24
days.
Summary

The interaction means for the effects of
developmental
and
gestation
nutrition
treatments on sow weights and backfat levels as
well as feed intake during lactation are shown in
Table 5. No interactions were found (P>.10) for
sow weights and sow backfat.
However,
interactions among developmental treatments
and gestation treatments were found for sow
feed intake during lactation. Feed intake during
week 2 (P .10), week 3 (P<.05), and for the 21day (P<.01 J and total lactation period (P<.05)
was greater for FAT sows if they had received
the HIGH gestation energy compared to the
LEAN sows
NORM gestation energy.
consumed similar feed during gestation
regardless of their gestation energy treatment.
The main effects of developmental treatment
and gestation energy levels on sow weight,
backfat, and feed intake during lactation are
shown in Table 6.
The treatments that
developed FAT and LEAN sows had no effect
(P>.10J on sow weight postpartum or at day 21
of lactation or at weaning. FAT sows tended
(P<.10) to lose more weight during the lactation.
Backfat levels postpartum and at 21 days of
lactation were similar (P>.10J between FAT and
LEAN sows. Developmental treatment affected
feed intake during all stages of lactation. FAT
sows consumed less feed (P<.01) than LEAN

At 150 days of age, three groups of 40 gilts
were paired by weight and backfat thickness and
each pair was assigned to one of two
developmental treatments intended to produce
gilts that were similar in weight but different in
backfat levels.
The two feeding regimens
consisted of gilts fed 2.5 kg/day of either a
10%or a 24% protein diet for 60 days. Both
groups were then fed a standard gestation diet
for a 30-day adjustment period and during the
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consumed more feed during all stages of
lactation. The two groups of sows weighed the
Gestation energy level was of no consequence
for sows developed as the LEAN group in this
study.
However, some benefit to higher
gestation energy was observed for the FAT
group of sows. Sows of the NORM group were
lighter at weaning than sows of the HIGH group,
largely as a function of lower lactation feed
consumption within the FAT group not the LEAN
group. Sows of the NORM group also weaned

lighter litters than sows of the HIGH group. gain,
the disadvantage of the lower level of gestation
energy occurred within the FAT group only,
probably related to lactation feed consumption.
This group of sows had experienced the largest
gain of backfat during development and the
largest Joss of backfat during gestation and
during lactation. This would suggest a higher
energy requirement during gestation for firstparity sows that are fatter at breeding.

TABLE 6. SOW WEIGHT AND BACKFAT READINGS AND CHANGES AND SOW
FEED INTAKE DURING THE lACTATION PERIOD AS INFLUENCED BY
DEVELOPMENT MANAGEMENT STRATEGY AND BY GESTATION ENERGY
LEVEL (INTERACTION MEANS)

No. of sows
Sow weight, kg
Post farrowing
21 days
Weaning
21-day lactation change
Sow fat, mm
110 days
21 days
21-day lactation change
Feed intake, kg/day
Week 1
Week2
Week3
21 days
Lactation

FAT
39

Gilt development"
LEAN
36

186.5
178.2
175.8
-8.3

182.2
179.0
177.2
-3.8

Gestation energy°
HIGH
NORM
38
37
188.1
182.5
179.9
-5.6

..

•
•

180.5
174.7
173.2
-6.5

SD

11.1
13.1
13.2
9.8

16.52
14.27
-2.24

***

16.13
14.35
-1.77

16.53
14.51
-2.02

16.11
14.12
-1.99

3.5
3.0
2.1

4.05
5.03
5.77
4.95
5.12

••

4.58
5.92
6.43
5.64
5.74

4.43
5.65
6.27
5.57
5.57

4.21
5.30
5.93
5.29
5.29

.82
1.12
.98
.76
.77

••
•••

...••

Days of lactation
24.0
23.5
23.6
23.9
1.8
"Gilts were fed 2.5 kg of a 10% protein (FAT) or a 24% protein (LEAN) diet for 60 days followed by
2.5 kg (summer) or 2.7 kg (winter) of a gestation diet for 30 days.
bSows were fed 2.0 and 2.2 kg (HIGH) or 1.8 and 2.0 kg (NORM) during summer and winter,
respectively.
!Means differ within main effect (P<.10).
*Means differ within main effect (P<.05).
**Means differ within main effect (P<.01 ).
**'Means differ within main effect (P<.001 ).
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TABLE 7. LITTER PERFORMANCE DURING LACTATION AND SOW RETURN TO
ESTRUS AS INFLUENCED BY DEVELOPMENT MANAGEMENT STRATEGY AND
BY GESTATION ENERGY LEVEL (INTERACTION MEANS)
Gilt develoment•
Gestation energy"
No. of sows
Bred
Farrowed
Farrowing percentage

FAT

LEAN

HIGH

NORM

22
17
77.3

26
22
84.6

21
20
95,2

20
16
80.0

No of pigs 0
Born alive
Weaned
Survival ·percentage

11.6
10.1
87.1

11.0
9.8
89.1

10.9
10.2
93.6

10.9
9.8
89.9

1.6
1.7

Litter weight, kg 0
Birth
21 days
Gain

17.5
61.6
44.2

15.8
55.2
39.4

16.1
58.3
42.2

16.1
55.6
39.5

3.2
9.4
7.7

HIGH

NORM

Pig weight. kg 0
Birth
21 days
Gain

1.51
6.09
4.58

1.44
5.71
4.26

1,48
5.79
4.30

1.49
5.76
4.26

Days to estrus•

5.5

5.4

5.3

5.6

SD

.24
.81
.71
1.1

Days of lactation•
24.2
23.9
23.0
24.0
1.8
"Gilts were fed 2.5 kg of a 10% protein (FAT) or a 24% protein (LEAN) diet for 60 days followed tiy
2.5 kg (summer) or 2.7 kg (winter) of a gestation diet for 30 days.
"sows were fed 2.0 and 2.2 kg (HIGH) or 1.8 and 2,0 kg (NORM) during summer and winter,
respectively.
0
No interactions (P>.10) were observed.
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TABLE 8. LITIER PERFORMANCE DURING LACTATION AND SOW RETURN TO
ESTRUS AS INFLUENCED BY DEVELOPMENT MANAGEMENT STRATEGY AND
BY GESTATION ENERGY LEVEL (MAIN EFFECT MEANS)
Gilt develoement•
FAT
LEAN

Gestation ener9~
HIGH
NORM

SD

No. of sows
Bred
Farrowed
Farrowing percentage

48
39
81.3

41
36
887.8

37
86.0

45
38
82.6

No of pigs
Born alive
Weaned
Survival percentage

11.3
10.0
88.5

10.9
10.0
91.7

11.3
10.2
90.3

10.9
9.8
89.9

1.6
1.7

Litter weight, kg
Birth
21 days
Gain

16.6
58.4
41.8

16.1
56.9
40.9

16.7
60.0
43.2

15.9
55.4
39.4

3.2
9.4
7:7

44

•

•

Pig weight, kg
Birth
21 days
Gain

1.47
5.90
4.42

1.48
5.77
4.28

1.50
5.94
4.44

1.47
5.73
4.26

Days to estrus

5.5

5.5

5.3

5.7

.24
.81
.71
1.1

Days of lactation
24.0
23.5
23.6
23.9
1.8
Gilts were fed 2.5 kg of a.10% protein ·(FAT) or a 24% protein (LEAN) diet for 60 days followed by
2.5 kg (summer) or 2.7 kg (winier) of a gestation diet for 30 days.
0
Sows were fed 2.0 and 2.2 kg (HIGH) or 1.8 and 2.0 kg (NORM) during summer and winter,
respectively.
*Means differ within main effect (P<.05).
0
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Effect of nutrient deletion from lactation diets on feed consumption
and weight change of sows intended to be culled and on litter
performance during lactation and subsequent nursery phase
G. W. Libal
Department of Animal and Range Sciences

SDSU

SWINE 2001-3

Sows that are destined to be culled from the
herd need only produce milk to support
adequate litter growth during the last lactation
and need not maintain nutrient stores to support
subsequent reproduction processes.
Most
reduction in lactation performance has been
associated with nutrient deficiencies during the
gestation period, not nutrient deficiencies during
lactation.
Supplemental sources of trace
minerals, vitamins, and calcium (Ca) and
phosphorus (P) add cost to the lactation diet. If
lactation performance is not affected by nutrient
reduction, considerable feed savings could be
realized for sows to be culled.

raised floors. The room was maintained at 18°C
for sow comfort and heat pads provided
additional zone heat for pig comfort. Pigs were
cross-fostered between sows within the first 24
hours after farrowing to provide a minimum of
nine pigs per litter.
Sows received 1.8 kg per day of a standard,
nutrient-adequate gestation diet until parturition.
They then received one of three lactation diets
provided ad libitum (Table 1).
The diets were:
•

Pig performance after weaning is also of
concern. Pigs with heavier weights within a
weaning group tend to maintain heavier weights
in subsequent growth periods. However, pigs
that have lighter weights due to nutrient
deficiencies tend to exhibit compensatory growth
in subsequent growth periods.
If weaning
weight is affected by nutrient reduction in the
lactation diet, evaluation of subsequent pig
performance is important.

•
•

CON = Control diet with full complement of
nutrients required for lactation
DEF = Diet without supplemental vitamins,
trace minerals and Ca and P
DEF+ = Diet without supplementary vitamins
and trace minerals.

Sow feed consumption and sow weight
during the 21-day lactation was recorded. Initial
and 21-day pig weights were obtained to
calculate litter performance during lactation. Pig
survival rate was calculated.

Detrimental effects of nutrient deficiencies
on return to estrus after weaning need to be
documented to demonstrate the importance of
proper nutrition for sows intended to remain in
the reproduction pool. Also of concern is the
weight of the sow at selling time and its effect on
salvage value.

Pigs were weaned in groups of litters as
they reached 21 to 27 days of age and housed
in a modern nursery. Nursery room temperature
was 32°C at the beginning of the nursery phase
and was reduced by 2°C each week. Individual
litters were divided into heavy and light groups
that were penned separately. Pigs were fed a
commercial phase I diet (2 kg/pig) followed by a
commercial phase II diet to the end of the
nursery phase.
Pig weights and feed
consumption were recorded over the 28-day
nursery period. Pig survival in the nursery was
calculated.

(Key Words: Lactating sows, Nutrient deletion,
Weaned pig performance.)
Experimental Procedure
Fifty-six sows from three farrowing groups,
destined to be culled after weaning, were
assigned to one of three lactation diets at
parturition based on parity (fifth to 1Oth) and
weight. Sows were confined in farrowing crates
over vinyl slatted or vinyl covered wire mesh

After weaning, sows were heat checked
daily with a boar to determine days to return to
estrus.
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TABLE 1. COMPOSITION.OF LACTATION DIETS(%)
Lactation diets•
DEF
74.40
25.10
.50

DEF+
CON
Item
70.57
71.11
Ground corn
25.27
Soybean meal, 44%
25.23
White salt
.50
.50
Dicalcium phosphate
2.42
2.41
Limestone
.74
.75
TM-vitamin premix
____,_§Q
Total
100.0
100.0
100.0
"CON= control diet with full complement of nutrients required for lactation. DEF= diet without
supplemental vitamins, trace minerals, and Ca and P. DEF+ = diet without supplementary vitamins and
trace minerals.
Sow and litter data collected during lactation
were analyzed as a randomized block design
with main effects of farrowing group, lactation
treatment, and block within farrowing group
included in the model. The sow and litter were
the experimental unit.
Nursery data were
analyzed as a randomized block design with the
main effects of farrowing group, lactation
treatment, block within farrowing group, and
weight groups within litter included in the model.
The individual pen of pigs (two/litter) was the
experimental unit.

and P required 5. 7 and 5.9 days to return to
estrus, respectively. As expected, deletion of
supplemental vitamins and trace minerals from
lactation diets potentially lowered subsequent
reproductive efficiency.
The effect of nutrient deletion from lactation
diets on pig performance and pig survival to
weaning is summarized in Table 3. Although
cross 0 fostering of pigs had occurred in the first
24 hours after birth, litter size was not
standardized and there was a difference {P<.01)
in initial litter size (CON sows had larger litters).
At 21 days, there was no difference (P>.10) in
litter size. Survival rate was similar {P>.10) for
the pigs nursing the two groups of sows
receiving DEF and DEF+ and higher (P<.05)
than for pigs nursing sows receiving CON. It is
unexpected for lower pig survival to be
associated
with
adequate
nutrient
supplementation, but lower survival rate is
generally expected in larger litters. Final litter
size at the end of lactation ranged from 8.6 to
9.1 pigs. Total litter weight at the beginning and
end of the 21-day lactation period was
unaffected (P>.10) by nutrient adequacy of the
lactation diets. Because of the difference in
initial litter size, initial individual pig weights were
lower (P<.05) for pigs from sows fed CON. At
21 days, pig weights were similar (P>.10) for
pigs in all experimental groups. No evidence
was found that would indicate that lactation
performance was negatively affected by not
supplementing vitamins, trace minerals, and Ca
and P to the sow's lactation diet.

Results
The effect of nutrient deletion from lactation
diets on sow feed intake, weight change and
time for return to estrus are shown in Table 2.
No differences in feed intake (P>.10) were
observed due to lactation treatment. Daily feed
intake for the 21-day lactation period ranged
from 6.7 kg to 7.0 kg. This is well above the
level deemed adequate for maximum milk
production. Sows receiving each lactation diet
gained weight during lactation with no
differences (P>.10) observed due to treatment.
Lactation gain ranged from 9.4 to 11.9 kg. There
was no indication that feeding sows diets devoid
of supplemental vitamins, trace minerals, and
Ca and P had any effect on sow appetite or
ability to maintain body weight.
Days for sows to return to estrus were
delayed (P<.05) by nutrient deletion. Sows
receiving CON with the full complement of
vitamins, trace minerals, and macro-minerals
returned to estrus in 4.9 days, while sows
receiving DEF+ void of supplemental vitamins
and trace minerals or DEF void of supplemental
vitamins, trace minerals and supplement.al Ca

Table 4 summarizes pig performance and
survival after weaning for the 28-day nursery
period. Each litter was divided into two groups,
heavy and light, and fed separately. Statistical
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TABLE 2. EFFECTS OF DELETION OF NUTRIENTS FROM LACTATION DIETS ON
SOW FEED CONSUMPTION, WEIGHT CHANGE, AND DAYS TO RETURN TO
ESTRUS
Item
No. of sows

CON
19

Lactation diets•
DEF
18

DEF+
19

Sow feed intake, kg
Total
baily

146.8
7.0

140.0
6.7

141.9
. 6.8

Sow weights, kg
Farrowing
21 days
Change

219.6
231.5
11.9

228.2
237.6
9.4

226.2
237.6
11.4

SD

22.4
1.1

"CON = control diet with full complement of nutrients required for lactation. DEF = diet without
supplemental vitamins, trace minerals, and Ca and P. DEF+= diet without supplementary vitamins and
trace minerals.
0
P<.05 Return to estrus was delayed for sows receiving DEF and DEF+.

TABLE 3. EFFECTS OF DELETION OF NUTRIENTS FROM LACTATION DIETS ON
LITIER PERFORMANCE AND PIG SURVIVAL TO WEANING
Lactation diets•
DEF
18

Item
No. of litters

CON
19

Litter size
00
lnitial
21 days

11.1
9. 1

9.3
8.6

10.2
9.1

1.4
1.5

Pig survival, %c

82.6

93.4

90.3

11.2

Litter weight, kg
Initial
21 days
Change

13.9
55.1
41.2

14.0
55.7
41.7

14.6
56.0
41.4

2.8
9.6
13.2

DEF+
19

SD

Pig weights, kg
0
lnitial
1.26
1.51
1.44
.25
21 days
6,03
6.54
6.23
1.06
"CON = control diet with full complement of nutrients required for lactation. DEF = diet without
supplemental vitamins, trace minerals, and Ca and P. DEF+= diet without supplementary vitamins and
trace minerals.
"Litter size was adjusted to ensure more than nine pigs per litter but was not standardized.
0
P<.05. CON differed from both DEF and DEF+.
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TABLE 4. EFFECTS OF DELETION OF NUTRIENTS FROM LACTATION DIETS ON
PERFORMANCE AND SURVIVAL OF WEANED PIGS TO 28 DAYS POST-WEANING
CON
18

Item
No. of litters
No. of pigs
Initial
Final

164
163

Nursery survival, %
Litter weights, kg
Weaning
28 days
Change

Lactation diets"
DEF
18
155
151

DEF+
19

SD

174
174

99.3

97.4

100.0

62.7
164.2
101.5

58.5
159.9
101.4

58.8
160.0
101.2

13,0
34.0
23.2

Pig performance
.43
.45
.43
Avg daily gain, kg
Avg daily feed, kg
.56
.58
.56
Gain/feed
.76
.78
.78
"CON = control diet with full complement of nutrients required for lactation. DEF = diet without
supplemental vitamins, trace minerals, and Ca and P. DEF+= diet without supplementary vitamins
trace minerals.
bone late weaned litter was not included in the CON nursery group.
analysis revealed no interaction (P>.10)
between weight groups and previous lactation
diet fed to the sows. Thus, only total litter
information is presented.

.06
.09
.05
and

recorded and litter performance and pig survival
rate during the 21-day lactation were obtained.
Pigs were weaned in groups of litters as
they reached 21 to 27 days of age and individual
litters divided into heavy and light groups and
penned separately.
Pig weights, feed
consumption, and pig survival were recorded
over the 28-day nursery period. After weaning,
sows were heat checked daily with a boar to.
determine days to return to estrus.

Survival rate for all groups was high, ranging
from 97.4 to 100%. Litter weights at weaning
and at the end of the 28-day nursery period
were similar (P>.10) among experimental
groups. Total litter gain ranged from 101.2 to
101.5 kg (P>.10). Feed intake, pig weight gain,
and feed conversion were not different (P>.1 OJ
among treatment groups and were at a desirable
level. There was no indication that feeding sows
a diet void of supplemental vitamins and trace
minerals or void of those nutrients and
supplemental Ca and P had any effect on
subsequent nursery pig performance.

No differences in feed intake were observed.
Daily feed intake for the 21-day lactation period
ranged from 6.7 kg .to 7.0 kg. Each group of
sows gained weight during lactation with no
differences observed due to treatment.
Lactation gain ranged from 9.4 to 11.9 kg.

Summary

Days for sows to return to estrus were
delayed from 4.9 days for sows receiving CON
to 5.7 and 5.9 days for sows receiving DEF and
DEF+, respectively.

Fifty-six sows (fifth to 10th parity) from three
farrowing groups were assigned to one of three
lactation diets at parturition; a control diet with a
full complement of nutrients required for
lactation, a diet without supplemental vitamins,
trace minerals, and Ca and P, and a diet without
supplementary vitamins and trace minerals.
Sow feed consumption and weight change were

There was a difference in initial litter size
after parturition, but there was no difference in
litter size at 21 days ranging from 8.6 to 9.1 pigs.
Total litter weights at the beginning and end of
the 21-day lactation period were unaffected by
nutrient adequacy of the lactation diets. At 21
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days, average pig weights were similar for all
treatment groups.
Post-weaning survival rate for all groups of
pigs during the nursery period was high, ranging
from 97 .4 to 100%. Litter weights at weaning
and at the end of the 28-day nursery period
were similar among experimental groups. Total
litter gain ranged from 101.2 to 101.5 kg. Feed
intake, pig gain, and feed conversion were not
different among treatment groups.

Implications
Sows intended to be sold to slaughter after
weaning can be fed nutrient deficient lactation
diets without apparent detrimental effects on
sow feed intake or weight change and on pig
performance during lactation or post-weaning.
The practice of not supplementing vitamins,
trace minerals, and Ca and P to the lactation
diet could result in significant feed cost savings.

There was no indication that feeding sows a
lactation diet void of supplemental vitamins and
trace minerals or void of those nutrients and
supplemental Ca and P had any effect on sow
appetite or weight change, pig survival or
performance to weaning, or nursery pig
performance. A delay in time to return to estrus
after weaning was observed for sows receiving
nutrient-deficient diets.

Inadvertent or planned use of nutrient
deficient lactation diets for sows kept for
subsequent reproduction may be costly. The
observed longer period to return to estrus would
suggest that subsequent reproductive efficiency
may be jeopardized by feeding lactation diets
not adequately supplemented with vitamins,
trace minerals, and Ca and P.
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Effect of added lysine to starter diets containing primarily zein
protein and formulated to provide .14% tryptophan
M.S. Carlson, G.W. Libal, and C.R. Hamilton
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containing CGM. Crystalline LVS was added to
the positive reference diet (+REF; .95% total LYS)
while no L-LYS was added to the negative
reference diet (-REF; .50% total LYS). Crystalline
amino acids, sources of vitamins and trace
minerals, and ground corn were mixed together
and added to the diet as a premix.
All
experimental diets (Table 2) were formulated to
contain .14% TRP and with the exception of LYS
met or exceeded all nutrient requirements
established for 10- to 20 kg pigs (NRC, 1988).

Com gluten meal (CGM) ls a by-product of the
wet milling of corn. It is the residue that remains
after the bran, germ and starch have been
removed and may contain either 41 or 60% crude
protein. There is a .temptation to use CGM as an
alternative to soybean meal (SBM) when the cost
of SBM is high. The 60% protein CGM contains a
greater quantity of protein and more threonine,
sulfur amino acids, and other neutral amino acids
than 44% protein SBM. However, SBM·contains
greater amounts of lysine and tryptophan.
Previous studies with growing and finishing swine
indicated that tryptophan is limiting in diets
containing CGM, even though the diets were
formulated to meet the requirements for
tryptophan established by the NRC (1988). The
objective of this study was to determine if feed
intake is maintained for 10- to 20 kg pigs fed low
protein diets containing CGM if crystalline L-lysineHCL (L-LYS) is added to meet the lysine
requirement.

The dietary treatments were as follows:
•
•
•
•

•
•

(Key Words: Nursery pigs, Lysine, Tryptophan,
Corn gluten meal.)

Corn-CGM-SBM diet formulated for .14% TRP
and .50% LYS with 0% added L-LYS
As 1 with .15% added L-LYS
As 1 with .30% added L-LYS
As 1 with .45% added L,LYS
Com-SBM diet formulated for .14% TRP and
.50% LYS with 0% added L-LYS (-REF)
As 5 with .45% added L-LYS (+REF).

Feed samples were collected, pooled by
treatment, and ground using a Wiley mill fitted with
a 1-mm screen. Crude protein was determined
using a mercury catalyst and semi-automatic
Kjeldahl procedures. Lysine concentrations were
determined after acid hydrolysis of diet samples
and quantified using HPLC methods:

Experimental Procedure
Seventy-two crossbred nursery pigs weaned at
20%
approximately 28 days of age were fed
edible whey pretreatment diet (Table 1) containing
corn and soybean meal (SBM) to an average
weight of 10.82 kg. Pigs were stratified by weight,
sex, and ancestry and allotted to dietary
treatments for the 21-day study. Pigs were
housed four per pen with raised plastic flooring in
an environment-modified nursery. The experiment
was a complete block design with six dietary
treatments with three replications (weight blocks).
A corn-CGM-SBM diet formulated to provide .14%
TRP and .50% LYS was used· as a basal diet
(Table 1) to which 0, .15, .30, or .45% lysine was
added as crystalline L-LYS to produce four dietary
treatments. In addition, two corn-SBM diets not
containing CGM were used as reference diets
(Table 1). Both reference diets were formulated to
provide the same levels of TRP (.14%) and LYS
(.50%) from corn and SBM as the basal diet

a

On day 14, nursery pigs were restrained in a Vtrough and bled via anterior vena cava puncture.
Plasma urea nitrogen concentrations were
determined colorimetrically and the concentration
of total (bound + free) amino acids was
determined in deproteinated plasma by HPLC
methodology.
Data were analyzed as a complete block
design. Pens and individual pigs were used as the
experimental units for performance data and blood
analyses, respectively. Orthogonal contrasts were
used to test for linear, quadratic, and cubic effects
of L-LYS additions within the CGM diets as well as
between -REF and the CGM diet containing 0%
L-LYS addition and between +REF and the CGM
21

efficiency of gain did not differ (P> .1) for any
period. However, pigs fed the corn-SBM diet
containing .45% added L-LVS had greater
gain/feed than pigs fed the corresponding CGM
diet during week 1 (P=.04) and overall (P=.05).

diet with .45% L-LVS addition. Probability level
accepted as significant was P<.10.
Results and Discussion
Adding increasing concentrations of L-LVS to
the CGM basal diet had a quadratic effect (P=.01)
on ADG each individual week and for the overall
21-day period (Table 3). Gains increased as
added lysine increased to .15% and declined as
greater amounts of L-LVS were added to the CGM
diets. For week 3 and the overall 21-day period,
increasing additions of L-LVS had a quadratic
effect (P=.02) on ADFI. A cubic effect (P=.01)
during week 1 and a linear effect (P=.02) during
week 2 were observed. As with ADG, the greatest
overall ADFI was observed for pigs fed the CGM
diet containing .15% added L-LVS with an intake
of 801 g/day.
Increasing dietary lysine
concentrations resulted in a linear decrease in
feed wastage (P=.08) during week 1 and tended
(P=.16) to have the same effect for the overall 21day period. During week 1 and for the overall 21day period, gain/feed increased as added L-LVS
increased to .15% and declined quadratically as
greater amounts of lysine were added to the CGM
diets (P=.01 ).

Selected amino acid and plasma urea nitrogen
(PUN) concentrations of pigs fed the CGM diets
are shown in Table 5. The PUN concentrations
decreased quadratically (P=.08) as added L-LVS
increased. The lowest concentrations of PUN
were obtained for pigs fed .30% or more added LLVS. There was a linear increase in plasma lysine
concentrations with increasing additions of L-LVS
to the diet (P=.0002). The large neutral. amino
acid (LNAA) pool (P=.0002) and specifically
threonine (P=.004) decreased with increasing
additions of L-LVS. Among pigs fed CGM diets,
plasma
TRP
concentrations
decreased
quadratically as concentration of added L-LVS
increased (P=.08).
Comparisons between corn-SBM diets and
CGM diets with similar lysine levels are shown in
Table 6. Pigs fed the CGM diets had higher PUN
concentrations than pigs fed the corn-SBM diets at
both levels of added L-LVS (P=.0001 ). Plasma
concentrations of TRP and threonine for pigs fed
the reference diets were similar (P>.1) to those for
pigs fed CGM diets with similar concentrations of
added L-LVS. However, the plasma LNAA pool
was higher for pigs fed CGM diets than for those
fed corn-SBM diets at 0% (P=.05) or .45% (P=.07)
added L-LVS. Pigs fed the CGM diets with .45%
L-LVS added had a lower (P=.0002) plasma LVS
concentration (3.5 mg/dL) than pigs fed the cornSBM diet with .45% L-LVS added (5.9 mg/dL).
Plasma LVS concentrations of pigs fed the two
diets with 0% added L-LVS were similar
(P=.71).lncreased gain and feed intake, reduced
feed wastage, and improved feed efficiency
suggest that .15% added L-LVS or a dietary lysine
concentration of .65% is adequate for 10- to 20 kg
pigs fed high-zein diets containing .14%
tryptophari. Additional lysine supplied as L-LVS
depressed ADFI, resulting in concomitant
decreases in ADG and gain efficiency. However, a
decrease in plasma urea nitrogen, tryptophan,
threonine, and the LNAA pool with .30% added LLVS suggests a total dietary lysine concentration
of .80% to be the requirement for 10- to 20 kg pigs
fed .14 % tryptophan.
Previous experiments
involving linear additions of limiting amino acids
have resulted in quadratic responses for gain and
feed intake. Corn gluten meal is high in neutral
amino acids, especially leucine. Neutral amino

Performance results for pigs fed the corn-SBM
diets and CGM diets containing similar lysine
concentrations are shown in Table 4. Pigs fed the
com-SBM diets exhibited 26% (P=.10) and 47%
(P=.05) greater overall ADG than pigs fed the
CGM diets when the diets were formulated at
.50% LVS and .95% LVS, respectively.
For the overall 21-day period, pigs fed either
diet containing SBM had greater ADFI than those
fed the CGM diet with similar concentrations of
added L-LVS. Pigs fed the corn-SBM diet with 0%
added L-LVS had a 16% increase in feed intake
compared to pigs fed the 0% added L-L VS CGM
diet (P=.08). Pigs fed the corn-SBM diet with .45%
added L-LVS had an increase in feed intake of
23% over pigs fed the CGM diet containing a
similar amount of added L-LVS (P=.06). Pigs fed
the corn-SBM diet with 0% added L-LVS had less
feed wastage (P=.02) than those fed the CGM diet
with 0% added L-L VS during week 1 and through
the overall 21-day period. Feed wastage was
similar for pigs fed the CGM diet and the cornSBM diet containing .45% added L-L VS (P> .1) for
each period measured.
When pigs were fed either the corn,sBM diet
or CGM diet containing 0% added L-LVS,
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were added to the CGM diets.

acids compete with tryptophan for absorption,
especially when tryptophan is limiting. The results
of this experiment suggest that tryptophan may be
limiting in CGM diets when greater than .15% LLYS is added. The relative availabilityofTRP from
CGM and SBM was not evaluated in this study.
Pigs fed diets marginal in tryptophan are likely to
waste feed. However, feed wastage has not been
previously reported for diets in which lysine was
Performance was
limiting or in excess.
numerically similar for pigs fed -REF and pigs fed
CGM with .15% added L-LYS. This would suggest
a lower availability of LYS from CGM than from
SBM. However, this observation was not
statistically tested within the pre-established
orthogonal comparisons made in this study.

Pigs fed the corn-SBM diets exhibited greater
overall ADG and ADFI than pigs fed the CGM diets
when the diets were formulated at either .50% LYS
or .95% LYS. Pigs fed the corn-SBM diet with 0%
added L-LYS had less feed wastage than those
fed the CGM diet with 0% added L-LYS. Feed
wastage was similar for pigs fed the CGM diet and
the com-SBM diet containing .45% added L-LYS.
When pigs were fed the corn-SBM diet and CGM
diet containing 0% added L-LYS, efficiency of gain
did not differ. However, pigs fed the corn-SBM
diet containing .45% added L-LYS had greater
gain/feed than pigs fed the corresponding CGM
diet.
In the plasma, PUN concentrations decreased
quadratically, the large neutral amino acid (LNAA)
pool and threonine concentrations decreased.
linearly, and plasma TRP concentrations
decreased quadratically for pigs fed CGM diets
with increasing additions of L-LYS.

Summary
Seventy-two crossbred nursery pigs weaned at
approximately 28 days of age were fed a 20%
edible whey pretreatment diet containing corn and
soybean meal to an average weight of 10.82 kg.
They were then allotted to three replications of six
dietary treatments (complete block design). A
corn-CGM-SBM diet formulated to provide .14%
TRP and .50% LYS was used as a basal diet to
which 0, .15, .30, or .45% lysine was added as
crystalline L-LYS to produce four dietary
treatments. In addition, two corn-SBM diets not
containing CGM were formulated to provide the
same levels ofTRP (.14%) and LYS (.50%) from
corn and SBM as the basal diet containing CGM.
Crystalline LYS was added to +REF (.95% total
LYS) while no L-LYS was added to -REF (.50%
total LYS).

Pigs fed the CGM diets had higher PUN
concentrations and a higher LNAA pool than pigs
fed the corn-SBM diets at both levels of added LPlasma concentrations of TRP and
LYS.
threonine for pigs fed the reference diets were
similar to those for pigs fed CGM diets with the
same levels of added L-LYS. Pigs fed the CGM
diet with .45% added L-LYS had lower plasma LYS
concentrations than pigs fed the corn-SBM diet
with .45% added L-LYS.
Plasma LYS
concentrations of pigs fed the two diets with 0%
added L-LYS were similar.

Adding increasing concentrations of L-LYS to
the CGM basal diet had a quadratic effect on
ADG, ADFI, and gain/feed for the overall 21-day
period.
Gains increased as added lysine
increased to .15% and declined as greater
amounts of L-LYS were added to the CGM diets.
The greatest overall ADFI was observed with .15%
Increasing dietary lysine
added
L-LYS.
concentrations resulted in a linear decrease in
feed wastage during week 1 and tended to have
the same effect for the overall 21-day period.
Gain/feed increased as added L-LYS increased to
. 15% and declined as greater amounts of lysine

Implications
Young weaned pigs fed diets containing
primarily zein protein formulated to a TRP content
of .14% exhibited a LYS requirement between
.65% and .80%. Higher levels of L-LYS added to
the CGM diet resulted in decreased performance
suggesting that another amino acid had become
first limiting. It is logical. to assume that TRP was
the amino acid that was limiting. It is unclear from
this experiment if the TRP and LYS in CGM were
as available as that found in SBM .
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TABLE 1. PERCENTAGE COMPOSITION OF EXPERIMENTAL DIETS (AS FED)
Main ingredients
Ground com
Soybean meal, 44%
Edible dried whey
Com gluten meal
Dicalcium phosphate, 21 %
Limestone
While salt
Dynamate•
Premixb
Total

Pretreatment
56.01
21.22
20.00

Basal
81.99
7.63

Reference
86.45
9.69

6.20
1.59
.79
.25
.30
1.25
100

1.37
.65
.25
____,§Q
100

1.58
.78
.25
1.25
100

CGM diets
% added lysine
.15
.30
1.92
3.84

Reference
% added lysine
Item
Pretreatment
O
.45
0
.45
5. 77
0
5. 77
L-lysine-HCI
1.50
0
L~threonine
O
O
O
O
O
.60
.60
O
O
O
O
O
.15
.15
DL-methionine
3
Added as a source of potassium: Dynamate, feed grade double sulfate of magnesium and potassium
manufactured by Pitman-Moore, Inc., contains .06% Ca, 18.0% K, 11.0% Mg, 22.0% S, and .76% Na.
bProvided per kg of complete diet: 100 mg Zn, 75 mg Fe, 7.5 mg Cu, 25 mg Mn, 175 :g I, 300 :g Se, 16.5
JU vitamin E, 3.3 mg riboflavin, 17:6 mg niacin, 13.2:g vitamin B 12, 2.2 mg vitamin K,, 13.2 mg
pantothenic acid, 3960 IU vitamin A, and 396 IU vitamin 0 3 •

TABLE 2. CALCULATED AND CHEMICALLY DETERMINED NUTRIENT
COMPOSITION OF EXPERIMENTAL DIETS, %
Nutrient
Calculated nutrient levels, as fed
Protein
Calcium
Phosphorus
Potassium
Lysine
Threonine
Tryptophan

Pretreatment

Chemically determined nutrient levels, 90% DM
1. Corn-CGM-SBM basal
2. As diet 1 + .15% added L-LYS
3. As diet 1 + .30% added L-LYS
4. As diet 1 + .45% added L-LYS
5. Corn-SBM (-REF)
6. As diet 5 + .45% added L-LYS (+REF)

Crude grotein
14.9
15.2
14.9
15.3
12.8
12.9

16.80
.80
.70
.63
1.10
.74
.22

24

Basal

Reference

14.20
.70
.60
.49
.50
.57
.14

11.70
.70
.60
.49
.50
.56
.14

Lysine
.50
.68
.74
.95
.53
.91

Tm1toghan
.14
.14
.14
.14
.14
.14

TABLE 3. EFFECT OF ADDED L-LYSINE TO CGM DIETS ON NURSERY PIG
GROWTH PERFORMANCE
Criteria
0
Daily gain, g/day
Day Oto 1•
173
Day 8 to 14•
202
252
Day 15 to 21•
Day Oto 21•
209
Daily feed intake, g/day
Day Oto 7°
676
785
Day 8 to 14°
Day 15 to 21•
642
DayO to 21•
701
Feed wastage, g/day
DayO to 7d
557
Day 8 to 14
170
Day 15 to 21
296
DayO to 21
341
Gain/feed
DayO to 1•
.26
Daya to 14
.26
Day 15 to 21
.43
Dal:'. 0 to 21•
.30
"Standard error of the treatment mean for three
•auadratic response to added L-LYS (P=.02).
°Cubic response to added L-LYS (P=.01 ).
dlinear response to added L-LYS (P=.08).
0
Linear response to added L-LYS (P=.02).

Added L-1):'.sine
.15
.30

.45

SE"

228
283
386
299

165
251
248
221

93
168
228
163

31
32
37
28

750
747
905
801

556
541
794
631

523
454
558
512

32
47
52
40

150
25
33
70

155
138
166
153

19
193
115
109

144
80
132
81

.31
.38

.30
.45
.44
.35
.37
.35
observations per treatment.

25

.18
.37
.42
.32

.03
.16
.07
.01

TABLE 4. EFFECT OF ADDED L-LYSINE TO CGM DIETS ON NURSERY PIG
GROWTH PERFORMANCE COMPARISON WITH REFERENCE DIETS
Added L-lysine
.45%
0%
6
P=c
REF"
REF
P=
Criteria
CGM
CGM
Daily gain, g/day
171
93
.os .
DayO to 7
211
173
.39
Day B to 14
.05
268
168
.03
293
202
Day 15 to 21
285
.52
279
228
252
.33
Day Oto 21
263
.10
239
163
209
.05
Daily feed intake, g/day
Day0to7
739
.19
561
523
676
.42
Day8to 14
1067
785
.13
682
454
.21
Day 15 to 21
624
642
.94
650
558
.70
810
701
.OB
631
512
Day Oto 21
.06
Feed wastage, g/day
Day0to7
48
.03
22
19
557
.98
Day8to 14
.27
107
193
40
170
.46
Day 15 to 21
35
296
.19
256
115
.47
DayO to 21
41
341
.02
128
109
.87
Gain/feed
DayO to 7
.29
.26
.58
.29
.18
.04
Day8to14
.29
.26
.93
.40
.37
.95
Day 15 to 21
.62
.43
.35
.43
.42
.94
Da~ 0 to 21
.32
.30
.37
.37
.32
.05
"Reference (corn-soybean meal) diet.
0
corn gluten meal diet.
cProbability (P) value for contrasts comparing the reference and CGM treatments having similar
amounts of L-LVS added.
•standard error of the treatment mean for three observations per treatment.

SE°
31
32
37
28
32
121
169
40
144
80
132
81
.03
.30
.13
.01

TABLE 5. EFFECT OF ADDED L-LYSINE TO CGM DIETS ON PLASMA UREA
NITROGEN AND AMINO ACID CONCENTRATIONS, MG/DL
Added L-lysine, %
Item
0
.15
.30
Urea nitrogen
20.70
18.00
15.50
Large neutral amino
acidsc
14.70
14.50
12.00
Tryptophan°
.68
.50
.17
Lysinec
1 .00
1. 70
2.80
Threonine•
15.00
13. 70
12.60
•standard error of the treatment mean for 12 observations per treatment
0
auadratic response to added L-LVS (P=.08 ).
clinear response to added L-1:.VS (P=.0002).
•unear response to added L-LVS (P=.004).

26

.45
15.70

SE"
.96

11.40
.23
3.50
12.20

.93
.07
.44
.89

TABLE 6. EFFECT OF ADDED L-LYSINE TO CGM DIETS ON PLASMA UREA
NITROGEN AND AMINO ACID CONCENTRATION COMPARISONS WITH
REFERENCE DIETS, MG/DL
Added L-lysine
.45%
0%
P=c
Period
REF"
CGM 6
REF
CGM
P=
Urea nitrogen
13.60
20. 70
.0001
10.20
15.70
.0001
.96
9.10
Large neutral AA
12.30
14.70
:05
11.40
.07
.93
Tryptophan
.80
.68
.28
.12
.23
.34
.07
Lysine
1.20
1.00
.71
5.90
3.50
.0002
.44
Threonine
16.50
15.00
11.40
12.20
.24
.54
.89
aReference (corn-soybean meal) diet
•corn gluten meal diet.
0
Probability (P) value for contrasts comparing the reference to CGM treatments. having similar amounts
of L-LYS added.
•standard error of the treatment mean for 12 observations per treatment.
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Field peas can be included in the phase 2 diet for nursery pigs
without adverse effects on pig performance
H. H. Stein
Department of Animal and Range Sciences
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of the sidewalls. An expanded-metal plasticcoated floor was provided in each pen.

Introduction
Field peas are usually not included in diets
for nursery pigs in the US. However, European
and Canadian data suggest that field peas may
be included in diets for nursery pigs without
compromising pig performance (Stefanyshyn
et al., 1999). So far, only little research has
been conducted in the US to evaluate the effect
of including field peas in diets for nursery pigs.
and
Poland
(1996)
reported
Landblom
decreased pig performance if 30 or 50% field
peas were included in phase 1 diets for nursery
pigs. However, working with extruded peas,
they reported no detrimental effects of feeding
20% peas if the inclusion was restricted to the
second phase of the nursery period. Due to the
relatively low cost of field peas, any inclusion of
field peas will result in a decrease in the overall
diet cost. Therefore, the current experiment was
conducted to determine if field peas might be
included in the phase 2 diets for nursery pigs.

Diets and feeding
Four experimental phase 2 diets were
Diet 1 was a cornformulated (Table 1).
soybean meal based control diet without any
field peas included. In diets 2, 3, and 4, field
peas (variety Carnival) were included at levels of
6, 12, and 18%, respectively. For each 6% peas
that were included in the diets, 2% soybean
meal and 4% corn was removed. There were
5% fishmeal and 3% soybean oil included in all
diets. Synthetic amino acids were included as
needed to balance the amino acid content of the
diets to current NRC recommendations (NRC,
1998). Likewise, minerals and vitamins were
also included at levels to meet or exceed current
NRC recommendations (NRC, 1998).
Data collection and statistical analysis

Materials and methods

Individual pig weights were recorded at the
beginning and at the end of the 4-week
experimental period. The amount of feed
provided in each feeder was recorded on a daily
basis and leftover feed in each feeder was
estimated at the end of the experiment and
subtracted from the total amount of feed
supplied in the feeder to calculate total feed
disappearance. Average daily weight gains for
each pen and average daily feed disappearance
were summarized at the end of the experiment
and used to calculate gain to feed ratios.

Animals, experimental design, and housing

A total of 144 pigs arising from the matings
of Duroc males to Landrace-Large White-Duroc
females were weaned at 21 (± 2) days of age.
During the initial 14 days post-weaning, pigs
were fed a standard 22% CP phase 1 diet. Two
weeks after weaning all pigs were weighed and
allotted to one of four experimental groups
based on ancestry, sex, and body weight and
used in a four-week nursery experiment. The
experiment was arranged as a randomized
complete block design with 6 replicate pens per
treatment group and 6 pigs per pen.

Data were subjected to analysis of variance
using the Proc. GLM Procedure of SAS (SAS
Stat Inc., Cary, NC). Treatment means were
separated using the LSMeans statement and the
Diff option of Proc.GLM.

Pigs were housed in the nursery at the
Swine Research Farm in an environmentally
controlled room. The initial temperature was set
at 28°C and reduced by 1°C for each week. A
feeder was suspended at the front gate of each
pen and a nipple drinker was suspended at one

Results and discussion
Results
summarized
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from
the
in Table 2.

experiment
are
There were no

significant differences between treatment groups
in any of the response criteria measured, and
daily gain, daily feed intake, and gain to feed
ratios were ·not influenced by the inclusion of
peas in the diet. Therefore, it can be concluded
from this experiment that field peas can be
included in the phase 2 diet for nursery pigs at a
level of up to 18% without affecting pig
performance.
The above results are in
agreement with Canadian and European results
showing that field peas can be included in the
phase 2 diets for nursery pigs at levels of 20 or
30% (Grosjean and Gatel., 1986; Stefanyshyn
et al., 1999). However, Landblom and Poland
(1996) reported decreased performance for pigs
fed diets containing 30 or 50% field peas
compared to control ,pigs fed a corn-soybean
meal-based diet containing no field peas.
Similar results were obtained in a second
experiment by the same researchers in which 20
or 40% field peas were included in the diets for
weanling pigs.
However, in both these
experiments, field peas were included in the
phase 1 diet as well as in later diets. In the
current experiment, field peas were not fed until
2 weeks after weaning when pigs were weighing

approximately 10 kg. This may be the reason
why we obtained a different response in our
experiment.
It .is important to note that field peas have a
relatively low content of the sulfur containing
amino acids (methionine and cysteine). To
compensate for this, the level of synthetic
methionine was increased in the diets containing
field peas in the current experiment. By doing
so, the levels of the sulfur containing amino
acids were similar between the control diet and
the experimental diets. This may be one of the
reasons why pigs in the current experiment
performed well on the pea containing diets.
In conclusion, the current experiment
demonstrated that field peas may be included in
the phase 2 diet for weanling pigs at levels of up
to 18% without detrimental effects on pig
performance provided that the content of the
indispensable amino acids are carefully
balanced.
Further research is needed to
determine if inclusion levels higher than 18%
can be used.
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TABLE 1. EXPERIMENTAL DIETS
Diet#
Ingredient com1;1osition
Corn,%
Field peas, %
Soybean meal, 44%, %
Fishmeal,%
Soybean Oil, %
Limestone, %
Dicalciumphosphat, %
Lysine, HCL, %
DL-Methionine, %
L-Threonine, %
L-Tryptophan, %
Salt,%
Vit-mix,%
Mineral mix, %
Nutrient Com1;1osition
Meal ME/kg
Crude Protein, %
Lysine,%
Calcium,%
Phosphorus, %

1

2

3

4

64.92
0
25.0
5.0
.3.0
0.65
0.85
0.05
0.03
0
0
0.3
0.1
0.1

60.92
6.0
23.0
5.0
3.0
0.65
0.85
0.03
0.04
0.01
0
0.3
0.1
0.1

56.92
12.0
21.0
5.0
3.0
0.65
0.85
0.01
0.05
0.01
0.01
0.3
0.1
0.1

52.91
18.0
19.0
5.0
3.0
0.65
0;85
0.0
0.07
0,01
0.01
0.3
0.1
0.1

3435
19.5
1.16
0.79
0.65

3427
19.5
1.15
0.79
0.65

3419
19.5
1.15
0.79
0.65

3411
19.6
1.16
0.79
0.65

TABLE 2. RESULTS FROM THE EXPERIMENT
Diet
Field peas, %
n
Average initial weight, kg
Average end weight, kg
Average daily gain, g
Average daily feed intake, g
Average gain:feed ratio, kg/kg
• Standard error of the mean

1

·O
36
8.14
20.27
433
685
631

2·
6
36
7.81
20.02
436
681
644

30

3
12
36
7.79
19.90
433
696
622

4
18
36
7.79
19.17
407
641
637

SE Ma

0.72
1.39
25.56
42.71
13.50
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Effect of diet complexity on the performance of newly weaned pigs
fed pharmacological levels of zinc oxide
D. Y. Lee, G. W. Libal, C. R. Hamilton, and D. N. Peters
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upon the ingredients they contained.
Diets
consisted of corn, soybean meal, 20% dried
edible whey, and 1% soybean oil (simple) plus
10% lactose and 6% spray-dried porcine plasma
(complex). Additions of no feed additive or
3000 mg/kg additional Zn from ZnO or 165mg/kg apramycin sulfate (APR) to each diet type
made the six dietary treatments.

Zinc (Zn) is an essential trace mineral for
swine.
The requirement for Zn has been
suggested to be in the range of 50 to 100 mg/kg
for pigs at various stages of growth. The
bioavailability of zinc oxide (ZnO) as a source of
Zn is lower than other Zn sources such as zinc
sulfate (ZnS04 ), zinc carbonate (ZnC03 ), and Znmethionine in weanling pigs. Recent studies
have shown that adding pharmacological levels
(2000-4000 mg/kg) of Zn as ZnO to cornsoybean meal based diets improved starter pig
performance and was effective in controlling
E. coli scours for weanling pigs. Very high
levels of Zn can be toxic.
Studies have
demonstrated tha!Zn toxicosis is not found or is
much less severe when ZnO is supplemented in
corn-soybean meal diets for weanling pigs than
when ZnC03 is the source of pharmacological
levels of Zn. The response for weaned pigs to
the addition of pharmacological levels of ZnO to
simple diets containing corn, soybean meal, and
dried-whey has not been compared to the
addition -of the same levels of Zn to complex
diets containing these same ingredients plus
animal protein supplements.

The dietary treatments were:
•
•
•
•
•
•

Simple diet
Simple diet with 3000 mg/kg added Zn from
ZnO
Simple diet with 165 mg/kg APR
Complex diet
Complex diet with 3000 mg/kg added Zn
from ZnO
Complex diet with 165 mg/kg APR.

Experimental diets are shown in Table 1.
The diets were formulated to meet or exceed all
NRC (1988) nutrient requirements, including Zn,
for pigs between 5 and 10 kg. All diets were
formulated to provide 1.40% lysine and .at least
100 mg/kg added Zn.

The objective of this study was to determine
whether diet composition affected the growth
promoting properties of ZnO in weaned pig
diets.

Pigs were weaned and housed in two
groups (whole-plot). The first group weaned
(120 pigs) was housed in 24 pens in nursery
rooms at the Swine Research Center, and the
second group weaned (138 pigs) was housed in
24 pens in the Animal and Range Sciences
Complex on the South Dakota State University
campus. Pens measured 1.2 m x 1.2 m and
1.2 m x 1.8 m at the two sites, respectively.
Flooring consisted of either slotted plastic
flooring or Tri-bar metal flooring. Replications
were made within pen size and floor type. All
pens were equipped with a single stainless steel
self-feeder and one nipple waterer. All nurseries
were mechanically ventilated and temperatures
maintained within the thermoneutral zone,
starting at 29 to 30°C and reduced 2°c each
week. A 24-hour constant light schedule was
maintained in all nursery sites.

(Key Words: Weaned pigs, Diet complexity, Zinc
oxide, Apramycin sulfate.)
Experimental Procedure
Two hundred fifty-eight crossbred pigs
averaging 7.10 kg were weaned between 21 and
28 days of age and allotted to a split-split plot
design on the basis of weight, gender, and
ancestry. The split-split plot design included two
nursery sites (whole-plot), two diet types ·(subplot), and three feed additive additions (sub-subplot). Each dietary treatment was fed to eight
replicate pens containing five or six pigs per
pen. Diet types were simple and complex based
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TABLE 1. COMPOSITION OF EXPERIMENTAL DIETS(%, AS FED)
Complex diets
Simple diets
3000
0
0
0
Added ZnO, mg/kg
3000
0
0
165
165
0
0
0
APR, mg/kg
Ingredients
37.89
38.70
41.82
39.12
Ground corn
43.05
42.63
21.43
21.19
33.58
21.19
Soybean meal, 44%
33.34
33.34
20.00
20.00
20.00
Edible dried whey
20.00
20.00
20.00
O
O
0
6.00
6.0
6.00
Plasma, spray-dried"
Lactoseb
O
O
10.00
10.00 ·
0
10.00
1.00
Soybean oil
1.00
1.00
1.00
1.00
1.00
1.15
Dicalcium phosphate
1.14
1.14
1.25
1.25
1.26
.70
.70
.69
.71
.71
.70
Limestone
.25
.25
.25
.25
Salt
.25
.25
1.00
0
0
0
0
1.00
Antimicrobial agent"
.18
.18
L-lysine HCI'
.17
.17
.17
.16
DL-methionine'
.20
.20
.20
.17
.17
.17
Premix'"
.14
.14
.14
.14
.14
.14
Q
Zinc oxide"
Q
.42
Q
Q
.42
Total
100
100
100
100
100
100
"Porcine plasma 780, produced by NutriBasics.
bLactose manufactured by Davisco International, Inc.
0
Apralan® 7.5, apramycin sulfate.
'Premixed with ground corn before adding with macro ingredients. Ground corn added to give total
inclusion rate of 1%.
"Premix provided the following per kg of diet: 1OD mg Zn, 75 mg Fe, 25 mg Mn, 7 .5 mg Cu, 175 :g I,
300 :g Se, 16.5 IU vitamin E, 3.3 mg riboflavin, 17.6 mg niacin, 13.2:g vitamin 8 12 , 2.2 mg vitamin K3 ,
13.2 mg pantothenic acid, 3960 IU vitamin A, and 396 JU vitamin 0 3 •
'Zinc oxide (72% Zn) manufactured by Zinc National, S.A.

Pigs were fed experimental diets for 28 days.
Pig weights, feed consumption, and feed
wastage were measured weekly. Feed samples
were collected during the experimental period
from both sites. Diet samples were analyzed for
crude protein, Ca, P, Zn, and lysine. The
calculated nutrient levels and chemically
determined nutrient levels of the diets are
summarized in Table 2.

replication by nursery site interaction as an error
term, the effect of diet type (sub-plot) was tested
using replication by diet type within nursery site
as the error term, and the effect of additive (subsub-plot) was tested using ll'!e residual error
term. Pair-wise !-tests were used to detect
differences among three or more main effect or
treatment means using the LSD (least significant
difference) option of SAS (1988).

Blood samples were taken by anterior vena
cava puncture from one representative,
intermediate weight pig per pen on day 10 and
again from the same pig on day 20. Plasma
zinc was determined by atomic absorption
and
plasma
urea
nitrogen
procedures
concentrations were determined by colorimetric
procedures.

Results
Nursery site affected feed intake from D to 7
days, feed wastage from D to 14 days, and 10day plasma Zn concentrations.
However,
because diet type and feed additive had similar
effects on criteria evaluated across nursery
sites, nursery site performance will not be
reported. Only diet type, feed additive main
effect means, and the means for the interaction
between diet type and feed additive will be
reported and discussed.
Other interactions,

All data were analyzed as a split-split plot
design with pens as the experimental units.
Nursery site (whole-plot) was tested using the
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Zn
Table 4
summarizes
plasma
concentrations and PUN concentrations on day
10 and 20. Plasma Zn concentrations were
higher and PUN concentrations lower on day 10
and day 20 for pigs fed complex diets than those
fed simple diets. Higher (P<.01) plasma Zn
concentrations were obtained by feeding pigs
additional ZnO than feeding APR or no additive
on both sampling days. Pigs fed diets with
added ZnO had lower PUN concentrations than
pigs fed diets with APR on day 1O (P<."07) but
not pigs fed the diet with no additives (P>.10).
Feed additive effects (P>.10) were not found for
PUN at day 20.

such as nursery site by diet type and replicate
by nursery site, occurred infrequently.
Pig performance means for diet type and
feed additive are shown in Table 3. Pigs fed
complex diets gained more (P<.01) than those
. fed simple diets for the first 7days, first 14 days,
and overall 28-day period but not for day 15 to
28. They also had higher (P<.01) ADFI than
those fed simple diets for each period and the
overall study.
Feed wastage was greater
(P<,01) for pigs fed simple diets than pigs fed
complex diets for day O to 14, day 15 to 28, and
overall. Pigs fed complex diets had greater
(P<.01) gain/feed than those fed simple diets
during the initial 14 days and lower (P<.01)
gain/feed during the last 14 days with no overall
effect of diet type on gairi/feed (P>.10).

A diet x feed additive interaction was
detected (P<.05) for ADFI from day 15 to 28 and
over the entire 28-day period.
Added Zn
increased (P<.05) ADFI for pigs fed simple diets
during all periods except day O to 7 but had little
effect on ADFI for pigs fed complex diets. Pigs
fed simple diets with 3000 mg/kg added Zn had
ADFI that was similar (P=.50) to pigs fed
complex diets with or without feed additives for
day 15 to 28 and the overall 28-day period.
Compared with pigs fed the diet with no feed
additives, adding APR to simple diets did not
affect (P>.10) ADFI, while APR increased
(P<.05) ADFI for pigs fed complex diets only for
the 15 to 28-day period.

Pharmacological levels of Zn from ZnO
resulted in greater ADFI and ADG (P<.01) than
adding APR or feeding the basal (no additive)
diet during the first 14 days and the entire
experimental period. Feed intake and gain were
increased (P<.01) with added ZnO or APR
compared to feeding no additives during day 15
to 28. Feeding the basal diet with no additive
resulted in greater (P<.01) feed wastage than
feeding ZnO or APR during the first 14 days.
Additional ZnO resulted in greater (P<.01)
gain/feed than feeding APR for the first 7 days
and APR or no feed additive for the first 14 days.
For the overall period, ho)Never, pigs fed added
ZnO had greater (P<.01) gain/feed than pigs fed
the basal diet with no feed additive, while those
fed added APR were intermediate.

A diet x feed additive interaction was
detected (P<.05) for ADFJ from day 15 to 28 and
over the entire 28-day period.
Added Zn
increased (P<.05) ADFI for pigs fed simple diets
during all periods except day O to 7 but had little
effect on ADFI for pigs fed complex diets.

TABLE 2. NUTRIENT CONTENT OF EXPERIMENTAL DIETS (AS FED)
Simele diets
Added ZnO, mg/kg•
0
3000
APR, mg/kg"
0
0
Calculated nutrient content
20.96
Crude protein, %
21.00
Lysine,%
1.40
1.40
.80
.80
Calcium,%
Phosphorus, %
.70
.70
Chemically determined nutrient content
20.96
Crude protein, %
20.67
Lysine,%
1.24
1.25
Calcium,%
.80
.73
Phosphorus, %
.70
.68
115
3248
Zinc, mg/kg
a Added level of zinc provided as zinc oxide.
•Added level of Apramycin sulfate.

0
165
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Complex diets
0
3000
0
0

0
165

20.00
1.40
.80
.70

20.00
1.40
.80
.70

19.96
1.40
.80
.70

20.00
1.40
.80
.70

20.03
1.26
.79
.65
233

19.52
1.37
.73
.71
121

19.02
1.32
.81
.72
3680

19.40
1.31
.79
.72
232

TABLE 3. NURSERY PERFORMANCE AS AFFECTED BY DIET TYPE AND FEED
ADDITIVES (MAIN EFFECT MEANS)"
Feed additive0
None
ZnO
APR

Diet type
Simple
Complex

+SE
+SE
Avg daily gain, g
Day Oto 1""'
99
180
9
141
156
122
12
Day Oto 14d'
184
269
7
195"
2759
209"
9
Day 15 to 28
515
541
8
496"
551 9
538 9
10
Overalldf
350
346"
405
6
4139
373"
8
Avg daily feed, g
DayO to 1•'
144
227
8
199
188
170
10
Day Oto 141
254
346
8
282"
278"
3409
10
Day 15 to 28d'
732
806
717"
12
813 9
776 9
15
Overalld'
493
575
498"
9
577 9
527"
11
Feed wastage, g
DayO to 7
14
12
1
15
14
10
2
Day Oto 14def
29
18
2
31"
22 9
199
2
Day 15 to 28'
73
31
11
66
51
39
14
Overall•'
51
25
6
48
36
29
7
Gain/feed
Day Oto 7d
.65
.77
.04
:679"
.82 9
,63"
.05
Day Oto 14d'
.71
.77
.02
.67"
.81 9
.73"
.02
Day 15 to 28'
.71
.67
.01
.70
.68
.70
.01
Overall
.71
.70
.01
.69"
.72 9
.71 9"
.01
"Forty-eight pens in two locations fed two diet types and three feed additives.
•consisted of corn, soybean meal, and 20% dried edible whey and 1% soybean oil (Simple) plus 10%
lactose and 6% spray-dried porcine plasma (Complex).
0
No feed additive (none), 3000 mg/kg of added zinc provided as zinc oxide (ZnO), and 165 mg/kg of
Apramycin sulfate (APR).
dDiet x feed additive interaction (P<.05).
•Nursery site location effects (P<.05).
'Diet effect (P<.01 ).
""Feed additive means without a common superscript differ (P<.01 ).

Pigs fed simple diets with 3000 mg/kg added Zn
had ADFI that was similar (P=.50) to pigs fed
complex diets with or without feed additives for
day 15 to 28 and the overall 28-day period.
Compared with pigs fed the diet with no feed
additives, adding APR -to simple diets did not
affect (P>.10) ADFI, while APR increased
(P<.05) ADFI for pigs fed complex diets only for
the 15 to 28-day period.
During day O to 14, adding Zn or
reduced (P<.05) feed wastage when pigs
fed simple diets but not when complex
were fed. A similar pattern occurred for
periods.

Significant
diet
by
feed
ingredient
interactions for gain/feed resulted for day O to 7
and day O to 14 but not for other periods. Pigs
fed the simple diet with 3000 mg/kg added Zn
had gain/feed that was more than 50% greater
(P<.05) than pigs fed the other simple diets and
not different (P>.10) from gain/feed for pigs fed
the complex diet with added APR from day O to
7 and day O to 14. However, poorer (P<.05)
gain/feed for simple diets with added Zn was
observed from day 15 to 28. Apramycin had no
effect (P>.10) on gain/feed within complex diets
except from day O to 14, when improvement was
noted (P<.05) over the complex diet with no feed
additive.

APR
were
diets
other
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TABLE 4. ZINC AND PUN CONCENTRATIONS IN PLASMA OF WEANED PIGS AS
AFFECTED BY DIET TYPE AND FEED ADDITIVES (MAIN EFFECT MEANS)
Diet type
Simple
Complex

Feed additive
ZnO

±SD"
None
APR
Item
Plasma zinc, mg/kg
. 70"
Day 10•••
1488
20
107
81
1
9
55h
175
31
Day20
90
128
Plasma urea nitrogen, mg/di
1
1
11.56
6.20
8.73 ;
7.53
10.36J
3.29
Day 101
1
9.39
7.30
7.95
8.59
8.50
2.49
Day 20
"Standard deviation: 48 pens in two locations fed two diet types and three feed additive treatments. One
pig fed the complex diet without feed additive died on day 13.
bconsisted of corn, soybean meal, and 20% dried edible whey and 1% soybean oil. (Simple) plus 10%
lactose and 6% spray-dried porcine plasma (Complex).
'No feed additive (none), 3000 mg/kg of added zinc provided as zinc oxide (ZnO), and 165 mg/kg of
Apramycin sulfate (APR).
•Diet x feed additive interaction (P<.05).
"Nursery site location effect (P<.05).
'Diet effect (P<.01 ).
8
"Feed additive means without a common superscript differ (P< .01 ).
•lFeed additive means without a common superscript differ (P<.07).

TABLE 5. NURSERY PERFORMANCE AS AFFECTED BY DIET TYPE AND FEED
ADDITIVES (INTERACTION MEANS)"
Simple diets
Complex diets'
Added Zn, mg/kg
3000
0
0
0
3000
0
165
0
0
0
0
165
APR, m!l/k!l
Avg daily gain, kg
1
1
112••
DayOto7
190•
115••
91
140e
66
1
1
2ss••
284d
273••
Daya to 14
142
145
249°
1
1
547••
Day 15 to 28
555•
479
552•
513°'
514°
1
410de
416d
418d
Overall period
310'
329
381°
Avg daily feed, g
214d
216d
Day0to7
251•
146°
162°
1238
1
337d•
332d•
Day Oto 14
226
312°
359•
223'
1
1
820d•
807de
842d
Day 15 to 28
664
711
770°
555d
588d
557d
445•
Overall period
566"
467°
Avg feed wastage, g
Day0to7
18
15
9
11
13
11
44d
Day Oto 14
20•
26°
18°
18°
19°
54d•
105d
37•.
Day 15 to 28
50°
27°
28°
74d
45•.
34•
Overall period
23°
28°
24°
Gain/feed
.88d
.77d
.77d
.77d
Daya to 7
.58°
.49'
9
9
.85d
.82d•
Day Oto 14
.62
.64
.72'
.77°'
_72d
.72d
Day 15 to 28
.68°
.67°
.68°
.67°
.7od•
.72d
.71de
_71d•
.7od•
Overall period
.68°
"Forty-eight pens in two locations fed two diet types and three feed additive treatments.
bConsisted of corn, soybean meal, and 20% dried edible why and 1% soybean oil (Simple) plus 10%
·
lactose and 6% spray-dried porcine plasma (Complex).
'No feed.additive (none), 3000 mg/kg of added zinc provided as zinc oxide (ZnO), and 165 mg/kg of
Apramycin sulfate (APR).
def9Means within the same row without a common superscript differ (P<.05).
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±SE
16
13
14
11
14
14
21
16
3
3
20
10
.07
.03
.01
.01

There was a diet type by feed additive
interaction (P<.05) for plasma Zn concentration
at day 10 but not at day 20 (Table 6). Pigs fed
the complex diet with added ZnO had the
greatest (P<.05) plasma Zn concentration
followed by pigs fed the simple diet with added
ZnO on day 10 and day 20. Pigs fed the
complex diet with added APR had greater
plasma Zn levels (P<.05) on day 20 than pigs
fed the simple diet or the simple diet with APR.

There were no diet type by additive
interactions (P>.10) for any PUN data. Pigs fed
simple diets with 165 mg/kg added APR had
higher day 10 PUN (P<.05) but not day 20 PUN
(P> .10) than pigs fed simple diets with added
Zn, while pigs fed the simple diet with no
additive were intermediate.
There were no
differences in PUN concentrations (P>.10)
among pigs receiving any of the complex diets
on day 10 or day 20.

TABLE 6. ZINC AND PUN CONCENTRATIONS IN PLASMA OF WEANED PIGS AS
AFFECTED BY DIET TYPE AND FEED ADDITIVES (INTERACTION MEANS)
Simple diets•
Complex diets
Added Zn, mg/kg
O
3000
0
0
3000
0
Added APR, mg/kg
O
0
165
0
0
165
+SD 0
Plasma zinc concentration, mg/kg
581
120•
Day 10
6i9
74 1
21
1
Day20
609
143°
67
1031
31
Plasma urea nitrogen, mg/di
11.93••
9.54°
13.20•
5.54 1
5.54 1
7.51°1
3.49
Day 10
1
Day20
8.79
9.78
9.61
7.11
7.39
7.39
2.58
•consisted of corn, soybean meal, and 20% dried edible whey and 1% soybean oil (Simple) plus 10%
lactose and 6% spray-dried porcine plasma (Complex).
bNo feed additive (none), 3000 mg/kg of added zinc provided as zinc oxide (ZnO), and 165 mg/kg of
Apramycin sulfate (APR).
0
Standard deviation: there were 48 pens in two locations fed two diet types and three feed additive
treatments. One pig fed the complex diet without additive died on day 13.
19
•• Different superscripts within the same row were different at P<.05.
Summary

Pharmacological levels of Zn from ZnO
resulted in greater ADFI and ADG than adding
APR or feeding the diet with no feed additive
during the first 14 days and the entire
experimental period. Feed intake and gain were
increased with added ZnO or APR compared to
feeding the basal diet during day 15 to 28.
Additional ZnO resulted in greater gain/feed than
feeding APR for the first 7 days and feeding
APR or no feed additive for the first 14 days. For
the overall period, however, pigs fed added ZnO
had greater gain/feed than pigs fed the diet with
no feed additive, while those fed added APR
were intermediate. Feeding the diet with no
additive resulted in greater feed wastage than
feeding ZnO or APR during the first 14 days.

Two hundred fifty-eight weaned crossbred
pigs (7.10 kg initial weight, 21 to 28 days of age,
28-day trial) were utilized in a split-split plot
design that included eight replications of two
nursery sites, two diet types, and three feed
additives. Diet types consisted of corn, soybean
meai, 20% dried edible whey, and 1% soybean
oil (simple) plus 10% lactose and 6% spraydried porcine plasma (complex). Additions to
those diets of no additive, 3000 mg/kg additional
Zn from ZnO, or 165 mg/kg APR made the six
dietary treatments.
Pigs fed complex diets consumed more
feed, had less feed wastage, and gained faster
than those fed simple diets for nearly every
period and the overall study. Pigs fed complex
diets had greater gain/feed than those fed
simple diets during the initial 14 days and lower
gain/feed during the last 14 days with no overall
effect of diet type on gain/feed.

Interactions between diet type and feed
additives included in the diet were observed.
Pigs fed the simple diet with 3000 mg/kg added
Zn from ZnO consumed more feed and gained
faster than those fed simple diets without added
Zn. Pigs fed simple diets with 3000 mg/kg
added Zn had gain/feed that was more than
50% greater than those fed the other simple
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3000 mg/kg Zn as ZnO resulted in greater gains
and feed intakes than adding 165 mg/kg APR to
either simple or complex diets for the overall 28day period. These results reconfirm the efficacy
of pharmacological addttions of Zn as ZnO in
both traditional corn-soybean meal-dried whey
diets and more complex diets.

diets and not different from gain/feed for pigs fed
the complex diet with added APR from day O to
7 and day O to 14. However, poorer gain/feed
for simple diets with added Zn was observed
from day 15 to 28. Within the pigs fed the
complex diet, added Zn had little effect on ADFI
but resulted in greater ADG overall than feeding
no feed additive. Pigs fed simple diets had a
greater response to added Zn resulting in ADFI
and ADG that were similar to feeding ·a complex
diet with or without added Zn or added APR.

Pigs fed the simple diet with 3000 mg/kg
added Zn had similar gain and feed intake to
those fed any complex diet during the first
14 days and overall 28-day period of this study.
This study suggests that pharmacological
additions of Zn as ZnO to simple diets increases
voluntary feed intake and improves N utilization
(based on PUN data) to cause an increased
growth rate that is similar to the growth rate
expected with a complex diet.

Pigs fed the complex diet with added APR
had ADFI and ADG that were similar during the
initial 14 days of the study but greater for day 15
to 28 and overall periods to those fed the
complex diet with no feed additives. APR had
no effect on gain/feed within complex diets
except from day O to 14, when improvement was
noted over the complex diet with no feed
additive. Adding APR to simple diets did not
improve ADFI or ADG for any period.

The plasma zinc concentrations of pigs fed
both simple and complex diets with 3000 mg/kg
added Zn were only two times higher than those
of pigs fed both simple and complex diets
without additional Zn. This suggests that a large
portion of the Zn provided as ZnO is not
absorbed but remains in the intestinal tract and
eventually is excreted in the feces. It also
suggests a gastrointestinal tract mode of action
rather than a systemic mode of action for ZnO's
improvement of pig performance.

Pigs fed the complex diet with added ZnO
had the greatest plasma Zn concentration
followed by pigs fed the simple diet with added
ZnO on day 10 and day 20. Pigs fed the
complex diet with added APR had greater day
20 plasma Zn concentrations than pigs fed the
simple diet or the simple diet with APR. No
differences in PUN concentrations among any
complex diets on day 10 or day 20 were
observed. However, pigs fed simple diets with
165 mg/kg added APR had higher day 10 PUN
than pigs fed simple diets with added Zn, while
pigs fed the simple diet with no additive were
intermediate.

Plasma urea nitrogen concentrations (day
10) were lower when pigs were fed complex
diets with no differences found in PUN among
complex diets. Feeding 3000 mg/kg Zn as ZnO
decreased plasma urea nitrogen concentration
on day 10 compared to feeding no additive or
165 rng/kg APR when pigs were fed simple
diets. Feeding pharmacological levels of Zn
may allow the newly weaned pig to more
efficiently utilize dietary protein for maintenance
and growth.

Implications
Performance data confirmed that pigs fed
complex diets have greater feed intake and
growth than those fed simple diets. Adding
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Effect of diet complexity and the additive effect of pharmacological
levels of ZnO and carbadox on the performance of weaned pigs
D.Y. Lee, G.W. Libal, C.R. Hamilton, and D.N. Peters
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SWINE 2001 - 7
weight, sex, and ancestry to dietary treatments
in a randomized complete block design. There
were six dietary treatments replicated in four
weight blocks with five pigs per pen. Four of the
six dietary treatments were simple diets
(Table 1) containing corn, soybean meal, 1%
soybean oil, and 20% dried edible whey with O
or 3000 mg/kg Zn as ZnO and O or 55 mg/kg
GARB arranged in a 2 x 2 factorial. These diets
were fed for the entire 28 day period. The two
additional treatments were complex diets
(Table 2) fed in a phase I-phase II sequence as
reference diets in making comparisons with
simple diets. These two diets included O or
55 mg/kg CARB. The complex diet fed during
phase I (first 14 days) contained corn, soybean
meal, 1% soybean oil, 20% dried edible whey,
10% lactose, and 6% spray-dried porcine
plasma. The complex diet fed during phase II
(last 14 days) contained corn, soybean meal,
1% soybean oil, 20% dried edible whey, and 2%
blood meal.

The scientific literature documents the
efficacy of antibacterial feed additives for
weaned pigs. More recently, feeding therapeutic
levels of supplemental zinc (Zn) from zinc oxide
(ZnO) stimulated voluntary feed intake and
weight gain of young pigs.
Over the last
decade, research demonstrated that swine diets
containing sub-therapeutic levels of various
antibiotics combined with pharmacological levels
of copper (Cu) resulted in better performance
than when either ingredient was provided
individually. In 1982, an additive improvement in
performance was found when a sub-therapeutic
level (55 mg/kg) of carbodox (CARB) and high
level of Cu (125 mg/kg) were provided in
combination in a corn-soybean meal diet.
The interactive effects of Cu from copper
sulfate (CuS0 4 ) and Zn from ZnO in diets for
weanling pigs on performance have been
evaluated, and the use of 3000 mg/kg Zn alone
provided greater performance than the use of
both Cu and Zn. Because Cu and Zn have
independent
biological
growth
promoting
properties, it is necessary to determine if swine
diets containing an antimicrobial agent in
combination· with 3000 mg/kg Zn as ZnO may
result in better performance than when either is
provided individually.

Dietary treatments were:
•
•
•
•

The objectives of this study were (1) to
determine the additive effects of 3000 mg/kg Zn
as ZnO and GARB on weaned pig performance
and (2) to evaluate whether simple nursery diets
containing Zn as ZnO support performance that
is similar to complex (phase I and phase II)
nursery diets.

•
•

Simple diet
Simple diet with 3000 mg/kg added Zn from
ZnO
Simple diet with 55 mg/kg GARB
Simple diet with 3000 mg/kg added Zn from
ZnO and with 55 mg/kg CARB
Complex diets
Complex diets with 55 mg/kg GARB.

Simple and phase I diets were formulated to
provide 1.40% lysine.
Phase II diets were
formulated to provide 1.20% lysine. All diets
contained at least 100 mg/kg added Zn. Levels
of all essential dietary nutrients in the
experimental diets were at or greater than NRC
(1988) nutrient requirements. Calculated and
chemically determined nutrient content of
experimental diets is shown in Table 3.

(Key Words: Weaned pigs, Diet complexity, Zinc
oxide, carbadox.)
Experimental Procedure
One hundred twenty crossbred pigs
averaging 7.90 kg were weaned between 21 and
28 days of age and allotted on the basis of

Pigs were weaned in two groups each
providing 60 pigs, which were placed in two
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TABLE 1.. COMPOSITION OF SIMPLE DIETS WITH AND WITHOUT ZINC OXIDE
AND/OR CARBADOX, %
3000
Added Zn, mg/kg
O
3000
0
Added CARB, mg/kg
O
O
55
55
4
lngredientsrrreatments .
1
2
3
Ground com
43.05
42.63
42.57
42.15
Soybean meal, 44%
33.34
33.34
33.58
33.58
Edible dried whey
20.00
20.00
20.00
20.00
Soybean oil
1.00
1.00
1.00
1.00
1.15
Dicalcium phosphate
1.14
1.14
1.15
Limestone
.70
.70
.69
.69
.25
Salt
.25
.25
.25
Carbadoxab
O
O
.25
.25
.18
.18
.17
L-lysine Her•
.17
.20
DL-methionine•
.20
.20
.20
Premixbc
.14
.14
.14
.14
O
.42
0
Zinc oxide"d
.42
Total
100.0
100.0
100.0
100.0
_•2.2% carbadox (Mecadox® premix-10) produced by Pfizer, New York, NY 10017.
"Premixed with ground corn before adding with macro ingredients. Ground corn added to give a IQlal
inclusion rate of 1%.
'Premix provided the following per kg of diet: 100 mg Zn, 75 mg Fe, 25 mg Mn, 7.5 mg Cu, 175 :g I,
300 :g Se, 16.5 IU vitamin E, 3.3 mg riboflavin, 17.6 mg niacin, 13.2 :g vitamin 8 12 , 2.2 mg vitamin K3 ,
13.2 mg·pantothenic acid, 3960 IU vitamin A, and 396 IU vitamin D3 .
dzinc oxide (72% Zn) manufactured by Zinc National, SA
nursery rooms at the South Dakota State
University Swine Research Center. Pigs were
housed in 1.2 m x 1.2 m raised pens equipped
with either Tri-bar metal or vinyl floors and
provided with one stainless steel self-feeder and
one stainless s_teel nipple waterer. Nursery
temperatures were maintained within the range
of thermoneutrality in the mechanically
ventilated nursery rooms starting at 30°C and
decreased 2°C each week. A 24-hour constant
light schedule was maintained.

simple diets and complex diets and feed
additives.
Results
Main effect" means for gain, feed intake and
wastage, and gain/feed are shown in Table 4.
There was no Zn by CARB interaction (P>.10)
for any period studied.
For the initial 7-day (P<.05), 14-day (P<.01 ),
and overall 28-day (P<.01) periods, pigs fed
simple diets with 3000 mg/kg added Zn as ZnO
had greater gains than those fed the simple
diets without added Zn. There was no response
to added Zn from day 15 to 28 (P>.10).
Carbadox improved ADG from day 1i;i to 28
(P<.10) and overall (P<.05), but did not affect
ADG for other periods (P> .10). Feed intake was
unaffected (P>.10) by added Zn or CARB during
the initial 7 days. Pigs fed simple diets with
3000 mg/kg added Zn had greater (P<.05) ADFI
than those fed simple diets without added Zn for
the first 14-day, last 14-day, and the overall 28day periods. Adding CARB to the simple diet
had no effect (P>.10) on ADFI from day Oto 7
and day Oto 14 but increased (P<.05) ADFI from
day 15 to 28 and overall. Feed wastage was

Pig weight, feed consumption, and feed
wastage were measured weekly. Feed samples
collected during the experimental period were
pooled by diet and analyzed for crude protein,
Ca, P, Zn, and lysine.
Data were analyzed as a randomized
complete block design. The statistical models
included the effects of block, Zn, CARB, and Zn
x CARB interaction for the 2 x 2 factorial and the
effects of room, replication, treatment, room x
treatment interaction,.and replication x treatment
interaction for the analysis of the six treatments.
Pen was the experimental unit. Orthogonal
contrasts were created to compare means for

39

TABLE 2. COMPOSITION OF COMPLEX DIETS WITH OR WITHOUT CARBADOX, %
· Phase I diets
Phase II diets ..
0
0
Added Zn, mg/kg
0
0
Added CARB, mg/kg
0
55
0
55
5
6
6
lngredientsfTreatments
5
Ground corn
39.12
38.64
53.16
52.68
Soybean meal, 44%
21.19
21.43
21.19
21.42
20,00
Edible dried whey
20.00
20.00
20.00
Plasma, spray-dried"
6.00
6.00
0
0
Blood meal, spray-dried"
0
0
2.00
2.00
0
10.00
10.00
0
Lactose
0
1.00·.
1.00
1.00
Soybean oil
1.00
Dicalci11m phosphate
1.25
1.26
1.45
1.45
.71
Limestone
.70
.60
.60
Salt
.25
.25
.25
.25
Carbadox••
o
.25
0
.25
L-lysine HCI"
.17
.16
.15
.15
DL-methionine•
.17
.17
.06
.06
Premixc1
__J_1
--1.1
--1.1
~
Total
100.0
100.0
100.0
100.0
"Porcine plasma 780 produced by NutriBasics.
•spray-dried blood meal produced by NutriBasics.
0
Lactose manufactured by Davisco International, Inc.
•2.2% carbadox (Mecadox® premix-10) produced by Pfizer, New York, NY, 10017.
"Premixed with ground corn before adding with macro ingredients to inclusion rate of 1%.
'Premix provided the following per kg of diet: 100 mg Zn, 75 mg Fe, 25.mg Mn, 7.5 mg Cu, 175 :g I,
300 :g Se, 16.5 IU vitamin E, 3.3 mg riboflavin, 17.6-mg niacin, 13.2:g vitamin 8 12 , 2.2 mg vitamin K3 ,
13.2 mg pantothenic acid, 3960 IU vitamin A, and 396 IU vitamin 0 3 .

TABLE 3. NUTRIENT CONTENT OF EXPERIMENTAL DIETS (AS FED).
Added Zn, mg/kg
Added CARB, mg/kg
NutrienUTreatment
Calculated
Crude protein, %
Calcium,%
Phosphorus, %
Lysine,%
Zinc, mg/kg
Chemically determined
Crude protein, %
Calcium,%
Phosphorus, %
Lysine,%

0
0
1

Simple diets
3000
0

0
2

20.96
21.00
.80
.80
.70
.70
1.40
1.40
3125
125
20.72

.66
.68
1.26

20.37
.72
.69
1.38

Phase I diets
3000
55
4

55
3

20.96
21.00
.80
.80
.70
.70
1.40
1.40
3125
125
21.01
.. 71
.68
1.41

unaffected (P>.10) by added ZnO or CARB
during any period. For the initial 7-day (P<.05)
and 14-day (P.10) periods, adding Zn to simple
diets improved feed efficiency over simple diets
without added Zn but decreased (P<.05) feed
efficiency from day 15 to 28. Added Zn had no

19.72
.63
.65
1.40

0
0
5

0
55
6

19.96 20.00
.80
.80
.70
.70
1.40
1.40
125
125
19.85
.71
.67
1.39

19.74
.73
.72
1.36

Phase II diets

0
0
5

0
55
6

18.20 18.20
.80
.80
.71
.71
1.20
1.20
125
125
17.12
.70
.65
1.03

17.43
.73
.69
1.03

effect (P> .10) on gain/feed for the overall period.
There was no CARB effect (P> .10) on feed
efficiency.
Gain, feed intake and wastage, and
gain/feed for the six treatments are shown in
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TABLE 4. EFFECT OF Zn ADDED AS ZnO AND CARBADOX ADDITIONS TO
SIMPLE DIETS ON WEANED PIG PERFORMANCE ~MAIN EFFECT MEANSt
Carbadox, m!;Jlk!;J
Zn, mlJ!k!;J
±SDb
55
3000
0
0
Item
Avg daily ~ain, glday
42
- 57
80
93
44
Day0to7
234
57
194
276
153
Day Oto 14°
1
48
524
569
563
530
Day 15 to 28
33
402
359
Overalleg
419
341
Avg daily feed intake, glday
121
25
127
112
107
Day0to7
47
243
278
319
203
Day Oto 14°
893
63
784
775
902
Day 15 to 28°•
514
586
45
Overarr••
610
489
Avg daily feed wastage, glday
5
10
11
9
7
Day Oto 7
9
22
17
21
16
DayO to 14
34
49
17
41
42
Day 15 to 28
11
31
26
35
29
Overall
Gain/feed
.49
.62
.22
.39
.72
Day Oto 7°
.11
.84
.75
.86
.77
Day Oto 14°
.04
Day 15 to 20•
.69
.63
.67
.64
.70
.69
.03
.70
.69
Overall
•No added Zn x carbadox interaction (P> .10 ).
bStandard deviation: each diet was replicated in four pens of five pigs, one pen removed day O to 7.
0
P< .10, 0 P<.05, 0 P<.01 ZnO effect.
1
P< .10, 9P<.05, •P<.1 O carbadox effect.
Table 5.
Pigs fed the simple diet with
pharmacological Zn and the simple diet with
pharmacological Zn and GARB had lower
{P<.06) ADG than pigs fed phase I diets from
day O to 7 and similar {P>.10) ADG to pigs fed
phase I diets during the initial 14 days. Adding
3000 mg/kg Zn to the simple diet resulted in
greater (P<.05) ADG than feeding the phase II
diet during day 15 to 28. Over the entire 28-day
period, pigs fed the simple diet with added Zn
had ADG that was similar {P>.10) to pigs fed
complex diets. Pigs fed the simple diet with
pharmacological Zn or the simple diet with
pharmacological Zn and CARB had ADFI that
were similar {P>.10) to pigs fed the phase I diet
from day O to 7 and day O to 14 and greater
{P<.10) than those fed the "phase II diet from day
15 to 28. Over the entire 28-day period, pigs fed
the simple diet with added Zn or the simple diet
with added Zn and added CARB had similar
{P>.10) ADFI to those fed complex diets. Pigs
fed the simple diet with pharmacological Zn or
the simple diet with pharmacological Zn and
CARB had feed wastage that was greater
{P<.05) than those fed the phase I diet from day
O to 14 but similar (P>.10) to pigs fed the

complex diets from day O to 7, day 15 to 28, .and
overall. For each period, pigs fed the simple
diets with added Zn and CARB had similar
(P>.10) gain/feed ratios to pigs fed the complex
diets.
No additive effects of CARB to diets with
ZnO were observed.
However, there were
additive effects of Znd to the diet that contained
CARB for ADG for day Oto 14 {P<.10) and for
gain/feed for day O to 7 {P<.05). Zinc supplied
at 3000 mg/kg as ZnO provided maximum
performance. These results would appear to be
different from the equal performance of pigs fed
copper and CARB individually and the greater
additive resporise observed when both were
included.
Performance of pigs fed simple diets that
included ZnO or ZnO and CARB was equal to
performance of pigs fed complex diets for the
28-day trial. In this trial, simple diets including
3000 mg/kg Zn supplied as ZnO provided for
feed intake and pig growth at the same level as
complex diets containing more expensive feed
ingredients.
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TABLE 5. EFFECTS OF DIET TYPE AND ADDITIVES ON PIG PERFORMANCE
Simple diets
Complex diets
Added Zn, mg/kg
0
3000
0
3000
0
0
Added GARB, mg/kg
0
0
55
55
0
55
ltemrr reatments
1
2
3
4
5
6
±SD"
Avg daily ~ain. q/day
DayO to 7
43
71
116
45
129
193
60
Day Oto 14•'
120
268
283
185
227
336
64
Day 15 to 28"'
495
552
574
564
444
539
37
Overall"
308
410
375
428
335
438
45
Avg daily feed intake, g/day
Day0to7
108
117
147
105
197
143
41
Day o to 14••
225.
180
306
332
281
364
54
Day 15 to 28b•
695
873
856
931
727
8.74
89
Overall"
437
540
590
631
504
519
69
Avg daily feed wastage. g/day
Day0to7
8
11
6
12
5
8
5
DayO to 14b
16
19
16
25
9
14
8
Day 15 to 28
48,
36
32
50
30
43
17
Overall
26
25
32
38
20
28
10
Gain/feed
Day Oto 7°9
.37
.60
.40
.70
.90
.98
.22
Day Oto 14°
.66
.87
.83
.85
.80
.93
.07
Day 15 to 28•
.71
,64
.66
.62
.61
.62
.05
Overall
.70
.70
.70
.68
.67
.71
.02
"Standard deviation: each treatment was replicated in four pens of five pigs, one pen removed day O to 7.
Orthogonal contrasts:
0
bP<.10, P<.01, treatments 2 and 4 vs treatments 5 and 6 (simple diets with ZnO vs complex diets).
0
•P<.05, P<.01, treatment 1 vs treatments 2, 3, and 4 (within simple diets, no additive vs additive).
9
'P<.10, P<.05, treatment 3 vs 4 (within simple diets, additive effect of ZnO to GARB).
"P<.10, treatment 2 vs 3 (within simple diets, ZnO vs CARS).
Treatment 2 vs 4 (within simple diets, additive effect of GARB to ZnO).
Summary

with 3000 mg/kg added Zn as ZnO had greater
ADFI and ADG than those fed simple diets
without added Zn. For the initial 7-day and 14day periods, adding Zn to simple diets resulted
in greater feed efficiency than when simple diets
without added Zn were provided but poorer .feed
efficiency from day 15 to 28.
Carbadox
improved ADG and increased ADFI from day 15
to 28 and overall.

One hundred twenty crossbred pigs
(7 .90 kg) were weaned between 21 and 28 days
of age and allotted to six dietary treatments
(randomized complete block design) replicated
in four weight blocks with five pigs per pen. Four
of the six dietary treatments were simple diets
containing corn, soybean meal, 1% soybean oil,
and 20% dried edible whey with O or 3000 mg/kg
Zn as ZnO and O or 55 mg/kg CARS arranged in
a 2 x 2 factorial. The two additional treatments
were complex diets with O or 55 mg/kg CARS
fed in a phase I-phase II sequence as reference
diets for making comparisons with simple diets.
for the 4-week trial. All diets contained at least
100 mg/kg added Zn.

Pigs
fed
the
simple
diet
with
pha~macological Zn and the simple diet with
pharmacological Zn and CARS had lower ADG
and similar ADFI from day O to 7 to pigs fed the
complex diets. ADG and ADFI were similar
during the initial 14 days and greater during day
15 to 28 for pigs fed the simple diets with added
Zn. Feed wastage was greater for pigs fed
simple diets than those fed the phase I diet from
day Oto 14 but similar to those fed the complex
diets from day O to 7, day 15 to 28, and overall.

There were no Zn by GARB interactions for
any period studied. For the initial 7-day, 14-day,
and overall 28-day periods, pigs fed simple diets
42

Pigs fed the simple diets with added Zn had
similar gain/feed ratios to pigs fed the complex
diets.

oil, and 20% dried edible whey. While the
efficacy. of each additive was demonstrated, no
evidence for an additive effect of GARB over the
response to ZnO was observed. Maximum
performance was obtained when Zn was
supplied with or without GARB.

Overall, pigs fed the simple diet with added
Zn had ADG, feed intake, and gain/feed that
were similar to pigs fed complex diets.

Inclusion of 3000 mg/kg of Zn as ZnO to
simple diets provided for feed intake, gain, and
feed efficiency similar to that obtained with
complex diets consisting of more expensive
ingredients.
This suggests that more
economical diets might be fed during the early
growth stages of weaned pigs as long as ZnO is
included at pharmacological levels.

Implications
Addition of GARB (55 mg/kg) or Zn
(3000 mg/kg) supplied as ZnO increased gain
and feed intake of weaned pigs fed simple diets
consisting of corn, soybean meal, 1% soybean
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Effects of 2000 mg/kg Zn from ZnO or carbadox on performance
of weaned pigs as influenced by complexity of diets
G. W. Libal and T. A. Meyer
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age) in two groups and blocked by weight. Six
pigs were assigned per pen within four weight
blocks on the basis of sex, ancestry, and
weaning weight to six dietary treatments. The
six randomly allotted treatments within a block
were the result of a factorial arrangement of two
diet types (simple or complex) and three types of
feed additive additions (none, 2000 mg/kg Zn
from ZnO, or 55 mg/kg GARB). Both the simple
and the complex diets contained corn, soybean
meal, 20% edible dried whey, and 1% soybean
oil with the two complex diets containing
additional ingredients. The phase I diet that was
fed the first 14 days contained 10% lactose and
6% plasma and the phase II diet that was fed
the last 7 days contained 2% spray-dried blood
meal. Composition of the diets that were fed in
meal form is shown in Table 1. The combination
of type of diet and feed additive additions
resulted in the following six treatments:

The positive effect of pharmacological levels
of zinc (Zn) from zinc oxide (ZnO). is well
documented. Zinc at 3000 mg/kg has been
shown to be as effective as carbadox (GARB) in
the weaned pigs' diet. Recent research has
demonstrated an unexpected effect on weaned
pig performance from adding 3000 mg/kg of Zn
from ZnO to simple diets. Normally, pigs fed
complex diets with specially ingredients outperform pigs fed simple diets, primarily because
of increased feed intake. However, performance
of pigs fed simple diets with added ZnO has
been equal to performance of pigs fed complex
diets with or without added ZnO (SWINE 2000-9
and SWINE 2000-10).
Improvement in pig
performance was not to the same degree with
the addition of 3000 mg/kg Zn to a complex diet
as to a simple diet. The results of some
research suggests that 3000 mg/kg of Zn may
be close to a toxic level in some instances. This
experiment was designed to obtain data at a
lower Zn level (2000 mg/kg). Of interest was
whether 2000 mg/kg Zn from ZnO would give
equal performance to 55 mg/kg GARB. Also of
interest was if 2000 mg/kg Zn would elicit an
improvement in performance from pigs fed the
complex diet as well as pigs fed the simple diet.
If the response to 2000 mg/kg was the same for
both types of diets, this would suggest that
added Zn was marginally toxic when included at
3000 mg/kg but not at 2000 mg/kg in a complex
diet. If the response to Zn was found only in the
simple diet, it would suggest the differences in
responses to Zn previously observed for simple
and complex diets was due to an interaction
between Zn levels and feed ingredients affecting
feed intake.

•
•
•
•
•
•

Simple diet
Simple diet with 2000 mg/kg added Zn from
ZnO
Simple diet with 55 mg/kg GARB
Complex diets
Complex diets with 2000 mg/kg added Zn
from ZnO
Complex diets with 55 mg/kg GARB.

Pigs were housed in the Animal Science
Complex nursery which had vinyl slatted raised
flooring. Room temperature was 30°C at the
beginning and was decreased 2°C each week.
One feeder and one nipple waterer were
provided in each pen. Feed was added to
feeders in small amounts and feed intake and
feed wastage were recorded weekly. Pigs were
individually weighed on a weekly basis.

(Key Words: Weaned pigs, Diet complexity, Zinc
oxide, Carbadox.)

The experiment was analyzed as a
randomized complete block design with main
effects in a 2 x 3 factorial arrangement. The pen
of pigs was considered the experimental unit.

Experimental Procedure
Pigs (168 averaging 7.02 kg) from a
farrowing group were weaned (21 to 25 days of
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TABLE 1. COMPOSITION OF NURSERY DIETS,%
Complex
Phase I
Phase II
Simple
Ingredient
52.01
42.07
38.10
Ground corn
33.34
21.19
21.19
Soybean meal, 44%
20.00
20.00
20.00
Whey, spray-dried
6.00
Porcine plasma, spray-dried•
10.00
Lactose"
Blood meal, spray-dried
2.00
1.00
Soybean oil
1.00
1.00
1.14
1.25
1.45
Dicalcium phosphate
.71
Limestone
.70
.60
White salt
.25
.25
.25
--1.&Qdg
--1.&Qfg
Vitamin-TM mix0
--1.&!!""
Total
100.0
100.0
100.0
•porcine plasma 780 produced by NutriBasics.
"Lactose manufactured by Davisco International, Inc. .
'Premix provided the.following per kg of diet: 100 mg Zn, 75 mg Fe, 25 mg Mn, 7.5 mg Cu, 175 :g I,
300 :g Se, 16.5 IU vitamin E, 3.3 mg riboflavin, 17.6 mg niacin, 13.2 :g vitamin 8 12 , 2.2 mg vitamin K3 ,
13.2 mg pantothenic acid, 3960 IU vitamin A, and 396 IU vitamin 0 3 •
dlncluded 81.7 g L-lysine HCI and 90.8 g DL-methionine per 45.45 kg of complete diet.
"Included 77 .2 g L-lysine HCI per 45.45 kg of complete diet.
1
1ncluded 68.1 g L-lysine HCI and 27.3 g DL-methionine per 45.45 kg of complete diet.
9
1ncluded either 126.2 g zinc oxide (72% Zn) manufactured by Zinc National, SA., 113.6 g Carbadox
(2.2% carbadox [Mecadox® TM premix-10)) produced by Pfizer, New York, NY, or no additive per
45.45 kg of complete diet.
Results

55 mg/kg of GARB increased feed intake
(P<.005), gain (P<.001 ), and gain/feed (P<.005)
compared to feeding a diet with no feed additive.
During week 3, pigs receiving the diets with
GARB consumed more feed (P<.05) and tended
to gain faster (P=.13) than pigs receiving no
additive but not faster than pigs receiving
additional Zn. For the first 2 weeks and for the
overall trial, pigs that received either 2000 mg/kg
Zn or 55 mg/kg GARB consumed more feed
(P<.05), gained more (P<.05), and had higher
gain/feed P<.10) than pigs without feed additives
in their diets.

Nursery pig performance for the 3-week trial
is summarized by main effects, diet type and
feed additive addition, in Table.2.
During weeks 1 and 2, pigs that received the
complex diet (phase I) consumed more feed
(P<.10 week 1 and P<.005 week 2) and gained
faster (P<.05) than pigs receiving the simple
diet. However, during week 3, no difference
(P>.10) in feed intake or gain was observed
between pigs receiving the simple diet and the
complex diet (phase II). Overall, more feed was
consumed (P<.05) by the pigs fed the complex
diets, but no difference in gain (P>.10) was
observed. Gain/feed was higher (P<.05) during
the first week but lower during the second
(P<.001) and third weeks (P.01) for pigs
receiving the complex diets. This resulted in an
overall 3-week advantage (P<.1 O) in gain/feed
for pigs receiving the simple diet.

Table 3 summarizes the nursery pig
performance showing the interaction means
between type of diet and feed additive included
in the diet. No interactions (P> .10) were found
by analysis of variance between diet type and
feed additive additions to those diets.
To
evaluate the hypothesis associated with the
treatments, the treatments were evaluated with
a multiple range test.

Feed additive had no effect (P>.10) on daily
gain, feed intake, or gain/feed the first week of
the trial. However, during the second week, the
addition of either 2000 mg/kg of Zn from ZnO or

During the first week, pigs receiving the
complex, phase I diet with added Zn had greater
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TABLE 2. NURSERY PIG PERFORMANCE AS AFFECTED BY DIET COMPLEXITY
AND FEED ADDITIVES (MAIN EFFECT MEANS)
Feed additives

Diet t~e·

Prob
Simele
7.03
13.36

Com el ex
7.02
12.83

SE
.01
.26

Prob.°
ns
ns

None
7.02
12.15

ZnO
7.04
13.53

CARB
7.01
13.60

SE
.02
.32

ns
Initial wt, kg
Final wt, kg
.05
Week 1
129
Daily gain, g
82
153
15
.05
89
135
19
ns
Daflyfeed, g
136
173
11
.10
136
167
161
14
ns
578
740
796
101
Gain/feed
533
876
82
.05
ns
Week2
256
345
Daily gain, g
303
334
8
.05
355
10
.001
Daly feed, g
408
9
.005
316
421
379
11
.005
336
824
848
914
10
Gain/feed
906
819
8
.001
.005
Week3
Daily gain, g
446
417
19
389
438
468
ns
23
.13
Daily feed, g
571
603
16
ns
533
597'
631
20
.05
Gain/feed
781
690
16
729
736
741
.01
20
ns
Weeks 1 and 2
Daily gain, g
193
243
10
.05
173
245
237
12
.05
Daily feed, g
236
290
,05
10
.01
226
294
270
11
Gain/feed
811
835
15
ns
760
831
880
20
.05
Weeks 1, 2, and 3
Daily gain, g
277
301
12
245
ns
309
314
15
.05
Daily feed, g
348
395
11
.05
328
395
390
14
.05
Gain/feed
794
762
12
744
783
.10
14
806
.10
0
Simple and complex diets contained corn, soybean meal, 20% edible dried whey, .and 1% soybean oil.
In addition, the phase I complex diet contained 10% lactose and 6% plasma and the phase II complex
diet contained 2% spray-dried blood meal.
·
bNone (no feed additive), ZnO (3000 mg/kg Zn added as zinc oxide), and CARB (55 mg/kg carbadox
added).
<Probabilities associated with main effect means. P<.10 accepted as significant.
gains (P<.05), consumed more feed (P<.10),
and had greater gain/feed (P<.05) than pigs fed
the simple diet with added Zn. This was also
true for gain (P<.01) and feed intake (P<.01) for
week 2. However, gain/feed was higher (P<.05)
for pigs receiving the simple diet with added Zn
than for pigs receiving the complex, phase I diet
with added Zn. During week 3 feed intake was
higher (P<.10) and gain/feed higher (P<.10) for
pigs receiving. the simple diet with added Zn
than the complex, p~ase II diet with added Zn
with no difference in gain (P>.10). As a result,
gain and feed intake were higher (P<.05) for
pigs fed the complex diet with added Zn than for
the pigs fed the simple diet with added Zn for the
first 2-week period. For the overall period, feed
intake was higher (P<.05) for pigs fed the simple
diet with added Zn than for pigs. fed the complex
diets with added Zn with no difference in gain or
gain/feed (P>.10). These results indicate that

when 2000 mg/kg of Zn from ZnO are included
in the diets pigs receiving simple diets will
perform the same in the nursery as pigs
receiving more complex diets. However, the
pattern of growth will be different with early
nursery performance favoring pigs receiving
complex diets because of increased feed ·intake
and later performance favoring pigs receiving
simple diets.
Gain and feed intake (P<.01) during the
second week and feed .intake and gain/feed
(P<.10) for the first 2 weeks were higher for pigs
receiving simple diets when added Zn was
included. For the third week and for the overall
period, the response to ZnO within the simple
diet was lost (P>.10). During the second week,
and for the first 2 weeks combined, gain/feed
was 'higher for pigs receiving the simple diet with
CARB than for pigs receiving the simple diet
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TABLE 3. NURSERY PIG PERFORMANCE AS AFFECTED BY DIET COMPLEXITY
AND FEED ADDITIVES (INTERACTION MEANS)
Diet complexity
Simele
Feed additives
None
ZnO
CARS
7.01
7.02
7.02
Initial wt, kg
Final wt, kgns
13.0
13.7
11.9
Week 1
Daily gain, g•
48
84
116
Daily feed, g•
117
135
155
Gain/feed•
528
718
353
Week2
Daily gain, gcejor
246
329
335
Daily feed, gceoq
282
378
349
Gain/feedbgjol
883
876
958
Week3
Daily gain, g•
404
435
498
Daily feed, g•ms
515
641
556
Gain/feed•ik
784
782
777
Weeks 1 and 2
Daily gain, g60 nq
147
206
225
Daily feed gbdnp
200
257
252
Gain/feed"
737
804
892
Weeks 1, 2, and 3
Daily gain, gns
233
283
316
Daily feed, g•nq
305
356
383
Gain/feed'•
762
792
829
•P<.10 Simple diet with ZnO vs complex diet with ZnO.
0
P<.05 simple diet with ZnO vs complex diet with ZnO.
0
P<.01 simple diet with ZnO vs complex diet with ZnO.
0
P<.10 simple diet with ZnO vs simple diet.
eP<.01 simple diet with ZnO vs simple diet.
1
P<.10 simple diet with ZnO vs simple diet with CARS.
9
P<.01 simple diet with ZnO vs simple diet with CARS.
"P<.10 simple diet with ZnO vs complex diet.
'.P<.05 simple diet with ZnO vs complex diet.
JP<.01 simple diet with ZnO vs complex diet.
'P<.10 simple diet with ZnO vs complex diet with CARS.
1
P<.10 simple diet with ZnO vs complex diet with CARS.
mP<.10 complex diet with ZnO vs complex diet.
"P<.05 complex diet wtth ZnO vs complex diet.
0
P<.01 complex diet with ZnO vs complex diet.
0
P<.10 simple diet with CARS vs simple diet.
qP< 05 simple diet with CARS vs simple diet.
'P<.01 simple diet with CARS vs simple diet.
with added Zn as was feed intake (P<.10) for
week 3. Numerical advantages in gain, feed
intake, and gain/feed were observed for the
addition of ZnO to simple diets for the overall
nursery period.
The advantage of adding
2000 mg/kg Zn as ZnO to simple diets was not
as dramatic as had been observed in previous
trials when 3000 mg/kg Zn was added to simple
diets. Additions of CARS gave improvements in

Com~lex
ZnO
7.05
14.1

CARS
7.01
13.6

SE
.02
.45

130
155
801

186
198
952

142
166
873

26
20
14

267
350
765

381
465
821

355
408
870

14
16
15

373
552
674

441
638
690

439
621
705

33
28
28

198
252
784

283
332
857

248
287
867

18
17
28

257
352
727

336
437
775

312
398
783

21
20
20

None
7.03
12.4

gain (P<.01) and feed intake (P<.05) during the
second and third week and for the overall period
(P<.05) for pigs fed the simple diet.
Within complex diets, adding 2000 mg/kg Zn
generally improved pig performance. During the
second week, gain (P<.01 ), feed intake (P<.01 ),
and gain/feed (P<.05) were increased due to
added Zn. In the third week, feed intake was
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performance favored pigs receiving simple diets
because of increased feed intake. For pigs
receiving simple diets, numerical advantages in
gain, feed intake, and gain/feed were observed
for the addition of ZnO for the overall period.
This response was less dramatic than had been
previously observed with 3000 mg/kg added Zn.
Additions of CARS indicated improvements in
gain and feed intake for the overall period for
pigs fed the simple diet. Within complex diets,
ZnO generally improved pig performance
demonstrating the efficacy of Zn additions at the
2000 mg/kg concentration to complex diets, a
response not observed in previous trials when
3000 mg/kg Zn was added.

increased (P<.10). For the overall period, feed
intake and gain as well as final weight were
higher (P<.05) for pigs receiving the complex
diet with added Zn compared to pigs receiving
the complex diet. These results demonstrated
the efficacy of Zn additions at the 2000 mg/kg
concentration to complex diets, a response not
observed in previous trials when 3000 mg/kg Zn
was added. The only advantage for the addition
of CARS to complex diets over the addition of
ZnO was found in an improvement (P<.10) of
gain/feed during the third week.
Summary
One hundred sixty-eight pigs (21 to 25 days
of age) averaging 7.02 kg were weaned, blocked
by weight, and assigned to six dietary
treatments within four weight blocks on the basis
of sex, ancestry, and weaning weight. The six
treatments were the result of a factorial
arrangement of two diet types (simple or
complex) and three types of feed additive
additions (none, 2000 mg/kg Zn from ZnO, or
55 mg/kg CARS). The 21-day experiment was
analyzed as a randomized block design with
main effects in a 2 x 3 factorial arrangement.

Implications
The addition of 2000 mg/kg of Zn from ZnO
or the addition of 55 mg/kg of CARS improves
nursery pig performance. Performance of pigs
receiving complex diets is generally better than
that of pigs receiving simple diets.
The addition of 2000 mg/kg of Zn from ZnO
to the simple diet provides pig performance that
equals that of pigs fed the complex diets with
either ZnO or CARS additions and exceeds that
of pigs fed the complex diet with no feed
additive. However, the pattern of growth will be
different with early nursery performance favoring
pigs receiving complex diets because of
increased feed intake and later performance
favoring pigs receiving simple diets.
The
response to 2000 mg/kg of added Zn in simple
diets is not as great as had been observed with
3000 mg/kg Zn in previous experiments. The
addition of 2000 mg/kg of Zn from ZnO to the
complex diet provided for increased pig
performance compared to the complex diet with
no feed additive.
This response was not
observed in previous trials with 3000 mg/kg Zn
from ZnO.

Pigs that received the complex diets
consumed more feed and gained more than pigs
receiving the simple diet during weeks 1 and 2
but not during week 3. Overall, pigs receiving
the complex diets consumed more feed than
pigs receiving the simple diets, but no difference
in gain was observed. There was an overall
advantage in gain/feed for pigs receiving the
simple diet.
Feed additive had no effect on daily gain,
feed intake, or gain/feed the first week of the
trial. During the second week, the addition of
either 2000 mg/kg of Zn or 55 mg/kg of CARS
increased feed intake, gain, and gain/feed
compared to feeding a diet with no feed additive.
Overall, pigs receiving the diets with CARS
consumed more feed and tended to gain more
than pigs receiving no feed additive but not more
than pigs receiving additional Zn. Pigs that
received either 2000 mg/kg Zn or 55 mg/kg
CARS consumed more feed, gained more, and
had higher gain/feed than pigs without additive
additions to their diets.

These results in combination with the results
of previous experiments suggest that different
concentrations of Zn from ZnO may be
appropriate depending on the ingredient
complexity of the diet.
The addition of
3000 mg/kg of Zn may be necessary to obtain
maximum performance for pigs fed simple diets
but may have an inhibitory effect on the appetite
of pigs consuming complex diets. The addition
of 2000 mg/kg of Zn provides for increased
performance of pigs receiving complex diets but
may not be sufficient for maximum performance
of pigs receiving simple diet.

When 2000 mg/kg of Zn from ZnO were
included in the simple diets, pigs performed at
the same level in the nursery as pigs receiving
more complex diets. Early nursery performance
favored pigs receiving complex diets and later
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For every stage of growth, pigs have a
requirement for essential amino acids provided
in a specific ratio and for additional nitrogen
provided as amino acids or other nitrogen
sources to allow synthesis of nonessential
amino acids. The typical manner of balancing
swine diets has involved supplying several
traditional feed ingredients in a ratio in the diet
that meets the required level of the most limiting
amino acid leaving excesses of most other
amino acids. With this method, considerable
nitrogen above that needed for nonessential
amino acid synthesis is provided and excess
nitrogen is excreted in the urine as urea.

The research reported herein was designed
to evaluate the effect on pig performance
throughout the four growth phases of the
growing and finishing periods when nitrogen
levels in the diet are reduced by systematically
balancing for the first through the fifth limiting
amino acids utilizing crystalline amino acids to
maintain the Ideal Protein ratios for the most
limiting amino acids.
(Key Words: Growing-finishing pigs, Ideal
Protein concept, phase feeding, Split sex
feeding.)
Experimental Procedure

The Ideal Protein concept is based upon the
idea that total amino acid levels and nitrogen
levels in the diet are reduced by placing all
essential amino acids in the proper ratio and at
the proper level with just enough additional
nitrogen in the diet to allow nonessential amino
acid synthesis. Nitrogen excreted as urea is
minimized. This is possible because crystalline
amino acids are available for all essential amino
acids. However, because of the high cost of
some crystalline amino acids, formulation on a
complete Ideal Protein basis is not practical.
Because crystalline lysine and methionine are
affordable and crystalline threonine and
tryptophan prices have been reduced, it is
practical to formulate to the first limiting amino
acid beyond those four amino acids. For pigs in
growth stages from 22 to 114 kg that fifth limiting
amino acid is isoleucine when using corn and
soybean meal as the main dietary ingredients. It
is possible, therefore, to exactly meet the amino
acid ratio and levels of lysine, methionine,
tryptophan, threonine, and isoleucine, leaving
excesses for only the last five essential amino
acids.

A total of 512 pigs were utilized in four trials
to evaluate the effect of reducing excess
nitrogen in the diet by systematically balancing
diets for barrows and gilts for the first through
the fifth limiting amino acids for grower I (22 to
36 kg), grower II (36 to 59 kg), finisher I (59 to
86 kg), and finisher II (86 to 114 kg) periods.
Diets were formulated by altering the ratio of
corn and soybean meal to balance for the first
(lysine) through fifth (isoleucine) limiting amino
acid. Crystalline lysine, methionine, tryptophan,
and threonine were added to provided amino
acids in an Ideal Protein ratio relative to lysine.
For each growth period, diets were· separately
formulated for barrows and gilts where their
requirements differed. Diets were fed in meal
form with feed and water provided ad libitum.
Pigs were housed in an environment-modified
slatted floor, grow-finishing barn and provided
more than the minimum recommended pen
space. A different set of pigs was utilized for
each growth period to eliminate any carryover
effect. Pigs were removed from the trial on a
pen basis when the pen average weight reached
the final target weight for that phase. Each
growth period was expected to be approximately
28 days in length with pig weights and feed
additions recorded on a weekly basis.

1
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Grower I Trial: One hundred forty-four
barrows and gilts were allotted to three
replications of four dietary treatments. Barrows
and gilts were penned by gender with six pigs
per pen.
Four experimental diets were
formulated (barrows and gilts were considered
to have the same nutritional requirements for
this stage of growth) with lysine, threonine,
tryptophan,
and
isoleucine systematically
becoming limiting as the com and soybean meal
ratio was altered. Crystalline methionine was
supplemented to all diets, as it was marginally
deficient for diets formulated to meet the lysine
requirement.
The composition of the
experimental diets for the grower I phase with
the Ideal Protein ratio utilized is shown in
Table 1. The protein levels of the diets were
reduced from 17.7% by formulating for the lysine
requirement to 13.9% by formulating for the
isoleucine requirement.
Grower II Trial: One hundred twenty barrows
and gilts were allotted to four replications of
three dietary treatments for each gender.
Barrows and gilts were penned by gender with
five pigs per pen. Six experimental diets were
formulated (three for barrows and three for gilts
as they were considered to have different
nutritional requirements for this stage of growth)
with
lysine,
tryptophan,
and
isoleucine
systematically becoming limiting for barrows and
lysine, threonine, and isoleucine becoming
limiting for gilts as the com and soybean meal
ratio was altered to reduce protein content.
Threonine for barrows and tryptophan and
methionine for gilts became limiting when
balancing the diet for the isoleucine requirement
with natural ingredients. The composition of the
experimental diets with the Ideal Protein ratio
utilized for the grower II phase is shown in
Table 2. Protein content of the diet was reduced
from 16.1 to 12.3% for barrows and from 16.6 to

12.7% for gilts by balancing for isoleucine rather
than for lysine
Finisher I Trial: One hundred twenty barrows
and gills were allotted to four replications of
three dietary treatments for each gender.
Barrows and gilts were penned separately with
five pigs per pen. Six experimental diets were
formulated (three for barrows and three for gilts).
Lysine was first limiting, tryptophan and
threonine became co-limiting, and isoleucine
was fifth limiting for barrows and gilts as the com
and soybean meal ratio was altered to reduce
protein content. Methionine became limiting for
gilts when formulating diets for the tryptophan
and threonine requirement with natural
ingredients. The composition of the experimental
diets for the finisher I phase with the Ideal
Protein ratio utilized is shown in Table 3.
Protein content of the diet was reduced from
14.3 to 10.3% for barrows and from 16.1 to
11.8% for gilts by balancing for isoleucine rather
than for lysine.
Finisher II Trial: One hundred twenty-eight
barrows and gilts were allotted to four
replications of four dietary treatments for each
gender.
Barrows and gilts were penned
Eight
separately with four pigs per pen.
experimental diets were formulated with lysine,
and
isoleucine
tryptophan,
threonine,
systematically becoming limiting as the corn and
soybean meal ratio was altered.
The
composition of the experimental diets for the
finisher II phase with the Ideal Protein ratio
utilized is shown in Table 4. No soybean meal
was included in the diet balanced for isoleucine
for barrows. The protein levels of the diets were
reduced from 12.6 and 13.6% _obtained by
formulating for the lysine requirement to 8.8 and
9.8% by formulating for the isoleucine
requirement for barrows and gilts, respectively.
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TABLE 1. COMPOSITION OF EXPERIMENTAL DIETS FOR GROWER I
(22 TO 36 KG) TRIAL, %

lnaredient
Ground corn
Soybean meal, 44%
Dicalcium phosphate
Limestone
White salt
Vitamin-trace mineral premix"
Added amino acids, g/ton
L-lysine HCI
D-L methionine
L-threonine
L-tryptophan

Exeerimental diets, barrows and !lilts
Diet balanced for'
LYS
THR
TRP
ILE

69.55
26.55
1.25
.85
.30
1.50

74.74
21.28
1.~6
.82
.30
1.50
1630
508

153

80.68
15.25
1.48
.79
.30
1.50
3516
915
731

Ideal ratio

81.79
14.12
1.50
.79
.30
1.50
3865
989
878
55

Calculated nutrient composition, %
Lysine
.95
.95
.95
.95
100
Methionine
.59
.59
.59
.59
62
Threonine
.71
.64
.64
67
.64
Tryptophan
.23
.20
.17
.17
18
lsoleucine
.78
.69
.59
.57
60
Valine
.87
.79
.70
.68
68
Histidine
.49
.44
.39
.38
32
Arginine
1.15
1.01
.81
.84
36
Phenylalinine
.88
.79
.70
48
.68
Leu cine
1.73
1.61
1.48
1.46
100
Protein
17.7
16.0
14.2
13.9
'Balanced with natural ingredients for the first-, second-, third-, and fourth-limiting amino acids with
crystalline amino acids utilized to correct amino acid deficiencies created.
"Provided per kg of complete diet: 100 mg Zn, 75 mg Fe, 7 .5 mg Cu, 25 mg Mn, 175 :g I, 300 :g Se,
16.5 IU vitamin E, 3.3 mg riboflavin, 17.6 mg niacin, 13.2 :g vitamin 8 12, 2.2 mg vitamin Ka. 13.2 mg
pantothenic acid, 3960 JU vitamin A, and 396 JU vitamin 0 3 .
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TABLE 2. COMPOSITION OF EXPERIMENTAL DIETS FOR GROWER II (36 TO 59
KG)TRIAL, %
Experimental diets
Barrows

Gilts
Diet balanced for"
ILE
LYS
86.15
72.78
9.95
23.52
1.31
1.04
.79
.86
.30
.30
1.50
1.50

Ingredient
LYS
Ideal ratio
TRP
THR
ILE
Ground corn
74.27
82.06
80.21
85.03
Soybean meal, 44%
22.01
14.10
15.98
11.08
Dicalcium phosphate
1.07
1.23
1.19
1.29
Limestone
.85
.81
.82
.80
White salt
.30
.30
.30
.30
Vitamin-TM premix"
1.50
1.50
1.50
1.50
Added amino acids, g/ton
L-lysine
23
2007
3772
16
2367
3882
D-L methionine
179
L-threonine
482
616
L-tryptophan
181
212
Calculated nutrient composition, %
Lysine
.83
.83
.83
.87
.87
.87
100
.49
.46
.55
.50
.48
Methionine
.54
55
Threonine
.65
.55
.49
.67
.57
.5765
Tryptophan
.21
.16
.16
.22
.18
.17
19
lsoleucine
.70
.57
.50
.73
.60
.52
60
Valine
.80
.68
.62
.83
.71
.64
68
.38
.35
.46
.40
.36
Histidine
.45
32
Arginine
1.03
.81
.69
1.07
.86
.73
36
.81
.68
.61
.83
.71
.63
Phenylalinine
48
Leucine
1.63
1.46
1.37
1.67
1.50
1.37
100
Protein
16.1
13.5
12.3
16.6
14.1
12.7
•Balanced with natural ingredients for the first-, second-, and third-limiting amino acids with crystalline
amino acids utilized to correct amino acid deficiencies created.
"Provided per kg of complete diet: 100 mg Zn, 75 mg Fe, 7.5 mg Cu, 25 mg Mn, 175 :g I, 300 :g Se,
16.5 IU vitamin E, 3.3 mg riboflavin, 17.6 mg niacin, 13.2 :g vitamin B12 , 2.2 mg vitamin K3 , 13.2 mg
pantothenic acid, 3960 IU vitamin A, and 396 IU vitamin D3 .
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TABLE 3. COMPOSITION OF EXPERIMENTAL DIETS FOR FINISHER I {59 TO 86 KG) TRIAL,%
Exeerimental diets
Barrows

en

"'

ln!:lredient
Ground corn
Soybean meal, 44%
Dicalcium phosphate
Limestone
While salt
Vitamin-TM premix"
Added amino acids, g/!on
L-lysine
D-L methionine
L-threonine
L-!ryp!ophan

LYS

79.55
16.90
.90
.85
.30
· 1.50

TRP-THR

86.41
9.93
1.04
.82
.30
1.50
2157

Gilts
ILE

Diet balanced for"
LYS

91.75
4.50
1.15
.80
.30
1.50
3595
525
274

74.54
21.99
.79
.88
.30
1.50
47

TRP-THR

81.22
15.20
.93
.85
.30
1.50
2156
93

ILE

Ideal ratio

86.41
9.93
1.04
.82
.30
1.50
3786
446
676
275

Calculated nutrient cornEJOSition, %
.69
Lysine
.69
.69
.83
.83
.83
100
.51·
.46
Methionine
.42
.54
.50
.50
60
.59'
Threonine
.49
.47
.65
.56
.56
67.5
.17
20
tryptophan
.18
.14
.14
.21
.17
.50
.62
.50
lsoleucine
.41
.70
.59
60
.73
.62
Valine
.81
.70
.62
68
.53
.38
Histidine
.41
.30
.45
.39
.35
32
.69
Arginine
.89
.54
1.03
.84
.69
30
.72
.61
.52
.81
.61
48
Phenylalinine
.70
1.52
1.37
1.25
Leucine
1.63
1.49
1.37
100
14.3
Protein
12.0
10.3
16.1
14.4
11.8
"Balanced with natural ingredients for !he first', second-, and third-limiting amino acids with crystalline amino acids utilized to correct amino acid
deficiencies created.
"Provided per kg of complete die!: 100 mg Zn, 75 mg Fe, 7.5 mg Cu, 25 mg Mn, 175 :g I, 300 :g Se, 16.5 IU vitamin E, 3.3 mg riboflavin, 17.6 mg
niacin, 13.2 :g vitamin B 12, 2.2 mg vitamin K3 , 13.2 rng pan!o!henic acid, 3960 IU vitamin A, and 396 IU vitamin D,

TABLE 4. COMPOSITION OF EXPERIMENTAL DIETS FOR FINISHER II (86 TO 114 KG) TRIAL, %
Exeerimental diets
Barrows
Ingredient
LYS
Ground corn
85.30
Soybean meal, 44%
11.82
Dicalcium Phosphate
.72
Limestone
.86
White salt
.30
1.00
Vitamin-TM premixb
Added amino acids, g/ton
L-lysine HCI
99
D-L methionine
L-threonine
L-tryptophan

i

TRP
92.26
4.75
.86
.83
.30
1.00
2263

THR
94.94
2.02
.92
.82
.30
1.00

Gilts
Diets balanced for"
ILE
LYS
96.93
82.33
.00
14.83
.96
.66
.81
.BB
.30
.30
1.00
1.00

2865

3595

30
125

285
231

104

TRP
88.63
8.43
.79
.85
.30
1.00
2074

THR
91.61
5.41
.85
.83
.30
1.00
2995
75
140

ILE
94.33
2.64
.91
.82
.30
1.00

Ideal ratio

3601
420
280

Calculated nutrient com(!osition, %
.64
.56
.56
.56
.64
..64
.64
100
Lysine
.56
.40
.41
Methionine
.47
.42
.39
.49
.45
.43
60
.38
.38
Threonine
.52
.42
.56
.47
.43
.43
67.5
.11
.11
.11
.17
.13
.13
Tryptophan
.15
.13
20
.37
lsoleucine
.42
.34
.59
.48
.38
.54
.43
60
.50
.51
Valine
.54
.47
.70
.60
68
.65
.62
.28
.26
.29
Histidine
.36
.30
.39
.34
32
.31
.48
Arginine
.55
.42
.83
.65
.49
.75
.57
30
Phenylalinine
.53
.48
.45
.69
.59
.49
.64
.54
48
1.26
1.20
1.16
1.48
1.34
1.22
Leucine
1.42
1.28
100
10.3
9.3
8.8
13.6
9.8
Protein
12.6
11.5
10.7
"Balanced with natural ingredients for the first-, second-, third-, and fourth-limiting amino acids with crystalline amino acids utilized to correct
amino acid deficiencies created.
bProvided per kg of complete diet: 100 mg Zn, 75 mg Fe, 7.5 mg Cu, 25 mg Mn, 175 :g I, 300 :g Se, 16.5 IU vitamin E, 3.3 mg riboflavin,
17.6 mg niacin, 13.2 :g vitamin B 12 , 2.2 mg vitamin K3 , 13.2 mg pantothenic acid, 3960 IU vitamin A, and 396 IU vitamin 0 3 .

Results
The results of pig performance for individual
growth phases are summarized in Tables 5
through 8. In most cases gender by dietary
treatment interactions (P>.10) were not found.
However, main effect means for dietary
treatments as well as gender x dietary treatment
interaction means are presented in the tables.
Average days on test were 21, 25, 29, and 31
for grower I, grower II, finisher I, and finisher II
trials, respectively.
Grower I Trial 122 to 36 kgl. Average daily
gain and daily feed intake were unaffected
(P> .10) by dietary treatment (Table 5).
However, gain/feett was affected (P<.10). When
diets were formulated to meet the tryptophan or
isoleucine requirement, gain/feed was reduced.
No gender effects on gain, feed intake, or feed
efficiency (P>.10) were observed. However,
there was a gender by dietary treatment
interaction (P<.05) for gain/feed. Formulating
the diet for the isoleucine requirement with
natural ingredients produced a negative
response in gain/feed for gilts but not barrows. II

had been assumed that the nutrient
requirements for barrows and gilts were the
same at this early grower period. However, the
fact that barrows maintained gain/feed and gilts
exhibited reduced gain/feed as protein was
reduced from 17. 7 to 13.9% and replaced with
amino acids might suggest that the requirements
of gilts for.amino acids were not being met.
Grower II Trial (36 to 59 kgl. Daily gain,
daily feed intake, and gain/feed were unaffected
(P> .10) by dietary treatment in the grower II trial
(Table 6). By supplementing the diet with amino
acids in this growth phase, diets were reduced in
protein from 16.1 to -12.3% for barrows and from
16.6 to 12.7% for gilts without adverse effects on
pig performance. Gender effects were found for
daily gain (P<.05) and daily feed intake (P<.10).
Barrows consumed more feed and gained faster
than gilts.
However, gain/feed was similar
(P>.10) between genders. No dietary treatment
by gender interactions (P>.10) were observed.

TABLE 5. PERFORMANCE OF PIGS FED DIETS FORMULATED TO REDUCE
EXCESS AMINO ACIDS DURING THE GROWER I (22 TO 35 KG) PERIOD

Item
No. of.pigs
Initial wt, kg
Final wt, kgb
Daily gain, kg
Daily feed, kg
Gain/feedc

LVS
36
22.8
38.7
.76
1.64
.46

Barrows and 9ilts
Diet balanced for"
THR
TRP
36
36
22.8
23.2
38.0
38.6
.72
.72
1.57
1.69
.46
.42

Barrows

. ILE
36
23.1
37.3
.67
1.60
.42

SE
.41
.25
.02
.04
.01

Gilts
Diet balanced for
LVS
THR
TRP
ILE
LVS
THR
TRP
ILE
SE
No. of pigs
18
18
18
18
18
18
18.
18
Initial wt, kg
22.6
23.0
22.4
22.5
22.9
22.6
24.0
23.8
.58
Final wt, kgd
37.4
37.5
38.1
36.8
40.0
38.5
39.1
37.8
.25
Daily gain, kg
.70
.69
.72
.68
.81
.76
.72
.67
.02
Daily feed, kg
1.57
1.60
1.71
1.50
1.70
1.55
1.68
1.70
.04
Gain/feed"
.45
.43
.42
.45
.48
.49
.43
.39
.01
•Balanced with natural ingredients for the first-, second-, third-, and fourth-limiting amino acids with
crystalline amino acids utilized to correct amino acid deficiencies created.
bDiet effect (P<.05).
cDiet effect (P<.10).
"Gender effect (P<.10).
"Diet x gender effect (P<.05).
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TABLE 6. PERFORMANCE OF PIGS FED DIETS FORMULATED TO REDUCE
EXCESS AMINO ACIDS DURING THE GROWER II (36 TO 59 KG) PERIOD

Item
No. of pigs
Initial wt, kg
Final wt, kg
Daily gain, kg
Daily feed, kg
Gain/feed

Barrows and gilts
Diet balanced for"
TRP-THR
40
35.9
59.3 ·
.95
2.96
.33

LYS
40
36.0
60.1
.96
2.70
.36
Barrows

ILE
40
36.0
59.3
.93
2.74
.34

SE
.07
.49
.02
.08
.02

Gilts
Diet balanced
ILE
20
35.9
60.6

for
LYS
20
36.2
59.1

TRP
THR
ILE
LYS
SE
No. of pigs·
20
20
20
20
35.8
35.9
36.1
35.9
.10
Initial wt, k~
Final wt, kg
61.0
59.4
59.2
58.1
.70
Daily
gain,
kg•
1.04
.97
1.02
.88
.93
.85
.04
Daily
feed,
0
kg
2.90
2.89
2.82
2.49
2.82
2.66
.12
Gain/feed
.37
.34
.36
.36
.33
.32
.02
"Balanced with natural ingredients for the first-, second-, and third-limiting amino acids with crystalline
amino acids utilized to correct amino acid deficiencies created.
"Gender effect (P<.05).
0
Gender effect (P<.10).
Finisher I Trial (59 to 86 kg).
Pig
performance for the finisher I trial was similar
(P>.10) across the three dietary treatments for
both genders (Table 7). Performance of both
barrows and gilts was maintained .as protein was
reduced and amino acids supplemented.
Balancing the diets with natural ingredients and
supplementing with crystalline amino acids
reduced. protein from 14.3 to 10.3% for barrows
and from 16.t to 11.8% for gilts with no adverse
effects. Treatment x gender interactions were
not observed. puring the finisher I period,
barrows consumed more feed (P<.10) than gilts,
but no difference (P>.10) in gain or gain/feed
was observed due to gender.

unaffected (P> .10) by dietary treatment
(Table 8).
Barrows· consumed more feed
(P<.01) and exhibited a faster rate of gain
(P<.01) than gilts.
However, gain/feed was
similar (P>.10) between genders of pigs. A
dietary treatment x gender interaction (P< .10)
was observed for daily gain.
Gain was
unexplainably high for barrows receiving the diet
formulated to meet the tryptophan requirement.
Feed intake for that same group was also
numerically, not statistically, higher than for
other groups of pigs. By supplementing the diet
with amino acids and balancing for isoleucine
with natural ingredients, protein content was
reduced from 12.6 to 8.8% for barrows and from
13.6 to 9.8% for gilts without affecting
performance.

Finisher II Trial (86 to 114 kg). Average
daily gain daily feed, and gain/feed were
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TABLE 7. PERFORMANCE OF PIGS FED DIETS FORMULATED TO REDUCE
EXCESS AMINO ACIDS DURING THE FINISHER I (59 TO 85 KG) PERIOD.
Barrows and gilts
Diet balanced for"
Item
No. of pigs
Initial wt, kg
Final wt, kg
Daily gain, kg
Daily feed, kg
Gain/feed

TRP-THR
40
57.8
81.2
.84
2.90
29

LYS

40
57.7
79.4
.77
2.74
28

SE

ILE

40
57.7
80.0
.. 80
2.93
.27

Barrows

.06
1.16
.04
.08
.01

Gilts
Diet balanced for
ILE
LYS

THR
ILE
SE
20
20
20
20
20
No. of pigs
Initial wt, kgb
57.4
57.9
57.9
57.9
57.6
.08
Final wt, kg
78.9
81.5
79.9
78.5
79.9
1.65
.86
Daily gain, kg
.75
.78
.74
.80
.06
Daily
feed,
kg•
2.93
3.14
3.05
2.56
2.67
2.82
.11
Gain/feed
.27
.28
.28
.29
.29
.26
.01
"Balanced with natural ingredients for the first-, second-, and third-limiting amino acids with crystalline
amino acids utilized to correct amino acid deficiencies created.
bGender effect (P<.05).
•Gender effect (P<.10).
'LYS

TRP
20
57.6
82.5
.89

TABLE 8. PERFORMANCE OF PIGS FED DIETS FORMULATED TO REDUCE
EXCESS AMINO ACIDS DURING THE FINISHER II (86 TO 114 KG) PERIOD
Barrows and 51ilts
Diets balanced for"
Item
No. of pigs
Initial wt, kg
Final wt, kgb
Daily gain, kg
Daily feed, kg
Gain/feed•

LYS

32
85.9
114.3
.98
4.01\
.24

THR
32
85.9
115.6
1.01
3.88
.26

TRP
32
86.1
114.3
.95
3.92
.24

Barrows
LYS

THR
16
86.4
115.9
1.09
4.20
.26

TRP
16
86.4
114.0
1.00
4.24
.24

ILE

SE

32
85.9
114.1
.96
3.98
.24

.08
.43
.02
.12
.01

Gilts
Diet balanced for
ILE
LYS

THR
16
85.4
115.2
.93
3.65
.26

TRP
16
85.7
114.6
.91
3.61
.25

ILE

SE
No. of pigs
16
16
16
16
86.3
86.4
85.5
-85.3
.11
Initial wt, kg
Final wt, kg"
114.2
113.6
114.4
114.7
.61
Daily gain, kg
1.02
.97
.94
.94
.02
Daily feed, kg
4.12
4.07
3.99
3.90
.17
Gain/feed"
.25
.24
.24
.25
.01
"Balanced with natural ingredients for the first-, second-, third-, and fourth-limiting amino acids with
crystalline amino acids utilized to correct amino acid deficiencies created.
bGender effect (P<.01 ).
•met x gender effect (P<.10).
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Summary
Four trials (512 pigs) evaluated the effect of
systematically balancing diets for barrows and
gilts for the first through the fifth limiting amino
acids for grower I (22 to 36 kg), grower II (36 to
59 kg), finisher I (59 to 86 kg), and finisher II (86
to 114 kg) periods. Protein content of the diets
was reduced by altering the ratio of corn and
soybean meal to balance for the first (lysine)
through fifth (isoleucine) limiting amino acid with
crystalline lysine, methionine, tryptophan, and
threonine added to provided amino acids in an
Ideal Protein ratio relative to lysine. For each
growth period, diets were separately formulated
for barrows and gilts where their requirements
differed. Formulating diets for the isoleucine
requirement rather than the lysine requirement
with natural ingredients supplemented with
crystalline amino acids reduced protein content
from 17. 7 to 13.9% for barrows and gilts in
grower I, from 16.1 and 16.6% to 12.3 and
12.7% in grower II, from 14.3 and 16.1% to 10.3
and 11.8% in finisher I and from 12.6 and 13.6%
to 8.8 and 9.8% in finisher II for barrows and
gilts, respectively.
In the grower I phase, daily gain and feed
intake were unaffected by dietary treatment.
However, gain/feed was affected. When diets
were formulated to meet the tryptophan or
isoleucine requirement, gain/feed was reduced.
There was a gender by dietary treatment
interaction for gain/feed. Formulating the diet for
the isoleucine requirement with natural

58

ingredients produced a negative response in
gain/feed for gilts but not for barrows,
suggesting that the requirements for amino
acids of gilts were not being met. For the
grower II, finisher I and finisher II phases, dietary
treatment did not affect average daily gain, daily
feed, and gain/feed. In the grower II, finisher I
and finisher II phases, barrows consumed more
feed, than gilts. They also gained faster in the
grower II and finisher II phases. However, in no
phase was gain/feed different between genders
of pigs. Reducing protein content of the diet by
altering corn and soybean meal ratio with
appropriate supplementation of available amino
acids did not negatively affect growing and
finishing pig performance.
Implications
The four trials, through the use of the Ideal
Protein concept and split sex feeding,
demonstrated that performance of barrows and
gilts can be maintained while significantly
reducing total nitrogen in the diet of growing and
finishing pigs.
Formulating the diet for
isoleucine with natural feed ingredients and
supplementing
with
crystalline
lysine,
methionine, tryptophan, and threonine, where
appropriate, reduced dietary nitrogen content by
about 21.5% in the grower I phase and by about
30.0% in the finisher II• phase. When crystalline
amino acid use is economically viable, or when it
is desirable to reduce nitrogen output, a strategy
such as demonstrated in this research may be
appropriate.

Effects of protein level and gender on estimation of lean gain per
day of pigs from a terminal crossbreeding system
G.W. Libal, C.R. Hamilton, and J.N. Tembei
Department of Animal and Range Sciences

SDSU

SWINE 2001 -10
regimen in a complete block design. Seventytwo pigs averaging 28,7 kg, the result of a
terminal cross (Landrace x Large White by
Duroc x Hampshire), were allotted to dietary
treatments and sex groups from within six sire
outcome groups (blocks). Pigs were housed by
sex, three per pen, in an environment-modified
confinement building with slatted floors. Two
dietary protein regimens were fed ad .libitum:
(1) 16% protein from initial weight to a pen
average weight of 50 kg and 14% protein after
50 kg or (2) 18% protein for the entire test. Diets
(Table 1) were formulated with corn and
· soybean meal and fortified with vitamins and
minerals. Pigs were removed individually from
test on weekly weigh dates when they reached
110 kg, were slaughtered, and carcass data
collected. Calculation of lean gain/day (5% fat)
was made with the NPPC (1991) formula
utilizing hot carcass weight, 1Oth rib fat,
longissimus muscle area, initial weight, and days
on test.

Lean growth. potential is currently used to
typify pigs when designing nutritional programs,
The most common method of estimating Jean
growth type is by measuring gain over the growfinish period and obtaining carcass information
for the pigs evaluated. This information is
placed in a model to calculate lean gain/day.
Excess protein is fed to ensure that the genetic
potential for lean gain per day is not limited by
nutrition. The data reported herein are the
results of determining the lean growth potential
of the SDSU research herd in .1992 with pigs fed
two different protein regimens.
(Key Words: Growing swine, Lean gain, Protein
level, Sex.)
Experimental Procedure
The effect of protein regimen on lean growth
of the SDSU swine research herd was evaluated
with a factorial arrangement of sex and protein

TABLE 1. PERCENTAGE COMPOSITION OF GROWER AND FINISHER DIETS
Grower
Finisher
Grower-Finisher
Ingredients
16%
14%
18%
Ground corn
75.14
81.13
68.10
Soybean meal, 44%
21.69
15.99
28.60
1.20
Dicalcium phosphate
.91
1.07
Limestone
.85
.72
.85
White salt
.25
.25
.25
Premix"
1.00
1.00
1.00
Calculated analysis. (%)
Crude protein
16.0
14.0
18.0
Calcium
.65
.65
.65
Phosphorus
.55
.55
.55
Lysine
.82
.65
1.00
"Provided per kg of complete diet: 100 mg Zn, 75 mg FE, 7.5 mg Cu, 25 mg Mn, 175 :g I, 1300 :g Se.
16.5 IU vitamin E, 3.3 mg riboflavin, 17.6 mg niacin, 13.2 :g vitamin 8 12 , 2.2 mg vitamin K3 , 13.2 mg
pantothenic acid, 3960 IU vitamin A, and 396 JU vitamin 0 3 .
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Results

In spite of the differences observed in
average daily gain, 10th rib fat, and longissimus
muscle between sexes, lean gain/day was
similar (P>.10) between barrows and gilts. The
additional energy consumed by barrows was
apparently converted to fat and did not
contribute to additional muscle deposition.
Although protein regimen had affected feed
intake and average daily gain, the 16% to 14%
protein regimen was adequate for barrows and
gilts with no improvement in lean gain/day for
pigs fed 18% protein (P> .10). At the time this
research was conducted, lean gain/day (5% fat)
for the SDSU herd was estimated to be between
.29 and .30 kg. This would be considered to be
within, but at the high end of, the medium lean
growth range.

Sex differences in pig performance to
110 kg and carcass traits were typical of those
expected for barrows and gilts (Table 2).
Barrows gained at a faster rate (P<.05) than gilts
resulting from greater feed intake (P<.05).
Gain/feed (P>.10) was similar between gilts and
barrows. At the same slaughter weight, barrow
carcasses measured more 1oth rib fat (P<.01)
and.smaller longissumus.muscle area (P<.01).
Both barrows and gilts consumed more feed
(P<.05) when field the dietary protein regimen
that supplied 18% protein during the entire
growth period (Table 2). However, gain/feed,
1Olh rib fat, and longissum_us muscle area, the
criteria typically affected by protein level, were
unaffected by protein regimen (P>.10).

TABLE 2. LEAST SQUARES MEANS FOR MAIN EFFECTS OF SEX AND PROTEIN
REGIMEN
·Item
Average daily gain, kg

p

Sex

Protein re1a1imen
16% to 14%
18%

Barrows
Gilts

.86*
.80

.84
.78
.81

.89
.82
.86*

Barrows
Gilts

3.25*
3.06

3.09
3.03
3.06

3.40
3.09
3.25*

Barrows
Gilts

.26
.26

.27
.26
.26

.26
.27
.26

Barrows
Gilts

2.47**
1.86

2.43
1.82
2.13

2.50
1.90
2.20

Barrows
Gilts

31.48**
35.00

Barrows
Gilts

.29
.30

Average daily feed, kg

Gain/feed

10th rib fat, cm

Longissimus area, cm 2
31.9
34.3
33.1

31.1
35.7
33.4

Lean gain/day, kg

Probabilities for main effects (sex or protein regimen), *P<.05, **P<.01.
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.28
.29
.29

.29

d1
.30

Implications

Although means for the six sire groups
evaluated in this study are not reported,
differences among sire groups were found for all
criteria evaluated. There were also interactions
between sire groups and protein regimen as well
as between sire groups and sex. Average lean
gain/day for sire groups ranged from a low of
.25 kg to a high of .34 kg.

Although the 18% protein regimen provided
for more feed intake and greater daily gain, the
lean gain observed was similar to that obtained
with the 16% to 14% protein sequence. Either
the 16% to 14% sequence was adequate to
allow both barrows and gilts to express their
lean gain capabilities or the equations used to
calculate lean gain are not sensitive enough to
allow detection of lean gain caused by protein
regimen. Lean growth for barrows and gilts is
similar even though barrows typically have
higher feed intake and gain. Additional weight
gain cit barrows is apparently primarily gain in fat
tissue rather than lean tissue. Lean gain/day for
this herd was evaluated across six sire groups
with documented differences in performance
and carcass characteristics among sire groups.
While the entire herd was estimated lo have a
lean gain/day of between .29 to .30 kg,
individual sire groups ranged in estimated lean
growth from .25 to .34 kg. These data point out
that an estimate of average lean, gain/day for a
herd can be obtained· with either barrows or gilts
or with both barrows and gilts. Protein levels fed
need not be higher than those, which will
produce maximum feed intake and gain.
However, errors in the estimate of a herd's
average lean gain/day are likely if small samples
of pigs are tested which do not accurately
represent the range of genetic potential for lean
growth found in the herd.

Summary
The effect of protein regimen on lean
gain/day was determined for the SDSU swine
research herd utilizing 72 barrows and gilts from
six sire groups. The two protein regimens were
either 16% followed by 14% at 50 kg or 18%
protein for the entire growth period from 28. 7 to
110 kg. Barrows consumed more feed, gained
faster, and measured more 10th rib fat and less
longissumus muscle area than gilts. Barrows or
gilts consuming the higher protein level
consumed more feed and gained faster than
those provided the lower protein regimen.
However, protein regimen did not affect 1oth rib
fat, longissumus muscle area, or gairi/feed. Lean
growth was similar for barrows and gilts and
unaffected by dietary protein regimen. Lean
gain/day for the SDSU swine research herd was
estimated to be between .29 and .30 kg.
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Effects of feeding diets formulated with amino acid profiles
intended for high-, medium-, and low-lean gain pigs on the
performance of medium-lean gain pigs
G.W. Libal, C.R. Hamilton, and D.N. Peters
Department of Animal and Range Sciences
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The University of Nebraska and South
Dakota State University published a Swine
Nutrition Guide with nutrient recommendations
for pigs in a four-phase feeding system from 20
to 114 kg. The recommendations utilized the
concepts of split sex feeding, ideal protein profile
relative to lysine, and reduction of nitrogen
excretion by lowering the total protein content of
the diet with dietary supplementation with
economically available amino acids.
The
research reported in this paper was an attempt
to evaluate the consequences of feeding diets
formulated for three lean growth genotypes to
pigs of the medium-lean growth type.

near the pigs' requirements, thus m1rnm1z1ng
excesses of other amino acids. This involved
supplementing all diets with crystalline lysine
and some diets with crystalline methionine. The
ideal protein ratios used for lysine: threonine:
tryptophan: methionine-cystine: isoleucine were
100: 67: 18: 62: 60 for grower I and grower II
and 100: 70: 19: 65: 60 for finisher I and
finisher II. The lysine levels for HLG, MLG, and
LLG gilts and HLG, MLG, and LLG barrows
were {%) 1.00, .95, .92 and 1.00, .95 .92 for
grower I; .93, .88, .84 and .88, .84, .79 for
grower II; .87, .82, .74 and .74, .69, .62 for
finisher I; and .69, .64, .56 and .60, .46, .50 for
finisher II. Experimental diets for each gender
and growth period are shown in Table 1. Since
the requirements for barrows and gilts are
considered to be the same from 20 to 36 kg, a
common diet for each lean growth type was fed
to both genders. For the other three phases,
separate barrow and gilt diets were formulated.
Pigs were housed on slatted floors in an
environment-modified
finishing
barn
and
provided ad libitum feed and water intake. Diet
changes were made for growth periods when
pigs in individual pens averaged the upper
weight in each growth phase as determined on
weekly weigh days.

(Key Words: Growing-finishing pigs, Leangrowth type, Phase feeding, Split-sex feeding.)
Experimental Procedure
Forty-eight barrows and 48 gilts initially
weighing 20 kg were allotted four per pen to a
2 x 4 factorial arrangement of gender and amino
acid regimen treatments within a complete block
design. Pigs were sorted to three weight blocks
within sex and randomly assigned to four
treatments within each gender and weight block
outcome group. One dietary treatment, control
(CTL), was a diet formulated for high-lean
growth gilts and fed to both genders. This diet
met the lysine requirement of high-lean gilts
without regard for excess amino acids and with
no crystalline lysine supplementation. Three
dietary treatments were amino acid regimens
within gender as recommended by the
Nebraska-South Dakota
Nutrient
Recommendations (1995) for pigs of high-lean
(HLG), medium-lean (MLG), and low-lean (LLG)
growth. These diets were reformulated to meet
the -nutrient requirements of each individual
gender for four growth periods. They were
grower I {20-36 kg),
grower II
(36-59 kg),
finisher I (59-86 kg), and finisher II (86-114 kg).
The diets were formulated to keep lysine,
methionine, tryptophan, and threonine levels

During the third week of the grower II period,
blood was drawn from all pigs by vena cava
puncture to obtain plasma urea nitrogen
concentrations (PUN) as an indicator of protein
utilization and excess nitrogen potentially
excreted.
The experiment was analyzed as a
randomized complete block design with gender,
treatment, and block included in the model as
main effects. The pen of pigs was considered
the experimental unit.
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in Table 2. Only one interaction was found
between gender and diet for the four phases of
growth, but interaction means are presented to
more clearly illuminate the results. Main effects,

Results
A summary of pig performance for each
growth period and for the overall period is shown

TABLE 1. COMPOSITION OF EXPERIMENTAL DIETS(%)"
Ingredients
Grower I
Corn
Soybean meal, 44%
Dicalcium phosphate
Limestone
Salt
Premixb
L-lysine HCI, g/tonb
DL methionine, g/tonb
Grower II
Corn
Soybean meal, 44%
Dicalcium phosphate
Limestone
Salt
Premix
L-lysine HCI, g/ton
DL-methionine, g/ton
Finisher I
Corn
Soybean meal, 44%
Dicalcium phosphate
Limestone
Salt
Premix
L-lysine HCI, g/ton
DL-methionine, g/ton

Both
CTR
68.17
28.52
1.20
.87
.25
1.00

0
91
71.04
25.86
.98
.89
.25
1.00

0
0
73.54
23.57
.75
.90
.25
1.00

0
0

Gilts
LLG

HLG

LLG

HLG

73.16
23.45
1.30
.85
.25
1.00
1589
454

75.37
21.20
1.35
.84
.25
1.00
1680
182

76.20
20.36
1.37
.83
.25
1.00
1589
182

73.16
23.45
1.30
.85
.25
1.00
1589
454

76.23
20.58
1.09
.86
.25
1.00
1635
273

78.99
17.78
1.14
.84
.25
1.00
1907
182

81.20
15.54
1.18

78.99
17.78
1.14
.84
.25
1.00
1907
182

77.60
19.39
.84
.88
.25
1.00
1317
273

80.95
16.04
.91
.87
.25
1.00
1771
273

.84
.25
1.00
2134

0
84.27
12.66
.97
.85

25
1.00
1862

0

84.27
12.66
.97
.85
.25
1.00
1862

0

Barrows
MLG
75.37
21.20
1-35

.84
.25
1.00
1680
182
81.20
15.54
1.18

.84
.25
1.00
2134

0

LLG
76.20
20.36
1.37
.83
.25
1.00
1589
182
83.40
13.29
1.24
.84
.25
1.00
2270

0

87.03
9.86
1.03

.84

25
1.00
2134

0

90.34
6.50
1.10
.82
.25
1.00
2361

0

Finisher II
Corn
80.48
87 .33
89.54
92.30
90.92
89.54
95.06
Soybean meal, 44%
16.77
9.81
7.54
4.75
6.16
4.75
1.95
Dicalcium phosphate
.61
.76
.80
.86
.83
.86
.92
Limestone
.90
.87
.85
.84
.85
.84
.83
Salt
.25
.25
.25
.25
.25
.25
.25
Premix
1.00
1.00
1.00
1.00
1 .00
1.00
1 .00
L-lysine HCI, g/ton
O
2180
2270
2225
2225
2225
2361
DL-methionine, g/ton
O
O
O
O
O
O
O
"CTR= control (met protein requirement of high lean gilts at each stage of production), HLG high lean
gain, MLG = medium lean gain, and LLG = low lean gain (formulated using lysine and methionine
supplementation lo minimize excess amino acids while meeting the specific amino acid requirements of
the lean gain type and sex at each stage of production).
bProvided per kg of complete diet: 100 mg ZN, 75 mg Fe, 7.5 mg Cu, 25 mg Mn, 175 :g I, 1300 :g SE,
16.5 IU vitamin E, 3.3 mg riboflavin, 17.6 mg niacin, 13.2:g vitamin 8 12 , 2.2 mg vitamin K3 , 13.2 mg
pantothenic acid, 3960 IU vitamin A, and 396 IU vitamin 0 3 • Supplemental crystalline amino acids were
added through the premix.

=
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TABLE 2. GROWING-FIISHING PERFORMANCE OF MEDIUM LEAN GAIN
BARROWS AND GILTS FED DIETS FORMULATED FOR PIGS OF THREE
DIFFERENT LEAN GAIN POTENTIALS

CTR

Diets" for lean gain eotentials
Barrows
Gilts
HLG
MLG
LLG
CTR
HLG
MLG

25.1
38.0
.65
1.57
.42

24.7
39.4
.74
1.80
.41

24.3
38.0
.69
1.62
.42

24.6
38.4
.70
1.64
.43

23.7
38.0
.66
1.67
.40

24.2
38.1
.73
1.69
.43

38.0
62.6
.78
2.27
13.6

39.4
64.5
.81
2.32
.35
10.7

38.0
61.4
.66
2.00
.33
11.7

38.4
63.0
.64
2.09
.31
10.0

38.0
62.4
.83
2.18
.39
13.1

Finisher I
Initial wt, kg
Final wt, kg
Daily gain, kg+
Daily feed, kg
Gain/feed

62.6
90.0
.89
3.33
.27

64.5
88.1
.91
3.33
.27

61.4
85.6
.81
3.33
.24

63.0
89.0
.89
3.19
.28

Finisher II
Initial wt, kg
Final wt, kg*
Daily gain, kg+b
Daily feed, kg+
Gain/feed

90.0
107.4
.94
3.72
.25

88.1
105.5
.91
3.95
.23

85.6
102.7
1.01
3.64
.28

89.0
106.0
.73
2.82
.24

Grower I
Initial wt, kg
Final wt, kg
Daily gain, kg
Daily feed, kg
Gain/feed
Grower II
Initial wt, kg
Final wt, kg
Daily gain, kg
Daily feed, kg
Gain/feed
PUN, mg/dL+0

.34

LLG

SE

24.3
39.9
.73
1.71
.43

24.2
37.9
.76
2.04
.40

.43
.60
.04
.16
.02

38.1
61.2
.69
2.12
.32
10.6

39.9
62.2
2.38
.32
8.7

37.9
62.0
.85
2.88
.30
9.5

.60
1.67
.07
.25
.03
.76

62.4
87.5
.80
2.75
.29

61.2
86.9
.84
2.55
.34

62.2
87.5
.84
2.90
.29

63.0
86.5
.86
3.40
.27

1.67
1.13
.08
.25
.03

87.5
101.2
.86
3.18
.28

86.9
101.3
.87
2.85
.31

87.5
101.2
.77
3.12
.24

86.5
99.8

1.13
1.97
.05
.26
.02

.77

.77
3.82
.22

Overall
Initial wt, kg
25.1
24.7
24.6
24.3
23.7
24.2
24.3
24.2
.02
Final wt, kg*
107.4
105.5
102.7
106.0
101.2
101.3
101.2
99.8
1.97
Daily gain, kg+
.82
.84
.76
.73
.79
.77
.78
· -.82
.04
Daily feed, kg•
2.72
2.59
2.27
2.80
2.43
2.42
2.52
3.03
.12
Gain/feed
.30
.30
.30
.30
.32
.31
.28
.34
.02
"CTR = control (met protein requirement of high lean gilts at each stage of production), HLG =- high lean
gain, MLG = medium lean gain, and LLG = low lean gain (formulated using lysine and methionine
supplementation to minimize excess amino acids while meeting the specific amino acid requirements of
the lean gain type and sex at each stage of production).
+Gender effect (P<.10).
*Gender effect (P<.05).
bDiet effect (P<.1 O).
0
Diet effect (P<.001 ).
•Diet x gender interaction (P<.05).
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gender and diet (P<.10), are designated in the
table. Pigs were removed from the test and
marketed about midway through the finisher II
period.

determined to be the MLG type. Diets were
formulated for split sex feeding, supplemented
with crystalline lysine and methionine where
appropriate to minimize excess amino acids,
and formulated on an ideal protein basis with
amino acid ratios relative to lysine. In addition, a
control group of pigs was evaluated utilizing
diets formulated on a protein basis for high-lean
gilts and fed to both barrows and gilts. Diets
were reformulated for four grow1h periods,
grower II
(36-59 kg),
grower I (20-36 kg),
finisher I (59-86 kg), and finisher II (86-114 kg).

Gender effects (P>.10) were not evident for
gain, feed intake, or gain/feed until the finisher I
period. Barrows exhibited faster daily gain than
gilts (P<.10) for the finisher I and finisher II
periods.
This resulted in greater gain for
barrows (P<.10) for the overall period and
barrows weighed 4.5 kg more than gilts at the
termination of the experiment. Feed intake was
greater (P<.10) for barrows than for gilts during
the finisher II period. Overall, a gender effect for
feed intake was not observed (P> .10).
Gain/feed was not affected by gender (P>.10)
for any grow1h period.
A gender by diet
interaction (P<.05) existed for the overall period;
barrows increased and gilts decreased feed
intake as amino acid levels were increased in
the diets.

Gender effects were not evident for gain,
feed intake, or gain/feed until the finisher I
period. Barrows exhibited faster daily gain than
gilts for the finisher I and II periods and weighed
4.5 kg more than gilts at the termination of the
experiment.
Feed intake was greater for
barrows than for gilts during the finisher II
period. Gain/feed was not affected by gender
for any grow1h period.

Pig performance was not affected (P> .10)
by diets fed during the grower I, grower II, and
finisher I periods. However, gain was affected
by diet (P<.10) in the finisher II period. Pigs
receiving the diet formulated for LLG pigs gained
slower that those receiving diets formulated for
HLG or MLG pigs, an indication that amino acid
levels were not sufficient to support maximum
grow1h and protein deposition. Feeding the diet
formulated for HLG gilts on a protein basis (CTL)
did not improve performance of barrows or gilts
during any period.
Concentrations of PUN
during the grower II period suggest that many
more amino acids were being deaminated and
more nitrogen was being excreted when the diet
was formulated on a protein rather than an ideal
protein basis. The excesses of amino acids
were neither harmful nor helpful to performance.
These findings support research demonstrating
performance of pigs is not improved by
formulating diets on an ideal protein basis and
that amino acids fed at levels higher than those
needed for protein synthesis do not improve
performance. However, two important factors
were not addressed in this study, lean gain and
nitrogen excretion.

Pig performance was unaffected by diets fed
during the grower I, grower II, and finisher I
periods. Pigs receiving the diet formulated for
LLG pigs gained slower that those receiving
diets formulated for HLG or MLG pigs in the
finisher II period. A gender by diet interaction
existed for the overall period for feed intake.
Barrows increased and gilts decreased feed
intake as amino acid levels were increased in
the diets.
Feeding the diet formulated for HLG gilts on
a protein basis (CTL) did not improve
performance of barrows or gilts during any
period. The excesses of amino acids were
neither helpful nor harmful. During the finisher II
period, pigs fed the diet formulated for LLG pigs
exhibited reduced gain, an indication that amino
acid levels were not sufficient to support
maximum grow1h and protein deposition.
Implications
Feeding diets of varying concentrations of
amino acids in an ideal protein ratio will not
necessarily result in differences in gross
production levels. Excess amino acids from
high concentrations of an ideal protein or from
excess protein is deaminated and the nitrogen is
excreted as urea. Diets deficient in total amino
acids may lead to a subtle depression in gain.
The excretion of excess nitrogen associated with

Summary
Ninety-six barrows and gilts were utilized in
a study to evaluate the effect of feeding diets
formulated for HLG, MLG, and LLG pigs to pigs
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protein excesses and reduced protein lean
deposition associated with protein deficiencies
are not readily apparent when monitoring gain,
feed intake, and gain/feed. It is important to
know the genetic potential for the pigs being fed,
because
traditional
measurements
of
performance are not going to indicate that
potential. Differences in pig performance due to
gender will be observed during the finishing
period when gain and feed intake are greater for

barrows. However, differences in amino acid
requirements occur at an earlier stage.
The four-phase nutrient recommendations
suggested in the Nebraska-South Dakota Swine
Nutrition Guide (1995) provide maximum
performance for medium-lean gain barrows and
gilts fed gender-specific diets formulated on the
basis of the tables for medium-lean gain pigs.
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phase as affected by lean growth potential determined during the
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average individual or pen weight of 50 kg . .Pigs
were blocked by weight and penned by sex. All
pigs were fed the same corn soybean meal diet
(Table 1) that was fortified with vitamins and
minerals during the grower phase. Real,time
ultrasound was used to take readings on each
pig at the end of the grower phase for 1Oth rib
fat and longissimus muscle area. The grower
phase period ended when pigs attained an
average final body weight of 50 kg. Lean. gain
per day (LGPD) with 5% fat was computed using
the NPPC (1991) equation in order to sort pigs
into high (HLG) and low (LLG) lean gain types.
Only .pigs at least one standard deviation from
the mean LGPD were selected as either HLG or
LLG. Blood samples were collected from each
pig in Trial 2 at the end of the grower phase for
plasma urea nitrogen (PUN) analysis. A group
of pigs was selected from the midpoint as
medium lean gain (MLG) in Trial 2.

Selection for decreased backfat thickness
and faster rate of gain has resulted in pigs with
increased potential for lean gain. Although
energy intake is the limiting factor for lean
growth during the grower period, the underlying
limiting factor to support increased protein
accretion during the finishing stage seems to be
lysine intake.
At the finishing phase, pigs
consume enough feed per day to meet their
energy requirements, but protein is the most
limiting nutrient. Genetics and sex influence
growth performance and protein accretion in
finishing pigs.
Pigs from different genetic
populations have different protein requirements
and these differences have been associated
with differences in the rate of lean gain. It is
logical to assume that these differences in lean
growth potential and protein requirements exist
within each contemporary population as well.
Pigs with potential for fast rate of lean gain
utilize feed more efficiently because they are
producing carcasses with more muscle and less
fat. Consequently, they require a higher
concentration of dietary protein (amino acids) to
achieve their genetic potential for lean growth.
The objectives of this study were (1) to
determine the efficacy of selecting pigs for lean
growth potential during the grower phase to
predict lean growth for these selected pigs
during the finisher phase and (2) to evaluate the
effect of level of dietary protein on the lean
growth and carcass characteristics of these
selected genotypes between 60 and 100 kg live
weight.

Finisher Phase (Evaluation ·Stage). Twenty
and 48 pigs with average initial weights of 63 kg
and 58 kg composed the outcome groups sorted
from the grower phase on the basis of lean
growth for Trials 1 and 2, respectively. They
were allotted by weight to the finisher phase in a
2 x 2 x 2 or a 3 x 2 x 2 factorial arrar)9ement of
treatments within a randomized block design.
There .were two lean gain types, two genders,
and two dietary protein levels in Trial 1 and three
lean gain types, two genders, and two dietary
protein levels in Trial 2. The corn soybean meal
diets provided either 1'5% or 13% protein for
barrows and either 17% or 15% protein for gilts
(Table 1). Within genotypes, pigs were penned
and fed by gender.

(Key Words: Lean growth, Pigs, Grower/finisher,
Protein level.)
Experimental Procedure

Pig weight and feed disappearance were
recorded at 14-day intervals for the entire period
the pigs were on test to determine average daily
gain, avE,rage daily feed intake, and gain/feed.
Pigs were taken off test on an individual pig
basis and on a pen basis for Trials 1 and 2,
respectively,
on
the
weekly
weigh

Grower Phase (Selection Stage) Two trials
were conducted utilizing 124 and 96
contemporary pigs from two farrowing groups.
Pigs were fed from an average initial body
weight of 23 kg (Trial t) and 28 kg (Trial 2) to an
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TABLE 1. COMPOSITION OF EXPERIMENTAL DIETS

Ingredient
Corn
Soybean meal, 44%
Dicalcium phosphate
Limestone
Salt
Premixb ·
Total

Grower
All pigs
69.83
27.34
1.22
.86
.25
_.fill
100.0

Barrows LP
84.40
13.17
.96
.72
.25
_.fill
100.0

(%)

Finisher"
Barrows HP
Gilts LP
78.89
18.77
.85
.74
.25
_.fill
100.0

Gilts HP
73.37
24.38
.73
.77
.25
____§Q
100.0

Calculated nutrient content, %
Protein
18.00
13.00
15.00
17.00
Lysine
.59
.74
.89
.97
.55
Calcium
.55
.70
.95
Phosphorus
.50
.50
.60
.50
•LP = low protein, HP = high protein.
bProvided per kg of complete diet: 100 mg Zn, 75 mg Fe, 7.5mg Cu, 25 mg Mn, 175 :g I, 1300 :g Se,
16.5 IU vitamin E, 3.3 mg riboflavin, 17.6 mg niacin, 13.2 :g vitamin B12, 2.2 mg vitamin K3 , 13.2 mg
pantothenic acid, 3960 IU vitamin A, and 396 IU v~amin D3 •
day that an individual or pen average body
weight reached at least 100. kg.

the end of the grower phase are presented in
Tables 2 and 3 for Trials 1 and 2, respectively.
Pigs were selected for lean gain within gender.

To obtain PUN levels (Trial 2 only), feed was
withdrawn at 4 p.m. on the day that a final body
weight of 100 kg was attained. Pigs were fed at
9 a.m. the next day and blood samples obtained
5 to 6 hours later. Blood samples were collected
from each pig, plasma harvested and preserved
by freezing. Plasma urea nitrogen analysis was
performed to evaluate the rate bf amino acid
utilization.

Trial 1. Lean gain per day ranged from a
low of .19 to a high of .38 kg/day .for barrows
(mean = .29) and a low of .19 to a high of
.40 kg/day for gilts (mean = .31 ).
Barrows
selected for LLG had LGPD of less than .25 kg
and those selected as HLG had LGPD greater
than .33 kg. Gilts selected for LLG had LGPD of
less than .27 kg and those selected as HLG had
LGPD greater than .35 kg. For the grower
phase, mean LGPD was .30 kg for all pigs.
Mean lean gains for selected pigs were
.22 kg/day and .35 kg/day for LLG and HLG
barrows and .24 kg/day and .37 kg/day for LLG
and HLG gilts, respectively.

Pigs were slaughtered at 100 to 110 kg
average body weight. Carcasses were weighed
at slaughter to· record hot carcass weight
(HCW). At 24 hours postmortem, longissimus
muscle area (LEA) and 1Oth rib fat (FAT) were
collected from the left and right sides, a mean
value calculated and .recorded. Hot carcass
weight, LEA, FAT, initial pig weight, and days on
test were used to compute LGPD with 5% fat
using the NPPC (1991) equation.

Trial 2. Lean gain per day ranged. from .a
low of .09 to a high of .35 kg/day for barrows
(mean = .22) and a low of .12 to a high of
.40 kg/day for gilts (mean = .26).
Barrows
selected for LLG had· LGPD of less than .18 kg
and those selected as HLG had LGPD greater
than .28 kg. Gilts selected for LLG had LGPD of
less than .19 kg and those selected as HLG had
LGPD greater than .30 kg. For the grower
phase mean LGPDwas .24 kg for all pigs. Mean
lean gain for selected pigs was .16, .23, and
.30 kg/day for LLG, MLG, and HLG barrows

Results
Grower Phase (Selection Stage) Twenty
pigs (10 HLG and 10 LLG) and 48 pigs (16 HLG,
16 LLG, and 16 MLG) were selected from the
group of grower pigs evaluated in Trials 1 and 2,
respectively. Means for initial and final weights,
number of days on test, and pig performance at
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TABLE 2. MEANS FOR PIG PERFORMANCE, ULTRASOUND MEASUREMENTS &
LEAN GAIN CALCULATIONS (GROWER PHASE, SELECTION STAGE, TRIAL 1)
Selected for lean gain type"
Barrows
Gilts
Item
All pigs
Low
High
Low
High
SD
Number of pigs
124
6
4
4
6
22.87
20.92
24.25
19.BB
29.63
3.76
Initial wt. kg
Final wt, kg
51.47
47.BB
52.31
49.38
56.00
4.03
Days on test
40.BO
48.83
32.50
48.25
30.17
3.23
Avg daily gain, kg
.71
.55
.87
.61
.BB
.07
.89
.95
.83
1.05
.92
.14
1oth rib fat, cm
2
Longissimus area, cm
15.18
11.71
13.56
13.48
16.86
2.04
Lean gain, kg/day
.30
.22
.35
.24
.37
.02
"Selected pigs for high and low Jean gain type within a sex were at least one standard deviation above
or below the mean for .Jean gain per day.

TABLE 3. MEANS FOR PIG PERFORMANCE, ULTRASOUND
MEASUREMENTS AND LEAN GAIN CALCULATIONS
(GROWTH PHASE, SELECTION STAGE, TRIAL 2)
Selected for lean gain !,ype"·
Barrows
Gilts
Med
Low
Hi!lh
Med
8
8
8
8
29.06
27.44
27.44
28.06
53.81
52.25
44.50
51.88
32.50
32.50
32.50
32.50
.76
.82
.52
.73
1.80
1.55
1.50
1.53

Item
Low
All pills
High
SE
Number of pigs
96
8
8
Initial wt, kg
27.70
28.63
27.38
.76
Final wt, kg
51.03
49.50
53.25
.93
Days on test
32.50
32.50
32.50
.94
Avg daily gain, kg
.72
.65
.80
.02
10th rib fat, cm
1.63
2.01
1.34
.08
Longissimus area,
cm 2
14.94
13.03
14.97
17.32
12.64
14.44
17.91
.45
Lean gain, kg/day
.24
.16
.23
.30
.16
.25
.32
.01
"Selected pigs for high and low lean gain type within a sex were at least one standard deviation above
or below the mean for Jean gain per day. Medium lean gain pigs were those closest to the mean
value.
and .16, .25, and .32 kg/day for LLG, MLG, and
HLG gilts, respectively.

LP. However, the level of protein in the diet had
no effect (P>.10) on other pig performance.
There were no (P>.10) interactions between
lean gain type and protein level or between lean
gain type and pig gender for pig performance.
Protein by gender interactions were not
significant (P>.10) for gain, LGPD, and carcass
characteristics.
There were no three-way
interactions among Jean gain type, protein, and
gender (P>.10).

Finisher Phase (Evaluation Stage) Trial 1.
Least squares means for the main effects for pig
performance during the finisher phase for Trial 1
are shown in Table 4. Pigs selected for HLG
had greater (P<.05) average daily gain and less
(P<.10) FAT than pigs selected for LLG. Lean
gain selection had no effect (P> .10) on LGPD or
other carcass measurements.. Barrows gained
faster (P<.05) than gilts. There were no gender
differences (P>.10) for LGPD and other carcass
Feed intake data were not
characteristics.
obtained during the finisher phase for Trial 1.
Pigs fed HP gained faster (P<.10) than those fed

Results are
Trial 2: Lean Gain Tvoe.
presented in Table 5 for· the main effects of
selected lean gain type, gender, and dietary
protein level. High lean gain and MLG pigs had
significantly greater (P<.001) LGPD than LLG
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pigs were intermediate in feed consumption.
Longissimus muscle area was greater (P<.001)
for the HLG than MLG or LLG and greater.

pigs. However, there was no difference (P> .10)
between HLG and MLG pigs. Medium lean gain
type pigs consumed more (P<.10) feed per day
than pigs from the LLG type. High lean gain

TABLE 4. LEAST SQUARES MEANS FOR MAIN EFFECTS OF LEAN GAIN
FACTORS (FINISHING PHASE, EVALUATION STAGE, TRIAL 1)
Lean gain tyee
p
Low
High
•
.97
1.11
2.16
1.81
+

Gender
Barrows Gilts
1.11
.97
2.10
1.87

p

Protein level
p
Low
High
1.09 +
.99
36.31 - ns
1.97

SD
.08
.38

ns
ns
ns

4.16
3.60
.05

Item
•
Avg daily gain, kg
ns
10th rib fat, cm
Longissimus area,
2
34.78 37.12 ns
34.76
37.13 ns
35.59
cm
73.52 72.50 ns
73.41
72.61 ns
72.50 73.52
Hot carcass wt, kg
.34
.32
.35 ns
.32
.35
.35 ns
Lean gain, kg/da:z:
P = probability associated wtth main effect within a row, ns P>.10, + P<.10, • P<.05.

TABLE 5. LEAST SQUARES MEANS FOR MAIN EFFECTS OF LEAN GAIN
FACTORS (FINISHING PHASE, EVALUATION STAGE, TRIAL 2)
Item
Avg daily gain, kg
Daily feed intake, kg
Gain/feed
1oth rib fat, cm
2
Longissimus area, cm
Hot carcass wt, kg
Plasma urea nitrogen, mg/dL
Lean gain, kg/day

Low
.83
3.04
.28
2.09
32.84
73.27
15.16
.28

Lean gain tYlle
Med
.86
3.39
.27
2.04
35.59
74.86
16.45
.31

Gender
Barrows
Gilts
Avg daily gain, kg
.80
.91
Daily feed intake, kg
3.48
2.90
Gain/feed
.27
.29
10th rib fat, cm
2.27
1.71
Longissimus area, cm 2
33.77
37.27
Hot carcass wt, kg
74.56
73.40
Plasma urea nitrogen, mg/dL
15.46
15.75
.31
.31
Lean gain, kg/day
P = probability associated with main effect within row,

High
.87
3.15
.28
1.85
38.14
73.82
15.21
.33

p
ns
+
ns
ns

•••
ns
ns

...

Protein level
p
Low
High
•••
.84
.87
ns
•••
3.15
3.24
ns
•
.27
.28
ns
•••
1.97
2.01
ns
•••
34.72
36.32
+
73.35
ns
74.61
ns
•••
ns
13.51
17.70
ns
.29
.32
ns
ns P>.10, + P<.10, • P<.05, ••• P<.001.

SE
.02
.07
.01
.09
.72
.96
.62
.01

p

SE
.01
.06
.01
.08
.59
.79
.51
.01

and smaller LEA (P<.001) than gilts. Pig gender
did not affect LGPD or PUN (P>.10). There was
no (P> .10) interaction between lean gain type
and protein level in the diet or between lean gain
type and pig gender. However, there were
several protein level by gender interactions.
Barrows fed either HP or LP gained faster
(P<.05) than gilts fed LP. Gilts fed HP had
greater LGPD (P<.05) and higher gain/feed

(P<.001) for MLG than LLG. Lean gain type had
no effect (P>.10) on PUN.
Trial 2: Protein Level and Pig Gender. Pigs
fed HP had greater LEA (P<.10) and higher
levels of PUN (P<.001) than pigs fed LP. The
level of protein in the diet had no effect (P>.10)
on other pig performance. Barrows consumed
more (P<.001) feed, gained faster (P<.001 ), had
greater FAT (P<.001), lower gain/feed (P<.05),
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Pigs fed HP gained faster than those fed LP, but
the level of protein in the diet had no effect on
other pig performance. Barrows gained faster
than gilts.
However, LGPD and carcass
characteristics did not differ. HLG and MLG pigs
had higher LGPD than LLG pigs and HLG pigs
had larger LEA than MLG or LLG pigs in.Trial 2.
MLG pigs consumed more feed than either HLG
or LLG pigs. Other performance was unaffected
by the selected lean gain type. Pigs fed HP had
higher LGPD, larger LEA, and higher PUN.
Barrows exhibited faster gain, more feed
consumption, lower gain/feed, greater FAT, and
smaller LEA than gilts. Pig gender did not affect
LGPD, HCW, and PUN. Barrows fed either
protein level gained faster than gilts. Gilts fed
HP had greater LGPD and gain/feed than gilts
fed LP.

(P<.001) than gilts fed LP and barrows fed either
protein level.
Summary
Two trials were conducted utilizing 124 and
96 pigs from contemporary farrowing groups fed
from an average initial weight of 23 kg (Trial 1)
and 28 kg (Trial 2) to an average individual or
pen weight of 50 kg. Lean gain per day with 5%
fat was computed using the NPPC (1991)
equation utilizing weight gain and real-time
ultrasound measurements.
Pigs were then
·sorted into high (HLG) and low (LLG) lean gain
types with selected individuals at least one
standard deviation from the mean LGPD. In
Trial 1, LGPD ranged from a low of .19 to a high
of .38 kg/day for .barrows and a low of .19 to a
high of .40 kg/day for gilts. Barrows selected for
LLG and HLG had a mean LGPD of .22 and
.35 kg and gilts selected for LLG and HLG had a
mean LGPD of .24 and .37 kg. In Trial 2, LGPD
ranged from a low of .09 to a high of .35 for
barrows and a low of .12 to a high of .40 kg/day
for gilts. Barrows selected for LLG, MLG, and
HLG had means for LGPD of .16, .23, and
.30 kg, respectively, and gilts selected for LLG,
MLG, ,md HLG had means for LGPD of .16, .25,
and .32 kg, respectively.

Implications
The selecting of pigs for lean growth on the
basis of gain and carcass characteristics at
50 kg (utilizing the 1991 NPPC formula) was
marginally successful. Considering that only
pigs at least one standard deviation away from
the mean within each sex were evaluated, it is
doubtful that whole groups of pigs from a
contemporary group could be successfully
sorted by lean growth potential to feed them
accordingly. Of interest is the fact that barrows
and gilts were identical in their lean growth and
that differences in gain were related to feed
intake that resulted in differences in fat
deposition. Improvements in 10th rib fat and
LGPD due to protein levels above those that
provide maximum gain for either barrows or gills
are
not
detectable
utilizing
carcass
measurements and the NPPC (1991) formula for
lean growth.

Twenty (10 HLG and 10 LLG) and 48 pigs
(16 HLG, 16 MLG, and 16 LLG) were selected
for their lean gain potential in the grower phase
for Trials 1 and 2, respectively. During the
finistier stage, they were fed com soybean meal
diets providing either HP or LP to an average
weight of 100 kg. In Trial 1, HLG pigs gained
faster and had less FAT than LLG pigs.
However, LGPD and carcass characteristics
were not affected by the selected lean gain type.
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Effects of dietary energy concentration during the grower period on
the accuracy of determining lean gain potential during the finisher
period for pigs selected during the grower period by either a lean
gain formula or by plasma urea nitrogen concentration as an
indicator of lean gain
J. N. Tembei, G. W. Libal, C.R. Hamilton, and D. N. Peters
Department of Animal and Range Sciences

SWINE 2001-13

It is generally thought that pigs eat to satisfy
their demand for energy and the amount of feed
consumed is dependent on the energy density of
the diet.
Therefore, the amount of feed
consumed when an energy-dense diet is fed will
be lower than when a low energy diet is fed.
Protein is the nutrient that is most frequently
adjusted as energy density in the diet is
changed. Energy intake influences the rates of
deposition of lean and fat tissue.
Nitrogen
accretion is generally limited by voluntary intake
of energy for pigs weighing less than 50 kg but
not for pigs weighing over 50 kg body weight.
When the rate of protein deposition reaches a
plateau for a given gender and genotype of pig,
further increases in energy intake result in an
increased deposition of fat tissue. It is thought
that lean gain/day is negatively correlated with
plasma urea nitrogen (PUN) concentrations. In
a diet with proper balance of amino acids, PUN
levels will increase as the protein concentration
of the diet exceeds the protein requirement of
the pigs. Pigs with higher lean growth require a
higher concentration of amino acids. When a
group of pigs are fed a given protein
concentration, pigs with a higher lean gain/day
are expected to have lower PUN concentrations.

(Key Words: Lean growth, Pigs, Grower/finisher,
Grower energy concentration.)
Experimental Procedure
Grower Phase, Selection Stage.
One
hundred sixty pigs (80 gilts and 80 barrows of a
contemporary farrowing group) were allotted to
grower diet treatments at an average initial
weight of 32 kg. The basal diets (low energy,
LE) fed to one half of each gender of pig were
formulated to meet the nutrient requirements of
high lean gain gilts and barrows for the second
grower phase (UNL/SDSU Swine Nutrition
Guide). Because energy is often a limiting factor
for protein deposition in the grower phase, one
half of the pigs were fed diets with 4% added
animal fat (high energy, HE) supplemented with
crystalline lysine to establish a consistent ratio of
this most limiting amino acid to the caloric
density for diets fed to a given sex. The grams
of lysine/Meal ME of the diet were 2.71 and 2.96
for barrows and gilts, respectively. Experimental
diets are shown in Table 1 with calculated
nutrient and energy concentrations.
During the grower phase, pigs were housed
eight per pen on slatted floors in an
environment-modified confinement building.
Diets (HE and LE) were assigned randomly to
pens within the two genders. Pigs were taken
off test on a pen basis on the weigh day (7-day
intervals) that an average body weight of 60 kg
was attained within an individual pen. On that
day, 1Oth rib fat depth and longissimus muscle
area, determined by real-time ultrasound, were
recorded. Lean gain per day with 5% fat was
computed for each pig using the NPPC (1991)
equation utilizing the ultrasound and gain
information. Each pen that reached the target
weight had feed withdrawn at 4:00 p.m. Feed
was reintroduced at 9:00 a.m. the next day and
pigs were bled by vena cava puncture 5 to 6

To maximize efficient production, there
would be merit to sorting pigs by their lean gain
potential enabling the producer to better match
the nutritional needs of each genotype with the
pig's ability to partition energy toward lean and
away from fat deposition. The objective of this
study was to evaluate the effect of energy
concentration of the grower diet on the ability to
sort pigs from a contemporary farrowing group
based on high or low lean growth potential
estimated by (a) lean gain/day (LGPD) based on
the NPPC (1991) formula using gain and
ultrasound measurements during the grower
period or (b) PUN concentrations at the end of
the grower period.
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concurrent
lysine
supplementation
(HE)
improved daily gain (P<.001) and feed efficiency
(P<.05). Differences in carcass measurements
and improvement in LGPD due to HE were not
detected (P>.10). However, for pigs fed HE,
PUN concentrations were lower (P<.1 O) which is
consistent with higher LGPD.

hours later.
PUN concentrations were
determined on individual pig plasma samples.
Pigs were then selected to continue on
through the finisher period. Pigs within a sex
group were retained from the pools of pigs that
had received either HE or LE during the grower
period if their LGPD was at least one standard
deviation higher (HLG) or lower (LLG) than the
mean. In the same manner, pigs were retained
if their PUN concentrations were at least one
standard deviation higher (LLG) or lower (HLG)
than the mean PUN concentration within a sex
and diet group. Although the pigs were fed
together within gender groups during the
finishing phase, the pigs selected were
evaluated as two.separate pools.

Table 4
summarizes
the
grower
performance of the pigs selected for LGPD
based on the NPPC (1991) formula utilizing gain
and
real-time
ultrasound
measurements.
Twenty-two pigs had calculated LGPD at least
one standard deviation below the average of
their gender groups (LLG). Twenty-seven pigs
had LGPD at least one standard deviation above
the average (HLG). Besides excelling in LGPD,
the selected HLG group gained faster (P<.001 ),
was leaner (P<.001 ), and had larger longissimus
muscle area (P<.001) than the selected LLG
group. Plasma urea nitrogen levels were not
different between the two groups. Although
gender differences in gain, longissimus area,
and LGPD were detected within the total
unselected population, within the selected pigs
no gender differences (P>.10) were detected
and the only effect of grower energy level was
faster gain (P<.05) for the selected HE pigs.

Finisher Phase. Evaluation Stage. Fortynine pigs, selected by each of the selection
criteria, were penned (three or four per pen) by
weight and sex. All barrows were fed a diet
containing 15% protein and all gilts were fed a
diet containing 17% protein (Table 2). Feed and
gain were recorded throughout the finisher
period.
Individual pigs were removed for
slaughter on· the weigh day (7-day intervals) on
which the individual reached at least 100 kg
body weight.
Pigs were slaughtered, hot
carcass weights were obtained, and, after a 24hour chilling period, both sides of the carcass
were measured to record longissimus muscle
area and 10th rib fat. Lean gain/day (5% fat) for
the finishing period was calculated from the gain
and carcass data using the NPPC (1991)
formula. The experiment was analyzed as a
completely random design with gender (barrows
or gilts), previous energy treatment (HE or LE),
and lean gain selection (HLG or LLG) as the
Pigs selected by the NPPC
main effects.
formula and pigs selected by PUN concentration
were treated as two independent data sets and
analyzed separately. Some individual pigs were
represented in both data sets.

Grower period performance of pigs selected
for extremes in LGPD as estimated by PUN
levels at the end of the grower period is
summarized in Table 5. Twenty-four pigs were
selected based on PUN concentrations that
were at least one standard deviation below the
average PUN concentration of all pigs within
their gender within their energy treatment group
(HLG). Twenty-five pigs were selected because
of their high PUN concentrations (LLG). PUN
concentrations of the pigs selected for LLG were
approximately twice those of pigs selected for
HLG. However, LGPD determined by formula
was not different between the two groups
(P>.10). Tenth rib fat was the only variable that
was affected (P<.001 ). Within the selected pigs,
gender had an effect on longissimus muscle
area (P<.001) and PUN concentration (P<.05).
Gender gain and LGPD were not different
(P>.10) within the selected pigs in contrast to the
differences observed for the entire population.
Within the selected pigs, grower energy level
affected 10th rib fat (P<.001) but not gain or
LGPD (P>.10).

Results
Grower Phase. Selection Stage.
Performance of all pigs fed during the grower
phase is summarized in Table 3. Gilts gained
faster (P<.05), had a better feed efficiency
(P<.05), had more longissimus muscle area
(P<.05), and had more LGPD (P<.01 ). At 60 kg
of body weight, no significant difference in 10th
rib fat was detected by real-time ultrasound.
The addition of 5% animal fat to the diet with

Finisher Phase. Evaluation Stage.
Performance of selected pigs during the finisher
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the level of 1Oth rib fat. Pigs designated HLG by
the PUN concentration method had the same
calculated LGPD by formula as pigs designated
LLG by the PUN concentration method. Gain
was also the same for both PUN selected
groups of pigs during both the grower and
finisher periods.

stage is summarized for pigs selected by
formula in Table 6 and by PUN concentration in
Table 7. Selection group (HLG or LLG), gender
(barrow or gilt), and grower energy level (HE or
LE) were included in the model and the means
of those main effects are included in the tables.
Selecting pigs based on the NPPC (1991)
gain
and
ultrasound
formula
utilizing
measurements (Table 6) from the grower period
resul.ted in different LGPD during the finisher
period (P<.001 ). All variables included in the
LGPD formula, gain (P<.10), 10th rib fat
(P<.001 ), and longissimus muscle area (P .001)
were improved by grower period selection for
HLG.
Gender differences occurred across
selection groups with barrows gaining faster
(P<.01 ). exhibiting more 10th rib fat (P<.001)
and less longissimus muscle area P<.001 ).
Barrows also had lower LGPD than gilts (P<.01 ).
Grower phase energy level had an effect (P<.05)
on 1Oth rib fat, longissimus muscle area, and
LGPD.

For pigs selected by formula, contributions
were made by gain, 10th rib fat, and longissimus
muscle area to the LGPD selection of grower
pigs since each was different between LLG and
HLG groups. Pigs designated LLG and HLG by
formula were not different in PUN concentration.
Gain and carcass measurements were different
for LLG and HLG during the finishing period and
they contributed to the formula derived LGPD
differences observed between selected groups.
was
assumed
that
PUN
Although
it
concentration and LGPD derived by NPPC
formula were inversely related, it is evident that
there is little relationship during the grower
period.
The fact that, despite this lack of
relationship, both PUN concentration and NPPC
formula successfully selected growing pigs to
groups which exhibited differences in LGPD
during the finisher period is unexplained.

Selecting pigs for LGPD during the grower
period based on PUN concentration (Table 7)
resulted in differences in LGPD during the
finisher period (P<.01 ). Gain was unaffected
(P<.10) by selection group, but 10th rib fat was
less (P<.01) and longissimus muscle area was
greater (P<.05) for the HLG group. Gender
differences (P<.001) in gain, 10th rib fat,
longissimus muscle area, and LGPD for the
finisher period were similar to those obtained
with the formula method of selection. Energy
level during the grower phase had an effect on
final 1Oth rib fat (P<.001) only.

Summary
One hundred sixty pigs (80 barrows and 80
gilts) from a contemporary farrowing group were
fed from an initial weight of 32 kg to an ending
weight of 60 .kg. Half of each gender group
received a control diet and half received a diet
with 4% added fat. At the end of the grower
period individual pigs were retained if they had
LGPD determined by the NPPC (1991) formula
or PUN concentrations at least one standard
deviation higher or lower than the mean for their
respective gender and dietary treatment group.
Forty-nine pigs were retained by each selection
method. Pigs selected during the grower period
by the NPPC formula and pigs selected by PUN
concentration were treated as two independent
data sets that were analyzed separately. Some
individual pigs were represented in both data
sets.

Both methods of selection of pigs for LGPD
during the grower period resulted in greater
LGPD during the finisher period. Based upon
the success of both methods, one would expect
that the same pigs would have been selected for
retention for the finisher period evaluation by
both methods. However, only five pigs selected
to LLG by formula were selected to LLG by PUN
concentration. Two pigs were selected to HLG
by both methods. In addition, four pigs were
selected to opposite lean gain groups (two in
each direction). The other pigs (38 in each
selection pool) were selected for retention by
only one selection method. When examining the
performance of selected pigs by the PUN
method, it is evident that the major difference
during the grower period between HLG and LLG
selected pigs, besides PUN concentration, was

During the finisher period, all barrows were
fed a diet containing 15% protein and all gilts
were fed a diet containing 17% protein to at
Pigs were slaughtered, hot
least 100 kg.
carcass weights were obtained and longissimus
muscle area and 10th rib fat recorded. Lean
gain/day (5% fat) for the finishing period was
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calculated from the gain and carcass data using
the NPPC (1991) formula. Lean gain/day, gain,
10th rib fat, and longissimus muscle area were
improved by grower period selection for HLG by
formula. Gender differences occurred across
selection groups with barrows gaining faster with
more 10th rib fat and less longissimus muscle
area and lower LGPD than gilts. Grower phase
energy level tended to have an effect on 10th rib
fat, longissimus muscle area, and LGPD during
the finisher period. Selecting pigs for HLG
during the grower period based on PUN
concentration also resulted in greater LGPD
during the finisher period. Gain was unaffected
by selection group, but 10th rib fat was less and
longissimus muscle area was greater for the
HLG group. Gender differences in gain, 1Oth rib
fat, longissimus muscle area, and LGPD for the
finisher· period were similar to those obtained
with the formula method of selection. Energy
level during the grower phase had an effect on
final 10th rib fat.

Implications
Evidence
is
provided
that
higher
concentration of energy in the grower diet will
lead to greater pig gain but not greater LGPD for
the grower period and will not improve the
effectiveness of selection of pigs for future
LGPD by either NPPC formula or PUN
concentration methods. Gilts exhibited greater
LGPD than barrows during the grower period
and the finisher period when selected by either
method. The individual pigs from the same
contemporary farrowing group assigned to LLG
and HLG pools by the two selection methods
during the grower period are largely different,
providing little evidence for a relationship
between LGPD as estimated by NPPC formula
and LGPD as estimated by PUN concentration.
However, both formula and PUN methods of
selecting pigs for LGPD during the grower
period for future LGPD proved effective when
extremes were evaluated. It is unclear if the
effectiveness would be maintained if pigs less
than one standard deviation from the mean were
retained
in
the
selected
pools.
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TABLE 1. COMPOSITION OF GROWER DIETS(%)
Gilts

Barrows
Ingredient
Corn
Soybean meal, 44%
Fat, animal
Oicalcium phosphate
Limestone
Salt
Premix"
Toial

HE

LE

66.80
26.50
4.00
1.18
.77
.25
.50
100.00

72.82.
24.50
0
1.15
.78
.25
.50
100.00

LE

HE

70.02
27.33
0
1.10
.80
.25
.50
100.00

63.35
30.00
'4.00
1.11
.79
.25
.50
100.00

Calculated nutrient content (%)
17.40
18.00
18.60
17.00
Crude protein
.94
.97
1.03
.89
Lysine
.65
.65
.65
.65
Calcium
.50
.50
.50
Phosphorus
.50
Calculated energy
ME, Meal/kg
3.28
3.47
3.28
3.47
Lysine ME, g/Mcal
2.71
2.71
2.96
2.96
"Provided per kg of complete diet: 100 mg Zn, 75 mg Fe, 7.5 mg Cu, 25 mg Mn, 175 :g I, 1300 :g SE,
16.5 IU vitamin E, ;3.3 mg riboflavin, 17.6 mg niacin, 13.2 :g vitamin B 12 , 2.2 mg vitamin Ka. 13.2 mg
pantothenic acid, 3960 IU vitamin A, and 396 IU vitamin 0 3 •

TABLE 2. COMPOSITION OF FINISHER DIETS(%)
Ingredient
Corn
Soybean meal, 44%
Fat, animal
Oicalcium phosphate
Limestone
Salt
Premix"
Total

Barrows

Gilts

72.82
24.50
0
1.15
.78
.25

66.80
26.50
4.00
1.18
.77
.25

___,fill

___,fill

100.00

100.0

Calculated nutrient content, %
Crude protein
17.00
17.40
Lysine
.89
.94
Calcium
.65
.65
Phosphorus
.50
.50
Calculated energy
ME, Meal/kg
3.28
3.47
Lysine:ME,.g/Mcal
2.71
2.71
"Provided per kg of complete diet: 100 mg Zn, 75 mg Fe, 7.5 mg Cu, 25 mg Mn, 175 :g I, 1300 :g Se,
16.5 IU vitamin E, 3.3 mg riboflavin, 17,6 mg niacin, 13.2 :g vitamin B 12 2.2 mg vitamin K3 , 13.2 mg
pantothenic acid, 3960 IU vitamin A, and 396 IU vitamin 0 3 .
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TABLE 3. PERFORMANCE OF ALL PIGS DURING THE GROWER PHASE,
SELECTION STAGE, SUMMARIZED BY GENDER AND GROWER DIETARY
ENERGY LEVEL
Gender
Energy level
pb
Item
Barrows
Gilts
LE
HE
Number of pigs
78
78
79
77
Average daily gain, kg
•
.75
.79
.75
.79
Daily feed intake, kg
1.73
1.64
ns
1.74
1.62
Gain/feed
•
.43
.48
.43
.48
10th rib fat, cm
1.34
1.28
ns
1.30
1.32
Longissimus area, cm2a
•
16.51
17.41
17.08
16.85
Lean gain per day, kg
••
.27
•30
.29
.29
Plasma urea N, m9/dL
16.78
17.6
ns
17.79
16.60
~Gender x energy level interaction (P<.05).
·
bProbabilities within main effect: ns (P>.10), + (P<.10), • (P<.05), •• (P<.01), ••• (P<.001).

p

SE

•••
ns

•

ns
ns
ns

+

,01
.06
.02
.04
.30
.01
.43

TABLE 4. GROWER PHASE INFORMATION ON PIGS SELECTED FOR EXTREMES
IN LEAN GAIN PER DAY DURING THE GROWER PHASE DETERMINED BY
FORMULA BASED ON ULTRASOUND MEASUREMENTS AND GAIN
Gender
Energy level
Selected
Item
Barrows . Gilts
p•
LE
HE
P
LLG
HLG
P
SD
Number of pigs
24
25
26
23
22
27
.73
.78 ns
.73
.79
•
.66
.85
•••
.10
Average daily gain, kg
10th rib fat, cm
1.34
1.30 ns
1.32
1.31
ns
1.63
1.01
•••
.28
2
17.22
17.34 ns 17.76
16.82
ns 15.25
19.32
••• 2.23
Longissimus area, cm
Lean gain per day,. kg
.27
.29 ns
.28
.29 ns
.21
.35
...
.04
16.52
17.75 ns 16.72
17.55
ns 17.65
16.62
ns 3.42
Plasma urea N. mg/dL
"Probabilities within mean effect: ns (P> .10), • (P<.05), ••• (P<.001 ).
bSelected by NPPC (1991) formula (5% fat).using weight gain and real-time ultrasound measurements.
Pigs selected were at least one standard deviation below (LLG) or above (HLG) the mean value within
sex and energy treatment for lean gain per day.

TABLE 5. GROWER PHASE INFORMATION ON PIGS SELECTED FOR EXTREMES
IN LEAN GAIN PER DAY DURING THE GROWER PHASE DETERMINED BY
PLASMA UREA NITROGEN CONCENTRATIONS
Gender
Energy level
Selected
Item
Barrows
Gilts
p•
LE
HE
P
LLG
HLG
P
SD
Number of pigs
22
27
27
22
25
24
.73
.75 ns
.73
.75 ns
.77
.72
ns
.10
Average daily gain, kg
10th rib fat, cm
1.22
1.33 ns
1.15
1.41 •••
1.41
1.15 •••
.27
2
Longissimus area, cm
14.76
17.85 •••
16.23
16.39 ns 16.78
15.83 ns
2.89
Lean gain per day, kg
.26
.28 ns
.28
.27 ns
.27
.28
ns
.04
Plasma urea N, mg/dL
17.40
18.34
•
18.25 17.49 +
23.60
12.14 ...
1.55
"Probabilities within mean effect: ns (P>.10), + (P<.10), • (P<.05), ••• (P<.001 ).
bSelected by plasma urea nitrogen concentration. Pigs selected were at least one standard deviation
below (LLG) or above (HLG) the mean value within sex and energy treatment for plasma urea nitrogen.
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TABLE 6. FINISHER PHASE INFORMATION ON PIGS SELECTED FOR EXTREMES
IN LEAN GAIN PER DAY DURING THE GROWER PHASE DETERMINED BY
FORMULA BASED ON ULTRASOUND MEASUREMENTS AND GAIN
_ _ _ _ _ _ _ _ __,,G,....e_n_d_er_.....,..,__
Item
Barrows Gilts
Number of pigs
24
25
Average daily gain, kg
.94
.85
74.4
75.3
Hot carcass wt, kg
1Oth rib fat, cm
2.52
1.84
Longissimus area, cm 2
36.27
40.76

p•

Energy level
LE
HE
26
23
.89
.89
74.8
74.9
2.09
228
39.79
37.25

P

Selected'
LLG
HLG
22
27
.86
.92
74.4
75.2
2.52
1.84
36.57
40.46

p

SD

••
ns
+
.10
ns
ns
ns 2.47
•••
•
••• .39
•••
•
••• 3.49
Lean gain per day, kg• .30
.35
**
.34
.31
*
.27
.38
*** .06
"Probabilities within mean effect: ns (P>.10), + (P<.10), * (P<.05), •• (P<.01 ), ••• (P<.001).
bEnergy level was the same for all pigs within a gender during the finisher phase, HE and LE were fed
during the previous grower phase, selection stage.
'Selected by NPPC (1991) formula (5% fat) using weight gain and real-time ultrasound measurements.
Pigs selected were at least one standard deviation below (LLG) or above (HLG) the mean value within
sex and energy treatment for lean gain per day.
"NPPC (1991) formula (5% fat).

TABLE 7. FINISHER PHASE INFORMATION ON PIGS SELECTED FOR
EXTREMES IN LEAN GAIN PER DAY DURING THE GROWER PHASE
DETERMINED BY PLASMA UREA NITROGEN CONCENTRATIONS
Item
Number of pigs
Average daily gain, kg
Hot carcass wt, kg
1o'" rib fat, cm
Longissimus area, cm2

Lean gain per day, kg

Gender
Barrows
Gilts
22
27
.92
.83
74.4
74.9
2.62
1.91
35.04
40.59

.26

.34

Energy level
LE
HE
27
22
.86
.90
74.6
74.7
2.03
2.50
38.34 37 .29

p•
***
ns
***
***

-

.32

.29

P
ns
ns
***
ns

ns

Selected
LLG
HLG
25
24
.87
.88
74.8
74.5
2.42
2.10
36.55
39.08

.28

.33

P

SD

ns
ns
••
•

.09
2.34
.47
4.26

**

.06

:Probabilities within mean effect: ns (P>.10), • (P<.05), ** (P<.01 ), ••• (P<.001 ).
Energy level was the same for all pigs within a gender during the finisher phase, HE and LE were fed
during the previous grower phase, selection stage.
'Selected by plasma urea nitrogen concentration. Pigs selected were at least one standard deviation
below (LLG) or above (HLG) the mean value within sex and energy treatment for plasma urea nitrogen.
"NPPC (1991) formula (5% fat).
_
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A digestibility trial was conducted with diets
containing com with bulk densities of 20.9 kg/bu
(LO), 23.2 kg/bu (MED), or 25.5 kg/bu (HI) corn.
The three dietary treatments were obtained by
substituting the LO corn diet for 100%, 50%, or
0% of the basal HI com diet (Table 2). Three
littermate barrows (40 kg) from each of three
litters were used in a 3 x 3 Lalin square design.
An indigestible indicator (.5% Cr203) was added to
the diets.
Pigs were housed in individual
collection pens and allowed ad libttum access to
feed and water. A 3-day fecal collection period
followed a 4-day dietary adjustment period. Diet
and fecal samples were analyzed for dry matter
(DM), crude protein (CP), acid detergent fiber
(ADF), neutral detergent fiber (NDF), gross
energy (GE), and Cr203 indicator to obtain
digestibility values. Pigs were weighed at the
beginning and end of each collection period and
feed disappearance was also recorded during
each collection period.

The pricing of corn is based upon a number
of factors including moisture content, test
weight, level of contaminants, and deterioration
of quality. It is understood that high moisture
content dilutes the concentration of energy and
nutrients. Poor quality because of deterioration
during
storage
and
the
presence · of
contaminants lowers the palatability of the
ingredient and may have negative health
ramifications. With less logical reasoning it has
been assumed that the feeding value of corn for
pigs is related to corn's bulk density. Low-test
weight com is sold at a discount even if moisture
content and quality factors are desirable, Corn
harvested in the fall of 1992 with a density of
either 20.9 kg/bu (46 lb/bu; LO) or 25.5 kg/bu
(56 lb/bu; HI) was used in a growth trial and a
digestibility study to further evaluate the effect of
test weight of corn on its feeding value for
growing pigs.
(Key words: Growing swine, Corn density,
Digestibility.)

TABLE 1. COMPOSITION OF BASAL
DIET

Experimental Procedure

Ingredient
Corn
Soybean meal
Dicalcium phosphate
Limestone
White salt
Vitamin/mineral premix
Total

Ninety-six crossbred pigs (30.9 kg) were
allotted four pigs per pen within sex to two
weight blocks with six treatments consisting of
diets with six corn densities (20.9, 21.9, 22.8,
23.7, 24.6, and 25.5 kg/bu). The growth study
was a complete block design with dietary
treatments, gender (barrow or gilts), and weight
blocks included in the model. A basal diet was
formulated to contain 16% crude protein and
fortified with vitamin and minerals using HI corn
and soybean meal (Table 1).
Six dietary
treatments were made by substituting LO corn
for all or a portion of the HI corn in the basal diet
in 20% increments (Table 2).
Pigs were
weighed and feed disappearance recorded
weekly.
Average final weight of pigs was
70.9 kg.
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Percent
75,65
21.67
1.07
.86
25
_,§Q

100.0

Calculated DE (GE x digestibility coefficient) for
the diets from low to high density were 3.4 7,
3.47, and 3.50 Meal/kg.

TABLE 2. BLENDS OF LO AND HI
CORN TO PRODUCE CORN
DENSITIES
Densities
20.9 kg/bu
21.9 kg/bu
22.8 kg/bu
23.7 kg/bu
24.6 kg/bu
25.5 kg/bu
20.9 kg/bu; LO
23.2 kg/bu; MED
25.5 kg/bu; HI

Summary

20.9 kg/bu,
25.5 kg/bu,
LO
HI
Growth Trial
100
0
80
20
60
40
40
60
20
80
0
100
Digestibility Trial
100
0
50
50
0
100

Ninety-six pigs were used in a growth
performance trial to determine the effects of six
com test weights in diets of growing swine. No
differences in ADG, ADFI, and gain/feed
resulted when comparing the diets consisting of
either 100% LO or 100% HI corn.
When
considering all six diets, corn bulk density
affected ADFI in a linear manner but did not
affect ADG or gain/feed.
Higher feed
consumption was observed when diets
contained 60 or 80% HI corn compared to 60 or
80% LO corn. However, the increased
consumption did not result in increased gain.

Results

Nine barrows, three each from three litters,
were used to determine the nutrient digestibility
of diets containing corn of three test weights.
Protein and DM contents were higher in LO corn
than in HI corn. Protein and DM digestibility
The
decreased as test weight increased.
combination of similar energy and higher
and
nutrient
digestion
nutrient
density
coefficients for LO corn resulted in similar
growth performance for growing pigs regardless
of corn bulk density.

Growth performance data are presented in
Table 3.
Pigs had similar (P>.10) ADG
(.81 VS .80 kg/day), ADFI (2.46 VS 2.41 kg/day),
and gain/feed (.33 vs .33) when fed diets
consisting solely of HI or LO corn, indicating no
difference in feeding value for the low and high
bulk density corn. There was a linear change
(P<.05) in ADFI as percentage of HI corn
increased in the diet. This occurred, not as a
result of a difference in ADFI between pigs
receiving diets consisting of 100% HI and 100%
LO corn (P>.10), but because pigs consuming
HI corn in blends of 60 or 80% consumed more
feed than pigs receiving blends of 60 or 80% LO
corn (P<.01 ). However, this did not result in
differences in ADG (P>.10). Gain/feed was
similar for pigs fed all diets (P .10). Gender
performance means confirmed that barrows gain
faster (P<.05) and eat more feed (P<.10) than
gilts with no difference in gain/feed (P>.10) at
this stage of production.

Implications
These growth and digestion trials with
growing pigs (40 kg) demonstrate that corn of a
wide range of test weights is satisfactory for
swine diets. Fiber components of LO corn was
slightly higher than in HI corn. However, DE
values were similar for diets with corn of
extreme test weights. Crude protein content
may actually be higher in LO corn than HI corn.
Low-test weight corn, purchased at a reduced
price, can result in feed cost savings without
risking pig performance.
Feeding home
produced, low-test weight com will result in
value added to the discounted price which would
be obtained with normal sale.
It must be
emphasized that low bulk density corn requires
more space in storage bins and in feeders and
that corn additions to the mixer must be based
upon weight and not volume to ensure proper
nutrient levels in the
complete feed.

Table 4 provides the analyzed nutrient
composition of the three diets fed in the
digestion trial. The digestibility coefficients for
these nutrients are presented in Table 5.
Dietary CP, ADF, and NDF on a DM basis and
DM decreased as corn density increased.
Digestibility coefficients increased linearly for CP
(P=.001) and for DM (P<.10) as corn density
decreased. Density did not affect ADF or NDF
digestibility. Gross energy and GE digestibility
of the diets were not affected by corn density.
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TABLE 3. THE EFFECT OF CORN DENSITY ON PIG PERFORMANCE FROM 30 TO
?OKG
Com (25.5 kg/bu)
0%HI
20%HI
Com (20.9 kg/bu)
100% LO
80%LO
Test wt, k!l;(bu
20.9
21.9
Initial wt, kg•
31.1
31.0
Final wt, kg
71.0
70.5
ADG, kg/day
.81
.80
ADFI, kg/day'"
2.46
2.29
Gain/feed
.33
.35
Statistical contrasts:
Linear
"P<.05
Quadratic
0
100% LO vs 100% HI
P<.01
100% LO and 100% HI vs blends
60 and 80% LO VS 60 and 80% HI 0 P<.01

40%HI
60%LO
22.8
31.0
68.6

.77
2.36
.33

60%HI
40%LO
23.7
30.9
73.0
.86
2.55

.34

80%HI
20%LO
24.6
30.9
72.8
.85
2.59
.33

100% HI
0%LO
25.5
30.8
69.9
.80
2.41
.33

TABLE 4. ANALYZED NUTRIENT COMPOSITION (DM BASIS) OF THREE DIETS
UTILIZED IN THE DIGESTION TRIAL
Item
Crude protein, %
Dry matter, % ·
Acid detergent fiber, %
Neutral detergent fiber, %
Gross energy, Meal/kg
Digestible energy, Meal/kg

Corn density, kg/bu
23.2
20.3
88.1
5.2
14.2
4.38
3.47

20.9
20.6
88.4
5.2
14.3
4.30
3.47

25.5
19.7
87.8
5.1
13.1
4.40
3.50

TABLE 5. DIGESTIBILITY COEFFICIENTS(%) AS AFFECTED BY CORN DENSITY
(40 TO 50 KG GROWING SWINE)
Item
Crude protein"
Dry matter"
Acid detergent fiber
Neutral detergent fiber
Gross energy
Linear effect "P-.001, 0P<.10.

Com density, kg/bu
23.2
75.8
79.8
50.7
55.1
79.3

·20.9
78.3
81.2
52.8
57.4
80.7
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25.5
73.7
79.9
52.2
55.6
79.6
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partly solid and partly covered with slats. The
temperature was maintained at approximately
20° C. Feed was provided on an ad .libttum
basis from a two-hole feeder attached to the
front of the pen. Likewise, pigs had free access
to water, which was provided from a nipple
drinker suspended to one of the pen walls.

Materials and methods
Animals and experimental design
A total of 96 growing pigs of approximately
25 kg BW were obtained from the SDSU Swine
Research Farm and allotted to one of four
different experimental groups based on weight,
ancestry, and sex. There were four pigs per pen
and six replicate pens per treatment group.
During the initial 40 days of the experiment, pigs
were fed grower diets while finisher diets were
fed for the remaining period. Pigs were killed at
a commercial abattoir at a weight of
approximately 120 kg. To ensure that slaughter
weights were approximately identical for all pigs,
the three replicates with the heaviest pigs were
killed after 96 days, while the three replicates
containing the smallest pigs were killed 109
days after the experiment was initiated.

Data collection,
analysis

calculations,

and statistical

Individual pig weights were recorded at the
beginning of the experiment and every two
weeks thereafter. The amount of feed dumped
in each feeder was recorded on a daily basis
and feed in the feeders was recorded each time
the pigs were weighed. At slaughter, individual
live weights, the dressed weights, fat depth, loin
depth, and the lean meat percentage were
measured for each pig.

Eight different diets were formulated
(Table 1). Four of the diets were used during the
growing period (e.g. day 1 - 40), and the other
four diets were used during the finishing period
(e.g. day 41 - 96/109). The four grower diets
contained 0, 6, 12, or 18% field peas while 0, 12,
24, or 36% field peas were included in the
finishing diets. Amino acids were balanced
according to current NRC recommendations for
grower diets (NRC, 1998). Because of the low
content of methionine in field peas, the inclusion
of synthetic methionine was increased as the
inclusion of field peas was increased in the
diets. Likewise, syntetic threonine and synthetic
tryptophan was included in the diets containing
peas to insure that no amino acid would limit
performance. All other nutrients were included
to meet or exceed NRC recommendations
(NRC, 1998). The nutrient composition of the
diets is shown in Table 2.

At the end of the experiment, feed
disappearance for each pen was calculated for
each period. Likewise, average daily weight
gain and average gain to feed ratios were
calculated for each pen.
Data on pig performance and carcass
evaluation were statistically evaluated using the
Proc. GLM procedure of SAS. (SAS Stat Inc.
Cary, NC).
An analysis of variance was
performed and treatment means were separated
using a least significance test in Proc. GLM.
Results
Data on the growth performance of the pigs
are shown in Table 3. During the growing period
from day 1 to day 40, no differences (P>0.05) in
average daily gain, average daily feed intake, or
average gain to feed ratios were observed
between treatment groups. During the finishing
phase, pigs receiving diet 3 with 24 % field peas
had a lower (P<0.05) gain to feed ratio than had
the pigs receiving no peas.
However, for
average daily gain and average daily feed

Housing and feeding
Pigs were housed in an environmentally
controlled building with a concrete floor that is
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be fortified with synthetic amino acids to balance
the amino acid composition of the diet.
The fact that the lean meat percentage was
not different between treatment groups means
that pigs fed diets containing peas have the
same capacity for lean deposition as have pigs
fed corn-soybean meal diets. Therefore, the
inclusion of peas in diets for growing finishing
pigs does not compromise carcass quality of
pigs.
The dressing percentage was not
measured in the current experiment. However,
the carcass weights of the pigs from the
experimental groups that received peas in their
diets were numerically higher than for pigs in the
control group.
Because there were no
differences in the final live-weight between the
treatment groups, this finding indicate, that the
dressing percentages of the pigs receiving peacontaining diets may have been improved
compared to the control pigs. The reason for
this observation is unknown; however, Gatel
et al. (1991) also reported improved dressing
percentage in pigs receiving peas in the diets.

intake, no differences (P > 0.05) were detected
between treatment groups. Likewise, for the
entire growing-finishing period, no differences (P
> 0.05) in gain, feed intake, or gain to feed ratios
were obtained between the four experimental
groups.
Data on carcass evaluations are shown in
Table 4. Pigs in treatment groups 3 had more
(P < 0.05) backfat than had the pigs receiving
the control diet. Pigs in experimental group 2
had larger (P < 0.05) loins than had pigs in the
control group and pigs in experimental group 4.
However, the lean meat percentage of the
carcass was not different (P > 0.05) between the
four treatment groups.
Discussion
The present experiment showed no negative
effects on growth performance of feeding field
peas to growing-finishing pigs. Pigs fed diets
containing 18% field peas during the growing
phase and 36% field peas during the finishing
phase, performed as well as pigs fed diets
containing no field peas. These results are in
agreement with previous results showing no
negative effects of including up to 40% field
peas in diets for growing-finishing pigs (Bell and
Wilson, 1970; Gatel et al., 1991; Landblom and
Poland, 1996).

In conclusion, results of the current
experiment demonstrates that field peas can be
included in diets for growing pigs and for
finishing pigs at inclusion rates of 18 and 36%,
respectively,
without
comprom1s1ng
pig
performance or carcass quality provided that the
diets are balanced for their content of amino
acids.
Therefore, if field peas are priced
favorably compared to corn and soybean meal,
producers should not hesitate including field
peas in their diet formulations.

However, as was the case in the current
experiment, diets containing field peas need to
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TABLE 1..INGREDIENT COMPOSITION OF EXPERIMENTAL DIETS {AS IS)
Diet

G-1

Grower Diets
G-2
G-3

Com,%
Peas,%
SBM,44%, %
Limestone, %
DCP,%
Lysine, HCL, %
DL-Methionine, % :
L-Threonine,.%
L-Tryptophan, %
Salt,%
Min-Vil-mix, %

75.49
0
21.5
.83
1.25
··.13
0
0
0
.3
.5

71.32
6.0
19.7
.83
1.25
.1
0
0
0
.3
.5

67.03
12.0
18.0
.83
1.25
.08
.01
0
0
.3
.5

62.9
18.0
16.0
.83
1.25
.06
.02
.01
.01
.3
.5

82.43
0
15.0
.86
.85
.06
0
0
0
.3
.5

73.73
12.0
11.75
.86
.85
0
0
0
.01
.3
.5

66.86
24.0
6.6
.87
.85
0
0
0
.02
.3
.5

59.89
36.0
1.5
.85
.9
0
.01
.01
.04
.3
.5

Total,%

100

100

100

100

100

100

100

100

G-4

F-1

Finisher Diets
F-2
F-3

F-4

TABLE 2. NUTRIENT COMPOSITION OF EXPERIMENTAL DIETS {AS IS)
Diet
ME, Kcal/kg
Crude protein, %
Lysine,%
Methionine, %
Methionine +
Cysteine, %
Threonine, %
Tryptophan,. %
Calcium,%
Phosphorus, %

G-1

Grower Diets
G-2
G-3

G-4

F-1

Finisher Diets
F-2
F-3

F0 4

3,269
15.7
0.91
0.26

3,262
15.8
0.90
0.25

3,253
15.9
0,90
0,26

3,241
16.0
0.91
0.26

3,300
13.4
0.69
0.23

3,283
13.8
0.69
0.22

3,270
13.4
0.69
0.20

3,255
13.1
0.68
0,19

0.55
0.59
0.18
0.68
0.58

0.54
0.59
0.17
0.68
0.58

0.54
0.59
0.17
0.68
0.58

0.54
0.60
0.18
0.68
0.58

0.49
0.50
0.14
0.59
0.49

0.48
0.50
0.15
0.59
0.49

0.44
0.48
0.14
0.59
0.48

0.42
0.46
0.15
0.58
0.49
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TABLE 3. GROWTH PERFORMANCE FROM EXPERIMENT
3
2
1
Treatment aroue
12/24
Field peas, Grower/Finisher%
0/0
6/12
24
24
24
n
Grower geriod (da~ 1-40)
Average initial weight, kg
26.71
26.69
26.67
Average end weight, kg
57.67
55.46
56.39
Average daily gain, g
742
775
720
1.34
Average daily feed intake, kg
1.3 9
1.35
Average gain:feed ratio, kg/kg
0.53
0.57
0.54
Finishing geriod (d41-96/109)
Average initial weight, kg
56.4
57.67
55.46
113.3
114.2
111.7
Average end weight, kg
Average daily gain, g
909
907
906
Average daily feed intake, kg
2.65
2.74
2.91
0.33bc
0.34b
0.31°
Average gain:feed ratio, kg/kg
Overall (d1-96/109)
Average initial weight, kg
26.71
26.69
26.67
Average end weight, kg
113.3
114.2
111.7
Average daily gain, g
845
855
834
Average daily feed intake, kg
2.16
2.19
2.29
0.39
0.39
0.37
Averaae aain:feed ratio, ks!kl!
"Pooled standard error of the mean
b•Numbers within a row lacking a common superscript are different (P<0.05)

4
18/36
24

SEM"

26.75
56.54
745
1.41
0.53

1.18
2.18
33
0.05
0.04

56.54
114.0
924
2.81
0.33bc

2.18
1.83
25
0.08
0.01

26.75
114.0
854
2.26
0.38

1.18
1.83
21
0.05
0.013

TABLE 4. CARCASS CHARACTERISTICS FROM EXPERIMENTAL PIGS
Diet
Field peas, grower/finisher%
n
Carcass weight, kg
10•h rib fat, mm
Loin deeth, cm
Lean,%
"Pooled standard error of the mean
b•Numbers within a row lacking a common

2

1
0/0
24
80.9
18.5b
6.17b
53.83

6/12
24
84.8
20.3bc
6.45
53.96

3
12/24
24
83.4
21.3 °
6.33bc

4
18/36
24
85.2
20.6bc
6.20b

53.42

53.46

superscript are different (P<0.05)
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SEM"

1.59
0.8
0.07
0.3
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Introduction

containing .9% lysine and 3.3 Meal ME/kg. Pigs
were weighed and blood samples obtained by
jugular venipuncture every 14 d beginning at 70
d of age. Feed disappearance was recorded at
14 d intervals at 1400 beginning at 98 d of age.
Rate of live weight gain was calculated as the
average daily rate of live weight change from 70
to 140 d of age.
Gain: feed ratios were
calculated for each sex (boars, barrows, and
gilts) as the ratio of live weight gain to feed
disappearance from 98 to 140 d of age.
Measurement of IGF-1: Serum concentrations of
IGF-1 were determined in duplicate in all blood
Serum concentrations of
samples by RIA.
estradiol-1713 were determined in duplicate by
RIA in all samples from gilts and boars. Serum
concentrations of testosterone were determined
in duplicate by RIA in all blood samples of boars.
Relative amounts of serum IGFBPs were
analyzed by one-dimensional SDS-PAGE and
ligand blot analysis.

It is known that boars, barrows, and gilts
grow at different rates and with varying
efficiencies. Gilts generally eat less, grow
slower, but are more efficient and have leaner
carcasses than. One way in which growth may
be regulated in pigs is through changes in
circulating IGF-1 and (or) IGF binding proteins
(IGFBPs). Insulin-like growth factor-I has been
shown to stimulate amino acid and glucose
uptake and increase protein synthesis, while
IGFBPs can function to inhibit or potentiate the
actions of JGFs.
Estradiol has been demonstrated to regulate
expression of the IGF system. Administration of
estradiol increased serum concentrations of
IGF-1 and relative amounts of IGFBP-3 and-4 in
the ewe. Boars produce more estradiol than
gilts or barrows and also exhibit greater serum
concentrations of IGF-1 and IGFBP-3. Boars
produce more testosterone than gilts or barrows,
which may work in concert with estradiol to
increase circulating levels of IGF-1 and IGFBP-3
similar to what is observed in implanted steers.
The objectives of the current experiment were to
determine 1) if serum concentrations of IGF-1,
estradiol-1713,
testosterone,
and
relative
amounts of IGFBPs differ in growing boars,
barrows, and gilts, and 2) if growth rate and
circulating levels of IGF-1 and relative amounts
of serum IGFBPs were related to serum
concentrations of estradiol and testosterone.

Statistical Analyses. The effects of sex and
age on serum concentrations of IGF-1, estradiol1713, and relative amounts of serum IGFBPs
were analyzed by least squares for a split-plot
design. The effect of age on serum
concentrations of testosterone in boars was
analyzed by one-way ANOVA. The effect of sex
on gain:feed ratios, feed disappearance, and
ADG from 98 d of age to 140 d of age were
analyzed by one-way ANOVA.

Results

Materials and Methods

Mean serum concentrations of IGF-1 were
similar (P>.05) in boars, barrows, and gilts at
70 d of age (Table 1). By 84 d of age mean
serum concentrations of IGF-1 were greater
(P<.05) in boars than in barrows and gilts and
continued to be greater through 140 d of age.
Mean serum concentrations of IGF-1 did not
differ (P> .05) among barrows and gilts except at
112 d of age when mean serum concentrations
of IGF-1 were greater (P<.05) in gilts than in
barrows.
Age related differences in serum

Animals: Crossbred (Hampshire x Duree x
Yorkshire x Landrace) boars (n=11 ), barrows
(n=11), and gilts (n=12) of similar age (67.6 ±
.7 d} and. weight (31.2 ± .4 kg) were stratified by
litter in this experiment. Beginning at 70 d of
age and continuing through 140 d of age, pigs of
similar sex were housed in pens (1.2 x 2.4 m) of
3 or 4 pigs/pen and given ad libitum access to
water and a 17% CP corn-soybean meal diet
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differ (P<.05) among sexes or with age after 70
d of age (data not shown).

concentrations of IGF-1 were also observed
within each sex. Serum concentrations of IGF-1
were greater in boars 84 d of age compared to
boars 70 d of age, with boars at 126 d of age
having the greatest serum concentrations of
IGF-1. Serum concentrations of IGF-1 were
greater (P<.05) in barrows at 84, 126, and 140 d
of age compared to barrows at 70 d of age;
however, serum IGF-1 in barrows at 98 and 112
d of age were similar (P> .05) to barrows at 70 d
of age. Serum concentrations of IGF-1 in gilts
84, 112, 126, and 140 d of age were greater
(P<.05) than in gilts at 70 d of age, but serum
IGF-1 was similar (P>.05) between gilts at 70
and 98 d of age.

Mean serum concentrations of estradiol-1713
were similar (P> .05) between gilts and boars at
70 d of age (Figure 3). Beginning at 84 d of age,
and continuing through 140 d of age, mean
serum concentrations of estradiol-1713 were
greater in boars (P<.05) than in gilts. Mean
serum concentrations of estradiol-1713 increased
(P<.05) with increasing age in boars.
Mean serum concentrations of testosterone
increased (P<.05) with increasing age in boars
Mean serum concentrations of
(Figure 4 ).
testosterone were similar at 70 and 84 d of age,
but by 98 d of age serum concentrations of
testosterone were greater (P<.05) than at 70 d
of age.
Mean serum concentrations of
testosterone were greater at 126 and 140 d of
age compared to 70, 84, and 98 d of age.

Five IGFBPs of different molecular masses
were detected in the serum. On the basis of the
similarity of the molecular weights and results of
immunoprecipitation of IGFBPs in porcine
serum, these serum IGFBPs were identified as
the 24 and 28 kDa forms of IGFBP-4, the 41 and
46 kDa forms of IGFBP-3, and 34 kDa IGFBP2. Relative amounts of the 24 kDa form of
IGFBP-4 and the 41 kDa form of IGFBP-3 were
less (P<.05) in gilts than in barrows and boars at
70 d of age (Figure 1), whereas no difference
was detected in relative amounts of the 46 kDa
form of IGFBP-3, or the 28 kDa form of IGFBP-4
among boars, barrows, and gilts at 70 d of age.
Relative amounts of the 46 kDa IGFBP-3
(Figure 2A), 41 kDa IGFBP-3 (Figure 28), and
the 28 kDa IGFBP-4 (Figure 2C) were greater
(P<.05) in boars than in barrows or gilts from 84
to 140 d of age. No difference was detected
(P> .05) in relative amounts of these IGFBPs
between barrows and gilts from 84 to 140 d of
age. Relative amounts of IGFBP-2 were greater
(P<.05) in barrows than boars or gilts at 70 d of
age (Table 2). Relative amounts of IGFBP-2 in
boars and barrows were similar (P>.05) at 84 d
of age, but relative amounts were greater
(P<.05) in boars than in gilts. Relative amounts
of IGFBP-2 were greater (P<.05) in barrows at
98 d of age compared to boars and gilts.
Relative amounts of IGFBP-2 were similar
(P>.05) among boars, barrows, and gilts at 112
d of age. Relative amounts of IGFBP-2 were
similar (P>.05) in boars and barrows at 126 d of
age, however, relative amounts were less
(P<.05) in gilts compared to barrows. By 140 d
of age, relative amounts of IGFBP-2 were less in
gilts than in boars or barrows. Relative amounts
of IGFBP-2 decreased (P<.05) in boars,
barrows, and gilts from 70 to 140 d of age.
Relative amounts of the 24 kDa IGFBP-4 did not

Gain:feed ratios from 98 to 140 d of age
were greater (P<.05) in boars (.41 ± .02) than in
gilts (.29 ± .02) or barrows (.33 ± .02). Gain:feed
ratios were similar (P> .05) between gilts and
barrows. Average daily gain was similar (P>.05)
between boars (1.)4 ± .02 kg) and barrows
(1.11 ± .02 kg) and each was greater (P<.05)
than gilts (.93 ± .02 kg). Feed disappearance
was
similar
(P>.05)
between
barrows
(3.41 ±.18kg/d) and gilts (3.23 ± .18kg/d) and
each was greater (P<.05) than boars
(2.71 ± .18 kg/d).
Discussion
It is well established that boars generally
grow faster and more efficiently than barrows
and gilts. Because IGF-1 stimulates amino acid
and glucose uptake, part of the reason for the
increased growth rate and efficiency in boars
over barrows and gilts may be due to differences
in circulating levels of IGF-1.
Serum
concentrations of IGF0 1 are positively correlated
with growth rate in pigs and other animals, and
changes in serum concentrations of IGF-1 and
relative amounts of IGFBPs occur as pigs grow.
In the present experiment, serum concentrations
of IGF-1 were similar in boars, barrows, and gilts
at 70 d of age but from 84 through 140 d of age
serum concentrations of IGF-1 were greater in
boars than in barrows or gilts. Boars were also
more feed efficient than barrows and gilts as
evidenced
by
greater
gain
to
feed
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disappearance ratios. An overall ,increase in
serum concentrations of IGF-1 was observed
with age in all sexes. This same phenomenon
has been reported in sheep, where greater
serum concentrations of IGF-1 were found in
rams compared to ewes.
Increased serum
concentrations of IGF-1 in boars may ·partly be
responsible
for
their
increased
growth
performance over that observed in barrows and
gilts.
The role of IGFBPs can be to inhibit or
stimulate the actions of IGF-1. Five different
IGFBPs of varying molecular masses were
found in the serum of boars, barrows, and gilts
in this experiment.
Relative amounts of the 46 and 41 kDa
forms of IGFBP-3, the predominant IGFBP
found in serum, increased with increasing age in
boars in the present study. Increased relative
amounts of IGFBP-3 are likely due to the
increased serum concentrations of IGF-1 found
in boars as they age. The function of a large
amount of IGF-1 bound to IGFBP-3 might allow
the complex to serve as a reservoir of IGF-1. If
IGFBP-3 provides a more stable serum reservoir
of IGF-1, more IGF-1 would be available to
increase nitrogen retention, protein synthesis,
and total body protein accretion. These anabolic
effects of IGF-1, working alone or in concert,
could then contribute to the increased growth
efficiency of boars over that of barrows and gilts
as was evidenced in this study.
Boars in the present study grew more
efficiently than barrows and gilts as evidenced
by greater G:F ratios and decreased feed
Feed disappearance was
disappearance.
negatively correlated with relative amounts of
both forms of IGFBP-3 and the 24 kDa form of
IGFBP-4. Increased relative amounts of these
serums IGFBPs may have allowed boars to
reduce feed intake and gain more efficiently.
These IGFBPs, especially IGFBP-3, may
increase the half-life of endogenous IGF-1, thus,
increasing its bioavailability.
Serum concentrations of estradiol-1 ?P and
the 28 kDa form of IGFBP-4 were greater in
boars than gilts from 84 to 140 d of age.
Perhaps the increase in relative amounts of the
28 kDa form of IGFBP-4 in boars acts to protect
cells from over-stimulation by binding with IGF-1
and preventing it from interacting with its
receptor. This proposed mechanism might be

necessary if rising serum concentrations of
estradiol-17P increase serum concentrations of
IGF-1 in boars, as in the ewe.
The fact that steroids, and in particular
estrogens and androgens, have the ability to
enhance lean growth in ruminant animals has
been established.
However, less is known
about how endogenously produced steroids
affect growth in non-ruminants and the pig in
particular.
In the present study boars had
greater serum concentrations of IGF-1 than
either barrows or gilts.
Administration of
estradiol-17P to ewes has been shown to
increase serum concentrations of IGF-1.
Coincident with the increase in serum
concentrations of IGF-1 in boars in this study
was an increase in serum concentrations of
estradiol-17p. Boars naturally produce more
estradiol-17P than gilts or barrows. Perhaps
some of the enhanced growth effects in boars
could be attributed to increased serum
concentrations of IGF-1 resulting from increased
serum concentrations of estradiol-17P.
While it is tempting to speculate that
estradiol-17P caused the increase in serum
concentrations of IGF-1 in boars over that
observed in barrows and gilts, the possible
effects of testosterone cannot be discounted.
Relative amounts of serum IGFBP-2 in boars
decreased at a time coincident with an increase
in serum concentratioris of testosterone. Insulinlike growth factor binding protein-2 is normally
believed to function to inhibit the activity of IGF-1.
Thus, if rising serum concentrations of
testosterone function to decrease an inhibitory
IGFBP (IGFBP-2) and estradiol-1 ?P functions to
increase serum IGF-1, the net effect may be
manifested by an increase in growth
performance of boars over barrows and gilts due
to the anabolic effects of IGF-1. Exact roles and
mechanisms by which steroids regulate the .IGF
system and subsequent growth require further
investigation.
Results of this study indicate that increased
serum concentrations of IGF-1 may play a role in
the increased growth performance seen in boars
compared to barrows and gilts. The increase in
serum concentrations of steroids concomitant
with increases in serum IGF-1 and changes in
relative amounts of specific IGFBPs suggests
estrogens and androgens may be involved in
enhancing lean growth through changes in
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components of the IGF system. This information
may lead to ways in which lean growth in

barrows and gills could be enhanced to achieve
levels similar to that observed in boars.

TABLE 1. "MEAN SERUM CONCENTRATIONS OF IGF-1 (NG/ML) IN BOARS
(n=11), BARROWS (N=11), AND GILTS (N=12) FROM 70 TO 140 D OF AGE.
Sex
Barrow
Boar
Age,d
98.37 ± 12.22"'
110.63 ± 10.726H
70
169.99 ± 10.14c/g
222.38 ± 10.13'"
84
128.49 ± 10.75b/g
182.04 ± 10.13dlf
98
128.28 ± 10.14b/g
189.23 ± 10.13d/f
112
157.52 ± 10.14c/g
254.29 ± 10.75e/f
126
148.06 ± 10.14a/g
224.41 ± 10. 75'"
140
"Means are least-square means ± SEM
bcd•Means with different letters within a column differ by age (P<.05)
tghMeans with different letters within a row differ by sex (P<.05)

Gill
61
125.55 ± 11.48 '
155.91 ± 9. 7ci9
135.34 ± 9_7bdl9
159.65 ± 9.7164.26 ± 9.~9
148.06 ± 9. 7bcd!Q

TABLE 2. aMEAN RELATIVE AMOUNTS OF SERUM IGFBP-2 IN BOARS (n=11)
AND GILTS (n=12) FROM 70 TO 140 D OF AGE
Sex
Boar
Barrow
Gill
Age,d
.98
±
.03ble
1.24
±
.03blf
70
1.02 ± .03"0
.91 ± .03c/ef
.85 ± .03c/f
.98 ± .03b/e
84
.03c/e
.95
±
.03c/f
.83
±
.80 ± .03c/e
98
.83 ± .03dle
.81 ± .03c/e
.83 ± .03c/e
112
.83 ± .03c/ef
.96 ± .03c/e
.84 ± .03c/f
126
.83 ± .03c/e
.83 ± .03dle
.69 + .03d/f
140
"Means are least-square means± SEM. Values are expressed in arbitrary densitometer units (ADU).
bcdMeans with different letters within a column differ by age (P<.05)
01
Means with different letters within a row differ by sex (P<.05)
Figure Legends
•

Figure 1. Relative amounts of IGFBPs in serum of boars (n=11), barrows (n=11), and gilts (n=12) at
70 d of age. Means are least-square means ± SEM. Data are expressed in arbitrary densitometer
units (ADU). Means with the letter "a" differ (P<.05).

•

Figure 2. Relative amounts of 46 kDa IGFBP-3 (A), 41 kDa IGFBP-3 (BJ, and 28 kDa IGFBP-4 (C) in
serum of boars (n=1 ), barrows (n=1 ), and gills (n=12) from 84 to 140 d of age. Means are leastsquare means ± SEM. Data are expressed in arbitrary densitometer units (ADU). Means with the
letter "a" differ according to sex (P<.05).

•

Figure 3. Mean serum concentrations of estradiol-17p in boars (n = 11), and gilts (n = 12) from 70 to
140 d of age. Means are least-square means ± SEM. Means with different letters differ according to
sex and (or) age (P<.05).

•

Figure 4. Mean serum concentrations of testosterone in boars (n=11) from 70 to 140 d of age.
Means are least-square means± SEM. Means with different letters differ according to age (P<.05)
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Effects of administration of estradiol-17P on the
serum and anterior pituitary IGF system in pigs
L.A. Rempel and J.A. Clapper
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The anterior pituitary (AP) gland functions as
a storage and releasing unit for several
hormones; growth hormone (GH), gonadotropins
(luteinizing hormone and follicle stimulating
hormone),
prolactin,
adrenocorticotropin
hormone, and thyroid stimulating hormone.
Luteinizing hormone (LH) functions to increase
ovarian follicular growth and maturation and
responds to increasing concentrations of
estradiol-17P (E2 ) that occur at estrus to cause
ovulation.
Production and secretion of the
protein, insulin-like growth factor-I (IGF-1),
occurs primarily in the liver, in response to GH
release from the anterior pituitary gland. Insulinlike growth factor-I increases glucose uptake,
amino acid transport, and glycogen synthesis
resulting in increased protein accretion.
Mitogenic effects of IGF-1 can be manifested by
increases in DNA, RNA, and protein.
Furthermore, IGF-1 stimulates differentiation at
low levels usually preceding a mitogenic
response. The biological effects of IGF-1 are
mediated by it's interaction with the IGF type I
receptor and modulated by IGF binding proteins
(IGFBPs). Insulin-like growth factor:1, IGFBPs,
and IGF receptors have been detected in the AP
gland of several species and may exert
regulatory effects at the hypothalamichypophyseal level affecting gonadotropins, and
in turn, reproductive performance.

have been noted throughout the bovine estrous
cycle.
Extended treatment of steers with
exogenous estradiol resulted in increased serum
concentrations of IGF-1.
Simpson and coworkers found that treating ovariectomized cows
with estradiol for 45 days increased pituitary
gland weight and resulted in greater plasma
concentrations of IGF-1 and total plasma IGFBP
activity compared to control cows.

There is evidence to suggest that estrogens
can increase serum and AP concentrations of
IGF-1 as well as expression of certain IGFBPs
within the AP gland. Previous research has
demonstrated that fluctuations in components of
the IGF system can influence gonadotroph
function. Addition of IGF-1 to dispersed AP cells
obtained from gilts in either the follicular or luteal
phase of the estrous cycle increased
gonadotropin
releasing
hormone (GnRH)
stimulated LH secretion over that in cells treated
with no IGF-1.
Studies have shown that
administration of E2 to pituitary tumor cells
increases production of IGF-1 and IGFBP-3.
Changes in relative amounts of pituitary IGFBPs

The AP IGF system in swine has not been
well defined. The effects of E2 on AP function
may be partially explained by changes in
components of the IGF system. A thorough
understanding of the porcine AP IGF system, is
a necessary first step .in developing strategies to
control
pituitary function
that
enhance
reproduction and growth. Improved reproductive
and growth performance will ultimately have a
positive economic impact on the producer.

Steroid implants have long been used in
cattle to improve growth and performance. By
using such implants producers have improved
feed efficiency and decreased feed costs, thus
increasing their profitability. Use of E2 and
trenbolone acetate (TBA) implants elicited an
increase in circulating levels of IGF-1 stimulating
muscle growth in crossbred yearling steers.
Wethers treated with E2 and TBA also had
increased serum concentrations of IGF-1 and
had improved average daily gain and feed
efficiency.
Research has shown that boars
produce and secrete greater amounts of E2 , of
testicular origin, and produce leaner carcasses
than gilts or barrows. A study conducted in our
lab with prepubertal boars, found that rising
serum concentrations of IGF-1 paralleled rising
serum concentrations of E2 . Similarly, feed
efficiency was greater in boars than in gilts or
barrows (castrated males.).

We performed a preliminary study to
determine if administration of E2 implants
(25. 7 mg E2 ) could elevate serum concentrations
of E2 in barrows similar to that of boars of
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Three groups of pigs were randomly allotted by
litter; boars (n=11 ), non-implanted barrows (n=12),
and E2 implanted barrows (n=9). All pigs were
penned individually throughout the experiment.
Implanted barrows were administered two E2
implants (25.7 mg E2 ,each) subcutaneously at the
base of each ear on d 1. Blood samples, body
weight, and feed disappearance was collected
every two weeks thereafter and at slaughter (d 90).

comparable age and maturity and subsequently
affect the AP IGF system.
Twenty crossbred
barrows were randomly assigned by litter to one of
four treatment groups .of five barrows each.
Treatment groups were as follows; 1) two implants,
2) three implants, 3) four implants, and 4) no
implants.
This preliminary study determined that
administration of E2 implants elevated serum
concentrations of E2 in barrows over a 35-day
period similar to what is found in gonadally intact
boars of comparable age.
Mean serum
concentrations of E2 for barrows receiving 0, 2, 3, or
4 implants were 11.7, 58.6, 78.3, and 87.4 pg/ml,
respectively. Anterior pituitary concentrations of
IGF-1 were increased (P<.05) by implantation with
E2 versus no implant (623.2 ± 73.8 ng/ml versus
208.2 ± 73.8 ng/ml, respectively.)
Serum
concentrations of IGF-1 were also increased (P<.05)
in implanted barrows versus non-implanted from
day 7 through day 35 of the experiment. Mean
serum concentrations of IGF-1 in implanted barrows
were 196.4 ± 10.3 ng/ml compared to 141.1 ±
10.3 ng/ml in barrows without implants. Implant
effects on serum IGF-1 levels were not dose
dependent (P>.05). Feed efficiency, measured by
G/F ratios, was greater (P<.05) in implanted
animals versus those without implants.
Feed
efficiency of barrows with zero and two implants
was not different (P> .05), whereas, barrows with
three and four implants had an improved (P<.05)
feed efficiency compared to controls, but were not
different from barrows with two implants (P> .05).

Chronic administration of E2 to barrows
increased (P<.05) serum concentrations of E2 in
implanted barrows versus boars.
Serum
concentrations of T increased (P<.05) over time in
the boars from d O to d 90. Administration of E2 to
implanted
barrows
increased
(P<.05)
AP
concentrations of IGF-1 compared to boars and nonimplanted barrows, ·but had no affect (P> .05) on
relative ,amounts of serum and AP IGFBPs. Mean
serum concentrations of IGF-1 tended to be- greater
(P=.08) in implanted barrows versus non-implanted
barrows. Gain to feed ratios increased in the
implanted barrows versus control barrows, but
boars grew more efficiently than implanted barrows.
In collaboration with Dr. Andy Roberts at the Meat
Animal Research Center in Clay Center, Nebraska,
we were able to identify two IGFBPs in the AP
gland,
IGFBP-2
and ·
-5,
through
immunoprecipitation. Relative amounts of each of
these AP IGFBPs were greater (P<.05) in boars
than either barrows with or without E2 implants. To
date, no one has published such a find in the
porcine pituitary gland.
Estradiol is believed to have a great impact on
the IGF system in ruminant animals. Ourwork has
led us to conclude that E2 plays a primary role in
the porcine AP IGF system. The use of E2 in the
barrow allowed us to use a model with levels of
endogenous E2 at nearly zero. However, at the
same time we eliminated other testicular hormones
and factors.
Our study implies that the boar
produces and secretes other hormones and factors
that could work synergistically or additively in the
regulation of the AP IGF system.
Analyses
presently being conducted include the quantification
of expression for IGF-1, IGF-1 receptor, and IGFBPs,
to substantiate our hypothesis that E2 upregulates
components of the porcine AP IGF system.
Furthermore, our lab will also determine if AP
concentrations o( IGF-1 are related to expression of
GnRH receptor, a sub-unit, and LH 13 and FSH 13
sub-units.

Our preliminary work indicated that E2 does
regulate the IGF system in swine. Both serum and
AP concentrations of IGF-1 were increased after
administration of E2 • These data suggest that boars
and gilts, which naturally produce E2 , have greater
serum and AP concentrations of IGF-1 and may
influence growth and reproductive performance.
Further investigations are required to determine if
boars and gilts have similar responses to
endogenous E2 •
A second experiment was designed to
determine if administration of E2 to barrows
increases components of the IGF system to levels
similar to that found in boars of similar age and
weight.
Hypophyseal concentrations of IGF-1,
serum concentrations of E2 and IGF-1, relative
amounts of serum and AP IGFBPs, and
concentrations of AP LH and GH were analyzed in
barrows after administration of E2 and compared to
boars and nonaimplanted barrows.
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Effects of high protein/low carbohydrate swine diets during
the final finishing phase on pork muscle quality
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Halothane gene and did not have any
Hampshire ancestry. This study consisted of
five different treatments with two replications of
each. Two diets were used in this study, a
control diet and a high protein/low carbohydrate
(HIPRO) diet (Table 1). All barrows consumed
the control diet until a treatment began. A
treatment was the number of days before
harvest that a randomly assigned pen of pigs
consumed the HIPRO diet. The five treatment
times were 0, 2, 4, 7 and 14 d before harvest.
All pigs were weighed at 14 d, 7 d and O d prior
to harvest. Feed disappearance was measured
daily for each pen. Feed was removed from
feeders approximately 12 h before the barrows
were harvested at the South Dakota State
University Meat Laboratory. There was very
minimal stress prior to harvest as pigs were
transported approximately 200 m from pens to
abattoir.

Introduction
Pork color and water-holding capacity
defects (pale, soft and exudative, or PSE pork)
are functions of muscle pH and cost the U.S.
pork industry $60 million per year (Morgan et al.,
1994). Pork with a low ultimate pH (pH<5.5) has
a paler color and lower water-holding capacity.
Lactic acid build-up is responsible for lowering
pH from 7.0, at the time of death, to 5.2-6.0 at
24 h postmortem.
Postmortem glycolysis
produces lactic acid and can only occur in the
presence of the substrate glycogen. Therefore,
more glycogen in the muscle at slaughter will
result in more lactic acid build up and a lower
ultimate pH, which will result in a paler color and
a lower water-holding capacity (Ellis et al.,
1997). Consumption of carbohydrates is the
main source of glucose in the blood (Guyton and
Hall, 1996). In human studies conducted by
Snitker et al., (1997) eight adult males were
given one of two isoenergetic diets: a highcarbohydrate diet (75% of energy as
carbohydrate, 15% as protein, and 10% as fat),
or a low-carbohydrate diet (10% of energy as
carbohydrate, 15% as protein, and 75% as fat)
for three days. After the three d dietary
manipulation, glycogen content in the vastus
lateralis muscle was significantly lower for the
low-carbohydrate subjects than for the highcarbohydrate subjects; 296 vs 426 mmol
glucose/kg dry muscle, respectively (P<0.001)
(Snitker et al., 1997). Therefore, this study was
conducted to determine if feeding ultra-high
protein/low carbohydrate swine diets during the
final finishing phase could reduce muscle
glycogen and thereby improve pork muscle
quality.

Temperature, pH, and
Carcass Traits.
electrical impedance (Py) were measured at 45
min, 3 h, and 24 h postmortem in the
semimembranosus and longissmus lumborum
muscle of the right side of each carcass using a
Meatcheck 160 pH (Sigma Electronic GmbH
Erfurt, Erfurt, Germany), equipped with a
Mettler-Toledo pH probe LoT406-M6-DXK-S7/25
(Mettler-Toledo, GmbH, Hackacker, Germany).
At 24 h postmortem the left side of each carcass
1
was ribbed between the 10 " and 11 1" ribs and
color, marbling, and firmness were assessed in
the longissmuss thoracis according to the
National Pork Producers Council Quality
Standards (NPPC, 1999). In addition, L*,a•, and
b* color values were measured using a Minolta
Chroma Meter CR-310 (Minolta Corp., Ramsey,
NJ) set at D65 illuminant.
Additionally, fat
thickness and loin eye area were measured at
the 1o'" rib, and 0.25 cm was added to each fat
thickness measurement to adjust for skinning of
the carcasses.

Materials and Methods
Animals. Fifty barrows were allotted into five
weight groups and randomly assigned to 10
pens (five pigs per pen; one pig from each
weight group per pen). According to the genetic
supplier, these pigs were all negative for the

At 48 h postmortem the left longissmuss
thoracis et lumborum (ribbed side) from each
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exudate, and reweighed to the nearest 0.01 g.
The amount of drip loss was determined as a
percentage of initial weight.

carcass was removed. Chops were removed
from the longissimuss thoracis et lumborum
starting at the 11th rib location and continuing
towards the caudal end for glycolytic potential
assay, drip loss, and Warner-Bratzler shear
force
determination, respectively.
The
remainder of the longissimuss lumborum was
used to measure purge .loss.

Purge Loss. After removing drip loss, shear
force and glycolytic potential samples, the
remainder of each boneless loin was weighed to
the nearest 0.01 g, vacuum packaged, and
stored at 1.4°C for 11 d.
On the 13th d
postmortem, the loin sections were removed
from their vacuum package and allowed to drip
on a grate for approximately 15 minutes. Next,'
loin sections were weighed to the nearest 0.01 g
and percent purge loss was determined as a
percentage of initial loin weight.

Blood Glucose Analysis.
Two
blood
samples were collected from each . barrow at
exsanguination in 7 ml vacutubes containing a
glycolytic inhibitor (14 mg potassium oxalate and
17.5 mg sodium fluride).
Samples were
centrifuged at 1, 500 x g for 30 min, serum was
removed and stored at -20°C. Prior to glucose
analysis, samples were allowed to thaw at room
temperature for 30 mins and then centrifuged.
Glucose was measured from the serum samples
using a YSI 2700 Biochemistry Analyzer (YSI
Inc, Yellow Springs, OH).

Cooking Loss. One 2.5-cm-thick chop was
removed from the cranial end of each frozen loin
section
(approximate location was first
lumborum vertebrae).
Chops were vacuum
packaged and allowed to thaw at 1.4°C for 24 h
prior to cooking. Chops were cooked in an
impingement oven set ·at 190.5°C for 10.5 min
resulting in an average final internal temperature
of 71.1 °c. The chops were weighed raw (prior
to cooking) and again after cooking to the
nearest 0.01 g; cooking loss was determined
and expressed as a percentage of initial raw
weight.

Glycolytic Potential Analysis. Three grams
of each pork loin were used · to determine
glycolytic potential as described by McKeith et
al. (1998).
Perchloric acid was used to
deproteinate the muscle samples. The resulting
perchloric extracts were used to quantify
glycogen, glucose, glucose-6-phosphate (G6P)
and lactate.
Glycolylic intermediates were
catalyzed to G6P using hexokinase, and then
into 6-phosphogluconate in the presence of
NADP•. NADP• was reduced to NADPH and the
absorbance measured spectrophotometrically at
340 nm.
Lactate was measured by adding
excess NAD• in a glycine and hydrazine buffer
solution with lactate dehydrogenase, resulting in
NADH being formed. Differences in absorbance
were measured at 340 nm. Glycolytic potential
was expressed as µmole lactate/g and
determined
by
[2 x (glucose+ glycogen +
glucose-6-phosphate )] + lactate.

Warner-Bratz/er Shear Force. A 7 .5-cmlong section was removed from each loin at 48 h
postmortem, vacuum packaged and allowed to
age to d-eight postmortem at a temperature of
1.4°C. Samples were frozen at -18°C, sawed
into two 2.5-cm-thick chops, repackaged and
stored at -16.5°C. Chops were thawed at 1.4°C
for 24 h prior to cooking. The chops were
cooked for 10.5 min in an impingement oven
that was set to 190.5°C resulting in an average
final internal chop temperature of 71.1 °C. After
chops cooled to room temperature; three 1.27cm diameter cores were taken from each· chop
(six cores per pig) parallel to the muscle fiber
orientation. Peak shear force was measured,
once on each core, using a Warner-Bratzler
shear force machine.

Drip Loss. One chop from each loin was cut
2.5-cm-thick at 48 h postmortem, external fat
and lip muscles were removed, and chops were
weighed to the nearest 0.01 g. Color, firmness,
and marbling were reassessed using NPPC
Quality Standards, along with L*a*b* color
values using a Minolta Chroma Meter. Each
chop was retail wrapped on a styrofoam tray,
arranged at an approximate 30-degree angle to
allow the exudate to flow away from the chop,
and placed in a well-lit cooler at 1.4°C
(simulation of retail case) for 24 h. After 24 h
chops were removed from their package and

Statistical Analysis.
Average daily feed
intake was analyzed as a split plot design with
pen (10 pens) serving as the whole plot, and day
on the HIPRO diet (15 levels; 0 to 14 days)
serving as the split plot. Average weekly feed
intake, weight gain, and feed conversion were
expressed on a per day basis and analyzed as a
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Normal swine blood contains BO - 120 mg/di
of glucose (Reece, 1996). All of the hogs in this
trial were close to or within this normal range for
blood glucose level (Table 2). The HIPRO diet
contained only 4 % as much starch as the control
diet (Table 1). Starch in the diet is a major
source for glucose in the blood. Therefore, we
would expect that the control pigs would have
had higher blood glucose levels because they
consumed substantially higher levels of starch.
However, the longer the barrows consumed the
HIPRO diet the higher blood glucose level they
had (Table 2). The higher blood glucose levels
for the 14 d treatment may be due to the large
amount of protein in the HIPRO diet. When
insufficient carbohydrate is ingested, protein is
the major source for maintenance of normal
blood
glucose
concentrations
through
gluconeogenesis (Mathews & van Helde, 1995).
This may also explain why there was no
difference in glycolytic potential of the muscle
among dietary treatment groups (Table 2).

completely randomized design (experimental
unit = pen) with week on the HIPRO diet (3
levels; 0, 1, and 2 weeks) being the only
independent variable in the model.
All postmortem traits were analyzed as a
randomized
complete
block
design
(experimental unit = animal) with a model that
included independent variables of block (2
levels; Rep A and B) and dietary treatment (5
levels; 0, 2, 4, 7, and 14 d on HIPRO diet).
Models for all postmortem traits except for blood
glucose and glycolytic potential included
slaughter order (within Rep; 1 to 24) as a linear
covariate.
Least squares means were
calculated for all variables and separated using
pairwise !-tests.
Results and Discussion
Table 1 shows the percentage of ingredients
and nutrient composition on an as-fed basis for
the control and the HIPRO diets. The control
diet was 13.1 % crude protein and was a typical
corn and soybean meal finishing diet with
dicalcium phosphate. The HIPRO diet consisted
of extruded soybeans and a pellet binder and
was 35.9% crude protein. Both diets were
pelleted and contained limestone, salt, and
SDSU premix (Table 1).

Because glycolytic potential was not altered,
one would not expect meat quality traits to differ
among dietary treatments. Muscle temperature
decline and electrical impedance were not
different (P>0.05) across dietary treatments in
both the semimembranosus (SM) and the
longissmus dorsi (LD) muscles (data not
shown). There was no effect (P>0.05) of dietary
treatment on pH decline or ultimate pH in either
The
the SM or LD muscles (Figure 3).
temperature decline in the first three h
postmortem was slower in the SM than in the LD
(data not shown), and the rate of pH decline was
much faster in the SM than it was in the LD
(Figure 3). Knowing that higher temperatures
result in faster pH decline (Milligan et al., 1998),
it is logical that the SM pH decline was faster
than the LD pH decline because the SM
temperature was higher than the LD
temperature during the first three h postmortem
(data not shown).

Average daily feed intake for all hogs on the
control diet was 2. 77 kg/d (Figure 1). Average
daily intake was drastically reduced as soon as
barrows were switched to the HIPRO diet. From
the 2"" d to the 1o'" d of eating the HIPRO diet,
average daily intake gradually increased. After
the 11'" d of eating the experimental diet,
average daily feed intake began to decrease
again. Average daily weight gain decreased the
longer the hogs consumed the HIPRO diet
(Figure 2). As a result, during the second week
of consuming the HIPRO diet, feed conversion
was substantially compromised (Figure 2).
Feeding the HIPRO diet prior to harvest reduced
feed intake, rate of gain, and feed conversion. A
possible explanation for decreased feed intake
while on the HIPRO diet was poor palatability.
The energy level of the HIPRO diet must also be
considered, as the HIPRO diet was 97%
extruded soybeans (full-fat soybeans) making
the HIPRO diet very high in energy. Therefore,
the energy contained in the HIPRO diet may
have met the caloric intake needs of the hogs
with a smaller quantity of feed.

Minolta L* value and visual color score were
not different (P>0.05) among dietary treatments
(Table 2).
Likewise, firmness and marbling
scores did not differ (P>0.05) among dietary
treatments. Water holding capacity was not
altered from feeding the HIPRO diet in the final
finishing phases in swine as evidenced by no
difference (P>0.05) among dietary treatments for
24 h drip loss, 11 day purge loss, or cooking
loss. Finally, feeding the HIPRO diet in the final
finishing phase of swine did not affect
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Implications

tenderness as Warner-Bratzler shear force
values were not different (P>0.05) among
dietary treatments (Table 2).

Feeding a high protein/low carbohydrate
diet, composed primarily of extruded soybeans,
in the final finishing phase of swine reduced feed
intake, weight gain, and feed conversion.
Feeding the high protein/low carbohydrate diet
did not reduce glycolytic potential, and therefore,
did not affect pork muscle quality..
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TABLE 1. INGREDIENTS AND NUTRIENT COMPOSITION OF CONTROL AND
HIGH PROTEIN/LOW CARBOHYDRATE (HIPRO) DIET.
VALUES ARE PERCENTAGE DIET COMPOSITION ON AN AS-FED-BASIS.
Ingredient
Com
Soybean meal (44% GP)
Extruded soybeans (full-fat)
Limestone
Dicalcium phosphate
Salt
SDSU premix"
Pellet binder
Calculated nutrient composition
Crude protein
Lysine
Valine
Tryptophan
Threonine
Calcium
Phosphorus
Chemical nutrient composition
Total dry matter
Crude protein
Crude fat (ether extract)
Ash

Control diet

HIPRO diet

84.34
13.35
0.00
0.88
0.69
0.25
0.50
0.00

0.00
0.00
96.95
0.80
0.00
0.25
0.50
1.50

13.10
0.60
0.68
0.16
0.53
0.55
0.45

35.90
2.18
1.57

0.54
1.38
0.56
0.59

90.1
92.9
12.7
33.7
3.6
19.6
3.3
6.3
Crude fiber
2.20
4.50
Nitrogen free extract
68.3
28.8
Starch
51.6
2.2
•sosu premix had the following minimum vitamin potency per kg :13,636 IU vitamin E,.2,727 mg
riboflavin, 18,181 mg niacin, 14 mg vitamin B-12, 1,818 mg menadione, 5,509 mg menadione - ·
sodium bisulfile complex, 10,909 mg d - pantothenic acid, 11,858 mg d - calcuim pantothenate.
0.25 kg of SDSU premix were added per metric ton of feed.
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TABLE 2. DIETARY TREATMENT EFFECTS ON BLOOD GLUCOSE, GLYCOLYTIC POTENTIAL,
AND MEAT QUALITY TRAITS.
Days on Experimental Diet

0
2
7
4
14
(n=9)
(n=10)
(n=9)
(n=1 O)
(n=1 O)
RSE
81.9 ,,
Blood Glucose, mg/ di
77.7'
84.5''
86.2''
90.4'
9.6
Glicolytic Potential •
132
136
130
134
135
21
L*
56.0
56.4
55.1
56.4
56.7
2.4
Color score•
3.24
2.83
3.02
2.80
2.73
0.60
Firmness scored
2.14
1. 75
1.97
2.03
1.96
0.61
Marbling score•
2.30
1.93
1.79
1.65
1.78
0.81
24-h Drip loss, %
0.84
1.25
0.88
1.08
0.92
0.52
11-d Purge loss,%
2.93
3.81
4.40
3.52
3.76
1.53
Cooking loss, %
26.2
26.3
25.1
26.3
27.4
2.0
Warner-Bratzler shear force, kg
3.79
3.52
3.58
3.41
3.44
0,38
'·'Means lacking a common superscript letter differ. (P<0.05)
0
Glycolytic potential ; 2 ([glycogen] + [glucose] + [glucose-6-phosphate]) + [lactate]; Measured in
µmoles lactate/g
bl*; O = black, 100 = white
•color score; 1.0 = pale pinkish gray to white, 2.0 = grayish pink, 3.0 = reddish pink, 4.0 = dark reddish
pink, 5.0 = purplish red, 6.0 = dark purplish red
dFirmness score; 1 = soft, 2 = firm, 3 = very firm
"Marbling score; Visual scale approximates percent intramuscular fat; lower numbers refer to less
marbling
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Figure 1. Average daily feed intake according to days on high protein/low carbohydrate
(HIPRO) diet. An asterisk.indicates a difference between HIPRO intake and control intake
level (P<0.05).
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Evaluation of a macrophage attenuated isolate of'PRRSV as a
vaccine for porcine reproductive and respiratory syndrome virus
C.D. Nelson, R.R. Rowland, D.H. Zeman and D.A. Benfield
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PRRS
continues
to
be the
most
economically important disease of swine. While
the acute reproductive disease is still prevalent,
chronic or endemic PRRS in nursery and
grow/finish pigs is a major problem confronting
most swine producers. Post-weaning problems
in these herds include a 50-85% reduction in
growth
rates;
a
10-30%
increase
in
unmarketable pigs; and a 10-25% increase in
post-weaning mortality. Popular protocols .to
manage PRRSV infections include breeding
herd stabilization; elimination of seronegative
sub-populations of susceptible gilts; nursery
depopulation;
and
more
recently mass
vaccination/unidirectional pig flow in the
grow/finish unit. Most of these control programs
also use the commercial modified-live vaccines,
RespPRRS® or PrimePac PRRS® as part of the
management protocol.

pregnant animals. If replication in macrophages
accounts for the undesirable traits of modifiedlive PRRSV vaccines, then a vaccine virus that
is "macrophage-attenuated" (reduced or no
replication in macrophages) would be safer.
This vaccine can be produced in the
conventional fashion; would be more economical
to produce than molecular or subunit vaccines,
and would avoid the loss of structural antigens
(antigenicity), which is a problem with subunit
and killed vaccines. The purpose of this study
was to test two PRRSV isolates that replicate
poorly in porcine alveolar macrophages, for
safety and efficacy in young pigs and pregnant
animals.
The goal of this project is to determine if an
isolate of PRRSV, that has been modified by
serial passage in monkey kidney cells (MARC145) and replicates at very low levels in porcine
alveolar macrophages, is avirulent for pigs and
pregnant gilts.
The original aims were to
determine if this macrophage-attenuated isolate
replicates in neonatal pigs, induces viremia
and/or lesions and results in seroconversion.

Although modified-live PRRSV vaccines are
useful management tools, producers and
veterinarians are mindful of their undesirable
traits and disadvantages, which include:
induction of viremia; infection of fetuses in
vaccinated pregnant animals; transmission of
vaccine virus to naive pigs; persistence of
vaccine virus in pigs; shedding of vaccine virus
in semen; and the potential for vaccine virus to
revert to virulence. These problems explain the
recent popularity of using autogenous and
commercial (PRRomi~e ™) killed vaccines, which
are safer than modified-live vaccines. However,
many of the problems •inherent to modified-live
PRRSV vaccines are related to the ability of
vaccine viruses to imitate virulent field viruses
and replicate in macrophages, which results in:
1) dissemination of the virus in the pig;
2) shedding
through
bodily
secretions;
3) transplacental
transmission;
and
Both
4) persistence in lymphoid tissue.
RespPRRS® and PrimePac PRRS® replicate in
pig alveolar macrophages and this may p;irtially
explain why vaccinated pigs develop viremia
and shed virus to contacts. It may also explain
why the virus is able to reach the fetus in

Experimental Procedures
Does
the
macrophage
Objective 1:
attenuated isolate of PRRSV 23983 replicate in
neonatal pigs, induce viremia and/or lesions and
cause seroconversion? The passage-136
(P136) isolate of PRRSV 23983 does · not
replicate well in alveolar macrophages, but does
grow to high titers in the MARC-145 cells to
which the virus is adapted. Thus, we compared
the virulence of the parental wild-type virus
passage-6 (P6) and the macrophage-attenuated
P136 to the two commercial modified-live virus
vaccines (RespPRRS® and PrimePac PRRS®).
In these experiments, 58, 6-day old gnotobiotic
pigs from three litters were inoculated either
intranasally or intramuscularly with the P6,
P136, commercial vaccines or mock inoculum.
Each virus was adjusted to result in a dosage of
4
10 tissue culture infectious doses (TCID 50 ) per
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2 ml of inoculum. Piglets were observed daily
for clinical signs and rectal temperatures were
recorded for 14 days post inoculation (dpi) with
virus. After 2 weeks, pigs were euthanized,
examined at post-mortem for gross lesions and
various
tissues
[lung,
lymph
nodes
(trachealbronchial, mandibular, mesenteric, and
external inguinal), salivary gland, heart, thymus,
spleen, liver and tonsil] were removed for virus
isolation and light microscopy examination for
microscopic lesions. Serum was also collected
at 0, 1, 3, 5, 7, 10 and 14 dpi for serology and
virus isolation.

There was no significant variation in daily
temperatures between the inoculated groups of
pigs. Temperatures were highest in the P6
inoculated pigs between 7 to 14 dpi. The rectal
temperatures in the P136 pigs tended to be
similar to those of pigs given the modified-live
vaccine viruses.
Dyspnea (severe, labored breathing) was
only observed in pigs receiving the P6 virulent
isolate of PRRSV. This condition was principally
observed from 10 to 18 dpi in pigs given P6
intranasally and in a one pig at 15 dpi given the
P6 intramuscularly.

Results
Pigs given the P6 PRRSV isolate had
lesions typical of PRRS induced interstitial
pneumonia in 9/10 animals and virus was
isolated from all tissues sampled in 10/1 O pigs.
Less severe lesions were observed in the lungs
of 1/10 pigs inoculated with PrimePac PRRS®
and 5/15 given RespPRRS®. Similar to the
P6 inoculated pigs, vaccine virus was isolated
from all pigs (10/10 and 13/13 pigs,
respectively).
In contrast, virus was only
isolated from 1/13 pigs given the macrophageattenuated isolate and none of these pigs had
lesions. Two mock-inoculated pigs also had
early clinical signs of lethargy and lacrimation.
No lesions were observed and no virus was
isolated from tissues of the mock-inoculated pigs
(see Table 1).

Objective 1:
Does
the
macrophage
attenuated isolate of PRRSV 23983 replicate in
neonatal pigs, induce viremia and/or lesions and
cause seroconversion?
Our goal was to
determine if the loss of the ability of PRRSV to
replicate in alveolar macrophages would result
in a virus that is less virulent in pigs than the
current modified-live vaccines (RespPRRS® and
PrimePac PRRS®). Sequential passage of the
23983 PRRSV on MARC-145 cells resulted in a
reduction in the yield of PRRSV in alveolar
macrophages.
Fifty-four passages of the
PRRSV resulted in only a 10-fold reduction in
virus yield compared to the virulent PS.
Similarly, there was a 100- and 1000-fold
reduction in the yield of PRRSV from passages
P94 and P136, respectively (Figure 1).

Seroconversion was monitored using the
commercial
enzyme-linked
immunosorbent
assay (ELISA) at O and 14 dpi. The pigs given
the P6 inoculum either intranasally or intraIn
muscularly all seroconverted by 14 dpi.
contrast, only 50% and 30% of the pigs given
PrimePac
PRRS®
and
RespPRRS®
intramuscularly seroconverted by 14 dpi.
A
lower number of pigs receiving PrimePac
PRRS®
and
RespPRRS®
intranasally
seroconverted at this time, 25% and 20%,
respectively.
None of the P136 or mockinoculated pigs was seropositive at 14 dpi.

Comparison of the virulence of the
macrophage-attenuated P136 isolate to the
virulent P6 isolate of the 23983 PRRSV and the
commercial modified-live viral vaccines was
done using 58 gnotobiotic pigs randomly
assigned to experimental groups indicated in
Table 1.
Daily clinical scores varied within
experimental groups.
Surprisingly, the pigs
given PrimePac PRRS® intranasally had the
most severe clinical signs between 4 and 8 dpi,
after which the P6 group had the most
prominent clinical signs from 8 to 17 dpi.
Clinical signs included lethargy, inappetance,
diarrhea, eyelid edema and occasional
lacrimation. Milder clinical signs were observed
in the P136 pigs for the first 5 dpi. Clinical signs
of lethargy and lacrimation were also observed
in 2/10 mock-infected pigs. In general, the P136
pigs had fewer and milder clinical signs of
PRRSV compared to the other virus infected
pigs.

Significance of results from Obiective 1.
The above results indicate that the P136
macrophage-attenuated isolate is less virulent in
pigs than either the P6 wild type or the
commercial modified-live vaccine viruses. This
is indicated by the less severe clinical signs, lack
of febrile response and absence of lesions
in pigs
inoculated with
the
observed
P136 PRRSV. The commercial vaccines did
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the other virus isolates. Thus, these results
indicate that macrophages do play a significant
role in the pathogenesis of PRRSV and that a
macrophage-attenuated isolate of PRRSV is
less virulent in young pigs. It was disappointing
that the P136 isolate did not result in
seroconversion of the pigs at 14 dpi indicating
that this attenuated virus may be too avirulent to
induce an immune response.

replicate extensively in the gnotobiotic pigs and
virus was isolated from most tissues of these
pigs regardless of the route of inoculation.
However, the P136 virus was recovered from
the lung of only one pig inoculated
intramuscularly indicating that there is still rare
potential for reversion to virulence of the P136
isolate.
There is probably less risk of
transmission considering the lack of recoverable
virus from tissues of the P136 pigs compared to

TABLE 1. SUMMARY OF RESULTS FOR GNOTOBIOTIC PIGS INOCULATED
WITH P6, P136, RESPPRRS® AND PRIMEPAC PRRS® VIRUSES
Number of Number of pigs
Number of
Number of pigs
Route of
pigs in
with clinical
pigs with lung
positive for virus
RRPS virus
inoculation
group
disease
lesions
isolation (ELISA)
P6
intranasal
5
5/5
5/5
5/5 (5/5)
intramuscular
5
5/5
4/5
5/5 (5/5)
P136
intranasal
6
1/6
0/6
0/6 (0/6)
intramuscular
7
5/7
0/7
1/7 (0/7)
Prime-Pac
Intranasal
4
2/4
0/4
4/4 (1/4)
6/6 (ND)
intramuscular
6
6/6
1/6
RespPRRS
intranasal
5
5/5
5/5
5/5 (1/5)
10
6/10
0/10
10/10 (3/10)
intramuscular
Mock
intranasal
4
0/4
0/4
0/4 (0/4)
intramuscular
6
2/6
1/6
0/6 (0/6)
Numbers in parenthesis in the last column indicate the number of pigs positive for antibodies by
ELISA/number of pigs inoculated with virus.
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Figure 1. Replication of various passages of the 23983 PRRS virus on
alveolar macrophages. Note that each successive passage of the virus in
MARC-145 cells resulted in a reduction or attenuation of the virus yield in
porcine alveolar macrophages.
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of pigs; poor conception rates in breeding herds;
increased pre-and post-weaning death loss, and
stillborn pigs born to females infected in .late
gestation.

Abstract
Porcine reproductive and respiratory
syndrome virus (PRRSV) is transmitted through
semen via natural mating or artificial
insemination. However, the minimal infective
dose of PRRSV required to effect transmission
through semen is not known. In this study, we
induced estrus in PRRSV seronegative gilts and
then artificially inseminated these animals with
extended, commercial boar semen "seeded"
with different concentrations (2, 20, 200, 2,000,
20,000, 200,000 or 2,000,000 TCID5o/50 ml of
semen) of the PRRSV isolate SD 92-23983.
Infection of gilts by PRRSV was confirn:ied by
weekly bleedings of these animals to detect
seroconversion using the commercial IDEXX
ELISA. All pigs (n=7) given ;;: 200,000 doses of
PRRSV seroconverted 1 to 3 weeks after
insemination. In contrast, only 1/5 and 1/5 pigs
seroconverted at dosages of 20,000 and 2,000,
respectively.
There was no seroconversion
(0/14 pigs) at dosages ,;; 200. Pigs, which did
not seroconvert 4 to 5 weeks after artificial
insemination with semen containing 200, 2,000
and 20,000 infectious doses of PRRSV, were
intranasally inoculated with the same amount of
virus. After intranasal challenge 4/4 (20,000
doses), 4/4 (2,000 doses) and 0/4 (200 doses)
pigs seroconverted within 1 to 3 weeks after
inoculation. The results indicate that higher
infectious doses of PRRSV/ml are required for
transmission via semen compared to intranasal
inoculation, and the nested PCR assay can
detect viral RNA in semen at concentrations that
do not result · in transmission of PRRSV by
artificial insemination.

Research in our laboratory and by others
indicates that PRRS virus (PRRSV) can be
transmitted from boars to serologically narve
gilts via semen. Combined data from various,
studies on boars experimentally infected with
PRRSV indicates that these animals shed virus
in semen on average for 39 days (range 8 to 92
days) after infection. Gilts artificially inseminated
with unextended or undiluted semen collected
from experimentally infected boars became
clinically ill and seroconverted to PRRSV. In
contrast, artificial insemination of gilts with
extended semen from boars experimentally
infected
wtth
PRRSV did
not cause
seroconversion.
The difference in results
between these two studies may well relate to the
amount of virus present in the semen.
Determining the quantity of PRRSV in semen is
difficult, because semen contains materials that
are toxic to cell cultures.
A polymerase chain reaction assay (PCR)
has become the standard test for detection of
PRRSV RNA in semen.. While some contend
that detection of PRRSV RNA in the semen is
not indicative of infectious virus, our results
indicate good correlation between PCR and a
swine bioassay. Thus, producers and swine
veterinarians often ask us: .Is a positive PCR
result for PRRSV in semen an indication that the
semen will transmit PRRSV? Currently, there is
no data available to provide either an answer to
this question or to determine if extension or
dilution of semen containing PRRSV is an
effective method to reduce the risk of PRRSV
transmission via semen from infected boars.
Dilution may be effective, because the amount
of virus necessary to induce disease through
semen transfer is probably ·several times higher ,
than the concentration of PRRSV necessary to
induce disease by intranasal inoculation. In this

Introduction
Porcine reproductive and respiratory
syndrome (PRRS) was first recognized in the
U.S. in 1987. This disease has emerged as the
most economically devastating syndrome in the
swine
industry.
Clinically,
PRRS
is
characterized by respiratory problems in all ages
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presence of PRRS viral RNA indicating that the
samples were not contaminated with PRRSV.

study, we determined how much PRRSV was
needed to transmit PRRSV via artificial
insemination using extended semen.

For insemination, 50 ml of semen was
aliquoted into insemination bottles and a
predetermined concentration of PRRSV at
2,000,000, 200,000, 20,000, 2,000, 200, 20 or 2
tissue culture infectious doses (TCID 5o/50 ml)
was added to the semen sample. Gilts (n =3 to
7 per group) were inseminated using
commercial insemination pipettes and 50 ml of
PRRSV "seeded" semen. After insemination, the
vulva and surrounding skin of the gilt was
washed with Betadine (The Purdue Frederick
Company, Norwalk, CT) to remove virus on the
external surfaces of the inoculated animal.

Materials and Methods
Animals and Housing. Thirty-one, five- to
seven-month old PRRSV seronegative gilts
were obtained from a commercial breeding herd.
On arrival and after estrus synchronization, gilts
were bled and serum used to reconfirm the
absence of antibodies to PRRSV. Serum was
screened for PRRSV antibodies using the
commercial IDEXX HerdChek® enzyme-linkedimmunosorbent
assay
(ELISA)
(IDEXX
Laboratories, Inc. Westbrook, ME).

Clinical Signs of PRRSV infection. Gilts
were observed daily for signs of PRRSV
infection, including decreased appetite, lethargy,
nasal discharge, coughing and sneezing.

After a one-week acclimation period,
estrus was induced in gilts by two different
methods. Nineteen gilts were intramuscularly
given 5ml of PG 600®(1ntervet Inc., Millsboro,
DE) containing 400 JU of Pregnant Mare Serum
Gonadotropin (PMSG) and 200 JU Human
Chorionic Gonadotropin (HCG). Twelve gilts
received altrenogest (Regu-Mate®,HoechstRoussel, Somerville, NJ) orally for 15
consecutive days as recommended by the
manufacturer.

Serum. Blood samples were collected
weekly for 4 weeks unless PRRSV antibodies
were detected prior to this time. Antibodies
were demonstrated using the commercial
PRRSV HerdChek® ELISA. Serum samples
with a S/P (sample to positive ratio) of ;;, 0.40
were considered positive.
Evidence of
seroconversion (converting from antibody
negative to antibody positive) was considered
evidence of transmission of PRRSV via semen.

Estrus induction in gilts was determined
twice daily using "teaser boars".
Gilts
determined to be in estrus were removed to
separate
isolation
rooms
for
artificial
insemination with the SD 92-23983 isolate of
PRRSV. No more than four gilts were grouped
per isolation room.

Polymerase chain reaction (PCR).
A
nested reverse transcriptase-polymerase chain
reaction (nRT-PCR) procedure was used to
detect PRRS viral RNA in semen samples.

Virus. The SD 92-23983 isolate of PRRSV
The
was propagated on MARC-145 cells.
amount of virus in the pool was quantitated by
titration on MARC-145 cells in a microtiter assay
and the endpoint was determined by
visualization of cytopathic effect (CPE). The
CPE was confirmed to PRRSV specific by
staining with the SR-30 monoclonal antibody
conjugated to fluorescein isothiocyanate. The
titer of the virus pool was determined using the
Kaerber method.

Results
Clinical signs. Each of the 4 gilts artificially
inseminated with 2,000,000 doses of PRRSV
was off feed for 24 hours at 3-days after
inoculation.
There were no clinical signs
observed in gilts given doses of 200,000 or
lower.
Virus
transmission
via
artificial
insemination with extended semen seeded with
various
concentrations
of
PRRSV.
Transmission of PRRSV through extended
semen was most effective at dosages of
2,000,000 and 200,000 with seroconversion
demonstrated in 7/7 animals. Only 1/5 animals
at 20,000 and 1/5 at 2,000 seroconverted,
whereas there was no seroconversion in

Semen Samples. Semen used for artificial
insemination was purchased from a commercial
PRRSV narve boar stud (International Boar
Semen, Eldora, IA). Each lot of semen was
tested for the presence of PRRS viral RNA using
the polymerase chain reaction assay. All lots
used in this study were negative for the
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animals given' doses !> 200. Generally, antibody
to PRRSV was not detected until at least 2 to 3
weeks after insemination (Table1 ).

200,000 TCIDso/50 ml semen (~ 4,000 TCID50/ml
of semen). This indicates that higher doses of
PRRSV are more likely to result in transmission
via artificial insemination than lower doses.
Transmission via intranasal inoculation was
more efficient at doses of 2,000 and .20,000
compared to artificial insemination because a
higher number of gilts seroconverted.

Four of 5, 4/5 and 0/5 gilts artificially
inseminated with 20,000; 2,000; and 200 doses
of PRRSV, respectively did not seroconvert
indicating a lack of PRRSV transmission. In
order to determine if these gilts were still
susceptible to PRRSV, these animals were
intranasally inoculated with the same dosage.
The results indicated that the animals given the
20,000 and 2,000 doses seroconverted, but no
viral transmission occurred at 200 doses by
either route of inoculation. (Table 2).

The PCR assay was able to detect PRRS
viral RNA at virus concentrations of 100
TCIDso/50 ml of semen (2 TCID5 o/1 ml of
semen).
Infection of gilts via artificial
insemination required a dose of virus at least 20fold higher than the amount detectable by the
PCR assay. Thus, the PCR assay may detect
PRRS viral RNA in semen at concentrations that
are below the threshold dose for transmission of
infectious virus.

PCR results.
The RT-PCR assay
detected · PRRS
viral
RNA
at
virus
concentrations of~ 100 TCID5 o/50 ml of semen.
Summary and Conclusions

Studies are now in progress to develop a
quantitative PCR assay that can determine the
amount of viral RNA in semen samples in an
effort to determine what concentration of viral
RNA correlates with the minimal infective dose
to transmit PRRSV via artificial insemination.
Such an assay should improve producers
"peace of mind" since the quantitative PCR
assay could be used to predict when PCR
positive semen samples are a high, moderate or
low risk for transmission cif PRRSV.

Seminal viral load is likely to be directly
related to the transmissibility of PRRSV by
natural mating or artificial insemination. The
results of this study indicate PRRSV can be
transmitted through extended semen at doses ~
2,000 TCIDso/50 ml semen (~ 40 TCID 5o/ml of
semen).
However, only 20% of the gilts
inseminated at doses of 2,000 and 20,000
seroconverted
compared
· to
100%
seroconversion in all animals given doses ~
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Table 1. Transmission of PRRSV by artificial insemination using extended semen
seeded with different concentrations of PRRSV.
Dose (TCID 5 of50 ml of semen)
2

20
200
2,000
20,000
200,000
2,000,000

No. pigs positive/No. pigs
inoculated

0/4
0/3
0/7
1/5
1/5
3/3
4/4

Time (weeks) after inoculation that
pigs seroconverted
No seroconversion
No seroconversion
No seroconversion

4
3
2,2,3
1,2,3,3

A positive pig was an animal that demonstrated seroconversion as indicated by the IDEXX ELISA test on
serum from blood collected at weekly intervals after artificial insemination. The numbers in the last column
indicate the lime in weeks after inoculation that individual pigs were demonstrated to seroconvert from
antibody negative to antibody positive. Ser6conversion is indicative of transmission of PRRSV via artificial
insemination with semen seeded with different concentrations of PRRSV.

Table 2. Transmission of PRRSV by intranasal inoculation of gilts that did not
seroconvert from artificial insemination.
Dose {TCID 5 o/50 ml of semen)

200
2,000
20,000

No. pigs positive/No. pigs
inoculated

0/4
4/4
4/4

Time (weeks) after inoculation
that pigs seroconverted
No seroconversion

1
1,2,3,3

Gilts, which had not previously seroconverted at these concentrations of virus after artificial insemination
(Table 1), were intranasally inoculated with the same dose of virus 4 to 5 weeks later. A positive pig was
an animal that demonstrated seroconversion as indicated by the IDEXX ELISA test on serum from blood
collected at weekly intervals after artificial insemination. The numbers in the last column indicate the lime
in weeks after inoculation that individual pigs were demonstrated to seroconvert from antibody negative to
antibody positive. Seroconversion is indicative of transmission of PRRSV.
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nucleotide sequencing of selected regions of the
PRRSV genome following isolation of the virus.

Porcine
reproductive
and
respiratory
syndrome (PRRS) .is recognized as the most
economically devastating disease of swine
throughout the world. Nucleotide s!lquencing
and serological studies have demonstrated
substantial
antigenic
variation
among
PRRS virus (PRRSV) isolates (Murtaugh, et al.,
1995; Nelson, et al., 1993, 1996). Recently,
European-like PRRSV isolates have been
identified in the US (Rossow, et al. 2000) and
other new, highly virulent PRRSV isolates have
appeared and affect sows at all stages of
gestation causing mortality of adult pigs as well
as young pigs (Epperson et al., 1997).
Therefore, it is even more important to control
the spread of these new strains. Clinical signs
vary between herds, indic;ating that viruses may
differ in pathogenicity. Furthermore, effective
use of vaccines and management approaches to
control PRRS has not always been successful.

There is little understanding of how
observed
sequence
differences between
isolates actually translate to significant antigenic
differences that influence how the virus affects
an animal. Antigenic epitopes recognized by
monoclonal
antibodies
(MAbs)
represent
st~uctural differences in the viruses rather than
just nucleotide substitutions that may have no
effect on virus structure or recognition by the
host immune system.
The objectives of this study were 1) To
develop a marker system based on epitopic
differences .among PRRSV isolates that will
allow for the rapid differentiation of PRRSV
isolates, and 2) To evaluate the application of
this marker system in large swine production
systems.
·

Pigs previously infected with one strain of
PRRSV or vaccinated with available modifiedlive vaccines may not necessarily be completely
protected against challenge by all other isolates
or strains of PRRSV. Therefore, producers are
concerned about introducing new, possibly more
virulent forms of the virus into already infected
herds.
Producers are also using various
acclimation
protocols to introduce new
replacement animals to PRRSV strains present
in a herd to avoid · major outbreaks during
gestation and farrowing. Pork producers have
an expressed interest in knowing which strains
of PRRSV are circulating in their herds. This
information is then used to assist in decisions
regarding acclimation and ,production and use of
autogenous vaccines. Currently, the primary
means of strain differentiation involves

(Key Words: PRRSV,
monoclonal antibodies)

antigenic

variation,

Experimental Procedures
Collaborative studies at _Iowa State
University and South Dakota State University
have resulted in a large panel of 60 MAbs
representing the products of PRRSV open
reading frames (ORFs) 2 through 7 (Nelson,
et al., 1996, Yang, et al., 1999). This panel of
MAbs was used in. an indirect fluorescent
antibody (IFA) assay ta categorize PRRSV
isolates into distinct groups (Yang, et al. 1999).
Ta date, aver 400 American field isolates, the
European Lelystad virus and four modified-live
vaccine strains have been evaluated. Seventy
distinct reactivity patterns were identified among
these virus isolates (Janes, et al. 1999). This
assay can clearly differentiate European-like
isolates from North American isolates and can
differentiate two of the previously available

I
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modified-live vaccine strains from field isolates,
as well as identify many antigenic differences
among other field isolates (Table 1). We then
evaluated the field application of this MAb panel
in an effort to categorize PRRSV isolates by
antigenic variability. To do this, we conducted a
field survey of 259 PRRSV isolates, followed by
a survey of additional 136 isolates from two
large swine production systems.

Isolates with three different MAb reactivity
patterns were identified from two of these sites,
suggesting circulation of multiple strains or
forms of the virus at a single site. Two distinct
MAb reactivity patterns were apparent in each of
1O sites and only one pattern was identified in
each of the remaining 19 sites.

Results

This work demonstrates that MAbs can be
used to categorize PRRSV isolates based on
antigenic variability.
This MAb panel can
provide another tool, beyond sequence analysis,
by detecting structural differences in the PRRSV
proteins for the differentiation of isolates.
Substantial antigenic variation exists among
North
American
PRRSV
isolates,
as
demonstrated by the identification of 70 distinct
MAb reactivity patterns and multiple PRRSV
,isolates showing antigenic variation were
identified from single production sites. This MAb
panel may provide a valuable marker system for
epidemiological studies, as well as providing a
tool to assist producers with decisions regarding
animal movement, acclimation protocols and the
selection of isolates for autogenous vaccine
production. In the future, we may be able to
establish correlations between serological
groups with respect to factors such as virulence,
cross-protection and other biological functions.

Summary

The 259 virus isolates in the initial field
survey were categorized into 65 distinct groups
based on differences in MAb reactivity patterns.
Five additional groups, not previously detected,
were identified in one of the production systems
(Table 2). A total of 18 different MAb reactivity
patterns were identified among the 93 isolates
from Production System #1.
Six different
patterns were identified among the 42 isolates
from System #2.
The distribution of MAb
reactivity patterns among isolates from System
#1 was similar to that of the initial field survey.
However, the distribution of patterns among
isolates from System #2 was very different.
Approximately 79% of the isolates from
System #2 were unique to that production
system and were not identified in the field survey
or System #1 (Table 2).
PRRSV isolates were obtained from 31
different sites within Production System #1.
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TABLE 1. DIFFERENTIATION OF SELECTED MODIFIED-LIVE VACCINES AND
EUROPEAN PRRSV ISOLATES FROM AMERICAN FIELD ISOLATES USING_ FOUR
MAbs TO THE NUCLEOCAPSID PROTEIN.
JsolateNaccine
US Field Isolates
lngelvac PRRS® MLV
Prime Pac® PRRS
Suvaxyn® PRRS
European isolates

SR30

Monoclonal Antibody
SDOW17
MR40

+
+
+
+
+

+
+
+
+

+
+
+

JP24

+
+
+
+

TABLE 2. DISTINCT MAb REACTIVITY PATTERNS OBSERVED IN A FIELD
SURVEY AND IN TWO SEPARATE U.S. SWINE PRODUCTION SYSTEMS.
Number of Isolates
Field
Survey
System.#1
*Group
System #2
1
66 (25.6%)
30 (32.3%)
9 (20.9%)
2
19 (20.4%)
60 (23.3%)
0 ( 0.0%)
3
6 ( 6.5%)
22 ( 8.5%)
0 ( 0.0%)
4
6 ( 6.5%)
12 ( 4.6%)
0 ( 0:0%)
5
7 ( 2.7%)
3 ( 3.2%)
0 ( 0.0%)
6 ( 2.3%)
6
0 ( 0.0%)
0 ( 0.0%)
7
5 ( 1.9%)
0 ( 0.0%)
0 ( 0.0%)
8
5 ( 1.9%)
0 ( 0.0%)
0 ( 0.0%)
9
2 ( 2.2%)
5 ( 1.9%)
0 ( 0.0%)
10
3(1.2%)
1 ( 1.1%)
0 ( 0.0%)
11
3 ( 1.2%)
0 ( 0.0%)
0 ( 0.0%)
12
3 ( 1.2%)
0 ( 0.0%)
0 ( 0.0%)
13
2 ( 0.8%)
0 ( 0.0%)
1 ( 1.1%)
14
2 ( 0.8%)
0 ( 0.0%)
0 ( 0.0%)
15
2 ( 0.8%)
0 ( 0.0%)
0 ( 0.0%)
16
2 ( 0.8%)
11 (11.8%)
0 ( 0.0%)
17
2 ( 0.8%)
0 ( 0.0%)
0 ( 0.0%)
0 ( 0.0%)
18
2 ( 0.8%)
0 ( 0.0%)
19
2 ( 0.8%)
1 ( 1.1%)
0 ( 0.0%)
20
2 ( 0.8%)
1( 1.1%)
0 ( 0.0%).
21
0 ( 0.0%)
2 ( 0.8%)
0 ( 0.0%)
22-64
42 (16.2%)
0 ( 0.0%)
12 (12.9%)
65-69
0 ( 0.0%)
0 ( 0.0%)
34 (79.1%)
70 (Lelystad)
0 ( 0.0%)
. 0 ( 0.0%)
0 ( 0.0%)
Total
259
93
43
*MAb reactivity groups 1-64 were originally defined by Yang, et al., 3'0 International Symposium on
PRRSV, Ploufragan; France. Groups are numbered in descending order based on the number of
isolates showing a specific reactivity pattern in the initial field survey. Groups 65-69 were only identified
in Production System #2. Group 70 represents the European Lelystad isolate.
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This was a retrospective case series analysis,
with the herd (not blood sample) as the unit of
observation. All submissions were considered
independent, and no effort to identify multiple
submissions from the same herd was made.

Porcine
reproductive
and
respiratory
syndrome (PRRS) is an important viral disease
of swine. A popular way to diagnose PRRS
infection is by detection of PRRS antibodies
using a commercial system (HERDCHEK®
PRRS ELISA - IDEXX Laboratory, Westbrook,
ME). For each sample tested, the system
measures PRRS antibodies and· compares the
concentration of antibody in the sample with the
concentration. of antibody in a known positive
sample. The system outputs this result as an
S:P ratio (sample: positive). Ratios ~0.40 (the
"cut-off' point) are interpreted· to mean the
sample is PRRS posttive. We .have observed
that animals originating from PRRS negative
herds have S:P ratios very near 0.00. The
objective of this report was to characterize the
typical PRRS S:P ratio distribution in negative
case submissions at the South Dakota Animal
Disease Research and Diagnostic Laboratory
(SDADRDL).
Key
Words:
Epidemiology

Reproductive,

To accomplish the stated goal, the database
was restricted to consider only submissions that
were negative (i.e. all samples PRRS negative,
below the S:P ratio cutoff of 0.40 established by
IDEXX), and consisted of a sample size (number
of samples submitted in each case) .that fell
between 1O and 40. This subset of data was
interpreted to represent negative submissions
from medium sized swineherds where herd or
group screening was being done for PRRS.
Results
The original database, with no restrictions,
consisted of 27 ,789 samples from 1,516 case
submissions. Following restriction to negative
submissions where the samples/submission was
between 10 and 40, the database was
composed of 4,)37 samples from 217
submissions. The average number of samples
accompanying each submission was 19.1.
The overall case average S:P ratio was
0.0392, with a standard deviation of 0.0255.
Case average was calculated as the average
S:P ratio for all samples in a given case. The
overall case average was calculated by
averaging the 217 case averages. A cumulative
distribution of the 217 case average S:P ratios is
shown in Figure 1. The cumulative distribution
portrays the percentage of case average S:P
ratios that were above or below a given S:P ,
value. Therefore, 90% of cases had average
S:P values less than 0.066.

Respiratory,

Experimental Procedures
Data from the HERDCHEK® PRRS
Database, containing PRRS ELISA results
generated al SDADRDL, were· used for this
report. Data from a portion ·Of 17 'months of
PRRS testing (July 97 - April 99) were available.
Samples for PRRS testing originated from field
veterinarians servicing commercial herds. There
was usually little additional herd background
information available with the submission, such
as the ongrn of the samples, their
representativeness of the herd, or ·if the herd
was previously diagnosed with PRRS. Data·
including case number, date, and PRRS S:P
result for each sample in the case were
electronically
transferred
from
the
HERDCHECK® database, into a spreadsheet
(Excel- Microsoft Crop, Redmond, WA), then
into a statistical analysis package (Epi-lnfo 6 CDC, Atlanta, GA).

The distribution of cases that had samples in
the S:P ratio ranges of 020 - 0.29 and 0.30 0.39 are given in Table 1. Of the 217 cases,
142 (65.4%) contained no samples ~0.20,
meaning all samples .in these cases had' S:P
ratio readings below 0.20. In general, this table
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indicates that cases are clustered in the upper
left-hand corner. This indicates that there are
few cases in the database that have multiple S:P
values equal to or above 0.20. Cases that had
no or only 1 S:P value ;;,0.20 composed 195 of
the 217 cases (89.9%), and cases wtth at most 2
S:P values ;;,,0.20 composed 208 of the 217
cases (95.9%).
Summary
Case submissions to SDADRDL were used
in this study, and represent submissions from
commercial pork producers. We do not know
the •true" PRRS status of the herd from which
samples came, or the representativeness of the
samples. Since S:P ratios increase over a
period of days following PRRS infection, it is
possible that samples from some herds came
from animals in very early stages of PRRS
infection. This would tend to increase PRRS
S:P values and bias our distributions toward
higher S:P values.
A large percentage of case average S:P
ratios fell in a rather narrow range. Ninety
percent of submissions had case average S:P
ratios below 0.066. While average S:P ratio is a
useful way to summarize a submission, it is
often easier to simply examine results for high
S:P samples. It is likely that examination for

high S:P values would be a more sensitive way
to detect early PRRS infection in a herd.
Our findings. suggest that PRRS negative
herds would be expected to submit few samples
with S:P ratios ;;,0.20. Nearly 90% of herds had
one or fewer samples ;;,,0.20, and nearly 96% of
herds had 2 or fewer samples ;;,,D.20. These
findings indicate that multiple high S:P ratio
samples are unusual .in negative submissions.
These results suggest the need to re-evaluate
the 0.40 S:P cutoff. This cutoff level might be
reduced when examining herd level PRRS data.
Reduction of the cutoff value would result in
increased sensitivity in detecting early PRRS
infection, but would reduce specificity, resulting
in labeling some herds PRRS infected when
indeed they are not. Additional work is needed
in multiple PRRS negative herds to determine
the magnitude of change in sensitivity and
specificity following a change in the cutoff point.
Examination of data suggests that herds
with multiple samples ;;,,0.20 may warrant
These
special attention and follow-up.
submissions do not fit the "typical" S:P ratio
distribution pattern for negative herds. In such
cases, further testing for PRRS may be
indicated. Increased reliance on interpretation
of S:P ratios may also place more burden on
quality control issues, such as sample collection,
sample processing, and laboratory testing
procedures.

TABLE 1 CROSS TABULATION OF NUMBER OF SUBMISSIONS WITH SAMPLE
S:P RATIOS ~0.20.

Number of samples
within a submission
with S:P ratio 0.20 0.29

0
1
2
3
4

Number ofsamples within a submission with S:P ratio 0.30 - 0.39
0
1
2
3
0
142
,._!89.9%)________ 13____ j . ----·------ o ______ ....:
-- 40 ____: (~5.9%)__ _______ 5________ :
1
1
... 8________ :
3
1
0
1
0
0
1
0
0
0
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Efficacy of high oil corn in reducing the severity
of a PRRSV challenge in growing pigs

'

SDSU
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Summary
affecting the aerosol transmission of
PRRSV, and/or the biological effect HOC has on
PRRSV challenged pigs. The data from this
study indicates that HOC delays the
seroconversion of PRRSV challenged pigs, and
may reduce the onset of PRRSV in growing
pigs.

The objectives of this experiment were to
determine the effects of high oil corn (HOC) on
the aerosol transmission of the porcine
reproductive and respiratory syndrome virus
(PRRSV), and the effects of HOC on PRRSV
seroconversion in growing pigs. One hundred
PRRSV negative gilts (25 kg) were housed in 1
of 2 mirror imaged rooms.
Both rooms
contained 10 pens with 5 pigs/pen, and each
room had its own separate ventilation and
manure handling systems.
The study was
arranged in a 2 x 2 factorial arrangement. The
main effects consisted of a dietary energy
source, (#2 yellow com (CON) and HOC), and
with or without a virus challenge (VC). A threephase feeding program was used, and in each
phase the CON and HOC diets contained the
same lysine:calorie ratios.
Animals were
allowed to acclimate to their respective diets for
two weeks before the VC was administered. At
day 14, fifty pigs (pigs from 5 pens in each
room) were inoculated with a tissue culture
infectious doses (TCID) 50 of PRRS virus 2367
4
(1 X 10 ) intranasally. Blood was collected twice
weekly from day 7 to day 64 post-inoculation
(Pl) and analyzed for serum PRRSV
concentrations via ELISA.

Introduction
Evidence has begun to accumulate in the
swine industry to indicate that inclusion of
certain fatty acids plays an important role in the
regulation of the immune system. Manipulating
diets with fatty acid additions, either directly or
indirectly, affect the production or regulation of
plasma and mononuclear cells. Research has
shown that diets with greater concentrations of
linoleic acid reflect a greater production of
arachidonic acid. This production in arachidonic
acid results in a product called prostaglandin-E2
(PGE 2 ) which affects and mediates the
inflammatory response.
Feedstuffs such as
HOC contain more energy than conventional
corn and can contribute to the regulation of
.plasma and mononuclear cell activation.
Compositions of selected nutrients are
presented in Table 1. The inclusion of HOC into
swine rations not only affects performance but
may now lead to altered immunological
responses. The increase in linoleic acid in these
genetically modified plants may contribute in
altering production practices.

PRRSV serum antibody titers peaked for all
treatments at day 50, and then declined
thereafter.
Serum antibody titers remained
lower (P=.05) for animals fed HOC diet
compared to those fed the CON diet. Animals
fed the HOC diet experienced a delay (P=.03) in
measurable PRRSV serum antibody titers
compared to those fed the CON diet. Also, it
took longer for the PRRSV negative pigs fed
HOC to seroconvert than the PRRSV negative
pigs fed the CON diet. This delay may be
attributed to effects of HOC on dust reduction

Several disease challenges face the industry
today, the main one being Porcine Reproductive
and Respiratory Syndrome virus (PRRSV).
PRRS has many different clinical forms ranging
from subclinical infections to secondary
infections that has made it the most
economically important disease of swine in the
1990's.
Since respiratory and reproductive
diseases are primary causes of economic loss in
animal agriculture, this study was initiated to

The authors wish to thank the staff at the
Southeast SD Research Farm, Beresford, SD.
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examine the effects that HOC
immunologically challenged pigs.

has

HOC diet in relation to the CON diet. Growth
data from this trial was not statistically analyzed
because the quarantine procedures did not allow
for incremental weights to be obtained. The raw
means were similar as previous studies
conducted in industry.

on

Materials and Methods
The Southeast Research Farm in Beresford,
SD housed the 100 randomly assigned gilts
(25 kg) to a 36' X 40' partially slatted
confinement building. This facility consisted of 2
mirror-imaged rooms with separate ventilation
and manure handling systems (See Diagram 1).
Both rooms contained 10 pens with 5 pigs/pen.
Within the building, treatments were arranged in
a 2 x 2 factorial (i.e., energy source [CON vs
HOC], with or without a PRRSV challenge). A
three-phase feeding program was used, and in
each phase the CON and HOC diets contained
the same Jysine:calorie ratios (Table 2). The
HOC variety DK 595 TC was formulated into
diets to contain the same constant lysine to ME
ratio as the #2 yellow corn diets. Feed and
water were offered adlibitum throughout the trial.
A 2-week acclimation period was allowed before
administration of the VC to allow for blood and
fatty acid profile adaptation. The VC consisted
of an intranasal injection of TCID 50 of PRRS
virus 2367 (1 x 104). Blood samples were
obtained by jugular veinipuncture twice weekly
(Monday and Thursday) from day 7 to day 64 Pl
to evaluate serum chemistry.
The PRRSV
ELISA (Enzyme-Jinked lmmunosorbent Assay)
test kit, (HerdCheck®, IDEXX Laboratories,
Westbrook, MA) was used to determine
presence or absence of antibody to PRRS. By
calculating the S/P (sample to positive) ratio for
each sample, animals with S/P ratios Jess than
0.4 were classified as negative for PRRS
antibodies and those greater than 0.4 as positive
for PRRS antibodies. Statistical analyses were
conducted using GLM procedures of SAS (1988)
to evaluate differences in HOC and CON diets.
For the VC period, the data were analyzed in
comparison
to
the
dietary
treatments.
Treatments were established to contrast main
effects of energy source and immunological
challenge. Growth performance data presented
in Table 3 shows the economical benefit of the

Results and Discussions
The time frame for PRRSV seroconversion
is shown in Graph 1. Animals that were fed the
HOC diet experienced a three week delay
(P=.03) in elevated PRRSV serum antibody
titers compared to those fed the CON diet. This
delay may be attributed to the increase in
linoleic acid of the HOC diet. Since linoleic acid
may increase the production of arachidonic acid,
the mediated inflammatory response may be
affected. This delay in inflammatory response
will be reflected in altered cell-mediated immune
mechanisms, that respond to cells that produce
specific antibody, and/or cells that are able to
eliminate the antigen (Diagram 2).
The serum antibody titers remained lower
(P=.05) for animals fed the HOC diet compared
to those fed the CON diet (Graph 2). The
reduction in sample to positive titre. results may
also be attributed to the higher level of linoleic
acid provided by the HOC diet.
Previous research at this station has shown
a 40% reduction in dust particulate when HOC is
used in the diet. This reduction in dust was
significant (P=.06) in the time it took the nonThis also
challenged pigs to seroconvert.
supports the theory of aerosol transmission of
the PRRS virus from the challenged pigs. Not
only does dust reduction influences the
transmission of the PRRSV isolate." but it also
contributes to potential improvement in growth
performance.
The data indicates that HOC delayed the
seroconversion of PRRSV challenged pigs, and
may play a role in immunoenhancement in
growing pigs.
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TABLE 1. NUTRIENT
Type of Corn
HOC+

HOC

CON (#2)

8.70
6.36
Oil%
3.54
9.00
8.10
CP%
7.60
59.00
55.00
Starch%
62.00
1910.00
1845.00
GE kcal.lb
1770.00
0.33
Lysine%
0.30
0.26
0.08
Tryptophan %
0.07
0.06
0.33
0.33
Threonine%
0.30
0.42
0.40
Meth+ Cyst%
0.37
Percentage of grain at 13% moisture
1.00
0.73
Palmitico/o
0.41
0.20
Stearic %
0.15
0.06
3.10
Oleico/o
1.98
0.92
4.20
3.24
Linoleic %
2.15
Linolenic %
0.06
0.08
0.10
DuPont quality Grains, average of 1994 & 1995 values for CON (#2) and Optimum 80 & 140 com
Type of HOC represents the increase in G.E. of a pound of moisture-free com
TABLE 2. DIET COMPOSITION (LBS. PER TON OF EACH FEEDSTUFF IN THE COMPLETE DIET)
Ingredient
#2 Yellow Corn
High Oil Com
Soybean Meal, 44%
Dical Phosphade
Limestone
Salt
Vit/Min Premix
Calculated Levels
CP,%
Lysine,%
Calcium
Phosphorus, %
Lys: Cal
glys/Mcal ME

Grower Diet, lbs
CON
HOC
137.80
1355.40
570.80
588.20
24.20
24.20
17.20
17.20
5.00
5.00
10.00
10.00
18.40
1.00
.70
.60
3.06

18.70
1.02
.70
.61
3.04

Finisher Diet, lbs.
CON
HOC
1485.60
1467.90
457.30
475.30
20.90
20.90
17.20
17.20
5.00
5.00
10.00
10.00
16.40
.85
.65
.55
2.58

Finisher 2 Diet, lbs.
CON
HOC
1485.60
1467.90
475.30
457.30
20.90
20.90
17.20
17.20
5.00
5.00
10.00
10.00

16.80
.88
.65
.55
2.60

15.10
.75
.60
.50
2.27

15.40
.78
.60
.50
2.29

TABLE 3. GROWTH PERFORMANCE

Number of Head
Starting Weight, lbs.
Ending weight, lbs
Average daily gain, lbs
Average daily feed intake, lbs
Feed/Gain, lbs

Control
Normal
25
57.0
245.80
1.82
5.58
3.06

Control
Challenged
25
57.0
257.10
1.97
6.03
3.07
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HOC
Normal
25
57.0
252.10
1.91
5.82
3.05

HOC
Challenged
25
57.0
253.30
1.89
5.76
3.06

Graph I. PRRSV Seroconversion
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Graph 2. Average SIP ratio with respect to diet

0.8
0.7
0.6

.s
~

t

B#2Corn
•High Oil

0.5
0.4
0.3
0.2

0.1 • ;

o.jt:L,IU....,.U,~,.U..,B-,.U,..,J::L.,tl
. .,.t~..,J::.L,..a,,....IL.-.Jll,-.a,_11.-.Jll,-.a,_11,.JI,..

123

Diagram I. Barn Layout
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The effect of diet and oral antibiotic therapy on immune
function and productivity in young pigs
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At 7 days of age, the pigs were vaccinated for
Mycoplasma hyopneumoniae (Respisure, Pfizer)
and the boars were castrated.
Prior to
vaccination, a 3 ml blood sample was collected.
At day 17-24 (weaning day), the pigs were re
vaccinated with M. hyopneumoniae and a 10 ml
blood sample was collected for cellular
immunological assays. Control pig diets were
managed
using
the
farm's
husbandry
procedures and all control creep and weaning
diets contained 40 grams/ton of Apralan ™.

Introduction
Medicated early weaning programs have
been shown to be an excellent method to control
disease incidence in the young pig. Additional
research by Oritz, et al', showed that early
weaning at 7-10 days without medication
resulted in significant weight gains over
conventional weaning at 14-17 days. We were.
interested in the effects of low levels of
conventional water and feed grade antibiotic
treatments on performance and immunological
parameters of the young pig in a commercial
operation.
Previously, we had tested this
treatment at a research facility and had shown
increased production and a decreased
polyclonal immunological response in the
treated animals 23 • The use of such a program
would be a benefit to producers who do not have
the production facilities that allowing for early
weaning (7-10 days) and/or multisite production.

The nursery facility was connected to the
farrowing facility via a hallway and consisted of
10 raised deck pens. Eight pens were divided in
1/2 and each pen contained 10 pigs.
Antibiotic Treatment and Nutrition
The treatment regimen consisted of feeding
400g/ton of Aureomycin™ in the gestation
lactation ration for 1 week before and 1 week
after farrowing. The baby pigs' water was
treated with water soluble Aureomycin™ to
deliver 10 mg/# body weight beginning day 2
post farrowing through day 9 post farrowing.
Auero-Sulmet ™ soluble was added to the pigs
drinking
water
at
rate
of
250 mg
chlortetracycline/250 mg sulfamethazine per
gallon from day 10 post farrowing through day
27-30 post farrowing (10 days postweaning).
rate
of
100 gm
ASP250 ™
at
a
Chlortetracycline/100 gm sulfamethazine/50 gm
penicillin per ton was used in the feed. The
control group was managed using the farm's
normal husbandry and feeding procedures and
all control creep and weaning diets contained
40 grams/ton of Apralan ™.

A study was conducted to determine the
effect of Aureomycin™ and Aureo-Sulmet™ on
production. The study was a 2X2 factorial
experiment to determine the effect of weaning
treatment and nutrition level on immune
response.
Experimental Procedure
Animals and Management: A commercial
150-head sow herd of known health status was
chosen for this trial. This is a herd whose health
status is monitored by Dr. Chase. The farrowing
facility is a remodeled barn containing 27 crates.
The crates and flooring had been replaced in the
last year. Pigs were processed at 1 day of age
(tails removed, iron dextran injections, needle
teeth clipped).

Sixteen litters (160 pigs) were randomly
assigned to one of 4 treatment groups:
1) Control Standard nutrition; 2) Control-High
nutrition; 3) Treatment-Standard nutrition and
4) Treatment High nutrition. Commercial diets
were utilized. Traditional phase I, II & Ill nursery
diets 1 were used for the standard feeding

'Department of Veterinary Science
Department of Animal and Range Sciences
3
Rural Technologies, Inc., Brookings SD
4
American Cyanamid Company, Princeton NJ.
2
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regime while the high feeding regime consisted
of pre-phase I (day 7 diet), phase I & phase II
1 Diet changes were made at 7 and 21 days
post weaning. There were 4 replicates/
treatment.
The pigs were weighed weekly
through day 56 post farrowing. All feed was
weighed to obtain feed efficiency data.

Results
Production: These results indicated a 4.5%
increase in daily gain of the treated vs the
control pigs on the standard nutrition program
and 13.6% increase in daily gain of the treated
vs controls on the high nutrttion program
(Table 1). Feed/gain was 9.6% lower for the
treated vs the control pigs on the standard
nutrition program. There was no significant
advantage in gain between the standard and
high nutrition program to offset the increased
cost of the high nutrition ration .. There was no
significant difference (P<.05) in any ·of the
parameters measured (Table 1).

Serology and Immunology
Pigs were bled at 7 days of age, 28-31 days
of age and 56-58 days of age for serology and
immunological assays. Lymph node cells were
harvested from the pigs sacrificed at day 56.
Serology was performed at Oxford Diagnostic
Laboratories, Worthington, MN using a
commercial M. hyopneumoniae ELISA.

Immunology

Mitogen proliferation assays were conducted
in the Clinical Immunology Laboratory SDSU.
The plant lectins, concanavalin A (ConA) at
1 µg/ml, phytohemagglutinin A (PHA) at 1 µg/ml
and pokeweed mitogen (PMA) at 5 µg/ml were
used to stimulate isolated peripheral blood
lymphocytes. The lymphocytes were cultured
for 44 hours and pulsed for 4 hours with
tritiated (3H) thymidine and harvested at 48 hrs
in a cell collector. The disks were counted in a
liquid scintillation counter. All cultures were
done in triplicate and the values represent the
mean specific incorporation (sample meanunstimulated cell mean) of the triplicate
samples.
Forced antibody production was
performed after the protocol of Hammerburg
et al'. Briefly, 1 ml of mononuclear cells at
3 X 106/ml were incubated in 12X75 mm sterile
plastic tubes containing 1 ml of RPMI with
10 µg/ml of PWM for 72 hours. The tubes were
centrifuged and the supernatant was collected.
The supernatant was diluted in a ten fold series
and a polyclonal-polyclonal sandwich capture
ELISA was used to measure the total amount of
immunoglobulin present.
The assay was
standardized with a preparation of porcine lgG
(Sigma, St. Louis, MO).

Thymus, spleen, and pulmonary and
abdominal lymph nodes were removed from
each group. Identification of thymic tissue and
the variability in of the number of lymph nodes
made accurate analysis of these immune organs
difficult. There was no significant difference in
the lymph nodes and the spleen (Table 2).
Spleens were consistently smaller in the treated
vs the control pigs (Table 2). There were no
gross lesions present in any of the pigs.
Serology indicated a single statistical
significant difference between the controlstandard nutrition group and the treatmentstandard nutrition group at day 56 (Table 3).
The entire group had pre-immunization antibody
to M. hyopneumoniae (Table 3). All groups of
pigs developed higher antibody titers following
immunization and a majority (>60%) of each
group responded. The antibody decay was
much faster in the treated pigs (Table 3).
The ConA and PHA mitogenic assays were
used to measure the immunological capacity of
peripheral blood T cells (PBL)(Figure 1 A & B).
There was no statistical significant difference
between any of the groups at either day 28 or
day 56. The trend of this experiment was that
the pigs fed the standard diet had a higher
immune activation throughout the trial (Figure 1
A& B).

At day 56, 1O pigs from each group were
transported to the Diagnostic Laboratory at
South
Dakota
State University (SDSU)
euthanized and necropsied.
The spleen,
thymus, abdominal and lung lymph nodes were
removed and weighed.

T and B cell mitogenic assays were also
used to assess lymph node cells (Figure 2).
These studies differed from the PBL studies in
that the treated pigs and in particular the
treatment-standard group consistently had
higher activation to both T and B cell mitogens
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age when treated under the Cyanamid oral
protocol. All the animals in the study produced
similar amounts of antibody at 56 days. This
level was equivalent to that produced by the
treated pigs at 28 days. This suggests that the
treated animals could mount a competent
antibody response by the day 28, but it took
longer for the control animals to achieve a
similar capacity.

(Figure 2). There was no statistical significant
difference among any of the groups.
The
proliferative B cell capacity was ·measured
following stimulation with PWM (Figure 3). The
treatment pigs under both sets of nutritional
conditions had higher level of proliferative
response. There was no statistically significant
difference b.etween any of the groups at either
day 28 or day 56. The ability of the ·cells to
produce antibody was measured in a PWM
forced antibody test (Figure 4 ). At day 28, the
treated animals had higher antibody production.
However by 56 days, there was no difference
between groups.
There was no ·statistical
significant difference among any of the groups at
day 28.

We found that treated animals had a
generally higher capacity to respond to both T
and B cell stimulation in lymph node cells. This
may reflect a more complete development of
secondary lymphoid tissue in the treated pigs.
The major role of secondary lymphoid tissue is
the organized expansion of activated clones. A
well organized lymph node should contain a
near optimal ratio of antigen presenting cells,
helper cells and T and B effector cells. This
allows for the most efficient antigen specific
responses in an animal.
The polyclonal
stimulators used in this study measure the
overall capacity to mount a proliferative
response by the cells in the culture. The
increased responsiveness here suggests that
the protective immunological "environment" may
be more mature in the treated pigs. A more
efficient production of necessary cytokines or a
more optimal ratio of antigen presenting cells,
helper cells and effector cells (that go on to
proliferate) would yield higher rates of
proliferation.
We measured the weights of
thymus (a primary lymphoid organ) and spleen,
pulmonary and mesenteric lymph nodes
(secondary lymphoid organs). We found that
the mesenteric lymph nodes were apparently
more developed in the treated animals (Table 2).
The nodes were larger in treated. animals and
these nodes were used in the mitogen studies.
The pulmonary lymph nodes and spleens of the
animals were not different among the groups.
This is consistent with the proposed enteric
effect of the oral treatment and its ability to
promote quicker and more complete response to
enteric antigens. No clear effect on primary
lymphoid organs was expected. The control
animals with high nutrition had large thymus
compared to the other groups. The meaning of
this finding is not clear to us at this time.

Discussion
This trial showed that. low levels of
conventional water and feed grade antibiotic
treatment increased daily gain and lowered
feed/gain of young pigs in a commercial
environment. Although these changes were not
statistically significant, the study did show a 515% advantage in using oral antibiotics in
weaning pigs. The trend seen in this study was
consistent with the results obtained in our earlier
studies (Libal et al, 1994). On the basis of
improved growth and feed efficiency alone, the
minimal cost of this supplementation was clearly
justified (Libal et al, 1994).
The immunological result~ of this study were
very interesting. In our initial study (Libal et al.,
1994), we found that animals receiving the oral
medication program had less peripheral T cell
response capacity (demonstrated by lectin
responses) and greater B cell response capacity
(demonstrated by response to Pokeweed
Mitogen). In this study, similar results were
obtained, but the variability of the control and
treated pigs was great enough so that we did not
find these differences to be statistically
significant. In addition to the basic peripheral
blood mitogen assays performed in the first
study,
we
also
tested
several
other
immunological
parameters.
We
tested
pokeweed mitogen "forced production" of
antibody by multiple clones of B cells, responses
of lymph node mononuclear cells to the T and
B cell mitogens and specific humeral responses
to M. hyopneumoniae vaccine. As would be
predicated from our B cell proliferation data, the
animals were able to produce a large quantity of
antibody from peripheral ·B cells at 28 days of

The specific immune response to the M.
occurred in all animals. The
duration of antibody titers was significantly
shorter in the treatment group than the controls
(Table ,3). This may reflect an "environment"
hyopneumoniae
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vaccination reactivation period. The very low
cost of this supplementation in the water and of
the treatment of the sow are easily justified by
the approximately 10% enhancement in growth.
The herd in which this study was conducted was
of reasonably high health status and there was
little room for improvement in general health
related growth. We feel that a lower health
status herd would have had a greater level of
difference in both growth and measured
immunological
activation.
Chronically
challenged animals are at a higher state of
"inflammatory ready" than better managed
herds. This allows for greater effect of the
antibiotic supplementation in controlling the level
and duration of enteric challenge and post
challenge colonization.

less conducive to collateral stimulation in the
treated pigs. The treated pigs showed a greater
overall capacity to make antibody than the
controls, but in this case, where no exposure to
antigen after vaccination was indicated, they did
not persist in producing high levels.
We
interpret these results as a redirection of
resources into the growth of the pigs away from
a sustained inflammatory response, which
promotes an extended production of antibody no
longer sustained by the presence of antigen
stimulation. The differences in mucosal lymph
node maturation may also play a role here. If
optimal levels of antigen clearance and antibody
production were reached earlier in treated
animals, the need for further response would be
removed and the control animals may just be
slower in their overall. responses.

We would recommend further studies of the
comparative development of the secondary
immune organs. A special emphasis should be
place on the development of mucosal immune
capacity and diversity.
Some measures of
general inflammatory state on mucosal surfaces
and in systemic responses may also be
valuable. We believe that the immune system
develops better if the diversity of exposure is
great, but the challenge load is limited. MEW
programs have been successful because the
systemic medications controlled the level of
challenge in the respiratory tract. However, they
are flawed in that they eliminated a broad
diversity of exposure. This Cyanamid oral
supplementation technique is better because it
manages the total challenge exposure without
reducing the diversity of exposure needed to
successful development of a mature, functional
immune system.

These studies offered further evidence that
management of the enteric and respiratory
"environment" with the use of oral antibiotics as
weaning supplement enhances feed utilization,
growth and appears to improve the development
of the secondary immune tissues. The treated
animals had a small, but reasonable
improvement in their ability to mount a humeral
immune response. Evidence that the effect was
most pronounced in the mucosal compartment
included the differences seen between treated
and control animals in lymph node development,
ability to produce near optimal levels of antibody
at a younger age, apparent enhancement of the
activation environment with cells from the
mesenteric lymph nodes tested, and a rapid
peak and reduction in the antibody response to
H. hyopneumoniae in the treated animals
compared to the controls which had a much
more prolonged rise in titer and a longer post
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TABLE 1. TRIAL 1-WEANING PERFORMANCE (DAYS 17-56)
Control
Std 1 Nutrition
0.768
1.488
1.913
91.25

Daily Gain, lbs•
Daily Feed, lbs"
Feed/Gain"
Survival, %a
'Standard
'P=.0774
'P=.6106
'P=.1430
'P=.3095

Control
High Nutrition
0.748
1.163
1.568
100.00

Treatment
Std' Nutrition
0.803
1.380
1.728
98.00

Treatment
High Nutrition
0.850
1.388
1.620
100.00

TABLE 2. IMMUNOLOGICAL TISSUE WEIGHT (GRAMS)
Control
Std' Nutrition
1.81
29.16
0.79
2.81

Treatment
1
Std Nutrition
2.49
27.65
0.76
3.41

Thymus,)(
Spleen, g
Pulmonary LN2, g•
Mesenteric LN2, gd
'Standard 2 Lymph node
'P=0.0008 but Diet Weaning Regime significant at P=0.0084.
'P=0.400
'P=0.185
'P=0.190

Control
High Nutrition
6.22
32.79

1.17
2.70

Treatment
High Nutrition
2.71
27.93
0.81
4.19

TABLE 3. SEROLOGICAL TITER (LOG10) TO MYCOPLASMA
HYOPNEUMONIAE
(number of pigs seropositive/total number of pigs tested)
Days of age

Control
Std' Nutrition
1.18±1.25 (5/10J
2.33±1.27 (8/10J
2.18±1.27 (7/9)

Treatment
Std 1Nutrition
0.56±1.18 (2/10J
2.14±1.51 (7/10J
0.22±0.67 (1/10)

Control
High Nutrition
0.89±1 ..16 (4/1 OJ
1.82±1.59 (6/1 OJ
1 .44±1 .41 (5/9)

Day?
Day28
Day 55•
'Standard
'Treatment Std Nutrition is different from Control Std Nutrition (P<.001 J
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Treatment
High Nutrition
1,08±1.40 (4/10J
2.02±1.11 (8/10J
0.83±1.34 (3/10)

i

The effects of oral antibiotic therapy on productivity and
immune function following challenge with E. coli and rotavirus
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Introduction

infection with enteric infections has not been
established.

Early weaning programs have been aimed
at the control and elimination of respiratory
infections in the young pig. Segregation from
their dams at less than 21 .days, batch rearing
with all-in all-out by room, building, or site, and
proper biosecurity (cleaning, disinfecting and
quarantine) are mandatory to implement early
weaning programs 1. Early weaning with all its
components gives a tremendous economic
advantage to those who use this technology.
This technology however does not come without
a cost. This requires necessary building sites,
scheduling and a high level of management.
Enteric infections such as neonatal coccidiosis
and post weaning diarrhea problems have not
been prevented by early wean programs.
Although the Pork Quality Assurance Program
has been developed to achieve the highly
desirable goal of reduced antibiotic use, there
are feed and water medication is needed for
prevention and control of enteric infections.
We were interested in the effects of low
levels of conventional water and feed grade
antibiotic treatments on performance and
immunological parameters of the young pig
infected with the common enteric pathogens, E.
coli and rotavirus. Previously, we had tested
this treatment at both a research facility and a
commercial operation and had shown increased
production and decreased immunological
response in the treated animals 2·3 • We have
established that the use of such a program
would be a benefit to those producers who do
not have the production facilities that would
allow early weaning (7-10 days) and/or multi-site
production. However the effect of these oral
treatments on minimizing production losses and
activation of the immune system following
1

Department of Veterinary Science
Department of Animal and Range Sciences
3
SDSU and Rural Technologies Inc., Brookings, SD
4
American Cyanamid Company, Princeton, NJ
2

130

The purpose of this study was to measure
production and immunological parameters in
orally medicated and control animals following a
post weaning E. coli and rotavirus challenge.
Experimental Procedure
Animals and Management
Farrowing and neonatal pig management: A
commercial 130-head sow herd of known health
status was chosen for this trial. This is a herd
whose health status is monitored by Dr. Chase.
The farrowing facility is a two-year-old building
with 2-10 crate rooms. Pigs were processed at
1 day of age (tails removed, iron dextran
injections, needle teeth clipped). The pigs were
vaccinated for Mycoplasma hyopneumoniae at
7-11 days of age and the boars were castrated.
Prior to vaccination on day 7-11, a 3 ml blood
sample was collected. At day 17-21 (weaning
day) the pigs were re vaccinated with M.
hyopneumoniae and a 10 ml heparinized blood
sample were collected from 10 pigs in each
group.

Ten sows (ten litters-92 pigs: 5 litters/group)
were randomly assigned to one of two groups:
1) control and 2) treatment.
The treatment
regimen consisted of feeding 400 g/ton of
Aureomycin™ in the gestation-lactation ration
for 1 week before and 1 week after farrowing.
The baby pigs' water was treated with water
soluble Aureomycin™ to deliver 1O mg/# body
weight beginning day 2 post farrowing through
day 9 post farrowing. Auero-Sulmet™ soluble
was added to the pigs' drinking water at rate of
250 mg chlortetracycline/250 mg sulfamethazine
per gallon from day 10 post farrowing through
day
27-34
post
farrowing
(10
days
postweaning). ASP250™ at a rate of 100 gm
Chlortetracycline/100 gm sulfamethazine/50 gm
penicillin per ton was used in the creep feed.

feces; 2-pudding feces; 3-slightly runny feces;
and 4-watery feces) for 29 days.

Control pigs diets were managed using the
farm's husbandry procedures and all control
creep contained 40 grams/ton of Apralan ™.

Microbiological tests: A fecal sample was
collected using a sterile swab from one pig in
each pen on the day of challenge and 3, 10, 16,
24, 28, and 35 days PC.

The pigs were
weaned at 17-21 days of age and transported
100 miles from Brookings, SD to Beresford, SD
to an newly remodeled nursery-finisher isolation
facility. The nursery facility contained 2 rooms
each room contained 10-6' ft X 16' pens. The 46
treatment and 46 control pigs were each divided
into 8 replicates. Eight pens in one room were
divided with plywood and plastic coated wire
was placed over the slats to prevent injury to the
young pigs. Treated pigs were placed in one
half and control pigs were placed in the other
half of each pen. The treated pigs received
Auero-Sulmet™ soluble in the drinking water at
rate
of
250 mg
chlortetracycline/250 mg
sulfamethazine per gallon for 1O days post
weaning (day 27-34 post farrowing). All the pigs
received traditional phase I, II, & Ill commercial
nursery diets 4 • Diet changes were made at 7
and 21 days post weaning. The treated pigs
nursery diet contained ASP250™ at a rate of
100 gm
chlortetracycline/
100 gm
sulfamethazine/ 50 gm penicillin per ton.
Control pigs weaning diets contained 40
grams/ton of Apralan™. All pigs were switched
to 20 grams/ton of Tylan 1O for the
grower/finisher phase and these diets were
standard grow finish diets. The pigs were
weighed weekly through day 160. All feed was
weighed to obtain feed efficiency data.
Nursery

management:

Bacteriology: The swabs were streaked. by
the SDSU Diagnostic Bacteriology Laboratory
on .differential plates. The number of hemolytic
E. coli was estimated. E.coli isolates were then
typed for 0111.
Virology: The fecal swabs were then pooled
according to treatment groups and the samples
examined with an electron microscope for the
presence of rotavirus by the SDSU Electron
Microscopy Laboratory.
Serology: Blood was collected and serum
samples were harvested at 7-11 and 53-57 days
of age (35 days PC) from 1O pigs in each group.
Serum
samples
were
tested
for
M. hyopneumoniae
antibodies
using
as
commercial
M. hyopneumoniae
ELISA
performed by Oxford Diagnostic Laboratories,
Worthington, MN.
Clinica Jmmuno/ogy:1 O ml-heparinized blood
was collected and lymphocytes harvested at 1721 (weaning day), 23-27 (4 days PC), 30-34 (11
days PC) and 53-59 days of age (34 days PC)
from 10 pigs in each group.
Mitogen
proliferation assays were conducted in the
SDSU Clinical Immunology Laboratory. The
plant lectins, concanavalin A (ConA) at 1 µg/ml,
phytohemagglutinin A (PHA) at 1 µg/ml and
pokeweed mitogen '(PWM) at 5 µg/ml were used
to ·stimulate
isolated
peripheral
blood
lymphocytes. The lymphocytes were cultured
for 44 hours and pulsed for 4 hours with tritiated
(3H) thymidine and harvested at 48 hrs in a cell
collector. The disks were counted in a liquid
scintillation counter. All cultures were done in
triplicate and the values represent the mean
specific
incorporation
(sample
m'eanunstimulated cell mean) of the triplicate
samples.
Forced antibody production was
performed after the protocol of Hammerburg et.
al 5 • Briefly, 1 ml of mononuclear cells at 3 X
106/ml were incubated in 12 X 75 mm sterile
plastic tubes containing 1 ml of RPMI with
1O µg/ml of PWM for 72 hours. The tubes were
centrifuged and the supernatant was collected.
The supernatant was diluted in a ten fold series

Microbiological challenge: Rotavirus (OSU
strain) was obtained from Dr. David Benfield,
Dept. Vet. Sci., South. Dakota State University
(SDSU). The stock virus had been passed
through pigs. The virus was grown on MA104
cells, harvested and titrated. The tier of the
challenge virus was 6.25 X 109 TCID50. The
virus was diluted with minimum essential media
(MEM) to give each pig a 2 ml challenge dose of
107 of TCID50 rotavirus p.o. The 0111 strain of
E.coli was grown in broth cultures and diluted to
250 ml with PBS and each pig was given a 2 ml
dose p.o. that containing 108 E.coli 0111. The
pigs were challenged 2 days after arriving at the
nursery facility (19-23 days of age).
Clinical indices: Clinical sign~ (fever and
diarrhea) were recorded. The temperature of
the same one or two pigs/pen was taken for 15
days. Diarrhea was assessed daily in each pen
on a scale of 0-4 (0-firm, formed feces; 1-pasty
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titers and none of the treated pigs and passive
titers (Table 4).

and a polyclonal-polyclonal sandwich capture
ELISA was used to measure the total amount of
immunoglobulin present.
The assay was
standardized with a preparation of porcine lgG
(Sigma, St. Louis, MO).

Clinical immunology: T cell mitogen activity,
B cell
mitogen
activity
and
induced
immunoglobulin (lg) were measured in the
treatment and control groups (Figures 3-5). The
immunological response with the T cell mitogens
with both phytohemagglutinin (PHA) and
concanavalin A (ConA) was lower in the
treatment group (Figure 3). The ConA response
was significantly lower (P<0.05) at 17, 30 and 56
days of age (Figure 3).
The B and T cell
mitogen pokeweed mitogen (PWM) (Figure 4)
and the forced antibody production assays
(Figure 5) had a different pattern from the T cell
assays. Prior to challenge on day 17, B cell
proliferation (Figure 4) and induced antibody
production (Figure 5) were similar in both
groups. At 23 days of age (4 days PC) both
parameters were depressed. At 30 days of age,
the B cell mitogen activity (Figure 4) and the
induced antibody production (Figure 5) were
higher in the treatment group. Al 56 days of
age, the B cell mitogen activity was similar in
both groups and the forced antibody production
was higher in the control group.

Results
Production Results from the growth trial are
presented in Table 1•·•. In the starter phase, the
treatment protocol improved daily gain (P<.124)
and feed efficiency (P<0.079) (Table 1•). In the
grower, finisher, and overall growth phases,
performance was not affected by treatment
(P>.10) (Tables 1•·d). Ultrasonic measurements
of 10th rib backfat thickness and loin eye area at
240 lbs. were unaffected by treatment (P>.10)
(Table 1°).
Clinical Signs: The temperatures of the
treated pigs were not significantly different from
the control group from day 1 to day 15 PC)
(Figure 1). The temperatures of the treated pigs
were in the normal range throughout the trial
(Figure 1).
From Day 6 to Day 15, the
temperatures of the treated pigs were lower than
the control. The diarrhea scores were similar
between control and treatment groups. The
diarrhea was biphasic in the control group at 4-5
days PC and at 18-24 days PC. The highest
amount of diarrhea occurred at Days 18-22 PC
(Figure 2).

Discussion

Microbiology: No rotavirus was identified
prior to challenge (Table 2). Rotavirus was
identified at Day 3 PC in both control and treated
pigs. Rotavirus was also identified at Day 10
and Day 16 PC (Table 2) in the control pigs.
Hemolytic E.coli was isolated from 1 treatment
pen prior to beginning the study (Table 3). Tests
are under way to determine the serotype.
Hemolytic E.coli at moderate levels were
isolated at Days 16 and 24 PC. No hemolytic
E.coli was isolated from the control pigs prior to
the study.
Hemolytic E.coli was present in
through out the trial in the control group
(Table 3). Serotyping of the E.coli established
that the challenge was 0111 but subsequent
isolations throughout the trial were negative for
0111.

The production results indicate again an
early advantage in rate of gain and feed
efficiency in the treatment group (Table 1•).
However by the end of the trial the two groups
were similar in these parameters (Table 1'").
Data from this trial indicate that this MMEW
protocol improves nursery performance but
compensatory performance masks those
benefits in the grower and finisher phases.
These results may represent what would happen
under field conditions following removal from
water antibiotic therapy. One of the main design
issues is that the control and treatment animals
were housed in adjacent pens throughout the
trial.
The treated pigs could have become
infected after the end of the treatment resulting
in similar production results at the end of the
study. In the future, strict segregation should be
used to determine the long-term effect of this
antibiotic therapy.

Serology: There was no serological
response to the M. hyopneumoniae vaccination
in the treated pigs and a very small response
(1/10) of the control pigs (Table 4). Three of the
control pigs had passive M. hyopneumoniae

Clinical scores were similar for both groups.
The initial design called for monitoring
temperatures for 14 days. The data indicates
that temperatures were on the rise and with the
occurrence of diarrhea at 18 days temperatures
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vaccine, Oxford Laboratories) was a different
3
product from that used in the previous trial
(Respisure, Pfizer). The manufacturer of the
vaccine was the same company that performed
the M. hyopneumoniae ELISA test. Both the
efficacy of the vaccine and the sensitivity of the
ELISA testing method are questionable and
neither the vaccine nor the tests are available.

should be monitored concurrently with diarrhea.
The diarrhea scores indicate that the treated
pigs were partially protected from the initial
diarrheal phase at 4-5 days PC. Duration and
severity of the second phase was similar
between the two groups.
Again the
contamination and infection of the treated pigs
by the adjacent control pigs following end of
antibiotic therapy could have played a factor in
the resulting second diarrheal phase.
The
immune response to diarrheal disease in the
control animals was not effective in preventing
the second diarrheal phase.

The immunological data was similar to that
seen in our two previous studies 2 ·3 •6 • There was
a decreased T cell response indicating a lower
inflammatory response.
This decreased
inflammatory response has a sparing effect that
allows increased growth in the treated pigs. The
antibody capacity and production of the treated
animals as measured by B cell mitogen activity
and forced immunoglobulin should allow them to
respond to a challenge.

The microbiological data was interesting in
this trial. Rotavirus recovery was much lower in
the treated pigs. The sensitivity of the electron
microscopy detection is 105 particles/ml. The
decreased rotavirus detection indicates lower
replication of rotavirus in the treated pigs. E.coli
detection was also lower with no organisms
detected 3 days PC indicating that the treatment
reduced the load of E.coli. Subsequently the
levels of E.coli recovery during the second
diarrheal phase were similar between the two
groups. The challenge 0111 serotype could not
be recovered after the initial infection. We have
no explanation for these phenomena.

Conclusions
These results indicate an increase in daily
gain and feed efficiency with pigs treated with an
oral antibiotic regiment. The E.co/i-rotavirus
challenge model indicated an advantage to the
treated pigs with a lower fever response
increased clearance of E.coli and rotavirus and
decreased T cell activation. These decreased
physiological and immunological responses and
higher pathogen clearance are all factors that
could result in the increased production
parameters
in
the
treatment
group.

The serological data in this experiment was
not useful. There was a single control pig that
responded to the M. hyopneumoniae vaccine.
The vaccine used in this trial (M. hyopneumonia
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TABLE 1". WEANING PERFORMANCE (STARTER PHASE-DAYS 17-61, 10-46
LBS.
Control
0.756
1.418
1.900

Daily gain, lbs.
Daily feed. lbs.
Feed/gain

Treatment
0.827
1.440
1.742

P value
0.124
0.542
0.079

TABLE 1b. PERFORMANCE (GROWER PHASE-DAYS 62-105, 46-118 LBS.)
Control
1.647
4.083
2.489

Daily gain, lbs.
Daily feed lbs.
Feed/gain

Treatment
1.689
4.248
2.511

Pvalue
0.465
0.258
0.717

TABLE 1°. PERFORMANCE (FINISHING PHASE-DAYS 106-160, 118-234 LBS.)
Control
Daily gain, lbs.
Daily feed. lbs.
Feed/gain

Treatment

2.052
6.356
3.116

2.026
6.377
3.153

P value
0.762
0.911
0.595

TABLE 1d. OVERALL PERFORMANCE (DAYS 17-160, 10-234 LBS.)
Control
1.529
4.154
2.730

Daily gain, lbs.
Daily feed. lbs.
Feed/gain

Treatment
1.554
4.222
2.717

P value
0.570
0.435
0.793

TABLE 1°. CARCASS PERFORMANCE (234 LBS.)
10th Rib Fat Thickness, in.
Loin Eye Area, sg. in.

Control
0.849
5.175

Treatment
0.849
5.076

P value
0.999
0.405

TABLE 2. ROTAVIRUS DETECTION IN PIGS
Days
Daya
Day3
Day10
Control
neg.
pas.
pas.
Treated
neg.
pas.
neg.
pas-virus ·detected in fecal samples
neg-no virus was detected in fecal samples
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Post Challenge
Day 16
Day24
pas.
.neg.
neg.
neg.

Day28
neg.
neg.

Day35
neg.
neg.

TABLE 3. E.coli DETECTION IN PIGS
DayO
Day3
Control
1.1
0
Treated
0.1
0
0-no hemolytic E.coli
1-few hemolytic E.coli
2-moderate hemolytic E.coli
3-many hemolytic E.coli

Days Post Challenge
Day 10
Day24
Day 16
1.3
1.1
2.3
0.9
1.6
2.0

Day28
1.3
0

Day35
0.1
0.4

TABLE 4. SEROLOGICAL RESPONSE (LOG10) TO Mycoplasma hyopneumoniae
(NUMBER OF PIGS SEROPOSITIVE/TOTAL NUMBER OF PIGS TESTED)
Days of age
Day10
Day56

Treatment
0 (0/10)
0 (0/10)
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Control
0.77±1.25 (3/10)
0.32+1.01 (1/10)
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infected animals. In both gnotobiotic studies, the
complement fixation test failed to detect any
animals and was insensitive to APP infections.

Summary
Three studies, a pilot study with conventional
early-weaned pigs and two studies with
gnotobiotic pigs were completed. The pilot study
indicated that conventional pigs could be
7
challenged with at least 10 colony forming units
(cfu) or Actinobaci/lus p/europneumonia (APP) or
Actinobaci/Jus suis (A. suis) without developing
clinical signs. No serological response was
detected in these pigs. In the first gnotobiotic
study, nine pigs were used: 3 control, 3 APP or 3
A. suis. The two groups of challenged pigs
failed to respond clinically or serologically to the
initial challenge of 106 cfu of either APP or
A. suis but the APP pigs did respond clinicall¥
and serologically to a second challenge of 10
cfu. A second study with twenty gnotobiotic pigs
was completed. Eight pigs were assigned to the
Actinobaci/Jus p/europneumoniae (APP) serotype
5 group; eight pigs were assigned to the
Actinobacil/us suis (A. suis) group and 4 pigs
were assigned to the control group. Each grouJ)
of gnotobiotic pigs were challenged with 107
colony forming units (cfu) of either APP or
A. suis. In both gnotobiolic studies, serological
tests indicated that the hemolysin neutralization
test (HNT) specificity was poor as ii was unable
lo discriminate between APP or A. suis
infections. The HNT test detected more APP
positive animals than any other test and detected
APP infected animals one-month post challenge.
In the first gnotobiotic study, APP infected pigs
were detected at one-two weeks post challenge
with the APP 5 ELISA developed by the
University of Montreal (ELISA-M). ELISA-M was
a more sensitive test than the APP 5 ELISA
developed by Oxford Laboratories (ELISA-0). In
the second gnotobiotic study, the ELISA-M and
ELISA-0 failed to detect any APP 5
1

2

Introduction
Serology is the tool of choice for determining
exposure
of
animals
to
Actinobaci/Jus
p/europneumonia (APP)'. A number of different
tests are available including the hemolysin
neutralization test (HNT), enzyme labeled
immunosorbent assays (ELISA) and the
complement fixation (CF) test. The cross
reactivity between APP and Actinobaci/Jus suis
(A. suis) has been thought to be confounding
factor resulting in A. suis animals being identified
as APP infected. The hemolysin RTX toxin of A.
suis and APP serotype 5 have almost identical
genetic, molecular and antigenic structure2•3·4
and previous infections with A. suis can ,protect
pigs against subsequent APP infections . The
detection of A. suis and APP has been based on
higher hemolysin neutralization antibodies with
APP infected pigs than with A. suis infected pigs.
This study was designed to follow the serological
response as measured by HNT, ELISA
developed by Dr. M. Gottschalk, University of
Montreal (ELISA-M), ELISA developed by Oxford
Laboratories (ELISA-0) and the CF test
following infection with either APP serotype 5 or
A. suis in gnotobiotic pigs.
Experimental Approach
Bacteria: An APP Type 5 culture and seven
A. suis isolates (#5, 7, 9, 11, 12, 20 and 24) were
received from Dr. James Collins, University of
Minnesota.
Animals: Pilot Study-Eight, 14 day old high
health barrows were received from a PIC based
genetics herd in western Minnesota. The pigs
were divided into two groups of 4 and place in
two separate rooms. One pig in the APP group
died following the initial blood collection. The
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pigs were tagged and their temperatures
recorded each day. Three pigs were the APP
serotype 5 group and four pigs were the A. suis
pigs.

daily for 14 days. No antibody titer was detected
in these animals on weekly bleedings following
challenge. On Day 42 post challenge, the pigs
had their nasal passages re-swabbed for
bacterial isolation, serum collected and pigs
were re-inoculated using a 1 in. nasal cannula.
The APP pigs were each inoculated intranasally
7
with 1 ml of 10 cfu/ml of APP serotype 5 using
1/2 ml/nostril.
The A. suis pigs were each
inoculated with 1 ml of 107 cfu/ml of a mixture of
A. suis isolates #9, #12, and #24 using 1/2
ml/nostril. The two control pigs were inoculated
with media. The pigs. were monitored for clinical
signs twice daily for 7 days.

Gnotobiotic Studies: In the first gnotobiotic
study, gnotobiotic surgery was performed on one
sow. The gnotobiotic pigs were moved out of the
isolettes. :rhree pigs in an isolette in APP Room,
three pigs in an isolette in A. suis Room and
three pigs in Control Room.

In the second gnotobiotic experiment,
gnotobiotic surgeries were performe,d on three
sows. The gnotobiotic pigs were moved out of
the isolettes at 23 days of age. Twenty pigs
were then moved to three separate areas. Eight
pigs in two isolettes in APP room, eight pigs in
two isolettes in A. suis room and four pigs in one
isolette in control room.

For gnotobiotic study 2, eight pigs were
individually inoculated intranasally with 1/2 ml
per nares (1 ml total) of 107 cfu/ml of APP
serotype 5. Eight pigs were each inoculated with
7
1 ml of 10 cfu/ml of a mixture of A. suis isolates
#9, #12, and #24. The four control pigs were
inoculated with media. The pigs were monitored
for clinical signs for 14 days (three times daily for
9 days, twice· a day for 4 days and once a day for
one day). The pigs were bled weekly for APP
antibody titers. On day 54 after challenge, the
pigs were re-inoculated as described above,
The pigs were monitored for clinical signs twice
daily for 7 days. The pigs were moved off-site on
day 97 where the pigs were placed in separate
nursery rooms and fed a commercial grow-finish
diet and bled weekly to day 135 post-challenge.

In both gnotobiotic studies, the pigs were
exposed to unfiltered air when the isolettes were
opened in each room at 23 days of age. The
gnotobiotic pigs were then fed a starter pellet
containing Apralan ™ and treated with oral
chlortetracycline at a rate of 1O mg/lbs for 5
days.
The pigs were tagged and their
temperatures recorded each day. After 4 days,
the pigs were removed from the isolettes and
placed on the floor. The pigs were kept on a
pelleted diet for 2 weeks and then phased unto a
non-medicated meal diet.

Clinical signs: In all three studies, clinical
observations were made prior to challenge and
for 7-14 days post challenge.

Challenge: Pilot Study- Three pigs were
inoculated intranasally with 1 ml of APP serotype
5 using 1/2 ml/nostril: one pig with 1 ml of
5
10 cfm/ml, one pig with 1 ml of 106 cfm/ml, and
one pig with 1 ml of 107 cfm/ml. Four pigs in
another isolation room were inoculated
intranasally with A. suis: one ,p_ig with 1 ml of
4
10 cfm/ml, one with 1 ml of 10 cfm/ml, one with
6
1 ml of 10 cfm/ml, and one with 1 ml of
7
10 cfm/ml. The pigs were monitored for clinical
signs twice daily for 14 days.

Necropsy: In the pilot and gnotobiotic
study 1, all animals were euthanized, necropsied·
and tonsils and bronchial lymph nodes were
cultured. In gnotobiotic study 2, only animals
that.died were necropsied and cultured.
Sample Collection: Blood samples were
collected bi-weekly for the pilot study and weekly
for the gnotobiotic studies by venipuncture.
Nasal swabs were collected by ·restraining the
pigs and swabbing each nostril with. a cotton
tipped applicator.
.These swabs were
immediately submitted to the SDSU Diagnostic
Laboratory Bacteriology Section for analysis.

Gnotobiotic Studies The gnotobiotic animals
were challenged at 36-43 days of age. Prior to
challenge, serum samples were collected from
each pig. In Gnotobiotic Study 1, the three APP
challenged
pigs
were
each
inoculated
intranasally with Y:, ml/nostril (1 ml total) of
6
10 cfu/ml of APP serotype 5. The three A. suis
pigs were each inoculated with 1 ml of 106 cfu/ml
of a mixture of A. suis isolates #9, #12, and #24.
The two control pigs were inoculated with media.
The pigs were monitored for clinical signs twice

Serological Testing: At the end of each study
2 ml of serum from each sampling was aliquoted
into four 0.5 ml aliquots. One aliquot was then
sent to Kansas State University for APP HNT.
The cutoff for the HNT test were <3000 negative,
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3001-6000 suspect and >6000 were positive. A

All pigs developed moderate diarrhea on days 7
or 8.

second aliquot was sent to Oxford Laboratories
for APP serotype 5 ELISA titers (ELISA-0). The
cutoff for the ELISA-0 was < 0.3 negative and
>0.3 positive. A third aliquot was sent to
University of Montreal for APP serotype 5 ELISA
titers (ELISA-M). The cutoff for ELISA-M was
<0.29 negative, 0.30-0.39 suspect and .0.40
positive. The last sample was sent to Iowa State
University for APP CF titers.

Challenge 2: There were no elevated
temperatures or clinical scores throughout the
one-week observation period.
One pig
developed a severe lameness and respiratory
distress on day 118 and was treated with
Procaine Penicillin G for three days (10,000
units/lbs).

Results

A. suis Group: Challenge 1: One pig had an
elevated body temperature on day 5 and day 6
and two pigs had elevated body temperatures on
days 7 and 13. One pig was slightly depressed
and panting on day 2 and had moderate
depression on day 13. This pig was treated on
day 2 and two pigs were treated on day 13 with a
single dose of Excenel (ceftiofur hydrochloride,
Pharmacia-Upjohn) at 2 mg/lbs intramuscularly.
One pig died on day 23.

Bacterial cultures: Identification of the
challenge cultures submitted to the SDSU
Bacteriology Section indicated the cultures were
APP and A. suis. Pre-challenge nasal swabs
from all the studies had normal bacterial flora.
Clinical signs and treatment: Pilot study
None of the animals developed clinical signs.
Gnotobiotic Study 1

Challenge 2: There were no elevated
temperatures or clinical scores throughout the
one-week observation period.

Control Pigs: There were no elevated
temperatures or clinical scores throughout the
study in this group.

APP Group: Challenge 1: One pig had an
elevated body temperature on days 4 and 6 and
two pigs had an elevated body temperature on
day 6. Six of the APP group exhibited moderate
to severe depression ·on day 5. One pig ·died on
day 6 and one pig died on day 7. The remaining·
6 pigs were treated for 4 days with Excenel at
2 mg/lbs intramuscularly on days 7-10.

A. suis Group: There were no clinical signs
in the A. suis group following either challenge.
APP Group: Challenge 1: One pig had a
temperature of 104.5 on day 4, and was treated
once a day for three days with Naxcel · at
2 mg/lbs. On day 7, this same pig developed a
swollen left hock and was treated with Procaine
Penicillin G at 10,000 units/lbs sid for 4 days.
On day 9, the synovial space on the left hock
was tapped for culture. Culture results found
only a few fecal Streps.

Challenge 2: There were no elevated
temperatures throughout the one week
observation.
One pig developed moderate
depression on days 60-62 (10-12 days following
second challenge).

Challenge 2: On day 45 (3 days following the
second challenge), three APP pigs developed a
fever and were treated with Naxcel (ceftiofur
hydrochloride, Pharmacia-Upjohn) at 2 mgnbs.
On day 46, a fourth pig, who was an unthrifty pig,
50% smaller than his cohorts, developed a fever
and died. On day 56 one pig's head was swollen
on the left side. The pig was treated with Naxcel
at 2 mg/lbs. The pig returned to normal by the
next day.

Necropsy results: Pilot study: There were no
gross lesions in any of the pigs. Bacterial
cultures from the tonsil and bronchial lymph
nodes contained normal bacterial flora with the
exception of one pig that had a Streptoccus suis
isolation (data not shown).
Gnotobiotic Study 1

All pigs were necropsied at day 90 unless
otherwise noted. There were no gross lesions or
significant bacteria in the control pigs.

Gnotobiotic Study 2.
Control Group: Challenge 1: These pigs
had slightly elevated body temperatures on day 5
and 6 that returned to normal without treatment.

A. suis group: One pig had adhesive
pericarditis but no bacteria was isolated.
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APP: No App titers were detected with any
test until following the second challenge. The
APP HNT test detected all three APP-infected
pigs (Table 2). The first pig was detected by two
weeks post challenge and by one month for all
three pigs (Table 2). Two of APP pigs,
developed ELISA titers (Table 2). One pig's
APP titer was detected by both ELISA tests. The
average HNT titers for the APP group were
higher than those for the A. suis group (Table 3).
The ELISA-M test detected APP titers one week
after infection compared to two weeks with the
ELISA-0. The ELISA-M detected one more pig
than the ELISA-0. This was detected two weeks
post challenge. One pig was negative by both
APP ELISA tests. This pig approached the
ELISA-M cutoff of 0.30 but was always below it.
The CF test did not detect any serological
positive animals (Table 2).

Bacterial cultures of the tonsil and bronchial
lymph node of the A. suis group were negative.
APP group: The necropsy of the pig that
died on day 46 indicated that the animal was
emaciated and only hemolytic E.coli was isolated ·
from the intestine and no bacteria were isolated
from the lung or pericardium. One pig had a
focal abscess in the left lung. The right apical
lobe of the lung was adhered to the pericardia!
sac.
The heart had chronic adhesive
pericarditis. No bacteria were isolated from
these lesions. Bacterial cultures of the tonsil and
bronchial lymph node were negative.
Gnotobiotic Study 2

Only pigs that died were necropsied.
A. suis group: One pig that died on day 23
was necropsied. This pig had a reddening of the
left-middle lung lobe. A. suis was isolated in
heavy growth from lung and liver. No other
pathogens were isolated.

Gnotobiotic Study 2

Control pigs: One pig developed positive
HNT titers at day 126. This was 10 days after
this pig developed severe respiratory signs and
lameness. At day 135, all four control pigs were
HNT positive with an average HNT of 9908. The
other three APP serology tests were negative at
all time points for all pigs (data not shown).

APP 5 Group: Two pigs were necropsied.
Both pigs had pleuritis, peritonitis and
pericarditis.
This was characterized by
fibrinopurulent exudate. Pure cultures of APP
were isolated from both pigs.
No other
pathogens were isolated.

A. suis Group: HNT test detected all of A.
suis challenged animals. The first detection
was on day 21 in 1 of 6 animals. At day 28, 4 of
7 animals were positive;at days 35and 42, 6 of 7
were positive; and at day 49, 7 of 7 animals
were positive (Table 4). These titers continued
to increase in most animals at levels higher than
that seen with APP (Table 6). The HNT levels
were still high at the end of the study (Table 6).
ELISA-M did not detect any positive animals
using the cutoff of 0.3 (Table 3). Titers were
consistently at background throughout the study.
The ELISA-0 did not detect any suspect or
positive animals using their S/P cutoff of 0.3
(Table 4). All of the pigs were at background
levels. APP 5 CF test did not detect any positive
pigs throughout the study period (Table 4).

Serology
Pilot study: No serological titers developed in
any pig at any time point.
Gnotobiotic Study 1:

Control pigs: The control pigs developed no
APP serological titers (data not shown).
A. suis pigs: No APP titers were detected
with any test until following the second
challenge. All three pigs developed HNT
following the second challenge.
Two pigs
developed HNT 3 weeks following re-infection
(Table 1). These titers increased in both pigs in
subsequent weeks and the final titer in the pigs
was comparable to titers seen with the APP
infected pigs. One pig developed a HNT one
month after re-infection and this titer increased in
the last week of the experiment (Table 1 and 3).
The A. suis pigs developed no titers detected by
either ELISA test (ELISA-M or ELISA-OJ or
complement fixation (CF) (Table 1).

APP Group: HNT test detected APP 5
seropositive animals. The first detection was
made on day 42 in 1 of 6 animals (Table 5). By
day 49, 2 of 6 animals were positive and by day
56, 6 of 6 animals were positive (Table 5).
These titers continued to increase in most
animals and then they began to decline by the
end of the study (Table 6). All animals were still
seropositive at the end of the study (Table 5).
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APP 5 ELISA·M did not detect any suspect or
positive animals using the cutoff of 0.3 (Table 5).
The APP 5 ELJSA-0 did not detect any positive
animals (Table 5). APP 5 CF test did not detect
any pigs throughout the study period (Table 5).

from this experiment, future studies can be done
in high health pigs of known health status to
minimize expense and increase the numbers of
animals in each group to make statistical
analysis of serological results possible.

Discussion

The results of the second experiment were
different than the previous experiment.
Clinically, fewer pigs developed elevated body
temperatures in this trial but sudden death was
seen with this trial while no sudden deaths were
The
observed in the previous experiment.
serology results were similar with regard to the
poor specificity of the HNT test, the higher
sensitivity of the HNT test and the total
insensitivity of the CF test. The ELISA test
results were different between studies. In the
first study, the ELISA-M detected 2 of 3 APP 5
infected animals and the negative animal was
0:27. The levels of 3 of the 6 pigs in this study
were at 0.24-0.29. The ELISA-0 detected 1 of 3
in the first test but in this experiment all animals
were negative.

Three major conclusion were reached with
the two gnotobiotic studies: 1) the specificity of
the HNT test is poor; 2) the sensitivity of the
tests in rank from highest to lowest is:
HNT>ELISA·M>ELISA-0; and 3) the CF test
was totally insensitive in this experiment. In
these experiments it is clear that the HNT can
not discriminate between A. suis or APP infected
pigs. This is not suprising considering how
closely the RTX toxin is related between the two
species of bacteria2•3•4 . In the first experiment,
the highest HNT liters in either group were in the
animals that developed the most severe
pathological lesions. This is also true for the
ELISA·M test where the highest values were
seen in the APP animal with severe lesions and
this was the only animal detected by the ELISA·
0. The use of therapeutic antibiotics in one of
the APP animals probably prevented this pig
from developing a high immune response. In
the second experiment, the A. suis pigs had
higher HNT titers than the APP challenged pigs
(Table 6).

What factors could have accounted for these
differences? The two challenge doses used in
this experiment were the same as the second
challenge dose used in the previous experiment
(10 7 colony forming units). The same seed
bacterial cultures were used. The environment
and rooms used for the first 12 weeks were
exactly the same. The major difference was in
the genetics of the pigs. In the first study, the
gnotobiotic pigs were Babcock genetics. In this
study, the pigs were predominately Yorkshire.

A problem in this first experiment was
developing a consistent challenge model.
Because of the unknown pathogenesis of APP
and A. suis in gnotobiotic pigs, a very
conservative approach was taken. It is clear that
at least 107 cfu of APP are needed in gnotobiotic
pigs to cause disease. The use of a intranasal
cannula for inoculation also maybe important. A
third consideration is minimizing the use of
antibiotics in the feed or water as these could
have hampered the first challenge in the
gnotobiotic pigs. From the knowledge gained

From the knowledge gained from this
experiment, future studies can be done in high
health pigs of known health status to minimize
expense and increase the numbers of animals in
each group to make statistical analysis of
serological results possible.
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TABLE 1 SEROLOGY GNOTOBIOTIC PIGS TRIAL 1-A. SUIS*
Day
O Challenge 1

7
14
21
28
35
42 Challenge 2
49
56
63
71
78

HNT'

ELISA-M

0/3
0/3
0/3
0/3
0/3
0/3
0/3
0/3
0/2#
2/3
3/3
3/3

0/3
0/3
0/3
0/3
0/3
0/3
0/3
0/3
0/3
0/3
0/3
0/3

2

ELISA-0

3

CF-ISU

4

0/3
0/3
0/3
0/3
0/3
0/3
0/3
0/3
0/3
0/3
0/3
0/3

0/3
0/3
0/3
0/3
0/3
0/3
0/3
0/3
0/3
0/3
0/3
0/3

*number of pigs positive/total number of pigs.
1
Hemolysin Neutralization Titer-Kansas State University
2
APP 5 ELISA-University of Montreal
3
APP 5 ELISA-Oxford Laboratories
4
APP 5 Complement Fixation-Iowa State University
# one sample was not tested

TABLE 2 SEROLOGY GNOTOBIOTIC PIGS TRIAL 1-APP*
Day
O Challenge 1

7

14
21
28
35
42 Challenge 2
49
56
63
71
78

HNT'

0/3
0/3
0/3
0/3
0/3
0/3
0/3
0/3
1/3
1/3
3/3
3/3

ELISA-M

2

0/3
0/3
0/3
0/3
0/3
0/3
0/3
1/3
2/3
2/3
2/3
2/3

*Number of pigs positive/total number of pigs.
1
Hemolysin Neutralization Titer-Kansas State University.
2
APP 5 ELISA-University of Montreal.
3
APP 5 ELISA-Oxford Laboratories.
4
APP 5 Complement Fixation-Iowa State University.
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ELISA-0

0/3
0/3
0/3
0/3
0/3
0/3
0/3
0/3
1/3
1/3
1/3
1/3

3

CF-1su•
0/3
0/3
0/3
0/3
0/3
0/3
0/3
0/3
0/3
0/3
0/3
0/3

TABLE 3 COMPARISON OF HNT BETWEEN A. SUIS AND APP IN
GNOTOBIOTIC TRIAL 1
Day
O Challenge 1

No. positive

Average HNT-

A suis HNT'

A suis

1030
0/3
2104
7
0/3
1938
14
0/3
1666
21
0/3
1857
28
0/3
1742
35
0/3
1134
42 Challenge 2
0/3
1190
0/3
49
2777
56
0/2#
5930
63
2/3
10397
71
3/3
17163
3/3
78
'Number of pigs positive/total number of pigs.
# One sample was not tested.

No. Positive APPHNT'
0/3
0/3
0/3
0/3
0/3
0/3
0/3
0/3
1/3
1/3
3/3
3/3

Average HNT-APP
2088
1589
2039
1508
1576
1417
1037
1291
3495
8427
25164
20012

TABLE 4 SEROLOGY GNOTOBIOTIC PIGS TRIAL 2-A. SUIS*
Day

o Challenge 1
7
14
21
28
35
42
49
56 Challenge 2
63
70

77

HNT
0/8
0/8
0/8
1/6.#
4/7
6/7
6/7

717
717
717
6/6#

717
717
717
717
717
717
717
717
717

ELISA-M
0/8
0/8
0/8

on·

0/7
0/7

ELISA-0
0/8
0/8
0/8

CF-ISU
0/8
0/8
0/8

011·
017

011·

0/7

017

0/5#

017

017

0/7

0/7
0/7
0/7
0/7

0/7
0/7
0/7

017
017
017
017

017

84
0/7
91
0/7
98
0/7
105
0/7
112
0/7
119
0/7
017
126
017
134
'Number of pigs positive/total number of pigs.
1
Hemolysin Neutralization Titer-Kansas State University.
2
APP 5 ELISA-University of Montreal.
3
APP 5 ELISA-Oxford Laborato~ies.
4
APP 5 Complement Fixation-Iowa State University.
•one.animal died.
#Animal'(s) sample was not tested.
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017
017
017
0/7
0/7
0/7
0/7
0/7
0/7

017

0/7
0/7
0/7

017
0/7
0/7

017
0/7
0/7

TABLE 5 SEROLOGY GNOTOBIOTIC PIGS TRIAL 2-APP"
Day
o Challenge 1

7
14

21
28
35
42
49
56 Challenge 2

63
70

HNT'

0/8
0/6.
0/6
0/6
0/6
0/6
1/6
2/6
6/6
6/6
6/6

77

6/6

84
91

6/6

6/6

98
105

6/6

112

6/6
6/6
6/6

119

126
134

6/6

ELISA-M 2

ELISA-0 3

CF-1su•

0/8

0/8

015•

015•

015•

0/6
0/6
0/6
0/6
0/6
0/6
0/6
0/6
0/6
0/6
0/6
0/6
0/6
0/6
0/6
0/6
0/6
0/6

0/6
0/6
0/6
0/6
0/6
0/6
0/6
0/6
0/6
0/6
0/6
0/6
0/6
0/6
0/6
0/6
0/6
0/6

0/6
0/6
0/6
0/6
0/6
0/6
0/6
0/6
0/6
0/6
0/6
0/6
0/6
0/6
0/6
0/6
0/6
0/6

6/6
*Number of pigs positive/total number of pigs.
1
Hemolysin Neutralization Titer-Kansas State University.
2
APP 5 ELISA-University of Montreal.
3
APP 5 ELISA-Oxford Laboratories.
4
APP 5 Complement Fixation-Iowa State University.
•Two animals died.
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0/8

TABLE 6 COMPARISON OF HNT BETWEEN A. SUIS AND APP IN GNOTOBIOTIC
TRIAL2
Day
O Challenge 1

7

No. Positive A suis
HNT*
0/8
0/8
0/8
1/6+#

Average HNT-

14
21
28
4/7
35
6/7
42
6/7
717
49
717
56 Challenge 2
63
717
70
6/6#
77
717
84
717
91
717
98
717
105
717
112
717
1_19
717
126
717
717
134
*Number of pigs positive/total number of pigs.
+One animal died.
••Two animals died.
#One sample was not tested.

A. suis

4958
5528
5229
9154
11266
17756
17123
14262
20177
22699
25515
28454
38699
30195
35400
33200
24782
19983
30198
34355
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No. Positive APPHNT*·
0/8

015••
0/6
0/6
0/6
0/6
1/6
2/6
6/6
6/6
6/6
6/6
6/6
6/6
6/6
6/6
6/6
6/6
6/6
6/6

Average HNT-APP
4893
1482
1569
1494
1555
1989
.4047
5797
25012
21366
22287
19094
22686
28364
18344
21443
15618
16205
17842
16094

Effect of nursery pen group size oh performance and weight
variation of pigs weaned at 10 to 20 and 20 to 30 days of age
G. W. Libal
Department of Animal and Range Sciences

SDSU

SWINE 2001 - 27
Older pigs - 24 light and 24 heavy pigs in
separate smaller pens
Young pigs - 24 light and 24 heavy pigs in one
large group pen
Older pigs - 24 light and 24 heavy pigs in one
large group pen.

Current trends in the swine industry are for
management of pigs in larger groups well
beyond that which has been recommended.
With larger groups there is the potential for
higher stocking rates because of more effective
pig space per pen; savings in cost of dividing
fences, and, in some cases, feeding equipment.
However, with larger groups, more initial weight
variation within a pen would be expected due to
less sorting and more social competition
because of more pigs per pen. It is unclear if
these potentially negative factors would result in
poorer pig performance during the nursery
period and/or more weight variation as pigs
leave the nursery negating the savings in fixed
building costs. The research reported herein
was designed to evaluate the effect of doubling
nursery pig group size from 24 to 48 on
performance, survival, and weight variation for
pigs weaned at 1O to 20 and 20 to 30 days of
age and provided the .same unit of floor space
per pig.

Two farrowing groups were utilized in the
experiment with each farrowing group being a
replicate over time.
Each farrowing group
contributed 196 pigs (8 groups of 24 pigs) for a
total of 392 pigs.
Pigs were housed in two identical nursery
rooms at the SDSU Swine Research Center.
Older pigs were penned on Tri-bar metal flooring
and younger pigs were housed on vinyl flooring.
Both groups were. provided with an .adequate
warm, solid sleeping area supplied by heat-pad
supplemental heat. In addition, the nursery
rooms were at 30°C (86°F) at the beginning of
the trial and the temperature was reduced
weekly to 20°C (70° F) by the end of the triaL
Younger pigs were on test for 35 days and older
pigs were on test for 28 days. Therefore, end
weights were for pigs of the same age,
averaging approximately 52 days of age. A
commercial phase-I diet was provided to the
younger pigs for 2 weeks and the older pigs for
1 week followed by a commercial phase-II diet
for 3 weeks. The diets contained Carbodox.
For each age group, rectangular .pens were
utilized which provided 17;8 sq. m. (96-sq. ft.) of
total pen space for 48 pigs. Three feeders were
placed at each end of the rectangle and two
nipple waterers were placed along the sides
·near each end of the rectangle. The heat pads
were in the center of the rectangular pen. For
the groups of 46 pigs, the entire pen was utilized
to house the mixed 24 light and 24 heavy pigs.
For the groups with 24 pigs, the rectangular pen
was divided down the middle over the heated
sleeping area to form two pens, one for the 24
light pigs and one for the 24 heavy pigs.

(Key Words: Weaned pigs, Nursery group size,
Age at weaning.)
Experimental Procedure
All litters of a contemporary farrowing group
were weaned when the average age of the pigs
was 20 days. The farrowing group was divided
into two groups, 20 days of age and less and 20
days of age and more (96 older pigs and 96
younger pigs). From within each age group two
subgroups (48 pigs) were formed stratified by
weight, sex, -and litter. Each subgroup was
further divided based on individual pig weight
(24 lighter pigs and 24 heavier pigs). These
groups were penned as combined groups of 48
pigs or two groups of 24 sorted by weight.
Resulting treatments evaluated were:
Young pigs - 24 light and 24 heavy pigs in
separate smaller pens
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Results

Individual pig weights were obtained weekly.
Pig weights, gain, and estimates of variation
were obtained for groups of 24 heavy pigs and
24 light pigs whether penned separately in
groups of 24 or penned in groups of 48 pigs.
Feed intake, adjusted for collected wastage, was
obtained for each pen on a weekly basis. Feed
data were obtained by pen and analyzed on the
basis of groups of 48 pigs. The data were
analyzed as a randomized block design with a
factorial arrangement of age and group size
blocked over time. It was recognized that time
on trial and floor-type utilized for each group of
pigs were confounded with age of pig and it was
expected that performance between age groups
Of interest was if this
would be different.
confounding would contribute to an interaction
between age at weaning and group size of
nursery pen.

The means for the effect of nursery pen
group size are shown in Table 1. Of the two
groups of 192 pigs that began the experiment in
one pen of 48 pigs or in two pens of 24 pigs, 183
pigs survived in each ,group. Average pen gain
and average pen feed intake were similar
(P>.10). Gain/feed was the same (P>.10) for
pigs penned in groups of 48 pigs or two groups
of 24 pigs sorted by weight
The effect of age at weaning on pig nursery
performance is shown in Table 2. Average pen
weight gain and average pen feed intake were
not different (P> .10) between groups of pigs
weaned at less than 20 days of age or more
than 20 days of age. However, gain/feed was
greater (P<.05) for the older pigs. Older pigs
were on test 28 days and younger pigs, 35 days.
Table 3 summarizes the effects of the 2 x 2
factorial of age at weaning and nurst;iry pen
group size on pen pig performance.

TABLE 1. EFFECT OF NURSERY PEN GROUP SIZE ON PIG NURSERY
PERFORMANCE•
Pen group size
Item
No. of pigs, initial
No. of pigs, end
Pig survival, %
Avg pen gain, kg
Avg pen feed, kg
Gain/feed
•Pen data for two replications of 192

24 +24
192
183
95.3
526.0
776.9
.68

48 mixed
192
183
95.3
525.7
778.1
.67
pigs each.

SE

25.9
27.8
.002

TABLE 2. EFFECT OF AGE AT WEANING ON PIG NURSERY PERFORMANCEa
Age at weaning
Item
Young
No. of pigs, initial
192
179
No. of pigs, end
93.2
Pig survival, %
556.5
Avg pen gain, kg
Avg pen feed, kg
851.7
Gain/feed"
.66
•Pen data for two replications of 192 pigs each.
• Age effect (P<.05).
Average pen gain and average pen feed
intake were not affected (P<.10) by the

Old
192
187
97.4
495.2
703.3
.70

SE

25.9
28.8
.002

combination of age at weaning and pen group
size. However, there was an age at weaning by
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both groups of pigs are at approximately 52
days of age. Gain was affected by age at
weaning for pigs between <27 and <35 days of
age (P<.01) and the last week of the trial
(P<.10). Allotment to weight groups affected
weights and gain at all points throughout the
trial. Lighter pigs were lighter and gained less at
all stages. Pigs penned in groups of 24 had
heavier weights (P<.05) at <35 and <42 days
and had greater gains (P<.10) during the last
week of the trial than pigs penned in groups of
48.

pen group size interaction for gain/feed. Pen
management did not affect gain/feed for older
pigs, but mixing of 48 pigs in one pen reduced
gain/feed compared to penning pigs 24 per pen
sorted by weight for younger pigs.
Table 4 lists the least square means for pig
weights and gain on a weekly basis throughout
the trial. These were analyzed by age of pig and
not by the time after weaning. Because the
young pigs were on test 35 days and the older
pigs were on test 28 days, the final weights for

TABLE 3. MEANS FOR INTERACTIONS OF AGE AT WEANING AND NURSERY
PEN GROUP SIZE FOR PIG NURSERY PRODUCTION"
Old

Young
48 mixed
24 + 24
Group size
No. of pigs, initial
96
96
No. of pigs, end
89
90
92.7
93.8
Pig survival, %
541.5
571.6
Avg pen gain, kg
845.6
857.9
Avg pen feed, kg
Gain/feedbc
.64
.67
"Pen data for two replications of 192 pigs each.
bAge effect (P<.05).
·
'Age x group size interaction (P<.10).

24 +24
96
93
96.9
480.9
696.0
.69

48 mixed
96
94
97.9
509.9
710.6
.70

SE

36.6
39.3
.003

TABLE 4. LEAST SQUARES MEANS FOR PIG WEIGHTS AND PIG GAIN AS
AFFECTED BY AGE AT WEANING, NURSERY GROUP SIZE, AND WEIGHT OF
PIG AT WEANING"
Old

Youn9
Item
Pig weights, kg
<20 days oldb
<27 days oldbc
<35 days oldbc1
<42 days oldbr
<48 days oldb
<56 days oldb
Pig gain/da~, g
6
<20 - <27
<27 • <35bc
<35 - <42b
<42 - <48b
<48 - <58bde

Group of 48
Light
He~

Groups of 24
Light
Hea~

Li9ht

Hea~

4.53
5.04
6.84
8.76
11.69
15.58

4.46
4.92
6.94
9.18
12.21
16.27

6.32
7.34
9.62
12.93
16.39

8.88
9.72
12.18
16.04
20.15

6.31
7.09
9.53
12.11
16.11
20.31

6.39
7.04
. 9.88
12.64
16.09
20.51

73
111
66
9
373
470
400
481
404
507
425
502
482
585
495
562
556
599
632
579
"Individual pig data; two replications of 192 pigs each.
bWeight effect (P<.01 ).
'Age effect (P<.01 ).
• Age effect (P<.10).
"Group size effect (P< .05).
'Group size effect (P<.10).
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Group of 48

359
426
474
494

402
496
568
586

Groups of 24
Li9ht
Heavl

6.54
7.61
9.84
12.87
16.71

362
438
482
548

8.89
9.92
12.25
15.61
19.91

392
473
541
614

age, after 28 days for older pigs, and after 35
days for younger pigs. None of the means
presented in the table have been subjected to
statistical analysis.
However, coefficients of
variation (CV) were calculated from the raw
means and the individual standard error of those
means for the eight resulting treatment groups.
Differences in age at weaning and allotment to
light and heavy outcome groups caused a range
pigs, respectively. Thus, for average pig weight
leaving the nursery and· for weight variation at
the end of the nursery period, it would appear
that housing pigs in groups of 24 sorted by
weight into heavy or light groups was of no
advantage over housing pigs in groups of 48
with the whole array of weights of pigs in one
pen. Pig survival was high in the weaning
groups studied.

Raw means for pigs included in the eight
treatments, the result of the weaning age x pen
group size x weight within weaning age
interaction, are shown in Table 5. Initial Wfe!ights
were the average of 4S: pigs from two
replications of pigs that were penned in groups
of 24 or 48 pigs. Final weights. were the average
of the pigs still left in the pens at the end of the
trial when the pigs averaged about 52 days of
of initial average group weights from 4.46 to
8.89 kg. However, the CV for average initial
weight for pen group size was similar within
weaning ages and weight groups. At ,the end of
the trial, means and CV for final weights by
nursery pen group size remained similar. In
addition, average final weights for young and old
pigs were similar within weight groups because
of the-28 and 35 days on test for old and young

TABLE 5. INITIAL AND ENDING PIG WEIGHTS AND ESTIMATES OF VARIATION
WITHIN PENS AS AFFECTED BY AGE AT WEANING, NURSERY GROUP SIZE,
AND WEIGHT OF PIG AT WEANING"
Old

Young
Groue of 48
Light
Heavy

Groues of 24
Light
Heavy

Item
Initial
48
No. of pigs
48
48
Pig wt, kg
4.53
6.31
4.46
14.8
14.3
13.2
CV,%
Ending
No. of pigs·
43
43
46
Pig wt, kg
15.59
20.29
16.25
15.3°
17.9
19.8
CV,%
Trial
Survival, %
89.6
95.8
89.6
Gain/day, gb
315
400
337
•Raw means for two replications of 192 pigs each.
bCalculated from least squares average initial
respectively, for young and old pigs.

Groue of 48
Light
Heavy

Groues of 24
Light
Heavy

48
6.39
14.9

48
6.32
23.3

48
8.88
20.9

48
6.54
25.2

48
8.89
21.3

47
20.50:
18.8

46
16.39
17.6

48
20.15
15.8

46
16.71
20.2

47
19.96
14.9

97 .9
403

95.8
360

100.0
402

95.8
363

97.9
394

and final weights divided by 35 and 28 days,

Means for percentage of survival were equal
to or higher for pigs weaned at an older age than
pigs weaned at a younger age. In all cases, pig
survival was higher for the heavier pigs within an
age group than the lighter pigs. Pig survival was
equal between pigs penned in groups of 24 or
48 pigs within age at weaning and weaning
weight group. Because all pigs· that began the
trial did not survive, a true average daily gain
could not be calculated. An estimate of average
daily gain was made for· the trial utilizing the
least squares means for average initial pig
weight and average final pig weight and 28 or 35

days on test for young and old pigs,
respectively. Those are presented in this table.
Average pig gain for the trial was greater for
older pigs than younger pigs and greater for
heavier pigs than lighter pigs within weaning age
groups. However, size of group in which pigs
were penned, 24 or 48, appeared to not affect
gain for the trial.
Although age of weaning and weight of. the
pig within an age group weaned will influence
nursery performance, the results of .this trial
provide little evidence to suggest a detrimental
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effect on gain, feed intake, gain/feed, pig
survival rate, or variation in weight when
removed from the nursery when pigs are penned
in groups of 48 compared with groups of 24
sorted by weight.

gain/feed for older pigs, but mixing of 48 pigs in
one pen reduced gain/feed compared to penning
pigs 24 per pen sorted by weight for younger
pigs.
Allotment to weight groups affected
weights and gain at all points throughout the
trial. Lighter pigs were lighter and gained less at
all stages.

Summary
Two farrowing groups were utilized in the
experiment with each contributing 196 pigs as a
replicate over time. All litters of a contemporary
farrowing group were weaned when the average
age of the pigs was 20 days. The pigs were
divided into two groups, 20 days of age and less
and 20 days of age and more (96 older pigs and
96 younger pigs). From within each age group
two subgroups (48 pigs) were formed stratified
by weight, sex, and litter. Each subgroup was
further divided based on individual pig weight
(24 lighter pigs and 24 heavier pigs). These
groups were penned either as a combined pen
of 48 pigs or as two separate pens of 24 pigs
divided by weight.

There was no evidence for increased
variation in weight when pigs were penned in
groups of 48 compared to groups of 24 sorted
by weight. Coefficients of variation were the
same for both groups as were the means for
final weight. Pig survival was not affected by
nursery pen group size. Heavier pigs had a
higher percentage of survival than light pigs
within each age group.
Implications
It has been common practice to sort pigs
into uniform, small groups for the nursery period.
The results of this study give little evidence to
support the use of smaller nursery pen group
size. Final weights and variation in weight were
the same for pigs penned in groups of 48 pigs
with a whole range of pig weights or penned in
two groups of 24 pigs sorted by weight. Pen
space per pig was kept constant for this study. It
is probable that larger groups of pigs could be
penned with greater pig density because of
more effective pen space in larger pens.

Younger pigs were on test for 35 days and
older pigs were on test for 28 days so that end
weights. were for pigs approximately 52 days of
age. A commercial phase-I diet was provided to
the younger pigs for 2 weeks and the older pigs
for 1 week followed by a commercial phase-II
diet for 3 weeks. Rectangular pens were utilized
with three feeders placed at each end of the
rectangle, two nipple waterers placed along the
sides near each end, and heat pads in the
center of the rectangular pen. For the groups of
48 pigs, the entire pen was utilized to house the
mixed 24 light and 24 heavy pigs. For the
groups with 24 pigs, the rectangular pen was
divided down the middle over the heated
sleeping area to form two pens, one for the 24
light pigs and one for the 24 heavy pigs.

The response of pigs to group size was the
same for pigs weaned at less than 20 days of
age and those weaned at more than 20 days of
age except for gain/feed. Younger pigs had
better gain/feed when penned in groups of 24.
At the same final age, pigs weaned at different
ages weighed the same, indicating no
advantage or disadvantage to earlier weaning.
However, pigs weaned at an older age had a
higher survival rate after weaning that resulted in
better gain/feed.

Of the 192 pigs in each group that began the
experiment, either in one pen of 48 pigs or in
two pens of 24 pigs, 183 pigs survived in each
group. Average pen gain, average pen feed
intake, and gain/feed were similar for pigs
penned in groups of 48 pigs or two groups of 24
pigs sorted by weight. Nursery pen group size
affected pig weights at <35 and <42 days of age
and affected gains between <48 and <56 days
of age. Gain/feed was greater for the older pigs
than younger pigs.
There was an age at
weaning by pen group size interaction for
gain/feed.
Pen management did not affect

Within groups of pigs of the same age at
weaning, lighter pigs remained lighter and
gained at a slower rate as well. This occurred
regardless of size of nursery pen group. It
would appear that the potential for increased
weight variation in a pen is greater for pens
composed of light and heavy pigs of the same
age than for increasing the size of the group of
pigs in the pen.
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The effects of environmental conditions on
performance of growing pigs (30-50 kg) were
studied over a four-week period. Pigs were
exposed to natural occurring diurnal temperatures
and a constant 32°C ambient temperature during
normally hot weather conditions and constant
21 and 10°C ambient temperature conditions
during cold weather.
For each temperature
treatment pigs were divided into single, 9 and 18
head per pen groups. The constant 32°C ambient
temperature had a significant (P<0.05) effect on
average daily gain and feed intake. Average daily
gains were reduced from 0.72 to 0.64 kg/d and
average daily feed intake was reduced from 1.53
kg/d to 1.36 kg/d when comparing pig
performance from the naturally occurring diurnal to
constant 32°C temperature treatments. The 10°C
cold weather treatment had no significant {P>0.05)
effects on overall pig performance. Pigs from the
10°C treatment gained at a rate of 0. 72 vs
0.74 kg/d for pigs in the 21°C treatment. Average
daily feed intake was 1 .61 kg/d for pigs at 10°C
versus 1.64 kg/d for pigs at 21°C. The 9 and 18
pigs per pen group size had no significant effect
on pig performance in any of the temperature
treatments. Pen microenvironments varied
considerably with each temperature treatment. Pig
and floor surface temperatures were significantly
affected by temperature and group size. During
the cold weather tests the pigs housed in the
single pigpens had significantly (P<0.0001) lower
surface temperatures than the pigs from the 9 and
18 pigs per pen group. The objective of the study
was to determine the effects of maintained warm
or cold temperatures and group size on growing
swine and characterize the pen environment for
each condition.

Experimental Procedure
Environmental and swine growth studies were
conducted at a newly remodeled mechanically
ventilated swine growing and finishing facility
localed at South Dakota State University's
Southeast Station Experiment Farm near
Beresford, SD. The growing and finishing swine
research facility was divided into two 11 x 6.1
meter (m) rooms with 8 pens per room. The
ventilation and heating system in each room
consisted often (5 on each side) counterweighted
bi-flo ceiling air inlets, three variable speed fans,
one variable 5857-11715 watt supplemental unit
heater and programmable controller.
All
ventilation components were commercially
available and commonly used by swine producers.
Hot weather treatments consisting of three 28day replications compared the performance of
growing pigs exposed to 1) 21°C plus natural
diurnal variations in ambient air temperature and
2) a steady state hot temperature condition of
1
32°C. These trials were conducted from June 4 "
1
1
to July 9 ", July 16 " to August 20th and from August
27'" to October 1". 1997. Pigs were acclimated for
one week prior to each 28-day test period at 21°C
plus any natural diurnal temperature variations.
Cold weather treatments consisting of three 28day replications compared the performance of
growing pigs exposed to steady state 1) 10°C and
2) 21°C ambient air temperature conditions. The
three replications of cold weather trials were
1
conducted from November 18 " to December 23'0 ,
1
1997; from January 6 " to February 1o'" and from
1
February 27 " to March 27'\ 1998. Pigs were
acclimated for one week .prior to each 28-day test
period at a steady state temperature of 21 °C.

(Key words: growing swine, temperature,
environment, surface temperatures and group
size)

Each room was stocked with between 60 to 69
barrows and gilts, depending on the number of
pigs delivered to the site. Starting weights ranged
from 20 to 30 kg. All pigs were weighed and
randomly allotted in each test pen implementing
light and heavy weight blocks to reduce within pen

1

The authors wish to thank the South Dakota Pork
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project.
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randomly allotted in each test pen implementing
light and heavy weight blocks to reduce within pen
variation. The experimental design within season
was a 2 x 3 factorial. Allotment of pigs in each test
room included two pens (2.4x 4.6 m) stocked with
18 figs with a pen density of 0.62 square meters
(m ) of space per pig, two pens (1.2 x 4.6 m)
stocked with 9 pigs at 0.62 square meter (m 2 ) of
space per pig and two pens (1.2 x4.6 m) along the
center dividing wall with one pig in each pen
2
(5.5 _m /pig) for a total of 56 pigs in each trial. The
ratio of barrows to gilts in each of the 9 and 18
pigs per group test pens was kept constant (i.e. 9
pig group: 5 barrows: 4 gilts; 18 pig group: 10
barrows: 8 gilts) depending on the number of
barrows and gilts delivered to the site. All single
pigpens were stocked with barrows.

and solid floor, slatted floor and exterior wall (a.m.
and p.m.) for the 28 day test period are given in
Table 3. Surface temperatures were averaged
over the three replications for single, 9 and 18
head pens respectively. Average hourly ambient
air .temperature over the three replications at 9:00
a.m. was 23.3°C and at 4:00 p.m. ambient
temperature was 29.0°C.
Treatment ambient air temperatures did have
a significant effect (P<0.005) on pig surface
temperatures. Pig surface temperatures in the
21C+ treatment ranged from 35.0°C and 35.1°C
for pigs in the single and 18 liead pens;
respectively, to 35.8°C for pigs in the 9-head pen.
Average pig surface temperature in the 32C room
was 39°C for single and 18 head pens and 3B.8°C
for the 9 pigpens. The effect of group size on pig
surface temperature was non-significarit: The
surface temperature between all pigs for the 21 C+
versus 32C group increased at a rate of 0.4°C per
degree temperature change.

Results
Environmental conditions for each hot weather
and cold weather treatment are shown in Tables 1
and 2, respectively. Average temperature and
humidity in the 21 C+ room were 25°C +/- 4°C and
61 %, respectively.. The ventilation system in the
21 C+ room at the maximum rate of 0.05 m 3/s/pig
produced air speeds of 0.4 to 0.5 mis at pig level
in the center of the pen. The ventilation system
was near maximum capacity 85 percent of the
time. The levels of carbon dioxide and ammonia
averaged 960 ppm and B ppm, respectively over
the 12 weeks (3 replications, 4 weeks each) of
testing. Pigs in the 32C room were exposed to a
constant 32°C ambient temperature at the
minimum ventilation rate of 0.004 m3/s/pig. This
ventilation rate produci:id a low air speed of
<0.15 m/s at pig level. Relative humidity averaged
56% and carbon dioxide and ammonia gas levels
were 2100 and 30 ppm, respectively.

Average floor surface temperatures from the
a.m. to p.m. time periods and between the solid
surface and slatted surface differed significantly
(P<0.0001) in the 21 C+ rooms and between ·the·
21 C+ and 32C treatments. Solid surface
temperatures ranged from an a.m. reading of
24.5°C to a p.m. reading of 27.1°C in the single
head pens, from 28.5 to 30.3°C in the 9 head pens
and from 29.1 to 30.8°C in the 18 head pens. The
slatted floor average surface temperatures for a.m.
and p.m. readings had ·increased from 24.6 to
28.5°C for the single head pens, 25. 7 to 29.3°C for
the 9 head pens and 25.8 to 29.4°C in the 1B head
pens.
The average surface temperatures of the pig,
solid and slatted floor and exterior wall from 21 C
and 1OC treatment rooms and single, 9 and 1B
head. pens are presented in Table 4. Treatment
ambient air temperatures and group size did have
an effect (P<0.01) on pig surface temperature. In
the 1OC room, the average surface temperature of
the pig ranged from 29.0°C for the single pigs, to
30.5°C for pigs in the 9-head pen and 31.7°C in
the 1B head pens.
Average pig surface
temperatures in the 21 C room were 34.3°C for
pigs in the single head pen, 34. 7°C for pigs in the
9-head pen, and 35.3° C for pigs in the 1B head
pen. Group size did have an overall effect
(P<0.002) on pig surface· temperature. The
significant differences were between the pigs in
the single and 9 head pens vs. the surface
temperatures from pigs in the 18 head pens.

In the 21 C room, the constant ventilation rate
3
of 0.004 m /s/pig produced airflow rates of
<0.15 m/s at pig level, Humidity, carbon dioxide
and ammonia levels averaged 57%, 3390 ppm
and 22.6 ppm, respectively. In the 10C room,
temperature averaged 12°C due to a mild winter.
However, to maintain a temperature, the
ventilation rate was increased to 0.0.015 m3/s/pig.
This increase in airflow bythe second stage fan
generally occurred during, daylight hours and was
in operation 60% of the total test period. Due to
the increased ventilation, average carbon dioxide
(1570 ppm) and ammonia (9.2 ppm) levels were
lower in the 10C room than the 21 Croom.
The average surface temperatures of the pig

151

.,

.

gains were slightly higher (0.68 vs. 0.64 kg/d) for
the pigs in the 21 C+ treatment versus 32C
treatment. During week 2, average daily gains
drop to 0.58 kg/d for the 32C pigs and increased to
0.72 kg/day for the 21 C+ pigs. Average daily gain
continued to increase for the pigs exposed to the
21°C+ temperatures increasing to 0.84 kg/d for the
final week of testing. Average daily gain for the
pigs exposed to 32°C leveled out at 0.60 kg/day
resulting in a 29 percent decrease in average daily
gain during the fourth week when compared to
pigs in the 21 C+ room. Overall average daily gain
in both rooms for pigs in the 9 head pens was
0.68 kg/d and for pigs in the 18 head pens daily
was 0.67 kg/d. The differences in average daily
gain for pigs between the 9 and 18 head pens
were non-significant.

Surface temperatures of pigs in the single head
pens were 2.7° C cooler (P<0.0001) than surface
temperatures of pigs in the 18 head pens. Also
the surface temperatures from pigs in the 9 head
pens were 1.2°C cooler (P<0.001) when compared
to surface temperatures of pigs in the 18 head
pens. The difference in surface temperature
between pigs in the 21 C room versus pigs in the
1OC room was approximately 0.4°C per degree
temperature change.
Floor surface temperatures during the cold
weather trials were significantly affected by
treatment temperatures, lime of day, group size
and type of floor surface. Average surface
temperatures were different (P<0.0001) when
comparing the a.m. to p.m. lime periods, solid and
slatted floor surfaces and group sizes for both
temperature treatments. Differences (P<0.0001)
were noted between surface temperatures on solid
surface in the single pen versus surface
temperatures in the 9 and 18 head pens in both
the 21 C and 1OC rooms. Solid floor surface
temperatures in the 1QC room decreased
(P<0.0001) from 27.9°C (a.m.) to 23.2°C (p.m.) in
the 9 head pens and from 28.5 to 25.1 °C in the 18
head pens. There were no decreases in surface
temperature on the solid floor from the a.m. to
p.m. periods in the single head pens in both the
1OC and 21 C rooms.

Average daily feed intake (ADFI) for pigs
exposed to 21 °C+ and 32°C ambient temperatures
and for 9 and 18 head groups is shown in Table 5.
Average daily feed intake between pigs exposed
to 21°C+ and 32°C ambient temperatures was
significantly different (P<0.05) over time. Daily
feed intake increased from 1.26 kg/d during the
first week to 1.74 kg/d during the fourth week for
pigs exposed to 21°C+ ambient temperatures. At
32°C, daily feed intake increased from 1.19 kg/d
during the first week to 1.49 kg/d during the fourth
week. This represented a 14 percent decrease in
daily feed intake for pigs exposed to 32°C
temperature compared to 21°C+ over the last
week of the tests. There were no significant
differences in average daily feed intake between 9
and 18 pig/pen groups for any of the lime periods
investigated. Average daily feed intake for all pigs
in the 9 and 18 head pens was 1.22 kg/ during the
first week of testing and increased to 1.60 and
1.63 kg/d, respectively during the fourth week.

The effects of the hot weather treatments and
9 and 18 head group size on overall pig
performance are presented in Table 5. Average
initial weight after acclimation for pigs in the 21 C+
room was 27.1 kg and for pigs in the 32C room
weights averaged 26.6 kg. The weight of pigs in
the 9 head pens averaged 27.0 kg and 26.8 kg for
pigs in the 18 head pens after acclimation.
Average starting weights after the one-week
acclimation period in the 9 pig per pen groups was
27 .3 kg for the barrows and 26.2 kg for the gilts.
The average starting test weights in the 18 pig per
pen groups were 27 .3 kg for the barrows and
25.2 kg for the gilts.

The average feed efficiencies for pigs in the
21 C+ and 32C treatments and 9 and 18 head
group size over the four week period are
Feed efficiency was
presented in Table 5.
significantly (P<0.07) different when considering
each of the experimental ambient temperatures
over the four week time period. During week 1,
feed efficiency averaged 1. 79 for pigs in the 32C
group and 1.99 for pigs in the 21 C+ groups.
During week 4, feed efficiencies increased to 2.17
for pigs in the 21 C+ group and 2.46 for pigs in the
32C group. This represented a 22 percent
increase in feed requirement over the four week
time period when comparing pigs from the 32C
group to the 21 C+ group. The increase in feed
requirement was due to the drop in average daily

The final average weight (Table 5) for all pigs
(9 and 18 head groups) in the 21C+ room after
four weeks of testing over the three replications
was 4 7.1 kg. Pigs in the 32C room averaged
44.4 kg at the end of the 4-week period.
Temperature had a significant effect (P<0.05) on
final average weight but group size did not.
Overall average daily gain (Table 5) for pigs in the
21C+ room was 0.72 kg/d vs 0.64 kg/d for pigs in
the 32C room (P<0.05). Week 1 average daily
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gain for pigs in the 32C group.
Pigs in the 21 C+ treatment were exposed to
an average temperature of 25°C with natural
occurring daily diurnal variations of -4 to +5°C at
the highest ventilation rate possible in this facility.
The logic is to create a situation, where because of
increased ambient room temperatures, the
increased air flow at pig level will reduce the·
effective environmental temperature enough that
the pig would be at thermoneutral conditions and
maintain optimal levels of performance. Thus,
though room temperatures in the 21 °C+ room
averaged 25°C, the combination of high ventilation
rate and airflow at pig level should have placed
pigs in this treatment group in their thermoneutral
zone a majority of the time thus optimizing pig
performance. The design typifies today's swine
growing and finishing operations where pigs are
raised from 20 kg to market weight in one facility.

Temperature effects (Table 6) during the cold
weather trials on overall average daily gain over
four weeks was non- significant. Overall average
daily gain for pigs in the 1DC room was 0. 72 kg/d
and 0.74 kg/d for pigs in the 21C room. Average
daily gain during the first week was 0.58 kg/d for
pigs in both 10C and 21C rooms. Average daily
gains improved to O, 77 kg/d the second week for
pigs in both test rooms and finished at 0.80 and
0.84 kg/d for pigs in the 1QC and 21 C rooms,
respectively, during the final week of testing. The
number of pigs in a pen had no significant effect
on overall average daily gain (P>0.10).
Average daily feed intake (ADFI) for pigs
exposed to 10 and 21°C ambient temperatures
and for 9 and 18 head groups are shown in
Table 6. Temperature had no effect on ADFI
(P>0.10). Feed intake averaged 1.33 kg/d for the
first week and increased to1.85 kg/d during the
fourth week for the pigs in the 1DC room. In the
21 C room pigs had an ADFI of 1.33 kg/d during
the first week and increased during the fourth
week to 1.92 kg/d. There was no effect on feed
intake when comparing the group sizes of 9 vs 18
head per pen. Average daily feed intakes during
the first week were 1.33 kg/d and 1.30 kg/d for the
9 and 18 head groups, respectively.

The average ammonia and carbon dioxide
levels in the 21C+ room at the maximum
ventilation rate were 7.7 and 964 ppm,
respectively. Even though the recorded levels of
ammonia and carbon dioxide were below
recommendations, it does raise concern,
especially for ammonia because the ventilation
rate was already at maximum capacity. This level
of ammonia can be attributed to a manure
handling system that has a sludge accumulation
and dunging on the solid portion of some of the
pens.

Discussion
The pen environment is a composite of variables
(ambient temperatures, surface temperatures,
humidity, and airflow over the pig, gas levels and
dust) that may or may not affect the well being of
the pig and ultimately the pig's performance. Pigs
in these studies were exposed to two
environmental conditions (21°C+ and 21°C) at
ventilation rates recommended by for growing
swine during hot weather and cold weather
conditions. The extreme condition of a· constant
ambient room temperature of 32°C with a low
ventilation rate would be an example of a system
that was either improperly designed and/or
managed or because ·of weather conditions such
as a still day and a naturally ventilated facility. The
cold weather extreme with an ambient room
temperature 10°C set point would primarily result
from producers conserving energy ·during cold
weather. Each of these temperature set points
provided a different and unique set of
environmental circumstances for the pig to modify
and adapt to, which may either enhance or impede
overall performance.

This study suggests that raising pigs in 10°C
temperature environment on partially slatted floors
will not alter performance for group sizes of 9 or 18
pigs per pen. Raising growing swine at reduced
temperatures could improve overall air quality
because of increased ventilation rates to maintain
cooler temperatures and reduce heating energy
costs. In the present study group size had an
effect when comparing average daily gain of the
single pigs to pigs in the 9 and 18 head groups
between the 10C and 21 C treatments. This
increase in average daily gain was related to the
relative increase in feed intake. Because the
single penned pigs had less opportunity to modify
their environment, they ate more and gained at a
faster rate than their counterparts in the 9 and 18
head groups for both temperature treatments.
The significant differences in pig surface
temperatures between the single penned pigs and
the pigs in the 18 pigs per pen group at 10°C
suggests the pigs in the18 head group were able
to modify their environment by huddling on the
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solid portion of the pen, increasing floor
temperatures. These results, in conjunction with
no additional feed intake to compensate for the
cooler temperatures, will have further implications
in modeling swine growth.

are only reaching 65 to 75percent of their genetic
potential, there may be a benefit to changing
management practices, but this may also increase
the·overall cost of production. Smaller group sizes
and providing an opportunity for the pig to change
its microclimate are key factors in achieving
If optimal environmental
genetic potential.
conditions are maintained, will improved pig
performance exceed the possible additional input
costs?

Implications
The relationship between optimal performance
and economics will need further evaluation. If pigs

. TABLE 1. AVERAGE HOT WEATHER PEN ENVIRONMENT.
Treatments
Item
Ambient Air Temp, °C
Pen Surfa~e Temp, °C
Relative Humidity, %
Ventilation Rate, m3/slpig
Airflow at Pig Level,

mis

Ammonia Level, ppm
Carbon Dioxide Level, ppm
•21c+ = 21°C plus natural diurnal variation
32C = 32°C constant temperature
O
Standard deviation
O
Percent of test period time ·(672 hrs)

0

21C+ •
25.0 (3.5) 6
28.2 (1.8)
61.0 (6.3)
0.015: 15%0
0.05: 85%
<0.20: 15%
>0.40 :85%
7.7 (2.7)
964 (354)

32C
31.7 (1.6)
33.7 (1.2)
56,0 (5.9)
0.004: 100%
<0.15: 100%
30.5 (6.8)
2104 (857)

TABLE 2. AVERAGE COLD WEATHER PEN ENVIRONMENT
Treatments
Item
Ambient Air Temp, ~C
Pen Surface Temp, °C
Relative Humidity, %
Ventilation Rate, m3lslpig
Airflow at Pig Level,

mis

Ammonia Level, ppm
Carbon Dioxide Level, ppm

21C'
21.6 (0.3) 6
23.8 (1.8)
57 (4.6)
0.004
<0.15
22.6 (4.3)
3390 (672)

• 1OC = 10°C constant
21C = 21°C constant
O
Standard deviation
O
Percent of test period lime (672 hrs)
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1oc•
11.75(1.6)
15.7 (2.1)
65 (3.4)
>0.015: 60%0
0.004:40%
>0.20: 60%
<0.15: 40%
9.2 (2.2)
1571 (441)

TABLE 3. HOT WEATHER SURFACE TEMPERATURES
9

1
Item

Time

21C+

32C

18

21C+

32C

21C+

32C

Pig Surface

a.m.

35.0 (1.3)"

39.0 (0.5)

Temperature, °C
35.8 (0.9)
38.8 (0.7)

Solid Surface

a.m.
p.m.

24.5 (1.5)
27.1 (1.6)

30.8 (1.3)
30.8 (0.9)

28.5 (1.2)
30.3 (1.5)

33.2 (1.0)
33.3 (1.0)

29.1 (1.7)
30.8 (1.8)

34,5 (1.1)
34.1 (0.9)

Slat Surface

a.m.
p.m.

24.6 (1.5)
28.5 (1.8)

31.9 (1.4)
32.3 (1.0)

25.7 (2.4)
29.3 (2.4)

33.5 (1.7)
33.6 (1.3)

25.8 (1.4)
29.4 (1.5)

33.7 (1.8)
33.5 (1.3)

a.m.

23.8 (1.5)
29.6 (1.6)

32.3 (1.4)
33.4 (0.5)

24.6 (1.9)
30.1 (2.0)

33.5 (1.5)
34.2 (0.7)

24.5 (1.8)
30.2 (2.1)

33.3 (1.4)
34.4 (0.8)

Wall Surface

p.m.

35.1 (0.7)

39.0 (0.7)

•standard deviation
"T Treatment temperatures: 21 C+ vs 32C
0
GS = Group size: 1 vs 9 vs 18
dTI = Time: a.m. vs p.m.
"FS = Floor surface: solid vs slatted
1
GS: 1 vs 9 and 1 vs 18 (P<0.0001) and 9 vs 18 (P<0.03)
9 AII GS x FS interactions significant (P<0.01) except slat surface in 9 and 18 head pens.
hAII T x Tl x FS interactions are significant (P<0.01) except 32C vs 32C and associated periods and floor surfaces.

=
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Significant
Treatment Effects

!fb (P< 0.005)
T (P<0.02)
0
1
GS (P<0.0001 )
Tld (P<0.0001)
FS" (P<0.0001)
GS x FS (P<0.0001) 9
T x Tl x FS IP<0.0001 lh

TABLE 4. COLD WEATHER SURFACE TEMPERATURES
1

21C

10C

29.0 (1.7)

9
21C
10C
Temperature, °C
34.7 (1.1)
30.5 (1.3)

35.3 (1.2)

31.7 (1.3)

21.9 (1.3)
21.5 (1.1)

14.6 (1.9)
14.7 (1.7)

28.7 (1.2)
26.6 (0.7)

27.9 (1.7)
23.2 (2.4)

30.4 (0.9)
28.8 (0.9)

28.5 (2.7)
25.1 (3.2)

a.m.

19.1 (1.4)

10.0 (1.7)

21.5 (2.8)

9.4 (1.7)

22.8 (4.0)

9.8 (2.0)

p.m.

19.2 (1.4)

11.1 (2.1)

20.4 (2.2)

10.7(2.1)

22.1 (3.2)

11.2 (2.0)

a.m.
p.m.

10.9· (1.oJ
19.6 (1.1)

S:7 (1.5)
10.5 (2.3)

20.4 (1.4)
20.8 (1.2)

9.4 (1.5)
11.6 (2.4)

21.0 (1.8)
21.5 (1.4)

9.9 (1.6)
12.0 (2.2)

Item

Time

21C

10C

Pig Surface

a.m.

34.3 (0.9) a

Solid Surface

a.m.
p.m.

Slat Surface

Wall Surface

"Standard deviation
"T = Treatment temperatures: 21 C vs 1OC
0
GS = Group size: 1 vs 9 vs 18
dTI = Time: a.m. vs p.m.
"FS = Floor surface: solid vs slatted
Solid
1
10C: 1 vs 9
a.m.
P<0.01
p.m.
P<0.01
1 vs 18
a.m.
P<0.01
p.m.
P<0.01
9 vs 18
a.m.
NS
p.m.
P<0.01
9
Non-significant (P>0.1 OJ

Slatted
NS 9
NS
NS
NS
NS
NS

21C:1vs9
1 vs 18
9 vs 18

a.m.
p.m.
a.m.
p.m.
a.m.

.p.m.
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18

Solid
P<0.01
P<0.01
P<0.01
P<0.01
NS
P<0.01

Slatted
P<0.05
NS
P<0.01
P<0.01
NS
NS

Significant
Treatment Effects

I

6

T (P<0.004)
GS O (P<0.0001)

T (P<0.004)
GS (P<0.0001)
'nd (P<0.0001)
FS0 (P<0.0001)
TxGSxTlx FS
'P<0.0001) 1

TABLE 5. EFFECT OF HOT TEMPERATURE TREATMENTS AND GROUP SIZE ON OVERALL PIG PERFORMANCE
Pigs/Pen (0.62 m2/pig)
Tern perature
Item
Number of pens

9

18

21C+"

32C"

21C+

32C

.12

12

6

6

21C+
6

32C

Treatment Effects
6
Pigs/Pen (GS)
Temp (T)

6

Pig weight, kg
Initial

27 .1 (6. 75)°

26.6 (6.3)

27.4 (7.0)

26.6 (6.1)

27.0 (6.7)

26.6 (6.4)

Final

47.1 (8.2)

44.0 (7.1)

47.4 (8.1)

44.1 (6.8)

46.7 (8.1)

44.0 (7.3)

Average Daily Gain, kg/d

0.72 (0.11)

0.64 (0.09)

0.72 (0.12)

0.64 (0.11)

0.72 (0.11)

Average Daily Feed, kg

1.53 (0.18)

1.36 (0.15)

1.54 (0.21)

1.36 (0.16)

Feed /Gain

2.10 (0.26)

2.18 (0.31)

2.10 (0.30)

6.1 (1.7)

6.5 (2.1)

Backfat, mm
6.4 (1.8)
"21C+=21°C diurnal; 32C=32°C constant
bGS: Group Size (pigs/pen) 9 or 18
•standard deviation of treatment mean
"Non significant (P>0.1)
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NS"

P<0.05

0.63 (0.09)

NS

P<0.05

1.53 (0.16)

1.35 (0.15)

NS

P<0.05

2.21 (0.36)

2.10 (0.22)

2.17 (0.24)

NS

NS

6.1 (1.6)

6.5 (1.9)

6.2(1.7)

NS

P<0.11

TABLE 6. EFFECT OF COLD TEMPERATURE TREATMENTS AND GROUP SIZE ON PIG PERFORMANCE
Pigs/Pen (0.62m2/pig)
Temperature
Item
Number of pens

21C a
12

10C a
12

18

9

21C
6

10C
6

21c
6

10C
6

Treatment Effects
0
Pigs/Pen (GS)
Temp (T)

Pig weight, kg
Initial
Final

28.0 (6.2) 0
49.1 (10.1)

0.74 (0.16)
Average Daily Gain, kg/d
1.64 (0.29)
Average Daily Feed, kg
2.22 (0.23)
Feed Gain
Backfat, mm
7.7 (2.6)
•21C+=21°C constant; 32C=32°C constant
bGroup Size (pigs/pen) 9 or 18
•standard deviation of treatment mean
"Non-significant (P>0.10)

28.0 (6.2)
48.2 (10.1)
0.72 (0.16)
1.61 (0.32)
2.26 (0.22)
6.8 (2.4)

28.1 (6.1)
48.8 (10.2)
0.73 (0.17)
1.65 (0.28)
2.28 (0.24)
7.7 (2.8)

158

28.1 (6.3)
48.2 (9.7)
0.71 (0.15)
1.63 (0.31)
2.29 (0.22)
7.0 (2.3)

28.0 (6.3)
49.0 (10.1)
0.75 (0.16)
1.62 (0.32)
2.17 (0.20)
7.8 (2.6)

27.9 (6.2)
48.1 (10.2)
0.73 (0.17)
1.60 (0.35)
2.24 (0.22)
6.7 (2.6)

NS•
NS

NS
NS

NS
NS
NS
NS

P<0.06
NS
NS
NS

Thermal environmental effects and group size
on growing swine immune status

'
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2) a steady state hot temperature condition of
32°C. These trials were conducted from June 4th
to July 91", July 16th to August 20th and from August
27th to October 1'', 1997 at South Dakota State
University's Southeast Experiment Farm near
Beresford, SD. Southeast. Pigs were acclimated
for one week prior to each 28-day test period at
21°C plus any natural diurnal temperature
variations.

The effects of environmental conditions on the
immune system of growing pigs (30-50 kg) were
studied using T and B cell proliferation counts.
Pigs were exposed to a constant 32°C ambient
temperature versus a naturally occurring diurnal
temperature variation during hot weather and a
constant 10°C vs 21°C ambient temperature
during cold weather. In addition, T and B cell
proliferation counts were compared for pigs in
single, 9 and 18 pigs/pen group sizes.
Concancavalin A (ConA), Phytohemagglutinin
(PHA) and Staphylococcal enterotoxin B (SEB)
mttogens were used to determine T cell activation
over time. Pokeweed (PWM), Lipopolysaccharide
(LPS) and Salmonella typhimurium mitogen (STM)
mitogens were used to determine B cell
proliferation over time. ConA tests revealed
significant (P<0.01) increases in T cell proliferation
over time for both temperature treatments during
hot weather. No significant differences in B cell
proliferation were noted during the hot weather
trials. A general decline in T cell activation over
time was noted in both temperature treatments
during cold weather.
Significant (P<0.01)
reductions in B cell activation were noted for all
pigs in the cold weather trials. T and B cell
proliferation comparisons for group size at all
temperature treatments were non-significant. The
objective of this experiment was to find what
effects temperature and group size have on the
capacity and function of a growing pig's immune
system.

Cold weather treatments consisting of three
28-day replications compared the performance of
growing pigs exposed to steady state 1) 10°C and
2) 21°C ambient air temperature conditions. The
three replications of cold weather trials were
conducted from November 18'"to December23"',
1997, from January 6th to February 10th and from
February 27th to March 27'", 1998. Pigs were
acclimated for one week prior to each 28-day test
period at a steady state temperature of 21°C.
All pigs were weighed and randomly allotted to
test pen using weight blocks (Light and Heavy) to
reduce within pen weight variation. Allotment of
pigs in each test room included two pens, (2.4 x
4.6 m), stocked with 18 pigs with a pen density of
0.62 m2/pig; two pens (1.2 x 4.6 m) stocked with 9
2
pigs at 0.62 m /pig; and two pens (1.2 x 4.6 m)
along the center dividing wall with one pig in each
2
pen (5.5 m /pig) for a total of 56 pigs in each trial.
The ratio of barrows to gilts in each of the 9 and 18
pigs per group test pens was kept constant (i.e., 9
pig group: 5 barrows: 4 gilts; 18 pig group: 10
barrows: 8 gilts) depending on the number of
barrows and gilts delivered to the site.

(Key words: growing swine, temperature, group
size and immune status)
Experimental Procedure

Phytohemagglutinin (PHA), Concancavalin A
(ConA) and Staphylococcal enterotoxin B (SEB)
were used to determine T cell activation or
proliferation in these studies. To determine the
level of B cell activation, Pokeweed (PWM) was
used. In addition to PWM, the set of trials. during
the hot weather period utilized Salmonella
typhimurium mitogen (STM). STM was removed
from the market before the cold weather tests.
Therefore, a switch was made to the more
common
B cell
stimulant,
E.coli
LPS

Hot weather treatments consisting of three 28·
day replications compared the performance of
growing pigs exposed to 1) 21°C plus natural
diurnal variations in ambient air temperature and
'The authors wish to thank the South Dakota Pork
Producer Council for their partial support of this
project.
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(Lipopolysaccharide) from the 055 strain. All the
assays were designed to offer simple probes in the
overall capacity of the pig to mount successful
immune responses.
Blood samples were
collected in heparinized vaccutaner tubes on days
1, 14 and 28 of each trial. Ten-milliliter (ml) blood
samples were collected by jugular venipuncture
from the same 10 pigs in each treatment group.
Triplicate wells containing 1 µg/ml of Concanavalin
A (ConA), phytohemagglutinin (PHA) and
Staphylococcal entertoxin B (SES) (All from
Sigma) were prepared to evaluate T cell
proliferation. Triplicate wells containing 5 µg/ml of
pokeweed mitogen and 5 µg/ml of Salmonella
lyphimurium mitogen (STM) or 20 µg/ml of E.coli
055 LPS (Lipopolysaccharide) were prepared to
evaluate B cell proliferation.
Triplicate wells
containing only the medium were used as
proliferation controls. The plates were incubated
48 hours at 37°C in a humidified, C02 incubator.
The cells were pulsed for the last six hours of
incubation with 0.2 µCi of 3 H thymidine and
harvested onto glass fiber filters using a semiautomatic harvester. Filters were counted by liquid
scintillation. These counts were then used to
calculate the Stimulation Index (SI), which
determined the T cell and B cell proliferation of the
samples. The Stimulation Index was calculated by
the following equation:

time point for pigs raised under a constant hot
(32C) and normal conditions (21C+).
Pigs across all group sizes exposed to 21 C+
temperatures had significantly (P>0.003) greater
ConA response (Table 1) than pigs in the 32C
treatment over time, but the increase was greater
for pigs in the 21 C+ treatment group. When all
test pigs from 21 C+ and 32C treatments were
combined, a significant (P<0.0001) increase in T
cell function was observed from day O (SI = 30.6)
to day 28 (SI = 66.6) in response to ConA. There
was no response to ConA when group sizes
(Table 2) were evaluated. However, the general
trend for all group sizes was an increasing T cell
proliferative response to ConA from day O to day
28 of the experiment.

SI= mean CPM mitogen stimulated cells/mean
CPM control cells for each animal
CPM = Counts per minute

The Temperature*Time PHA response
(Table 1) of pigs decreased from day O to day 28
(P<0.06) in the 21 C+ treatment group and
increased (P<0.05) from days O and 14 to day 28
for pigs exposed to the 32C temperatures. Group
size (Table 2) also generated a response (P<0.08)
to PHA when all three time periods were averaged.
Single penned pigs (SI= 93.0) had a significantly
(P<0.05) higher level of response than pigs in the
18 pig per pen group (SI = 64. 7).
T cell
proliferation response using SES, revealed no
significant differences due to temperature or time
(Table 1). There were no significant effects of
group size on T cell proliferation using SES
(Table 2).

The data from the 2 x 3 x 3 factorial
experiment was compiled and analyzed for T cell
and B cell differences induced by the thermal
treatment, group size and time. Within each
experiment the same animals were evaluated
initially (day 1), at the mid-point (day 14) of
exposure and on termination (day 28) of the
experiment. Differences between animals housed
in groups of 1 vs 9 vs 18 within a treatment (i.e.,
high or low temperature) and between treatment
and control animals were also evaluated.

There were no significant B cell responses
from PWM when comparing the SI from pigs
exposed to the 21 C+ and 32C treatments and over
the three time periods (Table 1). On day 28, pigs
in the 21 C treatment had significantly (P<0.05)
greater B cell proliferation than pigs in the 32C
group as evidenced by STM. The decrease in B
cell proliferation from STM between day Oand day
28 was also significant (P<0.05) for pigs in the 32C
room. Group size did not affect B cell proliferation
in either temperature treatment (P>0.1 O).

Results

Comparisons of T and B cell mitogen
responses from pigs exposed to 21 and 10°C
temperatures from days 0, 14 and 28 are shown in
Table 3. T and B cell mitogen response from
Group size and Group Size* Time interactions are
presented in Table 4. These values represent the
pooled SI from 20 pigs (2°• and 3"' replications) at
each time point for pigs raised under control (21 C)
and cold conditions (1 OC). Data from the first
replication was not used because data was only

Comparisons of T and B cell mitogen
responses from pigs exposed to 21°C plus natural
diurnal ambient temperature variations and 32°C
ambient temperatures at day 0, 14 and 28 are
presented in Table 1. Group size and Group
size*Time interactions Stimulation Index (SI) are
presented in Table 2. These values represent the
pooled SI from 30 animals (3 replications) at each
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and scar tissue in the lungs. After treatment, it
was generally observed by the unit manager that
pigs in the 21 C treatment appeared to be less
affected by the disease problem than the pigs in
the 1OC treatment and also showed a better
response to the medication.

collected on days 1 and 28 and not on day 14.
There was no significant T cell response
(Table 3) to ConA when considering temperature
and group size over time for the 21 C vs 1OC
treatments. The PHA test revealed a slight
significant (P<0.06) response comparing overall
means from the 21C to 10C room. When all the
pigs were pooled, the SEB tests showed that time
had a significant effect (P<0.002) with decreasing
T cell proliferation from day 1 (SI =51.5) to day 28
(81=30.4 ). Considering that there was no
significant Time*Temperature interaction, these
tests would indicate that T cell proliferation,
whether decreasing or increasing, would be similar
for pigs raised in either a 21C or 10C environment.
The ConA, PHA and SEB tests (Table 4) also
revealed that group size did not have a significant
effect on increasing or decreasing T cell
proliferation over time.

Discussion
Immune system activation can be viewed as
beneficial when needed to fight infectious diseases
or as negative when unnecessary activation
diverts resources from growth and metabolism.
The Increase in T cell proliferation measured by
the ConA lectin provides evidence of immune
system activation for pigs exposed to the 21 C+
and 32C temperature treatments. The greater T
cell proliferation for pigs exposed to the natural
diurnal temperature conditions than for the pigs
exposed to the constant high temperature of 32°C
is of great interest. Pigs in the 21 C+ treatment
were typically exposed to an average temperature
of 25°C with a diurnal variation of +/- 5°C. In
conjunction with the varying temperature, these
pigs were also continually exposed to pen airflows
of 0.4 to 0.5 m/s. This airflow was the result of
having the ventilation system set at approximately
70% of maximum capacity when ambient air
temperatures reached 22°C and at 100% full
capacity when ambient temperatures reached
23°C. These settings are typical for ventilation
systems in swine production facilities. It appears
that the combination of varying temperatures and
sustained. draft had greater impact on T cell
proliferation increases when compared to.pigs at a
constant high temperature with no draft.

B cell mitogenic activity was generally
decreased aver time when all pigs were pooled
from both temperature treatments. The PWM
results showed a significant (P<0.003) steady
decrease in B cell proliferation from day 1 to day
28 for all pigs over time. Decreasing proliferation
from day 1 to days 14 and 28 of B cell mitogens
from LPS was also significant (P<0.01) over time
when all the pigs were pooled. The largest
decrease occurred between days 1 and 14. Group
size did not significantly affect B cell proliferation.
This decreasing B cell trend may represent a more
general effect on lymphocyte activation, antigen
presentation or cytokine activity in animals.
The data in this experiment showed a
generalized decline over time in the proliferative
responses to the B and T cell mitogens for pigs in
both the 21 C and 1OC treatments. The animals
raised under low temperature conditions showed a
progressive reduction over time in lymphocyte
responsiveness to all three T cell and both B cell
stimulants. However, considerable variability was
·observed in the proliferative levels of both the
control (21 C) and the low temperature (10C)
between the two replications.
Some of the
variability may be attributed to a possible outbreak
of ileitis during the acclimation and first two weeks
of the 3"' replication. Pigs from the third replication
in both treatments were mass treated for ileitis with
soluble Tylan in addition to the 44 mg/kg of Tyl an
added to the feed. Pigs in this group were also
showing symptoms indicating salmonella. Tissue
samples submitted to SDSU Veterinary Diagnostic
Lab from two pigs revealed a major stomach ulcer

From these studies, there is evidence that cold
stress has an effect on the overall capacity of
B cells to respond in pigs. A pronounced and
consistent generalized depression of B cell
mitogenesis under cold stress conditions was
observed. Cold stress caused a decrease in T cell
proliferative capacity aver time in our experiments
as well. This was in, contrast with the animals
under heat stress. It appears that the 28-day cold
stress exposure induced a generalized depression
of the immune responses, suggesting a broad
effect on immune competence of cold stressed
animals. The cold stress conditions used in these
trials had a broad spectrum effect on the immune
function of the pigs. The pigs .had reduced
responsive capacity in all tests measured over
time.
This suggests that some underlying
immunological mechanism was significantly
affected by the cold stress conditions, one that
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'

'

temperature should generate some concerns on
how ventilation systems are managed during warm
weather. It may not be in the best interest of
lighter weight pigs to have the ventilation system at
maximum capacity, thus creating a high airflow
over the pigs. The general trend of decreasing
T cell and B cell proliferation for pigs exposed to
temperatures below the thermoneutral zone may
impede the pig's ability to fight off infectious
disease.

influences all the specific immune response
capacity of the pigs. Further study is required to
define the basis of this defect.
Group size did not have any significant effect
on immune system activation in any of the
temperature treatments. This suggests the
stresses associated with group size affect the
immune system equally regardless of temperature.
Implications

All the assays were designed to offer simple
probes in the overall capacity of the pig to mount
successful immune responses. Further studies
can now follow which examine the critical functions
of immune responses in thermally stressed pig.

The greater increase in T cell proliferation for
pigs exposed to naturally occurring diurnal
temperature change with the associated higher air
speeds at pig level over the constant high
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TABLE 1. TIME AND TEMPERATURE STIMULATION INDEX (SI} COMPARISONS FOR HOT WEATHER
Temeerature
Item
No. of Pigs
T-Cell:

21 c+•
30

CONAC

44.7 (6.8)"

Time

32C•
30

60

21C+
30

30

30.61

26.81

34.5m

36.3 (7.1) k
66.6 1k

29.6k

43.1 (8.2)

77.rl~

55.41m

83.2

87.1

79.4

14:

68.6 (15.5)

69.6

28:

80.4

63.rl

67.6k(17.1)
97.1 1k

14:
28:

59.5
67.3 (6.5)
70.6

62.0
63.0
68.0

0:
14:
28:

65.3
69.4 (8.0)
67.0

O:
14:
28:

O:

44.3 (6.8)

28:
0

SEBe

32C

P Values
Time

TemexTime

P<0.0001

P<0.003

NS

NS

P<0.06

57.0
71.3 (9.2)
72.7

NS

NS

NS

65.8
71.2
81.8

64.6
67.5 (10.5)
52.1

NS

NS

NS

48.7
43.8 (5.6)

45.5
49.6

51.9'
38.0 (7.3)

P< 0.09

NS

P<0.08

42.0

54.ol

30.ol'

Teme

Day

14:

PHA

TemexTime

73.5 (15.3)

64.6 (6.2)

O:

81.3 (15.3)

O:

67.0 (6.2)

NS

1

B-Cell
1

PWM

STM 9

73.0 (6.9)

49.7 (4.9)

61.4 (6.9)

40.0 (4.9)

"21C+ = 21°C plus natural diurnal variation

"Phytohemagglutinin

9

•32c = 32°C constant

•staphylococcal entertoxin B

cconcancavalin A

1

h= Standard Error
1
Non-significant (P>0.1)

Pokeweed mitogen

Salmonella typhimurium mitogen

l~mSignificantly different means (P<0.05)
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TABLE 3. TIME AND TEMPERATURE SI COMPARISONS FOR COLD WEATHER
Item
No. of Pigs
T-Cell:
CONA'

21•
20

Temeerature
6
10C
20

28.4 (24.9)

38.9 (24.9)

Time
40
Day

O:

26.6 (6.7)

14.4 (6.7)

49.2
31.0
36.5

31.9
31.8 (25.4)
21.4

NS1

NS

NS

21.5
18.1 (6.8)
21.9

22.6
24.5
32.5

20.5
11.6 (7.9)
11.3

P<0.06

NS

NS

14:
28:

51.sl
39_gl (24.6)
30.41

44.1
42.2
22.9

58.9
37.5 (23.8)
38.0

NS

P<0.002

NS

0:
14:
28:

70.51
50.Jl (25.2)
39.d

62.0
47.7
40.3

79.0
52.9 (26.1)
37.7

NS

P<0.003

NS

41.3
14.7
18.4

22.2
7.4 (15.5)
NS
P<0.01
NS
13.1
9
Lipopolysaccharide
h
Standard Error
I
Non-significant (P>0.1)
J~m Significantly different means (P<0.05)

O:
14:
28:

SEB0

B-Cell
PWM'

LPS9

=
=

44.8 (24.7)

50.0 (25.0)

24.4 (14.4)

•21c 21°C constant
b 1DC
10°C constant
'Concancavalin A

36.4 (24.7)

56.5 (25.0)

14.2 (14.4)

Teme

P Values
Time
Teme x Time

40.5
31.4 (24.9)
29.0

14:
28:
PHAd

Teme xTime
21C
10C
20
20

O:

31.71
14:
11.11(14.6)
28:
15.81
Phytohemagglutinin
• Staphylococcal entertoxin B
r Pokeweed mitogen

O:
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TABLE 2. TIME AND GROUP SIZE SI COMPARISONS (LEAST SQUARE MEANS)
FOR HOT TREATMENTS
P Values
Item

1•

9

18

No. of pigs
T-Cell:

12

24

24

GS

1

GSxTime

CONA"

o"

35.4 (10.3)"
42.1 (10.3)
71.1 (10.3)
49.5 (7.7)

14
28
x

27.6 (8.6)
29.8 (8.6)
. 70.7 (8.6)
42.7 (7.0)

28.9 (8.6)
37.1 (8.6)
57.9 (8;6)
41.3 (7.0)

NS1

NS

P< 0.08'

NS

NS

NS

NS

NS

NS

NS

0

PHA

0
14
28
x
SEB

112.2 (20.1)
83.8 (20.1)
83.0 (20.1)
93.0 (16.6)

78.0 (17.6)
65.6 (17.6)
80.1 (17.6)
74.6 (15.7)

59.5 (17.7)
56.5 (17.7)
78.1 (17.7)
64.7 (15.7)

75.6 (13.2)
79.6 (13.2)
74.9 (13.2)
76.7 (8.6)

52.0 (10.2)
66.0 (10.1)
71.5 (10.1)
63.2 (7.1)

51.0 (10.0)
56.2 (10.2)
65.5 (10.2)
57.6 (7.1)

62.1 (15.1)
82.5 (15.1)
68.1 (15.1)
70.9 (9.3)

61.8 (11.4)
59.4 (11.1)
68.6(11.1)
63.3 (7.2)

71.9 (11.1)
66.2 (11.3)
64.2 (11.3)
67.4 (7.2)

66.4 (10.4)
47.8 (10.4)
43.1 (10.4)
52.4 !6.5)

35.0 (7.9)
40.7 (7.7)
40.6 (7.7)
38.8 !5.1 l

44.7 (7.7)
42.9 (7.8)
42.4 (7.8)
43.3 !5.1 l

0

0
14
28
x
B-Cell
PWM 0

0
14
28
x
STM'

0
14
28
x

=Time, days
"= Standard Error

"Group size (pigs/pen) 1, 9 or 18

9

•concancavalin A·
0

1

Phytohemagglutinin

"staphylococcal entertoxin B

Group size
1NS non-significant (P> 0.1)

9 Pokeweed

'1 (93.0) v_s. 18 (64.7) P< 0.05

=

mitogen

'Salmonella typhimurium mitogen
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TABLE 4. TIME AND GROUP SIZE SI COMPARISONS (LEAST SQUARE MEANS)
FOR COLD TREATMENTS
P Values
Item
No. of pigs
T-Cell:
CONA

1•

9

18

8

16

16

GS;

GSxTime

NS;

NS

NS

NS

NS

NS

NS

NS

NS

NS

0

O"

36.4 (26.5)"
28.3 (26.5)
31.6 (26.5)
32.1 (25.4)

38.7
28.2
24.4
30.4

18.6 (9.9)
8.5 (9.9)
25.4 (9.9)
17.5 (7.7)

12.4 (8.3)
26.6 (8.3)
20.5 (8.3)
18.5 (7.1)

33.6 (8.3)
23.1 (8.3)
19.8 (8.3)
25.5 (7.1)

58.5
36.9
26.1
40.5

(26.2)
(26.2)
(26.2)
(25.2)

48.6 (25.5)
36.7 (25.5)
32.5 (25.5)
39.2 (25.0)

47.4
46.0
32.5
42.0

x

77.7 (28.0)
41.8 (28.0)
31.5 (28.0)
50.4 (25.8)

75.8 (26.3)
42.4 (26.3)
40.7 (26.3)
53:0 (25.2)

58.1 (26.3)
66.5 (26.3)
44.8 (26.3)
56.5 (25.2)

0
14
28

51.7 (17.5)
6.9 (17.5)
20;6 (17.5)

16.4 (15,8)
8.7 (15.8)
13,3 (15.8)

27.1 (15.8)
17.6 (15.8)
13.4 (15.8)

x

26.4 !152)

12.9 !14.8)

19.4 !14.6)

14
28
x

(26.6)
(25.7)
(25.7)
(25.1)

46.4
37.9
30.9
38.4

(25.6)
(25.6)
(25.6)
(25.6)

0

PHA

0
14
28
x
SEB"

0
14
28
x

(25.5)
(25.5)
(25.5)
(25.0)

B-Cell
PWM

0

0
14
28
LP Sr

"Group size (pigs/pen) 1, 9 or 18

rlipopolysaccharide

•concancavalin A

9

0

=Time, days
"= Standard Error

Phytohemagglutinin

•staphylococcal entertoxin B

1

0

iNs

Group size

Pokeweed mitogen

166

=non-significant (P> 0.1)

The changing face of the swine industry in South Dakota:
reasons for exit from the industry
N. Klein and C. Tongkasame
Department of Economics

SWINE 2001 - 30
Problem Identification

Methodology

It is not a surprise to anyone that the swine
industry has changed dramatically over the past
ten years. Nation-wide we have seen the exit of
many small producers, and the increasing
importance - even dominance - of the large
"mega-producers". The swine industry in South
Dakota has seen a parallel change. From 1992
to 1997, South Dakota lost 61% of its swine
producers. We have seen a shift in importance
of the small versus the large producers. In
1997, the smallest size operations, those with 1499 head, comprised 83 percent of the total
number of hog operations in the United States,
but produced only 15 percent of the total hog
inventory. During the same year, 4 percent of
total hog operation were large producers with
more than 2,000 head; they produced 55
percent of the total hog inventory. In South
Dakota, operations with less than 500 head had
49.5 percent of the total inventory in 1992 and
only 30 percent of the inventory in 1997, (SDASS).

To do this, we surveyed 1380 former swine
producers, as identified by South Dakota Ag
Statistics Service. Only the surveys from
producers who have either temporarily or
permanently exited the industry were counted in
the analysis. The survey included three sections:
biographical information, information on exit
from the industry, and "would you return?" The
data in the first two sections was analyzed using
an ordered probit model to identify the
significance of several producer characteristics
on reasons for exiting the swine industry using
the equations of the following format: reason for
exit= f (Age, Education, Gross farm sale,
Diversity of operation).
The third section was analyzed using
conjoint analysis to identify which marketing
conditions might have the greatest impact on a
producer's decision to re-entry the swine
industry. Producers were given 14 different
scenarios and asked to rate them on a scale of O
to 10, with O indicating a situation in which the
respondent would stay out of the business and
10 indicating a situation that would very likely
entice the respondent to re-enter production.
The
14
scenarios
contained
different
combinations of two levels of the following 5
market conditions:

Objectives
All livestock producers' experience cycles of
high and low prices. The objective of this study
was to determine what, besides the obvious
reason of low prices, has caused South Dakota
producers to leave the swine industry. Along
with this, we hoped to identify the characteristics
of producers who have exited for various
different reasons, arid then to identify which
attributes would have the greatest impact on a
producer's decision to re-entry the swine
industry. If we can identify characteristics of
producers who have left for different reasons,
we may be better able to form policies and
educational programs to help producers who
want to be in the swine industry, as well as
those who may want to re-enter.

•
•
•
•
•

Price ($45/$35)
Networking (available/not available)
Packer contract (available/not available)
Regulations (more/fewer)
Financing (available/not available)
Survey Results

Table 1 contains summary information about
the survey respondents. The results were very
similar to the average characteristics of all
producers who exited the industry in South
Dakota during the period.
(SD-ASS) The
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largest portion - 33% - of producers responding

to the survey exited the industry in 1996.
expand the operation and fewer regulations on
their operations. The ability to participate in a
packer contract to share the price risk was the
fourth highest, and the least important of the five
was the ability to participate in a producer
network, initiated by either producer groups or
input suppliers.
Less than 25% of the
respondents said that they would not re-enter
the swine industry under any conditions.

Table 2 contains summary data for the
reason why producers left the industry. The top
two reasons are related to low prices. The third
highest rated reason was the statement "megaproducers creating unfair marketing."
The
reasons tied for fourth and fifth had to do with
loss of markets. Keep in mind that the Dakota
Pork plant in Huron closed during this time
period. Reasons that were very insignificant in
producers' decisions to exit dealt with quality of
hogs, quantity of information, and pressure from
neighbors.

The data were segmented to discern if
producer characteristics were different according
to their responses. The respondents who had
higher gross fanm sale and were more
specialized in hogs placed a higher relative
importance on price having an influence on their
decision to return back to the business. The
producers who were less specialized in hogs
believed that financing was very important for
them to come back into production. Financing
was also important for the fanmers who had
slightly higher education and higher gross fanm
sale.

Each of the top reasons were regressed on
producer characteristics using LIMDEP to
detenmine what producers were most impacted
by the different causes for exit.
Those
producers with no education beyond high school
were more impacted by the low price than those
without. Larger producers (those with gross
fanm sales >$100,000) were less impacted by
the loss of market outlet than smaller producers
were. Producers who credited their exit to the
mega-producers creating unfair marketing
conditions had less education and had less
diverse operations (greater than 41 % of their
gross farm sales from hogs & pigs).
Interestingly enough, those producers that
indicated that they participated in either
cooperative extension programs or producer
organizations were less likely to feel impacted
by the mega-producers.

The older and the more highly educated
producers preferred more regulations. The
farmers with the bigger fanms and less diversity
in fanms had a higher preference for fewer
regulations. The farmers who had higher gross
farm sales would prefer to have packer contracts
available, but not networking. The farmers who
had less diversity in their fanms preferred an
availability of both packer contracts and
networking.

The conjoint analysis results indicated that
the producers were heterogeneous in their
preferences. More specifically, the group as a
whole put more importance on price than
individuals did. Although most of respondents
preferred the higher price, they had very
different preferences for prices and some of
them felt much more strongly than others did.
Interestingly, although loss of a market outlet
was a significant reason for many producers'
exit, most producers put relatively little weight on
the ability to have either packer contracts or
networking available to them as conditions that
would draw them back into the industry.

Policy Implications
When debating proposals to help swine
producers and the swine industry in the state,
policy makers and industry leaders should be
aware of what types of producers would be
impacted by different types of policies. For
example, policies to increase availability of
financing would have more impact on larger,
more diverse producers.
Likewise, policies, which are aimed at
restricting expansion of large producers, would
be more likely to draw older, smaller, and more
diversified producers back into the industry.
And, finally, policies to make networking more
available would likely have more influence on
smaller, more specialized producers. Further
details on the study can be found in 'The Exit of

Of the five "marketing conditions" that were
tested, price was given the biggest weight. The
second and third most important conditions to
draw them back into the industry were the
availability of cost share assistance or low
interest loans to modernize facilities and/or
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South Dakota Swine Producers" MS Thesis by
Chariyapom Tongkasame, SDSU, 1999.

TABLE 1. RESPONDENT
CHARACTERISTICS
(Percent of Respondents)
A e

TABLE 2. WEIGHTED SCORE,
REASON FOR EXIT FROM THE
INDUSTRY
%

<45
45-54
55-64
65+
Average
Range

36.62
35.92
20.42
7.04
48.57
29-79

Years of Education
<12
13-15
16+
Average
Range

%
47.90
25.70
26.40
13.56
8-19

Diversity (% of gross farm sales
from pigs)
<25%
25-49%
50-74%
75-100%
Average

%
25.19
53.44
17.56
3.82
33%

Gross Farm Sales
<$40,000
$40,000 - 90,000
$100,000+

%
20.2
30.9
48.9

Size of Operation (# of hogs)
0-100
101-300
301-550
551-1,000
1,000-5,000
Average

Highest ranked reasons

(4=very impo11ant reason for exit)
Low hog prices
Returns too low relative to labor and
investment
Mega-producers creating unfair
marketing
Loss of marketing outlets
Inability to find a competitive market for
the hogs
Facility age and condition
High financial risk

3.59
3.38
3.25
2.80
2.80
2. 78
2.78

Lowest ranked reasons

( 1 = very unimpo11ant reason for exit)
No heir to continue farm
Dislike raising hogs
Lack technical support to improve the
operation
Lack of information
Quality of hogs being produced was not
adequate
Pressure from neighbors

2.28
2.21
2.12
2.02
2.01
1.81

%
14.79
21.83
26.76
17.61
19.01
681.42
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farms from 1998 to 1999 was relatively small.
The 1997 Census of Agriculture shows that
while most South Dakota hog farms are located
in the southeast and east central crop reporting
districts, all South Dakota counties have some
hog farms.

Raising hogs and pigs tends to be South
Dakota's second largest livestock enterprise
based on sales revenue of about $200 million in
1999. Although it lags substantially behind
raising beef cattle, hog production continues to
contribute to South Dakota's economic base.
South Dakota ranked 11th among U.S. states in
hog inventory and ranked 12th in pig crop size in
1999. Production practices vary from farrow-tofinish to specialization in farrowing, growing, and
finishing. Based on inventory numbers, hogs
consume a substantial portion of the corn and
soybean meal produced in South Dakota. The
year 2000 should bring about the first increase
in the size of South Dakota's pig crop since
1997.

South Dakota continues to produce a
sizeable number of hogs despite the recent
contraction throughout the hog industry. The
June 2000 numbers, shown in Table 1, still show
an inventory of over 1 million hogs in the state.
In 1995, South Dakota's average pigs per litter
trailed the U.S. average of 8.32. While U.S.
operations increased productivity to 8.89 pigs
per litter in 2000, South Dakota's operations
closed the gap and ended ahead of the U.S.
average. Given that South Dakota has moved
toward fewer, but larger operations, the trend to
higher productivity is expected to continue at a
slower pace or to level off. Nationwide, there is
a positive relationship between the size of an
operation and pigs per litter.

This paper seeks to provide insights into the
structure, conduct, and performance of South
Dakota's hog market. Producers, lenders, and
others have expressed interest in the future
profitability of hogs and in marketing issues such
as basis and hedging effectiveness.
The
information in this paper are meant to augment
an excellent source of primary data, South
Dakota Agriculture 2000, published by the South
Dakota Agricultural Statistics Service (SDASS,
2000).

The change in the number of operations has
influenced the aggregate farrowing pattern in
South Dakota. Fewer small operations reduced
variability of quarterly farrowing in South Dakota.
There used to be a substantial jump in farrowing
during the second quarter of the year (March
through May). Since the decline in the small
operations, the farrowing pattern is more stable
from quarter to quarter. Supply still adjusts to
price and environmental conditions, but not to
the desire to farrow in early spring.
The
implications of the change are a more stable
supply of hogs throughout the year - with
perhaps less adjustment for seasonal demand
changes.

Current Scope of Operations
The decline in the number of farms
producing hogs represents the most staggering
statistic pertaining to the hog market structure.
USDA statistics show that in 1994, there were
6,500 farms in South Dakota raising hogs. By
1999 that number dropped to 2,700 farms. The
decline in farms was mainly among the smallest
sized operations. This trend has seemed too
slow, because the change in the number of
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TABLE 1. S.OUTH DAKOTA HOG INVENTORY AND PERFORMANCE
INDICATORS
2000
June 1
All Hogs (head)
Breeding Hogs (head)
Market Hogs (head)
Mar-May
Sows Farrowed (head)
Pig Crop (head)
Pigs Per Litter (number)
Source: USDA-NASS.

1995

1,230,000
125,000
1,105,000

1,570,000
180,000
1,390,000

62,000
552,000
8.9

100,000
810,000
8.1

Despite the decline in the number of sows in
South Dakota, the number of hogs marketed has
increased. The annual pig crop declined from
2. 7 million head in 1995 to 2.0 million head in
1999. However, in shipments during that time,
presumably of feeder pigs, made up the
difference by increasing from 0.1 to 0.7 million
head. Hence, operations have moved toward
bringing in feeder pigs to finish instead of being
farrow-to-finish .operations. The ability to use
existing facilities and relatively inexpensive feed
are potential causes. An industry-wide trend
toward specialization is perhaps another factor
explaining the trend.

Change
-22%
-31%
-21%
-38%
-32%
+10%

Hog Prices and Trends
The largest hog market in South Dakota is
Sioux Fails for both slaughter hogs and feeder
pigs, whose prices .are reported by USDA-AMS.
In addition, twelve other auction locations in
South Dakota sold over 1,000 head of various
classes of hogs during fiscal year 2000 (Tristate Livestock News).
The price outlook for hogs is ever changing.
The most transparent source of future
information is in the prices of lean hogs futures
traded at the Chicago Mercantile Exchange.
Regardless of one's attitude toward prices, the
interaction of market participants trading futures
contracts sends signals to the rest of the market
about the future price of hogs. Each month
USDA's .Economic Research Service (ERS)
reports price forecasts for three or four quarters
ahead in their Livestock, Dairy and Poultry
Situation and Outlook report. The report also
contains information on retail prices of pork and
other meats, trade, and cold storage amounts.
As a public source, ERS forecasts would be
unbiased, but would not necessarily be
accurate.

There has been a decline in the number of
hogs slaughtered in South Dakota in recent
years, in contrast to the increase in the number
of marketings reported earlier. The reason for
the disparity is that some South Dakota
producers' ship hogs to Minnesota or Nebraska
for slaughter.
Hence, while marketings
increased, the number slaughtered (in South
Dakota) declined. In recent years the average
number of head slaughtered per month was
325,000, which largely reflects the closing of
Huron's Dakota Pork facility and steady
slaughter at Smithfield's Morrell plant in Sioux
Falls.
Seasonally the number slaughtered
declines from May through September, while
slaughter weights tend to peak during June.

The trend in lean hogs mirrors Sioux Falls'
trend, especially after converting Sioux Falls'
price to a lean equivalent by dividing by 0.74.
The lean equivalent shows a consistency
between Sioux Falls' and national prices with
minor occasional disparities based on local
supply and demand· conditions. The difference
between the CME index and the Sioux Falls'
lean equivalent is often called the location basis.

171.

j-s.F.

Cash

--+--S.F.

Lean

-cME Index

I

80

-~

-

70

~
a,

u 60
·;::
c..
Ol
c
50
'ci
c

....~
a,
a,

;:

40

30
1/1

1/22

2/12

3/4

3/25

4/15

5/6

5/27

Figure 3. Weekly lean and cash hog prices, 200
also relatively small during the second quarter of
the year.

The average monthly prices for Sioux Falls'
Six
slaughter hogs are shown in Table 2.
months of very low prices for slaughter hogs at
the end of 1998 and beginning of 1999 reflect
the large oversupply of hogs nationwide and the
impacts of straining the existing slaughter
capacity. For a discussion of the market at that
time, see Murra.
Seasonally, two factors
combine to drive slaughter hog prices higher
during the summer months, as shown in
Figure 4. Demand tends to be higher during the
summer as more pork is consumed. Supply is

The CME Lean Hog Index is probably the
most relevant price series at this time for
determining national trends in prices.
The
monthly average, shown in Table 3, reveals a
peak during the summer for most recent years.
Index prices, as well as live prices, hit recent
lows during December of 1998. The seasonal
price pattern across the U.S. is somewhat less
pronounced than that in Sioux Falls.

TABLE 2. SIOUX FALLS' SLAUGHTER BARROWS AND GIL TS PRICE (U.S. 1-2,
230-250#)
Feb
Jan
($/cwt.)
1995
38.49 39.40
1996
43.19 47.18
1997
53.99 52.15
1998
37.24 34.93
27.39 27.47
1999
2000
37.38 40.39
Source: USDA-AMS.
Year

Mar

Aer

38.32
49.19
49.16
34.76
26.46
42.40

36.39
51.21
55.62
35.81
30.69
49.14

Mal

Jun

38.10 43.82
58.64 56.61
58.53 58.39
42.56 42.02
36.83 34.11
48.39 48.86
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Jul

Au~

See

Oct

47.81
60.05
59.52
36.72
29.44

49.86
60.05
54.70
35.15
35.56

48.96
55.30
49.84
30.58
33.96

45.78
55.73
46.88
27.43
34.18

Nov

Dec

40.46 44.66
55.68 55.72
45.11 41.23
19.00 15.02
34.00 35.65
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Figure 4. Sioux Falls' slaughter barrows and gilts.prices (U.S. 1-2, 230-250#)

TABLE 3. MONTHLY AVERAGE OF CME LEAN HOG INDEX VALUES
Year

Jan
Feb
Mar
Aer
($/cwt. lean)
1996 61.16 66.40 69.13 70.86
1997 74.82 72.65 68.38 75.79
1998 51.79 51.62 50.25 50.92
1999 37.63 40.09 38.08 42.23
2000 51.82 56.18 58.90 66.78
Source: Chicago Mercantile Exchange.

Mal'.

Jun

Jul

Aua

see

Oct

Nov

Dec

81.22
81.26
60.94
51.97
68.46

79.00
80.95
61.09
48.35
68.89

82.75
83.20
53.47
44.30

83.95
78.03
51.25
51.90

76.79
71.54
43.05
47.79

77.82
67.39
40.73
48.71

76.24
64.92
27.24
47.96

77.31
59.79
22.21
51.12

The monthly Sioux Falls price is compared
to the price received by farmers in South Dakota
for slaughter barrows and gilts in Figure 5. The
prices are not mutually exclusive as not all
South Dakota hogs are marketed at Sioux Falls
and not all Sioux Falls hogs originate from South
Dakota sources. The price received by farmers
tends to be higher than that paid in Sioux 'Falls.
The difference may reflect contract prices
received, better markets .(based on higher
prices), differences in weights and/or quality,
and transportation costs to other markets.

A similar pattern emerges when South
Dakota prices are compared to U.S. prices as
reflected by the CME Lean Hog Index. Shown
in Figure 5, the price received by farmers in
South Dakota tends to exceed not only the
Sioux Falls price for slaughter hogs, but also the
index price. The index is shown converted to a
live price equivalent by multiplying it by 0.74.
While only shown for July rn99 to June 2000,
the .pattern has held for a majority of months in
recent years. The pattern could be explained if
South Dakota raises higher valued hogs than
other' states.
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Figure 5. Comparison of Sioux Falls' cash price, South Dakota price received by farmers and CME
Lean Hog Index converted to a live equivalent.
The other issue related to futures prices is
basis, the difference between cash prices and
futures prices. Basis is important because ii
determines how the futures prices should be
adjusted for planning purposes and for
comparing futures and options prices with any
forward prices. The weekly average price for
market hogs in Sioux Falls, reported by USDAAMS, was compared to the CME Lean Hogs
Index on expiration dates for 1999 and 2000.

For months without a contract, the index value
was from the 1o'" business day of the month, the
day futures contracts typically expire. As shown
in Table 6, the basis in Sioux Falls was usually
negative, but ranged from -$4.50 to $0.50. A
basis level of -$2.00 implies that for any
observed futures price, the implied Sioux Falls'
cash price is obtained by subtracting $2.00, then
converting to a cash price by multiplying the
result by 0. 74.

TABLE 6. BASIS AT EXPIRATION FOR SIOUX FALLS' CASH AND CME LH INDEX
Year

Jan
($/cwt.
1997 -2.11
1998 -0.83
1999 -3.73
2000 -2.43

Feb
Mar
May
Jun
Jul
Apr
Aug
Oct
Sep
lean)
-5.81
-1.68 -0.51
-1.92 -7.27 3.17
4.22
2.30
-5.40
-2.87 -4.20 -4.23 -3.99 -4.62 -3.63 -3.42 0.09
-2.52
-3.71
-1.95 -2.37 -3.28 -4.20 -3.93 -5.13 -3.12 -0.83
-0.40 -0.60 -0.43 -2.36 -3.12
Note: Cash is lean equivalent of U.S. 1-2, 230-250# slaughter barrows and gilts price.
Aggregated monthly, sow prices show a
seasonal trend, largely mirroring the pattern
observed in slaughter hogs. Slaughter sows are
not immune to extreme price fluctuations, as
their price dipped to below $10/cwt. during
December of 1998 as shown in Table 4.

Nov

Dec

-4.21
-0.14
-2.57

-3.74
-7.21
-1.88

Seasonally slaughter sow prices peak during
late spring to early summer. Culling patterns
show that sow slaughter tends to increase
throughout the year. However, the price peak
comes during the seasonal low in barrow and
gilt slaughter numbers.
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TABLE 4. SIOUX FALLS' SLAUGHTER SOWS PRICE (U.S. 1-2, 400-500#)
Oct

Year
1995
1996
1997
1998
1999
2000.
Source:

($/cwt.)
26.37 29.57 30.99
31.55 33.17 35.48
46.07 47.25 45.56
26.96 27.58 27.24
17.43 19.05 22.21
33.97 36.03 34.63
USDA-AMS.

29.39
36.41
45.88
27.14
24.16
40.99

28.82
42.40
50.35
30.49
32.74
40.01

Feeder pig prices do not have as .clear of a
trend; perhaps reflecting the decline in supply
swings from smoothed farrowing in South
Dakota. Feeder pig prices show substantial
variability - as any price changes for slaughter
animals are quickly passed on to the farrowergrower segment, as shown in Table 5.

30.01
46.04
47.62
30.89
28.86
35.99

30.17
46.51
47.36
26.16
21.03

35.20
48.02
44.63
22.59
24.49

35.84
48.45
40.56
18.71
24.07

37.49
47.47
38.83
19.15
25.27

Nov

Dec

31.42 31.59
50.01 47.98
35.41 32.20
13.51 9,81
24.74 28.00

Seasonally feeder pigs reach a price peak in
March through May.
In recent years, the
correlation between the number of head sold
and. the price received has been negative at 0.11, but quite low. This relationship implies that
demand for feeder pigs · may drive its market
more than supply conditions.

TABLE 5. SIOUX FALLS' FEEDER PIG PRICE (U.S. 1-2, 40-45#)
Nov
Dec
Jan
Feb
Mar
Jun
Jul
Oct
Aer
Aull
Mal
See
($/head)
1995
32.69 36.88 41.19 36.83 31.20 31.38 28.13 30.81 37.75 33.50 35.10 36.00
1996
29.25 33.00 38.13 27.83 32.05 27.33 30.94 38.44 41.56 46.67 46.38 44.69
1997
43.00 52.75 56.67 67.67 65.75 48.88 55.00 42,00 41.13 39.63 36.17 37.63
1998
31.00 31.00 26.50 28.38 31.75 30.42 20.94 18.50 20.63 16.25
9.25 13.88
1999
21.13 27.75 38.33 38.50 39.75 28.88 21.00 21.33 20.63 27.00 33.42 38.55
2000
43.67 52.75 54.50 64.13 56.08 44.33
Source: USDA-AMS.
Note: The December prices in 1996 and 1999 are an average of the surrounding ~onths.
Year

Farrowing Intentions
The interaction of supply· and demand
factors ultimately determines prices. Farrowing
intentions give some insight into 'short-run
supply changes. USDA-NASS reports farrowing
intentions quarterly in the Hogs and Pigs report.
Intentions are for the next quarter and two
quarters ahead. For the intentions (or forecasts)
of farrowing to be useful from a· supplyforecasting perspective, the intentions should
indicate the actual. farrowing levels.
While
Runkle (1991) argues that producers fail to
account for all available information when
reporting their intentions, the accuracy of the
intentions does not seem to have been
addressed.

Actual farrowing in South Dakota changed
every quarter during the sample period from
Dec-Feb 1992 to Mar-May 2000 (30
observations).
To assess how well the
intentions perform, the farrowing intentions were
mapped against actual farrowing in Figure 6.
Perfect intentions. would fall ori the 45-degree or
diagonal line; that is, the intentions would match
the actual farrowing. The intentions indicate the
general level of actual farrowing as most of the
intentions observations lie close to the diagonal
line.
Casual observation also suggests the
nearby (one-quarter-ahead) intentions are closer
to the actual farrowing than are the twoquarters-ahead intentions.
The correlation
between the two-quarters-ahead intentions and
actual farrowing was 0.91.
The correlation
between the nearby intentions and actual
farrowing was even higher at 0.95. Several
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intentions, at 0.96, implies that the intentions
have less of a tendency to differ from quarter to
quarter than from actual farrowing.

times, the intentions did not change, resulting in
an overlap of the observations. The correlation
between the nearby and two-quarters-ahead
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Figure 6. Quarterly S.D. farrowing intentions and actual farrowing
Intentions were further assessed by looking
at their turning-point forecasting ability. The
intentions and actual farrowing were crosstabulated based on whether they were up or
down relative to the previous quarter's actual
farrowing number. For the nearby intentions, 24
of the 30 observations either predicted up when
actual farrowing went up or predicted down
when actual farrowing went down. There were
three observations where no change was
predicted and the farrowing changed. Three
other observations predicted the wrong
direction. For the two-quarters-ahead intentions,
the performance was similar as 25 of the 30
observations predicted direction changes
correctly.
Four observations incorrectly
predicted
direction
changes,
and
one
observation had an intention of no change when
a change was observed.
Management Developments and Conclusions
New CME lean hog contracts are available
for use by hedgers that alleviate problems faced
in the past. The regular lean hog contracts were

not available for every calendar month. Given
the shift from seasonal to continuous production,
in South Dakota and nationwide, producers face
price risk every month. Options contracts that
settle to the cash index are now available for
months without a futures contract. Hedgers
should be readily able to use the index options
to hedge their production. The pptions are
European style options, meaning they cannot be
exercised before expiration. However, they can
be traded at any time -and should facilitate
hedging when spot sales are anticipated during
their expiration months.
The regular futures and options contracts
are also of a size that may be too large for the
small producer to use effectively in a hedging
program. E-mini contracts are now available to
fill that void. While the regular contracts were
for 40,000 lbs. of lean hogs, the E-mini contracts
are for a fourth of that size. The contract size of
10,000 lbs. of lean hogs translates into about 55
head. The e-mini futures contracts are already
trading and the CME has written rules for e-mini
options into the latest rulebook. The details of
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these contracts are available from the CME
website.
Enterprise budgets are available to give a
current assessment and for making projections
(Pflueger et al., 1999). In addition, a study of
the national farrowing intentions and actual
farrowing would give an indication of the
performance of that measure of supply.
Is there room for growth in South Dakota's
hog markets? While the market structure is not
well understood, recent growth has come from in
shipments of feeder pigs. This implies that
South Dakota may have a compa'rative
advantage where finishing hogs is concerned.
Feed cost should be relatively low, as the price
of corn is typically the lowest in the country in
eastern South Dakota.
However, feed
availability could be limiting factor to growth. A
study of feed availability versus feed use would
be beneficial for identifying the comparative
advantage.
Proximity to slaughter capacity is a
comparative advantage South Dakota has over
other states. Production and slaughter continue
to be centered near Iowa. Parcell, Minter!, and
Plain (2000) point to the importance of slaughter
capacity in recent years. USDA reports the
number of slaughter facilities on an annual basis
(GIPSA, 1999). However, the numbers are quite
dated by release time and only show a historical
perspective rather than the current situation.

Slaughter capacity and price reporting (GAO,
1999) will likely continue to be hot issues related
to hog markets.
Based on estimates of the pig crop and in
shipments, revenue from hogs in South Dakota
could climb back to around $300 million in 2000.
What that means in terms of profitability is
difficult to assess given the equity-draining
prices of late 1998. The prospects seem to
raise as many questions as answers. However,
given the move toward year-round, continuous
operations, there is possibly a niche to exploit
given the
continued
seasonal demand
fluctuatlon (and higher prices) for pork. The
other aspect is the lack of knowledge concerning
economies of size regarding hog production.
Additional research is needed into different
factors that influence the hog markets in South
Dakota. The effects of retail price changes,
international trade, and performance issues
related to contracts are not well understood.
While not shown, the CME Lean Hogs Index and
futures prices tend to come quite close together
on expiration dates. However, there can be
substantial divergence during the expiration
month.
There is the casual relationship
observed between spot feeder pig prices and
slaughter prices. Feeder pig prices seem to be
more responsive to changes in spot slaughter
prices than to changes in futures prices. Those
trading feeder pigs may be failing to use all
available information when making their pricing
decisions.
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South Dakota farmers continue to
produce a sizeable number of hogs despite
recent contraction throughout the hog industry.
USDA-NASS reports an inventory of over 1
million hogs in the state (SDASS).
South
1
Dakota ranked 11 " among U.S. states in hog
inventory and ranked 12th in pig crop size in
2000. Production practices vary from farrow-tofinish to specialization in farrowing, growing, and
finishing. This paper seeks to highlight recent
trends and new information related to South
Dakota's hog market.

and S.D. pigs per litter has closed. The number
of hogs marketed has increased as in
shipments, presumably of feeder pigs, have
grown.
Based on inventory numbers, hogs
consume a substantial portion of the corn and
soybean meal produced in South Dakota.
Similar observations have been made at the
state (Diersen) and national level (GIPSA).
Foot and mouth disease, which plagued
Europe in early 2001, has affected the U.S.
market through trade channels. Several states,
including South Dakota, developed contingency
plans in the event of a similar disease outbreak.
Such steps are prudent given the devastating
potential impacts. One useful case study is
Taiwan, which had its markets and structure
upset by an outbreak in 1997 (Huang).

Several findings pertain to national (and
global) structural changes that have implications
for South Dakota. With the general trend toward
continuous production by the remaining
producers, producers need risk management
tactics that accommodate selective hedging.
Prices have returned to profitable levels and
there has been an improvement of the basis in
South Dakota. Mandatory price reporting and
the monthly Hogs and Pigs report bring new
information that may be useful when making
management decisions.

Given the shift from seasonal to
continuous production, in South Dakota and
nationwide, producers face price risk every
month.
The Chicago Mercantile Exchange
(CME) introduced cash index options for months
without a futures contract. The options are
European style options, meaning they cannot be
exercised before expiration, but can be traded
like other option contracts. The CME has also
added a regular contract for the month of May,
starting with 2002 contract. Beginning with that
contract, the lean hog contracts will settle to the
Lean Hog index that may be modified somewhat
by mandatory price reporting.

Structural Changes and Market Concerns
In 2000, there were only 1,900 farmers
in South Dakota raising hogs (SDASS). The
decline in farms with hogs was mainly among
the smallest sized operations, and the remaining
producers have increased the size of their
operations. There used to be a substantial jump
in farrowings during the second quarter of the
year (March through May).
When small
operators left hogs as an enterprise, they
stabilized the farrowing pattern from quarter to
quarter giving a more stable supply of hogs
throughout the year.
The performance of the remaining
producers increased, as a gap between U.S.
I

2

The CME has also introduced e-mm1
contracts, one-fourth the size of the regular
contracts. With the Mid-American Exchange
presumably exiting the livestock segment of the
industry, these CME contracts may see more
volume. Knowledge of volatility may be useful
for evaluating the desirability of these different
contracts, and historic volatility of the lean hog
futures prices is available (MRCI).

Extension Professor and Extension Risk and Business Management Specialist.
Graduate Extension Assistant
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other auction locations in South Dakota sold
over 10,000 head of various classes of hogs
from July 2000 to June 2001 (Tri-State Livestock
News). The total number of head traded is
down 9% from a year earlier.

Recent Market and Price Trends
The largest single markets in South Dakota are
located in Sioux Falls for both slaughter hogs
and feeder pigs (Table 1). In addition, seven

TABLE 1. SALES VOLUME OF HOGS AT SOUTH DAKOTA AUCTIONS
Auction Market
Head Sold
Sioux Falls Stockyards Co.
42,341
Gettysburg Livestock Exchange Inc.
21,948
Hub City Livestock Auction Inc.
19,848
Charles Mix County Livestock Market Inc.
16,314
Menno Livestock Auction
15,581
Sisseton Livestock Auction Inc.
14,708
12,439
Yankton Livestock Auction Market
Willow Lake Livestock Auction
11 ,170
Others (15 locations)
21,021
Total
175,370
Source: Tri-State Livestock News
The overall price trend for hogs has
been moving steadily upward since early 1999.
The primary Sioux Falls prices and the monthly
average of the CME Lean Hog Index are shown
in figure 1. The CME index is generally the
highest observed price. Its pattern is closely
matched by the Sioux Falls' barrows and gilts
price. Seasonally, two factors combine to drive
slaughter hog prices higher during the summer
months. Demand tends to be higher during the
summer as more pork is consumed. Supply is
also relatively small during the second quarter of
the year.

The sow price is consistently lower than
the barrows and gilts price.
Seasonally,
slaughter sow prices peak during late spring to
early summer. Culling patterns show that sow
slaughter tends to increase throughout the year.
However, the price peak comes during the
seasonal low in barrow and gilt slaughter
numbers. Feeder pig prices show substantial
variability - as any price changes for slaughter
animals are quickly passed on to the farrowergrower segment. Seasonally, feeder pigs reach
a price peak in March through May.
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Figure 1. Monthly Sioux Falls' and CME hog prices
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Sources: Chicago Mercantile Exchange and USDA-AMS

In recent y!3ars the CME index has
probably been the most relevant price series for
determining national price trends. The CME
index is reported daily, but the monthly average
is perhaps more informative for discerning

trends. Shown in table 2, the index prices peak
during the summer for most recent years. Index
prices, as well as live .prices, hit recent lows
during December of 1998. A similar pattern is
evident in the Sioux Falls market (table 3).

Year

TABLE 2. MONTHLY AVERAGE OF CME LEAN HOG INDEX VALUES
Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
($/cwt. lean)

1996
1997
1998
1999
2000
2001

61.16
74.82
51.79
37.63
51.82
52.00

66.40
72.65
51.62
40.09
56.18
55.04

69.13
68.38
50.25
38.08
58.90
65.02

70.86
75.79
50.92
42.23
66.78
66.58

81.22
81.26
60.94
51.97
68.46
70.80

79.00
80.95
61.09
48.35
68.89
73.42

Source: Chicago Mercantile Exchange
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82.75
83.20
53.47
44.30
68.16

83.95
78.03
51.25
51.90
61.42

76.79
71.54
43.05
47.79
58.60

77.82
67.39
40.73
48.71
56.34

76.24
64.92
27.24
47.96
50.02

Dec

77.31
59,79
22.21
51.12
56.06

Table 3. Sioux Falls' Slaughter Barrows and Gilts Price (U.S. 1-2, 230-250#)
Year

Jan

Feb

1996 43.19 47.18
1997 53.99 52.15
1998 37.24 34.93
1999 27.39 27.47
2000 37.38 40.39
2001
37.49 40.34
Source: USDA-AMS

Mar

49.19
49.16
34.76
26.46
42.40
47.31

Apr

51.21
55.62
35.81
30.69
49.14
48.88

May

Jun

58.64
58.53
42.56
36.83
48.39
52.27

($/cwt.)
56.61 60.05
58.39 59.52
42.02 36.72
34.11 29.44
48.86 48.01
53.49

Jul

The other price issue relates to the
basis, the difference between cash and futures
prices. Basis is important because it determines
how the futures prices should be adjusted for
planning purposes and for comparing futures
and options prices with any forward prices.
Rather than using futures prices, the price for
market hogs in Sioux Falls is compared to the
CME index. The CME index is on a dressed
basis and the dressing percentage for butcher
hogs is about 74 percent of live weight. The
Sioux Falls price can be converted to a lean
equivalent by multiplying the live price by 1.35.

Aug

Sep

Oct

Nov

Dec

60.05
54.70
35.15
35.56
44.24

55.30
49.84
30.58
33.96
43.20

55.73
46.88
27.43
34.18
40.37

55.68
45.11
19.00
34.00
36.68

55.72
41.23
15.02
35.65
40.01

The difference between the CME index
and the Sioux Falls' lean equivalent is often
called the location basis. As shown in table 4,
the Sioux Falls' basis was negative and ranged
from -$4.56 to -$0.24.
Recent narrowing
suggests either a quality improvement in the
hogs marketed at Sioux Falls or a regional shift
in supply and demand.' Basis bids can be
compared to the table values, which may need
to be adjusted for any seasonal pattern in
futures prices. A basis level of -$2.00 implies
that for any observed futures price, the implied
Sioux Falls' cash price is obtained by subtracting
$2.00, then converting to a cash price by
multiplying
the
result
by
0.74.

TABLE 4. LOCATION BASIS FOR SIOUX FALLS' CASH AND CME LH INDEX
Year

1997
1998
1999
2000
2001
Note:

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

($/cwt. lean)
-1.93 -2.25 -2.01 -0.70 -2.24 -2.12 -2.85 -4.18 -4.26
-1.52 -4.46 -3.32 -2.58 -3.48 -4.36 -3.90 -3.80 -1.77
-0.65 -3.01 -2.36 -0.80 -2.25 -2.30 -4.56 -3.89 -1.94
-1.36 -1.65 -1.66 -0,44 -3.13 -2.93 -3.35 -1.70 -0.28
-1.39 -0.58 -1.15 -0.59 -0.24 -1.21
Cash is lean equivalent of the prices in Table 3 (i.e., they are multiplied
Mandatory Price Reporting

Oct

-4.10
-3.70
-2.57
-1.84

Nov

-4.02
-1.59
-2.06
-0.50

Dec

-4.13
-1.93
-2.99
-2.05

by 1.35).

only, reported hog prices that can be specifically
tied to South Dakota. Some other state-specific
direct reports were lost with the inception of
mandatory price reporting.

National mandatory livestock price
reports began in April of 2001. Hog reports
cover a national carcass price series, national
and regional daily direct prices, a range of grid
prices, and a range of base prices. Although
these new reports took the place of some
voluntary reports, South Dakota reports remain
unaffected.
Auction summaries remain
unchanged, and may now contain the best, if not

Mandatory price reports cover a few
regional reports such as Eastern and Western
Corn Belt, and Iowa/Minnesota daily direct, but
national reports seem to be the most informative
for South Dakota. For example, the weekly noncarcass merit premium report is useful as a
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broad indicator of the range of premiums
available.

cost report, but continues to report the national
carcass price series.

Perhaps the most informative report is
that for prior day slaughtered swine. which was
first published in August of 2001. It covers
slaughter volume, price series for all purchase
arrangements, and a two-week delivery
schedule to packing plants. Data from this
report can be used to gauge short-run price and
supply conditions in the hog market. Similar
information is available in the prior day
purchased report, such as amount and price of
hogs purchased on each type of purchase
arrangement along with carcass weight
differentials. AMS has yet to release a carcass

The relevance of the prior day
slaughtered swine report was evident in the first
month of its existence. Data from the report
show relatively stable prices for the first half of
August with a decrease for the second ·part of
the month, which is consistent with previous
years (figure 2). The prior day report covers the
supply side and shows an increase in slaughter
throughout the month, having a negative effect
on price.

Figure 2. August Prior Day Slaughtered ·swine Prices and CME Index
Sources: USDA-AMS and Chicago Mercantile Exchange
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Looking closer at the price information
from the report shows a higher negotiated
average net price than the negotiated base
price. This denotes that hogs are selling at a
premium to the base price, possibly because of
quality characteristics. The negotiated net price
tends to be lower than the CME index, reflecting
the above-average quallty of the hogs reflected
by the index. Both prices tended to be higher
than the total net price, which reflects either a
quality differential between spot and other
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purchases or a price premium for spot hogs at
that time.
A two-week delivery schedule ·lo
packing plants can be accessed from the prior
day slaughter report as well to give an indication
of short-run supply conditions. The two-week
out through ten-day figures have not given
accurate clues on how supply is going to
fluctuate, but week out through slaughter day
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figures do seem to show a closer representation
of supply in the next coming days.
As the week progresses from Monday to
Friday, the number of hogs slated for the next
week (Monday to Monday, Tuesday to Tuesday,
etc.) increases as a percentage of slaughtered
hogs for that day. For example, hogs slated for
Monday and Tuesday slaughters are around
80,000 while the predictions for Friday kills
usually run around 200,000 hogs. What is
happening is that predicted slaughter for the
week prior for Mondays and Tuesdays is only
20-25% of the total actual amount slaughtered.
As the week progresses this percentage gets
larger, with Friday having the largest percentage
predicted at 55-65% of total hogs slaughtered.
Accordingly as it gets closer to slaughter day,
the number of hogs slated for Monday and
Tuesday ·is going to grow faster as a percentage
of actual slaughter. This indicates that the cash
market is more active at the beginning of the
week, leaving more forward contract or other
purchase arrangements occurring towards the
end. Keeping this fact in mind when looking at
this report can give a good representation of the
supply conditions for the next week.
U.S. Farrowing Intentions
Farrowing intentions give some insight
into longer-run supply changes. USDA-NASS
reports farrowing intentions quarterly in the Hogs
and Pigs report. .Intentions are for the next
quarter and two quarters ahead.
For the
intentions (or forecasts) of farrowings to be
useful from a supply-forecasting perspective, the
intentions should indicate the actual farrowing
levels. Producers may fail to account for all
available information when reporting their
intentions (Runkle), but the accuracy of the
intentions does not seem 16 have been
addressed.
Actual farrowings in the U.S. changed
every quarter during the sample period from

December
1994 to
March 2001
(30
observations).
To assess how well the
intentions perform, the farrowing intentions were
mapped against actual farrowings in figure 3.
Perfectly accurate intentions would fall on the
45-degree or diagonal line; that is, the intentions
would match the actual farrowings.
The
intentions indicate the general level of actual
farrowings
as most of the intentions
observations lie close to the diagonal line.
Casual observation also suggests the nearby
intentions are closer to the actual farrowings
than are the quarter away intentions. Several
times, the intentions did not change, resulting in
an overlap of the observations.
The intentions were positively correlated
with the actual farrowings.
The correlation
between the quarter away intentions and actual
farrowings was 0.64, The correlation between
the nearby intentions .and actual farrowings was
even higher at 0. 78. The highest correlation,
surprisingly, was between the nearby and
quarter away intentions. At 0.89, the correlation
implies that the intentions have less of a
tendency to differ from quarter to quarter than
from actual farrowings.
Intentions were further assessed by
looking at their turning-point forecasting ability.
The intentions and actual farrowings were crosstabulated based on whether they were up or
down relative to the previous quarter's actual
farrowing number. For the nearby intentions, in
24 of the 30 observations producers either
intended to increase farrowings when actual
farrowings went up or intended to decrease
farrowings when actual farrowings went down.
There were four observations where a positive
change was predicted and the · farrowings
decreased. Two other observations predicted a
decrease when actual farrowings increased. For
the quarter away intentions, the performance
was similar as 23 of the 30 observations
predicted
direction
changes
correctly.
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Figure 3. Quarterly U:S. intended and actual sow farrowings
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Note: The most recent intentions are shown with "shadows."
USDA-NASS has added a monthly
Hogs and Pigs report that gives nationwide
numbers typically reported in the quarterly
reports.
The report has been somewhat
maligned to date, but it should send more timely
signals about the supply of pork to market
participants.
One possible use is in a
comparison of the monthly reported farrowing
levels to the intentions for the quarter.

Source: USDA-NASS

have affected the markets for hogs, and may be
starting to affect prices. Several new tools are
available for managing risk in the new paradigm.
Absolute and relative prices have increased in
South Dakota in the last couple of years. New
information is also available as mandatory price
reporting gives insights into the relative prices
for negotiated versus other transactions.
Farrowing intentions are good indicators of
potential supply and allow for the utilization of
the information in the monthly Hogs and Pigs
report.

Summary
Several structural changes have occurred both
·nationally and in South Dakota: These changes
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The future of using antibiotics in livestock feeding
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The main reason for this increased antibiotic
resistance is the use of antibiotics in human
medicine.
However, for farmers and for
animal scientists, the question is whether there
also is an association between the increased
antibiotic resistance in humans and ihe use of
antibiotic growth promoters in livestock
feeding. It has never been scientifically
documented that such an association exists
and there is evidence that if antibiotic
resistance is transferred from animals to
humans, it plays only a minor role in the
overall antibiotic resistance in humans.
However, as long as it cannot be completely
ruled out that antibiotic resistance can be
transferred from animals to humans, the
discussion on the use of antibiotic growth
promoters will continue.

For more than 50 years, it has been
recognized that livestock performance can be
improved if antibiotics are included in the diets
at sub-therapeutic levels. As a result, a
relatively large number of feed antibiotics have
been approved for livestock feeding, and it is
common praxis all over the world to include
one or more antibiotics in the diets for
production animals. Typically, daily gain and
feed utilization are improved by 5 to 10% by
the inclusion of these antibiotic growth
promoters.
Consumer concerns
During the last few decades, concerns on
the use of antibiotic growth promoters in
livestock feeding have been raised.
The
concerns have mainly been related to the risk
of creating antibiotic resistant microorganisms
that can be transferred to humans, but the
ethical justification for feeding antibiotics to
"healthy animals" has been discussed as well.
The growing consumer demand for "green"
food products has further intensified the
discussion and created a market for products
produced without the inclusion of feed
antibiotics. The discussions on the use of feed
containing antibiotic growth promoters have
mainly taken place in the Northern European
countries and in Great Britain. However, it is
likely that we may experience the same
discussion in the US in the future.

The European development
The discussion on the use of antibiotic
growth promoters in livestock feeding has
mainly taken place in Northern Europe. In
Sweden, all feed antibiotics were banned in
1986, and in Denmark, livestock producers
have stopped using antibiotic growth
promoters because of a mounting political and
public pressure to do so. In the European
Union (EU), • including 15 countries in
Western Europe • the policy for approving
antibiotic growth promoters was changed in
1999 after recommendations from the
Scientific Steering Committee within the EU. It
is now the official policy of the EU that "the use
of any antimicrobial agent for growth
promotion belonging to the same class of
antimicrobials that is also used for therapy in
humans is regarded as imprudenr. As a
consequence of this new policy, the EU
banned most of the growth promoters that had
previously been approved, and today only four
antibiotic growth promoters are still approved
in the EU.

Antibiotic resistance in Humans
It is well documented that any use of an
antibiotic will promote the emergence of
bacteria that are resistant to that antibiotic.
This is true in animals as well as in humans. It
is, therefore, not surprising that the use of
antibiotics over the last 50 years have created
many antibiotic resistant bacteria in humans
and in animals. Because of these antibiotic
resistant bacteria., there are certain human
diseases that are now difficult or impossible to
treat with an antibiotic although .these same
diseases could easily be treated with an
antibiotic 10 or 20 years ago. That is a real
problem and something that causes a great
deal of concern in the medical community.

Developments in the US
So far, antibiotic resistance in humans has
not been directly linked to the use of antibiotics
in livestock in the US. However, as early as in
1977, FDA proposed a ban on certain feed
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antibiotics because it was feared that these
antibiotics might create antibiotic resistance
that could be transferred to humans. However,
this ban was stopped by the US congress after
several years of scientific discussions.
Recently, FDA banned two feed antibiotics
belonging to the group of fluoroquinolone these antibiotics are mainly used in the poultry
industry. At the same time, several processing

plants are now launching products that have
been produced from animals that were fed no
antibiotic growth promoters. It is, therefore,
evident that things are changing in the US as
well. As a consequence, livestock producers
should be prepared to discontinue the use of
antibiotic growth promoters, - a ban on these
products may or may not be coming soon, but
if it comes, it always helps to be prepared.
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Southeast SD Research Farm Trials

1

1992:

Effect of corn particle size on finishing pig performance. R.C.
Thaler

1995:

Utilizing fat additions of either soy oil or extruded soybeans to add
value to light test weight corn. R.C. Thaler

1996:

A comparison of single-source versus commingled early-weaned
pigs. R.C. Thaler and B.D. Raps.

1997:

Early-weaning of single source and commingled pigs: effect on
growth performance and disease status. R.C. Thaler, B.D. Raps,
and C.L. Chase.
Thermal environmental effects and group sizes on growing swine
performance. S. Pohl.

1998:

A comparison of high oil corn vs normal corn in finishing swine
diets. R.C. Thaler, S. Pohl and B.D. Raps.
Dollar and labor costs associated with the construction of a "hoopbam". R.C. Thaler, B.D. Raps, S. Pohl and R. Berg.

1999:

Comparison of normal and high oil corn (HOC) for growth
performance, carcass characteristics, and dust control in swine
grow-finish barns. R.C. Thaler, B.D. Raps, and S.H. Pohl.
Effect of com type (normal and high oil) and method of substitution
on grow-finish pig performance, carcass characteristics, and dust
production. R.C. Thaler, B.D. Raps and S.H. Pohl
High oil corn's effect on pig performance in a hoop structure. B.D.
Raps, R.C. Thaler and S.H. Pohl.
A comparison of grow-finish pig performance in hoop barns versus
a confinement barn in winter months. B.D. Raps, R.C. Thaler and
S.H. Pohl.
A comparison of grow-finish pig performance in hoop barns versus
a confinement barn in the summer. B.D. Raps, R.C. Thaler and
S.H. Pohl.
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For complete reprints of these articles, contact Dr. Bob Thaler at 605-688-501 l or
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A cumulative comparison of grow-finish pig performance in a hoop
barn versus a confinement barn. B.D. Rops, R.C. Thaler and S.H.
Pohl.
2000:

Grow-finish performance of swine in a hoop barn, year 2000. B.D.
Rops and R.C. Thaler.
Efficacy of high oil com in reducing the severity of a PRRSV
challenge in growing pigs. B.T. Christopherson, R.C. Thaler, C.C.
Chase, S.H. Pohl, R.A. Bohlke and B.D. Rops.

2001:

Efficacy of high oil corn in reducing the severity of a PRRSV
challenge in growing pigs (Trial #2). B.T. Christopherson, R.C.
Thaler, C.C. Chase, S.H. Pohl, R.A. Bohlke and B.D. Rops.
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