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BOG PRICES--A LOOK BACK TO 1992 AND A LOOK AHEAD TO 1993 

Ron Plain 
Department of Agricultural Economics 

SUMMARY 

Barrow and gilts averaged slightly over $42 per hundredweight 
last year, down from $48.46 in 1991. Missouri hog markets were 50 
cents to a dollar lower than Iowa markets. Hog prices in 1993 are 
expected to be similar to 1992, but the gap between Missouri prices 
and Iowa prices is expected to narrow. 

REVIEW OF 1992 

Looking back, 1992 was a pretty tough year for hog prices. 
Based on preliminary data, the average price for barrows & gilts at 
the 6 major terminal markets for calendar year 1992 was $42.27 / cwt. 
That was $6.19 / cwt less than in 1991 and the lowest annual average 
price since 1980. Adjusted for inflation, 1992 hog prices look even 
worse. 

6 Market Barrow & Gilt Prices 
NOa.IINAl. AND DEFl.ATEO BY CPI 
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The average purchasing power of a 100 pounds of live hogs in 
1992 was the lowest since before World War II. As the graph on the 
previous page shows, inflation adjusted hog prices have been 
trending downward for some time. This failure of hog prices to keep 
up with the cost of living is one of the factors which is 
pressuring individual pork producers to continually expand the size 
of their herd. It simply takes more hogs to support a family today 
than it did 40 years ago. 

Nominal hog prices (actual price received without any 
adjustment for inflation) showed no major trend through the 1950s 
and 1960s. Prices moved up dramatically during the 1970s, but for 
the last 12 years have shown little trend. Last year's low price 
was mostly due to the large amount of pork produced--over 17 
billion pounds--a record. 

MARKET DIFFERENCES 

Among the markets that compose the 6 market average, Sioux 
Falls came out on top in 1992 with an average annual price for 
barrows and gilts of $42.71 per hundredweight. Second place went to 
Sioux City $42.60, followed by omaha $42.56, and St. Paul $42.39. 
The two Missouri markets, St. Joseph and St. Louis, ranked next to 
last and last among the 6 markets. Barrows and gilts at st. Joseph 
in 1992 averaged only $41.91/cwt, slightly better than st. Louis' 
$41.62. Peoria, not included as one of the six, averaged 
$42.43/cwt. 

Table 1 gives the monthly average of the daily practical tops 
for some of the major terminal hog markets. The daily practical top 
is defined as the highest price that at least 10 percent of the 
hogs were at or above. The daily practical top price at each of 
these markets usually runs 50 to 75 cents above the average price. 

TABLE 1 
Average Practical Tops, Barrows & Gilts ($/cwt), 1992 

SIOUX ST. ST. ST. 
MONTH OMAHA PEORIA CITY JOSEPH LOUIS PAUL 
JAN 38.07 37.97 38.22 37.51 37.43 37.50 
FEB 41.35 41.00 41.30 40.90 40.76 40.83 
MAR 39.70 39.48 39.77 38.98 38.86 39.19 
APR 42.53 42.19 42.69 41.63 41.41 42.16 
MAY 46.63 46.24 46.70 45.80 45.40 46.24 
JUN 48.30 48.14 48.36 47.61 47.59 48.18 
JUL 45.59 45.31 45.57 45.02 45.01 45.16 
AUG 45.44 45.48 45.42 44.90 45.13 44.95 
SEP 42.89 42.08 43.08 42.12 41.80 42.67 
OCT 43.02 42.63 43.13 42.52 42.09 42.68 
NOV 42.50 41.63 42.55 41.58 41.08 42.18 
DEC 42.98 42.75 43.13 42.40 42.27 42.67 

AVG 43.25 42.91 43.33 42.58 42.40 42.87 
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Historically, July has been the month with the highest hog 
price of the year. Hog prices peaked early in the summer of 1992, 
as they did during the four previous years. May's average price was 
the second highest of the year, a significant change from the past. 

Hog prices at country buying stations in 1992 showed a 
familiar pattern--higher in Iowa. Iowa and Southern Minnesota took 
top honors in the midwest with a $42.79/cwt average for the daily 
tops. Illinois country markets averaged 7 cents lower than Iowa and 
Indiana country markets were 26 cents below Iowa. The interior 
Missouri buying station average trailed Iowa by $1.06 and prices at 
country markets in Ohio averaged $2.07 behind Iowa. The best thing 
that can be said about the Missouri market for barrows and gilts in 
1992 is that it was better than Ohio. 

The graph below shows the difference between the average price 
paid at country markets in Missouri compared to Iowa for the last 
three years. The closing of the Wilson slaughter plant in Marsall, 
Missouri in June of 1990, started a year long period that saw 
Missouri barrow and gilt prices drop to $2.34 below Iowa prices in 
December of 1990 . 

The highest prices of last year, as in any year, comes for 
hogs delivered directly to the packing plant. Iowa-Southern 
Minnesota plants took top honors with a $43.80/cwt average of the 
daily practical tops. Illinois plants averaged $43.39. 

Missouri Minus Iowa Hog Prices, 1990-92 
AVERAGES FOR BAG AT COUNTRY MARKETS 
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PROSPECTS FOR 1993 

Looking ahead, the prospects for 1993 are not much better than 
for 1992. The December USDA hogs & pigs report indicates hog 
slaughter this year will be 3-4 percent higher than last year. If 
this is the case, we will kill 97 million hogs in 1993--a record 
and probably end up with an average price for hogs close to last 
year's level--$42/cwt. 

USDA says that the breeding herd was only 2 percent larger on 
September 1, 1992 compared to a year earlier, but that the 
September-November pig crop was up 6 percent. Many people feel this 
is quite likely the case, given the mild summer of 1992. If so, it 
could spell trouble for hog prices this spring. 

There is some reason to believe that USDA's December inventory 
numbers are higher than what may actually be on the farm. Hog 
slaughter was below expected levels for the last two months of 1992 
and the start of 1993. If USDA • s numbers are too high, hog 
slaughter for the year may be close to last year's level with the 
annual average price for barrows and gilts closer to $45 than $42. 

Tyson's acquisition of the idled Wilson slaughter plant at 
Marshall gives us real hope to narrow the gap between Missouri and 
Iowa hog prices. For the last two years Missouri's hog farms have 
been annually producing about two million more hogs than the total 
number slaughtered in this state. Once the Marshall facility comes 
up to capacity this surplus of hogs could drop to fewer than 
500,000. That should significantly narrow the Missouri-Iowa price 
gap. 
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THE MISSOURI ON-FARM SWINE EVALUATION AND GENETIC 
IMPROVEMENT PROGRAM 

M.D. Woltmann, R.O. Bates and R.B. Disselhorst 

INTRODUCTION 

The purchase of performance tested seedstock from a source 
utilizing a well-planned genetic improvement program is essential 
for commercial pork producers to remain competitive. Missouri 
seedstock producers are aware of the need to provide superior 
genetics to the commercial industry and have implemented a new 
on-farm evaluation and genetic improvement program to increase 
the rate of genetic progress in economically important traits. 
This two-part program is operated under the guidance of the 
Missouri Swine Improvement Association and coordinated by 
University of Missouri Animal Science Extension. 

PROGRAM OUTLINE 

The first part of the program is on-farm evaluation of post
weaning traits. A University of Missouri technician collects 
weight, fat depth and loin muscle area measurements near market 
weight. Fat depth and loin muscle are measured with Real-Time 
ultrasound. Real-Time is the latest technology available to 
measure carcass composition on-farm and has been proven to be 
very accurate for ranking pigs on fat and loin muscle area. This 
portion of the program is available to seedstock and commercial 
swine producers on a fee basis. 

The second part of the program is genetic evaluation of 
maternal and postweaning traits. All available data on relatives 
are used to obtain a more accurate estimate of genetic merit, 
thus allowing for the rate of genetic progress to be increased. 
The results of the genetic evaluation are reported as expected 
progeny differences (EPD) for number born alive, litter weaning 
weight, days to 230 pounds and backfat thickness. This portion 
of the program is only available to seedstock producers who 
pedigree their animals. 

DISCUSSION 

The new on-farm program began April 1, 1992. During the 
first nine months of the program pigs from 43 seedstock herds, 17 
commercial herds, 24 fairs and shows and 3 test stations were 
evaluated. The total number of pigs measured was nearly 9000. 
Approximately 6000 head of this total was boars, gilts and 
barrows from seedstock herds. A majority of the seedstock data 
was collec~ed from 12 herds participating in the complete 
program. This includes regular on-farm collection (approximately 
monthly) of performance information, as well as genetic 
evaluation of maternal and postweaning traits. Participation in 
the complete program will allow the opportunity for more rapid 
genetic progress to be realized. 
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Table 1 gives the number of pigs tested by breed and sex. 
Barrow data were also collected on some seedstock farms, but is 
not reported. In addition, breed-sex averages for lOth rib fat 
adjusted to 230 pounds, loin muscle area adjusted to 230 pounds 
and days to 230 pounds are given. Caution should be taken to use 
these data as comparisons of breed performance since the averages 
are based only on participating herds. 

TABLE 1. NUMBER OF PIGS MEASURED AND AVERAGES FOR THE MISSOURI 
ON-FARM SWINE EVALUATION PROGRAM FOR 1992 8 

BREED SEX NUMBER l OTH LOIN DAYS TO 
MEASURED RIB FAT MUSCLE 23 0 

DEPTH AREA POUNDS 

CHESTER WHITE BOAR 128 .85 5.2 181 

CHESTER WHITE GILT 89 .97 5.3 185 

DUROC BOAR 1069 .83 5.1 159 

DUROC GILT 1032 .90 5.2 175 

HAMPSHIRE BOAR 701 .71 5.4 178 

HAMPSHIRE GILT 777 .74 5 .4 185 

LANDRACE BOAR 146 .85 5 .2 174 

LANDRACE GILT 215 .99 5.0 192 

SPOTTED BOAR 39 .82 5.2 183 

SPOTTED GILT 19 .96 5 .0 211 

YORKSHIREb BOAR 637 .80 5 .0 170 

YORKSHIREb GILT 499 .83 5.1 180 

COMMERCIAL GI LT 750 

CROSS BOAR 238 

FAIRS/SHOWS MIXED 1402 

TEST STATIONS MIXED 437 

TOTAL 8178 
8Pigs measured from April 1, 1992 through December 31, 1992 
bincludes Large White 

CONCLUSIONS 

Herds participating on the new Missouri on-farm testing 
program are utilizing the latest technologies available for the 
genetic improvement of swine. The purchase of seedstock from a 
producer that is following a well-planned genetic improvement 
program for economically important traits will allow the 
commercial producer to improve the efficiency of lean production 
and thus increase profits. 
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AN EVALUATION OF B-MODE AND A-MODE ULTRASOUND 

Ronald 0. Bates, Michael Woltmann and Rick Disselhorst 

Introduction 

The investigation of the use of ultrasound for live animal 
evaluation began in the early 1950's. During the 1970's and 
1980's A-mode (Amplitude Modulation) ultrasound became the 
accepted form of ultrasonic equipment. However, over the last 
several years a newer generation of ultrasonic device has been 
tested for use in live animal evaluation. This brightness 
modulated or B-mode (Real-Time) ultrasound provides a two
dimensional image of a cross-section of the animal. This study 
was conducted to compare; 1). B-mode and A-mode ultrasonic 
estimates to carcass measurements, 2). B-mode with A-mode 
ultrasonic estimates and 3). B-mode estimates with optical probe 
(Fat-0-Meter) • 

Materials and Methods 

Ultrasonic equipment used in this study was an Ithaco 
Scanoprobe 731A A-mode scanner with a 2 MHz transducer and a 
Aloka 500 B-mode scanner with a 3.5 MHz transducer. Two 
technicians were used with each technician using a separate 
ultrasonic machine. Technicians were trained with their 
respective machine. 

For the comparison of live to carcass measurements, each 
technician scanned independent groups of pigs and carcass data 
were collected on those pigs. Comparisons of B-mode estimates 
with carcass data included 197 pigs while comparisons of A-mode 
estimates with carcass data included 76 pigs. Traits ·of interest 
were tenth rib backfat thickness measured 2 inches off the 
midline and tenth rib loin muscle area. 

For comparison of information provided by each machine, each 
technician independently scanned 150 pigs; however, these pigs 
were not slaughtered for carcass evaluation. Traits of interest 
were tenth rib backfat thickness measured 2 inches off the 
midline and tenth rib loin muscle area. 

The final comparison was a comparison of B-mode estimates 
with Fat-0-Meter optical probe estimates on 91 pigs. The Fat-a
Meter is an optical probe which estimates backfat and loin muscle 
depth at the third to fourth last rib . The pigs were scanned and 
then slaughtered at Monfort Pork, St. Joseph, MO. Percent lean 
was calculated from B-mode estimates and equations provided by 
NPPC (1992 ) and then compared to percent lean predicted from Fat-
0-Meter estimates. 

These data were compared using correlation analysis. 
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Results and Discussion 

Correlations of tenth rib backfat and loin muscle area can 
be found in table 1. The correlation of tenth rib backfat 
estimated with B-mode ultrasound was higher than with A-mode 
ultrasound. The correlation between estimates reported by the 
different equipment was only moderate in strength. Since a 
correlation is a relative measure of association this suggests 
that as differences in carcass tenth rib backfat were observed, 
estimates of tenth rib backfat obtained by B-mode ultrasound more 
closely followed those changes than did A-mode ultrasound. 
Therefore B-mode ultrasound more correctly ranked pigs for tenth 
rib backfat, as compared to carcass estimates, than did A-mode 
ultrasound. A criticism of A-mode ultrasound has been in the 
difficulty in detecting the third layer of backfat which is more 
prominent in heavier and fatter hogs. On the other hand B-mode 
ultrasound more readily detects the third layer of backfat. 

As can be seen, B-mode estimates of loin muscle area with 
carcass measurements were highly correlated while A-mode 
estimates of loin muscle area were poorly correlated with carcass 
estimates. (Table 1). This suggests that B-mode estimates of loin 
muscle area more closely followed changes in carcass estimated 
loin muscle area than did A-mode estimated loin muscle area. In 
fact, since the correlation of carcass estimated loin muscle area 
with A-mode estimated loin muscle area was small, the ranking of 
loin muscle area using A-mode ultrasound compares poorly with the 
ranking of carcass loin muscle area. Therefore loin muscle area 
estimated with A-mode ultrasound is not a reliable live animal 
evaluation and selection tool. 

The explanation for this lies in the method of estimation of 
loin muscle area using A-mode ultrasound. A single depth 
measurement was taken and multiplied by a correction factor to 
estimate loin muscle area. The longissimus muscle is an irregular 
oval in which the medial and lateral boundaries can be different 
in shape. Unfortunately there is not a repeatable linear 
relationship with depth and width of the longissimus muscle. Thus 
a single depth measurement is not adequate enough to estimate 
loin muscle area. However, since B-mode ultrasound does provide a 
two dimensional image of the longissimus muscle, the medial and 
lateral edges of the muscle are easier to determine and thus a 
more accurate assessment of loin muscle area can be estimated. 

Means of tenth rib backfat were calculated (data not shown ) . 
Both A-mode and B-mode estimated tenth rib backfat were less than 
carcass estimated tenth rib backfat. This should not be 
surprising since backfat in the live animal is a gel while in the 
carcass it is a solid. Also conventional hanging of the carcass 
does cause buckling of the fat down the back, especially among 
fatter hogs. However, the mean for tenth rib backfat estimated 
by B-mode ultrasound was 10% closer to the mean carcass tenth rib 
backfat thickness than was A-mode. 
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Means for loin muscle area were also calculated (data not 
shown). The B-mode average for loin muscle area was less than 
the carcass mean, while the A-mode mean was higher that carcass 
average. Nevertheless the mean of B-mode estimates was 40% closer 
to the carcass mean as compared to A-mode. 

A comparison of live B-mode estimates with data collected by 
Fat-0-Meter optical probe on the carcass is provided in table 2. 
As can be seen the correlation for backfat is high, while the 
correlation between loin muscle area and depth is only moderate. 
The correlation between loin muscle area and depth is another 
indication of the inconsistent relationship between longissimus 
area and depth. Also provided is the correlation of percent lean 
estimated in the live animal and that predicted from the Fat-0-
Meter. This strong association between the two methods of 
estimating percent lean suggests that the two methods are 
similar. 

The mean backfat thickness estimated by the Fat-0-Meter was 
within .04 in. of the B-mode estimate. The mean estimated 
percent lean predicted by the Fat-0-Meter was also within .4% of 
that estimated from B-mode data. 

summary 

Data from these evaluations indicate that B-mode ultrasound 
is superior for evaluating tenth rib backfat and loin muscle area 
when compared to the A-mode ultrasound. Also data collected with 
B-mode ultrasound and used with current NPPC equations for 
estimating percent lean, ranked pigs similarly to technology used 
in grading pigs in a major packing plant. 

Due to the differences in correlations of each ultrasound 
machine, direct comparisons between estimates taken with 
different ultrasound technology should be avoided. Also 
technician interpretation is a major factor in the use of 
ultrasonic equipment. Producers who use ultrasonic equipment 
privately or employ ultrasonic technicians should use caution and 
good judgment in evaluating the accuracy of the information 
provided. When possible objective comparisons to carcass 
information or experienced technicians who routinely conduct 
accuracy checks should be made before using new equipment andjor 
technicians. 

Literature Cited 
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Table 1. CORRELATION COMPARISONS OF B-MODE AND A-MODE ULTRASOUND 
TENTH RIB BACKFAT ESTIMATES WITH EACH OTHER AND CARCASS 
MEASUREMENTS. 

Tenth Rib 
Backfat: 

Carcass 

A-mode 

Loin Muscle 
Area: 

Carcass 

A-Mode 

Tenth Rib Backfat Estimates 
A-Mode B-Mode 

acorrelations within a row or column with different superscripts 
differ. (P < .01). 

Table 2. CORRELATION COMPARISONS OF B-MODE BODY COMPOSITION 
ESTIMATES WITH FAT-0-METER BODY COMPOSITION ESTIMATESa. 

Fa t-O-Meter 
Backfat 

Loin Muscle 
Depth 

Percent Lean 

B-Mode Estimates 
Tenth Rib Loin Muscle Percent 
Backfat Area Lean 

.88 

.60 

.84 

aAll correlations are significantly different from zero. 
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PRODUCTIVITY OF FEMALES WITH EARLY PUBERTY 

William R. Lamberson, Ridley B. Holder and Ronald 0. Bates, 

.Justification: Previous research has shown that age at puberty in the gilt can be decreased by 

genetic selection or by a variety of environmental treatments. Decreasing age at puberty will allow 
females to enter the breeding herd sooner, if mated at constant estrous number, and potentially 

decrease overhead costs expected from gilt replacement. Alternatively, if gilts are mated at a 

constant age those with early puberty will have a higher estrous number and possibly higher 

productivity. No genetic change in litter size of gilts resulted from selection for decreased age at 

puberty (Lamberson et al., 1992). Gilts were mated at a constant age to maintain a one year 

production cycle. Decreasing age at puberty has been predicted to be secondary importance only to 
improving number weaned as a means of improving economic efficiency of swine production 

(Tess, et al., 1983). Overall economic gain will depend on productivity across multiple parities as 
well as length of time retained in the breeding herd. Few studies have examined the effect of 

decreasing age at puberty on longevity or lifetime productivity of the sow. Gilts utilized in the 
present study were from generation seven of a line selected for early puberty (Lamberson et al., 

1992). Controls were from a contemporary line with random selection. 

Objective One: To determine ovulation rate of ~ilts with early puberty when 
mated at second estrus. 

In an initial replicate of the present study, litter size of gilts mated at second estrus was 7.9 
pigs compared to 9.1 pigs for controls. Age at mating was approximately 174 days for gilts with 

early puberty versus 190 days for controls. A second replicate was designed to confirm the 
difference between lines in litter size and to determine if it was due to lower ovulation rate of gilts 

with early puberty. 

Objective Two: To determine longevity and lifetime productivity of gilts with 
early puberty when initially mated at second estrus. 

Previous results have indicated that gilts with early puberty are not different than controls for 
productivity at first parity when mated at similar chronological ages. No follow up has been 

carried out to determine effects at later parities. 

Results and Discussion: 
Results from the second replicate of frrst parity data confrrm that gilts with early puberty 

produced smaller litters than controls when both groups were mated at second estrus (Table 1). 

Difference between the groups for age at mating was approximately 14 days. Ovulation rate was 

measured using a laparoscope between days 6 and 10 of gestation. The difference between lines in 
litter size was not, however, due to reduced ovulation rate of the early puberty gilts. Gilts with 
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early puberty had numerically higher ovulation rates (14.0 vs. 13.5 corpora lutea) than control 

gilts. Prenatal survival was approximately 60% for early puberty gilts and 75% for control gilts. 

The cause of reduced prenatal survival in gilts with early puberty was not clear. Gilts with early 

puberty tended to be smaller than controls at mating, partially due to their younger age at mating. 

Levels of inbreeding between the two groups were nearly identical. 

Litter size of sows from the early puberty line during later parities was not different from that 

of controls. Litter weight at 21 days was consistently greater for sows with early puberty than for 

controls. Sows from the line selected for early puberty tended to return to estrus more quickly than 

did controls and in general were observed to be somewhat more fertile than controls. 

Sows were removed from the experiment for failure to conceive when mated at two 

postweaning estrous periods or debilitating unsoundness but were not culled based on 

performance. Percentage of sows subsequently farrowing of those present at first farrowing is 

presented for parities 2 through 5 in Table 2. Values were similar for the two groups until parity 

five at which sows with early puberty had a substantial advantage. Overall productivity sows 

from the two groups was similar. An average of 32.7 pigs were produced per sow starting the 

study in the early puberty group compared to 32.2 pigs produced by control sows. This mean 

combines the effects of litter size and retention of sows through five parities in the experiment. 

One factor not included in this value, however, is that early puberty sows completed their fifth 

parity earlier than control sows because of the combined factors of younger age at first mating, 

more rapid return to estrus following weaning of litters and a higher percentage of sows settling at 

frrst mating (96.2 vs. 92.3% ). 

Conclusions: 
Selection for early puberty may have economic benefits resulting from introducing gilts into 

the breeding herd at an early age. This selection may result in smaller litters at first farrowing but 

the effect is unlikely to carry over to later parities. Reduced performance as a gilt may be offset by 

higher fertility of the sow. 
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Table 1. Sow Performance. 

Trait A&e at puberty Relaxed selection 

Number born 
Parity 1 (Replicate 1) 7.9 9.1 
Parity 1 (Replicate 2) 8.4 10.1 
Parity 2 9.1 8.8 
Parity 3 8.0 8.7 
Parity 4 9.6 10.2 
Parity 5 8.4 8.2 

Litter birth weight, kg 
Parity 1 9.2 9.8 
Parity 2 10.6 10.9 
Parity 3 10.4 9.8 
Parity 4 12.1 11.2 
Parity 5 9.9 9.8 

Litter weight at 21 d, kg 
Parity 1 47.3 34.8 
Parity 2 33.7 33.1 
Parity 3 32.0 30.4 
Parity 4 35.2 34.6 
Parity 5 31.1 30.5 

Table 2. Percentage of Sows Subsequently Farrowing Relative to Parity 1. 

Parity 

2 
3 
4 
5 

Age at puberty 

80.5 
70.7 
65.9 
65.9 
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Relaxed selection 

88.2 
70.5 
61.7 
35.3 



EVALUATION OF RESPONSE TO HORMONAL THERAPY IN PREPUBERTAL 
Gll..TS OF DIFFERENT GENETIC LINES 

S.L. Tilton, R.O. Bates, and B.N. Day 

Abstract 

Research was conducted to determine the effect of genetic line on response 
to horiDonally-induced puberty. Gilts were crossbred offspring of the Nebraska 
Gene Pool age at puberty (AP) and relaxed selection (RS) line. Gilts within genetic 
line received either P.G. 600® or no injection (Control). Percentage in estrus within 
5 days of treatment tended to differ (P=.10) and interval from treatment to estrus 
was shorter for P.G. 600 treated gilts compared to controls (61.89 vs 28.2% and 4.24 
vs 7.14 days, respectively). Percentage of gilts with follicular cysts and number of 
cysts per anim.al were greater for P.G. 600 treated gilts (72.0% vs 12.6%, and 2.96 vs 
.17, respectively). Among P.G. 600 treated gilts, AP gilts had a higher ovulation rate 
than RS gilts (19.0 vs 13.2 CL per gilt). However, AP and RS Control gilts did not 
differ in ovulation rate. 

Introduction 

Timely scheduling of replacement gilts into the breeding herd is necessary to 
maximize efficiency of swine production. Usually large numbers of replacement 
gilts are kept so to place gilts into sow breeding groups. Unfortunately as more gilts 
are kept than will eventually be used, unmated gilts are sold at a lower price as they 
are heavier than desired market weights. The use of exogenous gonadotropins has 
been shown to be effective for inducing pubertal estrus in gilts (Britt et al., 1989). 
Currently P.G. 600 is the only exogenous gonadotropin commercially approved for 
use in swine in the United States. Current label directions recommend treatment 
age and weight ranges without regard for the animal's genetic predisposition for 
age at puberty. This study was designed to evaluate response to induced puberty for 
gilts from different genetic lines. 

Materials and Methods 

Sows from two of the Nebraska Gene Pool selection lines were mated to 
Yorkshire boars to produce gilts for this study. The genetic lines were the age at 
puberty (AP) and the random selection lines (RS), with each line providing 60 gilts. 
A 2 X 2 factorial, randomized complete block experiment was used to study the 
effect of genetic line, AP or RS, and hormonal therapy, P.G. 600 (lntervet America, 
Inc.) or no injection. 

Gilts were reared in conf'mement from weaning to approximately 140 days of 
age. Gilts had ad libitum access to feed and water from weaning through the 
duration of the study. At 140 days of age a 6 ml blood sample was taken by jugular 
venipuncture for progesterone analysis. 

At the time of blood sampling, animals designated to receive P.G. 600 were 
injected intramuscularly (i.m.) using an 18 gauge 1112 in. needle. Gilts were exposed 
to boars twice daily and observed for signs of estrus. Forty-eight hours after the 
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onset of estrus a second blood sample was taken for progesterone analysis. All 
animals were subjected to mid-ventrallaparotomy within 14 days of treatment and 
evaluated for ovulation rate, presence of follicular cysts, and nurn.ber of cysts 
present. If the animal had not ovulated, the extent of follicular development was 
recorded. 

Results and Discussion 

For gilts exhibiting estrus, treatment with P.G. 600 resulted in a shorter 
interval from treatment to estrus than Controls (Table 1). An effect of genetic line 
and a tendency (P= .10) for treatment to affect the percentage of animals observed 
in estrus within 5 days after treatment were observed (Table 1). Among RS gilts, 
more control gilts expressed estrus within within 14 days of age compared to P.G. 
600 gilts (Table 2); however, among AP gilts no treatment difference was observed. 
Although differences were seen in the percentage of animals observed in estrus, no 
difference was observed for the percentage of animals ovulating, (Table 1). The fact 
that no difference was observed for the percentage of animals ovulating when com
paring P.G. 600 and Control gilts suggests that the Control gilts were sufficiently 
close to the natural onset of puberty to allow the effects of transport, mixing and 
boar exposure to induce puberty in a large portion of Control gilts within 14 days. 

A treatment by line interaction was observed for ovulation rate, with P.G. 600 
treated AP gilts having higher ovulation rates than AP Control gilts (Table 3); 
however, in the RS line, ovulation rates did not differ between the Control and P.G. 
600 treated gilts. A greater percentage of P.G. 600 gilts were found to have 
follicular cysts and had more total follicular cysts than Controls (Table 1). No 
genetic line difference was observed for the number of follicualar cysts per animal. 
However, if an animal is more likely to have follicular cysts, it is likely prone to 
have more follicular cysts. 

No differences were seen for pretreatment plasma progesterone concentra
tions with concentrations of .85 ng/ml and. 74 ng/ml being observed for Control and 
P.G. 600 treated gilts; respectively. Plasma progesterone levels 48 hours after the 
onset of estrus tended to be higher (P=.13) for P.G. 600 treated gilts than Controls 
(Table 4). 

Implications 

These results suggest that when inducing puberty with exogenous gonado
tropins at a constant chronological age, gilts selected to differ in physiological age 
respond differently. Gilts selected to reach puberty at an earlier age respond more 
favorably to induced puberty for most criteria evaluated. Not only did a greater 
percentage of the age at puberty gilts receiving P.G. 600 exhibit estrus within 5 
days, but they also had higher ovulation rates than the relaxed selection line gilts 
receiving P.G. 600. 
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Table 1. Effect of Genetic Line a nd Treatment with P.G. 600 
on Reproductive Characteristics at Pubertal Estrus. 

TREATMENTS 

CRITERIA C AP P AP C RS 

INTERVAL TO ESTRUS, d 6.50±.57 8 3.97±.6lb 7.79± .868 

(25)t ( 2 3 ) (18) 

TOTAL CYSTS PER ANIMAL .57±.668 3.26±.60b -.23±.858 

(25) (27) (19) 

PERCENTAGE OF ANIMALS 18.4±8.98 69.8±8.1b 6. 8±11. 68 

WITH CYSTS, % (25) (27) (19) 

PERCENTAGE IN ESTRUS 43. 2±8. 9c,e 81. 3±8. 8c,f 13. 3±11. 7d,e 
WITHIN 5 DAYS, % ( 30) (28) (26) 

PERCENTAGE OF TREATED 86.9±5.8 97.5±5.8 80.3±7.7 
ANIMALS OVULATING, % ( 30) ( 28 ) ( 26) 

PRETREATMENT .95±.13 .94±.13 .74±.16 
PROGESTERONE, ngjml (2 5 ) (24) (23) 

PROGESTERONE 48 H AFTER 2.07±.479 8.93±.6lh 2.67±.939 
ONSET OF ESTRUS, ngjml (17) (17) (10) 

P RS 

4.51±.98b 
(14) 

2.67±.77b 
(25) 

74.1±10.5b 
( 25) 

42. 3±11. 4d,f 
( 26) 

97.3±7.5 
(26) 

.54±.17 
( 20) 

2. 81±1. 06h 
(7) 

t Number in parentheses is the number of animals contributing data for analysis. 
8 •b Within row, treatment means with different superscripts differ (P<.05). 
c,d Within row, genetic line mean s with different superscripts differ (P<.05). 
e,f Within row, treatment means with different superscripts differ (P=.lO). 
g,h Within row, treatment means with different superscripts differ (P=.l3). 



Table 2. Effect of gonadotropin treatment and genetic line 
on the percentage of gilts observed in estrus within 14 d. 

Genetic Line 

Age at Puberty 

Relaxed Selection 

Treatment 

P.G. 600 

79.4±8.3%8 

(28)t 

49.0±10.7%b 
(26) 

Control 

86.4±8.3%8 

(30) 

75. 9±10. 9%8 

(26) 

t Number in parentheses is the number of animals 
contributing data for analysis 

a,b Within row, means with different superscripts differ 
( P<. 05) • 

Table 3. Effect of gonadotropin treatment and genetic line 
on ovulation rate at pubertal estrus. 

Genetic Line 

Age at Puberty 

Relaxed Selecti'on 

Treatment 

P.G. 600 

19. 0±1. 2% 8 

(27)t 

13. 2±1. 6%b 
( 25) 

Control 

11. 9±1. 3%8 

( 25) 

11.6±1.7%8 

(19) 

t Number in parentheses is the number of animals 
contributing data for analysis. 

a,b Within column, means with different superscripts differ 
(P<. 05) • 
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Heritability of susceptibility to Cryptorchidism in Swine 
R.A. Bellot and D.W. Vogt 

Summary 

Data on 10,432 male pigs were used to evaluate the role of 
heredity in development of cryptorchidism in swine. These data 
were collected over the 9-year period from 1980 through 1988. 
Twenty-six (0.5%) of the Duroc-sired, 28 (1.3%) of the Landrace
sired and 14 (0.6%) of the Yorkshire-sired progeny manifested the 
defect. Differences in frequency of occurrence of cryptorchidism 
among progeny of the three boar breeds were highly significant 
(P<.001). However, frequency differences among sires within breed 
of boar groups were not significant (P=0.19, Duroc; P=0.07, 
Landrace; P=0.62, Yorkshire). Age of dam effects, evaluated on a 
within boar breed basis, were not significant (P=0.10, Duroc; 
P=O. 55, Landrace; P=O. 62, Yorkshire). Frequencies of occurrence of 
this defect among years were highly significant (P<.001). 
Percentage cryptorchid pigs among male siblings of affected males 
for Duroc and Landrace groups, respectively, was 2.4 and 2.4 times 
greater than the overall percentage affected in their respective 
breed groups. Among Yorkshire-sired pigs, no litter had more than 
one affected animal. Heritability of liability to cryptorchidism 
was estimated to be 0.21±0.19 and 0.28±0.18 in the Duroc and 
Landrace-sired groups, respectively. 

Introduction 

Cryptorchidism is a congenital disorder characterized by 
retention of one (unilateral) or both (bilateral) testicles in the 
abdominal cavity. Bilateral cryptorchids are sterile. Unilateral 
cryptorchids are fertile because spermatogenesis in the scrotal 
testicle is normal. To the extent that this defect is hereditary, 
unilateral cryptorchids, then, may transmit a genetic 
predisposition for this defect to their offspring. 

A genetic influence on development of cryptorchidism generally 
has been recognized for many years (Lush and Jones, 1929; McKenzie, 
1931; Nordby, 1933) but its manner of inheritance is controversial. 
Both simple qualitative (McPhee and Buckley, 1934; Johnston et al. 
1958; Triebler et al, 1974) and polygenic (Sittmann and Woodhouse, 
1977; Mikami and Fredeen, 1979) patterns of inheritance have been 
suggested. 

The purpose of this study was to determine the effect of boar 
breed, sires within boar breed and dam age on development of 
cryptorchidism and to estimate heritability of this defect. 

Experimental Animals and Procedures 

Data are from the breeding and performance records of the 
swine herd of the University of Missouri-Columbia. Records were 
available on 10,432 progeny produced by 31 sires over the 9-year 
period 1980 through 1988. Matings in each year were by Duroc, 
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Landrace and Yorkshire boars. Sows were crossbreds, constituted of 
combinations of Duroc, Landrace, and Yorkshire, and, to a lesser 
extent, Hampshire breeds. 

At castration, 4 to 10 days after birth, cryptorchids were 
identified and so recorded on farrowing forms. Over the 9 years, 
68 affected pigs were detected. Of these, 26 (38.2%) were sired by 
Duroc, 28 (41.2%) by Landrace and 14 (20.6%) by Yorkshire boars. 
Frequency differences among years, among boar breeds combined over 
years, among sires within sire breeds and among age of dam groups 
within boar breeds were tested for statistical significance by the 
method of row x column chi-square. Incidence of cryptorchidism 
among full-brothers of affected males was compared with the 
incidence of the defect among all male progeny in each of their 
respective breed of sire groups. These comparisons indicate the 
risk of cryptorchidism among full-brothers of affected males 
relative to the risk among males in their respective general 
populations. 

Heritability of liability to cryptorchidism development was 
estimated for each breed of boar group separately. Estimates were 
calculated using a technique appropriate for threshold traits. 

Results and Conclusion 

Table 1 shows frequency of pigs with cryptorchidism by boar 
breed within years, by boar breed across years, by years across 
boar breeds and combined across boar breeds and years. Of 10,432 
male pigs farrowed over the 9-year period, 68 (0.65%) were 
cryptorchids. Frequencies of affected progeny were 0.5%, 1.3% and 
o. 6% for Duree, Landrace and Yorkshires, respectively. These 
differences among boar breed groups were highly significant 
(P<.001) and suggest a genetic influence on cryptorchidism 
development. However, frequency differences among sires within 
boar breed were not significant (P=0.19), Duroc; P=0.07, Landrace; 
P=O. 62, Yorkshire) . Frequencies of cryptorchidism among years 
varied from 0. 1% to 2. 0%. These differences also were highly 
significant (P<.001). 

Table 2, for each breed of sire group separately, shows 
frequency of cryptorchidism for eight age-of-dam groups. Frequency 
differences were wide varying from 0.00% to 0.78% for Durocs, 0.00% 
to 1.82% for Landrace and 0.00% to 1.69% for Yorkshires. However, 
none of these age-of-dam differences were significant (P=0.10, 
Duroc; P=0.55, Landrace; P=0.62, Yorkshire). 

Comparisons of the incidence of cryptorchidism in full
brothers of affected males with the incidence among males in the 
general population show litter-mate males to be 2. 4 times as likely 
to be affected as non litter-mate males in the Duree- and Landrace
sired groups. Among Yorkshire pigs, no litter had more than one 
affected animal. 
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Heritability of liability to cryptorchidism was calculated to 
be 0.21±0.19 and 0.28±0.18 in the Duroc and Landrace-sired groups, 
respectively. These estimates are reasonable and consistent and 
support the conclusion of a polygenic mode of inheritance for this 
defect. 

Given the suggested polygenic mode of inheritance for 
cryptorchidism, it isn't likely that complete elimination of this 
defect from swine populations can be attained. However, it is 
reasonable to expect a reduction in its frequency of occurrence as 
a consequence of selection pressure against it. Such selection 
obviously involves culling individuals with the defect (individual 
selection) • Individual selection represents the least the breeder 
could do to minimize the frequency of the defect through selection. 
Additional selection pressure could be applied by culling half-sibs 
andjor full-sibs of affected progeny and the sires and dams that 
produce the affected progeny (family selection). Inclusion of 
types of family selection would be more effective than individual 
selection alone but may not be practical since it could reduce 
considerably the size of the breeding herd. A reasonable 
compromise might be individual selection plus the culling of 
families (particularly litter-mate males and females and parents) 
with the greatest incidence of cryptorchidism. 
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Table 1. Frequency of cryptorchidism by boar breed within years and combined 
over years, by years combined over boar breed, and combined overall 
breeds and years. 

Year Breed No. of No. of Normal males cyrptorchid males 
of sire sires litters No. (%) No. (%) 

1980 Duroc 3 52 269 100.0 0 0.0 
Land race 2 40 196 99.5 1 0.5 
Yorkshire 1 53 293 99.6 1 0.4 
Combined 6 145 758 99.7 2 0.3 

1981 Duroc 1 34 162 97.2 5 2.8 
Landrace 2 91 450 95.8 11 4.2 
Yorkshire 2 84 395 98.8 5 1.2 
Combined 5 209 1007 98.0 21 2.0 

1982 Duroc 4 114 578 99.7 2 0.3 
Land race 2 58 301 99.0 3 1.0 
Yorkshire 3 65 323 99.1 3 0.9 
Combined 9 237 1202 99.3 8 0.7 

1983 Duroc 4 163 824 99.6 3 0.4 
Landrace 2 32 157 96.9 5 3.1 
Yorkshire 1 42 228 100.0 0 o.o 
Combined 7 237 1209 99.3 8 0.7 

1984 Duroc 3 102 552 99.8 1 0.2 
Landrace 2 31 171 97.7 4 2.3 
Yorkshire 2 53 291 99.3 2 0.7 
Combined 7 186 984 99.3 7 0.7 

1985 Duroc 3 117 578 9~.8 7 1.2 
Land race 2 51 294 98.6 4 1.4 
Yorkshire 2 54 288 99.6 1 0.4 
Combined 7 222 1160 98.9 12 1.1 

1986 Duroc 6 180 954 99.6 4 0.4 
Landrace 2 37 222 100.0 0 o.o 
Yorkshire 3 37 192 99.5 1 0.5 
Combined 11 254 1368 99.6 5 0.4 

1987 Duroc 3 171 925 100.0 0 0.0 
Landrace 2 29 171 100.0 0 0.0 
Yorkshire 1 37 220 99.5 1 0.5 
Combined 6 237 1316 99.9 1 0.1 
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Table 1 continued. 

1988 Duroc 3 170 873 99.5 4 0.5 
Landrace 1 39 237 100.0 0 o.o 
Yorkshire 2 46 250 100.0 0 o.o 
Combined 6 255 1360 99.7 4 0.3 

YEARS COMBINED* 

Duroc 14 1103 5685 99.5 26 0,5 
Landrace 9 408 2199 98.7 28 •1.3 
Yorkshire 8 471 2480 99.4 14 ' 0.6 

YEARS AND BREEDS COMBINED 

31 1982 10364 99.35 68 0.65 

*some boars were used in more than one year. 
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Table 2. Number of normal (N) and cryptorchid (C) pigs by dam age and boar 
breed group. 

Age-of 
dam (days) 

<450 
451-630 
631-a1o 
811-990 
991-1170 

1171-1;350 
1351-1530 

>1531 

N 

1886 
1141 
1072 
585 
343 
404 
170 
84 

Duroc 

c (%) 

13 (0.68 
9 (0. 78) 
1 (0.09) 
2 (0.34) 
0 (0.00) 
0 (0.00) 
1 (0.58) 
0 (0.00) 

Landrace 

N 

157 
504 
593 
437 
257 
160 
49 
42 

c (%) 

1 (0.63) 
9 (1. 75) 
11 (1.82) 
3 (0.68) 
3 (1.15) 
1 (0.62) 
0 (0.00) 
0 (0.00) 
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Yorkshire 

N 

174 
652 
686 
463 
272 
130 
65 
38 

c (%) 

3 (1.69) 
3 (0.46) 
3 (0.44) 
3 (0.64) 
1 (0.37) 
1 (0. 76) 
0 (0.00) 
0 (0.00) 
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EFFECTS OF DEWORMING ON SOW PRODUCTIVITY 1 

Ridley B. Holder, Ronald 0. Bates, Charles Rosenkrans2
, 

Scott Woods3 and Bruce Lane2 

SUMMARY 

An on-farm study was conducted to determine the effect of deworming sows 
with the an the 1 mint i c Safe-GuardR on sow productivity. Three commercia 1 hog 
farms in Missouri were used. Sows were dewormed on 3 consecutive days on two 
occasions, the last 3 days of lactation and for 3 days starting 10 days before 
sows were due to farrow. Data analyzed included number of pigs born alive, 
number of pigs stillborn, number of pigs after transfer, number of pigs at 
weaning, and litter weight at weaning. Deworming with Safe-GuardR was found to 
improve litter weight at weaning by 3.8 lbs (P < .10). This improvement existed 
for each farm despite the absence of fecal worm eggs on one farm. 

INTRODUCTION 

Deworming of sows has become a regular practice in commercial herds, 
primarily to reduce the risk of worm infestation of piglets during the nursing 
period. High feca 1 egg counts in sows have been 1 inked with unthri ft 1 ness, 
infertility, and reduced birth and weaning weights of piglets (Dodd, 1960; 
Davidson and Taffs, 1965; Gitter et al ., 1966). Thomas and Smith (1968) reported 
increased birth and weaning weights in piglets born to treated sows. Pattison 
et al. (1979) found that mean body weight of worm-free sows, from mating to 
weaning of their litters, increased by 11.3 kg; whereas that of infected sows 
declined by 13.1 kg. In addition, number of piglets born alive, birth weight, 
pigs weaned, and piglet weaning weight, were higher for worm-free sows than for 
infected sows. A more recent controlled study has reported improved feed 
utilization by sows in addition to an increase in the number of pigs weaned 
(Danielson, 1989). 

The present study was conducted to determine the effect of deworming sows 
on sow productivity under field conditions. 

EXPERIMENTAL PROCEDURES 

The experiment was conducted on three commercial hog farms in Missouri. 
Crossbred sows were used in the study. Herd size on these farms ranged from 80 
to 150 sows. On one farm, gestating sows were housed in groups of five in an 
environmentally controlled building, on the other two farms they were kept in 
groups in outdoor lots. All sows were farrowed in environmentally controlled 

1This study was sponsored by Hoechst-Roussel. The authors wish to 
acknowledge Oettings Farms, Concordia; Charles Chapius, Louisiana; and Cloverine 
Farms, Hurdland, for their participation in the study. 

2Area Livestock Specialists. 
3Former Area Livestock Specialist. 
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buildings and confined to lactation crates. Litters were weaned at 21 to 28 days 
of age. 

Participating farms were each provided with data collection sheets and an 
outline of the experimental protocol at the start of the study. Each farm was 
supplied with a lactation ration containing the anthelmintic Safe-GuardR 
(fenbendazole) at the rate of 612 mg per pound of ration. Participating owners 
were instructed to feed the ration at a rate of 1 lb per sow per day for 3 days, 
to those sows that were to be treated. Sows were selected at random for 
treatment. 

Sows selected for Safe -GuardR treatment were offered the above ration on 
two occasions; the last 3 days before weaning and for 3 days starting 10 days 
before sows were due to farrow. Fecal samples were collected prior to each 
treatment. Treatment was repeated in each subsequent parity . 

Data collected included; number of pigs born alive, number of pigs 
stillborn, number of pigs after transfer, number of pigs at weaning, and litter 
weight at weaning. Data were analyzed by ordinary least squares analyses of 
variance. 

A number of sows from both the treated group and the control group were 
culled from their respective farms and did not complete the study. Reasons for 
culling included the outbreak of a reproductive disease on two farms in addition 
to lameness on all farms. Piglet losses on one farm were attributed to an 
outbreak of coccidiosis. 

RESULTS AND DISCUSSION 

The results are presented in Table 1. Only litter weight at 24 days of age 
was different between treatment groups. When pooled across farms, litter weight 
at weaning was 3.8 lbs heavier for pigs born to sows treated with Safe-GuardR. 
This improvement was typical of all farms despite the absence of worm eggs in 
fecal samples submitted by one farm. 

These results suggest that routine deworming of sows with Safe-GuardR 
improves litter weaning weight. 
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TABLE 1. The Effect of Anthelmintic Treatment on Sow Productivity 

Trait 

No. born alive 

No. stillborn 

No. weaned 

Litter weight at 
24 days of age 

No. of sows Safe-GuardR 

168 9.92 

168 0.90 

149 9.07 

145 109.98 

8'~eans with different superscripts are different (P < .10). 
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10.17 

1.02 

8.92 
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PERFORMANCE OF PIGS STOCKED AT EITHER 
5 OR 10 PER FEEDER SPACE IN GROW-FINISH 

R.O. Batesa, S.L. Tilton, J.C. Rea and s. Woodsb 

Abstract 

This study compared the current feeder space recommendation of 5 
pigs per space to 10 pigs per space. Two replications of 200 
pigs per replication were used in a 2 X 2 factorial design that 
included the effects of sex (barrow or gilt) and feeder space (5 
vs 10 pigs per space) . Feeder space did not affect average daily 
gain or feedjgain with overall performance of 1.7 lbsjday and 
3.20 lbs feedjlbs gain, respectively. Average daily feed 
disappearance was reduced with 10 pigs per feeder space when 
compared to 5 (5.32 vs 5.55 lbsjday; P<.05). This study indicates 
that grow-finish pigs can be stocked at a rate of 10 pigs per 
feeder space. 

Introduction 

Management of the growing-finishing pig has come under 
greater scrutiny. Several of the current management guidelines 
for the growing, finishing pig have been questioned. The 
recommendation often quoted for the number of growing-finishing 
pigs per feeder space is 4-5 pigs (Meyer, V.M. 1991 ) . However, it 
cannot be determined if this recommendation was developed from 
conditions typical to current commercial pig production 
practices. Therefore the purpose of this study was to compare 
the current recommendation to a feeder stocking rate twice as 
high. 

Materials and Methods 

This study was conducted at Ham Hill Farms, Marshall and utilized 
2 replications with approximately 200 pigs/ replication. Pigs 
were the product of a rotaterminal crossbreeding program which 
was developed from lines produced by Farmer's Hybrid Inc. Pigs in 
this study were predominantly sired by ex boars. Barrows and 
gilts allocated to this study were from 2 weekly farrowing groups 
and thus age difference within the pigs was no more than 14 days. 
Pigs were penned by sex (barrows and gilts ) in groups of 10 with 
pens that were 10 ft. by 8 ft. in dimension. Each pen contained a 
Pannier, 2 space feeder that was 23 in. long. Pigs had ad libitum 
access to feed and water. From 93 to approximately 150 lbs pigs 
consumed a ration that was formulated to contain .9% lysine. 
After 150 lbs pigs consumed a ration that contained .7% lysine. 

aThe authors wish to acknowledge the cooperation of Ham Hill 
Farms, Marshall in this study. 

bForrner Area Livestock Specialist. 
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Both diets were corn, soybean meal based rations that met or 
exceeded NRC (1988) recommendations. Each replicate began the 
study at approximately 93 lbs and finished when the average of 
all pigs in a replication was 220 lbs. 

Pigs, within sex, were randomly assigned to pens and 
treatment. To accomplish the treatment protocol, half of the 
pens had one feeder space disabled so that treatments were; 5 
pigs per feeder space and 10 pigs per feeder space. Feed was 
weighed into each feeder in 5 lb increments and residual feed in 
the feeder was weighed and recorded each time the pigs were 
weighed and at the end of the study. 

Results and Discussion 

Overall performance is reported in Table 1. There was no 
treatment by sex interaction which suggests that both barrows and 
gilts had a similar response to the treatment. Feeder space 
stocking rate did not effect average daily gain or feedjgain with 
average performance of 1.70 lbsjday and 3.21 lbs feed/lb gain, 
respectively. 

Average daily feed disappearance was lower for the 10 pigs 
per feeder space treatment. Average daily feed disappearance was 
.22 lbs feedjday less than those which had 5 pigs per feeder 
space. Since average daily gain and feedjgain was not affected 
this difference in feed disappearance was probably due to less 
feed wastage. Since it took 75 days for these pigs to grow from 
93 to 220 lbs and it can be assumed that feed cost per pound was 
$.06, pigs that were subjected to the 10 pigs per feeder space 
treatment incurred $.99 less feed cost/pig while average daily 
gain and feedjgain were not altered. 

Conclusion 

The historical feeder space recommendation has been 4-5 pigs 
per feeder space. This study would indicate that the 
recommendation should be altered to; up to 10 pigs per feeder 
space. At this stocking rate average daily gain and feedjgain 
should not be altered and less feed wastage should occur. 

Literature Cited 

Meyer, V.M. 1991. Swine Growing-Finishing Units. Pork Industry 
Handbook. #11. 

National Research Council. 1988. Nutrient Requirements of Swine. 
9th Ed. National Academy Press. Washington, DC. 
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TABLE 1. LEAST SQUARES MEANS OF GROW-FINISH PERFORMANCE 
BY TREATMENT 

Pigs/Feeder Space 
Trait 5 10 

Average Daily Gain, lbsjday 1. 72 1. 69 
(90-220 lbs) 

Feed/Gain 3.22 3.21 
(lbs feedjlb gain) 

Daily Feed Disappearance 5.55a 5.32b 
(Ave lbs feedjday) 

a,bMeans within rows with different s uperscripts differ 
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DRIED WHEY AND LYSINE LEVELS IN DIETS FOR WEANLING PIGS 
NCR-42 Committee on swine Nutrition1 

SUMMARY 

Five research stations, using a total of 960 crossbred pigs 
weaned between 3 and 4 wk of age, evaluated the efficacy of 
supplemental dried whey and L-lysine·Hcl in corn-soybean meal diets 
for weanling pigs. Two diets contained either .95 or 1.10% lysine 
by altering the ratio of corn to soybean meal (C-SBM) . Two other 
diets contained the same lysine levels but with 20% dried whey (C
SBM-DW). Four more diets were made by adding .15% lysine to each 
of the above diets as L-lysine·Hcl. Station effects (P < • 01) 
occurred for each trait, but there were no station X treatment 
interactions (P > .15). Results found that daily feed consumption 
and daily gain of weanling pigs were improved (P < .01) when diets 
contained dried whey. Lysine was not the limiting factor in either 
the c-SBM or c-SBM-DW diets formulated to contain . 95 or 1. 10% 
lysine. Another factor in dried whey, possibly lactose, is 
responsible for its growth promotion effect. 

INTRODUCTION 

As commercial swine production intensifies, there is an 
increasing trend toward earlier weaning, with an increase in the 
use of milk products in pig starter diets. The use of dried whey 
in weanling pig diets has, however, resulted in inconclusive 
performance results. Dried whey has been widely used in the diets 
of weanling pigs because of the large quantity of liquid whey 
produced by the cheese industry. The protein and lactose of dried 
whey both contribute to the improved performances when fed to 
weanling pigs (Tokach et al., 1989; Mahan, 1992). Whey quality 
declines, however, when overheated during the drying process 
(Tompkins, 1989). 

The use of dried whey in weaning diets reduces the amount of 
soybean protein used, which also improves the protein quality of 
the ration (Li et al., 1990) . The amount of soybean protein can be 
lowered further by the use of L-lysine·HCl. Therefore, a 
cooperative regional experiment was conducted to evaluate the 
effect of various ratios of corn and soybean meal with or without 
dried whey and L-lysine·Hcl on postweaning pig performance. 

1Dr. T. L. Veum abstracted this report from a manuscript 
titled "Effect of Dietry Lysine Levels Formulated by Altering the 
Ratio of Corn to Soybean Meal With or Without Dried Whey and L
lysine·HCl in Diets for Weanling Pigs", by D. c. Mahan, Ohio State 
University; R. A. Easter, University of Illinois; G. L. Cromwell, 
University of Kentucky; E. R. Miller, Michigan state University; 
and T. L. Veum, University of Missouri. Dr. D. c. Mahan is 
acknowledged for summarization of the data and preparation of the 
complete paper for publication in the Journal of Animal Science. 
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MATERIALS AND METHODS 

A cooperative experiment using a total of 960 weanling pigs 
was conducted at five institutions: Kentucky, Illinois, Michigan, 
Missouri, and Ohio. Crossbred pigs were used with the breed 
combinations differing among stations. A randomized complete block 
design was used with a total of 15 replications. The number of pigs 
per pen varied from 5 to 15 but was consistent within each 
replicate. Housing facilities and environment differed among 
stations, but all pigs were housed in environmentally controlled 
rooms with a minimum 1.9 ft2 per pig within each pen. Pig numbers 
and initial weaning weights are reported by station in Table 1. 

Pigs were weaned between 3 and 4 wk of age and weighed an 
average of 15.6 pounds (7100 g) (Table 1). Animals were allotted 
at weaning to the eight treatment groups based on weight, ancestry, 
and gender. The experiment was conducted for a total of 6 wk, 
except at the Ohio station and one replicate at the Michigan 
station where the experiment was terminated after 4 wk. 

From weaning through 4 wk postweaning, four basal diets were 
formulated to contain either .95 or 1.10% lysine by varying the 
ratio of (1) corn and soybean meal (C-SBM) or (2) corn and soybean 
meal plus 20% edible grade dried whey (C-SBM-DW). No L-lysine·Hcl 
was added to those diets. However, .19% L-lysine·HCl (.15% lysine) 
was added to each of these diets at the expense of corn to make 
four more diets containing 1.10 or 1.25% lysine. To evaluate the 
effects of weaning diet on subsequent performance a C-SBM diet 
containing .80% lysine was fed to all pigs during weeks 5 and 6 
postweaning. All diets were fortified with vitamin and mineral 
levels that met or exceeded current NRC ( 1988) requirements. Diets 
and water were provided on an ad libitum basis. 

The data were statistically analyzed by analysis of variance 
procedures using the GLM procedure of SAS (1982). The pen was 
considered the experimental unit. 

RESULTS AND DISCUSSION 

Weight gains and feed intakes are reported in Table 3. There 
were station effects (P < .01 ) for each performance criteria, but 
no station X dietary treatment interactions (P > .15). 

Experimental (O to 4 wk) Period. The addition of dried whey 
to the C-SBM diets resulted in increased daily gains, feed intakes, 
and gain:feed ratios (P < .01 ) . The improved response to dried 
whey inclusion was consistent with other reports (Cera et al. , 
1988) . 

At the .95% dietary lysine level, the diet containing dried 
whey had a higher growth rate (P < .05) than the diet without dried 
whey, but there was no effect on feed intake. At the 1. 10% dietary 
lysine level, pig gains, feed intakes and gain:feed ratios (P < 
.01) were also increased when the diet contained dried whey. Thus, 
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the performance response to dried whey was greater when the diet 
contained 1.10% lysine compared with .95% lysine, particularly for 
daily gain. 

Pig gains however, were similar when the diet contained .95 or 
1.10% lysine without any dried whey, the latter diet containing a 
higher percentage of soybean protein. These results imply that the 
higher level of soybean meal used in this experiment was neither 
beneficial nor detrimental to postweaning pig gains. 

Because the protein in dried whey has a higher digestibility 
than the protein in corn or soybean meal, pig performance should 
theoretically improve with the addition of dried whey if amino 
acids were a limiting factor. However, the addition of L
lysine·Hcl to the two c-SBM diets increased daily lysine intake (P 
< .05) but did not improve pig performance. Lysine apparently was 
not the limiting nutrient in these C-SBM diets for weanling pigs 
because the addition of L-lysine·HCl did not increase pig gains. 
When L-lysine·HCl was added to the two C-SBM-DW diets, there was an 
increase in daily lysine intake (P < .01), but the 4 to 6% increase 
in daily gain was not significant. 

Lepine et al. (1991) and Mahan (1992) have suggested that the 
lactose in dried whey, not the lysine or the lactalbumin, is 
responsible for the improved growth rate in weanling pigs. Thus, 
it appears that a component in whey, probably lactose, interacts 
additively with lysine increasing pig performance. 

Subsequ nt (5 and 6 wk> Period. Pigs that had been previously 
fed the diets containing dried whey during the initial 4-wk 
postweaning period had a tendency (P = .08) to grow faster during 
the following 2-wk period. No compensatory growth occurred during 
wk 5 and 6 for the groups with the poorer performance during the 
first 4-wk postweaning period. 

Overall R spons • Feeding diets containing dried whey during 
the initial 4 wk postweaning period followed by a standard C-SBM 
diet formulated to .80% lysine level for 2 wk resulted in improved 
gains and feed intakes (P < .01) for the overall 6-wk period when 
compared to pigs fed diets without dried whey. 
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TABLE 1. Participating stations and experimental pig information 

Nursee:: Trial Performance (gLd)" 
Experiment Total Initial Week 0 to 4 Week 5 and 6 Week 0 to 6 
station Reos. Pi!!S/oen pigs wt .• g ADG ADFI ADG ADFI ADG ADFI 

Kentucky 5 5 or 6b 216 7,700 266 524 596 1,207 376 753 

Illinois 2 5 80 8,500 335 573 678 1,218 435 758 

Michiganc 3 8 192 7,700 298 498 473 1,139 338 732 

Missouri 2 7 112 7,1f.XJ 327 707 786 1,558 484 992 

Ohiod 3 15 360 6,000 241 440 

Total 15 -- 960 7,000C SE 7 15 21 44 8 19 
w 
..j:>. 

•g =grams One pound = 454 g ADG = average daily gain ADFI = average daily feed intake. 

~hree replicates consisted of five pigs per pen and two replicates consisted of six pigs per pen. 

'Two replicates were included during the 5 and 6 wk nursery period 

dNo replicates were included during the 5 and 6 wk nursery period. 

eweighted average based on the total number of pigs. 



w 
Ul 

Table 2. Percentage composition of nursery diets• 

Period, wk 1 to 4 
Basal diet: C-SBM C-SBM-DW C-SBM C-SBM-DW 

L-lysine"H Cl: 0 + 0 + 0 + 0 + 
Total lysine,% .95 1.10 .95 1.10 1.10 1.25 1.10 1.25 

Ingredient Diet no. 1 2 3 4 5 6 7 8 

-

Corn 71.77 7158 57.53 57.34 66.61 66.42 52.36 52.17 

Soybean meal, 48% CP 25.08 25.08 19.97 19.97 3032 3032 25.22 25.22 

Dried wheY' - - 20.00 20.00 - 20.00 20.00 

L-lysine"HCI - .19 - .19 - .19 .19 

Dicalcium phosphate 132 1.32 .88 .88 1.22 1.22 .79 .79 

Limestone 1.13 1.13 .92 .92 1.15 1.15 .93 .93 

Vitamin mix" + + + + + + + + 

Trace mineral salt mix" + + + + + + + + 

Antibioticd + + + + + + + + 

•Diets were calculated to contain .80% Ca and .60% P. C-SBM = Com-Soybean meal. C-SBM-DW = Com-Soybean meal- Dried whey. 

bEdible grade dried whey. 

5 to 6 
C-SBM 

0 
.. 80 

77.75 

18.93 

.88 

.89 

+ 

+ 

+ 

COifferent premixes were added at various levels at the expense of corn at the various stations, but each diet met or exceeded NRC (1988) requirements. 

d Antibacterial agents differed by station and added at growth promotion levels. 



Table 3. Pig Performance Means• 

Basal diet: C-SBM C-SBM-DW C-SBM C-SBM-DW 
L-lysineHCl: 0 + 0 + 0 + 0 + 

Total lysine, % .95 1.10 .95 1.10 1.10 1.25 1.10 1.25 
Item Diet no. 1 2 3 4 5 6 7 8 SE 

Week 1 to 4 

Daily gain, g 266 259 292 312 265 272 334 348 9 

Daily feed, g 553 533 572 579 496 498 565 593 20 

Daily lysine intake, g 5.3 5.9 5.4 6.4 5.5 6.2 6.2 7.4 .2 

Gain:feed ratio .481 .486 .510 .539 .534 .546 .591 .586 .018 

Week 5 and 6 

w 
en Daily gain, g 633 601 631 605 591 639 696 671 27 

Daily feed, g 1260 1160 1228 1205 1190 1421 1403 1378 58 

Daily lysine intake, g 9.7 8.9 9.5 9.3 92 10.9 10.8 10.6 .2 

Gain:feed ratio .502 .518 .514 .502 .497 .450 .496 .487 .014 

Week 0 to 6 

Daily gain, g 395 385 406 415 384 389 443 448 11 

Daily feed, g 797 782 821 828 754 786 848 845 25 

Gain:feed ratio .496 .492 .495 .501 .509 .495 .522 .525 .010 

"Statistical responses are discussed in the results. 



AMINO ACID AND (OR) PROTEIN SUPPLEMENTATION OF CORN-SOYBEAN 
MEAL DIETS FED TO PIGS:REQUIREMENTS OF BARROWS 

VERSUS GILTS1 

Chen-Yen Wu and T. L. veum 

SUMMARY 

Growing-finishing pigs were used in an experiment to evaluate 
the effects of gender, crude protein (CP) and amino acids on 
performance, estimated body lean and concentrations of serum urea 
nitrogen and plasma protein. The experiment was a 2 (barrow vs 
gilt) x 6 (diet) factorial arrangement of the treatments with 
growing (48 to 114 lb BW) and finishing (114 to 235 lb BW) phases. 
Diets 1, 2 and 3, respectively, consisted of a corn-soybean meal 
basal diet, basal + 2% CP, and basal + 4% CP. Increases in CP were 
made by adjusting the percentages of corn and soybean meal. The 
basal grower and finisher diets met NRC (1988) requirements for CP 
and lysine, and met or exceeded all other nutrient requirements. 
Diets 4 and 5 were made by supplementation of the basal diets with 
lysine, tryptophan, threonine and methionine to equal the total 
amino acid concentrations in diets 2 and 3, respectively. Diet 6 
was made by supplementation of diet 2 with amino acids to equal the 
total amino acid concentrations of diet 3. 

Overall, average daily feed consumption and ADG were greater 
(P < • 01) for barrows than gilts but gilts had less backfat 
thickness and a greater percentage of carcass muscle (P < • 01) than 
barrows. Also, gilts had lower (P < .01) concentrations of serum 
urea nitrogen than barrows. In conclusion, results indicated that 
the basal diet (NRC, 1988) adequately met the nutrient requirements 
for barrows, but gilts required higher concentrations of CP or 
amino acids to maximize leanness. 

INTRODUCTION 

The current recommended NRC (1988) levels of some ~ssential 
amino acids for swine, such as histidine and methionine, &ppear to 
be inadequate (Izquierdo et al., 1988; Chung et al., 1989). The 
Australians (Campbell and Taverner, 1988) and the British (Yen et 
al., 1986a, b) have also found that higher concentrations of 
dietary lysine are required to maximize growth of pigs, partially 
due to their twice-a-day feeding systems compared with the u.s. 
method of feeding pigs with self-feeders. 

Several studies have been conducted to assess the differences 
in protein or lysine requirements of barrows and gilts (Yen et al., 
1986a, b; Cromwell et al., 1990). The objective of this experiment 
was to determine the responses of barrows and gilts fed separately 
to dietary concentrations of CP and amino acids provided as soybean 
meal or crystalline amino acids. 

1Nutri-Quest, Inc., Chesterfield, MO is acknowledged for 
financial support and providing the amino acids. 
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MATERIALS AND METHODS 

A total of 324 crossbred pigs were used in an experiment with 
three trials to evaluate the effect of protein and lysine, 
tryptophan, threonine, and methionine concentrations on 
performance, carcass traits and concentrations of serum urea 
nitrogen and plasma protein. Pigs were allotted by litter, weight 
and gender to 12 treatments in a 2 x 6 factorial arrangement 
(barrows vs gilts and six diets). Each experiment included a 
growing phase (48 to 114 lb live weight) and a finishing phase (114 
to 235 lb live weight). Pigs remained on their respective 
treatment groups during both phases. Each pen (experimental unit) 
contained three pigs. Barrows and gilts were fed separately to 
evaluate gender differences in amino acid requirements that 
maximize carcass lean growth. Pigs were fed ad libitum. The pigs 
were weighed and feed consumption was determined biweekly, and at 
the end of the grower and finisher phases. 

The diets were formulated to be equal in metabolizable energy. 
The basal corn-soybean meal grower and finisher diets met NRC 
(1988) requirements for CP and lysine and met or exceeded all other 
nutrient requirements as shown in Tables 1 and 2. Two other corn
soybean meal diets were made that contained 17. o and 19.0% CP 
(diets 2 and 3, respectively) during the grower phase, and 15.0 and 
17.0% CP during the finishing phase for the purpose of providing 
two higher concentrations of the limiting essential amino acids. 
Then, diets 4 and 5 were made by supplementation of the basal diets 
with lysine, tryptophan, threonine and methionine to equal amino 
acid concentrations of diets 2 and 3. Diet 6 was made by 
supplementation of diet 2 with the essential amino acids listed 
above to equal the concentrations in diet 3. 

Heparinized blood samples (10 ml) were collected directly from 
the jugular vein 5 hours after fasting from pigs at the end of 
phase 1 (114 lb live weight) and at the end of phase 2 (235 lb live 
weight) . 

Using ultrasonics, average · backfat thickness, lOth rib fat 
depth, loin eye area and percentage of muscle were determined at 
235 lb live weight. 

Statistical analysis of the data was performed using the GLM 
procedure of SAS ( 1988) . Data were analyzed as a randomized 
complete block design (Snedecor and Cochran, 1980) with a factorial 
arrangement of the treatments. 

RESULTS 

Gender had an effect on performance, carcass data and serum 
urea N in this experiment. In both the growing and finishing 
phases (table 3), barrows grew faster (P < .01) than gilts (4% in 
the growing phase; 8% in the finishing phase). For feed intake, 
barrows ate more (P < .01) than gilts during the finishing phase. 

Serum concentrations of urea nitrogen were higher (P < .01) 
for barrows than gilts at 235 lb (end of finishing), but not at 114 
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lb in the growing phase (P > .1) (table 4). Plasma protein 
concentration did not differ (P > .2) between barrows and gilts in 
either the growing or finishing phases (table 4). In our 
experiment, gilts had less (P < .01) average backfat thickness, 
lOth rib backfat thickness and a greater estimated percentage of 
muscle than barrows (table 5) . 

During the growing phase, there was no diet effect (P > .15) 
on performance for barrows (table 6). For gilts, there was a 
linear increase in average daily gain (ADG) (P < .05) with 
increasing amino acid concentrations in the diets (diet 1G, 4G and 
5G) (table 7). During the finishing phase, dietary treatments had 
no effect (P > .8) on ADG of barrows (table 6) or gilts (table 7). 
There was a gender x diet interaction (P < .05) for gain:feed 
ratio. For barrows, increasing the CP concentration from 13.0 to 
17.0% (diet lF, 2F and 3F) or increasing the amino acid 
concentrations (diet 1F, 4F and 6F) linearly decreased (P < .05) 
gain:feed ratio. For gilts, however, increasing CP concentrations 
did not affect gain:feed ratio. 

There was a gender x diet interaction (P < .05) for loin eye 
area. Loin eye area and the percentage of body muscle increased (P 
< • 01) with increasing dietary CP (diet 1, 2 and 3) and with 
increasing amino acid concentrations (diet 1, 4 and 5; diet 1, 4 
and 6) for gilts, but not barrows (tables 8 and 9). 

CONCLUSION 

This research suggests the basal diet (NRC, 1988) met the 
protein and amino acid requirement for barrows. For gilts, 
however, higher concentrations of amino acids were required to 
maximize leanness. These results support the concept that barrows 
and gilts should be fed separately. 
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Table 1. Diets for Growing Phase 1, 48 to 114 lb 

Lysine, tryptophan, 
threonine and 
methionine 
supplementation 
of basal 
Basal Basal 17%CP 
+AAto + AA to diet 
equal equal + AA to 

Corn-soybean meal diets 17% CP 19% CP equal 
15% 17% 19% 19% CP 

(Basal) 
Ingredient 1G 2G 3G 4G 5G 6G 

Ground yellow corn, % 76.03 70.99 65.96 75.31 75.20 70.58 
44% Soybean meal, % 18.05 23.18 28.30 18.12 18.20 23.25 
Choice white grease, % 3.00 3.00 3.00 3.00 3.00 3.00 
Dicalcium phosphate, % 1.44 1.39 1.34 1.44 1.44 1.39 
Monosodium phosphate, % .23 .19 .15 .23 .23 .19 
MU vitamin premix,%" .50 .50 .50 .50 .50 .50 
MU trace mineral, %h .50 .50 .50 .50 .50 .50 
White salt, % .25 .25 .25 .25 .25 .25 
L-lysine.HCI, % .176 .353 .176 
L-tryptophan,% .029 .058 .009 
L-threonine, % .081 .163 .001 
DL-methionine,% .053 .106 .<m 

Calculated based on laboratory analysis. 

Crude protein, % 15.00 17.00 19.00 15.00 15.00 17.00 
Lysine,% .76 .90 1.04 .90 1.04 1.04 
Tryptophan,% .16 .19 .22 .19 .22 .22 
Threonine, % .48 .65 .73 .65 .73 .73 
Isoleucine, % .62 .72 .82 .62 .62 .72 
Met. + Cys., % .53 .58 .63 .58 .63 .63 
Valine,% .72 .82 .91 .72 .72 .82 
ME, Meal/kg 3.41 3.40 3.39 3.41 3.40 3.40 
Calcium,% .70 .70 .70 .70 .70 .70 
Phosphorus (total), % .65 .65 .65 .65 .65 .65 

"Vitamin/choline chloride mix proVIded per kg of complete diet: 5,507 IU vitamin A acetate, 550.7 IU 
vitamin D3, 33 IU vitamin E as dl-a-tocopheryl acetate, .04 mg vitamin B12, 2.2 mg vitamin K as 
menadione sodium bisulfite complex, 5.5 mg riboflavin, 27.53 mg d-pantothenic acid as calcium 
pantothenate, 2.2 mg thiamine as thiamin mono nitrate, 33 mg niacin, 2.2 mg vitmain B6, 2.2 mg folic acid, 
.22 mg biotin, 780 mg choline chloride, and 110 mg aureomycin. 

bTrace mineral mix provided per kg of complete diet: 125 mg Zn as ZnS04, 125 mg Fe as FeS04, 30 mg 
Mn as MnS04, 15 mg Cu as CuS04, 5 mg I as Ca (103) 2, 3 mg Seas N~Se03 • 
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Table 2. Diets for Finishing Phase 1, 114 to 235 lb 

Lysine, tryptophan, 
threonine and 
methionine 
supplementation 
of basal 
Basal Basal 15%CP 
+ AAto + AA to diet 
equal equal + AAto 

Corn-soybean meal diets 15% CP 17% CP equal 
13% 15% 17% 17%CP 

(Basal) 
Ingredient 1F 2F 3F 4F 5F 6F 

Ground yellow corn, % 81.91 76.85 71.78 81.51 81.09 76.44 
44% Soybean meal, % 12.75 17.88 23.02 12.82 12.90 17.96 
Choice white grease, % 3.00 3.00 3.00 3.00 3.00 3.00 
Dicalcium phosphate, % 1.04 .93 .83 1.04 1.05 .94 
Limestone, % .05 .09 .12 .04 .03 .07 
MU vitamin premix, %• .50 .50 .50 .50 .50 .50 
MU trace mineral, %b .50 .50 .50 .50 .50 .50 
White salt, % .25 .25 .25 .25 .25 .25 
L-lysine.HCI, % .177 .353 .177 
L-tryptophan, % .029 .059 .029 
L-threonine, % .081 .163 .001 
DL-methionine, % .053 .106 .003 

Calculated based on laboratory analysis. 

Crude protein, % 13.00 15.00 17.00 13.00 13.00 15.00 
Lysine,% .62 .76 .90 .76 .90 .90 
Tryptophan, % .13 .16 .19 .16 .19 .19 
Threonine, % .49 .57 .65 .57 .65 .65 
Isoleucine, % .52 .62 .72 .52 .53 .62 
Met. + Cys., % .48 .53 .58 .53 .58 .58 
Valine,% .62 .72 .82 .62 .62 .72 
ME, Meal/kg 3.46 3.44 3.44 3.44 3.44 3.44 
Calcium,% .60 .60 .60 .60 .60 .60 
Phosphorus (total), % .50 .50 .50 .50 .50 .50 

"Vitamin/choline chloride mix provided per kg of complete diet: 5,507 IU vitamin A acetate, 550.7 IU 
vitamin D3, 33 IU vitamin E as dl-a-tocopheryl acetate, .04 mg vitamin B12, 2.2 mg vitamin K as 
menadione sodium bisulfite complex, 5.5 mg riboflavin, 27.53 mg d-pantothenic acid as calcium 
pantothenate, 2.2 mg thiamine as thiamin mononitrate, 33 mg niacin, 2.2 mg vitmain B6, 2.2 mg folic acid, 
.22 mg biotin, and 780 mg choline chloride. 

bTrace mineral mix provided per kg of complete diet: 125 mg Zn as ZnS04, 125 mg Fe as FeS04, 30 mg 
Mn as MnS04, 15 mg Cu as CuS04, 5 mg I as Ca (I03) 2, 3 mg Se as N~Se03 • 
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Table 3. Gender Main Effect Means for Pig Performance 

Item 

ADG, lb Growing8 

Finishing8 

Overall11 

Avg. daily feed 
intake, (ADFI), 
lb Growing 

Gain: feed 
ratio 

Finishing8 

Overall8 

Growing 
Finishing 
Overall 

Gender 
Barrow 

1. 98 
2.06 
2.02 

4.78 
7.34 
6.06 

.417 

.282 

.335 

Gilt 

1. 90 
1. 91 
1. 91 

4.65 
6.74 
5.69 

.411 

.285 

.336 

8Gender main effect (P < .01) on ADG and ADFI. 

SEM 

.018 

.019 

.018 

.057 

.084 

.059 

.005 

.003 

.003 

Table 4. Gender Main Effect Means for Concentrations of 
Serum Urea Nitrogen and Plasma Protein 

Gender 
Item Barrow Gilt SEM 

Serum urea nitrogen, mgfdl 
Growing (114 lb) 9.50 9.13 .17 
Finishing (235 lb) 8 11.04 9.44 .16 

Plasma protein, gjdl 
Growing (114 lb) 7.32 7.16 .11 
Finishing (235 lb) 7.37 7.53 .12 

8Gender main effect on SUN (P < . 05) . 

Table 5. Gender Main Effect Means for carcass Measurements 

Gender 
Item Barrow Gilt SEM 

Backfat, in8 1. 25 1. 09 . 011 
Loin eye area, in2 5.36 5.37 .042 
lOth rib, in8 1.17 .96 . 014 
Muscle, %8 53.32 54.60 .253 

8 Gender main effect on backfat thickness, lOth rib backfat 
thickness, and percentage of muscle (P < .01). 
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Table 6. Dietary Main Effect Performance Means for Barrows 

Item 

ADG, lb 

Avg daily 
feed intake 

Growing 

Finishing 

Overall 

(ADFI), lb Growing 

Gain: feed 
ratio 

Finishingab 

Overall 

Growing 

Finishingcd 

Overall 

Corn-soybean meal diets 
(Basal) (Basal (Basal 

+ 2% CP) + 4% CP) 
1 2 3 

1.92 2.00 2.03 

2.09 2.06 2.01 

2.00 2.03 2.02 

4. 73 4.81 4.95 

7.06 7.40 7.67 

5.89 6.10 6.31 

.408 .418 .414 

.300 .278 .262 

.343 .333 .322 

Lysine, tryptophan, threonine 
methionine supplementation 
of basal 
(CP=No.l, 
AA=No.2) 

4 

1. 94 

2.06 

2 .00 

4.78 

7.15 

S.97 

.407 

.289 

.336 

(CP=No.l, 
AA=No.3) 

s 

1. 97 

2.02 

1. 99 

4.66 

7.01 

5.83 

.427 

.288 

.343 

(CP~No.2, 

AA=No.3) 
6 

2.02 

2.12 

2.07 

4. 78 

7.74 

6.26 

.429 

.276 

.333 

SEM 

.OS 

.OS 

.04 

.14 

.21 

.1S 

.11 

.07 

. 06 

aLinear increase (P <.OS) in ADFI with increasing dietary CP concentration (diets 1, 2, and 3) and amino acid 
concentration (diets 1, 4, and 6). 

horthogonal contrasts found ADFI for diets 3 and 6 were higher (P <.05 ) than for diet 5. 

cLinear decline (P <.OS ) in gain:feed ratio with increasing dietary CP (diets 1, 2, and 3) and increasing amino 
acid concentration (diets 1, 4, and 6). 

dorthogonal contrasts found gain:feed ratio for diet 3 was lower (P <.05 ) than for diet S. 
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Table 7. Dietary Main Effect Performance Means for Gilts 

Lysine, tryptophan , threonine 
methionine supplementation 

Corn - soybean meal diets of basal 
(Basal ) (Basal (Basal (CP=No.l, (CP=No .l, (CP=No.2, 

+ 2% CP) + 4% CP) AA=No.2) AA=No.3) AA=No.3) 
Item 1 2 3 4 5 6 SEM 

ADG, lb Growingab 1. 79 1.89 1. 91 1. 92 1. 96 1. 96 .05 

Finishing 1. 85 1. 95 1. 93 1.92 1. 90 1. 91 .05 

Overall 1. 82 1.92 1. 92 1.92 1. 93 1. 93 .04 

Avg daily feed 
intake, (ADFI) , 
lb Growing 4.54 4.67 4.60 4.69 4. 77 4.67 .14 

Finishinga 6.47 6.52 6.85 6.68 7.18 6.76 .21 

Overall 5.50 5.59 5. 72 5.68 5.98 5 . 71 .15 

Gain: feed Growing .395 .408 .419 .412 .413 .422 .11 
ratio 

Finishingcd .287 .299 .284 .289 .267 .282 .07 

Overall .331 .344 .337 .339 .325 .338 .06 

aLinear increase (P <.05) in ADG or ADFI with increasing dietary amino acid concentration (diets 1, 4, and 5). 

bLinear increase (P <.05) in ADG with increasing dietary amino acid concentration (diets 1, 4, and 6). 

corthogonal contrasts found gain:feed ratio for diet 4 was higher (P <.05) than for diet 5. 

dLinear decline ( P <.1 ) in gain:feed ratio with increasing dietary amino acid concentration (diets 1, 4, and 
5 ) . 
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Table 8. Dietary Main Effect Means of Carcass Measurements for Barrows 

Corn-soybean meal diets 
(Basal) (Basal (Basal 

Lysine, tryptophan, 
threonine and 
methionine supplementation 
of basal8 

+ 2% CP) + 4% CP) 
{CP=No.l, 
AA=No.2) 
4 

(CP=No.l, {CP=No.2, 
AA=No.3) AA=No.3) 

Item 1 2 3 

Avg backfat, inoc 

Loin eye area, in2 

lOth rib, in 

Muscle, % 

1.25 

5.36 

1.17 

53.18 

1. 21 

5.46 

1.11 

53.93 

8 CP = crude protein and AA = amino acids. 

1.21 

5.41 

1.13 

53.71 

5 6 

1. 28 1. 26 1. 28 

5.45 5.26 5.26 

1.19 1.19 1.19 

53.18 52.82 53.06 

SEM 

.026 

.103 

.034 

.627 

borthogonal contrasts found backfat thickness for diet 4 were higher {P <.05) than for diet 
2. 

corthogonal contrasts found backfat thickness for diet 6 were higher (P <.1) than for diet 
3. 
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Table 9. Dietary Main Effect Means of Carcass Measure ments for Gilts 

Corn-soybean meal diets 
(Basal) (Basal (Basal 

+ 2% CP) +4% CP) 
Item 1 2 3 

Avg backfat, inad 1.05 1.15 1.07 

Loin eye area, in2oc 5.04 5.39 5.52 

lOth rib, ind .92 1. 02 .98 

Muscle, %oc 52.76 54.51 54.96 

Lysine, tryptophan, 
threonine and 
methionine supplementation 
of basal 
(CP=No.l, 
AA=No.2) 

4 

(CP=No.l, (CP=No.2, 
AA=No.3) AA=No.3) 

5 6 SEM 

1. 08 1. 08 1.10 .026 

5.27 5.46 5.50 .103 

.92 .96 .97 .034 

55. 16 55.13 55.09 .627 

8 Diets had a quadratic effect (p <.01) on backfat (diet 1, 2 and 3). 

bLinear increase (p <.05) in loin eye area and percentage of muscle with increasing dietary 
CP (diet 1, 2 and 3). 

cLinear increase (p <.01) in loin eye area and percentage of muscle with increasing dietary 
amino acid concentration (diet 1, 4 and 5; diet 1, 4 and 6). 

dorthogonal contrasts found backfat thickness for diet 2 were higher (p <.1) than for diet 
4. 



EFFECT OF HEAT STRESS AND DIETARY ENERGY FROM DAYS 
3 to 24 POSTMATING ON EMBRYO SURVIVAL, AND 

NUTRIENT BALANCE OF THE BRED GILT 

Chung-Wen Liao and T. L. Veum 

SUMMARY 

Bred gilts were used to study the effect of dietary energy and 
constant heat stress on embryo survival, nutrient balance and 
growth performance. Gilts were bred and brought into the 
environmental chambers on day 3 postmating. The experiment was a 2 
X 2 factorial arrangement of the treatments with two constant 
temperatures, thermoneutral at 73±2°F or heat stress at 90±2°F; and 
two dietary ME intakes, 5.40 or 8.10 Meal per gilt daily. Gilts 
were moved into metabolic crates on day 10 postmating for 
determination of nitrogen and energy balance. At day 24±2 
postmating the gilts were slaughtered. Ovaries and reproductive 
tracts were collected. There were no interactions (P > 0. 40) 
between dietary energy and temperature for any criteria measured. 
The high energy diet resulted in higher (P < 0.01) energy 
digestibilities, retention of energy (P < 0.01) and nitrogen (P < 
0.07) as percentages of intake. Gilts subjected to heat stress had 
lower nitrogen and energy retention (P < 0.03) as a percentage of 
intake. Average daily gain was lower for gilts fed the low energy 
diet and gilts subjected to heat stress (P < 0.01). Heat stressed 
gilts had a smaller number of live embryos and a lower percentage 
of embryo survival (P < 0.06). 

INTRODUCTION 

The negative effect of heat stress on embryo survival of sows 
has been well established (Omtvedt et al., 1971; Tompkins et al., 
1967; Wildt et al., 1975; Wettemann et al., 1988). However, the 
interaction effect of energy intake and high temperature on embryo 
survival from days 3 to 24 of gestation has not been widely 
investigated. Liao and Veum (1992) found that gilts fed a high 
energy diet had a larger number of live embryos, but the cyclic 
heat stress did not have a detrimental effect on embryo survival. 
The objective of this experiment was to determine if an interaction 
effect existed between constant heat stress and dietary energy 
intake during the first 24 days of pregnancy. Criteria were embryo 
survival, nutrient balance, and performance of the gilts. 

MATERIALS AND METHODS 

A total of 72 gilts were used in this experiment. Gilts were 
brought to the environmental chambers on day 3 postmating and 
randomly partitioned into four groups by litter and initial body 
weight. Treatments were arranged into two dietary energy levels 
(5.4 and 8.1 Meal ME daily for per gilt) and two environmental 
temperatures (73±2°F and 90±2°F). Diets were formulated to equalize 
daily nutrient intake for each gilt except for ME intake (Table 1 ) . 
The feed intake was 3.5 lb and 4.4 lb for gilts fed the low and 
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high energy diets, respectively. Gilts were hand-fed once a day at 
0800 and water was supplied ad libitum. On day 10 postmating, 
gilts were moved into metabolic crates for determination of 
nitrogen and energy balance. At day 24±2 postmating, gilts were 
slaughtered and the reproductive tracts were recovered for 
measuring the number of corpora lutea and live embryo, length and 
weight of embryo. Embryo survival was calculated as the ratio of 
live embryos divided by the number of corpora lutea. Average 
backfat thickness was measured at the first rib, last rib and last 
lumbar vertebrae. Data collected was analyzed by ANOVA as a 
completely randomized design with a factorial arrangement of the 
treatments. 

RESULTS 

There were no interactions between dietary energy and 
temperatures for any of the criteria measured (P > .40). Main 
effects for dietary energy and heat stress on nitrogen and energy 
balance are shown in Table 2. Gilts fed the high energy diet had 
higher (P < .01) energy digestibility, and energy (P < 0.01) and 
nitrogen (P < • 07) retention as percentages of intake. Gilts 
subjected to the constant heat stress had lower energy and nitrogen 
retention as percentages of intake (P < .03). Gilts subjected to 
heat stress had fewer numbers of live embryos and lower percentages 
(P < .06) of embryo survival (Table 3). Weight gains were lower (P 
< .01) for gilts subjected to heat stress or fed the low energy 
diet (Table 3) . 

CONCLUSIONS AND IMPLICATIONS 

The results of the present study confirmed that constant heat 
stress has a detrimental effect on embryo survival, growth 
performance, and nutrient utilization of the gilts during the early 
stage of pregnancy. Practical measures should be taken to 
alleviate heat stress from June to September in Missouri to 
minimize embryo loss. 
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Table 1. Composition of Experimental Diet 

Ground yellow corn, % 
Soybean meal, 44%, % 
Lard, % 
Dicalcium phosphate, % 
Limestone, % 
Salt, pulverized, % 
Vitamin premix8

, % 
Mineral premixb, % 

Calculated value: 

crude protein, % 
Metabolizable energy, Mcalflb 
Calcium, % 
Phosphorus, % 
Lysine, % 
Methionine + Cystine, % 
Tryptophan, % 
Leucine, % 
Isoleucine, % 
Threonine, % 

Low energy 
diet 

58.95 
30.1 
5.1 
4.25 
0.7 
0.5 
0.20 
0.20 

18.27 
1. 54 
1. 24 
1.14 
1. 02 
0.59 
0.25 
1. 72 
0.81 
0.72 

High energy 
diet 

48.48 
24.7 
22.24 
3.28 
0.57 
0.4 
0.165 
0.165 

14.99 
2.00 
1.17 
0.95 
0.84 
0.48 
0.20 
1. 43 
0.66 
0.59 

8Vitamin premix provides per lb of low energy diet: 5,000 USP 
vitamin A acetate, 500 USP vitamin 03 , 30 IU vitamin E as dl-a
tocopheryl, 6 mg vitamin K as menadione sodium bisulfite complex, 
5.0 mg riboflavin, 25.0 mg d-pantothenic acid as calcium 
pantothenate, 30.0 mg niacin, 0.035 mg vitamin B12 , 700 mg choline 
chloride, 2 mg folic acid, and 0.2 mg biotin. 

~race mineral mix provides per lb of low energy diet: 70 mg Zn as 
zinc oxide, 70 mg Fe as ferrous sulfate, 15 mg Mn as manganese 
sulfate, 8 mg cu as cupric oxide, 0.3 mg I as calcium iodate and 
0.055 mg Se as sodium selenite. 



Table 2. Main effect of dietary energy, environmental 
temperature from days 3 to 24 postmating on 

nitrogen and energy balance of the gilt 

Energy main effect Temperature main 
(Meal, MEL day) effect (oF) 

5.4 8.1 73 90 

Nitrogen (N) intake, 
gjday 39.6 40.6 44.7 35.4 

Feces N, gjday 4.82 5.26 5.64 4.45 

Urine N, gjday 18.4 15.4 15.1 18.8 

N retained, gfday 16.3 19.9 24.0 12.2 

N digestibility, % 87.8 87.0 87.4 87.5 

N retained/N intake, % 36.4 i 46. gj 52.19 31.1 h 

Gross energy (GE) 
intake, kcalfday 5531 8706 7908 6328 

Feces GE, kcalfday 653.6 949.2 874.7 728 

Urine GE, kcalfday 248.6 222 243.7 226.8 

GE retained, kcalfday 4629 7535 6790 5374 

GE digestibility, % 87.98 89 .1b 88.9 88.2 

GE retained/GE 
86. 5d 84.2 1 intake, % 83. 4c 85. 6e 

a,b: Energy effect (P<O. 01) on GE digestibility. 
c,d: Energy effect (P<O. 01} on % of GE retention. 
e, f: Temperature effect (P<0.03} on % of GE retention. 
g,h: Temperature effect (P<O.Ol) on % of N retention. 
i, j : Energy effect (P<0.07) on N retention as a % N intake. 

52 



Table 3. Main effect means of dietary energy and heat stress 
on embryo survival, embryo length and weight, 

and performance of pregnant gilts 

Energy main effect Temperature main 
criteria (Meal MELday} effect 

5.4 8!1 73 

corpora lutea, number 13. oc 14. 7d 14.4e 

Embryos, number 10.0 11.7 11. go 

Embryo survival, % 74.2 79.6 82.69 

Embryo length, inch 0.88 0.89 0.85 

Embryo weight, g 0.665 0.639 0.577 

Avg daily gain, 
0. 70i 1. 231 1. 27 1 lb/day 

Avg backfat 
thickness, inch 1.48 1. 54 1. 54 

Dressing 
73. 41c percentage, % 73.8 74.4 

a,b. . Temperature effects (P<0.04) on number of live embryos . 

Energy effects (P<0.01) on number of corpora lutea. 

Temperature effect (P<0.06) on number of corpora lutea. 

Temperature effect (P<0.06) on embryo survival. 

(oF) 
20 

13. 31 

9. 9b 

71. 2h 

0.93 

0.728 

0.641 

1.48 

74.7 1 

f 1 1 : 

lc, l • 
• 

Diet and temperature effects on average daily gain (P<O.Ol ). 

Temperature effect on dressing percentage (P<0.01 ) • 
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EFFECT OF ORALLY ADMINISTERED FE/CU/ZN ON HEALTH* 

Gretchen M. Hill, Jane E. Link, Clay A. Kerr, Leon Luebbering and John M. Hoffman. 
Department of Food Science and Human Nutrit ion, University of M issouri, Columbia. 

Introduction 

Recent reports from our laboratory and others indicate that altering the amount of 
iron (Fe) consumed orally affects not only Fe metabolism, but also copper (Cu) and zinc 
(Zn) metabolism. These findings in the rat, if substantiated in the p ig, have implications 
for the swine industry, which routinely must supply Fe to young, rapidly growing p igs. 
Many Americans are anemic and turn to "iron p ills" to correct their problem. Our data 
(Beltran, 1988) indicates that an "iron pill" increases the fecal excretion of Cu and Zn 
found in endogenous secretions. It is known that adequate Cu and perhaps Zn must be 
present to utilize Fe in hemoglobin synthesis. Thus, oral Fe administered in large doses 
may impede the body's abi lity to use Fe. 

The need for Cu additions to Fe orally administered to the p ig has been explored 
as have other additives such as citrate. However, the amount and ratio of Fe, Cu and Zn 
and their effect on endogenous Cu and Zn and hemoglobin synthesis have not been 
examined. The usefulness of the pig as an experimental animal model for humans has 
been well documented. Excluding other primates, the pig's gastrointestinal (GI) tract is 
most like that of man. 

Methods 

Animals: Nine intact male pigs were obtained from the UMC Animal Science 
Swine herd at five days of a~e. They were taken to the Animal Science Research Center 
and housed in individual sta1nless steel cages. Deionized-disti lled water was given ad
libitum between meals. Pig were fed a semi-purified dried skim mi lk diet (Hill, 1966) 
which met all known National Research Council (N RC) requirements except Fe. The 
experimental diet was mixed with deionized-distilled water and fed as a slurry every four 
hours for the first five days then every six hours for the remainder of the study. An imals 
were weighed periodically throughout the study to monitor adequate growth. After a one 
week adaptation period to their diet and environment, blood was taken from the anterior 
vena cava to determine baseline Fe, Cu, and Zn status. All pigs wegg injected 
iffiravenously with 0.1 ml of a solution (pH 5.2) containing 88 ug of Cu and 54 ug 

Zn. The pigs were assigned to one of three treatment groups and given a bolus of 
either: (1) 100 mg Fe; (2) 100 mg Fe, 10 mg Cu or (3) 100 mg Fe, 10 mg Cu and 100 mg 
Zn. Urine and feces were collected every six hours for the next seven days. On the final 
day of collection, blood was obtained from the anterior vena cava for redetermination of 
Cu, Zn and Fe status and the study was terminated. 

Assays: Hemoglobin concentration (cyanmethemoglobin method, Sigma Kit 
525-A, Sigma Chemical Co., St. Louis, MO) and hematocrit were determined on whole 
blood. Superoxide dis mutase (SOD, EC 1.15.1 .1) was determined in the red blood cell 
(RBC) by the method of Marklund and Marklund (1974) with modifications by Prohaska 
(1983). Ceruloplasmin (CP, Feroxidase, EC 1.12.3.1) was determined in serum 
(Lehmann, et al. , 1974). Concentrations of Cu, Zn and Fe in serum (diluted with 
deionized-distilled water) were determined by atomic absorption spectrophotometry 

*Funded by: Missouri Pork Producers Association as a Research Grant and an On
Campus Internship and by the University of Missouri Agricultural Experiment Station. 
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using inorganic (Fisher Scientific, St. Louis, MO) and organic (National Institute of 
Standards and Technology, Gaithersburg, MD) standards to insure accuracy. 

Stable Isotopes: Daily feces from each animaL were dried, wet ashed in ~Bc 
acid and reashed in a muffle oven (500°C). Ratios of 6;:Jcu to 60cu and 07zn to Zn 
were determined by inductively coupled plasma mass spectrometry. 

Statistics: Data were analyzed by analysis of variance and least square means 
(Snedecor and Cochran, 1980) utilizing the Statistical Analysis System (SAS Institute, 
Cary, NC) . 

Results 

Health: Pigs in this study grew at a rate similar to littermates remaining with the 
sow except for days 1 and 2 when the pigs were adapting to feed ing procedures. 
Hemoglobin concentration and hematocrit were not altered by time or oral bolus 
treatment. As expected with young pigs given no external source of Fe, pigs were 
anemic initially and at the end of the seven day study (mean hemoglobin concentration 
5.99 gjdl). S1nce the time from bolus to termination of the study was short and growth 
was not impaired, health of the animals did not appear to be affected . 

Status Indicators: Researchers do not a~ree on appropriate Cu and Zn status 
indicators. Ceruloplasmin, a Cu carrying protein 1n the blood which is also an acute 
phase reactant protein, had not been measured in the young pig with current 
techniques. Also, SOD in the RBC, which appears to be the most appropriate Cu status 
indicator, has rarely been measured in the pig. While neither of these enzymes was 
significantly altered by bolus treatment or time, there appears to be an increase with age. 
Circulating concentrations of Cu as mirrored by CP and SOD were not affected by 
treatment or time. A similar pattern was observed for Zn. However, Fe in serum was 
increased when the Fe bolus also contained Cu or Cu and Zn compared to only Fe 
being administered. The biological significance of this is not clear. 

Balance: A single oral dose of Fe, Fe plus Cu or Fe plus Cu and Zn did not 
correct the nutritionally induced anemia observed in this study. However, when Zn and 
Cu were co-administered with Fe, Zn balance was significantly improved. The bolus 
containing Fe and Cu produced an enhanced fecal Fe excretion for day six after the 
administration of the bolus. This phenomenon was not observed in the other bolus 
treatments and demonstrates that this additional Cu did not protect the bolus Fe or 
increase its utilization. 

Stable Isotopes: Stable isotopes administered in the blood may be stored by the 
body, utilized in endogenous secretions (sali'90 pancreatic, intestinal or biliary 
secretions) or cleared by the kidneys. Fecal Zn, which is a result of endogenous Zn 
that is not reabsorbed by the body was significantly greater in pigs given the Fe only 
bolus especially when compared to pigs given the Fe/Cu bolus (10 vs 3.6 counts/day). 

Discussion 

Pigs weaned at five days of age, fed an Fe deficient diet and provided only a 
single oral dose of Fe as a bolus with or without Cu andjor Zn will remain anemic. 
Producers have observed this phenomenon relative to Fe supplements and frequently 
start early creep feeding and/or a second Fe supplement to meet the biological Fe 
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needs of this fast growing mammal. The addition of Cu and Zn in the oral Fe 
supplements appear to impact the balance of these elements. The Fe/Cu bolus 
stimulated additional excretion of Fe, Cu and Zn during day six; this pattern was not 
observed when the other boluses were administered. Perhaps th is a negative interaction 
of these elements; however, it only resulted in a negative Fe balance. The provision of 
the FejCu/Zn bolus resulted in t%greatest accumulation of Zn after the seven day 
study period, yet increased feca~ Zn excretion; these data may serve to illustrate how 
closely Zn balance may be regulated resulting in excess given by intravenous injection 
being excreted when balance is adequate. 

Conclusion 

The young growing pig weaned at five days of age will continue to grow at an 
extremely rapid rate if provided with a palatable diet providing adequate nutrition except 
Fe. While this phenomenal growth will continue until Fe stores and exogenous Fe are 
depleted, a measurable anemia will be found. 

When exogenous Fe is given as a one time bolus, the addition of Zn and Cu may 
be useful in providing a more adequate trace element balance. However, this 
observation should be tested in pigs remaining with the sow under more typical 
management conditions. 

Further research needs to follow this pilot study to determine if (1) the oral iron 
bolus contain ing iron and copper provides enhanced retention and (2) this type of 
prophylactic iron treatment would be advantageous under more practical production 
conditions. 
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PROTECTIVE EFFECT OF VITAMIN EON DIETARY INDUCED CARDIOMYOPATHY 
IN THE PIG* 

John M. Hoffman, Gretchen M. Hill, James R. Turk, Jane E. Link and Clay A. Kerr. 
Departments of Food Science and Human Nutrition and Veterinary Pathology, University 
of Missouri, Columbia. 

Introduction 

Previously we reported a nutritionally induced cardiomyopathy in young growing 
pigs fed a 20% casein, 50% carbohydrate (fructose, g lucose or starch) diet (Hill, et al., 
1991). Histology of the hearts of affected pigs suggested that inadequate antioxidant 
protection might be responsible for this cardiac disorder (Herman and Ferrans, 1983; 
Freeman and Crapo, 1982). Since heart and serum vitamin E concentrations were 
depressed in this previous study, it was hypothesized that vitamin E might be protective 
against the damage observed; therefore, our objectives in the present study were to 
reproduce this nutritionally induced cardiomyopathy and to determine if vitamin E 
supplementation could serve a protective role to prevent its occurrence. 

Methods 

Twenty, three-week old barrows were blocked by litter to one of three dietary 
treatment groups with vitamin E provided at either (1) 1 IU/kg (LO), (2) 16 IU/kg (NRC) 
or (3) 110 IU/kg (HI). The 20% protein, 50% sole source carbohydrate (glucose) diets 
met all other nutritional needs according to the National Research Council requirements. 
Blood samples were obtained at 0 and 4 weeks and at termination of the study (8 weeks) 
when gross pathology, histology and enzyme and trace element assays were performed 
on selected tissues. 

Results 

Health -- After three weeks on the experimental diets, pigs on the low-E diet 
weighed more than the high-E pigs, and pigs in both these groups out weighed the NRC 
pigs. These observed treatment effects on weight gain continued until the termination of 
the study at 56 days. As expected, hemoglobin concentration was significantly greater 
at four weeks of age than at the beginning of the study for animals in all treatment 
groups. However, only pigs on the low-E and NRC diets had an even greater 
hemoglobin concentration at eight weeks than at four weeks. Hematocrit followed a 
similar pattern. 

Serum Concentrations-- Dietary treatment did not significantly alter serum Cu, Fe, 
Zn or Se concentrations, however, serum vitamin E was significantly lower in pigs fed the 
low-E and NRC-E diets than in pigs fed the high-E diet at both four and eight weeks on 
study. 

Enzymes -- Serum ceruloplasmin and red blood cell , heart and liver superoxide 
dismutase and glutathione peroxidase activity were not significantly a·fected by dietary 
treatment. 

Tissue Trace Element Concentration-- Liver and heart Cu, Zn and Se 
concentrations were not affected by dietary treatment. Iron concentration in the liver 
was significantly higher in pigs fed the NRC-E diet than in those fed the high-E diet. 

*Funded by the University of Missouri Agricultural Experiment Station. 
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Heart Fe was not affected. Vitamin E concentration in liver and heart was significantly 
higher in pigs fed the high-E diet than in those fed either the NRC-E or low-E diets. 

Pathology-- At autopsy, the incidence of the cardiomyopathy disorder was 71%, 
67% and 71% for the low-E, NRC-E and high-E treatments, respectively. Incidence of 
death during the study due to the myopathy was 29%, 17% and 29% for the low-E, NRC
E and high-E treatments, respectively. Pathological observations typical of acute 
congestive heart failure (such as ascites and fibrin overlying the spleen and liver) were 
observed in several animals. Pulmonary edema, cardiac hemorrhage and indices of 
necrosis and mineralization were also observed. 

Conclusion 

Pathological exam revealed that a cardiomyopathy similar to the one observed in 
the previously study had been produced. Vitamin E was not protective against the 
previously observed nutritionally induced cardiomyopathy in the young growing pig. 
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Intervention in Nutritionally Induced-Cardiomyopathy In the Young Pig* 

John M. Hoffman, Gretchen M. Hill , Jane E. Link, James R. Turk and Clay A. Kerr. 
Departments of Food Science and Human Nutrition and Veterinary Pathology, University 
of Missouri, Columbia. 

Introduction 

In a previous study (H ill , et al., 1991) we demonstrated that pigs fed 50% of their 
diet as starch (complex carbohydrate) had higher circulating and cardiac concentrations 
of vitamin Ethan pigs fed 50% glucose or fructose (simple sugars). Lesions in heart 
tissue of pigs fed any of the above carbohydrate sources mimicked what is observed 
when drugs known to cause oxidative damage are utilized (Herman and Ferrans, 1983). 
These structural alterations differed from that described in selenium-vitamin E deficient 
pigs (y'Van Fleet, et al., 1977). Oxidative damage produced by free radicals is known to 
cause tissue damage (Freeman and Crapo, 1982). 

Therefore, we hypothesized that pigs fed a sole source carbohydrate had an 
increased load of oxidant radicals which could cause cardiac damage and that increased 
dietary antioxidants and enzymes with antioxidant activity might prevent this damage 
which leads to sudden death. Our objectives for this study were: (1) to determine if very 
high dietary vitamin E is protective, (2) to determine if increased concentrations of 
selenium, copper and zinc will be protective, (3) to determine if high concentrations of 
selenium, copper and zinc will increase the activity of the antioxidant enzymes 
glutathione peroxidase and superoxide dismutase, and (4) to compare the growth and 
antioxidant status of pigs fed a commercially available appropriate diet with that of pigs 
fed our diets that induce this disorder. 

Methods 

Twenty, three week old barrows were allotted by litter to one of four dietary 
treatment groups. The treatments were: (1) 50% glucose, 20% protein (casein) diet 
which we had used in our previous study that provided all nutrients at National Research 
Council's recommended concentrations (cardiomyopathogenic diet, NRC), (2) 
cardiomyopathogenic diet plus 1,000 IU vitamin E per 2.2 1b. of diet (Hi E), (3) 
cardiomyopathogenic diet with elevated concentrations of copper, zinc, iron and 
selenium (250 ppm Cu, 370 ppm Fe, 160 ppm Zn, 0.5 ppm Se, HiM) and (4) a 
commercially available 20% pig starter (Control). 

Pigs were housed in individual stainless steel cages with feed and deionized 
distilled water provided at all times. In order to monitor health status and blood 
enzymes, pigs were bled immediately before the trial be~an and at four and eight weeks 
of feeding. After eight weeks on their respective diets, p1gs were killed, and tissues were 
obtained for determination of enzyme activities, trace element concentrations and 
pathological abnormalities. 

The following determinations and measurements were made: serum glutamic 
oxaloacetic acid (SGOT), glutathione peroxidase in serum, heart and liver, vitamin E, Cu, 
Fe, Se and Zn in plasma, heart and liver; left and right atrium valve circumference; 
weekly pigs weights; heart and liver weights, hemoglobin, hematocrit, ceruloplasmin, 
catalase in red blood cells and microscopic examination of cardiac and hepatic tissue 
and transmission electron microscopy of selected tissues. 

*Funded by Food for the 21st Century. 
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Initial Results 

The animal portion of this study has been completed, but all laboratory and 
statistical analyses have not. 

Pathology: Gross pathology revealed that only pigs fed the commercially 
available diet were protected from the cardiomyopathy with no animals being affected. 
However, 80% of the pigs fed the NRC diet had one or more pathological characteristics 
suggestive of myocardial damage. The incidence was 75% for the Hi E diet and 60% for 
the animals receiving the Hi M diet. 

Effect of Dietary Treatment on Tissue Parameters 

Zn Cu Fe %BW SOD 
(ugjg) (ugjg) (ugjg) (U jmg protein) 

Liver 
20b 1.6b NRC 194b 55 95 

HiE 231b sob 58 1.5b 91 
HiM 618a 553a 54 1.8a 88 
Control 100b 104b 62 1.6b 99 

Heart 
15b .47b NRC 4 30 21b 

HiE 17a 4 31 .62a 19b 
HiM 16a 4 30 .49bc 21b 
Control 16ab 3 32 .37c 24a 

abcMeans with different superscript for same tissue in same column are significantly 
different (p<0.05). 



Discussion 

Since we previously demonstrated (Hoffman, et al., 1993) that a moderate 
increase in dietary vitamin E was not protective against this dietarily induced 
cardiomyopathy, it is interesting to note that extremely high dietary vitamin E (HiE diet) 
was also not protective. In addition, with NRC recommeded concentrations of nutrients, 
neither the NRC diet nor extremely Hi E diets resulted in adequate hemoglobin 
concentrations. Thus, indicating that perhaps this concentration of Fe in semi-purified 
diets is not adequate to meet the needs of a fast growing young pig. Also, an 
unexpected find1ng in this study is the increased ceruloplamsin activity in the plasma of 
pigs fed the Hi E diet. Ceruloplasmin is an enzyme that requires Cu to function, and its 
biological role is presently being debated by scientists. 

The triumverant interaction of Cu, Zn and Fe is demonstrated in the concentration 
of these nutrients in various tissues. While the commercially avai lable diet utilized as a 
control had a similar mineral profile to that of the semi-purified high mineral diet (HI M), 
the resulting mineral concentrations in the liver differ for Cu and Zn. Additionally, the 
higher superoxide dismutase (SOD) activity in the heart of the control pigs may be 
significant since th is is the only treatment in which pathological morphology was not 
found at the termination of the study. Superoxide dis mutase is an enzyme requiring Cu 
and Zn to function in its role as an antioxidant enzyme. 

Preliminary Conclusion 

Vitamin E and minerals known to be required by antioxidant enzymes are not 
protective in a diet believed to be nutritionally adequate and containing 50% sole source 
carbohydrate against a dietarily induced cardiomyopathy. 
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ARACHIDONIC ACID METABOLISM OF PORCINE ALVEOLAR MACROPHAGES 

Kevin L. Fritsche and Nancy A. Cassity 

Department of Animal Sciences 

SUMMARY 

The metabolism of 3H-arachidonic acid (3H-AA) by piglet alveolar macrophage 

(AM) was studied. 3H-AA metabolites were seperated by gradient HPLC and monitored by 

in-line radioactive detection. Porcine AM readily incorporate exogenous 3H-AA. Cells 

allowed to incorporate the label for 24 h had a lower spontaneous release and higher 

stimulated release than those labeled for only 4 h. The major 3H-AA metabolites produced 

by pig AM were: PGF2a. LTB4, and 5-HETE. These three metabolites were found in 

nearly equal amounts. Detectable amounts of 3H-PGE2 were observed only in the 

supernatants of those cells labeled for 24 h. The absence of 3H-TXB2 was notable, since 

enzyme immunoassay detected significant quantities of this AA metabolite in all of the 

stimulated supernatants. We conclude that porcine AM do metabolize 3H-AA incorporated 

in vitro, however, the metabolism of this labeled AA may not parallel the non-labeled 

endogenous AA. 

INTRODUCTION 

Mortality and morbidity associated with respiratory disease in swine has a major 

negative economic impact on pork producers in Missouri and nationwide. Alveolar 

macrophages (AM) are recognized as important in the defense of the lung against bacterial 

and viral pathogens (Caruso and Ross, 1990). These cells contribute to the defense of the 

animal through the production of a variety of inflammatory mediators. Included among 

these mediators are a family of lipid-based compounds known as eicosanoids. 

Eicosanoids are the oxygenated metabolites of 20-carbon fatty acids, particularly 

arachidonic acid (AA). However, little is known about AA metabolism by porcine AM. 

The primary objective of this research was to delineate the entire arachidonic acid 

metabolite profile from porcine alveolar macrophages isolated from healthy weanling 

pigs. 
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MATERIALS & METHODS 

Animals - Piglets (Landrace x Duroc) were obtained from the University of Missouri's 

Swine Research Farm. Pigs were weaned at 3 wk and placed in a hot nursery. At 4 weeks, 6 

female piglets (6 to 8 kg) were randomly selected from individual litters for lung immune cell 

collection. Housing, handling, and sample collection procedures conformed to policies and 

recommendations of the University of Missouri's Laboratory Animal Care Advisory Committee. 

Cell collection and culturing - Alveolar macrophages (AM) were obtained from the lungs 

by tracheal lavage. Briefly, pigs were anesthetized with an i.m. injection of ketamine and 

xylazine. The trachea was cannulated and the lungs were lavaged with 6 x 50mL ice cold Hank's 

balanced salt solution without Ca++ and Mg++. Previous studies have demonstrated that the 

recovered cells are >85% AM with a viability of >95%. Cells were centrifuged and resuspended in 

Minimal Essential Medium containing 2mmol L-glutamine, 10mmol HEPES, 

penicillin/streptomycin, pH 7.4 (MEMc). 

After a 1 h adherence followed by 2 washes to remove non-adherent cells, AM (5 x 

106 cells/well in a 6-well plate) were radiolabeled with 1 JJ.Cilwell of 3H-AA (27 Ci/mmol) 

in MEMc containing 0.25% porcine serum albumin-essentially fatty acid free. 

Production of arachidonic acid metabolites (e.g. TxB2, PGE2, LTB4) by AM was 

stimulated by the addition of the calcium ionophore, A23187 (10 J.Lmol/L). Cell supernatants 

were harvested at 1 h. In all experiments, cells incubated with medium alone served as 

negative controls. Eicosanoid production was measured by high performance liquid 

chromatography (HPLC) and enzyme immunoassay as described below. 

Eicosanoid analysis - Recently we have established a HPLC procedure for the 

separation of a wide array of AA metabolites based on the method of Gelpi, et al. (1989). Our 

laboratory is fortunate to have a flow-though radioactive detector hooked up in-series with our 

HPLC equipment. Thus, we are able to monitor the metabolism of a tracer dose of 

radiolabeled AA rather than relying on UV detection. This improves our sensitivity and 

eliminates the problem of UV interfering peaks that commonly occur in biological samples. 

Identification of peaks separated by this method is based on co-elution with known 

eicosanoid standards. 

HPLC was performed using Perkin-Elmer (Norwalk, CT) series 4 liquid 

chromatograph, a LC75 UV spectrophotometric detector, and LCI-100 integrator. In-line 

Radiomatic (Meriden, CT) Flo-One Beta radiochromatography detector with 

chromatography software were connected to the Perkin-Elmer HPLC system. A Supelco 

(Bellefonte, PA) ODS Supelcosil LC-18 15cm x 4.6rnm column 3JJ. and 2 em Supelguard 
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column with 51J. Supelcosil ODS c-18 were used for separation of arachidonic acid 

metabolites. 

Solvents for the HPLC included 0.04 mol/L formic acid with 0.012 mol/L 

triethylamine and acetonitrile (65:35, v/v), pH 3.6, [SOLVENT A] and 100% acetonitrile 

[SOLVENT B]. Initial solvent ratio was 0% B (100% A) with a flow rate of l.OmUmin. At 

13min, % B was increased to 23%, at 25min to 32% B, and at 37min to 90% B, then at 45 min 

% B was returned to 0%. 

Enzyme immunoassay of eicosanoids - The concentration of prostaglandin E2 

(PGE2), thromboxane B2 (TXB2), and leukotriene B4 (LTB4) in the cell supernatants was 

determined using commercially available enzyme immunoassay kits for each eicosanoid 

as described by the manufacture (Advanced Magnetics Inc., Boston, MA). 

RESULTS 

Porcine AM readily incorporated exogenous 3H-AA. Cells allowed to incorporate 

the label for 24 h had a lower spontaneous release and higher stimulated release than those 

labeled for only 4 h (Table 1). Shown in Figure 1 is a chromatograph of AA metabolite 

standards and the an example of a typical radio-chromatograph of 3H-AA metabolites 

produced by stimulated pig AM. The major 3H-AA metabolites detected were: PGF2a. 

LTB4, and 5-HETE (made in nearly equal amounts). Significant amounts of 3H-PGE2 

were observed only in the supernatants of those cells labeled for 24 h. The absence of 3H

TXB2 was notable, since enzyme immunoassay detected significant quantities of this AA 

metabolite in all of the stimulated supernatants (Table 2). 

CONCLUSION 

We conclude that porcine AM can metabolize 3H-AA incorporated in vitro, 

however, the metabolism of this labeled AA may not parallel the non-labeled endogenous 

AA. 
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Table 1: Incorporation and release of 3H-arachidonic acid from porcine alveolar 

macrophages.l 

Incorporation Time (b): 4 

(x lQ-3 cpm/5x106cells) 

Uptake: 271± 12 331 ± 11 

Release: 

Control 10.8 ± 0. 7 (4.0%)2 5.5 ± 1.0 (1.7%) 

A23187-stimulated 32.2 ± 3.2 (11.9%) 72.0 ± 14.4 (21.8%) 

1 Values represent the mean± SEM (n = 6). 

2 Value in parenthesis represent the percentage of incorporation 3H-AA released. 

Table 2: Prostaglandin E2 (PGE2), thromboxane B2 (TXB2), and leukotriene B4 (LTB4) 

release from alveolar macrophages isolated from 4 wk old pigs.l 

3H-M labeling time (b) 4 21 

~ (pg/0.1mL) 

Unstimulated 26±6 50±13 

A2318 7 -stimulated 113±38 306± 111 

~ (pg/O.lmL) 

Unstimulated 343± 104 24±12 

A2318 7 -stimulated 1260±423 602±280 

LTii4 (pg/O.lmL) 

Unstimulated 249± 170 1.1 ± 0.2 

A23187-stimulated 3417±633 1697±841 

1 Values represent the mean± SEM (n = 6). 
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Figure 1. High performance liquid chromatograph of a standard mixture of arachidonic 
acid metabolites (top) and a typical chromatograph of 3H-AA metabolites from 
stimulated porcine alveolar macrophages (bottom). 



IMPACT OF DIETARY FISH OIL ON ARACHIDONIC ACID METABOLISM OF 

PORCINE ALVEOLAR MACROPHAGES 

Kevin L. Fritsche and Nancy A. Cassity 

Department of Animal Sciences 

SUMMARY 

Previously we have demonstrated that immune cells from pigs suckling sows 

supplied with fish oil were greatly enriched with (n-3) polyunsaturated fatty acids. We 

hypothesized that such changes in fatty acid composition would alter alveolar macrophage 

(AM) metabolism of endogenous arachidonic acid (AA). Using enzyme immunoassay we 

quantitated the following AA metabolites: PGE, LTB, and TXB. These metabolites were 

produced by AM isolated from the lungs of 4 wk old pigs whom had been suckling sows fed 

a diet containing 7% lard (LA) or menhaden fish oil (FO). The concentration of all 

eicosanoids measured in the culture medium increased over the entire 24 h culture period, 

except for LTB levels which peaked at 4 h. AM isolated from FO pigs released only 20-40% 

as much PGE, TXB, and LTB compared with AM isolated from pigs who suckled lard (LA)

fed sows. In conclusion, we have demonstrated that supplementing a sow's diet with fish 

oil is a viable means of reducing the production of pro-inflammatory and immuno

inhibitory eicosanoids by baby pig AM. 

INTRODUCTION 

Evidence in laboratory animals has shown that dietary n-3 fatty acids influence the 

production of eicosanoids (e.g. prostaglandins, leukotrienes, and 5-HETE). Previously, we have 

shown that by providing the sow with fish oil during the last week of gestation and throughout 

lactation, sufficient n-3 fatty acids from fish oils are transferred through the milk to modify 

the fatty acid composition of piglet immune tissues, including AM (Alexander et al., 1991). 

Furthermore, we have shown that AM isolated from piglets suckling fish oil-fed sows produce 

less pro-inflammatory and immuno-inhibitory PGE2 compared with piglets from lard-fed sows 

(Alexander et al., 1991). The primary obj ctive of this research was to improve our 

understanding of how dietary n-3 fatty acids influence porcine AM eicosanoid production, 

which may play a role in the pathophysiology of lung disease in swine. 

MATERIALS & METHODS 

Animals and diets - On day 107 of gestation crossbred sows were randomly allotted 

to one of two diets, which were iso-caloric and formulated to contain 7% added fat either as 

menhaden fish oil (FO) or lard (LA). Diets are described in detail elsewhere (Fritsche et 

al., 1993). At 4 wks of age, 6 female pigs from each diet group were randomly selected for 
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porcine alveolar macrophage (AM) collection. AM were obtained from the lungs by 

tracheal lavage as described elsewhere in this publication. Cells were centrifuged and 

resuspended in Minimal Essential Medium containing 2mmol L-glutamine, 10mmol 

HEPES, penicillin/streptomycin, pH 7.4. AM were cultured at 37°C in a 6-well plate (5 x 

106 cells/well) in the presence (+LPS) or absence (-LPS) of bacterial endotoxin from E. 

coli. Cell supernatants were harvested at 1, 4, 8, and 24 h. 

Eicosanoid analysis - The concentration of prostaglandin E2 (PGE2), thromboxane 

B2 (TXB2), and leukotriene B4 CLTB4) in the cell supernatants was determined using 

commercially available enzyme immunoassay kits for each eicosanoid as described by 

the manufacture (Advanced Magnetics Inc., Boston, MA). 

Statistical analysis - Eicosanoid data were log transformed to achieve homogeneity 

of variance then analyzed by ANOV A All analysis were conducted on a Macintosh II 

computer using version 1.03 of StatView II (Abacus Concepts, Inc., Berkeley, CA). 

RESULTS 

The concentration of all eicosanoids measured in the culture medium increased 

over the entire 24 h culture period, except for LTB levels which peaked at 4 h (Figure 1). AM 

isolated from FO pigs released only 20-40% as much PGE, TXB, and LTB compared with 

AM isolated from pigs who suckled lard (LA)-fed sows (p < 0.05). Stimulation of the AM 
with bacterial endotoxin from E. coli significantly elevated PGE levels at 24 h, but did not 

at 1, 4, and B h, nor did :it alter the production of the other eicosanoids measured. 

CONCLUSION 

In conclusion, we have demonstrated that supplementing a sow's diet with fish oil 

is a viable means of reducing the production of pro-inflammatory and immuno-inhibitory 
eicosanoids by baby pig AM. 

REFERENCES 

Alexander, D.A., S.C. Huang, N.A. Cassity, and K.L. Fritsche (1991) Effect of maternal 
fat source on piglet immune cell fatty acid composition and prostaglandin E2 
CPGE2) production. Swine Day Report 426: 64-69. 

Fritsche, K.L., S.C. Huang, and N.A. Cassity (1993) Enrichment of omega-3 fatty acids 
in suckling pigs by maternal dietary fish oil supplementation. J. Anim. Sci. (in 
press). 

fi8 



....... 1000 
'E +lPS 
.... 
s:i 800 01 
C1. ..... 
w 
z eoo 
Q 
z 
:5 400 
CJ + lPS 

~ 
(/) 200 ~~~.a - lPS 0 a: 

_________ ........ 
D. ........... 

0 

2000 
:::-
E .... 
~ 1500 
C1. ..... 

a:a 
w z 1000 
~ 
0 a:a 
~ 1100 

+LPS 

a: ··~---······--··•a - lPS 

j: 

0 

4000 
....... 
'E .... 
s:i 

3000 01 
C1. -a:a 
w +lPS 
z 2000 w - lPS 

~ 
0 
~ 1000 ,P .. ., Flah oil ::I w , .... ~ • +lPS .... / ""i' . .:::-........ 0 · LPS rv-

0 
0 4 8 12 16 20 24 

nME (hr) 

Figure L Prostaglandin E2 CPGE2), thromboxane B2 CTXB2), and leukotriene B4 
CLTB4) release from alveolar macrophages isolated from 4 wk old pigs. AM were 
cultured at 37°C in a 6-well plate (5 x 106 cells/well) in the presence (+LPS) or 
absence (-LPS) of bacterial endotoxin from E. coli. Values represent the mean ± 
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EFFECT OF THERMAL ENVIRONMENT ON PITUITARY GROWTH HORMONE 
AND PROLACTIN SECRETION 

R. L. Matteri and B. A. Becker. Animal Physiology Research Unit, Agricultural Research 
Service, USDA, Columbia, MO 65211 

SUMMARY 

The influence of the thermal environment on the ability of the pituitary gland to 
secrete growth hormone (pST) and prolactin (PRL) was examined in three-wk-old gilts. 
Thyrotropin-releasing hormone CTRH) was found to exert a direct stimulatory effect on PRL 
(p < .0001), but not on pST secretion in cultured pituitary cells. Rearing in a hot, compared 
to a cool, thermal environment resulted in elevated basal and TRH-stimulated PRL secretion 
in vitro (p < .0001). Growth hormone-releasing hormone (GHRH) stimulated pST secretion 
in cultures of cells from animals exposed to hot and cool ambient temperatures (p < .0001). 
Concentrations of pST at all doses of GHRH in vitro were elevated by prior exposure to heat 
in vivo (p < .0001). 

INTRODUCTION 

The preweaning period in swine is characterized by a heightened susceptibility to 
adverse environmental conditions which contributes to high levels of mortality and 
performance losses. Our goal is to identify endocrine markers which can be used to monitor 
the presence and relative degree of stress response and to provide indications of physiological 
mechanisms of adaptation. The effect of the production environment on pST and PRL 
secretion is of considerable interest. The role of pST in promoting growth and lean gain is 
well established; however, there also are direct metabolic effects of pST which promote 
survival during periods of nutrient restriction. Lowered feed/nutrient intake elevates pST 
secretion in mature swine (Atinmo et al, 1976). The potential exists, therefore, that 
environmental stressors which reduce gain could increase pST secretion in piglets. Prolactin 
is necessary for milk production and also may play an important role in maintaining proper 
immune function (Matera et al, 1991). While the effect of stress on PRL secretion in 
preweaning pigs has not been determined, PRL has beeri shown to be stress-responsive in 
market-weight barrows (Klemcke, 1989). 

Elevated temperature has been shown to increase pST and PRL secretion in mature 
sows and gilts (Barb et al, 1991; Kraeling et al, 1987), but there are no corresponding data 
from animals during the preweaning period. The physiological mechanism by which heat 
alters endocrine function is unknown. Accordingly, this study examined the hypothesis that 
elevated environmental temperature alters the ability of the pituitary gland to secrete pST 
and PRL in the preweaning gilt. 
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PROCEDURES 

Three-week-old gilts were obtained from litters reared under hot (H: 80-90°F, 50-90% 
RH) or cool (C: 68°F, 50% RH) environmental conditions. Six gilts from each environment 
were sacrificed as approved by UMC IACUC Committee. Pituitary glands were collected and 
enzymatically dispersed into single cells prior to cell culture as previously described (Matteri 
et a l, 1990). Culture medium was changed after a 24-hr period. At the end of another 48-hr 
period, the medium was changed and 3-hr challenges of TRH or GHRH were administered 
(see tables for dosages). Culture medium was collected at the end of the challenge period and 
stored frozen prior to the determination of hormone concentrations by radioimmunoassay. 

RESULTS AND DISCUSSION 

Average daily gains in H and C gilts were .35 ± .02 and .49 ±. .07 lb/day, respectively 
(p < .001). Table 1 shows basal and TRH-stimulated PRL secretion from pituitary cells ofH 
and C gilts. TRH directly stimulates PRL secretion in H and C (p < .0001). Thus, TRH 
appears to stimulate PRL secretion by a direct action at the pituitary gland in swine. The 
potency of TRH in stimulating porcine PRL release is considerably lower than tha t observed 
in rodents, where 10 nM ofTRH has been shown to induce a 400% increase in PRL secretion 
in vitro (Roussel et al, 1991). 

PRL concentrations are consistently higher in the H animals at each dose of TRH (p 
< .0001). Consistent with previous in vivo findings in mature gilts and sows (Barb et al, 
1991; Kraeling et a l, 1987), our data show that cells from the H animals demonstrated an 
enhanced response to TRH (p < .05). The increases in PRL secretion over baseline (TRH -
vehicle) induced by .1, 1 and 10 nM TRH in cells from the H animals were 6.4 7 ± 3.97, 18.96 
± 8.67, and 16.48 ± 2.92 ng/ml, respectively. Corresponding responses from cells ofC animals 
were 2.34 ± 1.40, 10.33 ± 2.75, 13.77 ± 2.72 ng/ml. 

Table 1: Prolactin Respon e to TRH. Data are presented as mean ng/ml values ± 
sem. Values with different superscript letters differ significantly (p < 0.05). 

Dose Cool Hot 

0 nM TRH 28.29 + 4.368 58.07 ± 3.64c 

0.1 nMTRH 30.62 ± 4.988 64.54 ±. 5.85c 

1.0 nM TRH 38.61 ± 6.60b 77.02 ±. 4.04 d 

10 nMTRH 42.05 ± 6.94b 74.54 ±. 2.62d 

Concentrations of pST were elevated by H (p < .0001). No direct stimulatory effect 
ofTRH was observed on pST secretion in cells from H or C animals (Table 2). Earlier studies 
have shown that in vivo administration ofTRH to mature gilts increased pST secretion under 
hot and cool environmental conditions (Barb et al, 1991). The ability of TRH to release pST 
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may not be developed in the young gilt. Alternatively, TRH is known to play an important 
role as a neurotransmitter in the central nervous system. Possibly the stimulatory effect of 
TRH on pST secretion is mediated through a neural induction of GHRH release, rather than 
a direct action at the pituitary gland. 

Table 2: pST secretion following TRH treatment. Data are presented as mean ng/ml 
values.± sem. Values with different superscript letters differ significantly (p < 0.05). 

Dose Cool Hot 

0 nM TRH 31.13 .±. 6.438 48.31 .±. 5.51b 

0.1 nM TRH 29.23 .±. 6.078 49.93 .±. 5.82b 

1.0 nM TRH 30.82 ± 6.638 49.18 .±. 4.98b 

10 nM TRH 31.53 .±. 6.668 42.93 .±. 6.64 b 

The secretion ofpST was effectively stimulated by GHRH in cells ofH and C animals 
(p < .0001). Consistent with earlier in vivo data (Barb et al, 1991), unstimulated secretion 
of pST was elevated by heat (p < .01), as were mean concentrations following GHRH 
administration (p < .01). The GHRH-stimulated increment in pST secretion over baseline 
(GHRH - vehicle) did not differ between H and C (p = 0.09). 

Table 3: pST Response to GlffiH. Data are presented as mean ng/ml values ± sem. 
Values with different superscript letters differ significantly (p < 0.05). 

Dose Cool Hot 

0 nM GHRH 31.51 ± 6.738 56.61 ± 9.44c 

0.1 nM GHRH 40.47 ± 8.458b 56.33 ± 8.42c 

1.0 nM GHRH 49.4 7 ± 8.22bc 82.77 ± 12.7d 

10 nM GHRH 53.76 .±. 8.23c 77.63 .±. 14.5d 

CONCLUSIONS 

The results of this study show that the thermal environment alters pituitary function 
in three-wk-old gilts. The secretion of pST and PRL is greater following exposure to H. The 
mechanism by which H elevates pST secretion could be related to nutrition. The mechanism 
and function of stimulated PRL secretion during exposure to H remain to be determined. An 
enhanced PRL response to TRH could serve as a useful indicator of the physiologic response 
to adverse environmental conditions. 
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EFFECT OF HOT ENVIRONMENT ON CELLULAR IMMUNITY OF PIGLETS AND SOWS 

B. Ann Becker1 and Michael L. Misfeldt2 

SUMMARY 

A study was conducted to evaluate the effect of a hot environment on the cellular 
immune system of sows and piglets. The results indicate that expression of lymphocyte cell 
surface antigens in the piglet was not affected by heat and the changes that did occur were 
associated with maturation. In the sows, which were less heat tolerant than the piglets, the 
response to heat was not generalized and reduced expression of three of the lymphocyte cell 
surface antigens appeared to be specifically and uniquely sensitive to heat. 

INTRODUCTION 

Last year we reported that the porcine immune system was not mature at birth and 
that maturation appears to be associated with overall growth. This year we investigated the 
effect of the hot environment on the expression of cell surface antigens on lymphocytes from 
piglets and nursing sows. Research reports on nursery, weaned and finishing pigs showed 
no definitive effect of a hot environment on the cellular immune system. Clearly, intensity 
and duration of environmental conditions and differences in age and metabolic size affect the 
extent of such responses. In sows and piglets, further complexity is added by the fact that 
the upper and lower critical temperatures vary between the sows and piglets. 

PROCEDURES 

Ten crossbred (Yorkshire x Landrace x Duroc) sows and litters were maintained in 
controlled environmental conditions at the Samuel Brody Climatology Laboratory for 
Environmental Research, Animal Sciences, University of Missouri. Five sows were 
maintained at 68°F, 50% relative humidity (RH) and five at a cycling 80 to 90°F, 50 to 90% 
RH. Body temperatures were taken three times a week. Body weights were determined 
right after farrowing and at the end of 30 d of temperature exposure. 

Lymphocytes were isolated from the peripheral blood on d 1, 7, 14 and 28 and 
incubated with monoclonal antibodies for cell surface differentiation antigens CD2, CD4, CDS 
and SLA class II. Expression of surface antigens was analyzed by flow microfluorimetry. 
Data are represented as percentage of 10,000 cells expressing the respective cell surface 
antigens. 

RESULTS AND DISCUSSION 

The imposed cycling hot environment caused a significant rise in rectal temperature 
in the sows but not in the piglets, a reduced weight gain in the piglets and a greater weight 
loss in the sows in the heat (Table 1). Thus, although the temperature was not above the 

1USDA-Agricultural Research Service, Animal Physiology Unit, Columbia, MO 
2Dept. of Molecular Microbiology and Immunology, School ofMedicine, Univ. ofMO-Columbia 
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upper critical temperature for the piglets but was for the sows, both the sows and piglets had 
poorer performance in the hot environment. 

The determination of the expression of several cell surface antigens (CD2, CD4, and 
CDS and SLA class II as shown in Figures 1-4, respectively) in piglets and sows in a hot 
environment shows that CD2, CDS and SLA class II were suppressed in the sow but not in 
the piglets. The suppressed expression of these surface antigens implies that in a hot 
environment, sows but not their litters, may be less able to combat disease challenges. 

Overall percentages of lymphocyte cell surface antigens determined were lower in the 
young pigs during d 1-2S. Percentages of CD4 and CDS in the piglets in both environments 
were low on d 1 and increased significantly throughout the first 2S d. By d 28, CD4 
percentages were similar to those of the mature pigs while CDS percentages were not. 

Thus, our data indicate that maturation of lymphocyte cell surface antigens of the 
piglet was not affected by the hot environment. In contrast, lymphocyte cell surface antigen 
expression in sows was affected by such an environment. These findings may correlate with 
periods of higher disease susceptibility--immediately after birth for the neonate and during 
incidences of heat stress for the sow. 

Table 1. Rectal temperatures and body weights of litters and sows in cool and 
hot environments. 

Rectal temeeratures (°F} 

Animals Cool Hot 

Litters 102.7 ± .3 102.9 ± .4 

Sows 102.3 ± .6 104.0 ± .s 

Body weight of litters ~lb} 

Day Cool Hot 

0 3.5 ± .09 3.3 ± .09 

14 10.5 ± .24 9.3 ± .24 

2S 1S.5 ± .44 15.4 ± .44 

Bod~ weight of sows {lb} 

Cool Hot 

After farrowing 422.4 ± 20.7 354.9 ± 23.1 

Day 2S 415.1 ± 20.7 321.8 ± 23.1 

Body weight loss -7.3 -34.2 
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CHANGES IN BODY TEMPERATURE OF THE YOUNG PIG DURING 
LONG-TERM EXPOSURE TO THERMAL STRESS 

Donald E. Spiers 
1 

and B. Ann Becker2 

SUMMARY 

The pig exhibits major changes in its ability to control body temperature 
and tolerate thermal stress during the first month following birth. This study 
was designed to determine the differences in internal and external body 
temperatures as a function of age at 2 different environmental temperatures. The 
information derived from this work is a first step in determining indicators of 
thermal response for the young pig than can be used to identify the stressful 
environment at a critical stage of development. 

INTRODUCTION 

Thermal stress can reduce growth and development in the young, domestic 
animal. In the piglet, trauma and stress result in poor performance and 
mortality, which may reach 29.8% during the early postnatal period (Tyler et al., 
1990). For this reason, it is important to determine the stressful environmental 
temperatures and measure their effect on the young pig. The identification of the 
optimal thermal environment for the immature pig is a complex problem in that 
it changes with age. For example, temperatures which are cold stressors for the 
neonatal pig are comfortable for the older animal, and higher temperatures 
become greater heat stressors for the pig during the first month following birth 
(Mount, 1979). A first step in understanding the effect of environmental 
temperature on the young pig is to monitor the changes in body temperature that 
occur with age during continuous exposure to controlled air temperature. There 
have been no studies of these changes in the undisturbed piglet. 

PROCEDURES 

Six pregnant crossbred sows (Yorkshire x Landrace x Duroc) were allowed 
to farrow in environmental chambers at the Samuel Brody Climatology 
Laboratory for Environmental Research. Half of these animals were maintained 
at 21 ac (70°F), 50% relative humidity (RH) and half at cycling conditions of 27 -32°C 
(81-90°F), 50- 90% RH. Three neonates were selected from each litter for testing 
from 1 to 29 days of age. Skin (14 sites) and rectal temperatures (Tre) of piglets 
and sows were measured in the afternoon using infrared and thermistor 
therm.ometers, respectively. By using a state-of-the-art infrared thermometer, it 
was possible to accurately record the skin temperature of these animals, without 
physical contact, as they moved within the sow/litter area. 

1Animal Sciences Dept., Univ. of Missouri-Columbia 
2USDA-Agricultural Research Service, Animal Physiology Unit, Columbia, MO 
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RESULTS AND DISCUSSION 

Rectal temperature increased in pigs from 1 to 3 days of age (p ~ 0.05) in 
both environments (Figure 1). Pigs at the cooler temperature exhibited no 
significant change in Tre after day 3 (39.5±0.1°C), with only a small decrease to 
the day 29level (39.2±0.1 °C). Rectal temperature significantly decreased (p ~ 0.05) 
in the warm group from day 3 (39.9±0.1°C) to day 8 (39.4±0.1°C), and then 
stabilized for the remainder of the study. Exposure of sows to the higher air 
temperature resulted in an increase in Tre from 39.7±0.3°C to 40.4±0.2°C, to 
confirm the fact that the upper temperature was a significant heat stress at this 
age. 

Skin temperatures are often used to identify peripheral sites of high and 
low blood flow, and heat exchange. These temperatures changed with both age 
and air temperature. As with Tre, most skin temperatures reached an upper 
level at 3 days of age, and either decreased or remained steady after this time. 
The ears were the warmest skin temperature sites at 3 days of age in the cool (37 .0-
37.1 °C) and warm (38.5-38.7°C) environments (Figure 2). In contrast, the lowest 
skin temperatures at this age were at the snout (33.9°C) and tail (35.2°C) in cool 
and warm environments, respectively. Several of the maximum/minimum 
temperature sites shifted to different regions by 29 days of age. At this time, the 
warmest skin sites were the thigh and joint of the rear legs (33.9-34.0°C) in the 
cool environment and the ears (37.0-37.1 °C) in the warm environment (Figure 3). 
The coolest skin sites at 29 days of age were the snout (29.4°C) at the lower 
temperature and the fronthoof (34.5°C) at the upper temperature. In the adult pig 
(Figure 4), the ears were again the warmest skin sites (35. 7°C in the cool 
environment; 38.2°C in the warm environment). The fronthoof of the sow was the 
low temperature site in both cool (31.1°C) and warm (35.9°C) environments. 

In general, the younger pig exhibited less temperature deviation between 
skin sites in either environment. This would suggest that at an early age there is 
limited regional control of blood flow and heat loss, compared with the older 
animal. Likewise, the 3 day-old pig displayed an overall smaller drop in skin 
temperature at the lower air temperature than was found at 29 days of age. This 
indicates that the young pig also had limited ability to reduce cutaneous heat loss 
over its entire surface during cold stress. Therefore, it must have increased heat 
production at 21 °C in order to balance the increased heat loss, and maintain Tre 
as noted in Figure 1. A final point is that although the trend was for skin 
temperature to decrease with age, due to increased thermal insulation and 
control of cutaneous blood flow, the change was nonlinear at either 
environmental temperature. In fact, skin temperature at some sites actually 
increased after 29 days of age. 

These results indicate that skin temperature is a more sensitive indicator of 
thennal stress than is rectal temperature. It is possible that a profile of skin 
temperature from selected sites could be used in the future to identify 
stress/nonstress environments for the immature pig. 
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Influence of Facility Type on Swine Grow-Finish Performance 

Rick Tubbs, DVM, MS 
Swine Veterinarian 
commercial Agriculture Program 
University of Missouri, Columbia 65211 

A retrospective study of facility influence on grow-finish 
performance was conducted using data obtained from Swine Graphics 
Enterprises, Webster City, Iowa. These data were ·generated from 
ninety-eight growing/finishing rooms from January 1987 through 
December 1991. These rooms were selected from a larger population 
due to the uniformity of the genetic stock fed in these rooms. 

Multiple grow/finish rooms were included for some farms. Some 
rooms did not record data over the entire time period. In total, 
the data set contained 4,529 monthly observations from 22 different 
farms. The definition of a growing/finishing room was subject to 
each manager's discretion. For some farms, a grow/finish room was 
defined as a whole grow/finish building, or even a cluster of such 
buildings, while other farms adhered more closely to the concept of 
a single room. Data collected included pounds of pork generated in 
the room, average daily gain per pig (ADG) , pounds of feed consumed 
per pound of gain (FG), feed consumption per pig per day (Cons), 
average pig inventory (both head and weight), cost of feed consumed 
per cwt of pork generated (FCost), cost per ton of feed, and the 
sales price for hogs sold during the month. 

Facility descriptions included in the data were: facility type 
(indoor versus outdoor), ventilation (natural versus power), floor 
type {slats, partial slats, solid concrete, concrete and dirt or 
dirt only) , and waste disposal system. Based on this information, 
each facility was assigned to a class which best described the 
facility. Primary facility classes were: 1) indoor power
ventilated (n=28}, 2) indoor naturally-ventilated (n=23), and, 3) 
outdoor (n=44). Facility subclasses included: 1a) total slats 
(n=15), 1b) partial slats (n=9}, and 1c) other {n=4); 2a) partial 
slats (n=11), and, 2b) other (n=12); 3a) solid (n=26}, 3b) partial 
slats (n=9), and 3c) other (n=9). 

Table 1 shows the major performance indicator averages for the 
various classes and subclasses of facilities where these indicators 
are adjusted to reflect a 100 lb in-weight. In addition, averages 
for the entire data set and 1991 overall Swine Graphics averages 
are included. 

For each variable reported, Indoor Power Ventilated and 
Outdoor (OU) were different from Indoor Naturally Ventilated at a 
confidence level of at least 95%. Facility subtypes were compared 
only within major facility type. Differences between the 
performance measures for facility subtypes tended to be 
statistically insignificant most likely due to the diversity of the 
facility subtypes. 
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Table 1. Grow/Finish Performance in Various Facility Types. 

Facility/Subtype ADG FG Cons FCost/cwt 

Indoor Power Vent 1.4 3.54 4.76 20.88 

slats 1.43 3.58 4.87 21.04 

part.slats 1.4 3.66 5.14 21.83 

other 1.32 3.15 3.70 18.42 

Indoor Natural Vent 

part. slats 

other 

outdoor 

part. slats 

solid 

other 

dataset avq. 

91 SG 50%tile 

1.45 

1.45 

1.45 

1.49 

1.41 

1. 53 

1.45 

1.46 

1.52 

3.89 

3.88 

3.89 

4.38 

5.13 

4.17 

4.51 

3.95 

3.78 

*reported for grower/finisher (50-250 lbs.) 
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5.23 

5.15 

5.36 

5.70 

5.59 

5.73 

5.68 

5.24 

5.75 

22.79 

22.60 

23.10 

25.66 

30.10 

24.81 

26.71 

23.15 

20.70* 



PREVENTION OF IRON HYPERSENSITIVITY BY VITAMIN E* 

Laura J. Meyer, Gretchen M. Hill, Jane E. Link, John M. Hoffman and Clay A. Kerr .. 
Department of Food Science and Human Nutrition, University of Missouri, Columbia. 

Introduction 

Newborn pigs that depend on the sow's milk for iron (Fe) and have no access to soil 
soon become Fe deficient. Compromised Fe status results not only in reduced 
hemoglobin and oxygen carrying capacity, but poor health and growth and ultimately 
death. Producers routinely improve the low body Fe stores of the young pig with oral or 
parenteral Fe. However, when Fe is given to pigs marginally deficient in vitamin E (E) 
and perhaps selenium (Se), a hypersensitivity to Fe is observed up to 3 days following 
injection or oral administration in "healthy" pigs. 

Even with diets containing the recommended concentration of E (National Research 
Council), death due to deficiency of this nutrient is still observed in herds in the Midwest. 
Feedstuffs supply little to no E due to increased grain drying and storage times. Also, 
adding fats in "fast" growing boar and lactating sow rations will increase the E 
requirement of animals. This may account for the increased incidence of gastric ulcers 
observed in the field with "hot" diets. 

Three to 12 hours following oral or parenteral administration of Fe to young pigs, 
drowsiness, dyspnea and coma followed by death have been reported. Autopsy reveals 
edema at the injection site, pallor of skeletal muscles, necrosis of the liver and severe 
degeneration of muscle (Miller, et al. , 1991). It has been hypothesized that the observed 
Fe toxicity, while variable within litters and herds, may be related to E and Se status. 

A large number of veterinarians in the Midwest are selling to their clients a 
combination of E, Se and Fe with or without an antibiotic to be given at 3 and perhaps 
also 21 days of age. This material for parenteral injection may be a pig-saver andjor a 
time-saver for the producer because it requires only one injection. However, this practice 
has not been shown to prevent the Fe hypersensitivity and death observed in the 
recently injected pig. 

Iron is a strong oxidant that must be bound in the body to prevent its catalysis of free 
radical oxidation. The pro-oxidant action of Fe in the presence of marginal E, which acts 
as a free radical scavenger, may lead to an imbalance that causes damage to lipid 
membranes and ultimately the death of cells and tissues. 

Limited work in Europe (Tollerz and Lannek, 1964) indicates that theE and Se given 
to pigs with Fe are not effective. Work from Michigan State (Loudenslager, et al., 1986) 
indicates that supplementing the dam's diet with sufficient E and Se will result in elevated 
concentrations of these nutrients in colostrum and milk available to provide the nursing 
pigs with a high biological antioxidant status to withstand the oxidant stress of oral or 
parenteral Fe. While economics of a one-time injection may favor the Ej Sej Fe 
combinations, its biological value is questionable. 

Our objective in this study is to determine if Fe stores, hematological status, health 
and liveability are improved when parenteral Fe Is given with E relative to Fe alone. 

Methods 

From day 84 of pregnancy until farrowing, three bred gilts will be fed a gestation 
ration that meets the NRC requirements except (1) no E will be added to the ration and 
(2) 2.5 percent of the ration will be cod liver oil (shown to destroy vitamin E activity, 

*Funded by Missouri Pork Producers Association. 
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Fritche, et al., unpublished data). Due to the gilt's greater nutrient needs for growth and 
reproduction, E will be low in the colostrum, milk and offspring. Twelve pigs from these 
bred gilts will be (1) weaned at 3 days of age, and 5 ml of b lood will be taken from the 
anterior vena cava, (2) grouped by sex and litter, (3) allotted to one of three treatments, 
(4) housed by treatment in stainless steel cages in an environmenta lly controlled room 
and (5) provided feed and deionized distilled water ad libitum. The diets will be based on 
dried skim milk (Hill et al. , 1983) and will have no E or Fe added. The treatments 
administered at 5 days of age will be (1) Fe Dextran Complex (200 mgjpig) given as an 
intramuscular injection (parenteral), (2) same as 1 plus 300 IU vitamin E (Vital E-300), or 
(3) same as 1 plus 2 IU vitamin E and 0.15 mg Se (from MU-SE).** 

On the following day (6 days of age) and at 14 days of age, an additional 5 ml of 
b lood will be taken. Hemoglobin , hematocrit, ceruloplasmin, superoxide dismutase, and 
plasma tocopherol, Cu, Fe and glutamic oxaloacetic transaminase (GOT) will be 
measured in all blood samples. After extensive tissue destruction , GOT is liberated into 
the serum. Thus, it can be used as a marker for cardiac and hepatic damage caused by 
the body's inability to handle the Fe injection. The remaining variables to be measured 
will be useful in assessing antioxidant status. The study will be terminated when the day 
14 bleeding is completed. 

This study is currently in progress. 
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RESEARCH IN PROGRESS 

ARS/UMC ENVIRONMENTAL STRESS PHYSIOLOGY RESEARCH 

Animal Physiology Unit, USDA-ARS: 
Dr. B. Ann Becker, Environmental Physiologist 
Dr. Robert Matteri, Neuroendocrinologist 
Dr. Gary Weesner, Neuroendocrinologist 

Animal Sciences Dept., University of MO-Columbia: 
Dr. Don Spiers, Environmental Physiologist 

School of Medicine, Dept. of Immunology and Microbiology 
Dr. Mike Misfeldt, Immunologist 

The USDA Agricultural Research Service CARS) and the Dept. of Animal Sciences have 
developed an Environmental Stress Physiology Research Program to investigate problems 
associated with perinatal growth and development of the pig. This cooperative project 
encompasses a multidisciplinary approach investigating the biology of the endocrine system, 
the immune system, and thermoregulation to further understand poor performance, 
morbidity and mortality during this period. Further cooperation for this research is 
developing with faculty in the Dept. of Animal Sciences, the School of Medicine and the 
School of Veterinary Medicine. 

The susceptibility of swine to thermal stress is recognized. Very young piglets are 
unable to maintain thermoregulatory control in cool temperatures, while hot environments 
reduce performance of both sows and piglets. Studies addressing thermal stress are b ing 
conducted in the Samuel Brody Climatology Laboratory for Environmental Research located 
in the Animal Science Research Center. Other investigations are: effect of mycotoxin 
contaminated feed on fetal/neonatal development; identification of physiological charac
teristics which reflect the ability to adapt to the production environment; and determination 
as to whether or not crossfostering and balancing litters by body weight reduce losses 
associated with competition between heavier and lighter pigs. 

Our approach incorporates various methodologies to investigate systemic, cellular and 
molecular regulation of the endocrine, immune, and thermoregulatory responses affecting 
both the immediate and long-term well-being of piglets and sows and their ability to cope and 
adapt to identified stressors. Growth rate, body composition, temperature preference and 
body temperature control are being examined to assess thermoregulatory ability. Preliminary 
resu lts have found a population of cells from the immune system, identified as gamma delta 
cells, that uniquely expand to heat. Further, the secretion and production of the hormones, 
prolactin and somatotropin, appear to be influenced by the thermal environment and 
reflective of growth rate. Research is just getting underway to identify and characterize the 
endocrine regulation of the immune system, with identification and characterization of the 
growth hormone gene in lymphocytes. Together this information will help us understand the 
growth and development in the perinatal period and how stressors affect the performance, 
health, and well-being of both piglets and s<>ws. 
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RESEARCH IN PROGRESS IN SWINE NUTRITION: 

* Animal protein by-products are being evaluated in starter 
diets for weanling pigs. An improvement in the amino acid 
quality of the diet may increase feed intake and growth at 
weaning. 

* To evaluate the effect of using a microbial phytase to digest 
the phytate in corn-soybean meal diets fed to growing
finishing pigs to improve mineral utilization and reduce 
nutrient pollution in manure. 
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RELATIONSHIP OF PLASMA IGF-I CONCENTRATION 

TO PRODUCTION TRAITS OF SWINE 

W.R. Lamberson and R.O. Bates 

The hormone insulin-like growth factor 1 (IGF-I) is important in regulation of metabolic 

events affecting growth and reproduction. This hormone acts in concert with growth hormone. A 

previous study, using a laboratory animal model system, has shown that selection for increased 

concentration of IGF-I in the blood resulted in correlated increases in growth and reproductive rate. 

This previous study provided stimulus for our attempt to determine relationships between IGF-I 

concentration and performance traits in pigs. 

In our study blood samples are being collected via jugular veinipuncture from sixty gilts 

and forty boars at three week intervals from weaning to near puberty. 1\vo samples are collected 

on each sampling day. Plasma is separated and frozen. All samples will be assayed upon 

completion of collections. 
Pigs are weighed on each sampling day. Four measurements of backfat thickness and loin 

eye area by real-time ultrasound have been taken during the finishing period. These measurements 

will be used to make predictions of traits such as lean gain per day of age. 

Reproductive traits will be measured in females. Gilts will be exposed once daily for a 

fifteen minute period to a mature boar and age at frrst estrus recorded. Gilts will later be mated to 

boars from the study. The thirty top ranking gilts for IGF-1 will be mated to the five top ranking 

boars and the thirty gilts with lowest IGF-I concentrations will be mated to the five bottom ranking 

boars. Gilts will be allowed to farrow and litter size and weights recorded. 

Contingent upon renewed funding, similar procedures will be followed for a second 

generation to detennine the effectiveness of divergent selection. 
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PROGRESS REPORT 

EVALUATION OF A FEEDER TYPE BY SEX INTERACTION 
IN GROWING-FINISHING PIGS 

R.o. Bates, S.L. Tilton and R. Holder 

Preliminary data on a commercial farm suggested that a 
barrows and gilts may perform differently on different styles of 
feeders during the growing and finishing phase of production. 
With the adoption of split-sex feeding, the influence of feeder 
type on grow-finish performance must be known to develop systems 
that will optimize performance and profitability. Therefore a 
study was undertaken to determine the potential interaction of 
sex (barrow vs. gilt) and feeder type (dry vs wet-dry ) on grow
finish performance. 

This study will evaluate average daily gain , average daily 
feed and water disappearance and feed/gain on barrows and gilts 
from 95 to 230 lbs. in four replications. Each replication will 
include 12 pens. Pigs are penned by sex with 10 pigs per pen. 
Pigs are provided 8 sq. ft. of floor space. Two styles of feeders 
are included in this study. They are a dry feeder (Smidley ) and a 
wet-dry feeder (Crystal Springs). Feed usage is recorded by pen. 
A water meter monitors water disappearance for each feeder type 
by replication. 

Three replications have been completed with the four 
replication scheduled to begin. This study will be completed 
during the first half of 1993 and reported in the 1994 University 
of Missouri Swine Research Report. 
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EFFECT OF ALTERING NACL CONCENTRATION AND ADDITION OF GLUTAMINE 
ON THE DEVELOPMENT OF PIG EMBRYOS THROUGH THE FOUR-CELL BLOCK 

J.M. Galvin, A.N.V. Stewart and S. Meredith 
Lincoln University 

Jefferson City, MO 

The death of piglets at a rate of 30-40% before birth establishes a need for the 
study of embryo development and survival during pregnancy. The methods of in vitro 
insemination and embryo transfer in farm animals and humans also constitutes a need 
for culturing embryos. One method to examine the development of embryos is to remove 
them from the uterus and grow them artificially in an incubator (in vitro culture). 

Cleavage of embryos from several mammalian species may block at specific 
developmental stages when subjected to in vitro conditions. This developmental block 
is not observed when the embryo develops normally in the uterus of the mother. 
Therefore, the techniques used for in vitro culture must be less than optimum, but the 
specific cause responsible for the developmental block has not been clearly identified. 

Pig embryos block at the four cell stage and will not develop any further in culture. 
Recently, it has been demonstrated that pig embryos can be cultured through the 4-cell 
block (Beckmann et al., 1990) in a culture medium which has a lower sodium chloride 
(NaCI) concentration than most commonly used culture media. Therefore, the purpose 
of our experiment was to investigate whether the concentration of ingredients in culture 
media were the cause of embryo block. Two concentrations of sodium chloride were 
used to determine the effect of high salt and the addition of a beneficial amino acid, 
glutamine, on embryo development through the 4-cell block. 

After 5 days in culture, 93.4% of pig embryos were successfully cultured through 
the 4-cell block in Whitten's medium containing low NaCI. Increasing the NaCI 
concentration restricted the development of embryos (24.1%} through the 4-cell block. 
Addition of glutamine permitted 96.7% of pig embryos to go through the block in the 
presence of high salt. 

The results of the experiment indicate that higher NaCI concentration found in most 
conventional culture media can cause the 4-cell block in pig embryos. The addition of 
glutamine may protect the embryo against the high salt-induced developmental block. 

The final phase of the project is to determine the success of the culture system in 
allowing the development of cultured pig embryos. Embryos have been transferred to 
recipients and gilts aUowed to carry the pregnancy to term. At present, four litters of pigs 
have been born from recipient gilts in which cultured embryos were transferred and an 
additional two gilts are pregnant. 
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