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Age and Synchrony of First Estrus in Gilts as
Influenced by Type and Duration of Daily Boar
Exposure (BE)

Dwane R. Zimmerman Introduction contact with boars, and (3) the possible
Tom McGargill interaction of type of BE and duration
Norm Rohda Recent evidence from Australia of BE.
Jeff Hall? suggests that physical contact with boars
is needed to achieve the maximal pu- Materials and Methods
bertal response in gilts. Fence-line
Summary and Implications contact with boars or providing gilts Fifty-six gilts from the Gene Pool

contact with a caged boar were lessherd were assigned randomly within
Fence-line boar exposure (FBE) effective than full-contact with boars. litter to a replicated experiment in-
and physical boar exposure (PBE), Further, gilts that were masked and volving two types of boar exposure
each with durations of 10 minutes or prevented from having nose-to-nose (physical contact, PBE vs fence-line
four hours, were evaluated for their contact with boars were less respon-contact, FBE) and two durations of
ability to trigger puberty in gilts. Gilts  sive to full-boar contact than unmasked daily BE (10 min vs 4 hours). Blood
provided PBE attained puberty 11.8 control gilts. Duration of contact may samples were obtained for later analy-
days earlier than gilts provided FBE. also be important. sis of progesterone one week before
Duration of boar contact was without Research conducted at Nebraskaand one day before initiation of treat-
effect. Earlier age at first estrus re- (1994 Nebraska Swine Report) deter-ment on December 16, 1994 (age =
sulted, in large part, from a more mined that once daily (10 min/day) 172 to 177 days, Rep 1 and 164 to 175
rapid pubertal response after initia- physical contact with boars was less days, Rep 2) to establish ovarian sta-
tion of boar exposure (BE). The mean effective than either continuous fence- tus. Gilts were maintained in groups of
interval from initiation of BE to pu- line or continuous physical contact seven or eight in a separate room from
bertal estrus was 13.5 days for PBE with boars. However, earlier research where they received BE. Each group of
gilts and 24.8 days for FBE gilts. Fence- at Nebraska (1988 and 1991 Nebraskagilts was taken to the boar room for the
line boar exposure stimulates earlier Swine Reports) demonstrated that du-assigned period of BE each day.
puberty in gilts (shown in previous ration of boar exposure (BE) was with- Two sets of four crossbred boars (7
studies), but is less effective than PBEout effect when duration was relatively to 8 months of age at start) were used.
for triggering a rapid pubertal re- short. No difference was observed be-They were maintained in separate pens
sponse in gilts. Physical boar expo- tween 5, 15 and 30 minutes of once between periods of BE and rotated
sure is required to achieve the maxi- daily BE. The objectives of the present between treatment groups each day to
mal pubertal response to boar expo- experiment were to determine the ef- insure that PBE and FBE gilts received
sure when applied daily for limited fects on the pubertal response in giltssimilar boar stimuli during the treat-
periods (4 hours or less) to gilts near- of: (1) type of BE, physical vs fence- ment period. Physical BE was pro-
ing onset of puberty. line contact with boars; (2) duration of vided by moving two boars into each of
BE, 10 minutes vs four hours of daily (Continued on next paeg)
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Table 1. Mean ( SE) age at puberty as affected by type and duration of boar exposure (BE)

Duration of BE

and encourage boars to continue stimu-
lating other gilts in the pen. Gilts
exposed to boars for four hours were

Type of BE 10 min 4h Combined observed again for estrus just before (5

FBE 199.4+ 5.5 198.3+ 4.5 198.8 min) they were returned to their home
room.

PBE 186.9+ 4.5 187.0+ 4.8 187.0

Combined 193.2 192.6 Results and Discussion

8FBE, fence-line contact with boars; PBE, physical contact with boars.

bp< 02

Table 2. Mean  SE) interval to puberty after initiation of boar exposure (BE)

Duration of BE

Seven gilts had ovulated before
treatment initiation and were deleted.
Two other gilts were deleted because
of lameness or their reproductive tract
was missing. All other gilts (N=47)
expressed first estrus by termination of
the experiment on February 13. Type

Type of BE 10 min 4h Combined of BE but not duration of BE produced
FBE 25.74 5.2 24.0+ 4.3 208 a significant d!fferencg in average age
atpuberty. No interaction was observed
PBE 13.6+4.3 13.4+45 135 between type and duration of BE. Gilts
Combined 19.6 18.7 thatreceived PBE reached puberty 11.8

8FBE, fence-line contactwith boars; PBE, physical contact with boars.

Pp<.05

d earlier than gilts that received FBE
(187.0 vs 198.8, P<.02, Table 1). The
interval to first estrus after initiation

of BE was substantially shorter (13.5

two gilt pens maintained for the PBE Gilts were observed and symptoms of vs 24.8 d, P<.05, Table 2) in PBE gilts.

treatment. Fence-line BE was provided estrus recorded for all groups during This resulted in part because PBE gilts
by moving FBE gilts into pens on each the first 10 minutes of BE each day. showed a more synchronous first es-
side of a pen occupied by four boars. Any gilts on the PBE treatment that trus. Forty-four percent of PBE gilts vs

Each group of gilts was returned to were observed in estrus were removed18 percent of FBE gilts expressed first
their home room after the assignedimmediately fromthe pen and returned estrus at the end of the first week of BE
treatment period (10 min or 4 hours). to their home room to prevent mating (Figure 1). The advantage widened at

the end of the third week of BE (88%
PBE vs 50% of FBE gilts had reached
puberty) and then declined gradually
thereafter. All PBE gilts had expressed

109 first estrus by the end of wk 7 of BE.
90 FBE gilts did not achieve a 100 percent
80 P pubertal response until the end of the
3 9th week.
" Physical BE is a more effective
Z 60 PBE-10 min stim.ulus than FBE for triggering an
= 3 —o— earlier and more synchronous first es-
E 50 | 'iEE‘ih trus in gilts nearing puberty when first
3 40 FBE-10 min stimulated. Future experiments will
< 2| FEI?—:h attempt to determine the reasons for
| —a— this difference and whether this differ-
20 ence is expressed when boar exposure
100 is applied at earlier stages of pubertal
| development.
0 1 I l 1 L ] 1 ]
2 3 4 5 6 7 9 10

Week after initiation of boar exposure

1Dwane R. Zimmerman is a Professor, Tom

McGargill and Norm Rohda are Research Tech-
nicians and Jeff Hall is an undergraduate student
inthe Animal Science Department.

Figure 1. Accumulative percentage of gilts expressing pubertal estrus after initiation of boar
exposure. FBE = fence-line contact with boars and PBE = physical contact with boars.



Is Physical Boar Exposure Required for
Accurate Detection of Estrus in Gilts?

Dwane R. Zimmerman Introduction and Nebraska evaluated the effects of
Denny Aherin type and/or duration of boar exposure
Jeff Hall? Accurate heat detection is needed (physical, PBE vs fence-line, FBE) on

with hand mating and artificial in- pubertal developmentin gilts. Limited
semination (Al) programs to insure PBE was more effective than limited
Summary and Implications optimum timing of the inseminations FBE (each applied for 10 to 30 minutes
relative to ovulation. Proper timing of once daily) for triggering pubertal es-
Accuracy of estrus detection in the insemination, especially with Al, trusin gilts. The difference may be due

response to physical (PBE) vs fence-minimizes loss of potential piglets (ova) to better transfer of pheromones or to
line (FBE) boar exposure was evalu- caused by fertilization failure and/or the tactile stimulus of the boar. Alter-
ated in 40 gilts during two successive early embryonic death. Heat detection natively, boars under these conditions
estrous periods. Gilts heat checked is labor intensive and should be orga- (direct contact between the boar and
with FBE expressed shorter estrous nized so gilts in heat express the im- gilts) may provide greater auditory and/
periods (.6 day) than PBE gilts. Estrus mobility reflex rapidly when exposed or olfactory stimuli than boars not al-
was detected within five minutes of to the boar. Gilts should be maintained lowed to interact directly with females.
boar exposure in 100 percent of gilts in pens segregated from boars or boar  The objectives of the present ex-
on both treatments except for PBE stimuli and taken to a neutral area or periment were to determine, under
gilts on the first day of estrus. The first the boar room to receive boar exposureconditions of limited boar exposure
day of estrus was expressed after fiveduring the heat check period. Most (15 minonce daily), whether (1) physical
minutes of boar exposure in 16.2 per- estrous gilts handled in this manner contact with boars results in a higher
cent of PBE vs 0 percent of FBE gilts. respond rapidly (>90% within 5 min) rate of estrus detection and more rapid
The PBE gilts may be near the begin-to physical contact with boars. Little expression of the immobility response
ning of estrus. They are unresponsiveadvantage is gained from extending than fence-line boar exposure and (2)
to limited (15 min) FBE and slow to the period of heat detection beyond 10whether type of boar exposure affects
respond to PBE. Fertility was not com- minutes of boar exposure. the number of days gilts are observed
pared in this study, but inseminations Classical research conducted by in estrus. Estrous gilts that are slower
timed 12 to 24 hours after detection of Signoret and co-workers in France to respond to boar stimuli may not be
estrus in these gilts (gilts not detected during the late fifties and early sixties detected in heat until their second day
with FBE and slow to respond to PBE demonstrated that only 50 percent of of estrus under conditions of limited
on their first day of estrus) will be too gilts in estrus express the immobility boar exposure each day.
late to result in high fertility. Ovula- reflex in response to tactile stimulus
tion will occur or be in progress in (hand pressure) applied by the observer Materials and Methods
these gilts at the time of insemination. in the absence of boars. The estrous
Therefore, heat-detection with physi- response exceeded 90 percent when  Forty gilts with established es-
cal boar exposure rather than fence- the gilts were provided olfactory (smell) trous cycles (2 or more) from the Gene
line boar exposure is recommended toand auditory (sound) stimuli from a Pool herd were grouped according to
achieve proper timing of insemination mature boar across the fence-line buttheir last estrus in pens of four gilts
and high fertility in gilts. the gilts were unable to touch or see the

boar. Recently, studies from Australia (Continued on next page)
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each. Pens of gilts were assigned ran-Table 1. Mean number of days gilts were
domly to receive either physical con- observed in estrus.

tact with a boar (PBE) or fence-line Estrousperiod  PEE
contact with boars (FBE) during a stan-
dardized period (15 min) of boar expo- Numberofgilts 19 18
sure between 7 and 9 a.m. each day,

FBE® Difference

. . First 3.0 2.4 .6
Following completion of estrous ob-
servations on all forty gilts, the treat- second 3.1 25 6
ment assignment was reversed and the
3.05 2.45 6

gilts were evaluated again at the next Combined

estrus using the same procedures. 3physical contactwith boars.
Heat checks were initiated when Prence-line contactwith boars.

the first gilt(s) in the pen reached d 17 °P<.01

of the estrous cycle and ended when

the last estrous gilt in the pen was out

was comparable in PBE and FBE gilts.
However, gilts heat-detected with PBE
expressed estrus approximately .6 d
longer than gilts heat-detected with
FBE (3.05 vs 2.45 days, P<.01, Table
1). This resulted from a shift in the
distribution of the percentages of gilts
observed in estrus for 1, 2, 3 or 4 days
(Figure 1). Few gilts on either treat-
ment were observed in estrus for only
one day (2.7% PBE vs 5.4% FBE,
P>.1). The percentage of gilts express-
ing estrus for two days was much higher
in FBE than in PBE gilts (48.6 vs
13.5%, P<.01) but the reverse tended

of estrus. Gilts were housed in rooms Gilts provided FBE were placed in a to be true for gilts expressing estrus for
segregated from boars and were takerpen between the two boar pens and hadhree days (PBE, 62.2 vs FBE, 43.2%,
to the boar room for heat checking. the opportunity for boar contact, in- P>.05). The percentage of gilts ob-
During the first five minutes of the cluding naso-naso contactthrough openserved in estrus for four days was sub-
heat check, symptoms of estrus, in-vertical bars (4-inch spacing) along stantially higher (7-fold) in PBE gilts
cluding the immobility response toback each 10-ft fence-line. Each gilt was (21.6 vs 2.7%, P<.05).

pressure, were observed and recordecevaluated for rapidity of estrous The distribution of times within
for each gilt. Gilts were removed from response and for number of daysthe 15-minute heat check period (<5

the heat check pen as they expressedietected in estrus.
standing heat and the time of expres-
sion of estrus was recorded. The boars
and FBE gilts were kept in close con-

Results and Discussion

min, 6 to 10 min or 11 to 15 min) when
the first day of estrus was detected also
differed between the PBE and FBE
treatments. Estrus was detected dur-

tact on the fence-line and continued to One (gilt failed to express estrus ing the first five minutes in all (100%)
be checked by hand during the remain-during either the first or second series FBE gilts compared to 83.8 percent of
der of the 15 minute test. Two boars of estrous checks and a second giltPBE gilts. The gilts that responded to
(11 to 12 mo of age) were used to (FBE) failed to express estrus during PBE after 5 min (16.2%) may repre-
stimulate estrus. Gilts receiving PBE the second series of estrous observasent gilts near the beginning of estrus.
were placed directly in the pen with tions. These gilts were deleted from They may be unresponsive to limited
each boar on an alternate day basisthe study. The rate of heat detection (15 min) FBE and are slow to respond
to PBE. All PBE gilts (100%) were
detected in estrus within five minutes
on the other days of their estrous pe-

1001 riod. Inseminations timed 12 to 24
90 hours after first detection of estrus in
80 I 5 ESE these gilts (gilts not detected in estrus

i with FBE on their first day of estrus)
70 would be too late for optimal fertility.
60 | 2.2 These gilts probably already ovulated
~ *48.6 or are ovulating at the time of insemi-
8 50 43.2 nation. Further research is needed to
evaluate ovulation time and fertility in
gilts that are unresponsive to FBE and
216 slow to respond to PBE on the first day
of estrus.
*2.7
3 a 1Dwane R. Zimmerman is a Professor, Denny

Aherinis aResearch Technologistand JeffHallis an
undergraduate student in the Animal Science
Department.

Days in estrus
Figure 1. Distribution of days of estrus in gilts receiving physical (PBE) or fence-line (FBE) boar
exposure (*P<.05; **P<.01).
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The Effect of Photoperiod on Sexual
Development in Young Boars

Donald G. Levis production and sexual behavior in inches above the floor was 270 lux.
Andrew M. Paterson mature boars but the effect of photope- Temperature was maintained as close
Hugh G. Payné riod on pubertal development in young as possible to 738 in both rooms.

boars is less clear. In general, repro- Two light regimens were created
ductive performance of boars reared inby providing different light:dark ra-
Summary and Implications a constantlong-day of 15 hours of light tios in each room (Figure 1). At the
has not been different from boars rearedstart of the experiment, boars in both
The effects of photoperiod in stimu- on a constant short-day of 8 hours of rooms received 12 hours of light and
lating reproductive function in prepu- light. However, the effect of a step- 12 hours of dark (12L:12D) with lights
bertal boars was studied in 40 cross- wise light regimen that simulates a on at 6:00 a.m. and off at 6:00 p.m. In
bred boars. One group of boars was natural photoperiod over time on sexual the long-day (LD) regimen the light
exposed to a regimen where day lengthdevelopment and behavior has not beerphase was increased by 15 minutes per
was increased from 12 to 14.5 h/d studied in male pigs. In this experi- week for six weeks then by 10 minutes
(from 8 to 20 weeks of age) and thenment we examined the effect of two per week for a further six weeks to give
decreased from 14.5to 12 h/d (from 20 step-wise photoperiod regimens dur-a maximum light:dark ratio of
to 32 weeks of age); whereas, the othering rearing on the sexual and behav-14.5L:9.5D in the week of summer
group of boars was exposed to a regi- ioral development of young boars. solstice (longest day length). In the

men where day length was decreased short-day (SD) regimen the light phase
from 12 to 9.5 h/d and then increased Materials and Methods was decreased by 15 minutes per week
from 9.5 to 12 h/d. Exposing prepu- for six weeks then by 10 minutes per
bertal boars to a long photoperiod A controlled-environment build- week for a further six weeks to give a

inhibited the development of the testising with two similar rooms, each con- minimum light:dark ratio of 9.5L:14.5D

at 24 weeks of age. The inhibitory taining four pens was used in this in the week of the summer solstice.
effect of long days on testis develop-experiment at the Western Australian Afterwards, day length was increased
ment at 24 weeks of age was overcomdepartment of Agriculture Medina (short-day) or decreased (long-day) by
by decreasing the photoperiod. Short Research Center. Light in both rooms 10 minutes per week for six weeks and
days reduced the level of sexual be-was provided by eight fluorescenttubes 15 minutes per week for a further six
havior at 25 and 26 weeks of age. Theand the average light intensity 15.6 (Continued on next page)

inhibitory effects of short days on sexual
behavior was overcome by exposing

boars to a longer period. This study Long day
implies that young boars reared dur- 1l *

ing short days may need to be exposed Spring Summer Shortday
to a longer photoperiod before ex- Equinox Solstice

(Longest daylength)

. >
pressing an adequate level of sexuals 5|
behavior and young boars reared dur- +/

ing long days may need to be expose

ﬁt’per

. : =2
to shorter days to increase their sperm . 15| 5 Boars/pen 2 Boars/pen
production capability. s N i
o N e
. =] 7
Introduction S 1} \\\ IR
N ¥

The role of photoperiod on repro- i \\\ //’ * =Bled _
duction in the male pig has been largely ok So e S =Serial Bleeding
. . ~ - B = Sexual Behavior
ignored. Most males destined for breed- S’ B B
ing are reared in some kind of testing [« « + + + + + + SBB * *
facility, but the photoperiod regimen o U ' ' L ' L ' . ' . ' ' | '
employed in the rearing area is rarely, 8 10 12 14 16 18 20 22 24 26 28 30 32 34
if ever, considered. There is some evi- Age of boars during treatment, week
plenge to suggest t.hat long d"’_ly length IsFigure 1. Lightregimens and protocol for blood sampling and sexual behavior evaluations for long-
inhibitory to steroid synthesis, sperm and short-day treatments.

7
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weeks so that the light:dark ratio DMNP + (3x DMWP) +[5x (600 - TI) the LD boars the concentration of tes-
returned to 12L:12D at the end of the + 600)]. The boars were not given tosterone changed less dramatically
experiment. assistance with copulation. Estrous from 3.7 ng/mL at 24 weeks of age to
A total of 40 Large White x Lan- gilts were prepared by priming pre- 5.7 ng/mL and 6.9 ng/mL at 28 and 30
drace boars were reared together frompubertal gilts about 170 to 190 days weeks of age. Testosterone concentra
weaning under natural daylight until of age with 1.2 mg of estradiol ben- tion differed (P < .05) between treat-
transfer to the controlled environment zoate four to five days before the ments at 30 weeks of age.
rooms at an average age and weight ofbbehavior testing of boars. Testis volume was larger in SD
56 + 5 days and 43.3 .7 Ib, respec- The testicles were collected at than LD boars at 24 weeks of age
tively. There were four pens per room slaughter to estimate daily sperm pro- (Table 1). At 33 weeks of age the SD
with five boars per pen. The experi- duction. The right epididymis and tes- boars had numerically but not statisti-
ment started when natural light:dark tis were separated and weighed. Threecally greater average values than LD
ratio was 12L:12D (spring equinox). samples of one gram each from theboars for testes weight, sperm per gram
The boars were weighed and blood proximal, mid, and distal regions of of testis, and total sperm per testis.
sampled every two weeks from eight the testis were used to determine daily =~ The sexual behavior traits of boars
until 24 weeks of age. At 24 weeks of sperm production. The three grams of at weeks 25 and 26 of age are illus-
age three boars from each pen weretissue were homogenized andthe numbetrated in Table 2. Boars kept in the
removed from the controlled-environ- of homogenization resistant sperm long-day photoperiod regimen mounted
ment rooms. The boars were removednuclei was counted in duplicate for more (P<.02) times than did boars kept
to: (1) preventdamage to the indwelling each sample with a hemacytometer. in the short-day photoperiod. The LD

catheters that were surgically inserted boars also tended (P < .07) to spend a
into the jugular vein of two boars in Results and Discussion greater sum of time courting gilts
each pen, (2) prevent physical interac- and being mounted on gilts than SD

tion between boars in a pen on the day = Average daily gain and average boars, thus LD boars tended (P < .06)
sexual behavior was evaluated, and (3)concentration of testosterone from 8 toto have higher SBI scores than SD
to avoid overcrowding during the re- 24 weeks of age were not different boars. Although SD boars tended to
maining weeks of the experiment. between the two photoperiod regimenshave larger testis and a greater concen-
During the time when the cath- (average daily gain: LD, 1.85 Ib/d and tration of testosterone, we speculate
eters were inserted in the eight boars,SD, 1.98 Ib/d; average testosteronethat the higher level of sexual activity
the size of testicles was measuredconcentration: LD, 3.9 ng/mL and SD, in LD boars is due to their having more
using calipers. Total testicular vol- 4.4 ng/mL). The following results are daylight hours to mount, ride and
ume was estimated from the formula only for the 16 boars that remained in interact with each other. It was noted
for a right ellipsoid (4/3th 2, where the controlled-environment rooms un- that when the lights went off, the SD
= 3.14, h = height, ant® = radius til 33 weeks of age. The average con-boars soon laid down to sleep.
squared). centration of testosterone in SD boars The main reasons why the boars
Boars were evaluated for sexual increased (P < .01) from 3.3 ng/mL at did not copulate during the mating
behavior at 6 and 7.5 months of age.24 weeks of age to 8.1 and 12.7 ng/mLtests at 25 and 26 weeks of age were
During the 10-min (600 seconds) sexual at 28 and 30 weeks of age; whereas, in (Continued on next page)
behavior tests when the boar had direct
contact with an estrous gilt, the fol-
lowing sexual behavior traits were re-
corded to the nearest second: nosing

Table 1. Comparison of testicular characteristics of boars reared in either a long- or short-day
photoperiod regimen (meant SE)

head area of gilt (DNH), nosing side aTreatmem .

and flank area of gilt (DNS), nosing em Long day Shortday ¥

ano-genital area of gilt (DAG), time to Age atmeasurement, wk 24 24

first mount (TFM), time to first exten- _'F‘gét‘i’ésgﬁ:;e b BW 5 58 . 24 o1
sion of penis, duration of mounts with- Age at slaughter, wk 33 33

out penis exposed (DMNP), duration  No. of boars 8 8

of mounts with penis exposed (DMWP),  Bodywt, Ib 368+ 4.6 365+ 12.8

time to first intromission (TI), and _Egg:gm‘z‘wﬁg 51122%*57-30 513723351-30 ég
duration of copulation. Number of o 0 ieqic fo 115.24+ 6.1 13219 10.2 18
mounts and copulations were also re- 1ot spermitestis, 18 5.854+ .6 7.08+ .3 .08

corded. A sexual behavior index score aLong day = increasing from 12 h to 14.5 h day length from 8 to 20 wks of age then decreasing from 14.5 h
(SBI) was calculated for each boar by (5 12 h day length from 20 to 32 wks of age.

the following formula: SBI = (600 - BShort day = decreasing from 12 to 9.5 h day length from 8 to 20 wks of age then increasing from 9.5 to 12

TFM) + DNH + DAG + (2 x DNS) + h day length from 20 to 32 wks of age.
‘p= probability of difference between light regimens.
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Table 2. Comparison of sexual behavior traits of boars reared in either a long- or short-da){
photoperiod regimen (eight boars per treatment)

Sexual behavior test Probability

Item 1 2 3 4 LDvsSB Time :
Age at evaluation, wk 25 25 26 26 | P I aS m a F S H
I

Sum of all time spent courting and mounted, sec

L -day b 154.4 219.3 193.5 194.4 .07 .20 I

Concentration
Number of mounts .

Long-day b 3.9 7.5 5.6 6.3 .02 .07 Y

Short-day boars 5 s s 13 In Young
SBlscor8

L -day b 74 1.16 1.19 1.12 .06 .04 B d

oars an
Proportion of tests with a copulation .

Long-day boars 0 0 0 0 GIItS from

(37.5f (62.5)  (62.5)  (62.5)
Short-day boars 0 0 0 0
(12.5) (12.5) (12.5 (25.0)

Lines that
Differ in
Ovulation

;LD = long day and SD = short day.
Sexual behavior index (see text for details).
Proportion of boars mounting.

Table 3. Comparison of sexual behavior traits of boars reared in either a long- or short—da)J
photoperiod regimen (eight boars per treatment)

ltem 1 2 3 4 LDvsSB  Time R ate aﬂ d
Age at evaluation, wk 32 32 33 33 . .
Sum of all time spent courting and mounted, sec L Itte r S I Z e
Long-day boars 170.0 170.1 290.9 341.9 72 .01
Short-day boars 147.4 196.9 274.9 272.1
No. of mogmsb Rodger Johnson
Long-day boars 5.4 4.4 7.8 2.8 .45 .21
Short-day boars 2.0 3.3 4.4 4.7 Joe Cassady
SBI scor
Long-day boars 1.00 .82 2.29 2.45 .29 .03
Short-day boars .75 131 1.23 1.10 Summary and Implications
Proportion of tests with a copulation
Long-day boars 0 0 25.0 375 .
Short-day boars 0 0 125 0 Four experiments were conducted

to determine whether boars and gilts
from selected lines that differ in ovu-
lation rate and litter size also differ in

| plasmaconcentrations of Follicle Stimu-

that SD boars expressed a very low(Table 3). There was no difference ht lating Hormone (FSH). Plasma FSH

level of mounting behavior and LD 32 and 33 weeks in the sum of all tinje Was studied because it is a potential
boars lacked mating dexterity. Since spent courting and mounted, numbpr|nd|catortr§utofovulatlonrate. Plasma

the LD boars did mount the rear of the of mounts, or sexual behavior indgx concentrations of FSH in young boars
gilt for an average of 59.6+ 11.9  score. There was no difference in the@nd gilts differed between the select
seconds, they probably would have matecbroportion of tests with a copulatiop @nd the control line. It is likely that

if given assistance with copulation. It between SD and LD boars during sexjalthis difference is due to a correlated
is not uncommon to see young, inexpe-behavior tests 1, 2, or 3. However, Lp response to selection for ovulat|.on
rienced boars have difficulty with in- boars copulated more (P<.05) times "ate. Therefore, plasma concentration
tromission. The average duration of during the fourth evaluation. of FSH in young boars and gilts may
time the two SD boars were mounted | be a trait that can be used effectively

on the rear of the gilt was 794636.7 i to indirectly select for ovulation rate.

1Donald G. Levis is a Professor and Extensi nAdd't' | data t isel
seconds. Swine Specialist, Department of Animal Scienck, lional data to more precisely es-

The detrimental effects of short Lincoln, NE; Andrew M. Paterson is a Senidr timate the genetic relationships are
days on sexual behavior at 25 and 265cientist and Hugh G. Payne is a Senior Reseatrcmeeded before selection for FSH is

Technologist with the Western Australia recommended
weeks of age were not observed WhenDepartment of Agriculture, South Perth, Westeln )

the boars were 32 and 33 weeks of ageiustralia. Research was conducted in Australia| (Continued on next page)

4D= long day and SD = short day.
Sexual behavior index (see text for details).

I
I
I
I
I
I
I
I
I
I
|
|
Sexual behavior test Probability I
I
I
I
I
I
I
I
I
I
I
I
I
I
CCopulation rate was greater (P < .05) for LD boars at the fourth evaluation. |
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Introduction Selection for the indicator trait would from generations 12 and 13.
increase ovulation rate and selection Experiment 1. Boars from

One Nebraska research focus hasfor litter size would increase uterine generation 12 were used. They were
been to identify methods to enhance capacity. Traits would be weighted to randomly selected when they were 56
the rate of response to selection formaximize the response in litter size. days of age (1 per litter, 4 from each of
litter size. The industry practice is to Follicle Stimulating Hormone 15 half-sib families) from line | (n =
selectreplacement boars and gilts baseqFSH) is a potential indicator of ovula- 61) or line C (n = 60). They were
on litter size records of the dam and tion rate. This hormone stimulates placed in a modified open front
other female relatives. But based ondevelopment of follicles that eventu- building with 10 pigs per penAd
results of our research and that done atlly ovulate in females and stimulates libitum access to feed was provided.
the USDA Meat Animal Research Cen- development of sperm cells in males. A blood sample was taken from
ter (MARC), greater rate of response We were encouraged regarding theeach boar at 90, 120, and 150 days of
will occur if selection is for ovulation potential of plasma FSH as a useful age. These ages were chosen because
rate and uterine capacity. predictor of ovulation rate, especially they span the interval during which

Litter size at birth is modeled as in boars, by results of experiments at boars reach puberty. Testis growth is
the minimum value of the number of MARC. Boars of the Chinese Meishan rapid and boars achieve the ability
viable eggs ovulated and the capacitybreed had considerably greater con-to produce sperm cells during this
of the uterus to carry fetuses to partu- centrations of FSH in their plasma period.
rition. In some females, the number of than did boars of a composite popula- Experiment 2. Boars used in this
eggs ovulated is less than uterine ca-tion of Large White, Landrace, York- experiment also were from generation
pacity and ovulation rate limits litter shire, and Chester White. These popu-12, but they were the replacement
size. In other females, ovulation rate is lations differ greatly in litter size. A boars that had been selected to be
greater than uterine capacity, and themajor component of this difference is breeders. Selection was random in
number of pigs at parturition equals the greater ovulation rate of the Meishan.line C and included one boar of each
the number of fetuses the uterus can  The objective of the experiments of 15 half-sib families. Boars from
support. In these females uterine ca-reported herein was to determine line | included one boar from each of
pacity limits litter size. whether boars and gilts from lines that the 14 largest litters. There was a total

According to the model, response differ in ovulation rate, number of of 60 line | litters. Because boars
in litter size to selection for ovulation fetuses, and litter size at birth also were selected on their dam’s litter
rate and uterine capacity exceeds re-differin concentrations of plasma FSH. size record, and not on any trait mea-
sponse from direct selection for litter Four experiments, three with boars sured on them, they represent pro-
size. This kind of selection is done and one with gilts, were done. Blood geny of an additional generation of
experimentally by measuring ovula- samples were collected over a range ofselection. This additional generation
tion rate with the techniques of agesbecause the optimum age at whictshould enhance the ability to detect a

laparotomy or laparoscopy. By know- to sample was not known. response in plasma FSH to selection
ing both ovulation rate and litter size, for litter size. These boars were raised
selection is for the optimum combina- Methods in the same building as boars described
tion of the two traits. However, meth- in Experiment 1 until they were approx-
ods to measure ovulation rate are not  pjgs were from a select (line ) and imately 200 d of age. They were then
practical in industry herds. a control (line C) line established from moved to the breeding area, where

A further limitation of current 3 cross of Large White and Landrace.they were housed in crates. Boars
practices of selection for litter size is |jne | was selected 10 generations for Pegan mating when they were 225 to
that there is no direct measure of litter 3 index of increased ovulation rate 250 days of age. A single blood sam-
size in males. Boars are selected base@ngd increased embryonic survival to Ple from each boar was taken at
on records of dams and sibs. Male 50 days of gestation. Line C was se-approximately 11 months of age to
selection contributes more to rate of |ected randomly. After 10 generations, study line differences in boars that
response than female selection becausgjits of line | averaged 6.7 more eggs Were more mature than those used in
intensity of selection is greater in males. gyylated, 3.3 more fetuses at 50 days ofExperiment 1.

However, to fully realize the increased gestation, and 3.1 more fully formed Experiment 3. Boars for this exper-
response the trait must be measuredigs at birth than gilts of line C. Index iment were from generation 13. They
directly in males. selection ended at the 10th generation.Were the replacement boars selected to

Selection for ovulation rate and After that there was one generation of be breeders. The selection criteria were
uterine capacity could be practiced morerandom selection and then selectionthe same as described for Experiment
easily if a trait that accurately predicts \was for increased litter size in line |. 2. However, two boars, a primary
ovulation rate could be measured in gglection continued to be random in Preeder and an alternate, were selected
both boars and gilts at a young age.|ine C. Pigs for this experiment were from each of the 15 half-sib families of
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n Mean n Mean Difference

line C. Two boars from each of the 14 Table 1. Plasma concentrations, mean SE (ng/mL), of FSH in boars.
largest litters of line | were selected. A Line 12 Line &

single blood sample was drawn from Age.d
each boar at 150, 180, and 210 days of
age. These ages were chosen because

Experiment 1

they are intermediate to those used in lgg 28 gslig 28 365{2 131 4;*
i i + +
Experiments 1 and 2. 150 55 111+ 7 60 81+ 7 31+ 10%*

Experiment 4. Gilts were used in

this experiment. They came from genera- Experiment 2

tion 12. One gilt was randomly se- 330 14 206+ 33 15 155+ 32 51+ 46
lected from each litter (n = 45, line |; Experiment 3

n =35, line C). At 56 d'a'ys of age they 150 30 139+ 16 28 136+ 16 4+ 23
were placed in a modified open front 180 29 150+ 23 28 131+ 23 20+ 32
building with 10 pigs per pen. They 210 30 146+ 14 28 128+ 14 18+ 20

were allowed ad libitum access to feed. 2selected for index of increased ovulation rate and embryonic survival.
A blood sample was drawn from each "Selected randomly.

gilt at 50, 90, and 130 days of age. The <0

gilts were prepubertal. Plasma FSH '

has a characteristic curve during the

. Table 2. Plasma concentrations, mean SE (ng/mL), of FSH in gilts in experiment 4.
estrous cycle. By sampling prepuber-

tal gilts, it was not necessary to time Line I Line C°

the sampling relative to day of estrus.  Age,d n Mean n Mean Difference
However, plasma FSH is pulsatile in 50 45 1016+ 36 35 814+ 41 203+ 54**
prepubertal gilts. This pulsatility in- 90 42 997+ 37 35 783+ 41 214+ 55*
creases variation among gilts when___ 130 41 542+ 38 35 441+ 41 101+ 551

only one sample is taken but does not®Selected forindex of increased ovulation rate and embryonic survival.
bias mean differences between lines. Selectedrandomly.
Concentration of FSH in plasma I*E:'éf
of each blood sample was determined
by radioimmunoassay procedures. Data

were fitted to appropriate statistical 1 Byt means of the lines at this age innot be determined precisely from the
models that accounted for the randomgyperiment 3 were similar. The differ- results of this experiment. Average
effects of half-sib families and the ef- gnces in results for the two experi- ovulation rate is approximately 6.5
fects of line. Age at time of sampling ments might be explained by sampling eggs more for line I than line C gilts;
and the interaction of age with line yariance. There were fewer observa- however, ovulation rate was not mea-
were also fitted to data from Experi- tjonsin the third experiment and, there- sured on contemporary gilts to these

ments 1, 3, and 4. fore, these means have greater samboars. The differences in ovulation
. _ pling variance. rate, the known selection differential
Results and Discussion Workers at MARC found that for ovulation rate in the selection ex-

plasma FSH concentrations were greateperiment, and the range of differences
Boars Boars of line | had greater jn mature Meishan boars than in a found in concentrations of plasma FSH
concentrations of plasma FSH than composite population of domestic in this study were used to calculate the
line C boars at each age (Table 1). Linepreeds. These breeds differ significantly possible range of genetic correlation
x age interactions were not significant j, oyulation rate. Based on their re- between ovulation rate and concentra-
in either Experiment 1 or 3. The line gyts, we hypothesized that concentra-tion of plasma FSH. The range for the
differences were significant only at tjon of plasma FSH in the boar is correlation was between .25 and .75. If
120 (P <.05) and 150 (P <.01) days of genetically correlated with ovulation the genetic correlation is .75, selection
age in experiment 1. Line differences e, for plasma FSH concentration in boars
were greatest in the more mature boars oy results confirm a positive ge- to increase ovulation rate will be effec-
used in Experiment 2. However, the npetic relationship between ovulation tive. But if the correlation is .5 or less,
differences were not significant be- rate of females and plasma FSH con-this method of selection will not be
cause the sample size was small. Retentration of male relatives. The cor- effective.
sults for Experiments 1 and 3 were ye|ation appears to be greatest when  Gilts. Line | gilts had greater plasma
inconsistent. The greatest difference pjasma FSH of boars is measured be-concentrations of FSH than line C

in concentration of FSH between lines yyeen 120 and 150 days of age. Thegilts at 50 (P <.01), 90 (P < .01), and

was for 150-d old boars in Experiment magnitude of this correlation could .
(Continued on next page)
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130 (P < .10) days of age (Table 2). gilts before 50 days of age. Becausefore, plasmaFSH concentrationinyoung
Concentration of FSH declined (P < lines | and C differed at 50 days the gilts may be a useful predictor of ovu-
.01) with age, but line by age interac- mechanism by which selection altered lation rate. It is more easily measured

tion was not significant. plasma concentration of FSH is prob- than ovulation rate and, therefore, could
Concentration of FSH in plasma is ably due to differences in FSH synthe- be more easily incorporated into a
regulated by feedback of ovarian hor- sis. selection program.

mones on the hypothalamus, the con- Concentration of FSH in line |

tro'l center for secretion of gon'adot'ro- gilts was ap'pro.X|mateI'y 25 percept 1Rodger Johnson is Professor of Animal
phin hormones and the anterior pitu- greater than in line C gilts. A genetic Science and Joe Cassady is agraduate studentinthe
itary gland which secretes FSH. Other correlation between ovulation rate and gepartment.

workers have found that there is little FSH close to 1.0 would have to exist to

ovarian regulation of FSH synthesis in cause a difference this large. There-

National Swine Improvement Federation
Ultrasound Certification Workshops

Doyle Wolverton ultrasonic estimates are technician ning practicum for participants, and a
Dennis E. Burson dependent. The National Swine written exam. The educational pro-
Thomas E. Socha Improvement Federation (NSIF) has gram included the topics of anatomy
implemented programs to standard- of the pig, fat and muscle deposi-

Summary and Implications ize ultrasonic measurements for tion patterns, NSIF recommenda-

these traits. The first of these pro- tions for ultrasound measurements,
Twenty-three people partici- grams was held at lowa State Uni- proper probe placement, discrep-
pated in two National Swine versity in the spring of 1994. Two ancies of live and carcass data, and
Improvement Federation ultra- programs were offered at the Uni- the use of NSIF adjustment factors.
sound certification workshops in versity of Nebraska in January 1995. Program presenters included Dr.
January 1995. Each participant's abil- The purpose of the workshop was Dennis E. Burson, Extension Meat
ity to predict backfat and loin muscle to evaluate the participants ability to Specialist; Dr. Thomas E. Long,
area on live market hogs was deter- predict carcass data, the repeatabil-Extension Swine Specialist, and Dr.
mined. IBP Inc,. Madison, Nebraska ity of their measurements and the Thomas E. Socha, Manager Nebraska
cooperated in the collection of car- bias of the live measurements asSPF Swine.

cass data for certification purposes. compared to carcass data. Pigs used for measurement by
Nine participants were certified for the participants were selected by
backfat and loin eye readings and Methods John McKeever, SENEK Station Man-
eight participants qualified for cer- ager and Doyle Wolverton, Extension
tification of backfat only. The work- The two workshops held in Livestock Specialist. Fifty pigs were

shops provided the pork industry Nebraska were jointly sponsored by scanned in random order by each par-
with additional expertise in the use the Nebraska SPF Swine Accrediting ticipant. Participants submitted their
of ultrasonic measurements to deter- Agency and the University of Nebraska first round results before to the sec-
mine backfat and loin muscle area Animal Science Department. Facili- ond scanning. Pigs were randomized

on live swine. ties for the workshop were provided again for a second scanning by the
by the SENEK Testing station located participants. Pigs were shipped directly
Introduction at Wymore, Nebraska. The pigs usedto IBP Inc., Madison, Nebraska for

in the practicum were involved in a slaughter the next day. Fat thickness
Ultrasonic measurement is a study conducted by cooperators in theand loin muscle area were collected

viable method to estimate backfat Nebraska SPF program. on the carcasses after a 24-hour chill
thickness and loin muscle area in The workshops consisted of an by carcass officials, Dr. Dennis E.
the live pig. However, accuracy of educational training session, a scan- (Continued on next page)
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Table 1. Carcass information for the two workshops. Bias.
Tenth rib backfat ~ 0.15 in.
Standard Loi |
Trait Mean Deviation Minimum Maximum oin musp e area, )
tenth rib 0.05 sq. in.
First Workshop (50 hogs)
Resul
Hot carcass wt, Ib 166.6 7.6 154 186 esults
Tenthrib fat, in 1.08 0.24 0.6 1.78 . .
Loin muscle area, sq in 5.45 0.65 4.12 6.65 The carcass information for the

pigs used in the two workshops are

Second Workshop (50 hogs) listed in Table 1. Both workshops were

Hot carcass wt. Ib 171.9 74 153 103 conducted with pigs that were market
Tenth rib fat, in 0.90 0.32 0.48 1.98 weight and varied in backfat and loin
Loin muscle area, sq in 5.99 1.03 3.55 7.95 muscle area.

A total of twenty-three individu-
als participated in the two workshops.
Burson and Brian Demos, Graduate standard deviations of prediction, Nine individuals were granted certifi-
Research Assistant. standard deviations of the difference cation for both backfat and loin muscle
Certification was granted to tech- and the bias, which is the averageareaand eightindividuals were granted
nicians who meet specified criteria difference between live and carcass certification for backfat only. Six indi-
for prediction of carcass data, repeat-measurements. The standards forviduals did not meet the certification
ability of ultrasound measurements, these statistics were: requirements.
bias and if they demonstrated pro-
ficient knowledge concerning the
use of ultrasound and performance
data.

Standard deviation of prediction.
Tenth rib backfat ~ 0.15 in.

. 1Doyle Wolverton is an Extension Youth
Loin muscle area,

Specialist and Dennis E. Burson is an Extension

The statisti dt luat tenth rib 0.50 sqg. in.  MeatSpecialistin the Animal Science Department.
e s,a IStics used 1o evaluale a g, 1 dard deviation of the difference. Thomas E. Socha s Manager of the Nebraska SPF
technician’s ability to predict carcass Tenth rib backfat ~ 0.10 in Swine Accrediting Agency, Lincoln, NE.
measurements and repeatability of . ' ’
. Loin muscle area,
ultrasonic measurements were the . .
tenth rib 0.40 sq. in.

PigCHAMP Summary of 1994 Reproductive
Herd Performance

Mike Brumm tiles, farrowing rate ranged from 69.1% records software program developed
Cate Dewey to 88.1%, pigs weaned per litter from at the University of Minnesota. Al-

Barb Cox 8.11t0 9.8, and litters per mated female though there are many other excellent

Angela Baysinget from 1.76 to 2.36. Overall reproduc- computer software programs for pro-

tive performance, reported as pigs ducer use, PigCHAMP remains one of
weaned per mated female per year,the most widely used programs by in-
Summary and Implications ranged from 14.8 to 22.4 with a 50th dustry advisors.
percentile value of 19.3. These results A challenge for individual pro-
A summary of 51 swine herds in can be used for planning and decision ducers and their advisors is interpreta-
the western cornbelt that used making purposes in individual swine tion of the various reports generated by

PigCHAMP as theirreproductive record enterprises. a record system. The “Performance
system during 1994 was completed. Monitor” is the most widely used re-
This summary documents the wide range Introduction port from PigCHAMP, giving produc-
in performance that existed among ers and advisors a one-page overview
herds. Using 10th and 90th percen- PigCHAMP is a swine production (Continued on next page)
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of the biological performance of the Table1. Geographicdistributionofherddata  have lower values for the production

reproductive herd. While advisors and bases evaluated. parameter and 25 herds have higher
producers use individual herd perfor- No. Herds values.
mance records to solve problems and The average value is the mean for
set production targets, there is a needState Submitted  Included all 51 herds and may differ from the
for summary information across a num- 50th percentile if the data are skewed
. Colorado 4 3 . .
ber of herds keeping records on the g, . 19 17 or if there are a few outlying data
same system. Kansas 23 19 points. An example is the wean-to-
Advisors, lenders, and others as- Missouri 1 0 first-service interval. While the 50th
sociated with the swine industry are Nebraska A — percentile is 7.0 days, the mean of 7.6
often faced with the challenge of esti- Total 61 51 days reflects at least one herd that
mating “normal” or “realistic” pro- appeared to skip an estrus cycle for all
duction for situations such as cash- 5) preweaning mortalitywas less females at weaning when rebreeding
flow projections and pig-flow projec- than 5% (28.6 day interval) and two herds that
tions. In many situations, producers, . appeared to skip an estrus cycle for
investors, and advisors are interested ~ 6) female culling rate was not st parity females (14.7 and 12.2 day
not only in the “normal” or average between 20 and 80% intervals).
values, but also what a producer can  Tpese culling rate and inventory Many producers submitting data

expect if everything goes right, orwhat riteria were established to avoid in- did not record gilt entry dates. In many
aproducer can expectif disaster strikes.c|yding herds in the data set that hadcases, females were not entered into

recently repopulated or herds that wereherd inventories until a breeding (ser-

Data Collection expanding and had a large percentage’ice) occurred. Therefore, the data pre-
of gilts in the female inventory. sented in Table 2 are per mated female,
Veterinarians in Nebraska, lowa, not per inventoried female, which is
Missouri, Kansas, Colorado, and South Results the method used for the Nebraska Swine
Dakota who were members of the Enterprise Record results which ap-
American Association of Swine Prac- The 10th and 90th percentile val- Pear elsewhere in this publication.

titioners were contacted in late May, yes are reported in Table 2, rather than ~ Litters per mated female per year

1995 for the names and addresses Ofpinimum and maximum values. The Was quite variable among the herds in

producers using PigCHAMP for sow 10th and 90th percentiles give an indi- this data set. The average number of

productivity records. Producers iden- :ation of the best or worst values for a litters per mated female was 2.12, with

tified in this manner were individually production parameter, depending on@ range of 1.76 to 2.36.

contacted for permission to use datayhether a high or low value is desir- For herds in this data set, females

from the 1994 production year. As of gpje, and minimizes the impact of out- @veraged 10.2 pigs born live per litter

September 15, 1995, 61 herds had subtying data points on the values re- farrowed in 1994 with 80% of the

mitted data files for inclusion in the ported. The 50th percentile value rep- herds (10th to 90th percentile) report-

data set (Table 1). resents the median value for the 51iNg 9.4 to 11.1 live born pigs. Pigs
After conversion to PIgCHAMP  hergsin the data set. Twenty-five herdsWeaned per litter was 8.9 with a range

v3.05, the data from each herd were

examined for accuracy and complete-

ness. Herds were excluded from theTable 2. Rankings of 1994 reproductive performance from 51 herds using PigCHAMP.

data summary if:

Percentile
1) ending female inventory dif- a
fered from average female Item 10th 50th 90th Average
inventory by 20% or more | juersweaned, no. 301 822 2013
2) farrowing rates were 100% Parity of farrowed sows, no. 2.0 3.3 4.1 3.2
for three consecutive months Farrowing rate, % 69.1 77.7 88.1 77.3
Pigs born live/litter farrowed, no. 9.4 10.1 11.1 10.2
3) the weaning to first service preweaningmortality, % 7.6 12.5 17.1 12.2
interval was less than four pigsweanediitter farrowed, no. 8.1 8.9 9.8 8.9
days Age atweaning, days 18.4 21.2 26.2 21.6
4) the percent of females mated P.igsweaned/matedfemale/yr, no. 14.8 19.3 22.4 18.9
byseven days postweaningwas Llners/ma}tedfem.elle/.yr, no. 1.76 2.20 2.36 2.12
Wean to first service interval, days 5.1 7.0 9.8 7.6

greater than 96%

®Eachitem sorted independently of all other items.
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of 8.1 to 9.8 pigs. cornbelt. Possible causes of this varia-efficiency may mean less than maxi-
The combination of litter size and tioninclude such items as genetic sourcemum reproductive efficiency.
litters per year is reported as pigs weanedacilities, planned production sched-
per mated female per year and is oftenules, disease, and management. The
considered the single best measure ofuse of 10th and 90th percentiles is not ~ *Mike BrummisaProfessor of Animal Science
reproductive biological efficiency. While meant to imply that producers should andanExtension Swine Specialistat the Northeast
the average was 18.9 pigs per matedstrive at all costs to attain the better Research and Extension Center, Concord; Cate
9 -9 PIgs p ; . = Dewey was an Assistant Professor Epidemiology,
female, the range was 14.8 to 22.4 pigsreproductive efficiency these values and Barb Cox was a Research Technologist,
(10th to 90th percentile). represent. Rather, producers are en-Veterinary Science at the Great Plains Veterinary
These results verify the great varia- couraged to consider these values agducational Center, Clay Center; Angela Baysinger
tion in biological performance that reasonable performance limits with the 527 =Xension Swine veterinarian, Department of
g p p Veterinary Science at the University of Nebraska,

exists in swine herds in the western understanding that optimal financial Lincon.

1995 Nebraska Swine Enterprise Records
Program Results

Dale Kabes Table 1. Selected items for farrow-to-finish enterprises.
Michael Brumm

January 1 to June 30, 1995

Larry Bitney ! July 1, 1994
High 1/3 Low 1/3 to
Item Average profit profit June 30, 1995
Summary and Impllcatlons Number of farms 37 12 12 20
.. Profit/cwt pork produced $4.75 $11.32 -$2.07 -$1.22
Data from cooperators partici- Total cost/cwt pork produced $40.99 $36.63 $44.20 $39.69
pating in the Nebraska Swine Enter- Totalvariable cost/cwt pork produced $35.76 $33.24 $38.46 $35.52
prise Records and Analysis Program Fixed cost/cwt of pork produced $5.24 $3.39 $5.74 $4.17
. . Total feed expense/cwt pork produced $24.27 $23.12 $25.47 $24.05
were summarized for the period Janu- s e age costof diets/owt $6.61 $6.38 $6.79 $6.44
ary to June 1995 and July 1, 1994 t0  Feed/cwtpork produced, Ib 368 362 377 373
June 30, 1995. Results continue to Pigsweaned/femalel/year, no. 17.9 18.3 16.3 17.6
Pigs weaned/crate/year, no. 78.4 81.3 79.2 76.6

show significant variability in pro-
duction and financial parameters
among individual swine enterprises.

The results indicate that efficient,
well managed swine enterprises can Table 2. Selected items for farrow-to-feeder pig enterprises.

be prqfltgble and competitive in a January 1 to June 30, 1995
dynamic industry. July 1, 1994
High 1/3 Low 1/3 to
Item Average profit profit June 30, 1995
Average values of several produc-

tion and financial parameters for far- Number offarms 11 4 4 8
row-to-finish, and farrow-to-feeder pig Profit/cwt pork produced $2.61 $13.38 -$7.55 -$10.24
enterprises for the first six months of Total cos_t/cwt pork produced $63.16 $60.39 $64.87 $66.56
1995 are given in Tables 1 and 2. Also Total variable cost/cwt pork produced $53.16 $51.32 $55.44 $54.56
: g . : Fixed cost/cwt of pork produced $10.00 $9.07 $9.43 $12.00
included in the far right column of Totalfeed expensefcwt pork produced $30.80 $27.05 $34.41 $30.64
each table is annual data from July 1, Average costof diets/cwt $7.91 $7.61 $8.20 $8.34
1994 through June 30, 1995. In addi- . Feed/cwt pork produced, Ib 389 357 419 368
ti to the overall averages for each Pigs weaned/female/year, no. 17.2 18.7 15.3 18.2
1on . g -~ Pigsweaned/crate/year, no. 89.6 98.5 81 100.3
enterprise type, averages for the high average weight of feeder pig sold, Ib 50.2 53.9 46.5 49.8

1/3 profit group and low 1/3 profit

group are listed for the farrow-to-
(Continued on next page)
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finish and farrow-to-feeder pig enter- feed/cwt of pork produced) than the identify their strengths and weak-

prises for the January through Junelow profit group. Similar increased nesses and then determine the oppor-

1995 time period. reproductive efficiencies were reported tunities and threats for their individual
The high 1/3 profit producers re- in pigs weaned per female per yearswine enterprise. To accomplish this,

ported feed costs of $23.12/cwt of pork (18.3 vs 16.3 for the high and low producers should begin with an

produced and the low 1/3 profit pro- profit group, respectively). Corn was accurate record system and a set of

ducers reported feed costs of $25.47/valued at $2.37/bu for the first six written goals to help lay the path for

cwt of pork produced, respectively. months of 1995 and $2.24/bu for the future.

This resulted in a $2.35/cwt of pork the 12-month period ending in June

produced advantage for the high profit 1995.

group. To accomplish this the high With constant change in the swine  'Dale Kabes is swine records coordinator,

profit group had a lower diet cost ($6.38/ industry, pork producers will have to ’E)meChaifrlnir:thrE P[g‘;‘fssgirt'r’]‘;heisAnl';r“Oiggfr”fs

cwt vs $6.79/cwt of ingredients) and a continually strive to improve their Agﬁculturaléconomics}' y

better feed efficiency (362 vs 377 Ib of enterprises. Producers will need to

Slaughter Hog Price Patterns at Omaha

Al Wellman? summer-to-fall, etc. repeating pat- for Omahabarrows and gilts from 1975

terns within a year. This article pro- through 1994. By reviewing the past

Summary and Implications vides data about seasonal priceprice movements during the year, a
patterns. determination can be made about the

Omaha slaughter hog prices Slaughter hog seasonal price pat-chances that prices will increase or

from 1975 to 1994 were used to terns persist from year to year. The decrease during a particular current or
indicate the price patterns that Price patterns result from changes infuture time period.

tend to be repeated year to year. N0g and pork supplies, changing de- Slaughter hog price patterns may
A monthly price index and vari- mand for pork by consumers or a com- change somewhat over time if there
ability of the monthly price were binationofsupplyanddemandchanges.are changes in production technol-
calculated. Strong seasonal price Hog prices are affected by the season-ogy, industry structure or any other
patterns were observed. The price ality of farrowings and the resulting factors that offset production patterns
patterns can be used to determinesupply of pork products. Some sea-or demand. This is reflected by the
likely price trends during the year. sonal patterns in demand influence seasonal price indexes and variability
The price data can be used to assisthog prices, but the majOI’ impaCt is factors in Figure 1. The index prima-

producers with their marketing from supply changes. rily reflects the seasonal variation in
plan and price forecasting for the Table 1 has the monthly cash prices
future.
120
Introduction

Price-risk management strate- 110

gies require that hog producers have
accurate records on past price pat-
terns. The ability to accurately fore-
cast price movements allows the

100

Percent of annual average

producer to focus on a smaller num- 90

ber of pricing strategies. Knowing the

historical patterns of trends, cycles

and seasonal price movements can 80

provide a base for forecasting future

cash prices. Trends refer to price 70 L | | | . , , | | | , |

movements over a period of years.
Hog price cycles are fairly regular up
and down changes which cover aPriceindex 98.9 99.6 96.1 94.8101.4 105.1 107.9 106.9 101.98.0 929 97.0
period of about three to five years. variabity 115 136 95 94 90 78 71 83 103 125 11.8 103
Seasonal price patterns refer to

month-to-month or spring-to-summer, Figure 1. Seasonal price index for barrows and gilts at Omaha, 1975 to 1994.

Jan Feb Mar Apr May Jun Ju Aug Sep Oct Nov Dec
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Table 1. Prices ($/cwt) received for barrows and giltsat Omaha, Nebraska from 1975-1993.

Yearl

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Avera;e

1975 39.78 39.93 40.13 41.03 46.77 43.93 56.67 58.87 61.26 61.10 52.19 50.52 49.35
1976 50.13 49.70 47.34 48.57 49.79 51.86 49.57 44.47 40.14 33.12 33.00 39.17 44.74
1977 40.53 31.06 38.08 37.66 42.62 45.07 46.62 44.81 41.71 41.44 40.55 45.48 41.30
1978 46.70 49.77 48.11 46.88 50.10 49.80 48.03 49.35 50.24 53.15 49.76 51.01 49.41
1979 53.31 55.60 50.67 45.99 45.25 41.82 40.46 38.54 39.52 35.48 36.16 39.66 43.54
1980 38.37 38.63 35.01 29.66 30.28 36.10 43.80 48.54 47.47 48.74 47.25 46.20 40.84
1981 41.38 42.40 39.48 39.60 41.66 47.11 50.47 50.28 49.82 45.89 41.74 39.54 4411
1982 46.86 50.34 49.86 52.50 58.50 59.63 60.46 63.47 63.36 57.49 54.68 56.71 56.16
1983 57.96 58.69 51.67 48.47 47.96 46.69 47.00 50.02 46.10 42.18 40.16 49.19 48.84
1984 50.88 47.15 47.94 49.13 48.50 51.53 54.63 52.63 47.87 45.50 49.69 51.50 49.75
1985 50.25 49.67 44.68 42.42 43.41 46.93 47.62 44.04 40.68 44.68 4521 48.07 45.64
1986 46.82 44.44 41.70 41.15 48.62 55.37 61.88 63.76 60.51 55.26 55.04 53.49 52.34
1987 49.31 49.71 48.83 51.91 55.81 60.82 62.20 60.62 55.29 49.20 42.07 42.71 52.37
1988 46.43 48.23 43.20 42.39 48.35 48.89 46.09 46.02 40.85 39.28 37.49 42.91 44.18
1989 43.03 42.12 40.75 38.38 44.36 47.72 48.46 48.17 44.87 48.23 47.15 51.03 45.36
1990 49.33 50.33 53.03 54.80 63.54 61.71 63.18 57.59 55.91 57.83 50.88 49.85 55.67
1991 52.33 52.97 52.52 51.74 55.44 55.75 56.40 51.28 47.18 44.15 38.89 39.45 49.84
1992 37.99 41.32 39.75 42.56 46.65 48.24 45.57 45.43 42.87 43.02 42.49 43.01 43.24
1993 42.39 45.18 47.30 46.25 47.92 49.35 47.07 49.11 48.71 47.78 43.62 41.23 46.33
1994 44.88 48.84 44.70 43.29 43.27 43.78 43.42 42.93 36.15 32.83 29.02 32.90 40.50
20-Year Average

1974-95 46.43 46.80 45.24 44.72 47.94 49.61 50.98 50.50 48.03 46.32 43.85 45.68 47.17

1U.s. No. 1 & 2, 200-220 Ibs., 1975-1978; 200-230 Ibs., 1979-1984; 210-240 Ibs., 1985-88; 230-240 Ibs., 1989-1991; 230-250 Ibs., 1992-94.
Information compiled from Livestock and Meat Statistics, Livestock Market News, USDA.

price. The variability factor indicates between January and July (107.9-98.9). Price Patterns
the reliability of the price index for a
particular month. Price Variability Price patterns for the 1975-94
period indicate monthly slaughter hog
Price Index Variability is a measure of the prices were below the yearly average

variation of each month’s average January through April, then increased

A price index of the monthly prices price. It is an indication of the relia- through July. Prices declined from
is calculated for the 20-year period. bility of the price index for each August to a fall low in November,
The price index is a measure of the month. It is based on the variability of then improved slightly in December.
relative level of monthly prices over prices for the indicated month dur- Priced tended to be above the yearly
the calendar year with 100 as the baseing the 1975-94 period. average from May to September and
The index shows the average rela- For example, the January price below the yearly average from Janu-
tionship of prices in a particular index value is 98.9 and the variability ary through April and October to
month to the average for all months indicator is 11.5. This means the December. Lowest prices were in
for the 1975-94 period. The price expected price in January may be asApril and November and the highest
index of 98.9 for January indicates high as 110.4 percent or as low as 87.4prices usually were in June, July and
that in January Omabha slaughter hogspercent of the annual average price inAugust.
have averaged 98.9 percent of theabout two-thirds of future years. The
annual average. In July, the price smaller the variability factor, the more
index is 107.9 indicating prices reliable is the monthly index. Al Wellman is Professor, Agricultural
have risen on the average 9 percent Economics, University of Nebraska-Lincoln.
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Porcine Reproductive and Respiratory
Syndrome (PRRS)

Angela Baysinget ing, stillbirths, mummification, con- Table 1. Risk factors increasing probability
ception failure, and lack of appetite. In of infection by PRRS virus
many herds, the reproductive prob- @ Large herdssize
Summary and Implications lems last only three to four months. @ Housing in one building
Affects on suckling piglets are: list- € Introduction of new animals of un-
The porcine reproductive and res- lessness, spraddle-leg, and increased known health status
piratory syndrome (PRRS) virus has preweaning mortality rates. @ Lackofdisinfection procedures
adverse affects on the breeding herd The most serious effect is usually € Young average parity of herd
and growing pigs. Through field expe- respiratory disease in young growing € Continuous flow of pig movement
riences and research, the clinical signs, pigs after the initial reproductive out- € High pig density

spread, and diagnosis of PRRS arebreak. Most pigs recover from PRRS

better understood. Vaccination and but some die or become chronic poor- Epidemiology
improved pig flow are tools available doersfromsecondary infections. PRRS
to control PRRS but, the ultimate foun- virus tends to persist in infected popu- PRRS appears to be spread mainly

dation for controlling, eliminating, and  lations and can give rise to continuing from one herd to another by transfer of
avoiding the virus is better manage- problems in both growing pigs and jnfected animals. Airborne spread has
ment. breeding stock if pig flow or manage- peen suggested but not confirmed.
ment changes are not instigated. It isgpread via semen and artificial in-
Introduction hypothesized that inconsistent expo- gemination has been documented. Se-
sure to PRRS virus following initial men from recently infected boars may
PRRS was first observed in the infection my notoccuramongallmem- contain virus for up to six weeks. Re-
United States in 1987 and in Europe in bers of a population. This may lead to gearch results indicate that boars shed
1990. Ithas now spread worldwide due pockets of naive animals and subse-yjrysinsemenintermittently. The PRRS
toincreasing international trade. Trends quently, continuous cycling of the \irusis inactivated in the environment
that may have influenced the spread ofvirus in the herd. in the absence of moisture. Its activity
PRRS are the move toward high den-  Secondary infections dueStrep- s significantly reduced within 6 days
sity of pig populations and the increas- tococcus suis, Hemophilus parasuis, jf neld at 68 °F. The virudoespersist
ing size of herds. This article summa- Salmonella choleraesuis, Bordetella gyer time under moist conditions such
rizes the current knowledge base andbronchiseptica, Pasteurella multocida 45 geep pits and lagoons. Risk factors
introduces some of the most recenttype A, hemolytic E. coli, Mycoplasma anglyzed in European outbreaks are
diagnostic, management, and vacci-hyopneumoniaeand Actinobacillus  gymmarized in Table 1.

nation protocols. pleuropneumoniaecome a major prob- There are no reports of this dis-
lem in nursery and grower/finisher ggge affecting humans or any other
Clinical Signs herds. Viruses also isolated have in-gnimal species, but PRRS virus can

The disease is characterized by its Coronavirus. The secondary infections gp|y contribute to further infection of

effect on the respiratory and reproduc-are controlled through managementsyine herds through bird fecal con-
tive systems. It affects pigs of all ages. changes, vaccinations and/or antimi- a3 mination.

Any combination of signs can affect a crobial therapy. Antibiotic therapy will

herd. Some herds test positive sero-usually reduce the severity but not elimi- Diagnosis of PRRS

logically but have no clinical disease. nate the clinical signs of secondary

Frequently, inanew outbreak the breed-infections. The changes neededtocon-  The diagnosis of PRRS relies on
ing herd is initially affected. Once the trol the secondary infections are usu- compiling information from the herd’s
disease has gone through the breedinglly farm specific and best recognized cjinical history, serology (blood test-
herd, clinical signs are restricted to the through cooperative efforts between jhg) pathology (post mortem exami-
nursery and grower/finisher pigs. In the producer and a swine specialistpations) and isolation of the PRRS
other herds the reproductive condition (i.e., veterinarian, extension special- virys from at least one age group of
becomes chronic. The clinical signs ist, or consultant). pigs on the farm. There are numerous

seen in an acute outbreak of a breeding diagnostic tests now available for PRRS.
herd are: abortion, premature farrow-
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Each test has advantages and disadinduced abortions.
vantages in reference to its ability to
diagnose the virus strain and stage ofto PRRS vaccination throughout the
infection. United States (personal communica-
Serologic profiling is becoming a tions). The overall objective of vacci-
common practice for detecting expo- nation usage in breeding and growing
sure to the PRRS virus. Indirect fluo- swine is to reduce the shedding of
rescent antibody (IFA) test has beenvirus, reduce the secondary infections
the primary mean of testing for a herd in growing pigs, and protect naive
profile. This test measures the IgG herds from severe outbreak of PRRS.

level and it can be used for detection of The most promising use appears to be

antibody from seven to 10 days to threein stabilizing the breeding herd so that
to four months post infection. Serum the piglets are not exposed to viral
neutralization detects antibodies at nineshedding from the sow.

to 28 days following infection and may
persist for up to 365 days. Most re-
cently, an IgM IFA test has been devel-
oped. The IgM test detects titers as Management protocols have been
early as five days post infection but established and tested by individuals
IgM will only be detectable in herds world wide. The procedures most
with an acute infection (14 to 28 days widely advocated are depopulation/
post infection). ELISA test has the repopulation, partial depopulation,
same sensitivity and specificity as IgG segregated early weaning (SEW),
IFA but, it has the ability to identify medicated early weaning (MEW),
both the European and American strainsmulti-site production, strict all-in/
of the PRRS virus. These four profil- all-out flow, and most recently, North
ing tests are tools for identifying expo- Carolina’s MCREBEI system.

sure and potential disease spread within ~ The most provocative aspect of
a herd. They are considered a vital stepthe MCREBEL™ system is its practi-
in preparing a herd plan for control cality. Producers of any size can easily
and/or eliminations of the PRRS virus. incorporate the protocol into their units’
Contact your diagnostic lab to deter- management. The intent of this system
mine what tests are available.

Management Procedures

There have been mixed responses

is to stop PRRS-associated death losses

™

* Only move pigs within farrow-
ing rooms at birth. Do not move
sows or piglets between rooms.

* Stop use of nurse sows for weak-
born PRRS infected pigs, fall-
behinds, and runts.

* Minimize handling of piglets,
especially routine antibiotic or
extra iron injections.

» Evaluate the effect on clinical
disease levels of each nonessen-
tial processing or treatment pro-
cedure for suckling and nursery
pigs.

» Immediately destroy piglets that
become very sick and are un-
likely to recover completely.

* Hold NO pigs back!! DO NOT
move fall-behind or light-weight
pigs backward to younger rooms
or to nurse sows.

« IMMEDIATELY STOP ALL
FEEDBACK of weak born or
aborted/stillborn fetuses.

* Nursery pigs should be moved
STRICTLY ALL IN-ALL OUT.
Leave 2 to 3 days clean-up and
disinfectanttime between groups.

* Nurseries may be loaded ALL IN
by early weaning a few of the
oldest, best performing litters from
another farrowing room.

These changes must be followed

Vaccination Programs

There is currently a modified-live viral circulation.

vaccine produced for use against the
PRRS virus. This vaccine is not a cure
and should only be viewed as a tool in
control/elimination plans. The vaccine

is labeled for use in nursery pigs (2cc
dose IM at weaning). Some individu-

als are currently advocating the pro-
gram of a 1cc dose given intra-nasally
(IN) to pigs between 2 and 5 days of

age and a second 1cc dose given IM at

weaning (14 to 28 days of age). This is
usually done in conjunction with the

vaccinations given to the sow herd. A
PRRS vaccination program for sows

must be developed and administered

through the advice of a veterinarian.
All of the legal aspects of this program
need to be discussed. Vaccination of
adult animals should not be viewed as
risk-free due to reports of vaccine-

due to secondary bacterial infections. completely to achieve a sudden rever-
It is not meant to eliminate the virus sal of PRRS-associated secondary bac-
but may be a valuable tool in stopping terial disease and mortality of suckling
and nursery pigs.

McREBEL™ PRRS Additional Comments

= Management There are many aspects ofthe PRRS
= Changes to virus that are not completely under-
= Reduce stood. We are progressing toward con-
= Exposure to trol and elimination of the virus but
=> Bacteria to until the development of immunity
=> Eliminate against PRRS is understood, manage-
= Losses from PRRS ment improvements are the most ben-

eficial tool to employ. The vaccine

seems to be beneficial in specific herd
situations but a veterinary/client/pa-
tient relationship must be established
for off-label protocols. Much more re-

search will evolve before control of the
PRRS virus is achievable.

McREBEL PROCEDURES

» Stop cross fostering of piglets
between litters for resizing or
saving sick pigs, fall-behinds,
and runts.

* Cross-foster piglets to equalize
mj'm_ber of Plglets per litter only 1Angela Baysinger is an Extension Swine
within the first 24 hours of age. veterinarian, Departmentof Veterinary Science.
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Pathogenicity of Intestinal Spirochetes
Associated with Porcine Colonic Spirochetosis

Gerald E. Duhamel Presently, all weakI3-hemolytic  of chicks’ ceca. Attachment®érpulina
Nagaraja Muniappa intestinal spirochetes (WBHIS) inhab- pilosicoli to the ceca of chicks is in-
Michelle R. Mathiesert iting the lower intestine of swine are dicative of pathogenicity associated

assigned to the non-pathogenic spiro-with reduced surface area available for
chete speciesSerpulina innocens absorption of nutrients.
Summary and Implications However, certain WBHIS are clearly
associated with a non-fatal wasting Materials and Methods
We reported on a new species of diarrtheal disease of growing swine,
intestinal spirochete bacterium, called porcine colonic spirochetosis Serpulina pilosicolivere obtained
Serpulina pilosicoli, associated (PCS). We found that the WBHIS as- from swine with clinical signs or
with a diarrheal disease of grower- Sociated with PCS are distinct but re- lesions of PCS in Nebraska (n=2),
finisher swine, called porcine col- lated to Serpulina innocensand we lowa (n=2), and California (n=3).
onic spirochetosis (PCS). In this Proposedthenamé&erpulinapilosicoli ~After confirming the identity of
report we show that Serpulina pilosi- 0 describe these spirochete bacteriaSerpulina pilosicoli using structural,
coli, associated with outbreaks of (Table 1). Comparative analyses of biochemical, and genotypic analyses
PCS in the United States, attached Serpulinapilosicolisolatedfromswine (Table 1), the spirochetes were com-
to the cecal surface of chicks while inthe United States, Canada, the Unitedpared with Serpulina innocengor
Serpulina innocens, a non-patho- Kingdom, and Australia indicated the attachment to the ceca of chicks. One-
genic intestinal spirochete, did not. Worldwide distribution of PCS. Be- day-old chicks were inoculated by
These findings support a role for cause the newly identifieGerpulina crop gavage with either sterile
Serpulina pilosicoli as a cause of Pilosicoli can attach and invade the medium or medium containing either
diarrhea and reduced feed efficiency Wall of the lower intestine, we hypoth- Serpulina innocensr Serpulina
in swine. esized that it has the potential to re- pilosicoli. On day 7, 14 and 21 post-
duce feed efficiency by disrupting VFA inoculation, the ceca of control chicks
Introduction absorption. In the present study, weand Serpulinainoculated chicks
examined several isolatesRdrpulina  were collected for bacteriologic and
Because 80 percent of the total Pilosicolifor attachment to the surface histopathologic examinations.

feed costis associated with the grower-

finisher phase of pork production, im- _ o _ _ o '
proved feed efficiency during that pe- Table 1. Differentiating features ofSerpulinaspp. isolated from the intestine of swine.

.r'Od can generate S'gn'lf'cant_COSt SavV- Characteristic S. hyodysenteriae S. innocens S. pilosicoli
ings and increase profits. It is known
that approximately 76 percent of the Hemolysis Strong Weak Weak
basal energy requirement of the pig is Number of
derived from absorption of volatile fatty - peripjasmic flagella 810 12 1010 13 4107
acids (VFA) by the large intestine. In
fact, the concentration of VFA pro- Indole production Positive Negative Negative
duced from microbial fermentation in _ _ _ o

. . . Hippurate hydrolysis Negative Negative Positive
the lower intestine of swine ranges
between 180 and 200 mmoles/L, a 16SrDNAPCRY Negative Negative Positive
range similar to that found in the ru- _ ' _ _
men contents of cattle. In contrast to ASsociatedhosts g‘g'”se g‘g"”se g‘g"r‘se
cattle where most of the VFA absorp- Micge ’ Micg
tion takes place in the abomasum, VFA Birds Guinea pigs
are absorbed from the large intestine of Guineapigs Non-human primates
swine. The quantity of VFA absorbed E'it:énsans
ffc?m th_e pig's lower intestine depe”qs Associated condition Swine Not Colonic
primarily upon the surface area avalil- dysentery pathogenic spirochetosis
able.

TPCR =polymerase chain reaction.
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Table 2. Attachment of spirochetes to the ceca of chicks challenge-exposed with porcine weakly pilosicoli causes inflammation of the
B-hemolytic intestinal spirochetes. wall of the lower intestine, a lesion
referred to as “non-specific colitis”.

Isolate Number of Days post-inoculationt .
isolates tested 7 " 1 Total Based on the c.hanges. observed in the
ceca of the chicks, this change must
Serpulina pilosicoli 7 13/20 10/13 8/9 31/42 take |0nger than 21 days to develop_
Infection rate (%) 65 w 89 & Because of the diversity of WBHIS
Serpulina innocens 1 0/3 0/5 0/6 0/14 norma}lly presentin the intestinal tract
Infection rate (%) 0 0 0 0 of swine and the widespread occur-
rence of non-pathogenic WBHIS, iso-
Sterile medium Notapplicable 0/7 0/3 0/6 0/16 lation of WBHIS from swine is only

TNumber positive for attachment/number challenge-exposed, as determined byhistologicexaminatiorﬁuggesuve of PCS. Demonstration of
spirochetal attachment to the surface

of the lower intestine confirms the
results, we concluded thaerpulina  gjagnosis of PCS; however, necropsy
Results pilosicoli has the potential to cause of pigs is not routinely performed in
o reduced surface area for absorption ofyncomplicated cases of PCS. Assess-
Grossly, the ceca of chicks inocu- nytrients from the gutlumen. We found ment of several laboratory procedures
lated with either sterile medium or that the infection rates of chicks in- for rapid and accurate identification of
medium containing eitheiSerpulina creased over time, such that it took 21 gerpulina pilosicoliindicates that a
innocensor Serpulina pilosicolihad  days to reach 89 percent of the chickspyeliminary identification of the
no notable changes; the cecal contentsyith spirochetes attached to the sur-gpjrochete can be made on the basis
were yellowish brown, foamy and face of the ceca. of positive hydrolysis of hippurate
semisolid. Histologically the ceca of Porcine colonic spirochetosis is pefinitive identification of Ser-
chicks inoculated with sterile medium characterized clinically by watery to pulina pilosicoli requires amplifi-
or medium containing Serpulina  mucoid diarrhea without blood, or S0 ¢ation of a specific 16S DNA gene
innocenshad tall columnar epithe- called “cow-pie scours”. Although sequence by polymerase chain reac-
lium without spirochetes. In contrast, diarrhea can affect up to 20 percent ofigp Why is it then thatSerpulina
the ceca of chicks inoculate@er-  swine in the grower-finisher phase of pijosicoli is only reported sporadi-
pulina pilosicoli had spirochetes production, depression of weight gain cajly as a cause of diarrhea and colitis
attached along the surface (Table 2).is the most significant finding with iy swine? This may be attributable to
The infection rate of theSerpulina  pCS and this can result in a significant gither (1) failure to use appropriate
pilosicoli-inoculated chicks increased delay in reaching market weight. Ad- techniques for primary isolation of
from 65 percent after 7 days, to 77 ditional animal care is a major prob- the spirochete from intestinal speci-
percent after 14 days and 89 percentlem associated with PCS in all in/all mens (2) failure to identify the spiro-
after 21 days. No spirochetes were out management systems because Ofhete from diagnostic specimens, or
found by culture of ceca from chicks the uneven sizes of the pigs causing(3) failure to identify lesions of PCS
given either sterile medium or medi- disruption of pig flow. in tissues submitted for diagnostic
um containing Serpulina innocens The pathologic changes in chicks eyajuation. Serpulina pilosicolialso
at any time post-inoculation. In con- inoculated with Serpulina pilosicoli  has been isolated from stool samples
trast, large numbers of WBHIS were similar to those present in the optained from children with diarrhea
were isolated from the ceca of chicks early stages of colonic spirochetosis in iy developing countries and from
challenge-exposed withSerpulina  humans, swine and other animals. Injmmunocompromized adult individ-
pilosicoli. swine, the large intestine contains s infected with the human immun-
: : abundant watery-green or yellow ggeficiency virus in more devel-
Discussion mucoid materials and variable degreeoped countries. Becaus8erpulina
, , __of exudation and surface erosions arepjjosicoli are isolated from humans
Detailed phenotypic and genotypic sometimes visible. Early in the infec- and swine affected with PCS. it raises
characterization of intestinal spirochetestion spirochetes attach by one of their ihe possibility that these spirochetes
has lead to major advances in ourends along the surface of the lower may be zoonotic and have a public
understanding of the molecular epide- intestine producing what appears as ahealth significance.
miology of spirochetal diarrhea in hu- dark fringe when examined histologi-

mans and animals. Complete agree-cally. The loss of surface area in the
ment was found between structural, |arge intestine of pigs accounts for the 1Gerald E. Duhamelis an Associate Professor,

biochemical, and genotypic analyses reduced feed efficiency and increased' 293 MuniappaisaPhD candidate, and Michelle
R. Mathiesen is a laboratory technician in the

and the re,SUItS of attachment to the numbers of days to market. Over longer Department of Veterinary and Biomedical Sciences
ceca of chicks. On the bases of theseperiods of time, infection witBerpulina  atthe University of Nebraska-Lincoln.
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Bioavailability of Iron in Two Different Sources
for Weanling Pigs

Austin J. Lewis tage is higher iron availability to the Table 1. Composition and nutrientanalysis of
Phillip S. Miller animal (bioavailability). Higher bio- the basal diet (as-fed basis)
Cynthia K. Wolverton* availability could meanthatless supple- ., Amount

mental iron from organic sources is
needed, and this could partially offset Ingredient, %

mmary and Implication the higher cost. Com 51.98
su arya d plications Wg h b . f . Soybean meal (46.5% CP) 5.00
. o ' _ e have begun a series of experi- e sim milk 30.00
The bioavailability of the iron in  ments to evaluate different organic  spray-dried porcine plasma 6.00
iron methionine was compared with iron sources and to compare themtoa Comoil 4.00
thatin feed-grade ferrous sulfate. Pigs, standard inorganic source. We chose m;r;‘;fggé“mphosphate %500
whlch were anemic at weaning, were as our standard source feed-grade fer- .54 trace miner8s 27
given diets containing supplements of rous sulfate (FeS@H,0), a common Vitamin premixX 1.00

one of the two iron sources. Iron supple- source of iron added to swine diets. .
mentation increased weight gain and Two experiments are described in this Analyzednutrientcontent

hemoglobin repletion. The increases report. In the first, we established the E;:%ipor/gtem’% 2&2
were greater for ferrous sulfate than linear response range of weight gain Ca|ciu,'n,% 80
for iron methionine. This indicates and blood hemoglobin concentration  Phosphorus, % 79
that the iron in ferrous sulfate is more to ferrous sulfate. In the second, we 'Cronvmg”‘g/k 5142
bioavailable than the iron in the iron compared ferrous sulfate and a com- Z;ﬁ?ﬁ%mg g 115
methionine source that we investigated. mercial organic source of iron—iron
methionine. acomposition of the basal diet. The other five diets
Introduction contained additions of 12.5, 25, 50, 100, and 200
Methods mg/kg iron from FeSGH_O.

bSupplied 2.5 g of NaCl per kilogram of complete

Iron is an essential trace mineral ) ) i
. . . . . . dietand the following amounts of trace elementsin
required by swine during all stages of Ineach experiment, pigs were given pijigrams per kilogram of complete diet: Cu (as

life. Iron needs are particularly high no supplemental iron (either oral or CuSO5H,0), 10; | (as Ca(lg),), .2; Mn (as
during rapid growth periods. The most injectable) from birth until weaning. MnO), 20;%Se (as N&eO), .3; and zn (as ZnO),
critical period is between birth and At weaning (approximately 21 days), 200 , _—

. . . . *’ “Supplied the following amounts of vitamins per
weaning because of the rapid growth pigs were bled and their hemoglobin yjiogram of complete diet: retinyl acetate, 4,400 1U,
occurring and because of the very low concentrations were measured. Basectholecalciferol, 550 1U; all-rac-a-tocopheryl
iron content of sows’ milk. Most pigs on their hemoglobin concentration, 72 acetate, 22 1U; menadione (as menadione sodium
are given an iron injection within the barrows and 72 gilts were selected for iSulfite complex), 3.3mg;riboflavin, 5.5 mg; niacin,
first few days after birth that will usu- each experiment. The average initial 33 mg: d'pamomeh'c acid (asd-calcium

pantothenate), 22 mg; cyanocobalamipd2nd

ally satisfy their iron needs until wean- weights and initial hemoglobin con- choline (as choline chloride), 110 mg.
ing. After weaning, iron nutrition is centrations were 9.8 and 10.9 Ib and
also critical because of the continued 4.4 and 4.5 g/100 mL in Experiments
rapid growth and the poor feed intake 1 and 2, respectively. The normal he- tal iron was added. There were 36 pens
that often occurs during early postwean- moglobin concentration is 8 to 12 g/ (six per treatment) with two barrows
ing. 100 mL. and two gilts per pen. Pigs were al-

Several different iron sources can In the first experiment, pigs were lowed continuous access to feed and
be used in the trace mineral premix for allotted to a basal diet (Table 1) con- water, and the experiment lasted three
weanling pigs. They can be broadly taining 54 mg/kg (or ppm) of iron orto weeks.
divided into inorganic sources, such asdiets containing 12.5, 25, 50, 100, or The purpose of the second experi-
ferrous sulfate (FeSEH,0), and or- 200 mg/kg of supplemental iron from mentwas to compare the bioavailability
ganic sources, such as those offered byfeed-grade ferrous sulfate. The basalof iron in iron methionine with that in
several commercial manufacturers. diet was designed to be deficient in ferrous sulfate. Iron methionine is a
Organic sources are generally moreiron, and the purpose of the experi- commercial source of organic iron in
expensive than inorganic sources perment was to ensure that iron was thewhich the iron molecule is complexed
unit of total iron, but they may confer limiting nutrient and that performance with the amino acid methionine. Pigs
advantages not offered by the inor- and hemoglobin concentrations were allotted to the same basal diet or
ganic sources. One potential advan-would be increased when supplemen-to diets containing 75 or 150 mg/kg
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iron from ferrous sulfate or 50, 100, or Table 2. Effects of iron supplementation on growth and blood hemoglobin of weanling pﬁ;s
150 mg/kg iron from iron methionine.' Supplemental Fe, mg/kg
Other features of the second experi-

d
hee " tenf o 125 250  50.0 100.0 2000 P-valu§
ment were similar to those of the first.
ADFI (0 to 3wk), Ib 311 331 417 439 551 710 L<Ol
: - ADG (0 to 3 wk), Ib 075 097 187 212 344 494 <0l
Results and Discussion Gain/Feed (0 to 3 wk) 282 323 427 485 621 695 L<.O1

Q<.07

The results of the first experiment .

. . Hemoglobin (Wk0), g/dL  4.28 457 4.35 4.63 4.41 4.40 NS
are in Table 2. Average daily feed yemogiobin(wk1), gidl  4.21 4.13 4.15 4.67 4.72 522  L<01
intake, average daily gain, and feed Hemoglobin (wk2),g/dL  4.11 4.24 3.88 4.73 5.31 6.40 L<.01
efficiency all increased linearly as Hemoglobin (wk 3), g/dL 3.85 4.29 4.23 5.18 6.61 8.34  L<.01

supplemental iron increased from 0 t0 ap4¢, represent least squares means of six pens per treatment (each pen contained two barrows and two gilts).
200 mg/kg. The results for average Three-week experiment. Average initial weight 9.8 Ib; average final weight 14.9 lb.
daily gain are illustrated in Figure 1. Supplemental Fewas providedasF o . _ N
PigS fed the basal diet without supple- dADFI = average daily feed intake, ADG = average daily wglght gain, and Gain/Feed = feed efficiency.
. One pen removed after 2 wk because of considerable weight loss.
mental iron performed very poorly "fmd °L = linear effect, Q = quadratic effect, and NS = nonsignificant effect.
became progresswely more anemic aéDoes notinclude data from three pens (two with 0 added iron and one with 12.5 mg/kg added iron) that lost

the experiment progressed. Some pengveight.
of pigs lost weight during the experi-

ment and could not be included in the 06 Average Daily Gain

summary of results. Pigs fed diets with (Experiment 1)

12.5 or 25 mg/kg of supplemental iron 05 F

were also unable to increase their

hemoglobin concentration as the ex- 04k

periment progressed. However, pigs o

fed diets with the three highest levels ¢ 3L

of supplemental iron increased in 2

hemoglobin concentration from the 0.2 P (linear) < .001

beginning to the end of the experi-

ment. As a result, at the end of the 01 "%

experiment there was an increase in 5

hemoglobin concentration as supple- 0 . , . ,

mental iron concentration increased. 0 50 100 150 200

Thus, the results of the first experi- Supplementaliron, ppm

ment demonstrated that the basal diEtFigure 1. The effect of supplemental iron intake from feed-grade ferrous sulfate on weight gain of

was indeed limiting in iron and that weanling pigs.

performance could be improved by

iron supplementation. Based on these

findings, we decided to use the same

basal diet with supplements of iron up 0.45 Average Daily Gain

to 150 mg/kg in the second experi- (Experiment 2 - Slope Ratio)

ment. 0.40F *
In the second experiment, weight

gain increased in response to supple- 035 Ferrous sulfate

mental iron intake from both ferrous .1

sulfate and iron methionine. However, 5 ~ Iron methionine

the increases were greater for ferrous 2 o.25

sulfate than for iron methionine supple-

mentation. As shown in Figure 2, the 0.20

ratio between the slopes of the two Slope ratio = 81.4%, P < .05

response lines was 81.4%. This indi- 0.19

cates that, based on weight gain, the oL , . . .
iron in iron methionine was approxi- 0 10 20 30 40
mately 81% as bioavailable as the iron

in ferrous sulfate. Similar findings were
observed when blood hemoglobin con- Figure 2. Slope ratio comparison of the effect of ferrous sulfate and iron methionine on weight gain
of weanling pigs.

Supplemental iron intake, mg/d
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Slope ratio = 68.3%, P < .05
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Supplementalironintake, mg/d

Figure 3. Slope ratio comparison of the effect o

f ferrous sulfate and iron methionine on blood

hemoglobin concentration of weanling pigs.

centrations were measured (Figure 3).
Based on hemoglobin concentration,
the iron in iron methionine was 68%
as bioavailable as the iron in ferrous
sulfate.

Thus, using procedures described
in these studies (hemoglobin repletion
assays) we conclude that the iron in
iron methionine is less bioavailable
than the iron in ferrous sulfate. The
reason for the difference between
bioavailability estimates based on weight
gain and hemoglobin are unknown,
but similar findings have been reported
in previous research.

1Austin J. Lewis is a Professor, Phillip S.
Miller is an Assistant Professor, and Cynthia K.
Wolverton is a Research Technologist in the
Department of Animal Science.

New Swine Nutrition Guide Available

Duane E. Reese

Summary and Implications

A new swine nutrition guide from
the University of Nebraska and
South Dakota State University is
available for pork producers, veter-
inarians, and others. The guide
addresses many fundamentals of
swine nutrition and modern feed-
ing program design. Single copies
are available for $1 from a Coopera-
tive Extension Office in Nebraska
or by writing to Swine Nutrition,
PO Box 830918, Lincoln, NE 68583-
0918. Mail orders must include 55
cents shipping and appropriate
sales tax. The guide should help
readers develop better feeding
strategies for pigs.

Pork production is rapidly becom-
ing a sophisticated, low-margin busi-
ness. It is necessary that producers,
veterinarians and others better under-
stand certain principles of swine nutri-

tion so that better feeding programs
for individual swine enterprises can
be developed. Therefore, seven swine
nutritionists from the University of
Nebraska and South Dakota State
University recently published a new
nutrition guide. It replaces Swine
Diet Suggestions. The new publica-
tion includes items such as:

» updated nutrient recommen-
dations for all the traditional

classes of swine, plus breeding
boars and 2-week-old weaned
pigs;

amino acid recommendations
for high, medium, and low lean

gain growing-finishing pigs and

for lactating sows producing

heavy and light litters;

amino acid, calcium, and phos-
phorus recommendations given
as percent of the dietand amount/
day and when it is appropriate
to adjust nutrient density accord-
ing to feed intake;

» acceptable ranges for vitamin

24

and trace mineral recommen-
dations to allow feed manu-
facturers greater flexibility in
preparing custom products;

digestible lysine and available
phosphorus recommendations
for many common feedstuffs
to allow diets containing non-
traditional feedstuffs to be
formulated more precisely;

a review of the effect of many
feed additives on pig perfor-
mance;

a comprehensive list of mineral
and vitamin sources, which high-
lights the ones that are most
frequently used, and the rela-
tive bioavailability of nutrients
from each source;

relative feeding value of several
energy and amino acid (protein)
sources;

how to use the fat-free lean in-
dex from packer kill sheets to
design diets for growing-finish-
ing pigs;
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» a discussion of the various
methods of supplying nutrients
to pigs (i.e., complete feed,
concentrate or supplement,
basemix, or premix) and how
to make a choice;

 factors affecting feed intake
of pigs; and

 advice about high levels of zinc
in starting pig diets, betaine,

phase feeding, separate sexcopies atthe above address for $1, plu

feeding, proteinated trace
minerals, low protein corn, low
test weight grains, feed pro-

appropriate sales tax, plus 55 cents
shipping. Non-residents of Nebraska
may order single copies from the above

cessing, and more. address for $1 plus 55 cents shipping.

Payment must be included with the
In Nebraska, the new publication order. Orders over $10 will be in-

is available at a Cooperative Extensionvoiced with appropriate shipping and

Office for $1. It also can be ordered by handling charges.

writing to Swine Nutrition, PO Box

830918, Lincoln, NE 68583-0918.

Nebraska residents may order single_ Puane E. Reese is an Extension Swine
Specialist in the Animal Science Department,

SJniversity of Nebraska, Lincoln.

The Effects of Dietary Protein Concentration on
Performance and Visceral Organ Mass In
Finishing Barrows and Gilts

Hsin-Yi Chen
Austin J. Lewis
Phillip S. Miller *

Summary and Implications

The response of finishing bar-
rows and gilts to five dietary protein
concentrations was evaluated.
Barrows and gilts have different
requirements for protein and differ
in their sensitivities to excessive
intakes of protein. Gilts appeared to
be affected by dietary protein con-
centrations to a greater extent
than did barrows. Significant dif-
ferences in weight gain did not
occur but, the lowest average daily

tion in growth rate or feed efficiency. the reduced performance of barrows
Consumption of protein above the and gilts that consume excessive
requirement (corn-soybean meal protein.

diets) results in protein (amino
acids) wastage because the animal is
unable to convert dietary amino acids
to body protein.

Procedures

Sixty crossbred pigs (30 bar-
rows and 30 gilts) with an initial body
weight of 112 Ib were allotted to a
randomized complete block experi-

In the 1994 Nebraska Swine ment with a 2 x 5 factorial arrange-
Report, we described an experimentment of treatments. There were two
where we found that feeding high- sexes (barrow and gilt) and five pro-
protein diets to growing-finishing gilts tein levels (13, 16, 19, 22, and 25%
reduced growth performance and car-crude protein [CP]). Diets (Table 1)
cass protein accretion but increasedwere corn-soybean meal-based and
carcass leanness. Because the responseere fortified with vitamins and min-
of pigs to dietary protein concentra- erals to meet or exceed the National

Introduction

gain was for pigs fed the two highest tion varies with the genetic and physi- Research Council requirements for 110-

protein levels. Increased dietary
protein concentration resulted in
increased liver, kidney, and pan-

creas weights. These data indirectly intake. Therefore, the present experi-

ological characteristics of the pig, we to 240-Ib pigs. The range of CP levels
hypothesized that barrows and gilts was obtained by changing the ratio of
might respond differently to protein corn to soybean meal.

Pigs were housed individually in

suggest that maintenance energyment was conducted to evaluate thean environmentally regulated facility

requirements of barrows and gilts

effect of dietary protein concentration and hadad libitumaccess to feed and

may be increased as dietary protein on growth performance in barrows and water throughout the experiment. Pigs

concentration is increased, even

though there was no significant reduc-

gilts and to identify potential physi- were weighed and feed intakes were
ological mechanisms responsible for measured weekly to determine aver-

(Continued on next page)
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Table 1. Composition of dietd

Dietary protein concentration, %

Item 13 16 19 22 25
Ingredient, %
Corn 85.15 77.40 69.75 61.85 54.10
Soybean meal, 46.5% CP 12.35 20.25 28.00 36.00 43.90
Dicalcium phosphate 1.00 .80 .65 .50 .35
Limestone 40 .45 .50 .55 .55
Salt .30 .30 .30 .30 .30
Trace mineral premix .10 .10 .10 .10 .10
Vitamin premix .70 .70 .70 .70 .70
Nutrientcompositio?l
Crude protein, % 11.98 15.23 17.63 20.95 24.14
Lysine, % .56 .79 1.00 1.12 1.32
Calcium, % .53 .57 .54 .56 .52
Phosphorus, % .48 .49 A7 .48 .49
Metabolizable energy, kcalfilo 1,501 1,496 1,491 1,485 1,480
#s-fed basis.
Analyzed composition.
“Calculated.
Table 2. Effect of protein level and sex on growth performance
Sex Barrow Gilt
ltem® CP, % 13 16 19 22 25 13 16 19 22 25
No. of pigs 6 6 6 6 6 6 6 6 6
Day 0 to 35
ADG, Ib° 212 209 233 210 214 203 213 192 193 185
ADFI, I 745 721 728 7.07 7.00 735 740 6.76 6.80 6.44
Feed/gaiR 355 346 312 337 3.28 3.64 349 355 355 349
Day 35 to slaughter
ADG, Ib 182 188 190 172 177 188 196 179 169 176
ADFI, Ib° 7.00 750 7.18 7.07 7.04 6.68 7.13 6.62 598 6.15
Feed/gaiH 3.83 396 379 412 4.04 3.61 3.64 371 357 349
Day 0 to slaughter
ADG, Ib 196 198 210 190 194 195 204 185 180 1.80
ADFI, Ib% 721 736 722 7.07 7.02 6.99 7.26 6.69 6.36 6.29
Feed/gain 3.69 372 344 373 364 3.62 356 363 355 349

3ADG = average daily gain and ADFI = average daily feed intake.
PMain effect of sex (P<.01).
“Main effect of sex (P<.05).
Linear effect of protein (P<.01).
®Linear effect of protein (P<.05).

Results and Discussion

Growth PerformanceAverage
daily gain, average daily feed intake,
and feed/gain data are presented in
Table 2. The experimental period was
divided into two periods to examine
the response pattern associated with
diet and sex. Barrows grew faster and
utilized feed more efficiently (P<.01)
than gilts in the first period (day O to
35). In the second period (day 35 to
75), barrows ate more feed (P<.05) but
utilized feed less efficiently (P<.01)
than gilts. Overall, ADG and ADFI/
ADG were not influenced by either
sex or dietary protein concentration.
However, increasing protein level
decreased ADFI (P<.05) and the
reduction was greater in gilts than in
barrows (P<.05). The results of growth
performance from this experiment were
different from our observations in the
1994 Nebraska Swine Report, where
high protein levels reduced ADG.
Although differences in weight gain in
the present study were not statistically
significant, the lowest ADG was for
pigs fed the two highest protein levels.
The differences between the two
experiments may be due to the genetic
background and weight range of pigs
and the inclusion of barrows in the
present experiment.

Organ weights.Data for organ
weights are summarized in Table 3.
Barrows had lighter kidney and stom-
ach weights (P<.01) than gilts. In-
creased protein level resulted in
increased liver, kidney (linear, P<.01),
and pancreas weights (linear, P<.05),
whereas weight of mesentery tissue
(primarily fat) was decreased as pro-
tein level increased (linear, P<.05).

age daily gain (ADG), average feed were obtained: 1) liver with gall blad- The liver and kidney are the major
intake (ADFI), and the ratio of feed: der removed; 2) heart with blood clots sites of amino acid degradation and

gain (ADFI/ADG).

removed; 3) kidneys; 4) leaf fat; 5) nitrogen clearance. Increased weight

Pigs remained on the experiment pancreas with associated fat tissueof liver and kidney found in this
until the average body weight reachedremoved; 6) stomach, which was experiment may be related to the higher
approximately 250 Ib. Three blocks weighed full and after contents were amounts of nitrogenous compounds
of pigs were randomly selected and removed; and 7) intestinal tract, which processed by these organs. The weight
slaughtered after a 24-hour fast. was weighed full and after contents of pancreas was also increased with
Organs were separated and weighedwere removed. Intestine was separatedncreasing dietary protein. The result

immediately after slaughter. Weights into small and large intestines and

of the following organs and tissues mesentery.
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Table 3. Effect of protein level and sex on organ Weig%t reflected that greater amounts of pan-
creatic enzymes were required to
digest the larger quantity of protein
ltem CP% 13 16 19 22 25 13 16 19 22 25 consumed by pigs fed the high protein
diets. These data indirectly suggest

Sex Barrow Gilt

Liver, ¢’ 1340 1385 1441 1704 1655 1395 1500 1649 1588 1816 that maintenance energy requirements
Heart, g 419 351 444 400 387 371 354 400 373 399 . .

Kidney, §° 336 288 328 381 382 315 372 417 402 442 Of barrows and gilts may be increased
Spleen, g 193 157 192 156 165 188 152 172 173 167as dietary protein concentration is
Pancreas, g 114 134 138 134 126 111 132 140 139 166 increased, even though there was no
Stomach,a 554 545 535 539 529 573 672 567 563 579 significant reduction in growth rate or
Smallintestine,g 1421 1300 1361 1453 1540 1237 1425 1363 1562 1437 -

Largeintestine,g 1036 1156 987 1063 1142 975 1165 1068 1026 1045 feed efficiency.

Leaf fat, g 2629 2023 1821 2328 2106 2557 1693 2295 2094 2011

Mesenterytissue®y 1893 1859 1522 1882 1432 1785 1835 1893 1549 1583

] ) o o ] ] ) ~ IHsin-YiChenis agraduate student, Austin J.
®Final empty-body weight was used as a covariate in the statistical analysis. Empty-body weight = (live weigliis is a Professor, and Phillip S. Miller is an

minus gastrointestinal contents). Assistant Professor in the Department of Animal
Main effect of sex (P<.01). Science.

“Linear effect of protein (P<.01).
Linear effect of protein (P<.05).

Performance of Growing-Finishing Pigs
Consuming Diets Formulated on an Ideal Protein
(First Four Limiting Amino Acids) Basis

Phillip S. Miller gilts receiving the ideal protein diet supplies essential amino acids and
Austin J. Lewis gained weight more slowly and con- nonessential nitrogen in the exact pro-
Cynthia K. Wolverton sumed less feed during the growing- portions to meet the requirements for
Christopher A. Borland* finishing period than did pigs receiv- maintenance and growth. Therefore,

ing the intact corn-soybean diet. Diet no amino acid deficiencies or excesses
did not affect the percent lean in the exist with ideal protein diets. Because
Summary and Implications carcass. Plasma urea concentrations grain-soybean meal diets do not have
showed that nitrogen was conserved inan ideal amino acid pattern, excess
An experiment with growing-fin- pigs consuming the ideal protein vs protein must be provided to meet the
ishing pigs was conducted to evaluate intact corn-soybean meal diet. Differ- amino acid requirement for the first
the effects of a corn-soybean meal dietences in plasma urea concentration limiting amino acid (e.g., lysine). Con-
supplemented with crystalline amino were not observed between barrowssequently, many other amino acids are
acids in an ideal pattern for the first and gilts within either treatment. These consumed in excess of the requirement
four limiting amino acids (lysine, tryp- results indicate there is no advantage for growth and must be broken down
tophan, threonine, and methionine) on in terms of daily gain and feed effi- and converted to energy or fat. This
growth performance, plasma urea con- ciency of providing growing-finishing breakdown of amino acids results in
centration, and carcass characteris- pigs an ideal protein diet. However, the production of urea and the excre-
ticsin barrows and gilts. Barrows were feeding an ideal protein diet will re- tion of nitrogen (urea; (NHCO-NH)).
pair-fed to gilts within the same di- duce the amount of nitrogen the pig One strategy is to use the ideal
etary treatment. For the entire grow- wastes. Future research will focus on protein concept to reduce the amount
ing-finishing period, there was a diet x the effects of ideal protein diets on of nitrogen excreted by growing-
sex interaction for daily gain and feed nitrogen excretion and amino acid finishing pigs consuming grain-

efficiency. Barrows and gilts consum- utilization. soybean meal diets. However, it is
ing a corn-soybean meal diet performed important to recognize that growth
similarly; however, barrows receiving Introduction performance may also be affected.
diets formulated on an ideal protein The primary objective of this ex-
basis had a 10 percent lower daily The concept of ideal protein is perimentwas to examine the effects on

gain and a four percent lower daily currently being reviewed by swine nu- growth response, carcass characteris-

feed intake than gilts. Barrows and tritionists. An ideal protein is one that .
(Continued on next page)
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tics, and plasma urea concentration ofTable 1. Diet composition (%) and calculated chemical analysis (as-fed basis).
growing-finishing pigs fed corn-soy-

. ) ltem Phase 1 Phase 2
bean-meal-amino acid supplemented _ 5 5
diets formulated on an ideal protein Diet, INTACT IDEAL INTACT IDEAL
ba§is for the first four limiting amino  ~,,, 66.60 78.25 74.40 8530
acids. Secondly, we attempted to com-Soybean meal, 46.5% CP 28.90 16.35 21.20 9.50
pare the responses of barrows and giltsTallow 2.00 2.00 2.00 2.00
by pair-feeding the barrows to the feed Picaciumphosphate 95 1.20 .90 1.10
. . Limestone 45 .40 40 .35
intake of the gilts. Salt 30 30 30 30
Vitamin mix .70 .70 .70 .70
Procedures Trace mineral mix .10 .10 .10 .10
L-lysine*HCI — .39 — .36
Thirty-six crossbred pigs (18 gilts L-threonine — 15 — 13
and 18 barrows) with an initial weight DL-methionine - 10 - 08
L-tryptophan — .04 — .05

of 58.6 Ib were used in an experiment
with a randomized-complete block ar- caiculated composition
rangement of treatments and animals.

All pigs were individually penned in Crude protein, % 19.1 146 16.2 12.0

- Lysine, % 1.00 .97 .80 77
one enwronmeptally con'trolled room <% icium, % 65 66 '60 60
kept at 72F. Pigs remained on the phosphorus, % 55 55 55 55
study for 98 days. Pigs were weighed, Metabolizable energy, Mcal/lb 1.53 1.52 1.54 1.53

feed disappearance was determined
%Phase 1 = 58.6 to 113 Ib; phase 2 =113 to 237 Ib.

and blood samples were taken weekly. INTACT = corn-soybean meal diet; IDEAL = corn-soybean meal-amino acid supplemented diet.
Plasma samples were subsequently

analyzed for urea. At the end of the
experiment, pigs were shipped to aTabIe 2. Total and apparent ileal digestible amino acid compositions of diets (as-fed basis).

packer in northwestern lowa. Carcass gy Phase & Phase ®
chgractgrlstlcs were agquwed from re- Diet, INTACT? IDEALP INTACT IDEAL
lationships derived using Total Body
Electrical Conductivity (TOBEC). These Lysine, % 1.00(.84) .97(.84) .80(.66) .77(.66)
included ham weight, loin weight, shoul- TLyPtOPha”’% gggég; ii%ég -ggé-i‘% -égg-ig;
: Threonine, % T73(. T1(. .63(. .60(.
der weolght, and carcass lean percenty o ionind + cysteine, % 61(.53) 61(.53) 55(.47) 53(.46)
age (5% fat basis). Isoleucine, % .81(.68) .60(.50) 68(.57) .49(.40)
The dietary treatments used in the valine, % .90(.79) .71(.60) .78(.68) .60(.50)

experiment are presented in Table 1.
®Phase 1 =58.6to 113 Ib; phase 2 =113 to 237 Ib.

Ph(":lse 1 diets Wer,e offered until pig bINTACT:corn-soybean meal diet; IDEAL = corn-soybean meal-amino acid supplemented diet.
weight was approximately 113 Ib (4 ajuesin parenthesesrepresent calculated apparentileal digestible percentages.

weeks). Phase 2 diets were provided

from 113 to approximately 237 Ib. 4qded to the IDEAL diet to meet the gilt treatment group (three- or four-
Within each phase, corn-soybean mealjysine concentration of the INTACT day average). Average feed intake of
(INTACT) or corn-soybean meal-amino gjet and provide an amino acid pattern the gilt groups was expressed per unit
acid supplemented (IDEAL) dietswere (ygjative to lysine) similar to the ideal of body weight. This factor was multi-
fed. Nine gilts and nine barrows re- pattern developed at the University plied by individual barrow weight to
ceived one of the aforementioned di- of |linois. The lysine percentages determine the daily feed allowance for
etary treatments. One gilt allotted t0 petween the INTACT and IDEAL each barrow.

the INTACT diet died and was not gjets presented in Table 1 differ slightly

included in the statistical analysis. In tg gllow for differences in amino acid Results and Discussion
addition, carcass weights and charac-gjgestibility. The concentration of lysine

teristics of three barrows receiving the ang the ratios used for the next three  The performance of barrows and
IDEAL diets were not included in the |imiting amino acids were based on gilts consuming the INTACT and
statistical analysis. In the IDEAL cajculated apparent ileal digestible IDEAL diets for Phase 1, Phase 2, and
diets, the protein concentration was y4|yes (Table 2). the overall growing-finishing period
reduced approximately four percent  Gijjts hadad libitumaccess to the is presented in Table 3. Although bar-
from the INTACT diet (19.1to 14.6%, respective Phase 1 and 2 diets and taows were heavier at the start of the
Phase 1; 16.2 to 12%, Phase 2). Crysyater during the entire experiment. experiment, initial weight was not used
talline amino acids (lysine, threonine, Barrows were pair-fed according to as a covariate.

methionine, and tryptophan) were the mean feed intake of the respective ~ During Phase 1, gilts consumed
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more feed (P < .05) and gained moretaple 3. Performance criteria of barrows and gilts consuming intact cor-soybean meal and ideal
weight (P < .05) than barrows. Bar- protein diets.

rows fed the IDEAL diet during Phase

. b b
1 had a 14 percent lower average daily'tem Ds'et' = 'NTACTB G_'IDEA'-B vy
gain (ADG) compared to gilts con- & s arows s Barrows
suming the same diet; however, bar- o, of pigs 8 9 9 9
rows and gilts fed the INTACT diet
gained similarly (diet x sex, P < .05). Pha}s?_ll i 6 4 co.4 6.0 co.4 60
Compared to gilts, feed efficiency was ;I'r:'; V‘Cﬁ"’lg 1123 aa 1162 1004 183
reduced in barrows consuming the  Apg Ibef 1.96 1.92 2.08 1.78 05
IDEAL diet but not the INTACT diet ADFI, Ib 4.95 4.75 5.13 4.67 12
diet b h CT di ef
(diet x sex, P < .05). Gain/feed .40 41 A1 .38 .01
Barrows and gilts receiving the Phase 2

IDEAL diet consumed less feed (P < inalwt, 16" 241.1 245.8 2392 2228 483
.05) and had lower ADG (P <.05)than  ADG, Ib 1.84 1.89 1.76 1.62 .06
barrows and gilts consuming the IN- éD_F'/}'bd 5-5?""3 5-6334 5-1374 5-%92 llodi
TACT diet during Phase 2. Likewise, anitee : ’ : : ’
averaged for the entire experimental gyerall
period, pigs consuming the INTACT ADG,Ibz’f 1.87 1.90 1.85 1.67 .05
diet gained weight 10 percent faster (P ADFl.Ib 5.37 5.38 5.16 4.97 12

Gainffeedi 35 35 36 34 .01

<.05) and consumed six percent more
feed than pigs in the IDEAL group. EADGzaverage daily gain, ADFI = average daily feed intake, and gain/feed = feed efficiency.
The diet x sex interaction (P < .05) for cINTACT=corn-soybean meal diet; IDEAL = corn-soybean meal-amino acid supplemented diet.
ADG and feed efficiency was a result  Standard error of the mean.
of the reduced ADG observed for bar- o' efect, P <.05.
. . °Sex effect, P < .05.
rows consuming the IDEAL diet. "Diet x sex interaction, P < .05.

Performance criteria suggest
that the pair-feeding of barrows to
gilts resulted in similar feed intakes Taple 4. carcassweight and characteristics of barrows and gilts consuming intact corn-soybean
for barrows and gilts consuming the meal and ideal protein diets.
INTACT diets. However, for the

. b b

entire growing-finishing period, bar- 'm Diet, _INTACT IDEAL
rows had a 10 percent lower ADG Sex, Gilts Barrows Gits  Barrows SEM
anq a four' percent lower average no. of pigs 8 9 9 6
daily feed intake (ADFI) than gilts .
receiving the IDEAL diet. There- Carcasswt, f 181.0 185.5 180.8 1704  3.60

) . Ham wt, Ib 17.9 17.7 18.6 16.0 74
forg, for.the entire experllmental Loinwt, Ib f 23.5 3.9 23.8 3.4 55
period, gilts seemed to utilize the shoulderwt, B 235 233 23.9 21.4 60
IDEAL diet more efficiently than Primal cutwt/carcass wt, % 35.8 35.0 36.6 35.7 1.24
barrows. Lean, % of carcass Wt 45.8 45.9 46.4 45.8 1.06

The rEdUCt,IO,n in feed efﬂmengy @Al carcass characteristics were determined using Total Body Electrical Conductivity (TOBEC). Individual
and(or) the efficiency of amino acid carcass data were obtained from Sioux-Preme Packing; Sioux Center, IA.
utilization in barrows vs gilts con- JNTACT = corn-soybean meal diet; IDEAL = corn-soybean meal-amino acid supplemented diet.
suming the IDEAL diets not only Standarderrorofthe mean.

A
reduced ADG, but also reduced the eD'eteﬁeCt’P<'05'

. . Sex effect, P <.05.
pair-feeding allotment (barrows feed 'pietx sex interaction, P < .1.
allotment was calculated according %% fatbasis.

to body weight). This observation in

part could be a result of barrows this is not supported by the responseINTACT and IDEAL treatments,

receiving their feed allotment once of plasma urea concentrations plasma urea was similar for barrows
daily rather than in two to three allot- gpserved in this study (Figure 1). and gilts. These latter observations are
ments during a 24-hour period. The Barrows and gilts consuming the consistent with reduced crude protein
effigiency' of lysine utilizatioq from |DEAL diets had reduced plasma (nitrogen) content of the IDEAL diets.

amino-acid supplemented diets canyrea concentrations compared to  Carcass characteristics are pre-
be reduced if the feed is consumedparrows and gilts receiving the sented in Table 4. The diet x sex inter-

over a short time period. However, INTACT diets. Within both the (Continued onnext page)
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Figure 1. Theresponse of plasma ureain barrows and gilts consuming corn-soybean (INTACT) or corn-soybean meal-amino acid supplemented (IDEAL)
diets during a 14-week growing-finishing period.

actions (P < .1) observed for carcass Conclusions performance between barrows and gilts

and shoulder weight were due to the

low values observed for the barrows Growth performance was not af-
receiving the IDEAL diet. For bar- fected in gilts receiving IDEAL vs
rows, carcass weight was eight percentINTACT diets during the growing-
lower in the IDEAL vs INTACT diets. finishing period. Although attempts

consuming the IDEAL diets. Plasma
urea concentration during the grow-
ing-finishing period was reduced in
pigs consuming the IDEAL diet. There
did not seemto be differencesin plasma

Diet did not affect any of the other were made to pair-feed barrow to gilts, urea concentration between barrows
carcass characteristics evaluated.the decreased feed efficiency of the and gilts receiving either diet.
Although growth rate was reduced in barrows consuming the IDEAL diets
barrows vs gilts consuming the IDEAL resulted in reduced ADFI and ADG
diet (see Table 3), there was a numeri-compared to gilts. However, we recog-
cal decrease in the carcass lean pernize that the pair-feeding regimen may
centage of the barrows (barrows, 45.8%;have accentuated differences in growth
gilts 46.4%).

1Phillip S. Miller is an Assistant Professor,
Austin J. Lewis is a Professor, Cynthia K. Wolverton
is a Research Technologist, and Christopher A.
Borland is an Undergraduate Student.

Epinephrine and Energy Mobilization by
Lactating Sows

changes in the mobilization of effect for some of the NEFA data
energy from body tissues. Doses ofbecause of a hypersensitive re-
epinephrine were .1, .2, .4, .8, 1.2, sponse to epinephrine at the low-
and 1.6 ug/kg of body weight. est two levels. These data, although
Blood samples were collected from not establishing an optimal dosage
15 minutes before epinephrine of epinephrine, have shown that
infusion through 120 minutes post the lactating sow is capable of
infusion. Samples were analyzedresponding to increasing concent
for nonesteri-fied fatty acid rations of epinephrine by increas-

Research was conducted to deter-(NEFA) and glucose content. Linear ing energy mobilization from body
mine the optimal dosage of epi- increases in NEFA and glucose tissues and that the dosages of
nephrine (adrenalin) for use as an in were found for increasing dosages epinephrine used were insufficient
vitro diagnostic tool to measure of epinephrine, along with a quadratic

Scott L. Tilton
Paul M. Ermer
Austin J. Lewis
Phillip S. Miller
Cynthia K. Wolverton*

Summary and Implications

30



™

to induce maximal energy mobiliza- Table 1. Composition of diet

tion from peripheral tissues.

Introduction

The epinephrine (adrenalin) chal-
lenge has been successfully used in
cattle to examine changes in the ability
to mobilize energy from body stores.
This is due to the classical “fight or
flight” response that animals exhibit
when frightened. Epinephrine is the
principal hormone involved with this
type of response, and it is responsible
for large amounts of energy being
mobilized to respond to perceived
threats. However, to date, the epineph-
rine challenge has seen limited use in
swine, and the optimal dosage has not

Ingredient Percent
Corn 67.90
Soybean meal (46.5% CP) 28.00
Limestone .40
Dicalcium phosphate 2.10
Salt .50
Vitamin premix 1.00
Trace mineral premix .10

Formulated composition
Protein, % 18.50
Metabolizable energy, Mcal/lb 1.46
Lysine, % 1.00
Calcium, % .90
Phosphorus, % .75

Analyzed composition
Dry matter, % 89.29
Protein, % 18.95
Fat, % 2.81
Ash, % 5.46
Calcium, % .93
Phosphorus, % .76

been determined for use with the lac-

Table 2. Sow and litter performance

tating sow.

replicated 6 x 6 Latin square. Sows
were randomly assigned to receive each
of six doses of epinephrineond 3to 8
and on d 17 to 22 of lactation. Dosages
of epinephrine used were .1, .2, .4, .8,
1.2, or 1.6pg/kg body weight. Blood
samples were collected from these ani-
mals starting at 9:45 a.m., with epi-
nephrine infusion occurring at 10:00
a.m. Collection times were -15, -5, 0
(immediately prior to infusion), 2, 4,
6, 8, 10, 15, 20, 25, 30, 45, 60, and 120
minutes after epinephrine infusion.
Plasma was analyzed for glucose
and nonesterified fatty acids (NEFA).
Peak height, adjusted peak height, and
area under the curve were then calcu-
lated daily for each sow. Peak height
consisted of the average of the 8, 10,
and 15 minute samples, while the
adjusted peak height was corrected

The objective of this experiment MM Low Meafl High ¢ Gitterences in baseline concentra-
was to determine the optimal dosage ofso‘"’;eg(tj '”ztgke’ Ib/d 481 963 1279 tion of the metabolite (i.e., peak con-
epinephrine needed to examine the .o ' ' ' centration - baseline concentration).
ability of the lactating sow to mobilize Sog"r"g’]"aei'gr(':;olss ©) Baseline concentration was determined
energy from body stores. This was d0to 23 5478 -24.02 +5.06 DYy averaging the values obtained be-
done with the goal of subsequently ... <i e atbirth 9 1067 12 fore epinephrine infusion. Response
using the epinephrine challenge to detectLittersize atd 23 6 817 10 area was calculated from 0 to 45 min-
diet-induced differences in the ability _ ' utes after epinephrine infusion. This
of the lactating sow to mobilize energy L'tlt)?:t‘évﬁ:)ghtat 675 2343 4105 \Wasdonebyaveraging values obtained
during lactation. Litterw'eightgain b ' ’ ' from cqnsecutive time points, f':md

d0t023 2083 8247 13292 Multiplying the average by the time

Procedures aAverage performance of six sows and litters.

Sixfirst parity crossbred sows were .

used to determine the optimal dosage
of epinephrine. Sows received approxi-
mately 4 Ib/d of a standard diet through
d 110 of gestation. On d 110, sows

were moved to farrowing crates. SOWs Table 3. Plasma metabolite concentrations

ng inserted into the sow through an
ear vein.
The experimental design was a

elapsed between data points. These
values were then summed over the 45-
minute period.

Results and Discussion
(Continued on next page)

were fed 4 Ib/d of a 1% lysine corn-

; - Epinephrine dosageg/kg R
soybean meal diet (Table 1) until far- ... 1 2 2 3 12 6 1
rowing and hadad libitum access to NEFAD
the same diet after parturition. Nutri- " pacelingyeq. 213.0 1285 1144 1443 1069  180.9 NSIS
entconcentrations in this dietexceeded  peakpEg/L 2484 1575 1377 1858 1881 2955 .11 .05
National Research Council require-  Adjustedpeak,
ments. Farrowing room temperature MEg/L %6 289 233 4l4 811 1145 .01 NS
intained at 7B, and there was Responsg areq,

was 'malntaln.e at v, / MEqQL>min~ 1,458.7  856.2  697.5 1,1125 18444 26281 .01 .06
continuous lighting. Sow and litter Glucose
weights were recorded on a weekly Baseline, mg/dL 84.1 82.7 85.6 85.0 89.7 77.5 NS NS

is from within 24 hour Peak, mg/dL 84.8 91.6 87.5 975 1089 1035 .01 NS
basis 0. do ( t . ours Adjustedpeak,mg/cﬂ_ 0.0 8.3 0.3 11.7 23.0 27.7 .01 NS
postfarrowing) to d 23 (weaning). Feed Response area
intake was determined on a daily basis mg dL smin 2749  365.0 3172  417.0 569.1 860.2 .01 NS

for 23 days.
Sows were fitted with two jugular

ZL = linear, Q = quadratic.

NEFA = nonesterified fatty acid.

catheters on d 110 of gestation. Cath-;NS = notsignificant, P >.10.
eters consisted of medical grade tub- Adjusted peak is the peak concentration adjusted for baseline concentration of zero (i.e., peak - baseline).
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baseline, peak height increased lin- gluconeogenesis.

There was a limited number of early (P < .01), suggesting that varia-
sows in this study, and sow and litter tionin baseline concentration (although Conclusions
performance was quite variable (Table not significant) was contributing to
2). These data are included primarily the quadratic effect observed with the The lactating sow is able to in-
to aid in interpretation of the metabo- unadjusted peak concentrations. Re-crease energy mobilization from body
lite responses. sponse area for NEFA increased lin- tissues in response to administration
No differences were observed in early (P < Ol) with some tendency (P of increasing dosages of epinephrine‘
baseline concentrations of NEFA or < .06) for a quadratic response to in- The optimal dosage of epinephrine
glucose among dosages of epinephrinecreasing doses of epinephrine, follow- was not established. This experiment
(Table 3). This was expected becauseing a pattern similar to that observed has shown that the optimal dosage is
epinephrine is metabolized rapidly, for peak height. higher than the dosage used previ-
therefore the previous dosage should Peak glucose concentration in- gysly in sows or the optimal dosage for
not affect baseline concentrations on creased linearly with increasing dos- the dairy cow (.41g/kg).
the next day. age of epinephrine (P <.01). This was
Peak NEFA concentration in also observed for the adjusted peak
plasma exhibited a quadratic responseconcentration (P <.01) and the glu-~  Iscott L. Tilton and Paul M. Ermer are
(P < .05) to epinephrine dosage, with cose response area (P < .01). Thesaraduate students, Austin J. Lewis is a Professor,
a decline from the .jig/kg dosage to data show that the sow responds toPhilipS. MillerisanAssistant Professor, and Cynthia
. . . . . K. Wolverton is a Research Technologist,
the .4 ug/kg dosage, followed by in- increasing dosages of epinephrine byDepartmemofAnimalScience.
creases in NEFA concentration to the increasing glucose release into plasma
1.6 pg/kg dosage. When adjusted for from glycogen stores and fromincreased

The Effects of Tallow Addition to the Diets of
Lactating Sows on Hormone and Metabolite
Concentrations

Paul M. Ermer was observed for sows consuming ei- The objective of the following ex-
Scott L. Tilton ther diet. These results show the addi-periment was to measure changes in
Phillip S. Miller tion of tallow to lactation diets does feed and energy intake and meal pat-
Austin J. Lewis not affect the concentrations of glu- terns associated with the addition of

Cynthia K. Wolverton* cose, NEFA, insulin or glucagon in the tallow to lactation diets. In addition,
fed state. nonfasting (fed) concentrations of hor-

mones and metabolites were measured.
Summary and Implications Introduction
Methods

The metabolic responses of sows In previous research (Nebraska
fed a corn-soybean meal or a corn- Swine Report, 1995) we have reported Eightfirst-litter crossbred gilts were
soybean meal-10% tallow diet were several behavioral and physiological used. Gilts were randomly and equally
measured. The addition of tallow to responses to the addition of tallow to allotted within room (two rooms) to
lactating sows diets had no effect on lactating sow diets. Although there receive either a corn-soybean meal (C-
feed or energy intake. In addition, were no differences in feed or energy SBM) or a corn-soybean meal-10%
there were no effects on the concentra-intake, the addition of tallow resulted tallow diet (Tallow, Table 1). Dietary
tions of glucose, nonesterified fatty in increased rate of feed consumptiontreatments were initiated after parturi-
acids (NEFA), insulin, or glucagon. and decreased the percentage of timdion. Sow weight postpartum averaged
No differences in either the time spentspent consuming feed. Fasting con-389 Ib. Farrowing room temperature
consuming feed or the number of mealscentrations of glucose were increasedaveraged 72F and continuous light-
consumed were observed. Finally, noand nonesterified fatty acids (NEFA) ingwas provided. Sow and litter weights
linear association between eating time and glucagon were decreased in sowswvere obtained after parturition and on
and area under the curve for insulin fed the tallow diet. d 21 of lactation. Feed intake was
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Table 1. Diet composition (as-fed basiS) glucagon, glucose, and NEFA. sows fed the Tallow diet than in sows

Ingredient, % C-SBM  Tallow Average hormone and metabolite fed the C-SBM diet.
Comn 67.90 56.80  concentrations were calculated from Because of the small number of
Soybeanmeal, 46.5%  28.00 29.00  values obtained at all time points. Ar- sows on each treatment, sow and litter
Dicalcium phosphate 2.10 2.30  eas under the curve (AUC) for insulin performance was averaged across treat-
fii'qtestone 'i% '%% are the sum of the average concentraiments. These data are included to aid
Vitamin mix 1.00 100 tions of two consecutive samples mul- in interpretation of hormone and me-
Trace mineral mix .10 10 tiplied by the elapsed time. All samples tabolite responses. On average, sows
Tallow — 10.00 collected on d 7 and 21 were used tolost 39.3 Ib during lactation. Litter
Formulated composition calculate AUC for insulin. weight gain averaged 109.1 Ib and
Metabolizable energy, Data were analyzed as a random-litter size at weaning was 9.7 pigs.
Mcalllb 1.48 1.69 ized complete block. Because of cath- ~ No differences in the time spent
Szﬂip;)’te'”’ % 11%82 11?632 eter failure, one sow each on d 7 and 21consuming feed or the number of meals
Calcium, % 88 ‘g9 Was not included in the data set. consumed were observed (Table 2).
Phosphorous, % .76 77 Average concentrations of glucose
*Diets are corn-soybean meal (C-SBM) and corn- Results or NEFA were not affected by diet
soybean meal-10% tallow (Tallow). (Table 3). Glucose concentrations de-

There were no differences in feed creased from d 7 to 21 in sows fed both
measured daily for 21 days. Litter size or energy intake (Figure 1). Numeri- diets (P =.01). Although there was no
was standardized within 3 days of cally, both feed and energy intake were effect of day of lactation on NEFA
parturition. lower (23 and 10%, respectively) in (Continued on next page)

On d 7 and 21 of lactation, meal
patterns were measured continuously
from 6:00 a.m. to 2:00 p.m. Sows were Table 2. Meal patterns of gilts fed a corn-soybean meal (C-SBM) or a corn-soybean meal-10%
considered to be feeding when observed tallow (Tallow) diet
chewing with their head in the feeder. Day 7 Day 21
Meals were considered to be periods of
feeding separated by at least 20 min-Criteria C-SBM  Tallow C-SBM Tallow P P SE
utes. All feeding periods meeting this (Diet)  (Day)
criterion were considered to be meals. \;, orsows 3 4 4 3

Catheters were inserted into the Time spent

vena cava to enable frequent blood consumingfeed,min  40.50 37.78 42.00 39.88 NS NS 863
collection. Blood was collected every Number of meals consumed 3.25 4.88 4.00 4.13 NS NS .79

15 minutes from 6:00 am to 2:00 p.m. aResponses were measured from 6:00 am to 2:00 pm
ond 7 and 21 of lactation. Plasma was®\s is not significant (P > .05)

separated and analyzed for insulin, °SE = standard error

14 181
C-SBM | C-SBM
-—— p—
12} P>.05 Tallow 161 Tallow
e oo
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- 10 <)
= S ]
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Figure 1. Feed and energy intake of sows fed either a corn-soybean meal (C-SBM) or a corn-soybean meal-10% tallow (Tallow) diet.
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Table 3. Average hormone and metabolite concentrations of gilts fed a corn-soybean meal trations of glucose, NEFA, or gluca-
(C-SBM) or a corn-soybean meal-10% tallow (Tallow) diét gon in this experiment. Second, greater

weight loss in the present experiment

Day 7 Day 21 > .

was associated with lower concentra-

Criteria C-SBM Tallow C-SBM Tallow P P SE tions of glucagon and higher insulin:
(Diet)  (Day) glucagon ratios. It is difficult to com-

No. of SOWS 3 4 4 3 pare results of experiments where
Glucose, mmol/L 5.24 5.39 4.55 4.90 NS 01 17 Ssows are in a fed versus a fasted state.
NEFA", uEg/L 41592 703,53 352.22  418.50 NS NS 82.99 Both feeding and energy balance
Insulin, pmol/L 199.39 202.19 201.34 178.18 NS NS 27.57 gffect hormones and metabolites in
Glucagon, ng/L 68.17 67.88 65.24 78.73 NS NS 9.71

the fed state, whereas only energy
balance affects hormones and metab-
aConcentrationsareaveragesofsamplesdrawn every 15 min from 6:00 am to 2:00 pm olites in the fasted state. Whether
NSis not significant (P >.05) hormone concentrations in the fed or
SE = standard error fasted stat bett indicat f
dNEFAisnonesterifiedfattyacids asted s a.e are a e er indica or' 0
changes in metabolic status during
lactation is unknown.
o Average concentration of NEFA
decreased from d 7 to 21 of lactation.
This indicates a decrease in fat mobi-

Insulin:Glucagon, mol:mol  11.58 12.26 13.64 10.24 NS NS 3.04

concentration, there was a 37% de-centage of time spent consuming
crease from d 7 to 21 of lactation. feed was observed. This may be due t
Average concentrations of insulin, glu- the shorter period of time in which
cagon, and the insulin:glucagon ratio meal patterns were measured (8 ver-._ .
4 lization from body reserves as lacta-
were not affected by diet or day of sus 24 h). . X
: . . tion progressed. The large sow weight
lactation (Table 3). Time spent consuming feed, when ; A
. . losses during lactation indicate that
No correlation was detected be- expressed as a percentage (8.3%), i )
ody fat reserves may have been sig-

tween AUC for insulin and time spent similar to values reported previously nificantly depleted

eating (r = .38, Figure 2). over a 24-hour period. We expected :
. Several factors may have contrib-
the percentage of time spent consum- .
. . . . . uted to the low correlation between
Discussion ing feed to be higher because previous

- time spent feeding and AUC for insu-
research indicates that sows consumqin First, time spent eating may not

Feed and energy intake was lower a larger proportion of meals during .
. . : : ; . reflect feed intake across treatments.
in this experiment than in a previous the day than at night. ) : )
: . . . _In a previous experiment, differences
experiment. Low feed and energy in- There were several discrepancies. .
. o . ; in rate of feed consumption were
takes were associated with increasedin hormone and metabolite concen-
. . : observed. Secondly, factors other
sow weight loss. trations observed between this and a )
. . : . than eating, such as energy balance,
Contrary to results of a previous previous experiment. First, there were

. . . influence insulin concentration.
experiment, no effect of diet on per- no effects of diet on average concen-
These results, and those of a pre-

vious experiment, indicate inconsis-
tent responses in feed and energy
¥ intake to the addition of tallow to lac-
Tallow tating sow diets. Changes in fasting
L_ hormones and metabolites previously
observed in sows fed diets containing
¥ tallow were not observed in the fed
state. Future work will examine hor-
mone and metabolite profiles in
response to feeding and investigate
other metabolic signals that may
¥ W influence feeding behavior or energy
X | intake in lactating sows.
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o . graduate students, Phillip S. Miller is an Assistant
Eating time, min Professor, Austin J. Lewis is a Professor, and Cynthia
K. Wolverton is a Research Technologist,
Department of Animal Science.

Figure 2. Correlation of area under the curve (AUC) for insulin to eating time for sows fed either a
corn-soybean meal (C-SBM) or a corn-soybean meal-10% tallow (Tallow) diet.

34



™

Impact of Cooking Method on Quality of
Boneless Pork Loin Roasts

Fayrene L. Hamouz final internal cooked temperature rec- unit unstructured line with 0 = very
Judith H. Batenhorst ommendation for fresh pork cuts from tough, very dry and lack of pork flavor

Judy A. Driskell 170F to 160F. A year later, NPPC and 15 = very tender, very moist and
Roger W. Mandigo* trademarked the Chef's Prifdteloin  very intense pork flavor. Instrumental

roast. The consumption rate and sub-surface color (Labscan) of the cooked
sequent NPPC changes demonstrateoasts, objective tenderness (Kramer
Summary and Implications the need for revised quality informa- Shear) and final product moisture re-
tion for Chef's Prim& roasts. The tention measurementswere completed.
Chef's Primé" pork loin roasts Primary objective of this research was
were roasted, braised and cooked in ato determine the influence of final in- Results and Discussion
bag at an oven temperature of 3250  ternaltemperature and cooking method
aninternaltemperature of 160 0or 180 ©n yield and quality characteristics of Yields for boneless Chef’s Prirfie
Roasting improved yield and surface boneless Chef's Prirfiéporkloinroasts.  pork loin roasts are presented in Table

browning of Chef's Prim& roasts. 1. At an oven temperature of 385
While roasting and braising resulted Materials and Methods reducing final internal temperature from
in similar quality, the presence of 18C°F to 160F did not result in signifi-
moisture (braising and cook-in bag) Boneless porkloins were purchased,cant yield differences. An oven tem-

reduced cooking time. Cooking in the trimmed to 1/8-inch fat, cut according perature of 32% may have been too
bag had the greatest impact on quality to NPPC specifications for Chef's hot and cooked the meat too rapidly.
characteristics as these roasts were Primeé" roasts, vacuum packaged and Subsequently, the anticipated yield
least tender and they tended to be lesgtozen. Three-lb frozen, roasts were differences expected when the internal
juicy and favorable than braised or tempered48hours at#dbefore being temperature was lowered were not ob-
roasted loins. Reduction of the final Placed on arackinan uncovered roast-served.

internal temperature from 180to 160 INg pan (roast); placed on a rack in a Yields tended to be greater for
did notimprove yield or quality. Chef's roasting pan, 1.5 Ib water added andloins that were roasted than for loins
Prime™ loin roasts can be enjoyed by tightly sealed with aluminum foil that were braised or cooked in the bag
all consumers when selection of cook- (braise); or placed in a retail cooking (Table 1). Roasting increased mois-
ing method and cooked quality match bag following manufacturer’s recom- ture retained within the roasts. Roast-

consumer need. mendations and placed in a roasting (Continued on next page)
pan (cook-in bag). Roasts were cooked
Introduction at 325F in a household range 10 WO .1 vieid (96) for Chef's Prime ™
finalinternal temperatures (160, 2B boneless pork loin roasts cooked by
Consumers across Nebraska andand three COOking methods (roast, braise, three methods to two internal tem-
the nation select pork as a meat choicec00k-in bag). Four replications were peratures.
approximately 25 percent of the time. completed. Yield (%)"®
Yet comments persist about dry, fla- ~ The weight of each roast was re- 7 o
vorless pork. Early cookery practices corded before and after cooking for 16 F 72.6+ 2.10
included cooking fresh pork roasts to determination of cooked roast yield 18FF 71.9+ 2.10
180°F. In efforts to improve the eating (%) Total cooking time for the roasts cqqyingmethod
quality of fresh pork, the National Live tO reach the appropriate internal tem-  Roast 74.% 2.42
Stock and Meat Board in the early Perature was recorded. Sensory qual- Braise 712242
Cook-inbag 70.9 2.42

1980s revised the final internal tem- ity characteristics were evaluated by
perature for fresh pork products to &n experienced, six-member panel. 'Valuesrepresentleast square means andleastsquare

i . Tenderness, juiciness and pork flavor Standarderrors.
170F. In 1988’.the National P_Ork Pro intensit Weré evaluated ugin a 15- &yalues within internal temperature and cooking
ducers Council (NPPC) revised the y g method are not significantly differeni(®5).
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ing Chef's Primé&' loin roasts enhanced Table 2. Sensory Panel Scorésor Chef's Prime' " boneless pork loin roasts cooked by three
browning as a golden surface resulted. methods to two internal temperatures.

Surface browning of braised roasts did
not develop as the pan was tightly
covered with foil, while a minimal Roast Braise Cook-In Bag 1% 180 F
amount of surface browning resulted

Item Cooking methotl Finalinternal temperatLﬁe

. Tenderness 8.16+08F 7.93+088° 6.66+08F 755+085 7.61+0.85
when roasts were cooked in the bag.
Final internal temperature and juiciness 6.26+095 619095 563095 6.12-091 594+ 0.91
cooking method influenced cooking S
time (min/lb). Less time was required Flavor intensity 6.64 0.89 6.13+ 0.89 5.78+ 0.89 6.16+ 0.46  6.21+ 0.46

.tO cook Chef's Prim#' roasts to a final o= Very tough, very dry, lack of pork flavor; 15 = Very tender, very moist, intense pork flavor
internal temperature of 1@0thantoa  %yalues represent least square means and least square standard errors.
final internal temperature of 180 38 /alues for each sensory attribute within cooking method or final internal temperature sharing a common

Roasting to 16 required 43.5 min/ superscript are not significantly differen&(b5).
Ib while roasting to 18 required
54.6 min/Ib. The presence of moisture-
-added in braising, or trapped in the 60
cook-in bag—reduced cooking time.
Mean cooking time was similar for 50
braised and cook-in the bag roasts cooked
to 160F final temperature (35.8 min/ 40
Ib for braised; 36.4 min/Ib for cook-in
bag). Braising to an internal tempera-
ture of 180F required 40.22 min/lb
while cook in the bag required 40.75 20
min/Ib.

Cooking method influenced sen- 10
sory tenderness. Roasted Chef's Piime
loins were evaluated as more tender
(P<.05) than loins that were cooked in Roast Braise Cook-inBag
a bag and were similar in tenderness to Cooking Method
braised roasts (Table 2). Cook-in bag
roasts were the least tender. Juicinessigure. 1. Kramer peak force (newton) for pork loin roasts cooked by three methods to two internal

8 160F
(J1soF

Newtons

and pOI’k flavor intensity ratings of temperatures. Values represent least square means and least square standard errors.
Chef’s Prima" t imilar f Values for each cooking method sharing a common superscript are not significantly
ers rrim roasts were similar ror different (P<.05).

all cooking methods. While sensory

scores for cook-in bag roasts were not

significantly different, roasts cooked served for braised and cook-in bagroasts. Cooking Chef's Primfié loin

in the bag were ranked as least juicy loins. Maximum force required to shear roasts in a bag decreased instrumental
and lowest in pork flavor intensity. was greatest for cook-in bag roasts andtenderness when compared to braised

Use of a cooking bag appears to alterfor loins roasted to 16B. loin roasts.

pork roasts sensory characteristics. Final Adding moisture to the cooking
internal temperature did not influence Conclusions method and reducing final internal
tenderness, juiciness and pork flavor temperature shortened cooking time
intensity of the roasts. A reduction in final internal tem- for braised and cook in the bag roasts.

Objective tenderness evaluations perature did not significantly improve Roasting or braising Chef's Prirte
(Kramer Shear) are presented in Fig-yield or sensory tenderness, juicinessloin roastsis recommended when striv-
ure 1 and were influenced by cooking or flavor intensity of Chef's Prinié ing to enhance yield and quality char-
method and final internal tempera- loin roasts cooked at an oven tempera-acteristics.
ture. Less total energy was required toture of 328F. Cooking method did
mechanically shear braised loins thaninfluence quality characteristics. Roast-
those cooked in a bag. Kramer Shearing Chef's Primff.M loin rogsts enhanced IFayrene L. Hamouz is Assistant Professor,
peak force (Newton) was less for loins surface browning and improved sen- judith H. Batenhorst, graduate student, Judy A.
that were roasted to 18D than for sory tenderness. Cook-in the bag loin Driskell, Professor, Nutritional Science and Dietetics
loins roasted to 1668 (P<.05). No roasts tended to be less juicy and fla-andRogerW. Mandigo, Professor, Animal Science,

. . . . University of Nebraska-Lincoln.
differences in Kramer Shear were ob- vorful than braised or roasted loin
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Gelatinized High Added-Water Pork SKin
Connective Tissue Protein Gels as Potential
Water Binders

Wesley N. Osburn Introduction gions of pork carcasses of market weight
Roger W. Mandigo* (about 220 Ib) hogs. The skins were
Reduction of fatin processed meats hand-scraped with a boning knife to
causes problems with product tough- remove excess subcutaneous fat and
Summary and Implications ness, texture, flavor, juiciness, and color.cut into strips approximately two inches
Regardless of how important diet and wide and ten inches long. The strips of
Heating pork skin connective tis- health issues are to consumers, re-skinwere frozen, coarse ground, refro-
sue (PCT) obtained from pork car- duced-fat products will not be pur- zen, and flakedin an Urschel Comitrol.
casses may enhance its water bindingchased if they have unacceptable pal-The PCT samples were placed in tubes
ability due to partial conversion of atability or appearance. Current tech- (three per temperature x time combi-
connective tissue collagen to gelatin. nologies for fat replacement include nation) which were heated in a water
Upon cooling, the protein gel par- adding water, protein-based, carbohy-bath at a single temperature (122, 140,
tially reforms, and may entrap added drate-based, or synthetic compounds,158 or 176F) and removed at a speci-
water. Incorporation of this recovered alone or in combination. The addition fied time period (0.5, 1.0, 1.5 or 2.0
protein as a high added-water gel in and retention of water by these fat hours). Fluids released from each sample
reduced-fat products may improve prod- replacers is effective in improving the were decanted into graduated tubes.
uct juiciness and palatability. The ob- palatability attributes of reduced-fat Each temperature x time treatment
jectives of this study were to determine meat products. Pork skin connective combination was averaged and reported
temperature and time variables that tissue (PCT), a by-product of pork fab- as mL released fluids per 100 g sample.
enhance conversion of connective tis-rication operations, may be used as aThe experiment was designed as a split
sue collagen to gelatin and determine potential water binder to replace fat in plot with a 4 x 4 factorial arrangement
basic properties of high added-water reduced-fat meat products. The mecha-of treatments. Water bath temperature
pork skin connective tissue gels. Heat-nism for this improvement may lie in was the whole plot factor and time
ing PCT at 158 for 30 minutes re- the thermal denaturation of collagen period the split plot factor. The experi-
leased more gel-water indicating con- during heating and its conversion to ment was replicated twice (n = 32).
version of connective tissue to gelatin. gelatin, a water binding agent. This
Added water (AW) levels of 100, 200, study consisted of two experiments.
300, 400, 500 and 600% were used toThe objective of Experiment | was to
determine the water binding ability of determine temperature and time vari-

(Continued on next page)

Table 1. Treatment formulations for the
manufacture of PCT gels (Experi-

heated PCT. Soluble collagen of theseables that enhance conversion of pork ment II).

gels ranged from 100 to 25 mg/g, al- connective tissue to gelatin. The objec- _

lowing the production of stable pro- tive of Experiment Il was to determine Connective Added
Treatment Tissue Water

tein gels with as much as 600% AW. basic properties of high added-water

Increasing added water_ levels soft- pork connective tissue gels. 1 250 g 250 g (100%)
ened gel texturg and_ Ilghtgned gel 2 167 g 334 g (200%)
color. The potential exists to incorpo- Procedures )
rate high added-water PCT gels into _ 8 1259 375 g (300%)
reduced-fat pork products to enhance EXPerment | 4 1009 400 g (400%)
product attributes. Pork skin connective tissue (PCT)  ° 83g 415 g (500%)
was obtained by removing the skin 6 719 426 g (600%)

from the loin, shoulder and ham re-
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Experiment I o BTotal O Fat
Q.
. . . S
The PCT described in Experiment g 3'57
o - 2
][Ovlyrisaugseeldatno ddbei;edrrg(ljr:jeecljtsvvz:)e”:tyAtg 8 3| Main effect of temperature significant (P<0.001) d d
. - d SEM - Total = 0.081
propriate amounts of PCT and dis- ‘E' 2.5 SEM - Fat=0.085 c ¢
tilled, deionized water were combined g
in 600 mL beakers to produce PCT gels § 2F
weighing about 500 g and containing £ 15l
100, 200, 300, 400, 500 or 600% added g ' b b
water (AW) (Table 1). 8 1
Based on the results from Experi- é
ment |, PCT x water treatments were £ 0.5 a a
heated at 158 for 30 min. To en- 5 j_l
hance the uniform dispersion of flaked 122 140 e 176

PCT throughout the PCT gel matrix,
the beakers were removed from the
water bath, placed on stirring plates Figure 1. Main effect of temperature on total fluids and fat released from flaked, pork skin
and mixed with stir bars in a refriger- connective tissue heated at four temperatures. SEM = standard error of the mean.
ated cooler (482°F) at high speed

until the gels thickened. The pH of

each PCT gelwas determined. Samples 15PF 170F
were obtained from each PCT gel treat- e
ment and used for HunterLab Colo- 0.07
rimeter analysis (llluminant A,°&tan-
dard observer). Readings for HunterLab
L* (lightness), a* (redness), and b*
(yellowness) values were taken. The
textural parameters of hardness, cohe-
siveness, springiness and chewiness
were also determined per gram of gel.
Analysis for hydration, a measure of
water binding, was determined by di-
viding the amount of water retained by
the amount of connective tissue con-
tained in the gel sample, which varied 0 5_5 : 1‘_0 : 1‘_5 '210
among treatments (Table 1) and was _ ,

expressed as g water held/g wet tissue. Time periods, h

Variability in total amount of PCT Figure 2. Lease squares means separation for released gel-water at 158 and® ¥éithin each time
contained in each gel treatment was period for flaked, pork skin connective tissue. SEM = standard error of the mean.
accounted for by expressing hydration
on a fat-free basis. Cook stability was
determined by placing samples into a

TemperaturéF

0.064
0.05-
0.047
0.037

0.02

| Temperature x time interaction significant (P<0.
| SEM=0.007

0.01

Gel-water released, mL/100 g sample

: i i ive ti I latin.
120F water bath and gradually in- Results and Discussion corlmectlveftlsslue cod agein to gelat
creasing the water bath temperature V.O umes of re‘eased ge “water were

Experiment | similar for PCT heated at 158 and

until the internal sample temperature

reached 156 within 1.25to 1.50 hours. . 176F, |nd|cat|ng sol'ub'|l|zat|on of col-
o The main effect of temperature lagen to gelatin. Similar volumes of
The free liquid was decanted and cook.

stability expressed on a sample er_mcreased (P<0.001) the volume of re- gel-water was released by PCT at 0.5 h
centa {a anpd fat-free PCT baSis F_)rheleased total fluids and fat (Figure 1). A for 158 and 17& and at 1.5 and 2.0 h
9 ) : temperature x time interaction (P<0.05) for 176F (Figure 2). The observed
experiment was designed as a random-__ . .
. ; . . existed for PCT for released gel-water decrease in released gel-water arE58
ized complete block design with asingle . . . .
factorial (AW) treatment. The experi- (Figure 2). No gel-water was released as time periods increased may be due
ment was replicated thrée timesp(n _at 122 or 14@, indicating that these to the binding of water by solubilized
18) P ~ temperatures where not high enoughconnective tissue, thereby lowering the
' to cause solubilization of pork skin
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Table 2. Proximate composition, soluble collagen content, hydration, and cook stability for high-
added water pork connective tissue gels.

Added Water Treatments (%)

SEM 100 200 300 400 500 600
Proximate composition (%)
Moisture 066 7135 8047 86.8f 89.6F 90040 o92.8%
Fat 056 1217 69 43F 388 258 167
Protein 045 143Ff 1037 84F 69 53F 46
Collagen content (mg/g)
Soluble 422 10186 724 5115 30.16% 3295° 2346
Hydration (g @O held/g tissue)
Sample 0010 099° 207 299 38F 47F 554
Fat-free basis 0016 113 217 30 40f 492 563
pH 0.39 745 759 76 76 767 768
Cook stability (%)
Sample 355 88168 79.00 4978 3316 2816 26.47
Fat-free basis 358 93.87 8088 5035 3347 2828 2659

#Seans within row with different superscripts are different (P<0.05).

™

AW treatments, but decreased for the
remaining gel treatments (Table 3).
Values for a* (redness), and b* (yel-
lowness) decreased (P<0.05) as AW
increased. Added water decreased
(P<0.05) hardness and chewiness val-
ues per gram of gel, with 100% AW
treatment approximately two times
harder (136.62 N) than 200% AW
treatment (76.72 N). Added water had
no effect on cohesiveness or springi-
ness. Springiness values ranged from
5.49 (300% AW) to 4.24 mm per gram
(100% AW), while cohesiveness val-
ues ranged from 0.11 (100% AW) to
0.07 (600% AW) per gram (Table 3).
Based on the results from Experi-

ment I, heating PCT allowed the pro-
duction of high added-water protein
gels. Softer texture, lighter color and
ability to hold almost six times its

weight in added water (hydration) and
retain as much as 50 to 90% of this

Table 3. Color values and textural attributes for high-added water pork connective tissue gels.

Added Water Treatments (%)

SEM 100 200 300 400 500 600 g
added water after reheating (cook sta-
Color bility) was observed for gels contain-
Lightness (L *) 096 6583 72.7§ 66.85 62.2§j 60.0§ 59.4§ ing 100 to 300% AW. These func-
Redness (a*) 0.15 489 33 13¢ 03 058  -11 . )
Yellowness (b*) 027 1077 1008 669 428 217 oss  tonalproperties may enhance overall
Textural attributes product attributes if these protein gels
Cohesiveness/g 0.013 0112 0.093 0.084 0.074 0.067 0.071 areincorporated intoreduced-fat prod-
Hardness (N/g) 308 13682 7672 4198 2202 1355° 768  |cts.
Springiness(mm/g)  0.251 4.24 4.71 5.49 4.98 5.26 4.97 . L
Chewiness (J/g) 3025 6453 3432 2036 81 a9d  2.0d Results from this study indicate

the feasibility of heating recovered
pork connective proteins to form
protein gels capable of binding large
amounts of added water. The mecha-

amount of gel or water released from with values ranging from 7.42 to 7.69. Nism for this increase in water bind-
the PCT sample. Based on the resultsincreasing water decreased (P<0.05)iNg capacity appears to be due to the
of Experiment I, it was concluded that soluble collagen content, with values arge amount of soluble collagen
heating PCT at a temperature of 458 ranging from 101.86 to 23.46 mg/g (9elatin) conta@med in these gels.
for approximately 30 min is sufficient (100 and 600% AW, respectively). As Improvements in texture, color and
to convert collagen to gelatin, thereby AW increased, the amount of water Palatability may result from the addi-
enhancing its potential capacity to bind bound (hydration) increased (P<0.05) tion .Of ggla’umzed pork skin con-
added water. from 0.99 (100 and 200% AW) to 5.53 Nective tissue protein gels into
(600% AW) grams of water held per reduced-fat pork products. Addition-
gram of gel tissue. Expressed on a fat-ally, €conomic benefits may be real-
free basis, hydration values ranged fromiz€d Dy using pork skin connective
Added water (AW) decreased 1.13 to 5.63 grams of water held per tiSSué protein gels to replace a per-
(P<0.05) percent fat and protein, and gram of PCT. Cook stability values centage of the expensive lean tissue
increased moisture content (Table 2).decreased (88.16 to 26.47%) for 100required for many reduced-fat pork
Percentages ranged from 12.17 to 1.67%nd 600% AW treatments, respectively, Products.
(fat), 14.31 to 4.68% (protein) and indicating solubilization of gelatin and
71.33 to 92.81% (moisture), for 100 subsequent release of water (Table 2).
and 600% AW, respectively. The addi- Higher AW increased (P<0.05) Iwesley Osburn, graduate student; Roger
tion of water affected gel pH (P<0.05) L* (lightness) for 100, 200 and 300% Mandigo, Professor, Animal Science, Lincoln.

&%Means within row with different superscripts are different (P<0.05).

Experiment I
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House Mouse Damage to Insulation

Scott E. Hygnstront 1983 survey of 275 Nebraska pork One insulated wall panel (4-foot x
producers, 92 percent reported that4-foot x 4-inches thick) was placed
house mice were present on their farms.upright in each enclosure. The panels

Summary and Implications Fifty-five percent of the producers re- were built to simulate the wall of a
ported having at least one insulated controlled-environment livestock fa-
House mice (Mus musculus) were livestock confinement building and 67 cility. Frames were made of 4-foot
introduced into 20, 4-inch thick insu- percent experienced structural dam-long 2-inch x 4-inch wooden studs on
lated panels and provided unlimited age caused by house mice or Norwayl16-inch centers. A 1/2-inch plywood
food and water for six months. Mouse rats. sheet was nailed to the “inside” face of
populations increased 3-to 4-fold in- Insulation is often used in wall each frame and ribbed steel siding was
side the insulated panels. Aluminum spaces of swine production facilities to nailed to the “outside” face of each
foil vapor barriers were severely dam- reduce heat loss by thermal conduc-frame. Three 3/4-inch-diameter holes
aged by mice and in all cases, reducedtance and convection. When house micewere drilled through the bottom of the
to less than half of their original mass. gain access to insulated wall spaces,‘inside” face of each panel to provide
All of the insulation materials tested they construct tunnels and nests, re-mice access to the panel cavities. A
(insulation board, fiberglass batt, sultinginthe compaction, destruction, vapor barrier, consisting of a 2-foot x
rockwool, beadboard, and vermicu- and removal of insulation. The result- 4-foot piece of 5-mil aluminum foil
lite) sustained significant levels of ing heat loss in confinement buildings weighing 40.0 g was attached to the
damage as measured by increased thercan lead to higher heating costs andinside of each plywood sheet. Four sets
mal conductance. Researchers havemay necessitate costly reinstallation of of 4 panels were each filled with one
yet to discover an insulative material insulation. type of insulation, including: 1)
that is not susceptible to house mouse  There is a continuing need to iden- Styrofoam® beadboard (Dow Chemi-
damage. Producers should use con-tify insulative materials that are more cal Co., Inc.), 2) fiberglass batt (Owens-
struction techniques that exclude houseor less susceptible to rodent damage.Corning Fiberglas® Corp.), 3) rockwool
mice and other rodents from insulated Therefore, an experiment was con- (American Rockwool Corp.), and 4)
walls. In addition, house mouse popu- ducted to determine the effects of housevermiculite (W. R. Grace Co., Inc.). A
lations in and around buildings should mouse activity on five different types fifth set of four panels was insulated
be controlled to minimize economic of insulation. In addition, the changes with sheets of 1-inch Celotex® Tuff-R

damage. in house mouse populations and their(Celotex® Co., Inc.), attached just in-
impact on an aluminum foil vapor side the plywood sheet. One panel of
Introduction barrier after they inhabited insulated each of the treatments was randomly
panels for a 6-month period was evalu- assigned to an enclosure in each of the
House mice are a common pest in ated. four rooms.
both rural and urban areas around the Two adult male and three adult
world. They cause significant economic Materials and Methods female house mice were released into
losses by consuming and contaminat- each enclosure and maintained for six
ing livestock feed, reducing the struc- The study was conducted at the months. All released mice were ear-

tural integrity of buildings and equip- University of Nebraska-Lincoln Vet- tagged for individual identification.
ment, and transmitting diseases to live- erinary Science Research Facility. Four During the first 14 days, 15 dead mice
stock and humans. In 1987, it was rodent-proof rooms were subdivided were replaced with live mice of the
estimated that house mice and Norwaywith 22-gauge galvanized sheet metalsame sex. After day 14, each popula-
rats Rattus norvegicyscaused $8 into five, 6-foot x 3-foot x 2-foot high tion was allowed to fluctuate without
million damage to grain and livestock enclosures. Enclosures were installedadditions, other than births, and with-
feed and $8.4 million to agricultural to maintain 20 separate mouse popula-out removal, other than deaths or es-
buildings in Nebraska annually. In a tions. capes. Mice were provided unlimited
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Figure 1. Meanthermal conductance (wattSC) of insulated wall panelsi = 20) before (B) and after

(A) a 6-month occupation by house mice.

Figure 2. House mouse damage to a panel insulated with fiberglass batt after 6 months of exposure.

food (Wayne Rodent Lab-blocks) an
water throughout the experiment. En-
closures were vacuumed two times per
week to remove discarded insulation,
waste food, excrement, and dead mice'ﬂow through the panels before and
Dead mice were identified and recorded

throughout the 6-month period.

All mice were removed from the
enclosures using live-traps at the end
of the 6-month period. Mice were iden-
tified as tagged or untagged, counted
and euthanized with carbon dioxide

the end of the 6-month period. A heat
flow probe (HFP-20, Concept Engi-

activity. A temperature gradient was
established “inside” and “outside” of
each panel using an air conditioned

'from 35 to 70F.
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Results and Discussion
House mouse populations

The number of house mice in all
panels combined increased from 100
to 399 during the 6-month period.
During the study 172 dead mice were
found and 227 mice were live-trapped
at the end of the study. No significant
differences were observed in the mean
numbers of house mice found among
the five types of insulation tested.

Vapor barrier damage

The integrity and function of the
vapor barriers were significantly im-
paired by the house mice during the
occupation period. The aluminum foil
sheets were severely torn, shredded,
and gnawed upon. Entire sections were
missing in several cases. Mean weights
of the vapor barriers that remained
after the 6-month period were similar
among treatments, but were dramati-
cally less than the original 40.0 g va-
por barriers that were installed. The
damaged vapor barriers would be inef-
fective atinhibiting movement of mois-
ture from the interior plywood wall to
the insulation.

Insulation damage

House mouse activity during the
6-month period caused an increase
(P<.01) in the heat flow and resultant
thermal conductance through all five
insulation types (Figure 1). The dam-
age was quite obvious (Figure 2) and
equally severe among the insulation
types as there were no significant dif-

q 9as The remaining aluminum vapor ferences in thermal conductance.
barriers were removed and weighed at

To date, all insulation materials
tested at the University of Nebraska
and elsewhere have been susceptible to

neering) was used to measure the heatlamage by house mice. Research should

be conducted to develop and test

afterthey were subjected to house mouseénsulative materials that are less at-

tractive to house mice or less suscep-
tible to house mouse activity.

cooling chamber. Temperatures ranged

1Scott E. Hygnstrom s an Associate Professor
and Extension Wildlife Damage Specialist,
Department of Forestry, Fisheries and Wildlife.



Effect of Floor Space Allocation on Barrow
Performance to 300 Pounds

Mike Brumm Table 1. Effect of floor space allocation on pig performance.
im Dahlquist?
J ahlquist Floor space (?Vpig) P values
Itent” 7 9 11 Linear Quadratic
Summary and Implications
No. pens 5 5 5
One hundred eighty barrows (12/ Pig weight, Ib
. gnhty ) Initial 43.0 43.1 43.2
pen) were given space allocationsof 7, 294 92.4 92.0 90.6 < .075 Rs
9, and 11 f¥pig from 43 to 300 Ib. 99 d 233.6 237.6 229.2 <.1 <.05
There was no effect of space alloca- _ Fina 298.8 301.3 296.6 NS NS
ti dailv feed intake. lean gain. or CV, within pen wt 8.2 6.9 7.9 NS <.1
lon on daily + 1€an gain, o Apg, jp/d
carcass backfat depth. Pigs given® ft g 294 1.71 1.69 1.64 < .05 NS
grew fastest while pigs given 7 ffiiad 0to99d 1.93 1.96 1.88 <1 < .05
the best feed conversion. Daily gain ADS"E{/%” 185 1.89 182 NS <1
apd feed effluency were worst when™ i o9 ¢ 3.28 331 3.26 NS NS
pigs were given 11fpig. Results from 01099 d 5.35 5.50 5.31 NS < .05
this experiment will be useful to pro-  Overall 5.76 5.93 5.83 NS NS
ducers as they make space allocationFeed/gain
decisions for pigs finished at weights 0to29d 1.92 1.96 1.99 NS NS
ecis Pig 9 01099 d 2.78 2.80 2.82 NS NS
heavier than the current U.S. average  overall 311 3.15 321 < 075 NS
of 245 to 250 Ib. Carcass last rib midline
backfat depth, in 1.31 1.36 1.35 NS NS
. Lean gain, Ib/ .65 .66 .65 NS NS
Introduction

eV = coefficient of variation, ADG = average daily gain, ADFI = average daily feed intake, and Feed/gain
Average sale weights of butchers =feed efficiency.

to U.S. packers are increasing. The NS = notsignificant (P >.1)

. 5 % fat basis.
average market hog sale weight for
farrow-finish cooperators on the lowa erage sale weights approaching 270 Ib,outcome groups. Within outcome group,
State University Swine Enterprise an experiment was designed to inves-barrows were randomly assigned to
Records program in 1985 was 233 Ib. tigate the effects of space allocation to the space allocation treatments of 7, 9,

In 1994, cooperators on the lowa anda final weight of 300 Ib. or 11 f&/pig.

Nebraska Enterprise program reported There were 12 pigs per pen and

a sale weight of 246 Ib. Experimental Procedure the space occupied by the feeder was
Space recommendations for grow- subtracted from the total pen space in

ing-finishing pigs usually suggest 8 ft One hundred eighty barrows were the determination of space treatments.

per pig to market weight. However, the purchased from a single source. At If a pig died or was removed during the
optimum space allocation for pigs raised arrival, all pigs were weighed, eartagged, experiment, pen size was adjusted to
to heavy weights is unknown. With and assigned to experimental spacemaintain the correct space allocation
many producers currently having av- allocations on the basis of five weight per pig. Pigs were individually re-
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moved for slaughter during the week weight, ADG, and average daily feed the coefficient of variation (CV) of
that they weighed 300 Ib or greater andintake (ADFI) with the pigs given the individual pig weights within a pen
pen size was not adjusted thereafter. intermediate space allocation of 9 ft when the first pig was removed at 300
Pigs were housed in a fully slatted, pig having the best performance andlb or greater. A significant quadratic
naturally ventilated, confinement facil- those given 11 #pig having the poor- response was observed, with the least
ity. Each pen contained a two-hole self est performance. variation (CV = 6.9) in pens that pro-
feeder and two nipple drinkers. Sprin- The week all pigs in the facility vided 9 fé/pig while the most variation
klers were used for summer heat reliefaveraged 242 |b (day 106 of the experi-(CV = 8.2) was noted in pens that
and were setto begin intermittent sprin- ment), erysipelas was diagnosed. Pigsprovided 7 fi/pig.
kling when air temperatures in the were treated under veterinary supervi- In this experiment, the highest
facility reached 8@. sion with penicillin anderysipelothrix ~ ADG occurred when pigs were given 9
Corn-soybean meal diets in meal rhusipathiaebacterin. No deaths oc- ft?, while the best feed efficiency oc-
form were formulated to contain 1.1, curred and all pigs appeared to recovercurred at 7 & The worst pig perfor-
1.0, .9, .8, and .7% lysine and were within one week. mance (ADG and feed conversion effi-
changed during the week average pig Overall, there was a significant ciency) occurred when pigs were given
weight in individual pens achieved quadratic effect of space allocation on the most space (11%fpig). These re-
target weights of 100, 150, 200, and ADG with the pigs given 7, 9, and 11 sults suggest that barrows finished to

250 Ib, respectively. ft2 growing at 1.85, 1.89, and 1.82 Ib/ weights approaching 300 Ib require no
d, respectively. No effect of space allo- more than 9 fipig to maximize ADG
Results and Discussion cation on overall ADFI was detected. and possibly less to maximize feed

Feed/gain ratios worsened (P<.075)conversion efficiency or gain pef tif

On day 29 of the experiment, there with increasing space allocations. Therepen space.
was a linear decrease (P<.075) in pigwas no effect of space allocation on
weight and average daily gain (ADG) carcass backfat depth or rate of lean
with increasing space (Table 1). By the gain. and an Extension Swine Specialistand Jim Dahlquist
99-day weigh period, there were sig- Uniformity of gain within pens of s a research technologist, Animal Science at the
nificant quadratic responses for pig 12 pigs was estimated by calculating Northeast Research and Extension Center, Concord.

IMike Brummis a Professor of Animal Science
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Explanation of Statistics Used
In This Report

and the number of pigs in the treat-
ment. A treatment mean may be given
as 11+ .8. The 11 is the mean and
the .8 is the SEM. The SEM or SE is
added and subtracted from the treat-
ment mean to give a range. If the same
treatments were applied to an unlim-
ited number of animals the probability
is .68 ( 1 = complete certainty) that
their mean would be in this range. In
the example the range is 10.2 to 11.8.
Some researchers repotinear

(L) and quadratic (Q) responses to
treatments. These effects are tested
when the experimenter used increas-
ing increments of a factor as treat-
ments. Examples are increasing

Pigs treated alike vary in perfor- I
mance due to their different genetic| =72
makeup and to environmental effects//'/_',,
we cannot completely control. When ?/ 1
a group of pigs is randomly allotted o
to treatments it is nearly impossible|”.
to get an “equal” group of pigs on
each treatment. The natural variabil-
ity among pigs and the number of|"
pigs per treatment determine the
expected variation among treatment
groups due to random sampling. !

At the end of an experiment, the [N
experimenter must decide whethey
observed treatment differences are
due to “real” effects of the treat-
ments or to random differences dusg
to the sample of pigs assigned to amounts of dietary lysine or energy,
each treatment. Statistics are a too or increasing ages or weights when
used to aid in this decision. They are measurements are made. The L and Q
used to calculate the probability that analysis is P < .01. Now the chanceterms describe the shape of a line
observed differences between treat-that random sampling of pigs causeddrawn to describe treatment means. A
ments were caused by the luck of theobserved treatment differences is straight line is linear and a curved
draw when pigs were assigned toless than 1 in 100. Evidence for real line is quadratic. For example, if fin-
treatments. The lower this probability, treatment differences is very strong. ishing pigs were fed diets containing
the greater confidence we have that It is common to say differences .6, .7, and .8% lysine gained 1.6, 1.8
“real” treatment effects exist. In fact are significant when P <.05, and and 2.0 Ib/day, respectively we
when this probability is less than highly significant when P <.01. How- would describe the response to lysine
.05 (denotedP < .05in the articles), ever, P values can range anywhereas linear. In contrast, if the daily
there is less than a 5% chance (lessetween 0 and 1. Some researchergjains were 1.6, 1.8, and 1.8 Ib/day
than 1 in 20) that observed treatmentsay there is a tendency that real treatthe response to increasing dietary
differences were due to random ment differences exist when the value lysine would be quadratic. Probabili-
sampling. The conclusion then is that of P is between .05 and .10. Tendencyties for tests of these effects have the
the treatment effects are “real” and is used because we are not as confidensame interpretation as described
caused different performance for pigs that differences are real. The chanceabove. Probabilities always measure
on each treatment. But bear in mind that random sampling caused thethe chance that random sampling
that if the experimenter obtained observed differences is between 1 incaused the observed response. There-
this result in each of 100 experiments, 10 and 1 in 20. fore, if P < .01 for the Q effect was
five differences would be declared Sometimes researchers reportfound, there is less than a 1 % chance
to be “real” when they were really due standard errors of meanéSEM) or  that random differences between
to chance. Sometimes the probability standard error6SE). These are calcu- pigs on the treatments caused the
value calculated from a statistical lated from the measure of variability observed response.
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