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Method of Detection, Not Type of Housing,
Affects Accuracy and Rapidity of Estrus
Detection in Gilts

Dwane Zimmerman Introduction Materials and Methods
Denny Aherin'
Accurate estrus detectionisneeded  Twenty-four gilts with established
to assure proper timing of insemina- estrous cycles (two or more) from the
Summary and Implications tion with both handmating and artifi- Nebraska Gene Pool herd were grouped
cial insemination breeding programs. according to their last estrus into sets
The effects of type of housing (stalls Recent evidence from our laboratory of four gilts each. Sets of gilts were
versus pens) and method of heat detec{1996 Nebraska Swine Report) dem- assigned randomly to three treatments
tion (fence-line boar exposure con- onstrated heat detection was less accu{two sets or replicates per treatment).
ducted in-place versus after reloca- rate with fence-line boar exposure (FBE) Gilts on treatment 1 (S/IP-FBE) were
tion of gilts to the boar room) on the thanwith physical boar exposure (PBE). housed in 18 inch-wide gestation stalls
accuracy and rapidity of estrus detec- Some gilts (16.2%) failed to respond to (S) and heat checked in-place (IP) with
tion were evaluated in 24 gilts during 15 minutes of FBE but responded to a boar placed in the alleyway directly
two successive estrous periods. GiltsPBE, although slowly (between 5 and in front of each set of four stalls. The
relocated to the boar room showed a 10 min after contact) on the first day of front of the stalls consisted of vertical
higher rate of estrus detection and a estrus. These gilts were probably inthebars with 4-inch spacings. Gilts on
more rapid estrous response (P < .05) very early stages of estrus. treatment 2 (P/IP-FBE) were main-
to fence-line boar exposure (81% Females maintained in individual tained in groups of four in 6 foot x 9
and 1.7 min, respectively) than gilts stalls are difficult to check for estrus foot pens (P). The 6 foot front gates
provided fence-line boar exposure and it is time consuming to remove consisted of vertical bars with 4-inch
in-place (67.5% and 2.3 min, respec- them from individual stalls at each spacings. These gilts were also heat
tively). Gilts housed in stalls and pens heat check. Also, when females arechecked in-place by putting a boar in
showed similar rates of estrus detec- heat checked in stalls, it is difficult to the alleyway directly in front of each
tion (68% and 67%, respectively) but achieve optimal contact or interaction pen. Gilts on treatment 3 (P/R-FBE)
the estrous response to fence-line boarwith the boar. Gilts in estrus or near were maintained in pens comparable
exposure tended to occur more rapidly estrus are attracted to the boar but ardo those used in treatment 2 but were
in gilts housed in pens than in stalls unable to pursue and maintain contactrelocated (R) to the boar room for heat
(2.0 versus 2.5 min, P < .1). Gilts not with him as he moves away from their detection with FBE. Following com-
detected in estrus with fence-line boar stall. The following experiment was pletion of estrous observations on all
exposure were slow to respond to adesigned to compare the accuracy and24 gilts, they were assigned randomly
later heat check with physical boar rapidity of heat detection in gilts heat to a different treatment and the gilts
exposure (3.8 min). Physical boar ex- checked in-place on the fence line, were evaluated again at the next estrus
posure is required for highly accurate when housed either in stalls or in using the same procedures.
heat detection in gilts. For optimal pens, versus relocating gilts to the boar Heat checks were initiated when
results, boar stimulation should be room for heat detection on the fence- the first gilts in each setreached day 17
provided in an environment removed line. of the estrous cycle and ended when
from the residence of the gilts. (Continued on next page)
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the last estrous gilt was out of estrus. Table 1. Mean rate (%) of estrus detection and mean interval to estrus (min) in response to 10 min
All gilts were housed in the same room of fence-line boar exposure
and were segregated from boars except

Estrus Mid-estrus Interval
during in-place heat checking. Gilts detectionrate, detectionrate, to estrus,
heat checked in-place in stalls or pensTreatmerit %’ %" min
were located at opposite ends of theS/IP-FBE 67 100 ols
room and were screened from boars
during heat detection of the opposite p/p-rse 68 100 2%
treatment. Gilts relocated to the boar
room for heat detection were removed P/R-FBE sf 100 L7

to a neutral room b_Efore the heat CheCkaGilts housed in stalls (S) or pens (P) and heat detected with fence-line boar exposure (FBE) in place (IP) in
boar was brought into the room for IP giit room or after relocation (R) to boar room.

heat checking. The same boar was Detection rate of first and last days of estrus (combined) with FBE.

used to check gilts on each treatmenthetection rate of second day of estrus (mid-estrus) with FBE.

. Means in each column with different superscripts differ (e vs others, P <.05; hvsfand g, P <.05;andfvs g,
each day. Gilts relocated to the boarp _ ; P P ¢ g 9

room for heat detection (P/R-FBE) were

placed in a heat check pen adjacent to

the boar pen. The fence-line separat-on their second day of estrus (middle Conclusions

ing the boar and gilts consisted of a 10estrus) regardless of whether they were

foot panel with vertical bars separated housed in stalls or pens or whether Data from this experiment con-
by 4 inch spacings. Two boars (11to 12they were heat checked in-place or firm previous observations at Nebraska
months old) were used on alternaterelocated to the boar room for heat and elsewhere regarding proper proce-
days to provide 10 minutes of daily detection (Table 1). dures for accurate and efficient heat
(between 7 and 8 a.m.) FBE for each Estrous responses (first and last detection. Relocation of gilts from their
treatment group. In all cases of FBE, day of estrus combined) occurred morehome environment to the boar room or
efforts were made to keep the boar inrapidly in gilts relocated to the boar a neutral environment to receive con-
close contact with gilts on the fence- room for heat detection than in gilts tact with boars results in a higher rate
line during the 10 minute heat check heat checked in-place (1.7 min versusof heat detection and a more rapid
period. During the heat check period, 2.3 min, P <.05). Gilts housed in pens estrous response to boar exposure than
symptoms of estrus were observed andended to respond more rapidly to boar providing boar exposure in-place. Fence-
recorded for each gilt. After heat check- exposure than gilts housed in stalls line boar exposure, even under ideal
ing with FBE, each group of gilts was when both groups were heat checkedconditions (i.e., when gilts are taken to
placed in a pen with a different boar in-place (2.0 min versus 2.5 min, P < the boar), is not adequate for accurate

and provided PBE for 10 minutes. .1). Gilts not detected in estrus with detection of estrus in gilts. FBE may be
FBE (28% for first and last days of used to quickly screen and identify
Results and Discussion estrus combined for all three treat- giltsin solid estrus but the gilts that are

ments) also tended to be slow to re-not responsive to FBE should be pro-

During the experiment, two suc- spond to PBE (3.8 min). Gilts in mid- vided PBE in order to find the females
cessive estrous periods were detectedestrus (second day of estrus) not onlythat are in early or late stages of estrus
in all but one gilt. One gilt had an were able to respond to FBE (100% and unresponsive to FBE. Housing gilts
extended estrous cycle (33 days) andoverall) but 98% also showed estrusin stalls versus pens appears to have
controlled estrous observations were within 3 minutes of initiation of FBE. little influence on the rate of heat de-
terminated before she expressed her No differences were detected in tection achieved, as long as the fe-
second estrus. Detection of the first duration of estrus between treatmentmales are properly exposed to boars.
and last day of estrus with in-place groups. Overall, duration of estrus The key to achieving accurate and
FBE was comparable in gilts housed in averaged 52.1 hours. This reflects therapid heat detection is to provide gilts
pens and stalls (S, 67% versus P, 68%)verage interval of time gilts were with novel stimuli, including physical
but the rate of heat detection was higheractually observed in estrus and makescontact, from a high libido boar(s) at a
(P < .05) in gilts relocated to the boar no correction for the 9 to 15 hour site other than the gilt's residence.
room (81%) than in gilts heat detected intervals between estrous checks.

m-place. All glltS responded to FBE Ipwane R. Zimmerman is a Professor and

Denny Aherin is a Research Technologist in the
Animal Science Department.
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Boar Libido Affects Pubertal Development
of Gilts

Dwane Zimmerman gilts and boar (e.g., physical vs fence- establish approximate time of first ovu-
Tom McGargill line contact), and the possible interac- lation. Gilts were then checked for
Norm Rohda tion of these factors. In addition, there estrus after termination of the experi-
Matt Anderson may be differences between individual ment. Pubertal estrus was back calcu-
Donald Levist boars of similar age in their ability to lated, using a 20-day estrous cycle

stimulate gilts. This may result from length, to coincide with the first detected
differences in the quantity or type of elevation of progesterone.
Summary and Implications pheromone emitted, the level and fre- Thirty-six young boars (10 months)
guency of their vocalizations during from the White-line population were
Young boars (10 months) express-courtship or their ability and willing- screened for libido using a standard-
ing either high (HLB) or low (LLB) ness to sustain physical interactionsized 10-minute test with a single es-
libido in standardized mating tests were with gilts during the period of contact. trous female. Six high-rated boars and
compared for their ability to stimulate Data from Australia indicate boar li- 6 boars rated low were subjected to
earlier puberty in gilts. Boar exposure bido significantly affected the pubertal repeated testing for their ability and
was initiated when gilts were either response of gilts to daily boar exposurewillingness to sustain courtship
140 or 160 days old to determine whetherinitiated at 160 days of age. High li- behaviors and their reaction time to
the effect of boar libido on attainment bido boars (HLB) were more effective mounting and successful copulation.
of puberty in gilts is influenced by than low libido boars (LLB) at induc- Boars assigned tothe HLB group (n=4)
sexual maturation (age) of the gilts. ing earlier puberty in gilts (180 vs 194 consistently exhibited vigorous court-
Another group of gilts was isolated days). The objective of this experiment ship behaviors, including vocalization
from boars (NBE, not boar exposed) was to compare the effectiveness ofand salivation, sustained vigorous
and served as controls. Gilts exposedHLB versus LLB and determine whether physical interactions and were quick
to HLB (10 min/day) reached puberty gilt pubertal response to level of boar to mount and achieve intromission.
8.9 days earlier (P < .06) than gilts libido is affected by stage of sexual Boars selected forthe LLB group (n=4)
exposedto LLB. Gilts exposed to boars,maturation (age) of gilts at initiation consistently showed only passive in-

regardless of libido level, reached of boar exposure. terest in the estrous female, made only
puberty 21 days earlier (P <.01) than intermittent, usually non-vigorous,
the control gilts. Boar exposure initi- Materials and Methods physical contacts with the gilt, exhib-
ated at 140 days induced puberty 11.3 ited little or no vocalization or saliva-
days earlier (P < .06) than when initi- One-hundred-sixty gilts represent- tion, failed or were slow to mount and

ated at 160 days. Differences in pu- ing two genetic lines (AP, early pu- failed to achieve intromission. Two

bertal responses between HLB and berty; R-LS, average pubertal age) wereboars of each category were used on
LLB were similar when exposure was assigned randomly within genetic line alternate days to stimulate pens of gilts
initiated at 140 or 160 days. Boar and litter to a replicated (n=4) experi- assigned to each type of boar libido.
libido is an important component of ment involving a 2 x 2 + 1 factorial Boar exposure was initiated once daily
the boar-stimulating effect on puberty arrangement of treatments. The treat-(10 min duration) as gilts in each rep-
in gilts. Therefore, gilts should be ments consisted of exposure of gilts tolicate reached the target age (140 or
exposed to boars with relatively high HLB vs LLB starting at 140 days or 160 days) for boar exposure. Physical
libido to achieve optimal pubertal 160 days of age. Non-boar exposedcontact with boars was provided in a

development. (NBE) gilts were maintained in a sepa- neutral area away from the home-rooms
rate room. Gilts were bled for proges- of the gilts and boars. Gilts expressing
Introduction terone analysis 7 to 13 days and oneestrus within the first 5 minutes were

day before treatment to establish ovu-recorded and removed from the heat-
Variation in the pubertal response latory status; gilts with elevated proges- check pen as soon as observed. Gilts
of gilts to boar exposure has been at-terone were deleted from the study. observed in heat after 5 minutes were
tributed to age of the gilts and boars atNBE gilts were bled at approximately recorded in estrus between 5 and 10
initiation of boar exposure, the fre- 10-day intervals during the course of minutes.
guency and duration of boar contact, the experiment. Firstelevation of proges-
the nature of the contact between theterone above baseline was used to (Continued on next page)
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Results and Discussion Table 1. Effect of boar libido on mean age at Table 2. Effect of genetic line and gilt age at
puberty initiation of boar exposure on mean
. . age at puberty
Twenty-five percent of Fhe gilts Treatmerft Pubertal age,
were deleted from the experiment due day? Giltage, days
to estrous cycles initiated prior to the N )
start of the experiment. Of the 25 per- HLB 164.4' Geneticliné 140 160 Combined
gent, most were from the early puberty LLB 173.9 AP 158.4 1672  162.8
line and 160-day treatment group. Four
gilts (2 HLB and 2 LLB) failed to NBE 194.6 R-LS 1727 1809  176.8
achieve puberty by termination of the
P y by ®HLB, high libido boars; LLB, low libido boars; Combined 165.5 176.8

experiment (7 1/2 mo of age). For NBE, non-boar exposed.
purposes of statistical analysis, puber-Pveans with different superscript differ (a vs b, AP = early puberty and R-LS = average pubertal
tal age in these gilts was considered toP <.06;aandbvsc, P <.01). ageline. 3 e effect
be f[helr age at termination of the ex- cilgﬂiﬂﬁiﬂi EE <_§e%33iﬁigee“ecﬁ'en§.e -
periment.

Physical boar exposure, regard-
less of boar libido level, stimulated (P < .003) than R-LS gilts. Gilts tion, greater pheromonal and/or audi-
earlier puberty in gilts than no boar exposed to boars starting at 140 daystory stimuli emitted by high libido
exposure (HLB, 164.4 and LLB, 173.3 reached puberty 11.3 days earlierboars or a combination of these fac-
vs NBE, 194.0 days, P <.01, Table 1). (P < .06) than gilts exposed to boarstors. Future experiments will attempt
Gilts exposed to HLB reached puberty starting at 160 days of age (Table 2). to identify the important component(s)
8.9 days earlier than gilts exposed to of the boar libido effect.
LLB (P < .06). No interactions were Conclusion
observed between level of boar libido, 1 . .

. T . . Dwane R. Zimmerman is Professor, Tom
age of gilt and genetic line. Genetic Boar libido appears to be one McGargill and Norm Rohda are Research
line and age of gilt, however, also important component of the boar- Technicians, Matt Anderson is manager and
influenced pubertal response. As stimulating effect on puberty in gilts. Donald Levis is Professor in the Animal Science
expected, gilts from the AP line The boar libido effect may be caused Department.
reached puberty 14 days earlier by more vigorous physical stimula-

Effect of Early Weaning on Sow Reproductive
Performance — A Review

Donald G. Levis vised that each farm conduct a pre- and provided nutrient-rich, highly pal-
liminary study to evaluate the effect of atable diets. In addition, the growth
the considered lactation length before performance of early weaned pigs can

Summary and Implications implementing the “new” weaning age be in excess of .44 Ib per day during the

of piglets. first week after weaning and over .88

A review of literature was con- Ib per day from weaning to 10 weeks of
ducted to evaluate the effects of lacta- Introduction age. Although performance of pigs is
tion length on reproductive perfor- enhanced by using segregated early

mance of sows. As lactation length Weaning pigs earlier than 21-days weaning, reproductive performance may
decreases there is an increase in theof age has become a popular practice inbe compromised when sows lactate for
weaning-to-estrus interval, a decrease pork production because segregatedless than 21 days.

in farrowing rate, a decrease in subse- early weaning has prevented vertical

quent litter size and an increase in transmission of some diseases pigs  Weaning-To-Estrus Interval

pigs weaned per sow per year. Be-encounter from their mothers. Nursery

cause of herd-to-herd differences in mortality can be less than 1.5% when Seven scientifically controlled
the influence of lactation length on segregated early weaned pigs are weanedxperiments indicate the weaning-to-
reproductive performance, it is ad- into an off-site, single-stage nursery estrus interval (WEI) decreased as lac-
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tation length increased (Figure 1A).
An analysis of PigCHAMPdata found
the relationship between lactation
length and WEI to be curvilinear when
lactation ranges from eight to 25 days
(Figure 1B). Sows weaned at eight to
10 days of lactation had a significantly
greater WEI than sows weaned at 11 to
25 days lactation. Sows weaned at 14
to 16 days of lactation had a signifi-
cantly greater WEI than sows weaned
at 20 to 25 days of lactation. Some
producers wean sows shortly after birth
(at birth to two days after birth) to
maximize the number of piglets nurs-
ing each sow in the farrowing facility.
The WEI for multiparous sows weaned
within 24 hours after farrowing has
ranged from 3.2 to 19.7 days. A prob-
lem that has occurred when sows are
weaned within 24 hours of farrowing
is the formation of cystic follicles. Cystic
follicles occur in sows weaned within
24 hours of giving birth because both
luteinizing hormone (LH) and follicle
stimulating hormone (FSH) have not
been suppressed. It takes two to three
days of nursing by the litter to suppress
LH and FSH. Sows having cystic fol-
licles are characterized by one or more
of the following: (1) prolonged and
unpredictable return to estrus, (2) con-
stant estrus, (3) prolonged anestrus
and (4) irregular estrus. Scientific lit-
erature on how parity affects the WEI
in sows weaned at less than 2 days of
lactation could not be located.

The WEl is influenced by average
daily feed intake during lactation. Sows
eating an average of less than 9.2 Ib of
feed per day during a 10- to 19-day
lactation have a longer WEI than sows
eating an average of 9.2 to 12.5 |b of
feed per day. The WEI for lactation
lengths of 10 to 19 days is similar
when sows eat an average of 12.5 Ib or
more per day. A scientifically con-
trolled study in Australia indicated
lactation feed intake is also important
for first-litter sows lactating for 28
days. When first-litter sows consumed
an average of 6.6 or 11.0 |b of feed per
day during a 28-day lactation, the WEI
was 20 and nine days, respectively.

(Continued on next page)
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An analysis of PigCHAMP® data

by the University of Minnesota indi-

cated the WEI to increase in a curvil 927]
inear manner as lactation length 90
decreased for parities 1, 2, 3 to 6, and 80.]
6+. The Minnesota researchers also |
found that as lactation length decreased 86

the rate of increase in the WEI was
greatest for first-litter sows. The de-
layed WEI for first-litter females may
be related to feed intake during lacta-
tion. Additional research is needed to
clarify how lactation length and lacta-
tion feed intake within parity influ-
ences the WEI.

The WEI for all evaluated genetic
lines increases in a curvilinear fashion
with decreasing lactation length. Be-
cause the WEI of some genetic lines is 810 10 111013 141016 171019  20t0 22 2310 25
less responsive to changes in lactation

length than others, it is important for _— " enath o | (Dial ot al, 199 Cersity of
Figure 3. The influence of lactation length on farrowing rate (Dial et al., 1995, University o
each farm to evaluate the effect of Minnesota). Columns with different letters differ (P < .05).

Farrowing rate, %

Length of lactation, days

lactation length on the WEI.

Percentage of Sows Cycling 12.54
after Weaning

It is also important to know what 12
effect lactation length has on the per-
centage of sows cycling within 10 days
after weaning as well as the percentage 11.5]
of sows cycling on each of the first 10
days after weaning. Unfortunately, a
scientific study reporting the percent-
age of sows cycling on each of the first

b b b
1 a

111
10 days after weaning for lactation .
lengths of seven, 14, 21 or 28 days
could not be located. Two scientific 1057
studies indicated that 91 to 99% of |
sows weaned at six to 12 days of lacta-
tion will cycle within 20 to 30 days 10

after weaning. Figure 2 shows the oc- 8ol0  1ltol3 141016 171019

currence of postweaning estrus in sows Length of lactation, days
weaned within 24 hours of parturition Figure 4. The influence of lactation length on subsequent litter size (Dial et al., 1995, University of

or at 28 days of lactation Although Minnesota). Columns with different letters differ (P <.05).
96.2% of sows weaned within 24 hours
of farrowing did cycle within 10 days

after weaning, their farrowing rate was taple 1. Effect of lactation length on farrowing rate
69% as compared to an 85% farrowing

Subsequentlitter size

20to 22 23t0 25

rate for sows weaned at 28 days of Lactationlength, Farrowing rate
. days
lactation. Average Top33% Top 109%
Farrowing Rate 14 t0 18 84.9 85.5 86.3
19t0 25 85.2 87.2 88.5

A University of Minnesota study 2bto32 86.0 87.8 887

has shown farrowing rate decreases astop 339% and top 10% on the basis of pigs reared per sow per year.
weaning age decreases (Figure 3). Their

1997 Nebraska Swine Report — Page 8



300

250

200

150

100

Uterine weight, grams (value x 10)

50

I I 1 | I I I I I I I 1 I !
9 11 13 15 17 19 21 23 25 27 29 31 33 35
Days after farrowing

Figure 5. The influence of the number of days after weaning on uterine weight. Data from four
studies.
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Figure 6. The influence of lactation length on ovulation rate. Data from six studies.

study indicated farrowing rate is sig- 10% on the basis of pigs reared per sow

nificantly lower for lactation lengths per year, data complied from the Meat
of 11 to 19 days as compared to lacta-and Livestock Commission in England
tion lengths of 23 to 25 days. A sub- indicated a slight decrease in farrow-

stantial amount of variation occurred ing rate as lactation length decreased

when sows were weaned at eight to 10from four to two weeks (Table 1). The
days of lactation; thus, there was not aamount of decrease in farrowing rate
significant difference when compar- will vary between farms because of

ing an eight to 10 day lactation period management factors and the number
with other lactation periods. Regard- of days between lactation lengths be-

less of whether producers are rankeding compared.
as average, in the top 33% or in the top

™

Subsequent Litter Size

A University of Kentucky study
indicated subsequent litter size (pig-
lets born live) for sows weaned at six,
12, 18 or 24 days of lactation was
8.8, 9.0, 10.2 and 10.4 pigs, respec-
tively. Subsequent litter size increased
(P < .05) in a sigmoidal manner. There
was a relatively small difference in
litter size between sows lactating six
or 12 days, a marked increase between
sows lactating 12 or 18 days and a
plateauing of litter size between sows
lactating 18 or 24 days. An analysis of
PigCHAMP® data by the University of
Minnesota found a curvilinear rela-
tionship between lactation length and
subsequent litter size born for sows
conceiving on first estrus after wean-
ing (Figure 4). A substantial amount
of variation was found in subsequent
litter size for sows weaned at eight to
10 days of lactation. Subsequent litter
size was significantly reduced when
sows lactated for 11 to 13 days as
compared to lactation lengths of 14 to
25 days. Subsequent litter size was not
significantly different between lacta-
tion lengths of 14 to 22 days. Subse-
guentlitter size was significantly lower
when sows lactated for 14 to 22 days as
compared to sows lactating for 23 to 25
days.

Factors that might influence sub-
sequentlitter size of early weaned sows
are: (1) duration of time needed for the
uterus to undergo involution, (2) ovu-
lation rate, (3) fertilization rate of ova
and (4) rate of embryo survival.

Uterine involutionThe uterus must
undergo involution after parturition in
order for the sow to breed back satis-
factorily. Although the uterus under-
goes the greatest weight loss during
the first seven days after farrowing, the
uterus continues to decrease in weight
and length until 21 to 28 days after
farrowing (Figure 5). It has been sug-
gested the endometrium of the uterus
is capable of receiving and implanting
an embryo at 18 days after farrowing.

Ovulation rateSix scientific studies
indicated length of lactation did not

(Continued on next page)
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significantly influence ovulation rate 85

(Figure 6). In contract, a recent study -
at Kansas State University found that 80|
sows weaned at 5 to 11 days of lacta- .
tion had a lower ovulation rate (P < 75k
.05) than sows weaned at 23 to 31 days S !
of lactation (15.9 vs 24.0 ova). E 70k
Fertilization rate of ovaA Uni- > i
versity of Kentucky experiment found 2 65 |
a linear decrease (P < .05) in percent- 2 I
age of ova fertilized when sows were w 0 b
weaned at two (81.9%), 13 (86.3%), I
24 (96.5%), and 35 (98.0%) days of s |
lactation. In contrast, a second study at
Kentucky did not find a significant
decrease in percentage of ova fertil- S B S AL AU S B S S A A S L
135 7 9 1113 1517 19 21 23 25 27 29 3133 35 37 39 41

ized when sows were weaned at six
(90.7%), 12 (94.1%), 18 (95.1%) and
24 (95.1%) days of lactation. How-
ever, the percentage of fertilized ova
increased numerically as lactation length 10 |
increased from six to 18 days.

Embryo survival.Five scientific
studies have shown embryo survival 05 |
decreases as lactation length decreases
(Figure 7). Therefore, a lower embry-
onic survival rate of sows with a lacta-
tion length less than 21 days may be
related to incomplete restoration of the
uterine endometrium.

Length of lactation, days
Figure 7. The influence of lactation length on embryo survival. Data from five studies.

Number pigs per litter

Longevity :

There are two basic arguments
about how lactation length may influ-
ence sow longevity. One, that sows
with short lactation periods would have 7.5
less body weight loss during lactation,
thus they might survive longer because Parity
of the reduction of detrimental meta-
bolic effects on vital tissues. The
second theory: sows that have shortrigure 8. The average number of piglets born live and weaned at each parity of sows weaned after
lactation periods would farrow more successive lactations of 10 or 25 days.
frequently per year, resulting in higher
culling rates due to a greater metabolic
demand on their bodies. An analysis of Pigs Weaned Per Sow Per Year the number of pigs weaned per sow per
PigCHAMP® data by the University year is influenced by litter size born
of Minnesota found that average parity Since each of the above reproduc-live, percent preweaning mortality and
at removal and average herd parity aretive traits were detrimentally affected litters per female per year.
lower for herds using shorter lactation as lactation length decreased, it might British researchers have evaluated
lengths as compared to herds usingbe concluded that sows should lactatethe influence of a 10- or 25-day lacta-
longer lactation lengths. Additional a minimum of 24 days to optimize the tion length on number of pigs born live
research is needed to confirm this sug-number of pigs weaned per sow perand weaned over five parities (Figure
gestion. year. However, it must be recognized 8). The number of pigs born live per

[] 10 Days: born Iiv@ 25 Days: born Ii. 10 Days: Wea@l 25 Days: weaned
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Figure 9. The influence of lactation length on the number of piglets weaned per inventoried female
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Figure 10. Variation of pigs weaned per sow per year within different lactation lengths.

™

litter decreased from parity 1 to parity
4 and then increased in parity 5 to the
same level as parity 1 for sows weaned
at 10 days of lactation. In contrast,
sows that were weaned at 25 days of
lactation had an increase in number of
pigs born live between parity 1 and 3,
no increase between parities 3 and 4
and a decrease between parities 4 and
5. When the total number of pigs born
live and weaned are summed for pari-
ties 1 through 5, sows lactating for 10
days had 2.17 fewer pigs born live than
sows lactating 25 days (44.83 vs 47.00).
At weaning time, however, sows lac-
tating for 10 days only had .09 less pigs
than sows lactating 25 days (42.45 vs
42.54). Preweaning mortality was 5.31%
for sows lactating 10 days and 9.49%
for sows lactating 25 days. The differ-
ence in preweaning mortality is most
likely due to the pigs having more days
at risk for dying with longer lactation
lengths. A farm-level analysis of
PigCHAMP® data by the University of
Minnesota found that the number of
pigs weaned per inventoried female
per year increased as lactation length
decreased from 25 to 13 days (Figure
9).

It should be remembered a sub-
stantial amount of variation exists be-
tween farms for number of pigs weaned
per sow per year, regardless of the
length of lactation. For example, a
producer who weans sows at 16 days of
lactation and averages 16.8 pigs weaned
per sow per year is producing 4.3 less
pigs than a producer who weans at 21
days of lactation and averages 21.1
pigs weaned per sow per year (Figure
10).

1Donald G. Levis is a Professor of Animal
Science and Extension Swine Specialist. References
available upon request from the author.
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Synergism between Porcine Reproductive and
Respiratory Syndrome Virus (PRRSV) and
Salmonella choleraesuis

Robert W. Wills Although respiratory disease is a was used as a chemical proxy for stress.

Paula J. Fedorka-Cray major clinical component of PRRS in A three-place acronym was used to

K.-J Yoon field cases, it has been difficult to denote treatment group. The first let-
Jeffery T. Gray produce respiratory disease in pigs inter was either a “P” or “N” to signify
Tom Stabel the research environment simply by inoculation or no inoculation with

J. J. Zimmerman PRRSV exposure. It has been postu-PRRSV. The second letter was either

lated this may be due to low pig den- an “S” or “N” to signify inoculation or
sity, ideal housing conditions and the no inoculation with SC. The last letter

Summary and Implications absence of concurrent bacterial infec- was either “D” or “N” to indicate treat-
tions in the research setting. ment or no treatment with DEX. For
This study was conducted to in- Pigs subclinically infected with example, treatment group PSN was

vestigate the effects of exposure toSC are considered the most commonmade up of animals which were inocu-
porcine reproductive and respiratory source of infection to naive herds. Like lated with PRRSV and SC but were not
syndrome virus, Salmonella choler- PRRS, it is not clear why and how treated with DEX. Use of isolation
aesuis and stress on young swine. Fivesubclinical infections are triggered to rooms and strict biosecurity measures,
week-old segregated early weaned pigsbecome acute outbreaks of disease. lincluding showering by caretakers and
were randomly assigned to one of eighthas been suggested a variety of stresinvestigators between rooms, were
treatments consisting of all possible sors, including the presence of concur-maintained to prevent transmission of
combinations of three factors: S. rentviral infections, may lead to clini- infectious agents between groups of
choleraesuis (SC) on day zero, por- cal outbreaks of salmonellosis. On two pigs.

cine reproductive and respiratory syn- Midwestern farms, nursery mortality Bacteria and virusS. choleraesuis
drome virus (PRRSV) on day three, dueto salmonellosisreportedly increasedstrain 3246pp and PRRSV isolate ISU-
and dexamethasone (DEX) on daysfollowing herd outbreaks of PRRS. This P (ATCC VR 2402) were used in these
three to seven. DEX was used as aled the authors to suggest that concur-experiments. According to the treat-
proxy for stress. Treatment differencesrent PRRSV infection may serve to ment assigned to the group, pigs were
were seen in performance parameters,provoke clinical salmonellosis. The intranasally challenged with 1.0 ml of
levels and duration of SC shedding, work reported here was intended to 10¢) CFU/ml of SC and/or 1.0 ml of
level and distribution of SC in tissues, explore these issues. Specifically, the 10°7 TCID, /ml PRRSV inoculum.
clinical disease, and mortality. The objective was to investigate the inter- Biological samples and variables
results of this study provided evidence active effects of exposure to PRRSV, A single investigator evaluated the
to support field observations that clini- SC and stress on growth performancehealth status of the pigs once daily

cal outbreaks of PRRS are the result ofand disease in young swine. over the course of the experiment. Us-
interactions among concurrent infec- ing minimal restraint, rectal tempera-
tions and stressors. Materials and Methods tures of the pigs were recorded once
daily from day zero through day 14 of

Introduction Experimental animals and design the experiment. Body weights of the

Two replicate trials were conducted. pigs were determined on days zero and
Porcine reproductive and respira- Ineach trial, five-week-old segregated, 21 of the trials. Feces, nasal swabs and
tory syndrome virus (PRRSV) aBdl- medicated, and early weaned pigs weretonsil swabs were collected on days 0O,
monella choleraesuiéSC) are impor- divided into eight treatment groups. 3, 7, 10, 14, 17 and 21 for qualitative
tant components of the swine respira- Each treatment group was a different bacteriological culture. Fecal samples
tory disease complex. Only recently combination of three factors: inocula- were also submitted for quantitative
have both SC as an important andtion with SC on day zero, inoculation bacteriological culture. Samples of ton-
common cause of swine respiratory with PRRSV on day three, and treat- sil, lung, liver, spleen, middle ileum,
disease and the emergence of PRRS ament with dexamethasone (DEX) at a ileocolic junction, cecum, cecal con-
a new swine disease been recognizedrate of 2 mg/kg on days 3 to 7. DEX tents, colon and mesenteric, brachial,
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ileocolic and colonic lymph nodes were Table 1. Percentincrease in body weight (PIBW) and average daily gain (ADG) of pigs surviving
aseptically collected at necropsy on to day 21. Mean PIBW or ADG values within a column with the same superscript are not

. ignificantly different (p>0.05
day 21. Samples from tissues collected sionificanty @ e )

from SC inoculated pigs and ileocolic Treatment n Mean PIBW Treatment n Mean ADG, Ib

junction samples from non SC inocu- 5 s

lated pigs were submitted for qualita- ~ NSN 7 79.2 NNN 7 0.86

; pg itative bacteri C} ical NNN 7 79.04 NND 7 0.866'

tive and quantitative bacteriologica NND 7 74.08 NSN 7 0719

culture. PNN 7 73.4% PSN 7 0.613¢
PSN 7 66.66 PNN 7 0.578°¢

Results and Discussion PSD? 4 63'4?2 PSD* 4 0567

NSD 6 56.18" NSD 6 0.548°¢
PND 6 42.0P PND 6 0.396

Clinical evaluations.Pigs which

were dually infected with SC and PRRSV Lp» indicates inoculation with PRRSV; “S” indicates inoculation véthcholeraesui¢D” indicates
exhibited clinical signs of disease. tzreatmentwith dexamethasone; and “N” indicates that factor not given.

e . Excludes three pigs which died on days 10, 12, and 17.
Unthriftiness, rough hair coats, dyspnea xeu pigs which d Y

and diarrhea were most prevalent. The

PSD pigs were the most severely af-
fected: in fact. three of the PSD pigs Table 2. Proportion (%) of pigs within treatment groups which had at least one fecal sample, tonsil
either ,died or ,vvere euthanized due to swab, or nasal swab positive for S. choleraesuis. Treatments within a column with the

; . same superscript are not significantly different (p>0.008)
the severity of the disease. The PSD

death loss was statistically significant Treatment Day 3 Day 7 Day 10 Day 14 Day 21
(p:0.0%jO). Th PSD 100.08 100.08 100.08 100.08 100.08
~ Body temperature.The propor-  \gp 83.33 100.08 100.08 100.08 66.67
tion of pigs within treatment groups psn 71.43 100.06 100.06 71.43 57.14
which had fevers was considered aNSN 71.48 85.7f 85.7f 57.14 0.00

more clinically relevant measure than ) ) e

t yt T t ¢ Lp" indicates inoculation with PRRSV; “S” indicates inoculation withcholeraesujs'D” indicates
mean temperature. em.pera ures gréat€fs aiment with dexamethasone; and “N” indicates that factor not given.
than the 97.5 percentile temperature

(104.FF) of all pigs on day zero were
considered abnormal (fever). The re- Fecal quantitative bacteriology. in duration of SC shedding. The pro-
sults indicated the presence of fever Significant differences between treat- portion of pigs within treatment groups
was primarily the result of SC infec- ments (p=0.0099) were shown for re- that had at least one positive SC sample,
tion. Fever, however, was exacerbatedpeated measures of SC levels in fecaleither fecal, nasal swab or tonsil swab,
by DEX in SC-infected pigs. samples. Thelevel of SCinfecal samplesare given in Table 2. The proportion of
Body weight.Both percentage was measured by determining the mostshedders in the NSD, PSN and PSD
increase in body weight (PIBW) and probable number (MPN) of SC per groups were all significantly greater
average daily gain (ADG) were gram of feces. The mean of the Jpog (p<0.008) than in the NSN group on
affected by treatment (Table 1). The MPN/g feces of the PSD group was day 21. The results indicated that al-
relatively small numbers in treatment significantly greater (p<0.05) than the though the PSD group had the most
groups, suggested trends, but made itNSN group on days seven, 10, 14, andpronounced effect, there were also sig-
difficult to form conclusions. It should 21; the PSN group on days 10 and 14;nificant SC-PRRSV and SC-DEX in-
be noted that the pigs which died and the NSD group on day 10. teractions.
were excluded from the analysis. At Since the clinical severity of Postmortem tissue bacteriology.
the time of death all three pigs salmonellosis is known to be dose- Significantdifferenceswere seenamong
weighed less than their day zero bodydependent, prolonged and elevatedtreatment groups in the proportion of
weight. Therefore, the values for the shedding of SC by dual (NSD, PSN) pigs which were SC positive for par-
PSD group were biased upward by and triple (PSD) treatment groups sug-ticular postmortem tissues. Tissues
the exclusion of the most severely gested the possibility that disease out-assayed included mediastinal lymph
affected pigs. DEX in combination breaks in the field may be the result of node, cecal contents, middle ileum,
with PRRSV, SC or both had the highdose exposures of susceptible pigsand lung. Although the proportions of
lowest PIBW and ADG. The overall from stressed and/or PRRSV-infected positive pigs among treatment groups
trends suggested growth performanceherdmates. varied among these four tissues and
was most severely affected by patho- Fecal, tonsil, nasal qualitative differences were not always signifi-
gens in conjunction with stress; infec- bacteriologyQualitative bacteriology cant, the relative order of the treatment
tion alone did not greatly affect growth results were consolidated to determinegroups remained constant. When all
performance. if there were differences among groups (Continued on next page)
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tissues sampled at postmortem wejre

considered, a similar pattern was seqn.The EffeCtS Of RedUCIng Dletary

PSD had a significantly greate
(p<0.008) proportion than the other
groups. The NSD and PSN grougs
were intermediate and similar to each
other. The NSN group had the smallelst
proportion of positive tissues. Furthel,
the mean log MPN/g of cecal con-|
tents of PSD pigs was significantly
greater (p<0.05) than the other groups.
Once again, the results indicate the
PSD pigs, and to a lesser degree the
NSD and PSN pigs, were less able [o
respond to SC infection resulting in
greater distribution and level of SC i
tissues.

Claudia Obrock H.
Phillip S. Miller
Austin J. Lewis

Summary and Implications

| The effect of dietary manipulation
on odor emission in a research pig
Summary I facility was evaluated with 26 finish-

) I ing gilts (initial weight 161 Ib). The

Treatment differences were sedn o diets were formulated to contain

on ADG, PIBW, levels and duration of 1304 crude protein or 9% crude pro-

Crude Protein Concentration
on Odor in Swine Facilities

coming more frequent. The study of
odor is complex, both in terms of iden-
tifying the combinations of odor-caus-
ing compounds and quantifying the
odor. Several compounds (e.g., hydro-
gen sulphide, ammonia, indole phe-
nol, p-cresol and skatole) and measur-
ing techniques have been used to as-
sess odor. Most identified compounds
are related to the degradation of excess
amino acids commonly found in swine
diets. Although new odor control prod-
ucts and techniques appear regularly,

SC shedding, level and distribution df {ejn supplemented with crystalline @ different approach to reduce odor
SC in tissues, morbidity and mortality. amino acids. Two environmental cham- €mission is to manipulate the pig's

Although the number of pigs Pergroup pers were used and each housed diets.

limited our ability to statistically dif- | group of four or five gilts for 21 days. The objective of this experiment

ferentiate treatment effects for some Rejative humidity, temperature and Was to reduce total crude protein in-
traits, a consistent pattern was se€n.ajr exchange were maintained through- take throughthe use of crystalline amino
Pigs in the PSD treatment group wefe oyt the experiment. Samples of fecesacids in the diet and examine the effect
the most adversely affected, indicating an air were taken on days 4, 7, 11, 14,0f the reduced protein intake on odor
a high degree of synergism among1g and 21 of the experiment. Aerial @d ammonia emission into building

these three factors. Pigs in 2-factdr y;mmonia and hydrogen sulphide con- @ir-
treatment groups (PSN, NSD) were centrations were measured using de-
affected, but to a lesser extent. THetactor tubes. Air samples were col-
results of this study provided evidende |ected in 25 L Tedlar bags and ana-

to support field observations that clinit |yzed within 24 hours, by an olfacto- Twenty-six finishing gilts (initial
cal outbreaks of PRRS are the resultpfmeter and a trained panel at lowa Weight 161 Ib) were divided into six
interactions among concurrent infecl- State University. Hydrogen sulphide 9roups and kept in two environmental
tions and stressors. | concentration was < .25 ppm for both chambers (five gilts/chamber for rep-

| treatments. Ammoniaconcentration was!icate one and four gilts/chamber for

significantly higher when the 13% crude "eplicates two or three) for 21 days (the

'RobertW. Willsis Extension Swine Veteriy -protein diet was provided (P < .01). experimentwas replicated three times).

narian at the University of Nebraska-Lincoln, Odor levels measured by the olfacto- Each group was housed in a com-

Lincoln, PaulaJ. Fedorka-Crayis Lead Scientistaiinmeter were not different between treat- pletely slotted floor pen, raised 18 inches
salmonellosis atthe USDA-ARS-National Animg|l i

\ li ncrete floor. Manur
Disease Center, Ames, IA, K.-J. Yoon is Sectign Ments. These results suggestone methoB0 € aso d concrete floor. Manure
}/ by which the odors produced by swine @nd urine remained undisturbed in the

Materials and Methods

Leader of virology at the Veterinary Diagnosti . .
Laboratory, lowa State University, Ames, IA, Jeffey units can be decreased to potentially chamber until the gilts were removed.
T. Gray, is Associate Professor inthe Microbiolody henefit hoth animal and human health. In both chambers, humidity (main-
Department, pnlversny of Ogteopathlc Medicin : tained at 74%) , temperature (main-
and Health Sciences, Des Moines, IA, Tom Stabelis tained at 7¢F d ai h 74
Research Microbiologist at the USDA-ARS} ained a ) and air exchange (
National Animal Disease Center, Ames, IAand JJJ. ft3min) were computer controlled
Zimmermanis Section Leader of Epidemiology and Odor emission from swine facili- throughout each of the three experi-
Applied Research in the Veterinary Diagnostic .. . . . . mental replications. The chambers were
Laboratory, lowa State University, Ames, 1A| U€S IS @ major pqu 'nd.UStry Issue. of P i(b " licat
References are available upon request from |heProducers are facing stricter federal, Vacantioroneweekbetween replicates
state and local regulations, and law- @nd cleaned thoroughly with a chlo-
suits concerning odor issues are be-fine solution to avoid odor carryover.

Introduction

senior author.
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Table 1. Diet composition (as-fed basis) was measured using low and mid-range
detector tubes and low-range detector

Ingredient, % Control diet Treatmentdiet . .
tubes were used to determine aerial
Corn 82.00 92.78 hydrogen sulfide concentration. For
Soybean meal, 46.5% CP 13.75 2.25 the sensory analysis, air samples were
Tallow 2.00 2.00 collected directly into 25-L Tedlar bags
L-lysine HCI .00 .35 b ti ti .
L-tryptophan 00 06 y creating a negative pressure in a
L-threonine 00 09 cylinder containing the Tedlar bag.
DL-methionine .00 .02 Air samples were transported to lowa
Dicalcium phosphate 80 1.05 State University and analyzed within
Limestone .40 .35 24 h Th IVSi
Vitamin premix 70 70 4 hours. The sensory analysis con-
Trace mineral mix 10 10 sisted of an olfactometer through which
Salt 25 .25 a trained odor panel was presented
. with various concentrations of odor-
Formulated composition: . | The trained |
Metabolizable energy, Mcal/lb 1.55 1.54 ous air samples. € traned pane
Crude protein, % 13.60 9.40 smelled the air samples to determine
Lysine, % 64 (.48) .59 (.48) the lowest concentration at which odor
Tryptophan, % 14 .13 (.10) was detectable.
Threonine, % .52 42 (.34)
Methionine + cystine, % 51 40 (.34) ) .
Calcium, % .55 56 Results and Discussion
Phosphorus, % .45 .45

Temperature, relative humidity and
air exchange were similar in both cham-
bers throughout this study. Aerial
[ Ammonia SEM = 5.61 ammonia concentration was affected
go |- PH SEM = 53 - by diets (P < .01, Figure 1). The aver-

I T T age ammonia concentration in air from
chambers housing pigs fed the control
I diet was 56.6 ppm. In the chambers
a0l /F/ 115 housing pigs consuming the treatment
e | diet, the average ammonia concentra-
tion was 16.3 ppm. Ammonia concen-
tration reached a plateau after day 11
(P < .01). Hydrogen sulphide concen-
tration for both treatments was < .25
ppm, below the minimum range de-
tectable with commercially available
detector tubes.

_ Manure pH increased significantly
Ammonia pH throughout the 21 days of experiment
(P < .05) but did not differ between

Figure 1. The effect of reducing dietary crude protein on aerialammonia concentration andmanure  di€ts (Figure 1). A plateau in pH was
pH. Control diet = 13% CP and treatment diet = 9% CP. observed on day seven (P < .01). The
average pH for the control diet and

treatment diets were 8.66 and 7.91,

One of two dietary treatments (Table diets were formulated to contain .48% respectively. Because pH did not differ
1) were randomly assigned to eachavailable lysine. The ratios (available between treatments, the difference in
chamber. The control diet was corn- basis) of tryptophan, threonine and ammonia concentration was attributed

soybean-meal based and was formu-methionine + cystine to lysine were set to the difference between diets.

®Values in parenthesis are on an available basis.

100

60 - e

Manure pH

20

Ammonia concentration, ppm

Day of sampling

Control diet Treatmentdiet Control diet Treatment diet
— . . + — * — _E_

lated to meet or exceed nutrient re- at .20, .70 and .70, respectively. All Sensory analysis results are shown
quirements for finishing gilts (NRC, pigs had ad libitum access to feed andin Figure 2. Although the odor thresh-
1988). The treatment diet was formu- water throughout the experiment. old between treatments were not sta-

lated by reducing the crude protein Manure and air samples were takentistically different, odor unit threshold
concentration and supplementing crys-on days 4, 7, 11, 14, 18 and 21. Anwas greater in control pigs on days 11,
talline amino acids for the first four electronic pH meter was used to deter-14, 18 and 21. Order units threshold is

limiting amino acids (Table 1). Both mine pH in manure. Aerial ammonia (Continued on next page)
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2000 E Conclusions
1800 E //'\
1600 / \\ Reducing dietary crude protein by
S 1400 E — 4% and formulating the diet to meet
® 1200 /__ T L the requirements for the first four lim-
£ 1000 F ~ iting amino acids decreased aerial
S 800 4 "]  ammonia concentration by 29%. Al-
S 600 /H — L - PR though odor units thresholds were not
O 400 Pty statistically different, the numerical
200 k. e = differences present an indication that
ok . . . . . . . . . ) there is a reduction of odor emission
4 7 11 14 18 21 when feeding a 9% crude protein diet
Day of sampling supplemented with crystalline amino
acids to gilts in the finishing phase.
—*— Controldiet = **- Treatmentdiet These results suggest one method

by which the odors produced by pig
Figure 2. Effect of crude protein reduction on odor unit threshold. Control diet = 13% CP and  units can be reduced. A decrease in
Treatment diet=9% CP. Odor unitthreshold is defined as the dilutionratio (odor-free air: g mmonia concentration within build-

odorous air) at which 50% of the test subjects cannot detect the odor. . . .
) 0 : ings should benefit both animal and

defined as the dilution ratio (odor-free sample. Threshold results suggestmorehuman health.

air:odorous air) at which 50% of the replications are necessary to confirm
test subjects cannot detect the odor.the numerical differences observed in IClaudia Obrock H. is a graduate student,
Larger odor threshold units indicate a this study. Phillip S. Milleris an Associate Professor and Austin

greater odor concentration in the air J. Lewis is a Professor, Department of Animal
Science, University of Nebraska-Lincoln.

Segregated Early Weaning of Pigs: Dietary
Challenges and Opportunities

Stacy L. Norin the SEW pig to reduce production can be realized in the growing-finish-
Duane E. Reese costs. ing phases.
Austin J. Lewis However, SEW presents several

Early weaning technology (typi- hew environmental and nutrition chal-
cally at 10 to 16 days of age) is becom- lenges because of the stress of weaning
Summary and Implications ing increasingly common in the pork at a young age. This review will de-
industry. At this age, the immune sta- Scribe some of the dietary challenges
Segregated early weaning tys of the pigs is still high because of and opportunities of SEW. Advances
(SEW) technology is being adopted bythe antibodies received from sow co- in nutrition have helped increase suc-
many producers in the pork indus- |ostrum and milk. If they are then C€ss in herds implementing SEW by
try. With the implementation of geparated from older pigs, the combi- developing diets that facilitate the tran-
this technology come many chal- pation of segregation and early wean-Sition from a milk diet to a solid nurs-
lenges and opportunities to exploit ing offers substantial protection against ery diet.
the lean-growth potential and health disease infection. Segregated early
status of the SEW pig. This review weaning is being used to help control ~ Digestive Tract Developments
provides insight into some of the infectious diseases in swine herds while
reasons for these challenges andminimizing medication and vaccine Diets for SEW pigs must be highly
discusses some possible ways of utiyse. By reducing the disease challengedigestible and contain specialty ingre-
lizing the unique characteristics of g pigs, their genetic potential for growth dients (i.e., milk products, etc.) be-
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cause specific digestive enzymes areing their feed intake is crucial. Feed composition. Therefore, somewhatless
present only at low levels in pigs less intake has been shown to be increasedligestible diets may promote develop-
than three weeks of age. These pigswith decreasedimmune challenge. Thisment of the intestinal tract. A simple

have the enzyme needed to digest milkresults in increased dietary protein diet may also ease the transition from
sugar (lactase) but limited amounts of consumption and increased efficiency the early nursery diet to a subsequent
enzymes needed to digest proteins (pro-of protein utilization. Certain feed in- simple, corn-soybean meal diet. It is
teases) and starches (amylase and malgredients, such as spray-dried porcinepossible these impacts on the digestive
tase). To increase digestibility and ac- plasma also exert positive effects on system, facilitated by a less complex

ceptability, diets for SEW pigs are feed intake of weanling pigs. diet, may be more pronounced in SEW

pelleted. Because of the biological changes pigs due to their high health status.
Digestion of diets by SEW pigs is in enzymatic activity, gut morphology

also affected by changes in gut mor- and the influence of immune chal- Current Research Thrust

phology that occur at weaning. The lenge on the SEW pig, intensive man-

small intestine, the primary site of agement is crucial. However, along Research at the University of Ne-

digestion and absorption of nutrients, with the management challenges in- braska is currently exploring the elimi-
contains numerous finger-like projec- volved in SEW operations, some new nation or reduction of antigenic fac-
tions called villi. These villi create a advantages of early weaning suggesttors in feedstuffs to better suit them for
large and efficient surface area for there may be more opportunities thanincorporation into SEW diets. Extru-
nutrient absorption. However when the originally thought to exploit the lean sion of soybeans is one example. The
pig is weaned, the villi become much growth potential and high-health sta- antigenic factors, glycinin and b-
shorter and absorptive and secretorytus of SEW pigs. conglycinin, present in soybean meal
area of the intestine is reduced. Any It has been suggested SEW pigslimit its use in the diets of young pigs.
dietary modifications that help to main- have the ability to utilize diets contain- These antigenic factors cause an in-
tain the villus height should improve ing lower proportions of milk products flammatory response, resulting in de-
nutrient digestibility and absorption. and other expensive ingredients thancreased gains and feed efficiency. How-

Disruption of the intestinal tract previously believed possible. Feed com-ever, with extrusion of soybeans these
can be compounded by certain feedstuffgpanies are beginning to offer special- antigenic factors can be lessened to
such as soybean meal, which containized feeding programs specific to SEW levels that cause reduced allergic re-
factors antigenic to young pigs. These and conventionally-raised pigs exploit- sponses in young pigs versus that seen
antigenic factors cause an inflamma- ing this theory. with soybean meal. This research of-
tory response in the intestinal mucosa  Although there is a lack of conclu- fers one possibility for reducing the
of the early weaned pig impairing nu- sive evidence as to why a less complexcost of SEW diets by substituting plant
trient absorption. Exposure to anti- diet may be adequate for SEW pigs, protein sources for more expensive
gens also activates the pig’'s immunethere are some possible explanations.animal protein sources in the SEW
system and may disrupt growth pro- One theory is that although the transi- diet.

cesses. tion to a more simple diet may be
stressful, a drastic change in the diet L o
. L. f he pig’s di ti ¢ t Stacy L. Norinis a Graduate Student, Duane
Dietary Opportunities may force the pig’s digestive system to E. Reese is an Associate Professor and Austin J.

develop more rapidly than would 0C- LewisisaProfessor, Department of Animal Science,
Because anorexia (low feed in- cur otherwise. The digestive system is University of Nebraska-Lincoln.

take) is a leading cause of morbidity highly adaptable and will alter enzy-
and mortality in SEW pigs, stimulat- matic secretions with changing diet
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The Effect of Infusion of Urea into the Jugular
Vein on Feed Intake of Finishing Gilts

Hsin-Yi Chen between ADFI and the response of cava of each pig via the external jugu-
Austin J. Lewis plasma urea concentration, we hypoth-lar veins (both left and right sides).
Phillip S. Miller? esized plasma urea concentration mayCatheters were passed subcutaneously

have a role in regulating feed intake. through a cannula to the back and
Therefore, three experiments were con-exteriorized. Pigs were individually

Summary and Implications ducted to evaluate the relationship be-housed in stainless steel metabolism
tween ADFI and plasma urea concen-crates in atemperature-controlled room
Previous research suggested feedtration. (72 to 74F) and allowed five days to
intake was reduced in growing-finish- recover from the catheterization and to
ing pigs consuming corn-soybean meal Procedures adapt to the metabolism crates.
diets high in crude protein. Because Five gilts were fed a 16% CP corn-
urea is the primary end product of the Experiment 1.This experiment soybean meal diet and were infused

breakdown of excess dietary protein was a preliminary study conducted to with either saline or one of four con-
intake, the effect of intravenous infu- investigate the effects of intravenous centrations of urea. The urea solution
sion of urea solution on feed intake infusion of urea solution on plasma was infused at a constant rate of 6, 12,
was evaluated. Daily infusions of 24 urea concentrations in finishing gilts. 18 and 24 grams of urea daily. Each of
and 30 g of urea were used to mimic The objective was to determine the the five pigs received the five treat-
plasma urea concentration of pigs re- concentration of ureathatwould mimic ments. One treatment was adminis-
ceiving a 25% crude protein (CP) diet. the plasma urea concentration of pigstered on each of five periods (12 hour/
Blood samples were obtained and feedreceiving a 25% CP diet. Six gilts period). Between periods, infusions were
intakes were measured daily to deter- (average body weight 117 Ib) were stopped for 36 hours to avoid carryover
mine plasma urea concentration and usedina %5 + 1 Latin Square design. effects. The sixth pig received a 25%
average daily feed intake (ADFI). Av- Catheters were placed into the venaCP diet and was infused with saline
erage daily feed intake was reduced
4% as daily infusion of urea was in-
creased from zero to 30 grams. The
data suggest that plasma urea concen-
tration is involved in regulating feed
intake in the finishing gilts consuming
excess protein.

Introduction

In the 1996 Nebraska Swine
Report, we described an experiment in

Urea concentration, mg/dL

which diets with five protein levels 30_* Startofinfusion T

(13, 16, 19, 22 and 25% CP) were fed o5 ! I ! ! L L ! ! L L ! !
to finishing barrows and gilts. We 0 1 2 3 4 5 6 7 8 9 10 1 12
found increasing dietary protein con- Time, hours

centration from 16 to 25% reduced

average daily feed intake (ADFI) in Salne 6g/d 12g/d 18g/d 24g/d Saline+25p6

gilts. We also found plasma urea con- —— -0 -k e e —3-

centration increased with each incre-

mental increase in dietary protein con- _. : . . .
. Figure 1. Effectofintravenous infusion of urea or saline on the pattern of plasma urea concentrations
centration up to the 22% CP treatment. in gilts (Experiment 1).

Because of the apparent correlation
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60 cept only two treatments (0 and 30 g/d
of urea infused) were used.
50 |- 47.44
g 41.92 Results and Discussion
E a0t
g 26.99 Experiment 1.The results of
£ 30 Experiment 1 are presented in Figure
§ 1. Plasma urea concentration increased
§ 20 L with increasing amount of urea
o infused. When pigs received a daily
> 10k infusion of 24 grams of urea, plasma
| urea reached a concentration similar
0 to the pig receiving the 25% CP diet

Saline 24g/d Urea 30 g/d Urea and saline infusion. This concentra-
tion (approximately 50 mg/dL) was
also similar to that of pigs fed a 25%
CP diet in our previous research.
However, we assumed a higher con-
centration of urea solution (30 g/d)
may elevate plasma urea concentra-
tion even closer to that of pigs receiv-
ing the 25% CP and saline infusion.

Treatment
Treatment; Linear, P <.01

Figure 2. Effectofintravenous infusion of urea or saline on the pattern of plasma urea concentrations
in gilts (Experiments 2 & 3).

60 532 528 Therefore, daily infusions of zero
50 - 5.11 (saline), 24 and 30 grams of urea were
' used in Experiment 2 and daily infu-
o sions of saline and 30 grams of urea in
8 40r Experiment 3.
% Experiments 2 and Pata from
E 30r both experiments were combined for
§ statistical analysis. The data for plasma
20 1 urea concentration are shown in
Figure 2. Plasma urea concentration
1.0 i increased linearly (P < .01) with
increasing concentration of urea
0.0 solution. The data for ADFI are pre-
Saline 24/d Urea 30g/d Urea sented in Figure 3. There was a trend
Treatment (P < .1) for urea infusion to decrease
Treatment, P <.1; Trt 0 vs 30, P < .05 ADFI. Average daily feed intake was

reduced 4% (P < .05) as daily infusion
of ureaincreased from zero to 30 grams.
Although the reduction in feed intake
throughout the experimental period. were similar to those used in Experi- was less than we observed previously
Venous blood samples were obtainedment 1. Pigs received a 16% CP dietin gilts fed 25 vs 16% CP, these data
at 1-hour intervals starting 1 hour be- and a different treatment in each of do suggest that plasma urea concen-
fore infusion. Plasma was separatedthree infusion periods. Each infusion tration may have a role in regulat-
and analyzed for urea concentration. period lasted for two weeks. Infusions ing feed intake in gilts consuming
Pigs and feeders were weighed beforewere stopped for two days between excessive protein. However, further
and after each infusion period to deter- periods. Blood samples were obtainedresearch is required to elucidate the
mine weight gain and ADFI. before infusion and daily after infu- mechanism(s) whereby plasma urea
Experiment 2 Three treatments sions started. Feeders were weighedaffects feed intake in finishing pigs.

were selected based on the results ofaily to determine ADFI. Pigs were

Experiment 1 (0, 24 and 30 g/d of weighed before and after each infusion

urea). Twelve gilts (average body weight period. IHsin-Yi Chen is a Research Technologist
132 Ib) were used in a crossover de-  Experiment 3. This experiment andgraduatestudent, AustinJ. LewisisaProfessor

. Th h o d imilar to E . t2 and Phillip S. Milleris an Associate Professor inthe
sign. e catheterization procedureswas very similar to Experiment 2 ex- Department of Animal Science.

Figure 3. Effect of intravenous infusion of urea or saline on feed intake in gilts (Experiments 2 & 3).
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Growth Performance and Digestive and
Metabolic Responses of Finishing Gilts Penned
Individually or in Groups

Sergio Gémez-Rosales ing the number of replicates/treatment Table 1. Diet composition (as-fed basis)
Phillip S. Miller reduces experimental error. inaredient o .
Austin J. Lewis' Previous research indicates growth = o oo ereentage
performance is improved when pigs com 72.9
are penned individually compared to Soybean meal, 46.5% CP 215
Summary and Implications vyhen they are grquped. Both competi- E?‘é;"l‘(’:"ium phosphate 3-;’.1
tion and aggressive behavior are re-g, 3
An experiment was conducted us- lated to reductions in feed intake and jmestone 4
ing one or four finishing gilts/pen to weight gain in group-penned pigs. Vitaminmix 7

identify factors related to the lower However, little is known about the Tracemineralmix 1

performance of pigs penned in groups. changes in body composition or diges- . ulated composition:
Feed intake, daily gain and final weight tive and metabolic responses arising

were greater in pigs penned individu- from the social interactions in group-  Metabolizable energy, Mcal/lb 1.44
ally. There was a trend for greater loin penned pigs compared with those indi- S‘S‘%Zp;"te'”’ % 16-%%

. . . . , % .
welght and prlma! (?ut percentage for V|dually-p§nned: These differences <5 cium. % 65
pigs penned individually. Apparent should be investigated to not only re-  phosphorus, % 55

digestibilities of dry matter, crude pro- fine nutritional recommendations but
tein and gross energy and the plasmaalso to identify conditions in group
concentrations of urea, glucose and pens which limit productivity. The bean meal-based and fortified with vi-

nonesterified fatty acids were similar present experiment was conducted totamins and minerals to meet or exceed
for both individually and group-penned identify factors involved in the lower the NRC requirements for 110 to 240-

pigs. These results suggest the lowerperformance of pigs housed in groups.pound pigs (Table 1).

performance of group-penned pigs is Pigs were housed in an environ-

related neither to changes in digestive Procedures mentally regulated facility and had ad
processes nor plasma metabolite con- libitum access to feed and water through-
centrations. Sixty crossbred gilts with an ini- outthe experiment. Pigs were weighed
tial body weight of 100 pounds were and feed intakes were measured weekly

Introduction allotted to arandomized complete block to determine average daily gain (ADG),

experiment with two treatments. Two average daily feed intake (ADFI) and
Pigs raised in commercial condi- housingtreatmentswere used; one versuthe ratio of gain:feed (ADG/ADFI).

tions are normally penned in groups. four pigs per pen. There were 12 pensPigs remained on the study for 77 days.
In nutrition and other experimental with individual pigs and 12 pens with Blood samples were taken from
studies, however, they are frequently four pigs per pen. One feeder (with one each pig at the start of the trial, after
penned individually. Researchers of- feeding space), one waterer and thethe first week and at two-week inter-
ten pen pigs individually to increase same space allowance was offered tovals throughout the experiment. Plasma
the number of times a treatment can beeach pig, regardless of the number ofwas obtained and analyzed for urea,
replicated in an experiment. Increas- pigs per pen. The diet was corn-soy- glucose and nonesterified fatty acids
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Table 2. Growth performance, digestive and metabolic responses of finishing gilts housed (NEFA). The response of each of these

individually or in groups

Iltem ®° Individual Group
No. of pigs 12 48
Growth performance
Initial wt, Ib 99.7 + .97 100.3+ .85
Final wt, Ib 2645 + 3.80 254.0 + 3.36
ADFI, Ib 6.03+ .13 570+ .12
ADG, Ib® 2.15+ .05 2.0+ .04
ADG/ADFI .36+ .01 35+ .01
Carcass characteristics
Carcasswt, Ib 198.2 + 3.3 1915+ 2.6
Hamwt, Ib 235+ .55 222+ .43
Loin wt, b 272 + .36 26.0+ .28
Shoulder wt, Ib 28.0+ .57 26.4 + .45
Primal cut wt/carcass wt, g/o 40.1 + .54 38.8+ .41
Lean, % of carcass wt 51.% .61 51.0 + .46
Digestibility, %
Dry matter 878+ 31 87.7+ .27
Crude protein 84.1+ .48 83.8+ .42
Energy 87.2 + .33 872+ .29

8Individual= one gilt/pen; Group= four gilts/pen.

®ADFI= average daily feed intake; ADG= average daily gain; and gain/feed=feed efficiency.

“+ standard error of the mean.
P < .10.
°P < .05.

38

36 Individual

34 [

32

30 |

28 -

Plasma urea, mg/dL

26 |

22 L1 I L

Time, P<.01

SE =16.16

Initial 1 3

Figure 1. Plasma urea concentration vs time in pigs penned individually or in groups.

11

metabolites versus week of the study
was examined.

During week 6, .25% of chromium
oxide (CrO,) was added to the diet as
anindigestible marker and fecal samples
from each gilt were collected daily for
three consecutive days. Dry matter (DM),
crude protein (CP), gross energy (E)
and chromium concentration were de-
termined in feed and fecal samples to
calculate apparent digestibility of DM,
CP and E.

At the end of the experiment, the
pigs were shipped to a packer in north-
western lowa where carcass character-
istics were acquired from relationships
derived using Total Body Electrical
Conductivity (TOBEC). These included
ham, loin and shoulder weights, pri-
mal cut percentage and carcass lean
percentage (5%-fat basis).

Results and Discussion

Results of growth performance,
carcass characteristics and apparent
digestibility are presented in Table 2.
Average daily gain was greater (P<.05)
and there was a trend for greater final
weight and ADFI (P<.10) for indi-
vidually penned pigs. Reduction of
feed intake and weight gain in pigs
penned in groups is attributed to fight-
ing and aggressive behavior to main-
tain dominance hierarchy, especially
when pigs are eating. Competition
during eating periods can distract some
pigs from eating, whereas other pigs
may be displaced from the feeder by
dominant pigs. We assume pigs penned
individually ate more and grew faster
because of lack of competition at the
feeder.

Carcass weight was statistically
standardized (used as a covariate) to
analyze carcass characteristics. There
was a trend (P<.10) for higher loin
weight and primal cut percentage in
pigs penned individually.

Apparent digestibilities of DM,
CP and E were similar in both treat-
ments. Because the efficiency of diges-
tion and absorption were similar,

(Continued on next page)
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Figure 2. Plasma glucose concentration vs time in pigs penned individually or in groups.
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Figure 3. Plasma nonesterified fatty acids (NEFA) concentration vs time in pigs penned individually

or in groups.
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Week

changes in digestive processes related
to housing conditions do not seem to
be associated with the lower perfor-
mance of pigs housed in groups. How-
ever, because feed intake was greater
for pigs penned individually, more
nutrients were absorbed and poten-
tially utilized for tissue accretion.

Increased concentrations of urea,
glucose and NEFA in pigs are often
symptoms of stressful situations. Stress
responses can be triggered by competi-
tion and aggressive behavior in pigs
penned in groups. However, this is not
supported by the responses of plasma
urea, glucose and NEFA concentra-
tion observed in this study (Figure 1, 2,
and 3 respectively). Pigs penned indi-
vidually or in groups showed similar
patterns of plasma urea, glucose and
NEFA concentration throughout the
experiment.

Conclusions

Growth performance was greater
in pigs penned individually than in
those pigs penned in groups. The lower
performance of pigs penned in groups
is not related to changes in apparent
digestibility of DM, CP or E or to
changes in plasma concentrations of
urea, glucose, or NEFA. These obser-
vations suggest measurements of feed
intake and growth performance data
derived from pigs penned individually
should be adjusted if they are to be
applied to commercial situations or
research conditions where pigs are
penned in groups.

1Sergio Gomez-Rosales is a Graduate Student,
Phillip S. Milleris an Associate Professor and Austin
J. Lewis is a professor, Department of Animal
Science, University of Nebraska-Lincoln.
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Dietary Fiber in Sow Gestation Diets —
A Review

Duane E. Reeske resulting slow rate of passage, sowsintake. Sows fed wheat straw during
have a higher fermentation capacity in gestation consumed .3 pounds/day more
the hindgut. Also, sows can consumefeed during lactation. There was sig-

Summary and Implications more of a concentrate diet than necesificant diet x parity interaction for
sary to meet their energy requirementlitter size born alive, because sows fed
Gestation sows are well suited to during gestation. This excess feed in- wheat straw farrowed more pigs than
utilize high-fiber, low-density diets. take capacity can be exploited by offer- control sows in cycles 2 (10.5 vs 9.0)
They utilize fiber better than growing ing sows low energy feeds. and 3 (10.6 vs 10, P < .015) but not in
pigs and during gestation have a high There may be certain situations cycle 1 (9.9 vs 10.4). Sows fed wheat
feed intake capacity relative to their that justify using fibrous feed ingredi- straw also weaned significantly more
energy requirement. When researchents in sow gestation diets. However, (.7) pigs than control sows. Other litter
results from several studies were pooledbefore decisions can be made it is im- traits were not affected by wheat straw.

and weighted according to the number portant to examine the role and feasi- Besides having a more adequate
of litters produced, sows fed addi- bility of added fiber in sow gestation number of sows/diet than previous ex-
tional fiber during gestation farrowed diets. periments, the following unique fea-
and weaned more pigs/litter than sows tures about this study strongly sup-
fed control diets. Feeding fiber during  Overall Effects on Reproductive ports the idea that fibeper seim-
gestation also improved lactation feed Performance proved reproductive performance in
intake, but reduced sow weight gain gestation sows.

during pregnancy and pig birth weight. Results from over 30 years of re-

Sows fed fibrous diets also exhibit lesssearch are mixed on the effects of * Energy and nutrient intake dur-
stereotypic behavior (i.e., bar-biting), added fiber in gestation diets on sow ing gestation were not con-
which may be an indication of im- and litter performance. Because of this, founded with the effect of fiber.
proved welfare. It is likely there are it is difficult for producers and nutri- » Both diets were supplemented
several factors influencing the responsetionists to decide whether to add fiber with folic acid and biotin which
to extra fiber in the sow diet, but it to sow gestation diets. Part of the rea- are known to increase litter size.
appears the amount of neutral deter- son for the mixed results is the large

gent fiber consumed and the source ofvariation often observed in reproduc- To further understand the role fi-

fiber are important. The metaboliz- tive data. Until recently there was no ber has in gestation diets, careful study
able energy content of fibrous feed study reported where the number of of previous research is warranted. An
ingredients for sows is greater than litters evaluated was sufficient to de- analysis of multiple studies was con-

that for growing pigs. There are limi- tect significant differences in perfor- ducted to gain an overall perspective
tations to feeding high-fiber diets re- mance of sows fed a control or a high- on how added fiber affects sow and
lated to the physical nature of fibrous fiber diet. litter performance. Mean responses for
feed ingredients and the greater vol- That study involved feeding ges- sow and litter performance were

ume of manure produced. Potential tation sows a fortified corn-soybean weighted according to the number of
opportunities exist for pork producers meal diet at 4 pounds/day or the samelitters represented by each mean.

to lower gestation sow feeding costs diet (4 Ib/d) plus ground wheat straw A summary of the net effects of

and/or improve sow reproductive per- (.7 Ib/d). Wheat straw is a fairly feeding fiber seen in the wheat straw
formance by using fibrous feed ingre- nonfermentable fiber source and wasstudy, as well as, those observed in

dients during gestation. assumed to contribute no nutrients to previous studies is shown in Table 1.
the diet. It was ground to a fiber length In general, the net effect of fiber fed
Introduction of .25 to .5 inches. All sows were during gestation is similar between the

allowed ad libitum access to a corn- two data sets for most traits. However,

Gestating sows are excellent can- soybean meal diet during lactation. the effect of fiber on the number of pigs

didates for high-fiber diets. Limit-fed Treatments continued for three con- weaned per litter was over twice as

gestating sows derive more energy fromsecutive reproductive cycles. high for sows fed wheat straw. More-
fibrous feedstuffs than growing pigs The results of the study showed no over, there appears to be disagreement

allowed ad libitum access to feed. Be- significant effects of diet on any sow on the effect of fiber on the percentage

cause of their low feed intake and performance traits exceptlactation feedof sows completing the experiment
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Table 1. A summary of changes in sow and and summarized. Daily neutral deter- tive performance. It is possible a fiber
litter performance due toaddedfiber — gant fiper (NDF) intake during gesta- source x NDF intake interaction ex-
observed in a wheat straw study and . ; . .
previous studies tion for sows fed control and fibrous ists, suggesting the amount of NDF

diets was calculated. Means were necessary to elicit an increase in litter

Study weighted according to the number of size may depend on the source of NDF.
Wheat _, litters evaluated for each fiber source. Supporting evidence for this can be
straw’ Previous Table 2 shows the average changeobserved in Table 2. Sows fed wheat
Sowtraits in the number of pigs born alive and straw consumed about 50% less NDF/
ME/d, Mcaf 0 0.1 weaned according to the fiber sourced than sows fed alfalfa hay/haylage,
Gestationwt. gain, b -9 6 given to the sow during gestation. It but the improvement in litter size was
Lactation wt. loss, Ib 0 -3 . .
Lactation feed/d, Ib +0.3 +0.6 appears negative responses occurredimilar.
% completiod 0 +10 when alfalfa meal and distillers grains
Litter traits were fed during gestation. The de- Response in Sow and Litter
Pigs born alive +0.5 +0.3 crease in litter size observed with al- Performance in Relation to Fiber
Pigs weaned +0.7 +0.3 falfa meal is due to results from one of Intake
ﬁ:g\t,)vlggnvivr:, |5)vt b '%17 -+0629 the three evaluated studies. Negative
g gwh : : responses also were observed in both  Better decisions regarding feed-
“Ewan et al.,1996. studies where distillers grains were ing fiber to gestation sows are possible

Data from 20 references representing 14 fiber o\/51ated. In contrast, alfalfa hay/ if the response in sow and litter perfor-
sources and over 1,113 litters produced from sows

fed control and high-fiber diets during gestation. haylage, corn gluten feed, oat hull/oats mance for each unit of additional fiber
zMetaboIizabIeenergyintake. and wheat straw gave positive responsesconsumed is known. Unfortunately,
% completion =numberof females thatcompleted The |argest response in litter size bornfew dose titration studies have been
the study/number assignedto eachtreatment.  gjiye gccurred when oat hulls/oats was conducted with fiber in gestation diets.
fed; however, those sows consumed at  Despite these limitations, it is pos-
least 54% more NDF/day than sows sible to use existing data to help decide
(i.e., sow longevity) and pig weaning fed the other fiber sources. In addition, how much fiber gestation sows should
weight. These results suggest at least gigs from sows fed oat hull/oats had consume to ensure a response. It ap-
portion of the responses observed inthe lowest preweaning survival rate. pears that when feeding alfalfa haylage
previous studies was due to fiber in- Interestingly, feeding alfalfa hay/ sows should consume about 450 grams
take per se not other factors such as haylage, corn gluten feed, or wheat of NDF/day to maximize the response
differences in sow nutrient intake. straw increased the number of pigsin litter size at weaning. The same
born alive similarly (.5, .7, and .5 pigs/ recommendation may also apply to
Effect of Fiber Source on litter, respectively). A similar increase alfalfa meal and hay, although that has
Performance in the number of pigs weaned was alsonot been critically evaluated. When
observed when alfalfa hay/haylage, oatoat hulls were fed to provide sows 515
Knowing if there are fiber source hulls/oats or wheat straw were pro- grams of NDF/day, litter size was im-
effects on sow and litter performance vided (.8, .7, and .7 pigs/litter, respec- proved, but not maximized. Providing
will enable producers and nutritionists tively). up to 380 grams of NDF/day when
to make better decisions about feeding  Additional research is necessary feeding corn gluten feed may optimize
gestation sows. Unfortunately, few stud- to provide conclusive evidence that litter size. Although a dose titration
ies have directly compared different fiber source influences sow reproduc- study was not conducted with wheat
fiber sources. Comparisons that have
been made include wheat straw to soy-

bean hulls, alfalfa hay to prairie hay, table 2. Average change in litter size according to source of dietary fiber fed to the sow during
alfalfa hay to alfalfa meal and alfalfa gestation

meal to corn cobs. These studies do NOkjer source Daily NDF No.pigs  No.pigs  No. No.
provide conclusive evidence that sow intake, § bornalive  weaned litter® references
a'md litter performance is affected by Control Fiber
fiber source, because no study evalu

more than 18 litter rdiet. Th Alfalfameal 264 381 -0.4 -0.7 269 3
ar:Ed 0 eft an 18 tFe S pe d.Et us’Alfalfahay/haylage 246 721 +0.5 +0.8 647 6
t e' dat"_i rom previous studies (de' Cornglutenfeed 166 794 +0.7 +0.4 229 2
scribed in Table 1) were sorted accord- Distillers grains 139 418 0.3 0.4 118 2
ing to fiber source. In an attempt to Oathulls/oats 260 1221 +1.8 +0.7 96 3

Wheat straw 150 368 +0.5 +0.7 699 1

reduce bias from the analysis, only

data from fiber sources evaluated at®Average neutral detergent fiber intake by the sow consuming control and fibrous diets during gestation.
more than one location were selected Total number litters produced by sows fed control and fibrous diets.
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Table 3. Estimated neutral detergent fiber
(NDF) intake (g/d) by sows fed diets
containing various levels of fibrous
feedstuffs

feed conversion. In addition, these sows
are more prone to thin sow syndrome.
It is possible that sow reproductive

performance is impaired in sows prone

Dietary level,%

Fiber source 10 20 30 during gestation.

Alfalfahay ormeal 220 315 415

Corn gluten feed 185 235 295 feed restriction to the development of

Oats A | 185 235 285  stereotypic behavior in gestating sows.
Sugar beet pulp 200 265 335 ; ; ;
Soybean hulls 3e 220 sec In practice, gestating sows are given

guantities of feed much lower than
aAlfah‘ahay/meal,cornglutenfeed,oats,sugarbeetthey are capaple of gonsumlng. Thls
pulp, soybean hulls and wheat middlings assumedleaves sows with a heightened feeding
to contain 49, 33, 31, 40, 58 and 32% NDF, motivation which they deal with through
respectively. Sow ME intake = 6 Mcal/d. performing stereotypic behavior.
Nutritionists may have an impor-
straw, litter size at weaning was im- tant role in designing feeding pro-
proved when the sows consumed 368grams for preghant sows to reduce the
grams of NDF/day (Table 2). Table 3 incidence of stereotypic behavior. Re-
provides estimates on the amount ofsearchers have investigated the effect
NDF sows would consume if their diet of feeding diets containing unmolassed
contained various levels of fibrous sugar beet pulp on stereotypic behav-
feedstuffs. ior exhibited by gilts during the first
1.5 hours after feeding. One group of
sows was fed a control diet at 4.4
pounds/day a second group was fed a
Recently a significant amount of diet containing 50% unmolassed sugar
attention has been given to stereotypicbeet pulp at 5.1 pounds/day and a third
behaviorin sows. Stereotypic behavior group had ad libitum access to the 50%
is repeated behavior having no appar-beet pulp diet. Results indicate the
ent purpose. It is thought that stereo-amount of time the sows spent licking
typic behavior is an indicator of re- the floor or trough, bar-biting or sham-
duced welfare of sows in individual chewing was reduced when the beet
housing systems. pulp was fed (Table 4). These results.
Common types of stereotypic be- show feeding sugar beet pulp promoted
havior observed in sows are bar-biting, satiety in gilts and reduced the inci-
sham-chewing and excessive adjunc-dence of stereotypies. The 50% sugar
tive drinking. There are thought to be beet pulp diet fed at 5.1 pounds/day
certain biological consequences to ste-seemed as effective at reducing the
reotypic behavior in sows including incidence of stereotypies as providing
increased metabolic rate and poorergilts ad libitum access to that diet.

Wheat middlings 185 230 280

Effect of Fiber on Sow Behavior

Table 4. Effect of dietary fiber on the incidence of oral behaviors in Sows

Time (min) spent oh

Treatment Licking Sham-chewing Bar-biting
Control (4.4 Ib/d) 28.1 12.1 8.8
Restricted SBP (5.1 Ib/d) 6.1 0.9 0.1
Ad libitum SBP 2.6 0.0 0.3
P <0.03 P <0.08 P <0.05

#Brouns et al., 1994.

™

Diet Formulation and Feeding

Management

Using fibrous feeds in sow gesta-

to, or exhibiting, stereotypic behavior tion diets requires attention to some
important details. A summary of key
Researchersin Scotland have linkedpoints is presented below.

» Evaluate the economics of feed-
ing fibrous feeds by calculating
total feed cost/sow/year (cost of
feed/ton x tons/sow/year), not
just feed cost/ton.

» Sows fed high-fiber diets must
eat more feed to meet their en-
ergy requirements.

* Digestion coefficients for high-
fiberingredients are greater than
those obtained with growing pigs.

» Dry matter, gross energy and
fiber utilization of alfalfa hay is
increased when particle size is
reduced from .5 to 25 inches.

» Sows fed restricted quantities of
a bulky diet require more time
to eat their ration.

Possible Limitations to Feeding

Sows Fiber

In addition to direct economic

considerations, other factors may limit
the ability of producers to use fibrous
feeds in gestation sow diets. These
include:

* Some feed mixing and handling
equipment can not physically
handle fibrous feed ingredients.

» Grinding certain ingredients is
time consuming and dusty.

 High-fiber diets are bulky (fewer
Ib/ft?) and may bridge in bulk
bins and feeders.

» Costs associated with manure
handling may increase due to
the larger volume of solids pro-
duced.

» Handling liquid manure may be
more difficult because of larger,
undigested feed particles and
less liquid present due to sows
drinking less water.

SBP = unmolassed sugar beet pulp.
CDuring first 1.5 hr after feeding.

1Duane E. Reese is Extension Swine Specialist
and Associate Professor in the Animal Science
Department. References available upon request from
the author.
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Addition of Fat to Diets of Lactating Sows:
|. Effects on Lactation Performance and

Pig Composition

Scott L. Tilton

growth performance of her offspring. Table 1. Composition of diets (as-fed basis)

Austin J. Lewis

In addition, we reported an ingrease iN |ngredient, % Control  Tallow
Phillip S. Miller the energy content of the milk from Comn 679 56.80
Paul M. Ermer! sows fed diets with added fat in the g, peanmeal, 46.5% CP 2800  29.00
1995 Nebraska Swine Report. The ef-Tajlow 0.00 10.00
Summary and Imolications fects of this change in milk composi- Dicalcium phosphate 2.10 2.30
y P tion on the composition of the suckling \S/gﬁm'” premix 1-&? 1-5%’
An experiment was conducted with pig, however, are unknown. Limestone -40 30
30 lactating sows to determine the Because of these reasons, an ex-rrace mineral premix 10 10
effects of high fat lactation diets on the pe”me”F was designed \.N'.th the pri- Formulated composition:
body composition of suckling pigs and &Y objective of determining the ef- - yetanoiizable energy,
sow backfat composition. SOWs Werefects of feeding a lactation diet high in Mcal/lb 1.42 1.63
rovided a IactatiF:)n diet containing (2t O the body composition of pigs at o, & N i
p g weaning. A P Lysine, % 1.00 1.00
. g. A secondary objective was to .
either zero or 10% tallow on an ad . g . Calcium, % .90 .90
libitum basis for a 21-day lactation determine whether differences in the  phosphorus, % -5 75
No differences in feed intake durin. fatty acid composition of the sow’'s Analyzed composition:

. 9 backfat occur due to dietary fat intake  Grossenergy, Mcal/lb 172 1.98
lactation were observed, although Sowsduring lactation Protein, % 17.90 17.23
fed tallow consumed more metaboliz- ' Dry matter, % 88.1 89.6
able energy per day than control sows. Ether extract, % 209 1094
Composition of backfat samples taken Procedures Calcium, % 92 2

omp p Phosphorus,% .78 .79

at weaning from sows suggested an
increase in the amount of fatty acid
synthesis in adipose tissue of control

Thirty first-parity crossbred sows

were fed 4 pounds/day of a standardrable 2. Fatty acid composition of the diets

sows. Sows fed tallow weaned heaviercom'S.Cbeean meal diet thrqughout Fatty acid, % Control  Tallow
litters, however, body composition of gestanon. SOW.S were housed in gFESta'Myristic(01410) N.D° 1.36
these pigs indicated this increased tion crates until day 110 of gestation, paimitc 16:0) 1386  23.65
weiaht was almost exclusively fat at which time they were moved to Palmitoleic (C16:1) N.D. 2.01
gt . sively fat. farrowing crates. Three farrowing rooms Stearic (C18:0) 2059 13.15
Additional research is required to de- were used for this study and each roomPleic (C18:1) 112 37.84
termine the effects of this change in : . " Linoleic (C18:2) 61.72  20.89
contained 10 sows. Each farrOW|ng Linolenic (C18:3) 271 1.11

body composition in pigs at weaning

on their subsequent performance and
body composition.

receive a corn-soybean meal diet and N-P- =notdetectable.
five were assigned to a similar diet

Introduction

room Was blocked by the PredlCtEd ®Data are presented as a percentage of the total of
farrowing date of the sow. Five SOWS these fatty acids present in the sample, but do not

per room were randomly assigned to reflect differences in the amount of fat in the diet.

the lactating sow has been examinedets were formulated to contain 1%
by numerous researchers as a potentialysine. Concentrations of other nutri-

lactation diet on the fatty acid com-
. .oa
position of sow backfat at weaning

method to increase energy intake. Typi- ents were included at 110% of NRC Fatty acid, % Control Tallow P <
cally, these experiments find sows fed requirements. Sows had ad libitum Myristic (C14:0) 112 102 .05
high concentrations of fat (ten percent access to diets, starting immediately Palmitic (C16:0) ~ 23.39  23.33 N.S.
or more) decrease feed intake slightly. after farrowing. Farrowing room tem- -amitoleic(C1e:1) = 2.18 = 213 N.S.
_ ghty. g. Farrowing " Stearic (C18:0) 1312 1303 NS.
However, because of the increased enperature was maintained at approxi- gpeic (c18:1) 47.38 47.63 NS.
ergy density of these diets, energy in- mately 70F, except for four days dur- Linoleic (C18:2) 12.43 12.49 N.S.
.37 36 N.S.

take is increased by approximately 1.5ing the final week of the study, when Linolenic (C18:3)

Mcal of metabolizable energy/day. This daily high temperatures reached be-“Data are presented as a percentage of the total of
increase in energy intake by the sow istween 80 and 90°F. Continuous light- these fattyacids presentin the sample. The number

reflected in small improvements in the ing was provided.
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Table 4. Effect of 0 or 10% tallow in the sow
lactation diet on sow and pig per-

formance
Criteria Control Tallow P<
No. of sows 15 15
Feed intake, Ib/d
doto7 8.60 838 N.&
d7tol4 12.67 12.76 N.S.
dl4to21 11.99 11.64 N.S.
Average 11.09 10.93 N.S.
Metabolizable energy intake, Mcal/d
d0to7 12.77 14.19 N.S.
d7tol4 18.77 21.57 .05
dl4to21 17.75 19.70 .10
Average 16.43 18.49 .05
Sow weight change, Ib
d0to7 1.56 3.76 N.S.
d7to14 1.56 7.48 N.S.
dl14to21 -15.71  -14.30 N.S.
Overall -12.58 -3.06 N.S.
Litter weight, Ib
do 32.91 31.86 N.S.
d7 57.09 57.20 N.S.
di14 93.48 97.17 N.S.
d21 128.02 136.27 .05

N.S. = not significant, P > .10.

Table 5. Effect of 0 or 10% tallow in the sow
lactation diet on body weight and
composition of 21-d old pigs

Criteria Control Tallow P<

No. of pigs 30 30
Live weight, Ib 12.76 13.35 .10
Carcassweigfith 11.88 1252 .05

Fat, % 10.41 13.68 .05
Protein, % 15.35 14.70 .05
Ash, % 270 269 N&
Dry matter, % 30.47 32.93 .05
Water, % 69.53 67.07 .05

dCarcass weight is the weight of the frozen animal
after gastrointestinal contents were removed. All
percentage data are expressed as a percentage
carcassweight.

N.S. = not significant, P > .10.

Table 6. Effect of 0 or 10% tallow in the sow
lactation diet on the weight ogcarcass
components of 21-d old pigs

Criteria Control  Tallow P<

No. of pigs 30 30

Fat, Ib 1.241 1.711 .05b
Protein, Ib 1.825 1.842 N.S.

Ash, b .320 337 N.S.
Dry matter, Ib 3.628 4.122 .05
Moisture, Ib 8.261 8.397 N.S.

Al data are calculated from carcass weight and
Bercentage data.

N.S. = not significant, P > .10.

Sow and litter weights and feed
intake were recorded weekly, from day
zero (within 24 hours post-farrowing)
to day 21. Litter size was standardized

to 10 pigs per litter within 48 hours significant differences were observed
after farrowing using pigs from a sepa- in sow weight change, although over-
rate group of sows managed similar toall control sows lost 9.5 pounds more
experimental sows during gestation. than sows fed tallow.

Atweaning, a backfat sample was taken No differencesin litter weight were
from the last rib region of each sow for observed on days zero, 7 or 14. How-
fatty acid analysis. A barrow and gilt ever, litters from sows fed tallow were
from each litter was selected for deter- heavier (P < .05) at day 21 than litters
mination of body composition. These from control sows. A majority of previ-
pigs (n = 60) were euthanized and ous studies where high-fat lactation
gastrointestinal contents were removed.diets have been fed have also reported
Diets and carcasses were analyzed foheavier litter weights at weaning.

dry matter, protein, fat and ash con- Pigs chosen for body composition
tent. Data were analyzed as a random-analysis from sows fed 10% tallow
ized complete block experiment with were heavier than controls, both on a

gilts blocked by farrowing room. live weight (P < .10) and a carcass (P
< .05) basis (Table 5). Composition of
Results and Discussion pigs from sows fed tallow differed from

that of control pigs. Pigs from sows fed

Analyzed nutrient content of the tallow were higher (P < .05) in dry
diets were similar to predicted values matter percentage and lower (P < .05)
(Table 1), but protein concentration in percentage water than control pigs
tended to be lower than formulated (Table 5). This increase in the dry
concentration. However, values for all matter percentage was due to an in-
nutrients exceeded the NRC require- crease (P <.05) in the percentage fat of
ments. Fatty acid composition of the these pigs. Percentage protein was lower
diets is provided in Table 2. in pigs from sows fed tallow, although

Fatty acid composition of sow the total pounds of protein did not
backfat samples was similar betweendiffer between treatments (Table 6).
treatments (Table 3), with the excep- Pounds of fat and dry matter in car-
tion of a higher proportion of myristic casses of pigs from sows fed tallow
acid in control sows. Because myristic were increased (P <.05) in comparison
acid was not present in the control diet, to pigs from the control-fed sows.
this would indicate net synthesis in Lactating sows fed diets high in
adipose tissue of these sows. This hy-tallow tended to have slightly reduced
pothesis is further supported by the feed intakes and increased metaboliz-
slight, but nonsignificant, increases in able energy intakes during lactation.
the proportions of palmitic and Thisincrease in energy intake resulted
palmitoleic in backfat samples from in an increase in the milk fat percent-
these sows; these fatty acids are preserdige in previous experiments and it has
in concentrations greater than would now been shown to affect carcass com-
be predicted by diet composition. For position of the suckling pig. Pigs nurs-
sows fed tallow, myristic acid was ing sows fed tallow were heavier at 21
present in adipose tissue in lower con-days than control pigs; however, most
centrations than in the diet. of the difference in weight was attrib-

Feed intake did not differ between uted to the increased fat in the carcass.
dietary treatments (P > .10; Table 4). Additional research is required to as-
However, sows fed the high-fat diet sess the effects of these compositional
consumed more metabolizable energychanges on subsequent performance of
than did control sows on weeks two pigs from sows fed tallow during lacta-
and three of lactation, as well as for thetion.
entire lactation. This result is sup-
ported by numerous studies have re- s _

. . . cott L. Tilton and Paul M. Ermer are
portEd S“ght decreases in feed Intake'graduatestudents,Austin J.Lewisis aProfessorand
but increases in energy intake during phillip S. Miller is an Associate Professor,
lactation by adding fat to the diet. No Departmentof Animal Science.
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Addition of Fat to Diets of Lactating Sows:
Il. Effects on Energy Mobilization and
Hormone-Sensitive Lipase Activity

Scott L. Tilton
Austin J. Lewis
Phillip S. Miller
Paul M. Ermer?

in the mobilization of nonesterified were collected 15 and 5 minutes before
fatty acids (NEFA), glycerol and glu- epinephrine administration and zero,
cose due to epinephrine stimulation. 2, 4, 6, 8, 10, 15, 20, 25, 30, 45, 60 and
Hormone-sensitive lipase activity was 120 minutes after administration of
also determined because this enzymeepinephrine.
catalyzes the rate-limiting step in the Plasma was separated and ana-
release of energy from adipose tissue.lyzed for glucose, NEFA and glycerol.
The effect of dietary fat intake on Baseline, peak height adjusted peak
height, and area under the curve were

the ability of the lactating sow to mo- culated f n beak heiah
bilize energy from adipose tissue fat - etnarity  calculated for each sow. Peak height
Experiment ISeventeen first-parity consisted of the average of the 8, 10

was examined. Sows had ad libitum ¢rosshred sows were used to examine : I h
access to diets formulated to containedhe effect of feeding a 10% tallow and 15 minute samples, whereas ad-

1% lysine and either zero or 10% tal- |actation diet on epinephrine-stimu- justed peak height was corrected for
low. Data from two epinephrine chal- |5ted energy mobilization and hormone- differences in baseline concentrations
lenges indicated sows fed tallow tendedsensitive lipase activity. Sows received of the metabolite (i.e., peak concentra-
to have higher baseline concentra- approximately 4 pounds/day of astan_tlon-basel!ne concentration). Baseline
tions of nonesterified fatty acids (NEFA) dard corn-soybean meal based gestaOlcentration was the average of the
and lower stimulated release of NEFA tjon diet until farrowing. On day 110 two samplgs co!lected before epineph-
in response to epinephrine than did of gestation, sows were moved to far- """® administration. Response areawas
control sows. Because baseline glyc-rowing crates. Sows were randomly calculated from zero to 45 minutes
erol values did not differ between treat- ajiotted within room to receive eithera o €Pinéphrine infusion, by averag-
ments, we interpreted this to suggestcorn-soybean meal (n = 9) or a corn- 9 the values obtained from consecu-
control sows tended to re-esterify (re- soybean meal with 10% tallow (n = g) V€ me points and multiplying the
cycle) a greater portion of the fatty giet (Table 1). Diets were formulated 2 c 29¢ by the time elapsed between
acids during unstimulated (no epineph- {5 contain 1% lysine and contained the two data points. Data were then
rine treatment) conditions. This is in 1109 of the NRC requirements for Summgd over the 45-minute period.
agreement with the finding that di- other nutrients. Farrowing room tem- Adipose tissue samples were col-
etary fat did not affect hormone-sensi- perature was maintained at'?Gand lected at weaning (d 21) from anesthe-

tive lipase activity on day 21 of lacta- there was continuous lighting. Pigs

Summary and Implications

Procedures

Table 1. Composition lactation of diets

tion. were cross-fostered within 48 hours:I -y P——
Introduction after birth to standardize litter size. "9/¢2eM % ontrol  alow
Sow and litter weights were recorded o™ 67.9 56.80
- ) Kl . f . Soybean meal, 46.5% CP 28.00 29.00
The addition of fat to the diet of ©Onaweekly basis. Sow feed disappear-r,,, 000  10.00
the lactating sow typically results in a &nce was recorded daily. Dicalcium phosphate 210 2.30
slight increase in energy intake. There ~ On day 3 of lactation, sows were L'”I“es“’”e 40 30
. : . ' : : ; Salt 50 50
content of milk and an increase in €tersconsisted of sterile medical-grader ace mineral premix 10 10
energy intake by suckling pigs. During tubing mserteq throth.an ear vein. oo iated composition:
lactation, the rates of lipid synthesis Sows received an epinephrine C'hal- Metabolizable energy,
and esterification in adipose tissue are!l€nge on day 6 and 20 of lactation. Mcal/lb 1.42 1.63
! ; sine, . .
gestation. However, little is known C€sses of fatty acid breakdown from Cglciumf% P e
about the in vivo and in vitro ability of triacylglycerol in adipose tissue. Dos-  pnosphorus, % 75 75
the lactating sow to mobilize energy 9€ of epinephrine used was .73 mg /IbAnalyzed composition:
from adipose tissue and the affect of Of body weight. This dosage was cho- Emte'n‘% ” ;Z"l‘r; ;?'gg
. . . ; ; ry matter, % . .
dietary fat on this ability. sen because alinear response up to this Ether extract, % 300 1135
The objectives of the following dosage was reported in the 1996 Ne-  caicium, % 1.09 1.07
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Table 2. Effects of an epinephrine challenge during d 6 and 20 of lactation on plasma metabolite (Table 2). This led to decreases in the
concentrations in sows fed either a corn-soybean meal diet or a similar diet with 10% adjusted peak concentration of NEFA
tallow (Experiment 1) .
= S and the NEFA response (to epineph-
Treatme Collection time P< rine) area in sows fed tallow . How-
Criteria Control Tallow d6 d20 Trt  Period ever, these differences were not statis-
Nonesterified fatty acids tically significant. Because the NEFA:

b

BaselineyEq/L 1358 26L7 2322 1654 NS NS glycerol ratio in control sows was lower
PeakpEq/L 208.2 274.3 275.0 2075 N.S. N.S. (P<.10) both at baseline and peak con-
Adjusted PeakiEq/L 72.3 12.6 42.8 42.2 N.S. N.S. -+Y) g p
Response arqiEq*L” centrations, we believe control sows
*min’ 3738 1760 3370 2128 N.S. N.S.  may be re-esterifying more NEFA dur-
G'ychrgé“nwmollL c61 0 705 c6.0 " \.s. ing stimulated and nonstimulated con-
Peakymol/L 101.0 95.7 108.4 88.3 NS ns  ditions.In addltlon,'c'ontrol sows seemed
Adjusted pealymol/L 34.9 25.0 285 31.4 N.S. N.s. to be more sensitive to epinephrine
Response arqanol*L than were tallow sows (higher adjusted
Gmc;g;m 1067.0 943.2 1069.3 940.9 N.S. N.S. NEFA peak and NEFA response area)_
Baseline, mg/dL 895 86.5 82.3 93.6 NS o5 Because there' were no differences due
Peak, mg/dL 98.27 95.44 908 103.0 NS.  Ns. to treatment in either glycerol and
Adjusted peak, mg/dL 8.64 9.25 8.52 9.37 N.S. N.S. glucose parameters, it would suggest
Response area, mg*dL rate of lipolysis and glucose utilization
*min 362.8 250.9 246.9 366.8 N.S. N.S.

NEFA:glycerol ratio were not affected by dietary treatment.

Baseline 1.70 4.24 2.92 3.02 09 N.s. The lack of differences in hormone-
Peak 1.61 2.63 2.29 1.96 .06 N.S. sensitive lipase activity from either
8Litter weight gain and sow weight loss were used as covariates in this analysis. The number of sows fed clnperiment 1 or 2 (Table 3) further
and tallow diets was 9 and 8, respectively. supports the conclusion that no differ-

Not significant, P > .10. : . P
ence exists for the rate of lipolysis in

sow adipose tissue due to the addition

Table 3. Effect of diet on hormone-sensitive lipase (HSL) activity in sows on d 21 of lactation of fat to the lactation diet.

Criteria Control Tallow P< Plasma glucose concentration was
EXperim(f%ntl o o greater (P < .05) on day 20 than day 6
No. of sows £l : : :

ion. This gl r nse i
nmol FFAbreIeased,nmoI/mL 334.50 315.98 N.s. ?k ?C;ato h S 9 UCOSQ feSde. SekS
nmol FFA released/mg protein 125.17 128.56 N.S. Ikely ue_tOt eincrease infeed inta e
nmol FFA released/g of tissue 669.00 631.95 N.S. as lactation progressed (observed in
HSL, IU/g of tissue 11.15 10.53 N.S. the previous report). Although not sig-

EXpﬁg“;f;‘xvs 15 15 nificant, peak height and response
nmol EEA released/mL 316.8 3924 N.S. areas for these' metabolites follow
nmol FFA released/mg protein 106.8 108.8 N.S. similar trends, with NEFA and glyc-
nmol FFA released/g of tissue 633.6 644.7 N.S. erolvalues decreasing and glucose values
HSL, U/g oftissue 10.56 10.75 N.S. increasing as lactation progresses.

3L itter weight gain and sow weight loss were used as covariates in this analysis.
FFA =free fatty acid.

“Not significant, P > .10. Conclusions

The lactating sow is able to in-
crease energy mobilization from adi-
pose in response to epinephrine. It
seems likely adipose tissues (fat) in
lactating sows consuming diets with a

tized sows. Samples were flash-frozenous experiment. Biopsies were taken
using liquid nitrogen and stored until at weaning (d 21) and treated as in
analyzed for hormone-sensitive lipase Experiment 1.

activity. Hormone-sensitive lipase is

the enzyme in adpqse tlssue.assumed Results and Discussion high concentration of tallow are less
to be the rate-limiting step in fatty responsive to signals (epinephrine)
acid breakdown from triacylglycerol Formulated and analyzed nutrient P 9 pinep

stimulating lipolysis. In addition, fatty

(lipolysis). Diets were analyzed for levels for diets are presented in Tableacidsseemto be re-esterified (recycled)

dry matter, protein, fat, calcium and 1. In general, formulated and analyzed : A
) . to a lesser extent after lipolysis in sows
phosphorus. values agreed; however, calcium and :
; ; consuming tallow.

Experiment 2.Thirty sows were phosphorus percentages analyzed be-
used to determine further the effect of tween .1 and .2% greater than formu-
dietary fat during lactation on hor- lated values. IScott L. Tilton and Paul M. Ermer are
mone-sensitive lipase activity. Sows Sows fed tallow tended to have graduatestudents, AustinJ.LewisisaProfessorand

were managed as reported in the previ-higher baseline concentrations of NEFA Phillip S. Miller is an Associate Professor,
Department of Animal Science.
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Retention of Selected Nutrients in Grilled
Boneless Pork Chops

Judy A. Driskell bile nutrient found in meat, was mea- tamins and selenium. True retention
Fayrene L. Hamouz sured as an index nutrient. was calculated as the nutrient content
Sharon L. Davis Cooking methods affect retention of the chop cooked, divided by its
David W. Giraud values for many nutrients. Previous content before cooking multiplied by
Jidong Surt studies in our laboratory indicated re- 100.
tention values for vitamin B-6 were
significantly higher in Chef's Primg Results and Discussion
Summary and Implications pork loin roasts cooked in a bag than

those roasted, while those roastedwere  The cooking times for the chops,

Fresh pork Canadian Backs, cut significantly higher in B-6 retention expressed as minutes per gram, are
into boneless pork chops, were cookedthan those braised. Also, retention valuesgiven in Table 1. Significantly longer
to 160F internal temperature by grill-  for thiamin were significantly higher (P<.05) cooking times were observed
ing at one of the following tempera- in roasts cooked in a bag and roastedfor chops grilled at 206 than for
tures: 200, 250, 300, 350, or 480 than in those braised. Significantly those grilled at the higher tempera-
Significantly longer cooking times more vitamin B-6, thiamin, iron, mag- tures. Yield values for chops in the
were observed for chops grilled at nesium and zinc also were retained indifferent treatment groups were simi-
20CF than for those grilled at the pork strips cooked by stir-frying than lar.
higher temperatures. The yields, as by broiling or microwaving. Higher equipment temperatures
well as the moisture and crude fat The purpose of the present study have greater impact on internal color
content of the chops in the different was to determine the retention of sele-than on external color. The internal
treatments, were similar. Retention nium, vitamin E, vitamin B-6 and thia- color of the cooked chops was signifi-
values for selenium were similar for min in boneless pork chops preparedcantly more (P<.05) red when chops
all treatment groups. Chops grilled onacommercial grill set at five differ- were grilled at 20% than when grilled
at 400F had significantly lower ent temperatures, but brought to theat temperatures of 300, 350 or 4B0
retention values for vitamin E and same internal temperature of 260 External color of the cooked chops was

thiamin and a tendency for lower not influenced by grill temperature.
retention values for vitamin B-6. To Methods The moisture content of cooked
optimize cooking time and nutrient chops in the different treatment groups
retention, the most desirable tem- Fresh pork Canadian Backs were was also similar (mearnt+ standard
peratures for grilling boneless pork cut into boneless pork chops (1 in deviation = 59.8+ 3.1 g/100 g); the
chops are 250, 300, or 330 thick, .1 in fat trim, mean of 140 g). same was true with regard to crude fat
Chops were vacuum packaged and helccontent (10.0+ 3.6 g/100 g). Values
Introduction at -30F for less than 30 days before for moisture were similar to USDA

refrigerator defrosting and grilling. For Handbook values, but those for crude

Nebraskans and other Americans the grilling, a commercial grill was set fat were lower. This may be due to
select pork as a meat choice about 24%at the following temperatures: 200, swine production practices which have
of the time. Pork cuts are sources of 250, 300, 350 and 480. The chops produced leaner pigs in recent years.
many essential nutrients, including were turned when an internal tem- True retention values for selenium
vitamin B-6, vitamin E and selenium. perature of 9% was reached. Allchops were similar for all treatment groups
These nutrients are a potential public were cooked to 188 internal tem- and were close to 100%. True reten-
health issue in our country. Many perature. Each cooking occasion wastion values for the selected vitamins in
Americans consume less than adequateeplicated five times. Cooking times the cooked pork chops are given in
guantities of vitamin B-6 and vitamin and yields were determined. Figure 1. Chops grilled at 4@ had
E and selenium have been implicated Samples of all chops, including a significantly lower (P<.05) retention
as possible protective factors with re- raw chop for each cooking occasion, values for vitamin E and thiamin than
gard to the incidence of cancer andwere taken for chemical analyses. those grilled at lower temperatures.
coronary heartdisease. Little is known, Moisture, crude fat, selenium, vitamin Chops grilled at 40% tended to have
however, about the content of theseE, vitamin B-6 and thiamin content of lower retention values for vitamin B-6
two nutrients in most foods, including all samples were determined and truethan those grilled at lower tempera-
pork cuts. Thiamin, the most heat la- retention values calculated for the vi- tures; however, these differences were
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Table 1. Effect of grill temperature on yield and cooking times for boneless pork cho%)s

Grill temperatureo,F Yield Cookingtime
(%) (min/g)
200°F 76.88+ 3.90 0.2+ 0.052
250°F 78.29+ 4.61 0.14+ 0.03
300°F 77.57+ 4.84 0.13t 0.02
350°F 77.63+ 3.98 0.1+ 0.02
400°F 76.01+ 6.25 0.10+ 0.01

Yalues given as mearstandard deviation.

2Significantly higher (P<.05) than cooking times of other groups.
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not significant.

Cooked pork chops (3.5 ounces)
were found to contain approximately
96 to 144% of the selenium, 3 to 5% of
the vitamin E, 14 to 20% of the vita-
min B-6 and 18 to 42% of the thiamin
needed to meetthe daily Recommended
Dietary Allowances of adults.

Conclusions and Implications

To optimize cooking time and
nutrient retention, the most desirable
temperatures for grilling boneless pork
chops were 250, 300 and 360Reten-
tion values for nutrients were higher
when chops were cooked on grills set
at lower temperatures. The cooking
time was longer at the lowest grill
temperature. Boneless pork chops are
rich sources of selenium and good to
rich sources of thiamin and vitamin B-
6, nutrients which Americans frequently
consume in low amounts. The chops
also provide some vitamin E.

LJudy A. Driskell is a Professor, Fayrene L.
Hamouz, an Assistant Professor, Sharon L. Davis
and Jidong Sun, graduate students and David W.

Figure 1. Trueretention of selected vitamins in boneless pork chops grilled at various temperatures.
Values represent meang standard deviations. Values for each nutrient not sharing a
common superscript are significantly different at P<.05.

Giraud, a Research Technologistin the Department
of Nutritional Science and Dietetics, University of
Nebraska-Lincoln.

Pork Quality Assurance...Dollars and Sense

Angela Baysinget

Summary and Implications

ducers Council on behalf of the pork

Why Worry?

sibility on producers to provide them a

The PQA program is based on the

industry, is available to help pork pro- Hazard Analysis and Critical Control
ducers answer these questions andPoints (HACCP) process. This is an
ensure future success.

evaluation program routinely used by

the Food Safety and Inspection Service
(FSIS) to monitor slaughter and pro-

Producers need to be conscious ofcessing facilities. The PQA program
the effect of swine health on pork qual- helps producers in evaluating the fol-
ity. Packers have switched to more lowing critical control points.

Is there any reason a pork pro- carcass buying, placing more respon-
ducer wouldnot want to reduce pro-
duction cost or improve management quality pig. Producers must withstand
skills? With the pork industry becom- the loss for pigs condemned for health
ing more consumer driven, should pro- reasons. The Pork Quality Assurance
ducers take an active role in produc- (PQA) program helps producers,
ing a quality pork product? The Pork through an analysis of their herd health
Quality Assurance (PQA) Program, protocol and management techniques,
developed by the National Pork Pro- to produce better quality pork.

Establish an efficient and effec-
tive herd health management
plan.

Establish a valid veterinarian/
client/patient relationship.
Store all drugs correctly.

Use only FDA approved over-
the-counter or prescription drugs
with professional assistance.
Administer all injectable drugs
and oral medications properly.

(Continued on next page)

Page 31 — 1997 Nebraska Swine Report



o

ang et aaves 1 Space Allocation Decisions for

* Maintain proper treatmen

records and adequate identif}- BarrOWS and GlItS

cation of all treated animals.
» Use drug residue tests Wheln

appropriate. I Mike Brumm one to two weeks while waiting for the
* Implement employee/familyl Jim Dahlquist! slower growing gilts to achieve similar
awareness of proper drug usade. market weight. In many smaller facili-
» Complete quality assurancp ties, this differential in growth rate
checklist annually. [ Summary and Implications results in the inability of producers to

market load lots of pigs, resulting in
An experiment was conducted to marketaccess restrictions due to trans-

|
Benefits |
| determine if barrow and gilt perfor- portation costs. The purpose of the
|
|

The following are benefits for pro; mance could be modified by varying following experiment was to see if
ducers of becoming PQA certified. pen space allocation for each sex and barrow and gilt performance could be
. Anobijective professional assesg- Whether performance of barrows given modified by varying the space alloca-
less space per pig could be enhancedtion and if performance of barrows
practices (ie. people/pig flow; With @ more nutrient-dense diet. Bar- given less space per pig could be en-
biosecurity, processing, etc.) | fOWs given 6 ftof pen space per pig hanced with a more nutrient-dense diet.
« Examine the production process consumed less feed and grew slower

ment of their pork productio

for possible cost saving areas With no effect on lean gain compared Methods
(ie. vaccine, antibiotic or feed! to barrows provided 7 ¥of pen space . . .
additive usage). | per pig. Increasing diet nutrient den- Terminal-cross pigs of high lean

« Discuss newly available animal Sity by feeding the diet sequence rec-gain potential were allotted to various
ommended for gilts to barrows had no floor space and dietary treatments (Table

effect on performance for barrows at 6 1)- Treatment 3 was included to deter-

ft2 per p|g No differences in perfor- mine the effect of feeding a gllt diet

health care products with a vel-
erinarian. |
» Review and update facility

design and repair needs. | MAance or carcass measurements were(higher in lysine and other essential
+ Learn new technology ang found when space allocation for gilts amino acids beginning at 80 pounds

deVeIOpmentS to improve th was |ncreased from 7 to 8mer p|g I|VeWe|ght) to barrOWS g|Ven |ESS f|00r

production system, nutritio These results suggest that instead ofSPace. _

program and swine health. Fqr Stocking all-in/all-out (AIAO) man- The experiment was conducted at

aged grow-finish facilities at 72fper ~ the University of Nebraska's North-
insight into segregated earl pig for both barrows and gilts,.growth east Research and Extension Center at
weaning, all-in/all-out, the lat] rate of barrows can be restricted to Concord from November - March 1996.
est dietary lysine recommerl Match that of gilts if barrows are given The facility was a fully slatted, double
dations or the most recerlt 6 fz and g||t58ﬁ0f pen space per p|g W|de, natura”y ventilated bar.n with
reports on Porcine Reprodud- FOr Producers with barns of 500 head fresh water under slat flushing for
tive and Respiratory Syndromp Capacity managed AIAO, this manipu- manure removali. Pen size was 7 ft x 8
(PRRS). | lation of barrow growth results in in- ft with the experimental space alloca-
| creased numbers of barrows and gilts tions achieved by varying the number
Producers can certify by a one-ofp- of the same weight at the same time,0f pigs per pen. In the event of pig

one consultation with their veterinan- thus increasing producer marketing rémoval for poor performance, pen
size was adjusted to maintain the de-

sired stocking density. There was one
nipple drinker per pen and one two-
hole self feeder.

example, producers can gai

ian, local extension educator, vocg- OPtions.
tional agricultural teacher or throug ]
statewide certification meetings. T Introduction

maintain Level Ill status, producer ) . .
must re-certify every other year. Far A frustration for many pork pro- Diets were formulated with corn

more information aboutthe Pork Qualify ducers utilizing all-in/all-out (AIAO) and soybean meal according the Uni-
Assurance Program, contact the NE-Mmanagement in growing-finishing fa- versity of Nebraska recommendations
braska Pork Producers Association, Ink. Cilities is that barrows generally grow for barrows or gilts of high lean gain
at (402) 472-2563. | faster than littermate gilts. This faster potential. Diets were switched on the
daily gain results in facilities which Week pens of pigs averaged 80, 130

may have up to 50% of the pens emptyand 190 pounds. The lysine sequence

1Angela Baysinger is an Extension Swinle
Veterinarian, Department of Veterinary Science
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Table 1. Dietary and floor space treatments

Treatment No.of pens Floor space ,Zipig Sex Diet provided
1 6 7 Barrow Barrow
2 6 6 Barrow Barrow
3 6 6 Barrow Gilt
4 6 7 Gilt Gilt
5 6 8 Gilt Gilt
Table 2. Effect of space allocation on sex-fed growing-finishing pigs
Barrows Gilts Contrasts
Space (ﬁlpigg: 7 6 6 7 8 1 2 4 1+4
Diet™ B B G G G VS VS VS Vs
Treatment: 1 2 3 4 5 2 3 5 2+5
No. pens 6 6 6 6 6
Pigweight, Ib
Initial 50.0 50.2 50.1 49.0 49.0
Final 255.8 253.9 253.3 251.6 254.2
Average daily gain, Ib 1.88 1.79 1.79 1.72 1.78 P<.05° NSIS NS
Average daily feed, Ib 5.98 5.80 5.76 5.48 5.52
Feed:gain 3.18 3.23 3.23 3.18 3.10
Carcass % ledn 49.6 49.9 50.0 52.0 51.6 NS NS NS NS
Lean gain, Ib/8 .78 .79 .78 .83 .82 NS NS NS NS

Providing barrows housed at 8 fter
pig a diet sequence designed for the
lower feed intake of gilts did not im-
prove daily gain, feed conversion effi-
ciency, carcass lean or lean gain com-
pared to barrows fed the recommended
diet sequence.

In this experiment, providing bar-
rows 6 fe and gilts 8 #of pen space per
pig resulted in similar rates of gain
from purchase to slaughter. However,
carcasses from barrows still had a lower
percent lean than those from gilts and
increasing dietary nutrient density to
crowded barrows by feeding diets in-
tended for gilts did not improve their
performance.

Conclusion

These results suggest performance

P<.075 NS NS Nsof barrows in AIAO managed grow-
NS NS NS NS finish facilities can be altered such

ZB = diet designed for barrows and G = diet designed for gilts.
Not significant.
Containing 5% fat.

for the gilt diets was 1.00, .93, .88, and
.69%. For the barrow diets, the lysine
sequence was 1.00, .88, .73, and .60%.

Individually identified pigs were

Results and Discussion

that their daily gain is similar to gilts
if barrows are provided 6%fand gilts

8 ft2 of pen space per pig. There is no
effect on either performance or carcass
measurements if barrows, which are
restricted to 6 ftof pen space per pig
and have lower daily feed intake than
those given 7 ftof pen space per pig,

Reducing space allocation for bar- are given a diet sequence higher in
rows from 7 to 6 ftper pig resulted in

lysine and other amino acids begin-

removed for slaughter on the week a reduction in daily feed intake and ning at 80 pounds liveweight.

they weighed 240 pounds or greater.daily gain, with no effect on feed effi-

Carcass lean percentage was estimatediency, carcass lean or lean gain (Table

using total body electrical conductiv- 2). While not significant, there was a

IMike Brummis a Professor of Animal Science

ity (TOBEC) on the individually iden-  slight increase in daily gain for gilts at 2ndanExtension Swine Specialistand Jim Dahlquist

tified carcass at SiouxPreme Packing8 ft2 vs 7 f¢ of pen space per pig.

Co, Sioux Center, IA.

was a Research Technologist, Animal Science atthe
Northeast Research and Extension Center, Concord.
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Impact of Feeder and Drinker Designs on Pig
Performance, Water Use and Manure
Production

Mike Brumm Introduction water meters installed in the water
Jim Dahlquist! delivery line corresponding to the
Selection of feeders and waterers manure pit location. Manure produc-

in growing-finishing facilities repre- tion was estimated by recording the

Summary and Implications sents a major cash outlay that impactsmanure depth in each pit prior to re-
pig performance and facility manage- moval of the pull-plug.
Two experiments were conducted ment for the life of the equipment Carcass lean was measured on in-

to examine the impact of feeder and (often seven to 10 years or longer). In dividually identified pigs at slaughter
drinker designs on pig performance, addition to concerns regarding the using total body electrical conductiv-
water use and manure volume. In theimpact of the equipment selected onity (TOBEC) technology at SiouxPreme
first experiment, pigs with access to a Pig performance, an increasing num- Packing Co, Sioux Center, IA.
Crystal Springs® wet/dry feeder grew ber of producers are making equip- Experiment 1Both a winter and a
faster, but had a poorer feed conver- ment decisions on the basis of watersummer trial were conducted to com-
sion and similar carcass merit as pigs Us€ and the resulting implications on pare the Crystal Springavet/dry feed-
using dry feeders with wall-mounted Manure storage requirements. Theseng system to conventional dry feeders
nipple drinkers. Water use was re- €xperiments compared differentfeederwith nipple drinkers. The Crystal
duced 25.6% in the combined winter and waterer systems to a conventionalSprings® feeders provided two feed-
and summer trials and manure volume System consisting of stainless steel drying spaces for 24 pigs and a single
reduced 28.9% in the summer trial for feeders with nipple drinkers mounted nipple drinker in the feed trough. No

the wet/dry feeder system versus theOVer partial slats. other drinking water source was pro-
dry feeder and wall-mounted nipple vided in these pens. _
drinker system. In the second experi- Methods Two 3-hole Smidley® stainless
ment, there was no difference in pig steel feeders were provided as the con-
performance or carcass merit for pigs General.In each experiment, pigs ventional comparison. The feeders were

using Trojan WaterSwing® drinkers Were housed in similar, mechanically located three to four feet apart so pig
versus gate mounted Trojan nipple ventilated, partially slatted finishing access to all feeder holes was not re-
drinkers. There was an 11.1% reduc- barns at the University of Nebraska'’s stricted. There were two nipple drink-
tion in water use and a 16.2% reduc- Northeast Research and Extensioners provided on the wall opposite the
tion in manure volume for pigs using Center at Concord. Each barn had sixfeeders over the slatted portion of the
the swinging waterer. The reduction in 12 ft x 15 ft pens with 50% of the pen pens.

manure volume for both systems com-area slatted. There were 24 pigs per Corn-soybean meal based diets
pared to a conventional dry feeder and Pen at the start of each trial. Pen size(meal form) containing 3% added fat
gate-mounted nipple drinker system Was not adjusted in the event of pig were formulated to contain either .9%,
has implications for designing ma- death or removal for poor performance. .8% or .7% lysine; these diets were fed
nure storage devices and estimates of ~ The manure system in each barnfrom 41 to 90 pounds, 90to 170 pounds
time necessary for manure removal. Was a shallow pit drained periodically and 170 pounds to slaughter weight,
While the volume needed to store 180into a lagoon (i.e., a pull-plug system). respectively. Diets were switched on
days of manure production decreases The pens on each side of a center aislehe week pigs inindividual pens achieved
with either the wet/dry feeders or swing- had a common pit and pull-plug sys- the target weights. Overhead sprin-
ing nipple drinker, the estimated acres teém. Feeders and drinkers were as-klers were used for summer heat relief
of cropland to utilize the stored ma- signed to either the north or south sidein all pens. Individually identified pigs
nure as a fertilizer resource does not Of the aisle so manure production could were slaughtered the week they weighed
change. It appears the difference in Pe estimated from manure depth in the230 pounds or greater.

volume is due to a reduction in water common pit for each feeder or waterer Experiment 2.0ne winter trial
wastage only. The total pounds of nu- type. was conducted to compare pig perfor-
trients (N, P, K, etc) in the stored Water disappearance (animal in- mance and water use with the Trojan
manure do not change, only their con- take and waste) was measured for eactWaterSwing® swinging nipple drinker
centration per 1,000 gallons. drinker or feeder type in each barn by versus conventionally installed Trojan
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nipple drinkers. The WaterSwing® vidual pens averaged 80, 130 and 190was reduced 25.6% for the wet/dry
drinker consisted of two nipple drink- pounds. Individually identified pigs feeders compared to the dry feeders
ers attached to a delivery pipe which were removed for slaughter on the and nipple drinkers. There was no
was suspended from a chain anchoredveek they weighed 240 pounds or effect of season on water use, even

to the ceiling in the middle of the pen greater. though the summer of 1995 was ex-
of pigs. The conventional nipple drinkers tremely hot.

were installed on the slotted portion of Results and Discussion Manure volume was not statisti-
the pen partition over the slatted por- cally analyzed for the winter trial due
tion of the pen. The two conventional Experiment 1There was no inter- to a water leak problem in one of the

nipple drinkers were spaced 32 inchesaction between feeder type and seasonmanure pits for part of the trial period,
apart to limit pig dominance activities The main effects of feeder type are resulting in only one observation of
when drinking from one of the drink- presented in Table 1. Pigs using the manure volume for the wet/dry feeder.
ers. Pigs were weighed every two to two-hole Crystal Springs® wet/dry Forthe summer trial, there was a 28.9%
three weeks. Both nipple drinker types feeding system gained weight faster reduction in daily manure volume for
were adjusted for height, to provide and ate more feed than those using twopigs with access to the wet/dry feeders.
two to four inches of clearance be- three-hole Smidley® dry feeders. Be- While manure samples were not col-
tween the shoulder of the pigs (while cause feed disappearance increased motlected for an estimate of manure dry
standing) and the bottom of the drinker. than daily gain, feed:gain was poorer matter content, it can be theorized the
All diets were corn-soybean meal for pigs with access to the wet/dry reduction in manure volume was due
based (meal form) with no added fat feeders. There was no effect of feederto a reduction in water wastage.
and formulated to meet the University type on the number of pigs that died or Experiment 2There was no effect
of Nebraska recommendations for pigs were removed for poor performance or of nipple drinker type on average daily

of high lean gain potential. Diets were on carcass lean at slaughter. gain, feed intake, feed conversion effi-
switched on the week pigs in indi- Total water use (gallons/pig/day) ciency, carcass lean or on the number
of pigs that died or were removed from

Table 1. Effect of feeder type on pig performance the experiment due to poor perfor-
Feedertype mance. Total water use was reduced

ltem Wet/dry Dry PValue 11.1% for the WaterSwing® drinker

compared to the conventional nipple

g%\‘:;?gsm b 12 12 drinkers. There was a 16.2% reduction
Initial 40.9 40.9 in manure volume for the first 103
Final 238.1 236.7 days of the trial. A water leak in a
ﬁvefagega_':y?a'gy:g EZ i-gg 0;-35 manure pit prevented collection of
verage daily feed, . . <. . .
Feed:gain 3.05 296 <005 manure volume dgta following the first
Carcass % ledn 46.7 47.0 >.10 103 days of the trial.
Water, gallons/pig/d 1.19 1.60 <.05
Manure production, gallons/pig/d Conclusion
Winter”® 85 1.30
Summe? 1.33 1.87 <.05

Installation and use of either the
Crystal Springs® wet/dry feeder or
Trojan WaterSwing® drinker resulted

aContaining 5% fat.
Not statistically analyzed due to a water leak.
“One estimate for wet/dry feeders and two for dry feeders.

%Two estimates for each feeder type. in a significant reduction in daily wa-
ter use and manure volume compared
Table 2. Effect of drinker type on pig performance to conventional dry feeders and wall or

gate-mounted nipple drinkers. Pigs with

Drinkertype
i accesstothe wet/dry feeder grew faster

Item Conventional Swing Pvalue as aresult of a higher daily feed intake,
No. pens 6 6 but they had a poorer feed conversion
Pig weight, Ib efficiency. There was no effect of the

Initial 40.3 40.2 ; ;

Final 2423 2426 WaterSwing® on any performance trait
Average daily gain, Ib 1.65 1.66 >.10 measured.
Average daily feed, Ib 5.09 5.08 >.10
Feed:gain 3.09 3.06 >.10 . . ) )
Carcass % ledn 52.2 52.3 >.10 IMike Brummis a Professor of Animal Science
Water, gallons/pig/day 1.53 1.36 <.05 and an Extension Swine Specialistand Jim Dahlquist
Manure volume to d 103, gallons/pig/d 117 .98 <.05 was a Research Technologist, Animal Science atthe

— Northeast Research and Extension Center, Concord.
@Containing 5% fat.

Page 35 — 1997 Nebraska Swine Report



o

Purple Sulfur Bacteria in Anaerobic
Treatment Lagoons

Rick Koelsch
Tong Tong Chen
Dennis Schulté

Summary and Implications

Purple or pink colored lagoons,
indicating the presence of purple sul-
fur bacteria, are less likely to be con-
sidered an odor nuisance than a more
typical non-purple lagoon. The design
and management factors that encour-
age the growth of purple sulfur bacte-
ria are poorly understood. A study of
eight purple and non-purple lagoons
was initiated during the spring and
summer of 1996. The intent of this
effort was to identify critical factors
that would allow purple lagoons to
become a more predictable odor con-
trol alternative. A preliminary com-
parison of design and management
factors assumed to be critical suggests
more similarities between these two
groups of lagoons than differences.

Introduction

A distinct purple to pink coloring
is sometimes observed in anaerobic
lagoons receiving swine manure. This
distinct coloring, attributed to purple
sulfur bacteria (PSB), is often observed
with a reduction in offensive odors.
Under anaerobic conditions, these bac-

hydrogen sulfide (electron donor) and
ammonia (nitrogen source) for cell
growth. The oxidation of sulfides con-

lagoon wastewater, remove toxic amine lagoons were selected based upon a

compounds, and produce anti-viral previous history of turning purple while

substances. Finally, they yield a high the three remaining lagoons were non-

protein biomass which, if harvested, purple lagoons. During an initial farm

could be a potential feed product. visit, the producer was interviewed
There are several species of relative to:

PSB including Chromatium (purple-

red, purple-violet and brown-red), * livestock numbers and weights

Thiocapsa (pink to rose-red) and (for estimating manure produc-

Thiopedia These bacteria are photo- tion)

trophic - meaning light is essential to » animal housing, feeding and

their growth. Sulfides are also essen- watering systems,

tial to their growth, although both high * cleanup and flush water use,

and low concentrations restrict their » lagoon loading and effluent

growth. Most PSB species survive only removal frequency and timing,

under anaerobic (no oxygen) condi-  lagoon size and other character-

tions. Previous research has also sug- istics and

gested salinity is important to some » animal nutrition programs with

species. emphasis on copper, zinc and
The goal of this project was to antibiotics in feed.

understand the conditions that encour-
age the growth of PSB. The objectives Two additional site visits were
of our initial effort were to: made in early spring and mid-summer
of 1996 to obtain samples from the
1. determine and contrast the lagoons. Lagoon wastewater samples
design criteria used for both were taken by boat from multiple loca-
purple and non-purple swine tions at the surface and at various
lagoons; depths. Additional measures were made
2. determine the management of lagoon dimension and wastewater
criteria used in these same depth. Lagoonwastewater sampleswere
cases; analyzed for 18 distinct parameters
3. analyze andreportdatain caseincluding bacteriochlorophyll-a (indi-
study formats that enable a) cator of PSB concentration), sulfide
producerstoimprove the man- concentration, waste strength and char-
agement and understand limi- acteristics and nutrient concentrations.
tations of existing lagoons and The following discussion represents

teria use carbon dioxide (carbon source), b) designers to configure new initial results and conclusions.
lagoons that encourage growth
of PSB. Results and Discussion
Procedures Ofthe eightlagoons sampled, hone

tributes to a lagoon with fewer odorous
emissions. In addition, PSB metabo-
lize simple organic compounds reduc-
ing the pollution potential of the
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exhibited a strong purple coloring dur-
Eight pork producers with anaerobic ing late March or early April. By late
treatmentlagoons were identified. Five July, lagoons, 6, 7 and 8, which had a
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*Two distinct points for each lagoon representloading rate as measured at
time of spring and summer visits.

Figure 2. Volatile solids (VS) loading rate vs lagoon type*.

history of turning purple, were again was green as a result of an algae bloom
bright purple in color. Lagoons 4 and All lagoons were highly anaerobic at

5, which had a history of purple color- the surface and at all depths sampled

ing, did not exhibit this purple color with the exception of lagoon 2, where

and appeared more of a brown or grayan algae bloom caused elevated levels

color. Two of the three non-purple of oxygen in the wastewater. Anaero-
lagoons, 1 and 3, were very dark brownbic conditions are generally consid-
to black in color. The third lagoon (2) ered important for PSB growth.

™

To distinguish a purple lagoon
from a non-purple lagoon, the concen-
tration of bacteriochlorophyll-a was
used in addition to visual observation.
Non-purple anaerobic lagoons exhib-
ited very low bacteriochlorophyll-alevels
while purple lagoons exhibited greater
concentrations (Figure 1). The lagoon
with an algae bloom (2) and the two
lagoons that failed to turn purple in
1996 (4 and 5) had moderate levels of
bacteriochlorophyll-a. While there was
a reduced level of PSB present in la-
goons 4 and 5 compared to lagoons 6,
7 and 8, it appears these lagoons have
the potential to be purple again in the
future.

Sulfide concentration is consid-
ered important to the survival of PSB.
For all lagoons, sulfide concentrations
were in a similar range (1 to 6 mg of
sulfide per liter) with slightly lower
levels observed for purple lagoons than
for non-purple lagoons. However, the
observed ranges for sulfide in all la-
goons were not at levels considered a
limitation for PSB growth.

Producers are often encouraged to
increase lagoon size in an effort to
reduce odor nuisance potential and
encourage growth of PSB. While over-
sizing lagoons remains critical to re-
ducing odor nuisance, it may be less
essential to survival of PSB. Volatile
solids loading rate is a typical measure
of lagoon size. All three purple la-
goons had a volatile solids loading rate
considered high by most design stan-
dards (Figure 2). Purple lagoon 7 had
one of the highest loading rates ob-
servedforalllagoons. The lowestloading
rate observed was for lagoon 4 which
had a history of turning purple but
which failed to do so in 1996. It would
appear that loading rate may be less
critical than previously anticipated for
allowing PSB to prosper.

" Management factors may play a
role in encouraging purple lagoons.
Since these bacteria require sunlight,
dilution of the manure with barn flush

and clean-up water was thought to
influence the potential for sunlight

penetration and PSB growth. The purple
lagoons typically showed higher water

(Continued on next page)
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dilution levels. However, measures of factor of 10 when compared on a per more similarities than differences
sunlight penetration of each lagoon unit of lagoon volume basis. However, between purple and non-purple lagoons.
with a standard Sechi diskevealed above average levels of copper andFactors such as sulfide concentration,
penetration of 1 to 2 inches for all zinc addition were observed in both anaerobic conditions, volatile solids
lagoons with little apparent differences purple and non-purple lagoons. La- loading rate and copper and zinc load-
between non-purple and purple lagoons.goon 5, which had a history of turning ing rate do not vary substantially
These results suggest PSB growth wouldpurple, failed to do so during the sum- between purple and non-purple lagoons.
occur very near the surface of the la- mer of 1996 following an increase in These preliminary observations will
goon. However, PSB were distributed zinc addition (30 times greater than receive additional scrutiny as all data
fairly evenly to all depths of the la- previous use)to the animal feed as zinccollected from this research effort are
goons likely due to mixing caused by oxide for a four month period. Addi- examined further.
anaerobic activity and other factors. tional research into the role of anti-
Finally, anti-bacterial products in microbial products relative to PSB

. . . IRick Koelsch is an Assistant Professor,
the manure were considered a poten-growth is necessary before definite Tong

Tong Chen is a graduate student and

tial factor affecting PSB survival. Cop- conclusions can be made. Dennis Schulte is a Professor in Biological
per, zinc and antibiotics from animal Systems Engineering, University of Nebraska,
feed may impede the growth of PSB. Conclusion Lincoln.

2Black and white disk commonly used to

The addition of copper and zinc to the measure clarity of lakes.

lagoon (assuming the animal did not This preliminary review of the
retain these elements) varied by adata from eight lagoons has revealed
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Environmental Assurance Program

Jill Lorenz-Goodrich
Rick Koelscht

the program is flexible and allows pro- niques and implementation of cost-
ducers to adapt the information having effective practices for profitable pork
the greatest impact on their operation. production.

Written by and for pork produc- Learning About Regulationsn-
ers, the Environmental Assurance Pro-dustry regulations are complex. This
gram is a voluntary program with two session provides ideas on how to avoid

The popular press has brought primary components. The first is a problems, rather than react to them.
environmental challenges in the pork workshop led by local experts and the Evaluating YourselfThe most
industry to the forefront, making the second is an on-farm environmental important part of the workshop comes
pork industry a key political issue in assessment the producer does indi-when producersthoroughly review their
several states. In Nebraska, the vidually. Here are the benefits pro- own operations after they leave the

Summary and Implications

Nebraska Department of Environ- ducers receive:

workshop. The on-farm, self-assess-

mental Quality and the Nebraska

Confidence-- When producers ment in the curriculum is designed to

Pork Producers Association have evaluate their own environmental man- guide the producer in improving the

been cooperators in providing edu- agementtechniquesandlearn new onespperation’s efficiency and profits. It

cational opportunities to producers they gain confidence in their abilities.
on how they can meeting the state’s Profits -- Efficient nutrient man-

will also help producers to identify
practices to improve their stewardship

regulations and ensuring produc- agement can reduce the need for com-of the environment.

tion in an environmentally safe mercial fertilizer and add to the
manner. The National Pork Pro- operation’s bottom line.

ducers Council is a partner is this Reduce Problems- Taking ac-
effort through the development of tion, rather than reaction, will help
a national curriculum called the avoid problems that might result in
Environmental Assurance Program. nuisance suits or other legal actions.
This educational program stresses Enhance Relationships Estab-
the fundamentals of protecting lishing and maintaining good rela-
natural resources as well as on-farm tionships with neighbors and showing
management practices and tips tothat an operation is environmentally
help producers manage their opera- friendly is important to the long-term
tions in harmony with the land. The success of the pork industry.
Nebraska Pork Producers Associa-
tion, in cooperation with local pork
producer associations and exten-
sion offices, will make this program

Program Components

Knowing Where You Standt the

Knowledge is Power

Knowledge is power for today’s
pork producer. Learning how to pro-
tect the environment pays off in both
short and long-term dividends. Short-
term dividends, like improved profits,
reduced problems and enhanced rela-
tionships, can go straight to an
operation’s bottom line. Equally im-
portant, the long-term growth of the
entire pork industry will be directly
affected by the sensitivity, knowledge
and action each producer directs to-
ward protecting the environment. For

available through workshops empha-
sizing local cooperation and enhanc-

beginning of the program, producers more information about the Environ-
take a survey of their operation to mental Assurance Program, contact

ing a sense of teamwork betweenestablish their current situation. This the Nebraska Pork Producers Associa-
producers, local government and componentis designed to help produc-tion, Inc., at (402) 472-2563 or Dr.
environmental agencies. ers understand how their operation Rick Koelsch at the University of
currently ranks on the environmental Nebraska at (402) 472-4051.
stewardship scale.

Understanding Fundamentals

The goal of the Environmental Water, air, nutrient and facility man- 1Jill Lorenz-Goodrich is Director of
Assurance Program is to provide pro- agement comprise the key topics of thenformationand Producer Programs, Nebraska Pork
d ith the environmental knowl- program workshops. These ses;sionszproqlucersAssoc'at")n'I-nc"a-mdR'-C'momscmsaln

ucers wi ! prog : ps. ’ Assistant Professor in Biological Systems

edge they need to operate profitably. explain the fundamentals of environ- engineering, University of Nebraska, Lincoln.
Since every producer has unique needsmentally sensitive management tech-

What is Environmental Assurance?
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Explanation of Statistics Used

In This Report

Pigs treated alike vary in perfor-
mance due to their different genetic
makeup and to environmental effects
we cannot completely control. When
a group of pigs is randomly allotted to
treatments, it is nearly impossible to
get an “equal” group of pigs on each
treatment. The natural variability

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

research must decide whether observed
treatment differences are due to
“real” effects of the treatments or to

random differences due to the sam-
ple of pigs assigned to each treat-

]

i

"
ity
/

I/," T

ment. Statistics are a tool used to aid

in this decision. They are used to
calculate the probability that observed
differences between treatments
were caused by the “luck of the
draw” when pigs were assigned to
treatments. The lower this probabil-
ity, the greater confidence we have
that “real” treatment effects exist. In
fact, when this probability is less
than .05 (denotedP < .05in the
articles), there is less than a 5%
chance (less than 1 in 20) that ob-
served treatment differences were
due to random sampling. The conclu-
sion then: the treatment effects are
“real” and caused different perfor-
mance for pigs on each treatment.
However, if the researcher obtained
this result in each of 100 experi-
ments, five differences would be
declared to be “real” when they were
really due to chance. Sometimes the
probability value calculated from a
statistical analysis is P < .01. In this
example, the chance that random

1997 Nebraska Swine Report — Page 40

sampling of pigs caused observed
treatment differences is less than 1
in 100. Evidence for real treatment
differences is very strong.

It is commonplace to say dif-
ferences are significant when P <.05
and highly significant when P < .01.
However, P values can range any-
where between 0 and 1. Some
researchers say there is a “tendency”
that real treatment differences exist
when the value of P is between .05
and .10. Tendency is used because
we are not as confident the differ-
ences are real. The chance that ran-
dom sampling caused the observed
differences is between 1in10and 1in
20.

Sometimes researchers report
standard errors of meanSEM) or
standard errorgSE). These are cal-
culated from the measure of variabil-
ity and the number of pigs in the

treatment. 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 treatment mean to give a range.
If the same treatments were applied
to an unlimited 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 repolinear
(L) and quadratic (Q) responses
to treatments. These effects are
tested when the experimenter used
increasing increments of a factor
as treatments. Examples are increas-
ing amounts of dietary lysine or
energy, or increasing ages or weights
when measurements are made. The
L and Q terms describe the shape
of a line drawn to describe treat-
ment means. A straight line is linear
and a curved line is quadratic. For
example, if finishing pigs were fed
diets containing .6, .7, and .8% lysine
gained 1.6, 1.8 and 2.0 pounds/day,
respectively we would describe the
response to lysine as linear. In con-
trast, if the daily gains were 1.6, 1.8
and 1.8 pounds/day the response to
increasing dietary lysine would be
quadratic. Probabilities for tests
of these effects have the same
interpretation as described above.
Probabilities always measure the
chance random sampling caused
the observed response. Therefore,
if P < .01 for the Q effect was found,
there is less than a 1 % chance that
random differences between pigs
on the treatments caused the
observed responsgy
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