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ABSTRACT

Funk, Nadine. M.Sc., The University of Manitoba, August, 2000. Reproductive
Performance of Sows Fed a Gestation Ration Supplemented with an Qil High in
Essential Fatty Acids. Advisor; M.L. Connor.

Linoleic and linolenic acids are involved in both implantation and central nervous system
development of the embryos. By supplementing gestation diets with these essential
fatty acids (FAs), it may be possible to enhance embryo survival, litter size and piglet
survivability. Approximately 60 sows and gilts were used for each of 3 trials. Animals
were housed on straw in groups of 14 to 16 and were fed once daily in individual feeding
stalls. On day of breeding (d0) animals were randomly assigned within pento 1 of 3
treatments; diet 1 (T1 — control (commercial dry sow), diet 2 (T2) — starch (equal energy
intake to diet 3, but no supplemental fatty acids), diet 3 (T3) — oil (supplemented with
flax seed oil to bring linoleic acid content to 2%). Animals were formula-fed according to
body weight (BW) during gestation (1%BW + 0.7kg). The test diets were fed until day
40 of gestation, after which all animals returned to the commercial gestation ration
(control). In trial 1, the younger growing animais were weaned in relatively poor body
condition and older mature animals tended to be over-conditioned. For trials 2 and 3,
the feeding formula was adjusted to account for body condition as well as body weight.
Sow body weights, backfat thickness and body condition scores (BCS) were recorded
on days 0, 30, 40, 60, 90, 109, and 113 of gestation; days 4 and 14 of lactation and at
weaning (d28). Blood samples for progesterone and estradiol analysis were taken from

sows on days 0, 30, 40, 60, 90 of gestation, day 14 of lactation and at weaning.



Treatment had no effect in terms of litter characteristics, or the sow’s weaning to estrus
interval. Supplemental essential fatty acids did not affect body weight or BCS of the
animals. Backfat levels were influenced by treatment. The mean separation tests used
were unable to determine specific differences. However, it appears that flaxseed oil
supplementation and potentially starch supplementation increased backfat throughout
both gestation and lactation, relative to the control fed animals. For day O all treatments
had a mean backfat measure between 12 and 12.5 mm, reaching a maximum by day
113, 15.83 + 0.213, 16.79 + 0.199, 17.20 + 0.193 for trials 1, 2 and 3 respectively.
Progesterone was affected by treatment, but again specific differences were
undetectable. The most obvious difference occurred at weaning when T2 and T3 had
mean concentrations of approximately 4 ng/ml while T1 had non-identifiable.
Supplementation with an oil rich in essential fatty acids at the levels and the duration
used in this study did not improve reproductive performance of sows. [n this study the
supplemental energy (T2 and T3) fed during early gestation did not have any detrimental
effects on litter size. The formula used for gestation feeding in this trial did not maintain
all animals equally. The younger growing animals were unable to meet the demands
placed on them, resulting in very thin animals at weaning; while the older heavier sows
tended to gain too much body condition and entered into lactation with very high levels
of backfat. Adjusting the formula to account for body condition for trials 2 and 3,
seemed to help maintain more consistent body condition scores (BCS) overall;
suggesting that BCS could in fact serve as a useful tool for producers when evaluation

gestational feeding programs.
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Chapter 1

introduction

Viability of intensive livestock production depends on optimizing financial
and brological efficiency. While it s often difficult to directly control biological
efficiency it is possible to influence measurable production efficiency through a

variety of mechnanisms. One of the areas of primary concern is reproductive

Sow biological performance and litter/piglet performance influence
renroductive efficiency of the sow herd. In terms of sow reproduction the main
measure is pigs/sow/year. Four man criteria dictate the number of litters a
sow can produce per year: gestation length, lactation length, wean to estrus
interval (WEi). and number of non-productive days (NPD). Gestation length is

set ticlogical entity and essentially cannot be altered. Lactation length. while

JAY)

it can be gltered. is generally pre-determined by the system within which a
orociuction unit exists. The WEI can be influenced by several factors: lactation
length. metabolic/nutritionzl status of the sow, and by basic husbandry practices
including housing. The number cf NPD are those spent neither pregnant nor
nursing. The WEI returns to estrus and any day that gilts are in the barn before
ihey first conceive all contribute to the NPDs for the herd. The number of live
born pigs per litter is another indicator of sow performance. and can be
influenced by a sow's nutritional and metabolic state before breeding and during

gestation (Foxcroft et al, 1995; Ashworth, 1994).
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Reproductive performance is alsa gauged by several piglet and litter
parameters. Dam nutritional state and metabolic status are especially
mnfluential on the number of embryos during the early gestation period.

Piglet viability is another key aspect of reproductive success. As the

majority of gli pre-weaning deaths occur in the first 72 hours after birth (Bishop

I}]

[, 1885}, one method of measuring viability is through an assessment of

§@)

2t
hitter size and weight at birth compared to those found at weaning. Piglet
Ciabiiity may be linked to dam nutrition during gestation (Bishop et al 1985) via
hody composition differences at birth and mitk composition differences.
Reproduction is a cyclical event. The nutritional plane and metabolic
status of the sow during each stage of the reproductive cycle contributes to
subsequent reproductive success or failure (Einarsson and Rojikittikhun. 1893;
Aheme and Kirkwood. 1935). Recent studies have begun to delineate the
imporiance of the early gestation period on overall reproductive performance
iEinarsson and Rgjikittikhun, 1993: Aherne and Kirkwood. 1985). Feeding
strategies and diet composition are two areas that have been investigated
iAherne and Kirkweod. 1285). The effects of key nutrients and their role in
specific reproductive processes. such as implantation and early embryonic
deveiopment have been investigated (Baidoo et al. 1993). Essential fatty acids.
namely lincleic and linolenic acids. are thought to be involved in these critical
processes.  Current trends seem to indicate that sow diets may be lacking
sufficient quantity of these nutrients to achieve maximum production levels

(Baidoc et ai. 1993). It may be possible to improve reproductive performance



by better defining sow and conceptus requirements for individual nutrients
(Perez Rigau et al. 1995). By supplementing sow diets during early gestation
with essential fatty acids. it may be possible to improve early embryonic
development particularly of the nervous system and increase embryo survival,
resulting in more uniform and viable litters at pirth.

It may be that there is an inadequate supply of these essential fatty acids
during early gestation. By increasing the amount of EFA’s available for the sow
during early gestation. it may be possibie to improve both implantation and CNS
cevelepment of the embryos. Improving these processes could potentially lead
ic the production of larger larger which are both more uniform and more viable
at birth. This study was designed to see if supplementing sows with an oil high
in essenual fatty acids during early gestation would influence litter size at birth,

piglet birth weights or piglet viability at birth.
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Chapter 2

Review of Literature

The economic importance of sow reproductive efficiency has made it a
mazjor focus of current research. The objective of this review is to understand how
gestational diets influence reprocuctive perfcrmance. as measured in terms of pigs
pigs weaned sow/'year. The number of litters produced each year. and the size of
cach litter ultimately impact on annual piglet production.

Sow feeding during both gestation and lactation influences ovulation rate,
embryo./piglet survival. and overall sow performance. This review will focus

primariiy on the importance of the early gestation period on overall repreduction.

Nutritional Influences on Reproductive Performance

Of utmost impartance when considering the nutrient requirements of a sow
nerd s the fact that nutrient requirements cannot be stated in fixed terms.
Mlutrnents are required at ievels to satisfy a targeted response in the animal,
consistent with the animal’'s genetic potential and its environment (Aherne and
Kerkwood., 16850 Through the various stages of pregnancy, the maintenance
reguirements of the sow change very little (Cole. 1990). During lactation,
minmmuzing welght  and  fat loss can maximize long-term sow reproduction
(Einarsson and Rojkittikhun., 1993). This makes the primary objective when

feeding lactating sows to maximize feed intake.  Several conditions should be

matntained to help maximize lactational intake; gestation feed level must be low,
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moderate environmental temperatures maintained. body fat level at farrowing

controlled. and high density diets fed to lactating sows (Einarsson and Rojkittikhun,

cri Feeding
Feeding a low protein diet during gestation leads to a greatly reduced feed

)
T
197]
nl
=
O
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intake during lactation and consequent compromised reproduction (Cole, 1990).

in addition to controliing profein level in gestation diets. it is important to
recognize that sows with high levels of body fat reserves prior to farrowing tend to
nave a lower voluntary feed intake during lactation (Einarsson and Rojkittikhun,

1985 Young et al. 1€80). Therefore, animals with high body weight and back fat

(e

tnickness tend to lose more body tissue during lactation than animals of leaner
cencdition (Emarsson and Rojkittikhun., 1993).  This tissue loss occurs to the
(reatest extent duning the first week of lactation (Einarsson and Rojkittikhun. 1993).
~3 Ussue ioss during lactation tends to compromise over all reproductive efficiency.
the gestational feeding regimen then should ensure that sows do not become over-

concitioned prior to farrowing.

Laciation Feeding
Ovarian follicular development and future reproductive performance of a

sow is infiuenced to a large extent by her nutritional status and piglet suckling
iniensity (Foxcroft et al. 1995). In a study comparing ad libitum and restrict-fed gilts
irom farrowing to day 14 of lactation, the ad libitum fed gilts displayed substantial

follicular development. while the restrict fed animals had essentially no follicles



over 3 mm in diameter (Foxcroft et alf, 1995). The lack of follicular
development seen in these feed restricted gilts/sows may arise from an altered LH
profile and atypical plasma insulin concentrations during early lactation (Einarsson
and Rojkittikhun, 1993). It is important to note that while maximal feed intake is
imperative to reaching reproductive potential, sows are not physically prepared to
begin ad lip feeding immediately post-farrowing. It is recommended that feeding

i o= :ncreased gradually over the first 2-3 days of lactation tc bring animals up

g

ev
1o fuil feed intake (Einarsson and Rojkitikhun, 1993). Increasing feed allowances
by small increments helps to reduce the incidence of sow constipation, agalactia,
congested mammary glands, reduced appetite, or piglet scours (Aheme and

Villiams, 18820

Bcedy Condition
Minimizing body weight and body condition (degree of fat cover) fluctuations

during the reproductive cycle can optimize the long-term reproduction of sows.
=ach phase of the reproductive cycle is influenced by the nutritional and metabolic
siate of the animal In the previous stage (Anerne and Kirkwood, 19885). For
example. feed intake and changes in both weight and body composition during
tactation influence post-weaning performance (return to estrus and ovulation rate)

as well as subsequent early gestation (conception rate) performance (Aherne and

The wean to estrus interval (WEI) in primiparous sows increases with
increased lactational back fat loss. Sows with relatively low lactation feed intake

iose large quantities of weight and backfat, and have a higher incidence of delayed



estrus (Young et al. 1990). Foxcroft et al, 1995, suggested that it is the
primiparous sow's limited appetiie that results in tissue catabolism during lactation,
while multi-parcus sows are better able to meet lactation demands through
adequate intake (Foxcroft et al. 1995). Furthermore. evidence has been found
suggesting there is a certain physiological threshold beyond which sows cannot
begin normal cyclic activity (Einarsson and Rojkittikhun. 1993). Young et al (1990)
found that sows fed a low level of energy (22.2 MJ DE/d) during gestation able to
perform satisfactorlly to the end of parity 2. Beyond parity 2, however, a large
number of sows could no longer maintain satisfactory performance (removed from
expenment for reproductive failure. death. lameness, <7mm backfat) ; parity 1 — 63
litters. panty 2 — 54 litters, parity 3 — 34 litters, and parity 4 — 27 iitters. The
medium level of energy (25.2 MJ DE/d) had the iowest attrition rate over the four
panties. siaring with panty 1 with 63 animals and finishing parity 4 with 48 animals.
This may have been because the animals utilized their existing body reserves and
increased their lactation feed intake in order to meet the demands of lactation.
However. there are biological limits. A number of sows that did not complete four
carites had P2 backiat measures of < 10mm. There may be a critical level of
backfat below which reproduction cannot be maintained and sow attrition rates may

increase rapidly (Young et al. 18380).



Metabolic Influences on Sow Reproductive Performance

Possibie predictors of sow reproductive performance, include: body weight,
fat and protein loss during lactation; body composition at farrowing and at weaning;
as well as minimum live weight of the sow at weaning (Foxcroft et al, 1995). These
measures are likely to be accurate so long as they represent the metabolic state of
the animai (Foxcroft et af. 1995). However:; Foxcroft et a/ (1995) hypothesized that
s more tikely the energetic or protein changes at the cellular level, which reflect
metabolic status of the sow that will provide the functional link to reproductive
performance. Though at present accurate measure of these indicators is not
rcutinely done.

it has been established that changes in both energy status and protein
mataoclism signal the reproductive axis. Metabolic responses to available
nutrients and energy fluctuate as the lean tissue deposition associated with
development changes. In light of these facts. Foxcroft et al (1995) concluded that
the dvnamics of protein metabolism might play a central role in regulating sow
fertility.

Rate of fat mobilization of sows during lactation is influenced by body
weight: back fat thickness at farrowing. litter size. litter demand for milk and sow
feeding during lactation (Einarsson and Rojkittikhun. 1993). 1t is inherent that
ditferences may exist in energy metabolism between equally nourished sows with
the same lactation milk output. This supports the idea that nutrient requirements
should not be stated in fixed terms but considered in conjunction with the genetic

potential and environment of the animal (Aherne and Kirkwood, 1885).



Whiie the stage of the reproductive cycle is important in determining the
‘evel of requirement of the sow, the anabolic or catabolic status of the animal will
modify the way in which these requirements are met (Cole. 1990). Animals may
enter a catabolic state in late pregnancy when fetal demands are the highest,
depending on energy and nutrient supply (Cole, 1990). This catabolic state may
persist through the weaning to estrus period (Cole, 1990). It is the failure of an
anima! (0 revert 10 an anabolic state at weaning that has been implicated as a
possitle cause cof both delayed return to estrus after weaning (Kirkwood et al.

18C0) and small iitter problems in the subsequent farrowing {(Cole. 1990).

Nutritional Effects on the Litter

The nutriticnal status of the dam also influences litter size and piglets
weight. Approximately 70% of all pre-weaning mortalities occur in the first 72h
post-farrowing (Bishep et al. 1985). These deaths are most commonly attributed to
energy deprivation resulting from the new born pigs limited energy reserves. the
mability of newborn pigs to efficiently utilize these body reserves to remain
nomeostatic. and the inabiity of the sow to supply sufficient nutrients via coiostrum
‘Bishop et al. 1285). Heavier pigs at birth have mare vigor. consume more milk
and nhave higher weaning weights (Bishcp et al. 1985). Piglet survival, weaning
weight and days to market are all significantly influenced by birth weight. Most

stillborns and post-farrowing losses are the result of physiological immaturity and a
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lack of stored energy in the piglet leading to an overall lack of vigor and

inattity to survive (Azain. 1993).

Litter Size

iLilter size 1s one of the key measures of reproductive performance within a
herd. Two geterminants of the number of piglets are ovulation rate and embryo
survival (Aherne and Kirkwood. 1985) Nutrition plays a role in controlling both of

these factors.

Ovutation Rate
Ovuiation rate can be influenced nutritionally by changing the size of the

ovarnan follicle pool available for recruitment. Both the nutritional and metabolic

stalus of the sow influence ovarian sensitivity o gonadotrophins. as a way of

bl

iy

ciating follicular development and subsequent ovulation rate (Foxcroft et al.

!

s

(

1235 Intermediary metabolism and related hormones affect follicular function.
MNutritonally mediated differences in insulin secretion during lactation are
associated with subsequent fertility. These differences in insulin secretion are
involved in both direct ovarian effects and indirect central effects on luteinizing
hormone (rFoxcroft ef al. 1885). Increased insulin ievels can help to rescue mature
fuilicies that are about to begin degenerating: thereby increasing the number of
gvulations in the following estrus period (Hughes and Pearce. 1989). Levels of
msuiin may influence the release of gonadotrophin-reieasing hormone (GnRH)
frcm the hyvpothalamus (Cosgrove et al, 1997). Elevated insulin levels also lead to

increased insulin-like growth factor 1 (IGF1) and increased growth hormone (GH).
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IGF1 and GH work with insulin in creating a synergy with foliicle-stimulating
hormone (FSH). which results in enhanced gonadotrophin receptor development
and increased steiodogenesis in the developing follicle. Hormone treatment can be
Jused o mimic these effects. Insuiin administration during lactation has been
shown tc have beneficial effects con the subsequent ovulation (Foxcroft et al, 1995).
Nutrinon directly influences both the seratonin and acetylcholine neurotransmitter

tems. hown of which are known to be involved in the regulation of gonadotrophin

“
o

secreticn (Booth. 19590).  Increasing the feed intake of sows pricr to mating (ie
flushing) may lead to reduced levels of circulating steroid hormones. A decrease in

th

M

steroid hormone levels (ie progesterone) will reduce the negative feedback on

the hypcthalamus and pituitary and lead to increased tevels of gonadotrophins

@

being released. The increased gonadotrophin level may lead to an increased
number of ova shed (Ashworth, 19¢4). Feeding at a high nutritional ievel prior to

mating to increase ovulation rate is referred to as “flushing™.

Embrsc Survival
Piasma progesterone concentration immediately following ovulation has

been shown o be positively correlated with embryo survival and inversely related
to variance 'n embrvo survival (Einarsson and Rojkittikhun. 1993). These
researchers proposed that changes in plasma progesterone immediately following
cvulation may be more important in determining embryo survival than are
progesterene levels later in gestation.  Supplementing diets with energy fead to
decreased piasma progesterone concentrations and embryo survival (Einarsson
and Rgjkittikhun, 1293). One proposed explanation for the decreased progesterone

levels seen is that increased energy causes increased hepatic blood flow, resulting
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in an increased rate of clearance of the steroid hormones. Data from a study
conducted by Symonds and Prime {1988) with ovariectomized. non-pregnant gilts
showed that the porial blood flow and metabolic clearance rate of progestercne
increased  significantly when the feed intake was increased. supporting the

oroposec theory.

dy Compesition of Piglets
Tissues and organs must form properly in-utero if a fetus is to survive

outside the womb. Researchers have investigated the effects of changes in the
sow's diet on piglet body composition and resulting viability at birth (Farnworth and
Kramer. 1988j. QOne area of research that has received significant attention is the
supplementation of sow diets with various fats and energy sources to determine
~vnether any changes would occur in piglet body composition: piglet survivability
and its’ various influencing parameters (Friend. 1974; Pettigrew, 1981: Farnworth
and Kramer, 1958 Farnworth and Kramer. 1888: Azain, 18283, Fritsche et al. 1883).

hiany studies have investigated the effects of dietary intervention
during late gestation. intervention at this point generally seems to have little effect
on birth weights. overail body composition and the survival of the pigs in the first
davs of life (Farnworth and Kramer. 1988). It is important to note, however, that
while altening sow diets does not change fetal body composition, fetal organs do
contain large quantities of linoleic acid (18:2) and linolenic acid (18:3). which
cannot te svnihesized by the embryo. Therefore. these falty acids must have
come from the mother. demonstrating that both maternal and fetal systems

contribute nutrients for internal organ development (Farnworth and Kramer, 1889).
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reeding fish ol to sows leads to the enrichment of piglets with omega-3
poivunsaturated fatty acids (PUrA). Some transfer of PUFAs occur in-utero, but
most occurs through milk (Fritsche et al. 1983). Bishop et al (1985) found an
increase in carcass fat content of newborns from sows receiving additional fat,
compared to those receiving starch. Several other researchers found similar
results. However, Friend (1274) found no increase in fat content of piglets. Fetal
pigs show little change in percent of total body lipid during gestation {Farnworth
and Kramer. 1988). Altering the level or type of fat in a sow’s diet from as early as
mid-gestation does not influence in-utero tissue development or its gross
compostiticn (Farnworth and Kramer. 1888). Increased birth weights and a reduced
percentage of pigs with birth weights of 1.0 kg or less have been found when
reeding low protein low lysine diets during gestation (Aherne. 12896). Despite this
fact. this may not be an efficient method of improving reproductive performance, as
tow protein gestation diets lead to decreased lactation feed intake (Cole, 1990),

thereby compromising overall reproduction.

Permnatal and Preweaning Survival
Feeding fat or increasing energy level later in gestation. though it does not

aiter litter size. can have positive effects on perinatal piglet survival. Piglet birth

LAy
v

4]

ights may increase when gestation diet energy levels are increased to a
maximum of 25 MJ DE/ day; beyond this level. no significant effect was found
{Ahernzs and Kirkwood. 1985). Supplemental fat in late gestation also increases
the fat content of colastrum, which may also improve the survivability of neonatal

piIas (Bishop et al. 1985).
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Feeding fish oil to sows leads to the transfer of some PUFAs in-utero,
out the piglet receives most of the PUFA enrichment through the milk {Fritsche et
al. 1993). It was proposed that enrichment of suckling pigs with omega-3 PUFA
might alter immune function and incidence of inflammatory disease.

Feeding sows medium chain triglycerides (MCT) for the last 3 weeks of
gesiation cecreased pre-weaning mortality (Azain, 1993). This study showed that
supplementng sow diets with MCT imprcved litter size by 1 pig at weaning and
douvled the survival rate of light birth weight pigs (<200g) relative to sows fed a
control diet. Azain (1893) hypothesized that in this instance it was most likely a
dietary effect on the fetus. rather than an alteration in the milk composition that was
responsible for the improved survival rates seen.  Azain (1993) concluded this
based on the decrease in overall milk lipid cencentration seen. with only a slightly
modified fatly acid profile in the milk from sows receiving the MCT supplemented
diet. whiie the piglets from sows receiving the MCT supplemented diet were found
o have clevated levels of blood glucose relative to the control animals. An
additional consideration in dealing with light birth weight pigs is the fact that they

are more likely o have poor colostrum intakes resulting in low antibody levels.

—1

his 1s of parucular importance for segregated early weaning (SEW) and multi-site
production systems, where these piglets will thus enter the nursery with low
disease resistance (Aherne. 1996).

Bishop et al (1985) found that while dietary supplementation of sows with
trizmcinolone (& synthetic glucocorticoid) and soybean oil both lead to increased

colostral fat tevels. supplementation with triamcinolone showed a much greater
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increase. He nypothesized that this may have been a result of the effect of the
gluccocorticoids on fatty acid mobilization in the adipose tissue of sows, since fatty
acids from adipose tissue are readily incorporated into milk fat. Triamcinolone
supplemented sows also had piglets of higher weights at birth and at day 14 as
compared to their control-fed counterparts.

Evidence is conflicting on the benefits of diet supplementation for sows in
terms of piglet survivability for iight birth weight pigs (Bishop et a/. 1985). Pettigrew
(1€81,; in a2 review of available literature reported that the addition of fat to sow
digts during late gestation and lactation improved pre-weaning survival by 2.3%
UNIts.

It is unclear whether the addition of fat in late gestation increases piglet
carcass fat. piglet glycogen stores. milk/colostrum fat levels. milk production. or
allers pigiet blood parameters (Farnworth and Kramer. 1888). Independently these
changes may not bear any statistical significance, but their combined effect may

resuit in @ more viable piglet (Farnworth and Kramer. 1988).

Embryonic Mortality

Success of reproduction depends on the sequential occurrence of a series
of events transpiring at the right time and in the correct place along the
repreductive tract (Ulberg and Rampacek., 1974). An embryo. like all stages of
young life. relies on maternai nurturing for survival. Obvicusly, this nurturing must
cceur within the confines of the uterus in the case of the blastocyst. The uterus

must provide a  permissive  environment that is both biochemically and
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As previously

endocrinologically appropriate for embryonic development.
Normal

nutrition of the dam can alter the uterine environment.
supplying a

discussed.
depends on the uterine environment

embryonic development
supportive environment appropriate for the stage of development. Both the profile
of the uterine hormones and secretory proteins are critical factors determining the

cegree of embryonic/maternal harmony (Ulberg and Rampacek. 1974; Wilmut and

Ashworth, 1925; Roberts et a/, 1883).
the majority (30%) of embryonic mortality occurs during early
Work done thus far has indicated

In swine.
days) (Pope and First. 1985).

gestaticn (< 40
that emiryos recovered at day 7 or earlier are generally viable and very negligible
has occurred by this day. even when a fertilization rate of 100% is assumed

‘css

(Paope and First. 1885). The focus area fcr embryonic mortality thus becomes the

period between day 7 and day 40 of gestation.
It is known that progesterone and estrogen are integral for the establishment

nance of pregnancies (Wilmut and Ashworth. 1935; Archibong et al,

@
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Consequently. both hormones have been studied to

The roles that uterine

(G

“g7: Roberts ef al. 19931
detzrmine their possible role in embryonic mortality.

secretory proteins and genetics may play in embryonic mortality have also been

b
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Progesterona in Early Gestation

progesterone levels during early gestation and litter size are positively correlated.

Progesterone is the primary hormone associated with pregnancy. Generally,

Progesterane level peaks by day 12 of gestation and gradually decreases after this



(Hafez. 1993). In comparing gilts bred at first and third estrus, Archibong et al/
(1887 found that although the first estrus bred gilts had higher embryonic mortality
than third estrus bred gilts. there were no significant differences in progesterone
levels at dav 3 or 30 of gestation between the two groups. In light of these results,

Archibong and associates (1987) suggested that the cause of increased embryonic

9]

macnality in the first estrus bred gilts is not failure of the gravid uterus to be exposed
to adequate levels of progesterone. Rather., they suggested that inadequate
priming of the uterus by progesterone prior to mating as a result of the low
systemic levels of progesterone found in prepubertal animals might have caused
the increased embryonic mortality seen in the first estrus-bred gilts. The authors
suggested that the uterus may require exposure to a certain level of progesterone
pricr to mating. in short. a priming effect. in order to achieve low embryonic

monality rates.

cslrogen it Early Gestation
As well as progesterone, estrogen is associated with pregnancy. [n pigs.

the conceptus begins to secrete estrogen as it begins to elongate at day 9 or 10 of
gestation.  Conceptus estrogen in pigs is thought to have a luteotrophic or
antiluteolvtic effect. Injection cf exogenous estrogen on day S. prior to secretion of
estrogen by the concepti causes the uterine environment to change (Stroband and
Van der Lende. 1990). It appears likely that estrogen can regulate the secretory
actions of the uterus (Morgan et al. 1987). Estrogen treatment of sows at day 9-10
eac to reduced numbers of polypeptides teing secreted by the uterus (Gries et al.

1&c8). thus it is possibie to postulate that estrogen secreted by conepti may have a
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similar effect. These polypeptides may be integral in blastocyst expansion.
The iess developed embryos that have not expanded fuily yet., may die because of
a lack of these essential polypeptides (Stroband and Van der Lende, 1990).
Additionzlly there has been some evidence to show that estrogens are
involved in the actual implantation process by stimulating the release of plasmin
inhititor from the endometrium (Stroband and Van der Lende. 1990). The further
advancec embDryos that are secreting more estrogen induce calcium, prostaglandin
and proteirn sequestering within the uterus earlier than their less advanced
counterparts (Pope and First, 1885). This change in uterine milieu may be fatal for
the less advanced embryos. in his 1987 study, Archibong et a/ found that there
was no difference in plasma estrogen fevels in the first estrus versus third estrus
ored gilts at day 3 of gestation. but plasma estrogen levels were significantly higher

lits bred at third estrus. Whether the increased level of estrogen
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on day 30 in the gilts bred at third estrus was a cause or effect of the lower
=mbryonic mortality seen in this tnal has not yet been determined (Archibong et al,
1¢57,. It is possibie to speculate that the increased estrogen level 1s simply a
function of the lower embryonic mortality seen, i.e. more estrogen-secreting
cenceptl present. From these resulls, it is also possible tc suggest that while the
actual ievel of each of these steroid hermones may not be critical, it is the ratic of
orogesterone: estrogen that is important when considering embryonic survival.

Archicong e al (1887) cautions that it is not clear whether this phenomenon is a

cause or an effect of embryonic mortality.



Uterine Secretory Proteins in Early Gestation
The uterus secretes many proteins during gestation which facilitate a wide

variety of processes required for successful reproduction. While many of these
proteins are of blcod serum origin, a significant portion of porcine uterine luminal
protein 1s uterine synthesized (Fisher and Beier. 1986). The types of protein
secreted by the uterus change throughout gestation. It is not clear whether the
changss In the uterine secretions instill embryonic changes. or whether the
conceptus instigates changes in the uterine environment. If there is great variation
in the stage of development of a litter, then the uterine environment may be altered
to suit the requirements of the more advanced embryos. leaving the less advanced
embryos to perish in a “hostile” environment. Embryonic asynchrony can be

usec by a proionged ovulation intervai, where the later shed ova lead to less

developed embrycs (Roberts et al. 1993).

Roie of Genetics in Embrvonic Monality
Clzarly. the above discussion reveals that the uterine milieu of hormones

and other secretory products is very influential on embryonic development. There
is & ciose association between stage of embryonic development and uterine
environment. Genetics also plays a role in the rate of development of an embryo
‘Roberts et al. 1393). Embryos may be genetically programmed to develop at
cifferent rates (Roberts ef ai. 19€3). Similar to prolonged ovulation periods,
different rates of embryonic development lead to asynchrony within a litter and may

result in slower developing embryos having limited chances of survival.
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Embryo transfer work has shown that synchronous transfer (same day
emuryos and recipient) yieids the highest number of viabie embryos. Interestingly,
it has been shown that embryo mortality is lower when embryos are transplanted
into a uternne environment that is less advanced than themselves. relative to
embryvos that were transplanted into a more advanced uterine environment (Pope
and First. 1885). This further supports the idea that the products of conception are
influenced by the uterine environment in which they develop and that asynchrony
within a litter. regardless cf whether it be due to prolonged cvulation intervals. or
embryos that are genetically programmed to develop at different rates leads to

increased embryonic mortality.

Fatty Acids and Reproduction

Mith advances in research technologies. it has been possibie to learn much
more detail about physiological and metabolic processes. Additionally many more
research projects have been done investigating multiple areas. including the
influence of nutrition on reproduction. From this work. knowledge has been gained
relating to the influences of specific nutrients on reproduction. One area that has
hegun to capture the interest of researchers is the role of specific fatty acids cn
reprocduction

Linoleic and linclenic acid are both precursors for the prostaglandins
involved in the implantation process (Baidoo et al. 1893). These essential fatty

cids are aiso invoived in the formation of the central nervous system (Perez Rigau

et al. 1595). it may be possible to improve embryo survival, as well as both



embryo and piglet viability. by enhancing either of these processes through the

supplementation of these essential fatty acids.

Conclusions

This review has focused on factors affecting reproductive performance in a
park producticn unit. Particular emphasis was placed on illustrating the importance
of the early gestauon penod on reproductive performance and how dam nutrition
during this time seems to play a key role in determining litter size, piglet viability
and sow performance in subsequent cycles.

in short. from a sow performance perspective, it is paramount that lactation
feed intake be maximized in order to capitalize on the reproductive potential of the
herd.  As gestation feeding directly influences lactation feed intake and
consequently performance during that time. it becomes a critical factor in the
equation when trving to maximize herd efficiency. While it is important not to over-
feed animals during gestation so that they will rely cn appetite. rather than body
reserves {0 meet the demands of lactation. it is equally important that the gestation
dict adequately meets the demands of the sow and the deveioping litter. To this
&énd. researchers have begun to investigate the requirements for specific nutrients

throughout gestation. One area that has shown potential for improving

reproductive performance is the role of essential fatty acids during early gestation.



Chapter 3

Materials and Methods

Animals

For each of 3 tnals Cotswold gilts and sows were noused on straw in four
groups cf 14 - 16, according to parity and body weight. Animals were individually
ied once a day in feed stalls adjacent to their group pen. Water was availabie
free choice in the group pen area. All animal handling, housing and care was in
compliance with the guidelines of the Canadian Council of Animal Care (1993).
During gestation sows were housed under 12 hours of light. and in the farrowing
barn lights were on for 8 hours except during summer when room temperatures

were elevated, lights were shut off when staff were not working in the barn.

Scw Management

Heat checks were performed once daily in the morning. Gilts and sows
were inseminated naturally between 8:00 — 11:00 of first day of standing estrus,
then artificially about 24 hours later on the first estrus following weaning or the
first estrus exhibited by new gilts during the breeding period.

Gilts and sows were formula fed according to body weight (BW) (1% BW +
C.7kgj cne of the three treatment rations in mash form from day O to day 40.
During the test period. animals were fed a barley-based commercial gestation

dizt in mash ferm. From day 40 until crate entry (d 109) test animals were



formuia fed the same commercial gestation diet, but in pelleted form (see
fiqure 1 for ime line).
On ¢109 (+'-3 days) pregnant animals were moved to one of two farrowing
oarns: one with conventional farrowing crates (7’5" * 56.5" * 1'8.5" — sow area -
22 wide at bottom 16" wide at top) and one with a convert-a-pen system (

7105776 7 3'3.57 — sow area width — 15.5" top — 2" at bottom). Assignment to

o)

5
farrowing barn was balanced for: gestation housing pen. treatment. parity and
day of mating o eliminate any farrowing barn or room effect. A barley-based
commercial iactation diet formulated to have a DE 3280 kcal, and a cp of 17%
was fed from entry into the farrowing barn until weaning. Sows were fed to
appetite during 'actation using 0.5 kg increments to increase them to a maximum
daily intake of 10 kg for younger sows and 9.0 kg for older sows (>5 parity),
provided they were meeting the demands of lactation without sacrificing body
concition (body condition score (BCS) <3.0).

On day of weaning sows were moved back to the gestation barn to be
rebred. During the rebreeding period. sows and giits were fed a daily allowance

{approx 2 kg) of the commercial gestation diet in mash form.
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Figure 1: Schematic of feeding schedule (diet changes;) including treatment

period

Litter Management

Piglet weights were recorded at birth. days 2 and 14 pp and at weaning (d
28 pp).  Pigiet deatns. fosters and removals were recorded during the trial.
P.giets had free access to water and were offered creep feed from day 14 pp to
weaning. The standard operating crocedures of the production unit for piglet

processmng and care were followed (Connor. 1293).

Diets

Scws and gilts were assigned to one of 3 treatments on day of first mating (day 0
gastation): treatment 1 (T1) — controi (basal diet), treatment 2 (T2) — basal diet

tarchi. treatment Z (T3) (basal and flax seed qil). For each of trial

v7]
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animals were assigned so there was equal representation of each parity group in




each treatment group. Sows were fed an amount of basal diet according to
a formula based on body weight for the first 40 days of gestation. The main
ingredients of the basal gestation diets were ground barley (55%), wheat
middlings (257%). canola meal (3.5%), soybean meal (6.0%). and tallow (1%).
Far ease of handling and accuracy reascns. the starch and oil were blended right
inte the basal diet at the campus mill, consequently. feed allowances for T2 and
T3 were calculated so that the starch and oil were supplemental over the daily
allotment of basal diet. All treatment diets were in mash form. After the
treatment period. all sows were fed the straight basai diet (pelleted) according to
body weight.

Following trial one. gilts and scme sows were in sufficiently poor body
condition that it was apparent that the formula being used for gestation feeding
was not acdeguately meeting animals’ needs. For trials 2 and 3. the formula was
used to caiculate the basic amount. and then BCS was used to alter that level as

ccemmended by Patience et al (19995) if the animals were above or below a BCS

3
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The acdition or reduction in the daily feeding allowance was done
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according 10 a schedule recommended by Patience et al (1995) (see appendix 2).

“abie 1: Diet composition of basal gestation ration

Nutrisnt Calculated level Nutrient Calculated
level

DE 31380 (3166°7; Protein 15.0 (15.6)

Fiber 7. 6.75 Lysine 0.68

Fat?, 4.0 Threonine 0.55

Phosphorous 0.85 (1.05) Methionirne and Cystine  0.55

Calzium 1.0 (1.08;

<) values from proximate analysis
("1 DE was calculated as .83 (Patience et al. 1995) of GE value analyzed in lab
Vitamins and minerals were added according to NRC (1988) requirements



Diet Mixing

The basal diet was milled commercially and delivered in mash form. Flax
seed oil was analyzed for fatty acid content. Oil was added to the basal diet so
as to make the total concentration of linoleic acid 2% (average 7.0% of diet). The
>nergy cencentration of T3 was calculated and starch was supplemented to T2 at
a level (average 14.4%) to make it isoccaloric with T3. The addition of starch or
oli added approximately 530 kcal/kg of basal diet. The oil had a mean linolenic
acid content of 55%. so T3 contained about 3.8% add linolenic acid. Due to the
volatile nature of the flaxseed oil. T3 was mixed in small batches that lasted no

more than 14 days.

Trials

For this study three repetitions of the trial were cenducted. For trial 1
animals were bred in October/November cf 1996, for trial 2 in March/April 1997,
and for tnat 3 in August:September 1987. The same ccre breeding group was
used for all tnals. Replacements were made to ensure the use of 1 pen (about
i3 glis at breeding for each trial. and culling was done in accordance with

siandard operating procedures of the barm. Animals were randomly assigned to

treatment cn dav O of each trial.

Parity Distribution and Grouping
For this study animals were divided into 2 parity groups; sows (parity 2+ at
ume or breeding) and gilts (parity 1 or less at breeding). In total 111 gilts and 66

sows were used; trial 1 had 43 gilts and 18 sows, trial 2 had 39 gilts and 18

N
N



sows. and trial 3 had 30 gilts and 29 sows. Because of the natural variation
in the traits being measured, for statistical analysis it was necessary to make only
2 panty groups. Grouping gilts and 1% parity sows together was done due to the
sxtra demands both groups experience during gestation and lactation for growth
(Dourmad et al.. 1884). Beyond parity 2. sows growth rate slows and they seem

better equipped o0 meet the demands of gestation and lactation.

Sow Data

Pregnancy was confirmed by ultrasound (Renco Corporation
PREG-TONE model) at 30 days after mating. Bodyweight and back-fat
measurements and BCS were taken at dO (estrus). day 30. day 40, day 60. day
0. day 112 of gestation and on cday 3 postpartum (pp). day 14 pp. and at
vieaning (day 28). Backfat measures were taken in 2 spots; 2 inches behind the
a3t nb and 1 inch of the mid line and 2 inches ahead of the pin bones and 1 inch
oit the mudline. The Krautkramer-Branson USKE ultrasound probe machine was
sed to determine backfat depth. The front measure is most similar to the P2
mezasure commaonly cited in cother literature and will be reported in this paper.
BCS were taken according to a scale of 5 points, where 1 represents poorly
conditioned (very thin) animals and 5 represents over conditioned (fat) animals.
BCS i1s done by looking at the animal and feeling the degree of fat cover of the
hips and backbone (Patience et al. 1995). A detailed description of the body

scares 1s shown in Appendix 1.



Blood Sampling
Sows were single sampled via jugular venipuncture on days 0, 30, 40, 60,
and €0 of gestation, and days 3. and 14 of lactation and at weaning. Animals
were restrained using a wire nose snare. and samples were collected using a

O-gauge 1.3 inch single sample needle and a 10 ml vacutainer tube for serum

-~
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oilection (Vacutainer, Becton Dickinson and Company, Franklin Lakes. NJ).

¢

Samples were cooled at 4'C until the next day. Sera were obtained by
centrifugation (CR3000. Jouran inc.. Winchester VA) at 2500 rpm for 30 minutes.
Sera were decanted and stored at -20°C until assayed for progesterone, and
gstradiol content. Progesterone and estradicl assays were run on all samples.
Some preliminary fatty acid analysis on the serum was done. but the results were

not considered to be meaningfu! or reliable. so were discarded.

Progesterone

Serum progestercne (P:) was assayed using a commercial kit
1Coat-A-Count. Diagnostics Products Caorporation, Los Angelels, CA. USA) for
solid-phase radioimmunoassay (RIA). The standard curve range was 0.1 to 40
ng ml The methed required that 100 ul of standard or serum be aliquoted into
anti-P. coated tubes, followed by the addition of tracer ( **l-labelled
progesierone) (1 mil). Following an incubation period of 1 hour in a water bath at
27 C. tubes were decanted to isciate the antibody-bound P: A gamma counter
(LKB Wallac 1282 CompuGamma Universal Gamma Counter) was used to read

the radioactivity in tubes.

28



Estradiol

Serum estradiol (E:) was analyzed using a commercial RIA kit (DSL-4800
Ulira Sensitive. Diagnostics Systems Laboratories Inc., Webster, Texas, USA).
The procedure required that 200 ul of the standard or serum be pipetted into test
tukes (12X75 mm; foilowed by 100 ul of the estradici antiserum. All tubes were
then vortexed. covered and incubated at room temperature for 1 hour. After
incubation 100 ul of the tracer (Estradiol (I-125) Reagent) was added and the
tubes were vortexed again and covered to incubate for 2 hours at room
temperature. Following this incubation, the 1 ml of the precipitating reagent was
added and tubes were vortexed and allowed to sit at room temperature for 15-20
minuies. All tubes were then centrifuged for 15-20 minutes at 1500 X g and
decanted. Radioactivity levels were read in a gamma counter (LKB Wailac 1282

CempuGamma Universal Gamma Counter).

Statistical Analysis

These trials were similar in terms of animal management. parity grouping,
and dietary treatments that were applied. The basic experimental design was
considered to be a randomized complete block design with trials as block effects.
Within each blceck there was a 372 factorial arrangement of dietary treatment and
parity effects. Data was analyzed using the General Linear Model of the

Statistical Analysis System (1936).
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The statistical model used to analyze variables measured once on

each animal {(WEI and litter data) was:

y.-u+b +t +p +btp, +s,. with y. an observation on WEI or

iitter characters

b, = block or trial effects {three trials)

t = dietary treatment (three treatments)
p. = parity group (two parity groups)

tp. = treatment” parity interactions

btp.. = block treatment parity interactions, used as the error
effect for testing the factors above

s. = effect of the | sow in the i" block. | treatment and

k' parity
in the imodei shown abave. biccks. blocktreatmentparity interactions and sow
efrects were considered as random effects. Standard errors of treatment. parity
and therr interactions used the mean sguare for btp,. The trials were repeated at
differen: umes. which lends confidence as to the repeatability of the treatment
cffscts For analysis of variables measured repeatedly on the animals (weight.
hackiat. BCS. and blood parameters) the basic design and model used above
was expanded as a split-plot (or repeated measures) design with time period as

the

Q)

factor 1o represent repetition. The model was:

Voo 2 il T b + { + p. + btp;;. + Sin + dn'l + tdr + pd-::r + tpdr‘n + €pim -

30
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where  vy...» IS an observation on weight, backfat, BCS. or a bilood
parameter on the I sow in the k™ parity | treatment, i trial measured on

the i” day.

b.t.p.. btp.. btp.«, s..; are as described above

d. 1s the effect of time on the m™ day of measurement

td .. pd.... tpd.- are interaction of treatment and parity with day

- 18 the sub-plot error term representing sow varnability across days

In this model. block. biock™treatmentparity. sow effect and sub-plot error

)

terms wwere consicered random. For testing main plot effects (block, treatment,
parity and treatment™parity interaction), the block treatment parity interaction

term was used. Sub-plot effects (day and interactions with day) were tested

against the sub-piot error term.



Chapter 4

Results

Body Weights
3ocy weights were not affected by the supplementation of oil or starch during

the early part of gestation. Figure 2 shows the difference in body weight

10

r2spense oy parity group over time (p<0.01). Body weights increased
significantly through out gestation except between days 30 and 4C for both the
sows and gilts and between day 109 and 113 for sows only. While there was no
sianificant weight loss from day 3 to 14 of lactation for either group. both groups
dic show a significant decrease in body weight by weaning (d 28). There was a
three-way interaction of treatment group-trial, but investigation of the interaction
means did not reveal a meaningful pattern. This interaction may simply have

neen an arufact of the unequal parity distribution from trial to trial.
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Fogure 20 Mean body weight for sows (parity > 2) and giits (parity < 2) for all trials.
a a2 — represent values that are not significantly different from one another
Range of SEM Gilts - ¢.726 - 0.811 Sows - 0.868 - 1.216



Back fat

Scws fed either supplemental energy source (T2 and T3) during eariy

gesiat

O

n nad higher back fat measures during gestation and lactation than their
control fed counterparts (T1) (p<0.01}. Figure 3 demonstrates the effect of
treatment over time for all sows and giits. The Bonferroni test performed could
not distunguisn specific differences. As shown in figure 4, the response of parity
groups differed over time (p<0.C1). Initial front back fat measurements differed
by less than 1Tmm for the front probe: (11.86 + 0.12 for gilts vs. 12.71 + 0.164
sows) between parnty groups. Although a simiar pattern of backfat changes
ccourred, sows deposited more backfat. By day 113 the sows had higher back
tat than the gilts 118.03 + 0.19 vs. 15.18 + 0.13 for sows and gilts respectively).
2ackfat icsses were simlar througnhout lactation so that sows at weaning had a n
average of 14.84 + 0.21 mm of pack fat while gilts had only 11.42 + 0.14 mm of

an back fat measures also differeg by trial as shown in table 2.

AN
)
X
a
o
O
)

ztle 20 Mean front backfat for each trial

Trna: Back fat (mm Comparisaon of
) Mean Values

i 1836 + 0209 a

2 1434 + 0237 b

¢ 1280 + 0283 ab

Albvalues are LS means = SEM
a.s - means with different characters are significantly different



QTreatment 1
OTreatment 2
BTreatment 3

Front Bach Fal Probe {mm)

2as 0 cay 30 day 40 cay 68 day 90 day 109 cay 113 day Ipp Cay 14 pp weanming
Day

: 3. Front back fat probes for each treatment throughout gestation and lactation for
fitrials LS hiean = SEM).
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Figure 4: Front backfat {mm) (measured 5 cm behind the last rib) for each
parity group on each sample day (LS Means + SEM)
Range of SEM: Gilts - 0.124 - 0.140 Sows - 0.164 - 0.206
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Body Condition Scores

Supplementation of the early gestation diet with flaxseed oil or starch had

no significant effect on body condition scores (BCS). However, BCS for all

H

ireaumns

e N

nts did change significantly over time (P<0.01). BCS increased from day

a

U 12.90) to day 30 {3.03) of gestation: remained similar on day 30 through 60:
increased (p<0.01) by day 80 (3.19), then remained simiiar until day 3pp. The
BCS then decreased significantly during lactation to reach scores similar to those
of early to mid gestation by day 14 pp. before declining further (p<0.01) by
weaning (2.80) at 28 days. There was a significant interaction of parity group
wathh day (p<G.01). As shown in figure 5. the sows that were parity 2 or higher
had simiiar BCS to gilts at day 0. but increased to a higher maximum BCS
(n<0.01) and had a higher BCS at weaning {day 28) than the gilts. BCS was also

wwfiuenced by tnial (p<0.01). as shown in table 3.

Table 30 Compariscen of mean BCS for ail animals for each trial (p<0.05)

Tnal Comparison of
Mean BCS Mean Values
1 3.22 + 0.012 a
2 2.97 + 0.014 h
3 3.04 + 0.017 c
Al values are LS mean - SEM

1.0 ¢ ingicate vaiues that are significantly gifferent
e Appendix | for BCS scale

N o
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Figure 5: Body condition score on each sample day for sows (parity > 2) and gilts
(parity < 2 for all trials (LS Means + SEM)j. Range of SEM: for gilts (0.017 -
0.01%) and for sows (0.023 - 0.029). Average gestation was 115.3 + 0.2
days for giits: 115.1+0.2 days for sows
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Progesterone Data

Treatment nad no significant effect on progesterone level (p>0.05).
However. there was a significant interaction of treatment with day (p<0.05).
Figure € llustrates how the response to day differed with treatment. The
progesterone levels were similar across treatments throughout gestation; rising
dramatically from day O to day 30 and remaining elevated for the duration of
gestauon. At day 14 pp there was no detectabie progesterone for any of the
treatment groups. However. supplemental energy (T2 and T3) resuited in higher
progesterone levels at weaning than for sows with no supplemental energy (T1).

Table 4 shows the difference in progesterone levels by trial (p<0.05).

able 4: P4 Concentration for each trial

Trig! P4 Concentration Comparisen of
(ng/milj Nean Values p<0.05

1 1285 + 0567 a

2 1201 + 0483 a

3 1030 + 0468 b

All vaiues are LS mean = SEM
a.b represent values that are significantly different (p<0.05)
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Estrogen

Estrogen concentrations were similar across treatments (p>0.05).
cstrogen levels did differ between the parity groups (p<0.05). with the gilts
having a mean estregen concentration of 29.31 + 0.87 pg/mL compared to that of
the sows with @ mean concentration of 25.52 + 1.47 pg/mL. The response of
agroup differed over time (p<0.01) as shown in figure 7. Estrogen levels tended to
be low at breeding (6.93 + 2.07 pg/mL for gilts and 9.84 + 3.12 for sows pg/mL),
increased by day 30 (23.62 + 2.14 and 18.33 + 3.25 pg/mL for giits and sows
respectively). and dropped back to levels similar to those found at breeding until
day 20 when maximum levels of 149.17 +2.25 pg/ml for gilts and 122.01 + 3.72
pe ml for sows were detected. During lactation (day 14pp and at weaning)

gstregen levals returned to levels similar to those found at breeding.
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Wean to Estrus Interval (WEI)

There was no difference (p>0.05) in WE! between trials (Table 5) or

treatments (Table 6).

rable 5 Wean to Estrus Interval (days) for each trial.

Trial WEI! (days)
1 68 + 039
2 45 =+ 105
3 54 + 117

All values are LS mean = SEM

Table & 'Wean to Estrus Interval (days) for each treatment.

Trt WEI (days)

1 47 = 1.05
2 6.2 * 105
3 58 =+ 102

All values are LS mean - SEM

Simiiarty. WWEIs were not different between sows (5.04 + 1.13 days) and the gilts

5.1 = 243 days) (p>0.05).



Conception and Farrowing Rates

For this study. a total of 177 animals were bred. The day 30 pregnancy
rate was 92.5%, (13 open). The average farrowing rate for this study was 88.3%
(158 hLtters trom 177 bDreedings). Not all of the litters produced were included in

nalysis because socme had pigs removed early for use in other trials
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Piglet Data

Suppiemental energy fed to sows/gilts during early gestation did not
infiuence mean litter size or mean pig weights for any of the sample days in the
gl it d3pp. didpp and weaning (dZ28)) (p>0.05). Litter size at birth varied
~oan inal <0 05y Trial 1 had more (12.27 + 0.343) pigs than either trial 2
(1C.a8 + 0.300Y or tnai 3 (10.84 + 0.268). Mean pig numbers on each of the
sample days was also influenced by trial. Litter sizes were consistently larger in
mal 1 than tnai & while litter size in tnial 2 was intermediate. Parity also
infiuenced hitters sizes at birth, day 3. day 3 adjusted (p<0.01). and at day 14 pp
‘0<0.05,. vath sows having larger litters than gilts. The day 3 adjusted number of
piglets was calculated as (n born alive — n fostered in + n fostered cut). This
numper was considered to represent piglet viability. Mean birth weight was also
influenced by trial {(p<0.05).  Trial 1 had lighter birth weight pigs (1.45 + 0.051
®G; than trial 2 (1.65 + 0.045 kg). while trial 3 had a mean birth weight (1.48 +

0 044 Kg). which was similar to both trial 1 and trial 2. Mean pig weights differed

a4



with trial on each of the sample days, though there was no consistent pattern
of variation from one sample day to the next. The mean number of deaths within
the first 72-h post-farrowing also differed by trial (p<0.05). Trials 1 and 3 had
simitar mean deaths (1.06 + 0.19 and 1.13 + 0.16 respectively), while trial 2 had
fewer deatns than both trial 1 and 3 (0.29 + 0.17). For detailed trial and parity
differences please refer to Appendices 3 and 4. Tables 7 and 8 show the litter
data by greup for each treatment. Table 7 is reflective of the gestation
periormance of the dam. Table 8. which focuses on the day 3 PP to weaning

data. can be considered representative of lactation performance of the dams.

Fable 70 Average litter size and pig weight at birth and number of pigs surviving

Born Alive Day 3 Adjusted™™
eﬂ_e_r A Gfo;p AN of pig wt N # of pigs/litter
pigs/litter (kg)

1 Giis 35  10.1+0.4 151 +0.05 35 9.5+0.3
1 Sows 14 12.6+0.6 1.51+0.08 13 11.6+0.6
2 Gilts 32 10.7+0.4 1.54+0.06 32 10.2+0.4
2 Sows 18  11.4+0.5  1.62+0.07 18 10.7+0.5
3 Gilts 33 10.9+0.4 1.51+0.05 323 9.7+0.4
3 Sows 19  12.3+0.5  1.43+0.07 19 11.2+0.5

".S Mean value for mean values + SEM
"77 - Day 3 adjusted = # born alive — fosters in +fosters out (i.e. -- piglet viability
by birth dam)
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Chapter 5

Discussion

There have been a number of reports dealing with nutrition during
mud-gestation. late gestation. the combination of those phases, or the entire
gesiaticn period (Hoppe et al. 1890: Coffey et al. 1887: Young et al. 1890) focusing
an the lactation performance of the sows and the piglets. The early gestation
p=ricd alone. however. has not received much research focus. The events of early
aestaten are crucial for ensuring reproductive success. After the ova are shed,
reriiizauon must occur and viable embryos must develop and implant successfully
in the uterus. if pregnancy is to be established and maintained (Ulberg and
Rampacek. 1¢74). There are many factors that can influence the success of these

.....

scasses. nciuding the nutrition of the dam during this key time of the pregnancy.

’

hz criical rale that essential fatty acids, particularly linoleic and linolenic acid, may
piey in maximizing performance in terms of litter size. piglet viability and the
success of the subsequent mating period warrants further investigation (Perez
Rigau et al. 1995: Baidoo et al. 1993). Linoleic and linolenic acids are precursors
ior the F-prostaglandins involved in implantation. and may play a key role in
reproductive success (Fengler et al. 1920). This study was designed to see if

supplementation of scw diets with essential fatty acids during the first trimester of

-~
Pl

gestation could improve litter size and viability or sow performance.
The results from this study did not indicate that there was any influence of

essential fatty acids on bady weight. BCS, WEI, or estrogen leveis. Similarly,
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treatment did not affect litter size at birth, piglet birth weights, early piglet
survival or litter size at weaning. The interaction of treatment with day did affect
backiat; while detection of specific differences was not possible, it would seem that
sows both T2 and T3 tended to gain more backfat over T1 during gestation. and
maintained this difference througn to weaning. Similarly there was a treatment by
day interacuon for progesterone concentration in this study. Again. the specific
difference were unable tc be detected. but the largest differences seems to occur at
weaning. when both T2 and T3 have a nigher mean concentration of P. relative to
T1. This could be indicating earlier jollicular development and ovulation in these
sows. While nc affect of EFAs on sow performance or litter size was found, it did
seem that supplemental energy during early gestation could potentially have some
benefit in terms of sow performance and litter traits.
Bodv weights were not affected by supplemental energy offered during the
first 40 davs of gestation. As the energy gain during the first third of pregnancy is

normally low. increasing in the latter portion of gestation as the demands of the

joN

eveloping htter increase (Noblet et al, 1997). this is nct a surprising result. The oll
supplement provided approximately 530 kcal kg™ of energy.

Supplemental energy. whether in the form of starch or flaxseed oil, did
increase back fat levels In the treatment animals. As with body weight both parity
groups followed similar patterns of change for back fat; with the older, more mature
animals achieving higher maximum fat depths and maintaining a higher degree of
fat cover through to the end of lactation. Previous studies have shown that the

modern gilts and first parity sow represent a special case for optimizing
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reproduction. The modern gilt. selected for leanness, rapid growth, increased
miik producticn and eariier onset of puberty often has a reduced appetite (Aherne
and Wilhams. 1992). These young fast growing animals also tend to have
insufficient body reserves with which to meet the increased demands of modern
procduction (Rozeboom et al. 1996).  Foxcroft et al {1295) presented unpublished
data suggesting that the primiparous animal may not have an adequate appetite to
sffectively meet the metabolic demands of lactation and therefore, generally
become catabolic during lactation. This theory may explain the difference seen in
this triai between sows and gilts in terms of lactation back fat lcss. Cole (1990)
stuggested that one of the reasons to focus on feeding to BCS was the priority of
tissue deposition that occurs naturally. In short. it is the inherent nature of an
animal to preserve both the individual and the species. thus meeting the needs of

e dam's bramn and CNS and the demands of the developing litter are of key

~

importance.  To this end. fat has low priority in terms of tissue deposition.
Correspondingly. feed restriction during early gestation must be severe in order to
decrease embryo survival. because the embryo is given such high priority in
nutrient supply (Aherne and Williams. 1892). This theory also supports our findings
that the anmimals receiving supplemental energy tend to have increased backfat
levels relative to their controi fed counter parts. ie the energy in T1 was put into litter
development with less spared for fat deposition than in the higher energy
treatments. Additionally, this would support the idea that younger growing animais
would tend to lose more fat than the older fully-grown animals during the high

demand period of lactation. The gilts went from a maximum back fat measure of
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15.19 mm at 3 days pre-farrowing to 11.45 mm at weaning, while the sows
went from a maximum measure of 18.03 mm on day 113 of gestation to 14.94 mm
at weaning.

Body condition score increased throughout gestation and decreased
throughout lactation. Similar to back fat. BCS increased more in the higher parity
animals during gestation and decreased to a lesser extent during lactation than it
did for gilts and primiparous animals.  Again. this woulid be the expected pattern of
change. considering the physiclogical changes the animals are undergoing during
gestation and lactation. Similarly, if the gilts entered lactation with lower back fat
than their older counterparts. and were weaned with considerably lower back fat. it
is logical that BCS would follow a simitar pattern. as BCS is a subjective measure of
backfat levels. A tnal difference was also detected. with tnal 1 having the highest
mean 3CS. trial Z having the lowest BCS. and tnal 3 having an intermediary value.
It Is possitle to speculate that these differences may be partially accounted for by
the deviation hat was made in the feeding protocol following the first trial. The
animals were formula fed during the first gestation perniod: some of these animals
had BCS that were toc low (>2.75) at the end of the lactation period. This occurred
more commonly with the gilts and primiparous animals. This problem. did mean
some of the animals started trial 2 with a lower BCS than for trial 1, and were left
trying 10 regain that fat cover, grow. and meet the demands of the developing litter
simultanecusly. It is unlikely that these animals were able to meet all these
demands to the same degree the nitial batch of animals were, so it is reasonable to

specuiate that some residual effects from this initial difficulty would still be seen in
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the third trial.  This fact is a likely cause for the lower BCS seen in trial 2, and
the intermediate mean BCS seen in trial 3.

Progesterone values were not influenced by treatment in this study. The
effect of treatment was influenced by day. While the specific differences could not
be detected. it appears as if the major treatment day effect occurs at weaning when
T1 had essentially nc detectable P4 while T2 and T3 have a mean P4 of
approximately 4 ng/mb. Further examination of the data showed that in T1, 5 (10%)
of the samplea animals had P4 values over 1 ng/mL at weaning. while in T2 and T3
there were 14 (31%} and 11 (26.8%) animals respectively with P4 concentrations
>* ng/mbL. These values would suggest that perhaps these animals had come into
heat in the crates and were in fact in the mid-luteal phase of the estrous cycle. Of
the Tt1 animals displaying an elevated P4 value, 4 had WEI recorded. and the
average WE! for these 4 animals was 11.3 days. For T2. 8 of the animals had WEI
reccrded and the mean WEI was 12.6 days. while for T3 there were 6 with a
reccrded WEI. and the mean WE! was 14.5 days. The other animals with elevated
P4 levels did not have a WEI recorded. because they were removed from the
breeding group. These average values for the WEI suggest that in fact these
animals wers in mid-cycle and must have cycled while in the farrowing crates. ltis
possible to speculate that animals on T2 and T3 would be better prepared to cycle
qguicly (< 7 days after weaning) if weaning were to occur earlier (ie. 18 — 21 d).

The wean to estrus intervals in this tnal were not significantly

influenced by treatment. The wean to first service estrus interval cited in the herd

summary published by the Prairie Swine Center as 6.0 days for the upper 25% of
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farms, which is similar to the WEIls found for each of the trials (6.83 + 0.89,
4.52 + 1.05. and 5.37 + 1.17 days).

While there was no direct link between EFA supplementation and the
parameters measured. when all the parameters are considered together, there
were some interesting results.  Increased energy intake during early gestation
should lead to increased back fat and BCS values at farrowing. which in theory
should lead tc decreased lactation feed intake. Appetite or intake suppression
dunng lactation leads to a higher degree of tissue catabolism, which in turn has
been shewn to cause an increase in the WEI and a reduction in subsequent litter
size (Aherne and Williams. 1882). In this trial. there was no evidence that the
incr2ased energy caused any adverse affects on the time it took for the animals to
return o estrus.

Acditionally. these animals were fed according to an industry-accepted
formula. The formula did not adeqguately meet the needs of the animals in trial 1 and
was amended for very thin (BCS < 2.75; especially prevalent in the younger
animals) ang fat (BCS > 3.75. seen mostly in mature animals). This is an
interesting observation. It is interesting to note that these animals were group
housed. The group housing allowed for free movement. and in fact required
movement as these animals had to walk for water and to the feeding stalls. The
extra movement and freedom takes energy, which of course means that these
animals have increased energy reguirements. Western Canadian pork production
systems mainly employ a stall-based gestation housing system. Animais housed in

stalls thus have lower energy requirements relative to loose-housed sows. Much of
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the research available at this time is based on data collected from facilities
using gestation stalls. This is one variation that perhaps should have been
accounted for in the methodology. Noblet (1997) suggested that because physical
acuvity can vary greatly between housing systems and between sows (activity,
including stereotypy behavior) variability in energy requirements between herds
and;or sows will occur. Having said that. it is still interesting to speculate further
about formula feeding. Cne of the major problems facing the pork production
incusiry is the pcor performance of primiparous animals and the poor longevity of
many of the breeding animals (Rozeboom et al. 1996, Caroll et al. 1996).
Indicators like backfat or BCS for animals may serve as practical tools for
evaiuating the effectiveness of the feeding regime on an individual animal basis.
One could speculate that in fact the modern feed restrictions placed on young
animals dunng gestation are hindering long-term productivity.
Supplemental energy fed to sows during early gestation did not alter litter

size at birth, day 3 pp. day 14pp or at weaning. Many studies have shown that

recreased energy during early gestation results in increased embryonic mortality
iEinarsscn and Rojhitiikihun. 1993: Jindal et al.. 1996, and Jindal et al., 1897). Any
=ilezct tnat supplemental energy may have had on embryo survival in this study did
not manifest itself as a difference in litter size. Therefore, supplemental energy in
carly gastation may not negatively impact litter size. There were trial differences in
itter size at oirth. Two infiuencing factors may have played a role in these
differences. the first and most obvious is the difference in parity distribution

amongst the triats. Generally, gilts and early parity scws tend to have smaller



litters. than mature animals (> parity 3. Douramd et al, 1994). The reduction in
performance. in terms of litter size at birth, seen among trials may also have been
in part due to the low body condition of scws exiting the crates from trial 1. which as
previously discussed has been linked with reduced subsequent litter sizes. A
breeding herd summary from the PigChamp program of 282 Canadian farm had the
upper 25%: of farms having an average of 10.7 pigs born alive (Prairie Swine
Center, 2000) to which the current results compare favorably (12.27 + 0.3, 10.86 +
0.3: and 10.84 + 0.3). The number weaned for each of the 3 trials (10.61 + 0.27.
.74 + 024. and 9.38 + 0.24 respectively) was comparable to the upper 35% of the
summary herds. even though the average weaning for those herds was 17.7 days
‘Prairie Swine Center. 2000). With the high levels of production seen in this trial
any benefit in terms of litter numbers and size, may have been unnoticeable. It is
nossible to speculate in a herd with average. or below average production that the
benefits of essential fatty acid supplementation may be more visible.

Sow body weight and BCS were not affected by supplemental energy in this
study. Supplemental energy during early gestation did. however. lead to increased
backfat reserves during lactation and gestation. Estrogen and progesterone levels
were not affected by treatment: however. there was a treatment day interaction for
progestercne. The most obvious difference here being that at weaning the animals
that received the supplemental energy had higher progesterone concentrations.
When the WEI for the animals with elevate P4 values were investigated. it would
seem iikely that these animals had perhaps cycled in the crates and were in the

mid-luteal phase of their cycle at time of weaning. No effect of supplemental
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energy on the WE! was found during this study. Additionally, supplementing
the early gestation diet with energy, regardless of source (corn starch or flax seed
oil) did not affect litter size or piglet viability. At the level of supplementation used in

this study. it would seem that there is no benefit in terms of reproduction. litter size.

piglet viability, and sow WEI.
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Chapter 6

Conclusions

During pregnancy feed supply must be adapted to the specific requirements
of pregnancy so that body reserves can be replenished for growth so physical
maturity can ce mel. Such a strategy would minimize changes in body reserves
and limit reproductive problems. Deficiencies in nutrition may explain maost of the
differences between potential and actual performance of sows (Noblet et al, 1997).
Supplementing the early gestation diet with flax seed oil to bring the linoleic acid
content of the diet to 2% showed no reproductive improvements, but did seem to
increase backiat reserves. as did suppiementation with corn starch (an energy
scurce with no essential fatty acids). Perhaps supplementation at a higher level
would demonstrate a difference in reproductive traits like number of live born pigs.
pigiet viability and 'WEi for sows. While there were no differences found in BCS for
hie energy suppiemented animals. reiative to their control fed counterparts. it is
interesting tc note that BCS and backfat followed very similar patterns over time.
This would seem to indicate that within a herd. BCS may serve as a useful tool for
assessing gestation feeding regimens.

Further investigation 1s required to establish the linoleic and linolenic acid

requirament of the gestating sows.
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Appendix 1

FIGURE 8: THE FIVE CONDITION SCORE RATINGS FOR SOWS
IN MID-LACTATION
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Az.1. Changes in daily feed allotment for gestating sows to account for BCS

for trials 2 and 3 only)

Condition Score

Change in feed (kg)

1.0 +0.6
1.5 +0.4
2.0 +0.3
2.5 +0.2
3.0 0.0
35 -0.2
4.0 -0.3
4.5 -0.4
50 -0.6

Patience et al, 1995
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Appendix 3

Table A3.1: Comparison of number born alive for each trial (p<0.05)

Trial Born Alive Comparisons
! 12.27 + 0.342 a
2 10.86 + 03200 b
3 10.94 ~ 0298 o

Ao nzies gre LS Reans + SEM
a.b represent vaiues that are significantly different

Teble A3.2: Comparison of piglet birth weight for each trial (p<0.05)
Trial Piglet birth weight Comparisons
: P45 * 0.051 a
2 1 85 + 0045 5
3 1.48 + 0.044 ab

AU waiues are LS Means + SEM
a.b represent values that are significantly different

Table A5.3: Comparnisen of adjusted™ number of pigs on day 3 (p<0.05)
o Trial Day 3 Adjusted Comparisons

' 1127 - 03:2 2

b 10,47 - 03065 ao

3 G 81 - 0 298 o

STE LQ i\ lcar< + SENM

e number of inth pigs ali.e on day 8 (represents pglet viability by birth dam)

SRR TSI

22‘,’ 3 Acjusient = # born alive — fasters in + fosters out
nt values that are significantly different



Table A3.4: Comparison of number of deaths by day 3 (p<0.05)

Trial Deaths by day 3 Comparisons
! 1.06 * 0.1¢ a
2 0.29 - 017 b
113 - 0.16 b

b)
TAlvaiuss are LS lleans = SEM
> nuimber of Lirth oigs that died by day 3
atns by aay 5= day 3 acusted - born alive
a.brepresent values that are significantly different

Table AZ.5: Ccmparison of number of piglets on day 3 for each trial (p<0.05)

Trial Day 3 Numbers Comparisons
: 10 99 - 0.219 a
2 10 55 + 0196 a
3 4.70 - 0 190 o

Table A2.5: Comparison of day 3 piglet weights (p<0.05)

Trial Day 3 weights Comparisons
: 188 = 0059 a
2 205 + 0052 a
3 2.02 + 0.051 3
“Alvaiues are LS hleans = SEM

a.b represent values that are significantly different

Tahble AZ.7: Comparison of number of piglets on day 14 (p<0.05)

Trial Day 14 numbers Comparisons
: 10 55 - 0.21 a
2 297 + 0.18 ab
3 G 53 + 0.18 b

Al vaizes are LS Keans + SEM
a.b represent values that are significantly different
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Table A3.8: Comparison of day 14 piglets weights (p<0.05)

Trial Day 14 weights Comparisons
! 472 + 0.11 a
2 +.81 + Q10 ab
3 517 + 010 5

s are LS NMeans - SEM
t val

able A3.¢: Comparison of number weaned for each trial (p<0.05)

~ Trial Number Weaned Comparisons
: 1061 - 0273 a
2 2743 * 0.239 ab
3 23 + 0.237 2

B
~aLe

s gre LS Means + SEM
a.b represent

nt values that are significantly different

able A3.10: Comparison of weaning weights for each trial (p<0.05)

Trial Weaning Weights Comparisons
! 8.50 + 0.23 a
2 828 = 0.20 a
9 9 4h + 020 D

Tanovzeses are LS NMeans - SEM
a.b represent values that are significantly different
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Appendix 4

Comparison of number born alive for gilts and sows (p<0.05)

Table A4.1:
Parity Group Born Alive Comparisons
Guts 10 585 r 0.206 =]
Sows 12.119 + 0.29S b
~Lovziues gre LS Means + SEM
a.b represent values that are significantly different

Table A4.2: Comparison of adjusted™™ number of piglets on day 3 for gilts and

sows {pP<0.05)

Day 3 Adjusted Comparisons

Parity Group
Giits $.805 + 0.205 a
Sows 11.186 + 0.301 o]

TALvaiues are LS Means + SERM
justed number represents the number of minth pigs alive or day 3 (represents piglet viabdity by birth dam)

Day 3 Adjusiea = # born eglive — fosters in + fosters out
a.b represent values that are significantly different

T zble A4.3: Comparison of number of piglets on day 3 far gilts and sows (p<0.05)

Comparisons

Parlty Group Day 3 Numbers
il 10 009 * 0131 a
Scws 10.215 - 0.193 o)

. lues are LS Lleans + SER

G

a.b represent values that are significantly different

bie Ad. 4. Comparison of number piglets on day 14 for gilts and sows (p<0.05)

Comparisons

Parity Group Day 14 Numbers
Glis 9.78% * 0.127 2
Suwrs 10.34 +  0.1856 b

TLivaues gre LS hleans + SEM
abre prc;cm alues that are significantly different





