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CHAPTER I
INTRODUCTION

Mortality in neonatal pigs has been estimated to be
near 20%.

Many attempts have been made to reduce this

economically important aspect of swine production.
However, even with modern operations and high quality
feeding regimes, the death rate of piglets within the
first week of life has changed little in the last 20
years.

An understanding of the behavior and biology of

piglets and sows has not been utilized to reduce early
mortality.
Neonatal animals such as the piglet show rapidly
changing physical, physiological and behavioral
characteristics during the first few days of life.

If

these neonates are to survive, they must continually
adapt to varying social and environmental conditions.
Sensory systems have long been recognized as playing a
mayor role in the neural processes involved in
recognition by the piglet of mother and litermates.
Chemical cues such as matenal feces, amniotic fluid
and ventral skin substances have been demonstrated to be
important sources in nipple attachment and early
suckling behavior over the course of lactation in
several species.

If neonatal pigs also show this

CHAPTER II
LITERATURE REVIEW

Biology of Piglets
Mortality
Curtis (1983) has estimated baby pig mortality in the
United States at 20% of all live-born piglets.

Chilling,

crushing, starvation, diarrhea and innate weakness are major
predisposing factors to mortality within the first few days
of life (Fahmy and Bernard, 1971; Harmon, 1978; England,
1974).

Phelps (1987a) indicated that 11.6% of all livebom

piglets in the U.K. die before weaning.

Sixty percent of

these deaths occurred within the first 3 d of life and 75%
of these deaths were due to crushing and starvation.

In

another study done in the U.K. (Phelps, 1987b), mortality
was 12.4% of all live-births.

From videotapes of sows and

their litters in farrowing crates, it was determined that
46% of these deaths were due to crushing, 21% due to
starvation, 10% to scours, 7% to genetic defects and 2% to
savaging by the sow.

When death caused by crushing was

further analyzed, it was found that 30% (8/27) of these
deaths occurred when the sow laid down after sitting up
(piglet under ribs), 22% (6/27) were crushed when the sow
laid down after standing (piglet under rvrnip) and only 4%
(1/27) were crushed when the sow rolled over from a
recumbent position.

It was also noted in this study that
1

ability to make olfactory discriminations, it may be
possible to modify the farrowing environment and behavior of
piglets to reduce neonatal mortality.

In particular,

piglets could be attracted away from the piglet-crushing sow
by pheromones to a safer source of heat.
The overall objectives of this work were to study the
behavior of piglets and their perception of the farrowing
environment.

More specifically the goals included the

investigation of olfactory mechanisms which may regulate
maternal-neonatal behavior and the study of the development
of this behavior throughout the first week of life, when
piglet mortality is highest.
piglet behavior and biology

Eventually this information on
may be utilized to improve

neonatal survival.
Specific Objectives
The specific objectives of this study included:
1) To identify

biological fluids that attract piglets,

2) To document development of piglets' ability to identify
odors omitted by their mother,
3) To test piglets for their relative preferences for
maternal odors and heat sources,
4) To determine the mechanisms involved in production of
maternal pheromones,
5) To use maternal pheromones to lead piglets to creep
areas and reduce mortality, and

6) To investigate sensory modalities that regulate nipple
attachment behavior.
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recumbent position.

It was also noted in this study that

crushing of higher birth weight piglets occurred after the
sow was in a dog sitting position and that this behavior is
not prevented by the standard farrowing crate.
Svendsen (1986) also reported that preweaning mortality
reaches 20% in many countries in spite of new technology and
improved farrowing management.

Eighty percent

of this

mortality occurred within the first 3 to 4 d of life.

Death

due to noninfectious causes are the most significant source
of early mortality.

This includes death due to traumatic

injuries, starvation and general weakness, sometimes
referred to as the chilling-crushing-starvation complex
(Morrison, 1983).

In another study from Canada, Famhy and

Bernard (1971) found a 25.6% total mortality rate of
Yorkshire piglets.

Crushing and its predisposing factor of

general weakness explained 46.1% of all deaths while 14% of
the mortality was due to scours and 26% to undiagnosed
causes.

Thus, deaths appears to occur as a result of

"inability to thrive" of the piglet or overt or
unintentional harmful actions of the sow.

It would appear

that the ability to modify the behavior of the piglet so as
to minimize its being subject to injury by the sow would
lead to a decrease in deaths due to the latter cause.

One

component of early piglet mortality that has not been as
well studied is neonatal behavior.

Piglet behavior may,

however, be responsible for much of the unexplained

6
mortality that appears to be irreversible in spite of
improved management practices (Randall, 1972a,b; Hartsock
and Graves, 1976).
Inbreeding, large litter size and small piglet birth
weight have long been identified as factors that decrease
early piglet survival (Fahmy and Bernard, 1971; English et
al., 1982; Hutchison et al., 1954; Winters et al., 1947).
Farrowing Environment and Mortality
Recent research suggests that not only should the
physical aspects of the farrowing environment be considered
but also the behavioral requirements of the sow and her
litter.

Clough (1984) has indicated that sows housed in

straw bedded pens behave differently in that they were more
careful in their interactions with their piglets.

Whether

this more careful interaction significantly reduced early
piglet mortality was not determined.
Curtis (1985) has indicated that the modern day
farrowing crate (with 3.25 m^ total area) has not, over the
past 30 yr, reduced the overall piglet mortality rate.
Clough (1984) citing Parrish (1972) and Carnell (1983) have
indicated that farrowing crates do reduce crushing of
piglets when compared to farrowing pens (0.54 more piglets
weaned per litter).

Research conducted at Texas Tech

University also has supported the finding that there is

lower mortality of piglets reared in farrowing crates than
in farrowing pens (Morrow and McGlone, 1987).
Collins et al. (1986) showed no difference in crushing
of piglets in sloped floor pens (17 and 10% slope) when
tested against conventional farrowing crates.

Mortality in

the first 7 d post farrowing was 7.9% in sloped floor pens
and 7.8% in conventional farrowing crates.
The type of flooring in the farrowing environment has
not been shown to influence early piglet mortality
(Christison, 1987; Furniss et al., 1985), although their
behavior may be affected by the type of floor (Gravas,
1979).

Using a pair-wise choice test. Farmer and Christison

(1982) showed that the relative flooring preference in
newborn piglets was, in order of preference, plastic-coated,
expanded metal > molded plastic > perforated metal >
expanded metal > woven wire (from most to least preferred).
Zone-heated creep areas

have also been used in an

attempt to reduce mortality of baby pigs.

Phelps (1987b)

reported that mortality of baby pigs within the first 24 h
of life was reduced from 12.7% to 7.2% by placing two 275watt infrared lamps at the back of the farrowing crate.
Edwards et al. (1987) indicated that, by providing
supplementary heat in creep areas, piglets can be attracted
away from the vicinity of the sow and thereby avoid both
hypothermia and crushing.

Two treatments were tested in

Edward's study: 1) a dull-emitter, infrared, strip heater

8
and a 15-watt "attraction light" and 2) a heat pad (90-watts
set at 32 °C) and a 15-watt attraction light. No data was
given to indicate if either of these treatments were
effective in motivating the piglets to move away from the
sow and thus prevent crushing.

The researchers did,

however, observe that the piglets under the infrared heaters
gave the appearance of better thermal comfort, because
piglets on the heating pad were observed to shiver more,
especially if the pad was wet due to urination.
In contrast to the findings of Phelps and Edwards,
Leibbrandt and Hrupka (1986) observed that baby pigs
preferred to lie next to the sow even when zone heaters were
provided at different locations in the creep area.
62% of pigs laid

On d 1,

next to the sow, whereas, by d 2, only 50%

of the piglets were laying next to the sow.

This behavior

occurred even at 27 °C (a cold environment for neonatal
pigs).

Creep heating is one of the major areas of power

consumption on a pig unit (Edwards et al., 1987), and thus
utilization of zone heat sources by piglets should be
further investigated.
Thermoregulation and Metabolism
Major respiratory and circulatory changes occur in the
neonatal pig within 10 s after birth (establishment of
pulmonary circulation, lung inflation and gas exchange).
Piglets can withstand hypoxia for approximately 5 min at

birth before death ensues.

However, due to intrapartal

changes in blood gas tensions and intermittent intrapartal
hypoxia, neonates are generally acidotic and hypoxic at
birth (low pH, low PO2 and high PCO2).

Acidosis decreases

by 1 h post farrowing and blood values are normalized by 24
h.

This acidotic state (characterized by increases in both

blood hydrogen-ion concentration and PCO2) has been
associated with low viability in piglets (Randall, 1972
a,b).

This peripartal acidotic condition including dyspnea,

poor muscle tone and cyanosis was found to cause marked
behavioral changes among littermates.

Such piglets were

found to be weaker during the first few hs of life and had
difficulty in finding and maintaining a teat (Randall, 1972
a,b) .
Blood-carbon dioxide tension is ordinarily the main
feedback in the control of breathing at the level of the
brainstem respiratory center.

However, when blood-carbon

dioxide tension becomes very high, and oxygen tension
becomes very low (as occurs in interpartal asphyxia), the
entire central nervous system, including the respiratory
center is depressed (Curtis, 1974).

Thus, perinatal

acidosis (along with hypoxia) appears to function in part as
an inducer for the initiation of respiration since
peripheral chemoreceptors are functional prenatally and are
responsive to changes in blood gases.

The acidosis and low

plasma bicarbonate level is not due to an immature renal
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bicarbonate resorption mechanism (McCance and Widdowson,
1953).
Metabolism plays a major role in thermoregulation in
the baby pig.

Metabolic rate doubles within the first 3 d

of life but this metabolic responsiveness develops primarily
over the first 48 h.

The thermoneutral metabolic rate of a

baby pig is about 9 ml 02'kg~-'-*min~-'- at birth and increases
to 16 by d 3.

The heat-production rate of a piglet in a

thermoneutral environment is approximately 100 kcal/d
(Curtis, 1983).
Because of the large, presuckling, glycogen depletion
(up to 70%) in neonates (including the piglet), it has been
hypothesized that lactate may be an important metabolic
substrate for brain metabolism during the presuckling
period.

Medina (1985) demonstrated that brain slices from

neonatal rats (unsuckled) rapidly oxidized lactate.

In

fact, lactate oxidation by brain slices was 10- and 3-fold
higher than that of glucose and 3-hydroxybutyrate,
respectively.

In vivo, plasma lactate in the neonatal rat

is mostly removed within the first 2 postpartum h; this rate
is increased under conditions of hypoxia (Medina, 1985).
Curtis and Rogler (1970) have called the piglet the
most cold-sensitive, neonatal, domestic animal; the lower
critical temperature for a one d old piglet is 34 °C while
that of an adult is 15 °C.

The body temperature of a baby

pig drops about 2 "C after farrowing.

This temperature
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decline is larger for lighter piglets and more vigorous
piglets. Most piglets have an adult (normal) temperature by
12 h post farrowing. LeDividich and Noblet (1984) showed
that colostrum consximption increases VO2 (oxygen
consiimption) and rectal temperature for a duration greater
than the time between natural suckling bouts (e.g., greater
than 60 min) and would thus partially explain the gradual
increase in metabolic rate over the first 24 h.
Curtis and Rogler (1970) demonstrated that an increased
lipid catabolism (free fatty acids) is at least partially
responsible for the decrease in lower critical temperature.
Piglets also shiver and mobilize carbohydrates from liver
and skeletal muscle in order to maintain core temperatures
under conditions of cold stress.
Balsbaugh et al. (1986), using a thermocline apparatus
and an infrared-radiation tracking system, determined that
piglets from 12- to 72-h of age were unable to show a clear
thermal preference.

On average, however, piglets at 12-,

24- and 72-h of age remained in the portion of the
thermocline heated to 35 °C.

Forty-eight-h old piglets

remained, on average, in a slightly lower temperature zone,
which correlates with their changing metabolic state at this
age.

12
Nutrition and Energy Metabolism
Odle and Benevenga (1987) found that piglets receiving
fat supplements lost more weight than control piglets which
were given the same voliome of water.

This may be due in

part to an increase in metabolic rate and thus H2O and CO2
losses with energy supplementation.

Piglets treated with

water excreted more urinary nitrogen than fatty acid treated
pigs indicating protein (tissue) catabolism in normal
piglets.

Blood glucose levels were maintained across all

treatments.
The prepartum feeding of 1,3-Butanediol, a nonvolatile
ketone precursor, to sows has been shown to increase
survival rate from birth to weaning (28 d) by 5.7% (P <
.10).

This increased survival was postulated to be due to

one of three mechanisms, either a butanediol-induced
alteration in the concentration of endogenous energy
reserves in the neonate, a bacteriostatic and antifungal
effect on the sow or an anesthetic action of butandiol
during parturition and early lactation, a stressful time for
the neonate (Stahly et al., 1985).
Colostrum is the first source of energy baby piglets
receive.

Piglets must obtain an adequate suckle as quickly

after farrowing as possible to maintain their high metabolic
rate and acquire immunological protection against pathogens
in the farrowing environment (Hendrix et al., 1978).

The

composition of colostrum on an as fed basis is about 22.7%
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dry matter, 11.1% crude protein, 4.1% lactose, 6.3% fat,
0.7% ash and 5.82 kJ/g gross energy (LeDividich and Noblet,
1984).

The consiimption of colostrum at first nursing was

found to be 32 g/kg by LeDividich and Noblet (1984).
English et al. (1982) state that newborn piglets obtain 20
ml of milk at each suckling or about 500 ml the first d.
Other substrates within the farrowing environment are
also ingested by piglets.

Sansom and Gleed (1981) showed

that between d 0 and 21 baby pigs ingest 20.9 g of maternal
feces and bedding per d.

In that study, 200 [iCi/d

of l"°Au

(a non-absorbed marker which labelled maternal feces with
radioactivity) was given to sows and then piglet
radioactivity

was measured with a whole-body counter.

Ninety-one percent of all radioactivity was found in the
gastrointestinal tract and another 7% occurred as external
skin contamination.
milk samples.

No radioactivity was present in sow

Sansom and Gleed (1981) suggested that

variability in intake of maternal feces by piglets was due
to decreased feed intake of the sow and thus reduced fecal
output.

They also suggested that the function of this

behavior may be to obtain nutrients such as vitamin Bj^o and
iron.
Immune System
Serum gamma globulin concentrations are highly
correlated to neonatal survival.

Hendrix et al. (1978)
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found that piglets surviving to 21 d of age and

piglets

b o m alive, but not surviving to 21 d had 40.4 ± 1.5 and
27.5 ± 2.0 mg/ml serxim gamma globulin concentrations,
respectively (P < .001).
There is essentially no placental transmission of
immunoglobulins from the sow to the piglets (Butler et al.,
1981; Tizzard, 1978).

Passive hiimoral immunity occurs via

colostriim within the first 12 h after farrowing.

Unsuckled

piglets lack any immunoglobulin (specifically immunoglobulin
A, IgA) in the large intestine but 1-d old suckled piglets
do show gamma globulins in the gastrointestinal tract.
Uptake into the circulation of immunoglobulins (primarily
immunoglobulin G, IgG) is mediated by villus epithelial
cells while IgM (immunoglobulin M) and IgA of maternal
origin accumulates in the lumen of the gut (Butler et al.,
1981).

Transmission of immunoglobulins and other proteins

occurs for the first 24 h postpartum in piglets (Speer et
al,, 1960; Svendson et al,, 1986),
Colostral immunoglobulin concentrations were reported
to be 950 to 1050 mg/dl for IgA, 250 to 320 mg/dl for IgM
and 3000 to 7000 mg/dl for IgG and the immunoglobulin
content for milk as 300 to 700 mg/dl IgA, 30 to 90 mg/dl IgM
and 100 to 300 mg/dl IgG (Tizzard, 1978; Yabiki et al.,
1974),

These immunoglobulin levels found in colostrum and

milk are reflected in the serum immunoglobulin
concentrations of piglets that have nursed although factors
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such as cold stress may reduce the passive transfer of these
immunoglobulins (Blecha and Kelley, 1981).

Cessation of

macromolecular transmission or gut closure is, in part,
regulated by insulin which appears to initiate the synthesis
of structural proteins in enterocytes (Svendsen et al.,
1986).
Under normal circumstances, measurable developments in
the immunological systems of neonatal pigs (e.g., active
immunity) do not occur (or at least are undetectable) until
10 to 14 d after parturition (Wilson, 1974; Brown et al.,
1961).

Increasing the level of Cortisol in the sow pre-

partum has, however, been shown to induce early
immunoglobulin synthesis in non-stressed piglets (Bate and
Hacker, 1985).

Immunoglobulin M is the first class of

actively produced immunoglobulins.

For about the first

postpartxim month the leukocyte fraction of whole blood from
piglets contains mainly small lymphocytes.

Immunoglobulin M

is produced by small and medium lymphocytes; whereas, IgG
and IgA are produced by plasma cells.
appear until 5 or 5 wk after birth.

Plasma cells do not

Thus, IgM is the first

gamma globulin to be produced (Yabiki et al., 1974).
Chemical Senses
Ablation of the olfactory bulb of females at either 3
wk or 3 mo of age does not appear to affect mating,
parturition or piglet survival and growth.

In several
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studies, bulbectomized sows, in contrast to control sows
showed no aggression towards strange piglets (Horrell and
Hodgson, 1984; Meese and Baldwin, 1975).

Two out of 5

bulbectomized sows allowed foster litters to nurse while 3/5
did not.

Meese and Baldwin (1975) concluded that the

stimulus for nursing is different than that of piglet
recognition, and that, although the sows were capable of
recognizing alien piglets, the olfactory stimulus necessary
to elicit maternal aggressive behavior towards alien piglets
was different.
Nursing Behavior and Teat Order
Within a few mins after birth, piglets seek to locate a
nipple.

The sow is generally in a position of lateral

recumbency which is typical for Suidae, Hippopotami and
Tapirs, but is not generally found in other ungulates
(Fradrich, 1974).

Nursing is a highly ordered series of

behaviors which are dependant on reciprocal communication
between the sow and her litter and, between piglets within a
litter.

Agonistic behavior between litter mates serves to

establish a dominance hierarchy ("teat order") that provides
social stability within the litter during the short period
of milk letdown by the sow.

In addition, this early

hierarchy may influence later productivity.
The teat order was originally described by McBride
(1953) although observations that piglets nurse from
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specific teats appears in the literature much earlier than
this (Donald, 1937; von Hopler, 1943).

As previously

indicated by heat lamp studies, piglets spend most of their
time (> 50%) for the first few postpartiim days next to the
sow (Curtis and Gonyou, 1984; Leibbrandt and Hrupka, 1987).
For the first 24 h postpartum, colostrum is continuously
available and may be attracting the piglets to the sow's
teats.
Between birth and 4 h of age piglets spend 55% of their
time suckling from a single teat (Hemsworth et al., 1975).
Teat orders are generally firmly established by 1 wk of age
although the stability of this teat order is dependent on
the growth rate of the litter and litter size (Winfield et
al., 1974).

When there are fewer than 10 piglets in the

litter teat order is less stable.

This is an important

factor in productivity since litter growth rate is
positively correlated with stability of the teat order.

The

anterior teats produce more milk than do the posterior
teats.

Warnier and Paquay (1985) have suggested that sounds

made by the sow during parturition may attract piglets to
the anterior teats.

In general, heavier piglets occupy

these anterior teats (English et al., 1982),

Hemsworth et

al, (1975) found that the teat order had stabilized by d 6,
They also found that within 48 h, 40% of all baby pigs had
changed their teat preference.

When the development of the

teat order was investigated it was found that 78% of piglets
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commenced suckling within 30 min of being born.

After this,

the piglets moved along the sows udder "sampling" teats but
55% of the time the piglets sucked from one teat.

The

preferred teat appeared to be in the area of the udder that
was initially suckled.

Warnier and Paquay (1985) also found

that during the first 72 h of life, piglets begin to show a
preference for one teat, but that this preference is not a
definitive one and that the teat order is not completely
established until 7-d of age.
Because milk let down occurs for only a short time (10
to 20 s ) , the ingestion of milk by piglets is in part
assured by the formation of a teat order.

Piglets recognize

their own teat, after the teat order has been established,
by odor cues and by using littermates and the sow as a
reference point (Curtis and Gonyou, 1984).

It has also been

hypothesized that the saliva of each piglet contains
specific odors that make recognition of individual teats
easier (Warnier and Paquay, 1985).
Survival and productivity, as previously discussed, are
highly correlated to the establishment and maintenance of
the teat order.

This hierarchy and subsequent nursing of

anterior teats may confer a benefit to certain piglets while
decreasing the productivity of others later in life (Warnier
and Paquay, 1985).

Scheel et al. (1977) and others have

concluded that relationships developed during the formation
of the teat order, as well as the increased milk production
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by the sow's anterior teats, may influence the dominance
hierarchy (within litter) later in life and allow larger,
more dominant piglets to produce more than their smaller
littermates.
Nursing behavior during nutritive suckling is
maintained by a series of structured behaviors between the
sow and her piglets.

This nursing behavior consists of a

well defined series of behavioral events, usually initiated
by the sow.

The piglets also may be instrumental in

initiating lactation by vocalizing and nosing the udder.
The sow then exposes her teats and begins a slow grunting.
Next, the piglets attach to their teat and intermittently
root at the udder which may serve to regulate the milk
production of the sow according to the litter size (Algers
and Jensen, 1985).

Milk letdown, which lasts for only 10 to

20 s, is signalled by a rapid increase in the sow's grunts
and by a general decrease in piglet activity.

After milk

flow stops, the piglets become more active again and
eventually slow their suckling rate.

Piglets may fail to

respond to the sow's grunts and receive less milk in noisy
environments (Algers and Jensen, 1985).
Maternal Pheromones
Introduction
Neonatal animals such as the piglet show rapidly
changing physical, physiological and behavioral
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characteristics during the first few d of life.

If these

neonates are to survive, they must continually adapt to
varying social and environmental conditions.

Sensory

systems have long been recognized as playing a major role in
the neural processes involved in recognition by the piglet
of mother and littermates.
More recently, in several species of rodents and also
the cat and pig, olfaction has been identified as playing a
central role in nursing behavior.

Although the young of

many species of mammals show an attraction for maternal
odors or for the odor of their nest, unequivocal evidence
that individual odors are responsible and their exact
chemical nature is lacking in most cases.

In rats, spiny

mice, house mice, hamsters, Mongolian gerbils, rabbits, and
cats, neonates show a preference for their mother's (or own
nest) odors as compared to the odors of nonlactating
females, males, or no odor (Leon and Moltz, 1972; Porter and
Etscorn, 1976; Rosenblatt, 1976).
In only a few of these species (rat, gerbil and spiny
mouse), however, can the young distinguish specific odors on
the body of their mother.

Maternal feces, amniotic fluid

and ventral skin substances have been demonstrated to be
important sources of maternal odors.

These chemical cues

are important in nipple attachment and early suckling
behavior as well as in facilitating the union of mother and
young over the course of lactation.
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Nipple Attachment and Early
Suckling Behavior
The functional importance of odors for nipple
attachment have been demonstrated in several species
including rats, mice, and gerbils.

Teicher and Blass (1977)

showed that saliva of newly parturient Albino rats (SpragueDawley) and birth fluids contained substances that when
applied to nipples, induced nipple attachment.

These birth

fluids are normally found on the ventrum of the dam because
in between expulsion of pups, the female will frequently
lick her vulva and nipples.

Maternal urine and virgin

female saliva did not induce nipple attachment.

These

researchers suggested that the influence of birth fluids on
nipple attachment behavior begins in-utero when amniotic
fluid is swallowed by the fetus.

Rat and mouse olfactcrv

systems are functional in utero, with the vomercnasal organ
maturing earlier than the main olfactory bulb (Leon, 1983;
Shepherd et al., 1987).

This has been demonstrated by in-

utero studies of olfactory learning (Smotherman and
Robinson, 1987).

Ventral skin secretions have also been

implicated in stimulating suckling behavior in rat pups.
Olfactory denervation of neonatal rats led to starvation due
to a lack of nipple attachment and milk consumption.
Washing the ventrum of a rat dam with organic solvents
prevented nipple attachment by rat pups (Hofer et al.,
1976).

The principle substances removed by the organic
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solvent wash were skin lipids purportedly secreted by
specialized sebaceous glands localized in the region of the
areola and nipple (Montgomery's glands or glandulae
areolares).

These glands excrete

lipids which are not

highly volatile and may function as short-range olfactory
and nipple attachment cues (Hofer et al., 1976).
Rodent Maternal Pheromones
Leon and Moltz (1972) found that beginning at d 12 to
14 postpartiim, the time when pups begin to stray from the
nest, there was an increase in the proportion of Norway rat
pups that approached their own mother.

This attraction

remained high through d 27 and by d 41 the pups were no
longer attracted to the odor of the dam (Leon and Behese,
1979).

An odor cue was thought to be the source of

attraction of the pups to the dam and, in fact, the
principal source of this maternal odor has more recently
been shown to be contained in a portion of the anal excreta,
called caecotrophe.
Caecotrophe is thought to originate from the feces in
the cecum (Leon, 1979).

Cecal bacteria in both lactating

and nonlactating rats produce caecotrophe; however, the
level of emission of the odor-bearing caecotrophe to the
external environment varies with age and endocrine state of
the animal.

Being coprophagous, rats usually ingest all

caecotrophe that is defecated.

Lactating females, however,
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defecate more caecotrophe than they are able to re-ingest
due to

increased food intake by the dam.

The hyperphagia

in lactating rats stimulates the secretion of bile into the
gastrointestinal tract and the increased bile (cholic acid)
functions, in part, as a natural laxative (Leon, 1974).
Increased food intake resulting in greater fecal output
is not the only factor in caecotrophe production since
lesions of the ventromedial hypothalamus (which produce
hyperphagia) of nonlactating rats did not render feces from
these females attractive to pups, in spite of their
increased food intake (Moltz and Kilpatrick, 1980).

This

finding was presxjmably because the hypothalamic lesions
increased the acidity of the intestinal tract.

Under normal

conditions, lactating dams attracted pups only when acidity
of the gastrointestinal tract (the junction of the large and
small intestines, near the cecum) was lower than in
nonlactating animals.

It is not known whether this

localized reduction in pH affects odor synthesis, emission,
or both.
Maternal Pheromone Mechanisms
Neonatally programmed sex differences in prolactin
binding ability of the liver are apparent by puberty in
rats.

Administration of androgen to neonatal rats reduces

the number of prolactin receptors that can be formed in the
liver (Moltz and Kilpatrick, 1980).

In the lactating
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female, high concentrations of prolactin over a period of
days increases the number of prolactin receptors in the
liver and thereafter alters

bile production.

Ergocomine,

a dopamine analog that inhibits the release of hypophyseal
prolactin, inhibits production of the maternal pheromone
while prolactin replacement restores it (Leon, 1983).
Maternal behavior (specifically retrieval and grooming of
pups) is also a precondition for emission of the maternal
pheromone (Leon, 1979).
The suckling behavior of rat pups has been shown to
increase maternal prolactin which, in turn, stimulates
maternal food intake (Leon, 1983).

The neurotransmitters

involved in this hyperphagia have recently been studied in
more detail,

Freund and Fischer (1986) showed that

catecholaminergic and serotoninergic neurotransmitters
(involved in regulating feed intake and satiety) are not
directly responsible for the hyperphagia but rather they
play a regulatory role in the prolactin surge.
Development of Pheromonal Communication
Combined with the changing nature of many maternal
secretions (due to pre- and post-parturient hormone fluxes)
is the dramatic plasticity in the nervous system of young
mammals that allows attraction to maternal odors to be
gained with limited experience.

Maternal odor systems, or

the synchronous production of maternal pheromones and the
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ability of young to discriminate such cues, probably develop
in such a way as to have the cue present during some
critical period in which the young will develop an
attraction to whatever olfactory stimuli are in their
environment.
Porter and Etscorn (1975) showed that in the spiny
mouse there is a critical period for the development of
olfactory preferences.

Spiny mice pups possess functional

olfactory capacities within 24 to 36 h of birth.

When 2-d

old pups were tested with either a novel odor or an odor
stimulus (either cinnamon or cumin) to which they had been
exposed for 1 h on the day of birth, they preferred the odor
they had experienced at birth.
Rat pups begin showing a preference for caecotrophe at
14 to 16 d of age.

Until this time, the female initiates

nursing behavior by retrieving pups to the nest.

Later, the

presence of the maternal pheromone appears to ensure that
the female remains attractive and locatable by the pups.
d 27, rat pups are no longer attracted by caecotrophe.

By
This

is presumably due to the fact that by d 27 rat pups have a
similar cecal odor as the dam which suppresses the approach
response of the pups to the maternal pheromone (Leon and
Behse, 1977).
In addition, when rat pups were continuously
substituted so that the dams were only exposed to day old
pups, pheromone emission was inhibited (Leon, 1983).
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Conversely, when litters were substituted so that rat dams
were continuously exposed to 16-d old pups, the pheromone
was released continuously (in some females up to 100 d ) .
These findings imply that the pup is instr\imental in
regulating the production of maternal pheromones.
Normal Levels and Pharmacological
Modulation of Prolactin in Swine
Prolactin is a polypeptide hormone (molecular weight of
23,000) produced by the anterior pituitary gland.

The

primary role of prolactin in lactating females is the
initiation of lactation.

The influence of prolactin in the

maintenance of lactation is less clear due to conflicting
reports that lactation continues even in the presence of a
pharmacologically induced reduction in serum prolactin
concentration (Cowie and Battle, 1980) and other reports
that reducing prolactin levels terminates lactation (Taverne
et al., 1982).

The effect of prolactin on lactation may be

species specific and is dependent upon many endocrine
factors such as oxytocin, progesterone and
name only a few.

estrogen, to

Prolactin has also been shown to be a

stress sensitive hormone, which may explain some of the
variation in the effectiveness of pharmacological studies.
Average plasma concentrations of prolactin in the nonpregnant gilt are 15 ng/ml with plasma levels rising to 148
ng/ml in the peripartum sow (Dusza and Krymowska, 1981).
Reported prolactin values for lactating sows are
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considerably more variable and range from 27 (Mulloy and
Malven, 1979) to 43 ng/ml (Dusza and Krzymowska, 1981).

The

normal secretory pattern is episodic.
Prolactin is believed to be under inhibitory control by
hypothalamic hormone called prolactin inhibitory factor
(PIF).

Studies using dopamine agonist and antagonist drugs

in a number of species have provided strong evidence that
PIF is dopamine (Smith and Wagner, 1985).
One agent commonly used to reduce serum prolactin
concentrations is the ergot alkaloid, bromocriptine, which
produces its effect by binding to the dopamine receptor and
producing a biochemical response identical to that of
dopamine (Keenan, 1982).

Bromocriptine is used clinically

to treat hyperprolactinemia and Parkinson's disease.
Taverne et al. (1982) reduced sow prolactin levels to < 2
ng/ml by orally administering 10 mg bromocriptine from d 111
of gestation to d 1 post partum.

This concentration of

prolactin is similar to that found by Anderson et al. (1982)
in gilts receiving hypophysial stalk transections (a nylon
disc was also inserted between the severed ends of the
hypophysial stalk to prevent vascular and tissue
regeneration).

In the study by Taverne et al. (1982),

lactogenesis was also prevented.
Haloperidol (butyrophenone), used clinically as an
antipsychotic, is classified as a prolactin inducing agent.
Its pharmacological mode of action is as a dopamine receptor
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antagonist, though the precise mechanism of action has not
been clearly established.

Kendall et al. (1983) stimulated

prolactin secretion in cyclic (luteal phase) gilts from 6 to
32 times basal concentrations by the administration of
haloperidol.
Sow and Piglet Chemical Communication
Piglets have a well developed olfactory system at birth
(Walser, 1985; Horrell and Eaton, 1984; Horrell and Hodgson,
1984) and thus the possibility exists that there is chemical
communication between sows and piglets.

Like other mammals,

sows can identify their own offspring shortly after birth
(Horrell and Eaton, 1984; Horrell and Hodgson, 1984).
Exposure to a specific maternal pheromone may therefore be
playing a critical role in the behavioral interactions
between sows and their piglets.
Some cecal activity, or breakdown of undigested food
particles by microbes, occurs in the digestive tract of pigs
making the presence of a maternal pheromone similar to
caecotrophe (found in rodents) a possibility.

In addition

to this, it has been shown in rodents that the presence of
bile acids of the rat dam protect the pups gastrointestinal
tract against E. coli toxins.

Maternal pheromones may

therefore attract the pups to the maternal excreta
(containing bile acids), the ingestion of which may serve a
protective function against E. coli toxins (Leon, 1974).
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Piglets are also known to ingest maternal excreta and may be
preferentially attracted to this substance (Sansom and
Gleed, 1981).
There is a paucity of information on the behavioral
physiology of neonatal piglets.

In particular, it is not

known what sensory cues are involved in early maternalneonatal behavior or how these signals might change as the
piglet develops.

Investigations of biological odors within

the piglet's environment and the mechanism of action of
these substances on maternal-neonatal behavior could provide
the information

needed to reduce early piglet mortality.

CHAPTER III
SOURCES OF MATERNAL ODORS AND THE
DEVELOPMENT OF ODOR PREFERENCES
IN BABY PIGS

Abstract
Four experiments were conducted to determine if piglets
were attracted to odors in biological fluids from the sow,
and how preferences to attractive substances develop.
Piglets were tested in a Y-maze and a preference index (PI)
was calculated for each test substance.
demonstrated a consistent

Piglets

attraction for odors from

maternal feces over water (PI = .64), colostrtim (PI = .50)
and sow urine (PI = .60). This preference is present by 12h of age

and is still present in 7-d old piglets.

At both

ages, piglets preferred nipple washings over organic solvent
(PI = .65 at 12-h and .59 at 7-d). Piglets were attracted
to maternal fecal odors over water, feces from another
lactating sow and a nonlactating sow's feces at 12-h and 7-d
of age.

The ability of piglets to discriminate maternal

fecal odors at 12-h of age was clearly demonstrated.
Introduction
Although piglets are precocious at birth, they must
continually adapt to changing environmental and social
conditions to survive.

The newborn piglet receives little
30
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conditions to survive.

The newborn piglet receives little

assistance from the sow after birth and thus, must find food
and warmth virtually on its own.

Sensory systems play an

important role in maternal-neonatal behavior in all mammals.
While the precise chemical nature of these odors is not
known, maternal feces, amniotic fluid and ventral skin
substances have been demonstrated to be important sources of
maternal odors in several species (Hofer et al., 1976; Leon,
1983; Teicher and Blass, 1977).
Piglets have a well developed olfactory system at birth
(Walser, 1985; Horrell and Eaton, 1984; Horrell and Hodgson,
1984).

Exposure to a specific maternal odor may therefore

be playing a critical role in the behavioral interactions
between sows and their piglets.

Piglets are also known to

ingest maternal excreta (Gleed and Sansom, 1981) and may be
attracted to this substance.

Thus, 4 experiments were

conducted to determine what biological substances are
preferred by piglets and how these odor preferences develop.
Methods
General.

Piglets and sows were from a four-breed

rotational cross system (Yorkshire, Hampshire, Landrace,
Duroc).

All sows and litters were housed indoors in

standard farrowing crates (1.52 x 2.13 m total area, with a
.51 X 2.13 m sow area) with either plastic coated expanded
metal or concrete slatted floors.

Sows had ad libitum
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access to water and a 14% crude protein sorghum-soybean meal
supplemented diet.

Piglets were routinely processed by 24-h

of age (ears notched, needle teeth clipped, weighed,
injected with 1 mg iron dextran-'- and 1 cc combiotic^).

At d

10 of lactation, a creep feed was made available to all
piglets.
Y-Maze Paradigm.

Treatments were presented to piglets

in the arms of a Y-maze.

The sides and floor of the Y-maze

were constructed of plywood.

The plywood was painted with a

white oil base paint to prevent odors from becoming
impregnated in the wood.
long by 15 cm wide.

Each arm of the maze was 51 cm

The side walls were also 61 cm tall.

Fans at the end of each arm of the maze (where test samples
were positioned) blew air across the test substances and
into the maze at 1.52 m/s (air speed was measured with an
anemometer at the start of each test period).

A wire screen

prevented direct piglet contact with test substances (Figure
1).

Test substances were randomly assigned to the arms of

the Y-maze.

Each test lasted 5 min per piglet.

The time

spent in the left, right and neutral areas of the Y-maze

^Pfizer Inc. Agricultural Division, New York, NY
10017.
2 Salsbury Laboratories, Inc., Charles City, lA 50516
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were recorded with an electronic event recorder^ (all values
are listed in Appendix A ) .
Data Analysis.

A preference index (PI) was calculated

for each test substance by dividing the duration of the 5
min test spent in the arm of the Y-maze near a test
substance by the total time spent in both arms of the maze.
A PI greater or less than 0.5 would thus indicate a
preference or aversion, respectively.

An examination of the

data for adherence to the assumptions of the analysis of
variance were then made.

Data were analyzed as a series of

n - 1 degrees of freedom t-tests (2-tailed) in accordance
with ANOVA assumptions.

This t-test was used to determine

if the calculated PI was different from .5, an equal amount
of time spent near both of the test substances.
Experiment 1. Maternal Pheromones in Colostrum, Milk,
Urine and Feces.
used in Exp. 1.

Sixty four piglets from nine litters were
Each piglet was tested six times at two

ages (twelve tests total) resulting in 682 total
observations.

Piglets were randomly allocated to be tested

with the following treatments: 1) colostrum from their
mother versus water at 12-h of age (n = 65) and milk from
their mother at 7-d of age versus water (n = 55); 2) urine
from their mother versus water at 12-h of age (n = 49) and
•^ Datamyte model 800, Datamyte Corp., Minnetonka, MN
55343.
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7-d f age (n = 49); 3) feces from their mother or colostriim
from their mother at 12-h of age (n = 65) and 7-d of age (n
= 65); 4) urine from their mother or colostrum at 12-h (n =
49) or urine versus milk at 7-d (n = 49); 5) maternal feces
versus colostrum at 12-h of age (n = 65) and maternal feces
versus milk at 7-d (n = 63); and 6) maternal feces versus
urine at 12-h (n = 49) and 7-d (n = 49). The standard
testing procedure (Y-maze paradigm) was used.
Feces were collected by taking a grab sample (gloved
hand) from the rectiim of the sow before testing.

Fecal

samples were stored covered in plastic petri dishes until
testing.

Two g of fecal material were used in each test.

Colostriim samples were also collected prior to testing and
stored in plastic bottles until needed.

Milk samples were

collected from sows five min after injection of 3 ml
oxytocin.

Each milk sample was placed in a plastic bottle

and stored until testing began.

Urine was collected from

all sows at about 0300 each test day.

The urine samples

were also placed in plastic bottles and stored until testing
began.

Five ml of colostrum, milk or urine were used for

each test, respectively.

Samples were stored in a

refrigerator but during Y-maze testing, all samples were at
a room temperature of 29.4 °C.
Experiment 2. Maternal Pheromones in Nipple Washings
and Feces.

In Exp. 1, maternal fecal odors were found to be

attractive to piglets.

In addition, newborn mammals seek
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and locate a nipple, in part, by olfactory cues.

Exp. 2 was

conducted to determine if volatile lipids produced by the
glands surrounding the nipple and maternal feces were
attractive to piglets.

Sixty two piglets from seven litters

were tested three times at two ages (12-h and 7-d of age)
resulting in 371 total observations.
with the following treatments:

Piglets were tested

1) organic solvent versus

nipple washings (n = 124); 2) maternal fecal odors versus
nipple washings (n = 123); 3) maternal fecal odors versus
water (n = 124). The standard Y-maze paradigm was used.
Nipple washings were obtained by washing the ventrum of the
sow with 10 ml of a 3:2 solution of methylene chloride^ and
95% ethanol^ on a gauze sponge.

Washings were collected in

petri dishes just before testing and stored, covered, in a
refrigerator.

During the preference testing procedure, 5 ml

of nipple washings were used.

Feces were collected by

taking a grab sample (gloved hand) from the rectum of the
sow as previously described in Exp. 1.
Experiment 3. Maternal Pheromones in Sow Feces.

One

hundred and seventy piglets from 18 litters were tested at
12-h and 7-d of age.

Each piglet was tested six times at

each age resulting in 1,041 total observations.

Piglets

were tested for their preference for: 1) maternal feces (FM)
versus water (n = 170), 2) feces from another lactating sow
^ Sigma Chemical Co., St. Louis, MO 53178.
^ Aldrich Chemical Co,, Inc,, Milwaukee, WI 53233
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(FO) versus water (n = 170), 3) feces from a nonlactating
sow (FNL) versus water (n = 170), 4) FM versus FO (n = 177),
5) FO versus

FNL (n = 178) and 6) FM versus FNL (N = 175).

Each piglet received all six treatments in a random order.
The standard testing procedure was used.

Two grams of

feces, collected by grab sampling as described in Exp. 1
were used.
Experiment 4. Development of Preferences for Maternal
Fecal Odors.

Previous experiments demonstrated a marked

preference for maternal fecal odors.

Thus, Exp. 4 was

conducted to investigate the development of this preference
and determine if a critical period existed in this
preference.
Data were collected from sixty five piglets from ten
litters.

Three hundred and twenty five total observations

were made.

At birth, piglets were removed from the sow,

dried, and placed in a heated creep box.

They were then

tested with maternal fecal odors versus water at birth, 12h, 1-, 3- and 7-d of age (n = 65 at each age).

Two grams of

feces were collected and used in the arms of the Y-maze.
Collection of feces was by grab sampling as previously
described.
Results
Experiment 1. Maternal Pheromones in Colostrum, Milk,
Urine and Feces.

At 12-h of age piglets showed a preference
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(P < .01) for maternal fecal odors when tested against
water, colostrum and urine (PI = .54 ± .03, .50 ± .03 and
.60 ± .04; Figure 2 ) . Colostriim was a preferred (P < .05)
odor source at 12-h of age only when tested against urine
(PI = .57 ± .03) and not when tested against water (PI = .44
± .03). Sow urine was not attractive to piglets.

Piglets

spent more total time (P < .05) in the arms of the Y-maze
when the test substances were FM versus C and FM versus U
(Appendix A ) .
There were no significant preferences for maternal
fecal odors, milk or urine in the tests performed on 7-d old
piglets (Figure 3 ) . Urine, milk and fecal odors all
appeared to be neutral olfactory stimuli (Pi's of around .5
for 7-d old piglets in this study).
Experiment 2. Maternal Pheromones in Nipple Washings
and Feces.

Piglets preferred (P < .01) the odor of nipple

washings (contained in the organic solvent) over organic
solvent alone (PI = .65 ± .03; Figure 4) at 12-h of age.

In

addition, odors from sow feces were preferred (P < .05) over
both water and nipple washings (Pi's = .58 ± .03 and .57 ±
,03),

Maternal fecal odors were more attractive (P < .05)

to 12-h old piglets since they spent more total time in the
arms of the Y-maze for FM versus W (Appendix A ) ,
When tested at 7-d of age, these preferences still
occurred.

Piglets were attracted (P < ,05) to nipple

washings over organic solvent (PI = ,55 ± .03) and maternal
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feces over both water (PI = .58 ± .03) and nipple washings
(PI = .57 ± .03; Figure 5 ) .
Experiment 3. Maternal Pheromones in Sow Feces.

At 12-

h of age, odors from FM were preferred (P < .01) over water,
FO and FNL (PI = .72 ± .02, .66 ± .02 and .57 ± .02,
respectively).

Piglets also preferred (P < .01) FO and FNL

over water at this age (PI = .58 ± .02 and .65 ± .02; Figure
6).

Piglets did not indicate a preference (P > .10) for FO

versus FNL (PI = .51 ± .02). At 7 d of age a similar
response was seen.

Maternal fecal odors (FM) were preferred

over W, FO and FNL (Pi's = .68 ± .03, P < .01; .61 ± .03, P
< .01 and .55 ± .03, P < .05; Figure 7 ) . FO was preferred
(P < .01) over both W and FNL (PI = .61 ± .03 and .53 ± .03)
and FNL was preferred (P < .01) over water (PI = .60 ± .03).
Experiment 4. Development of Preferences for Maternal
Fecal Odors.

Piglets were not attracted (P > .10) to odors

from maternal feces at birth (PI = .45 ± .03; Figure 8 ) . A
preference for this odor developed between birth and 12-h of
age.

At 12-h, 1-, 3- and 7-d of age

maternal fecal odors

were significantly preferred over water (Pi's = .59 ± .03 at
12-h; P < .05; .51 ± .03 at d 1; P < .01; .62 ± .03 and .61
± , 0 2 , P < . 0 1 a t d 3 and 7; Figure 8 ) .
Discussion
The results of this study have indicated that neonatal
and older piglets have the ability to discriminate between

39
biological fluids produced by the sow.

Clearly and

consistently, throughout these studies, maternal fecal odors
were preferred by piglets.

This is consistent with the

findings in"other mammalian species such as rodents (Leon,
1983).

Several of the biological fluids found to be

unattractive to other mammalian neonates were also not
attractive to piglets.

In fact, urine was aversive to

piglets, a finding similar to Teicher and Blass' (1977) in
albino rats.

Perhaps urine is aversive because if neonates

are attracted to it, they might become wet and chilled.
Of interest is the observation that neither milk nor
colostrum were attractive to piglets in the Y-maze paradigm.
These substances probably regulate nursing behavior at a
close range and thus do not act as an olfactory signal from
a distance.

Ventral skin secretions have also been

implicated in stimulating suckling behavior in rodents
(Hofer et al., 1976).

In this study, fecal odors were

preferred over the ventral odors collected by washing the
sow's ventrum with an organic solvent.

However, nipple

washings were preferred over the organic solvent alone
suggesting that these findings were not due simply to an
aversion to the organic solvent.

Ventral substances,

especially lipids produced by skin glands would probably be
more functional in regulating close range nipple search
behavior rather than being long range olfactory cues as has
been proposed for the maternal fecal pheromone.
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Maternal odor systems probably develop in such a way as
to have the cues present during some critical period in
which the young will develop an attraction to whatever
olfactory cues are in their environment.

Olfactory

conditioning studies have provided data to substantiate the
fact that critical periods exist for olfactory learning
(Porter and Etscorn, 1976).

For the rodent maternal

pheromone, caecotrophe, it has been found the critical
period for development of a preference is between 14 and 16 d of age (Leon and Behse, 1977).

The results of Exp. 4

demonstrated a critical period occurring between birth and
12-h of age for piglet attraction to maternal fecal odors
(data from a pilot study also indicated that this preference
still occurred in 14- and 21-d old piglets).
Why this critical period is so much earlier in piglets
than in rodents is speculative at this point.

One

explanation might be that the maternal pheromone has
different functions in the two different species.

It has

been postulated that rodents do not need to be attracted to
the dam until after d 14 when the pups are mobile and
capable of leaving the nest (Leon, 1983),
other hand, are very mobile at birth.
cue should

Piglets, on the

Thus, the chemical

exist earlier in lactation.

An additional

explanation for the earlier attraction of piglets to
maternal feces may be that they need to ingest this
substance to gain access to nutrients such as iron (Gleed
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and Sansom, 1981) or protection by bile acids against E.
coli toxins (Leon, 1974).
Olfactory communication between the sow and her litter
occurs through the production (by the sow) of attractive
substances.

The

determination of these preferred odors

from the sow, found in the piglets environment, provide a
new avenue to pursue in reducing early piglet mortality.
For example, odors that are attractive may be placed in
creep areas to entice baby pigs to the area.

Perhaps

another application of their use in a production setting
would be just after weaning, to reduce weaning associated
stress and attract piglets to the feeders.
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Test Substances

Piglet Enters Here

Scale

1 mm = 1 cm

Figure 1. Y-maze apparatus. Test substances were
placed in either arm of the maze behind screens. Fans blew
air across the test substances at 1.52 m/s. Walls were 61
cm high. When a pig's nose and head were inside the shaded
area they were recorded as near the test substance.
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Figure 2. Preference index (PI) of 12-h old piglets for
biological fluids from the sow. Tests were: U/W, urine vs
water; C/W, colostrum vs water; FM/W, maternal feces vs
water; U/C, urine vs colostrum; FM/C, maternal feces vs
colostriim; FM/U, maternal feces vs urine. A PI greater than
.5 indicates piglets preferred the substance in the
numerator. A PI less than .5 indicates piglets avoided the
substance in the numerator. Additional means are provided
in Appendix 1. Numbers above bars are standard errors for
the mean.
NS = Not different from .5 (P > .10)
••- = Different from .5 (P < ,05)
•••" = Different from ,5 (P < .01)
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Figure 3. Preference index (PI) of 7-d old piglets for
biological fluids from the sow. Tests were: U/W, urine vs
water; M/W, milk vs water; FM/W, maternal feces vs water;
U/M, urine vs milk,; FM/M, maternal feces vs milk; FM/U,
maternal feces vs urine. Numbers above bars are standard
errors for the mean.
NS = Not different from .5 (P > 10)
•- = Different from .5 (P < .05)
••••• = Different from .5 (P < .01)
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Figure 4. Preference index (PI) for nipple washings
and maternal feces in 12-h old piglets. Tests were: NW/OS,
nipple washings vs organic solvent; FM/W, maternal feces vs
water; FM/NW, maternal feces vs nipple washings. Numbers
above bars are standard errors for the mean.
= Different from .5 (P < .05)
= Different from .5 (P < .01)
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Figure 5. Preference index (PI) for nipple washings
and maternal feces in 7-d old piglets. Tests were: NW/OS,
nipple washings vs organic solvent; FM/W, maternal feces vs
water; FM/NW, maternal feces vs nipple washings. Numbers
above bars are standard errors for the mean.
= Different from .5 (P < .05)
= Different from .5 (P < .01)
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Figure 6. Preference index (PI) of 12-h old piglets
for fecal odors. Tests were: FM/W, maternal feces vs water;
FO/W, feces from another lactating sow vs water; FNL/W,
feces from a nonlactating sow vs water; FM/FO, maternal
feces vs feces from another lactating sow; FO/FNL, feces
from another lactating sow vs feces from a nonlactating sow;
FM/FNL, maternal feces vs feces from a nonlactating sow.
Numbers above bars are standard errors for the mean.
NS = Not different from .5 (P > .10)
•'•• = Different from .5 (P < .01)
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Figure 7. Preference index (PI) of 7-d old piglets for
fecal odors. Tests were: FM/W, maternal feces vs water;
FO/W, feces from another lactating sow vs water; FNL/W,
feces from a nonlactating sow vs water; FM/FO, maternal
feces vs feces from another lactating sow; FO/FNL, feces
from another lactating sow vs feces from a nonlactating sow;
FM/FNL, maternal feces vs feces from a nonlactating sow.
Numbers above bars are standard errors for the mean.
•* = Different from .5 (P < .05)
••'- = Different from .5 (P < .01)
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Figure 8. Development of piglet preference (PI) for
maternal fecal odors. Piglets were tested in the Y-maze
with maternal feces vs water at birth (0 h), 12-h of age,
1-, 3- and 7-d of age. Nvunbers above bars are standard
errors for the mean.
NS = Not different from .5 (P > 10)
-• = Different from .5 (P < .05)
••" = Different from .5 (P < .01)

CHAPTER IV
PREFERENCES FOR NOVEL ODORS IN BABY PIGS
Abstract
Three experiments were conducted to determine whether
the attraction of piglets to maternal fecal odors shortly
after birth is a novel or biologically significant response
and if deoxycholic acid is attractive to piglets.

Exp. 1

was a series of preference tests with maternal pheromones
and two odors (amyl acetate and NI-217) not found within the
piglet's environment.

In Exp. 1, piglets were attracted to

maternal fecal odors and had an aversion to concentrated
(100%) amyl acetate at both 12-h and 7-d of age.

The

objective of the second study was to determine preferences
for less concentrated amyl acetate and maternal feces among
12-h and 7-d old pigs.

At both ages, the aversion for a 50%

concentration to amyl acetate was gone although an aversion
for 10% amyl acetate was still present.

Exp. 3 was

conducted to determine if piglets are attracted to
deoxycholic acid, the compound postulated to be the active
component of rodent maternal pheromone.

Maternal fecal

odors were preferred over deoxycholic acid and, deoxycholic
acid (tested against water) was aversive to both 12-h and 7d old piglets.

Thus, maternal fecal odors represent a
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relevant olfactory stimulus to neonatal pigs and piglets
this age do not have attractions towards non-specific odors.
Introduction
It has been demonstrated in rodents that early
olfactory learning may be important shortly after birth.
Porter and Etscorn (1976) reported that 2-d old mice tested
with a stimulus (either cinnamon or cumin) to which they had
been exposed for 1 h at birth, or a novel odor, preferred
the odor they experienced at birth.
Piglets have a relatively well developed olfactory
system at birth (Walser, 1985; Horrell and Eaton, 1984;
Horrell and Hodgson, 1984) and are attracted to odors
produced by the sow at 12-h of age (see Chapter 3).

This

attraction for maternal feces may, however, represent a nonspecific attraction to odors.
Moltz and Kilpatrick (1980) found that in lactating
rats, high plasma concentrations of prolactin alter bile
production, the amount of deoxycholic acid excreted, and
production of maternal pheromone.

This substance may also

be the active fraction of sow feces.
Three experiments were conducted to determine the
preference of piglets to novel odors, maternal fecal odors
(a substance they are exposed to at birth) and deoxycholic
acid (postulated to be the active odor producing compound in
rodents).

52
Methods
Experiment 1. Attraction of Piglets to Novel Odors.
Forty-five piglets from 12 litters were tested at 12-h and 7
d of age with maternal feces and two novel odor sources, NI217 ^ and amyl acetate^.

NI-217 is a commercially available

mixture of terpene type citrus oils that has a
characteristic orange smell, while amyl acetate has the
characteristic odor of bananas.

Five hundred and sixteen

total observations were made.
Five milliliters of each odor substance was impregnated
into a carrier.

For the NI-217, the carrier was a

commercially available plastic bead^.
impregnated in a cellulose sponge.

Amyl acetate was

Preference tests were

conducted in the arms of the Y-maze according to the
standard testing procedure (Chapter 3 ) . Tests were: 1)
maternal feces versus water (n = 86), 2) amyl acetate versus
water (n = 90), 3) NI-217 versus water (n = 116), 4)
maternal feces versus amyl acetate (n = 112) and 5) maternal
feces versus NI-217 (n = 112).
Experiment 2. Attraction of Piglets to Dilute Novel
Odors.

The results of Exp. 2 demonstrated that piglets have

^ Neutron Industries, Inc., Torrence, CA 90502
2 Sigma Chemical Co., St. Louis, MO 53178.
^ Neutron Industries, Inc., Torrence, CA 90502
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an aversion to terpenes of citric acid (NI-217) and amyl
acetate (banana oil).

It is possible that these two novel

odors were so concentrated that the aversion was a simple
effect of dose.

Thus, the objective of Exp. 2 was to

detennine if piglets show an aversion to lower
concentrations of one of the novel odors, amyl acetate, used
in Exp. 1.

Ninety-two piglets from 14 litters were tested

at 12-h and 7-d of age with one of the following treatments:
1) 1/2 the concentration of amyl acetate or mineral oil (n =
189); 2) 1/10 the concentration of amyl acetate or mineral
oil (n = 188); 3) 1/2 the concentration of amyl acetate or
maternal feces (n = 188); 4) 1/10 the concentration of amyl
acetate or maternal feces (n = 183) and 5) maternal feces
versus water (N = 188). Seven hundred and forty eight
observations were made.

Five milliliter of amyl acetate

was impregnated into a cellulose sponge as in Exp. 1.
Maternal feces were collected by grab sample as previously
described (Chapter 3).
Experiment 3. Mechanism of Maternal Odor Production.
Sixty five piglets from seven litters were tested for their
preference for maternal feces over water (n = 129), maternal
fecal odors or deoxycholic acid in mineral oil (n = 130),
deoxycholic acid or mineral oil (n = 129), or deoxycholic
acid added to maternal feces versus maternal feces (n = 129)
at 12-h of age and 7-d of age.

Five hundred and seventeen
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Two grams of deoxycholic acid^ were dissolved in 5 ml
of mineral oil for the test of deoxycholic acid against
mineral oil (mineral oil served as the vehicle for
deoxycholic acid).

The combined maternal feces, deoxycholic

acid treatment consisted of 2 ml of the deoxycholic acidmineral oil solution mixed together with 2 gm of maternal
feces.

Feces were collected prior to testing by grab

sampling as described in Chapter 3.

All samples were kept

in plastic petri dishes and placed in the Y-maze at room
temperature for testing.
Results
Experiment 1. Attraction of Piglets to Concentrated
Novel Odors.

Maternal fecal odors were preferred (P < .05)

by piglets at both test times (PI = .63 ± .03 at 12 h and
.53 ± .04 at 7 d; Figures 9 and 10). The terpene and amyl
acetate odors were aversive (P < .01) to piglets at both 12
h and 7 d (all Pi's were less than .5; Figures 9 and 10).
Experiment 2 . Attraction of Piglets to Dilute Novel
Odors.

When amyl acetate was diluted by 50% with mineral

oil piglet preferences were not different (P > .10) from .5
at either age (Pi's = .45 ± .02 and .47 ± .02; Figures 11
and 12). However, when a less concentrated (10%) solution
was used as the test substance against mineral oil, piglets
showed an aversion (P < .01) to amyl acetate (Pi's = .39 ±
4 Sigma Chemical Co., St. Louis, MO 63178
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was used as the test substance against mineral oil, piglets
showed an aversion (P < .01) to amyl acetate (Pi's = .39 ±
.02 and .41 ± .02 at 12 h and 7 d; Figures 11 and 12).
Maternal fecal odors were preferred against water and the
more concentrated solution of amyl acetate at all ages.
lower concentration of amyl acetate

The

was equally as

attractive (P > .10) as maternal fecal odors at 12-h of age
(PI = .47 ± .02; Figure 11) but was aversive (P < .01) for
7-d old piglets (PI = .40 ± .03; Figure 12).
Experiment 3 . Mechanism of Maternal Odor Production.
In Exp. 3, maternal fecal odors were preferred (P < .01)
over water at both ages (PI = .59 ± .03 at 12 h, Figure 13
and .61 ± .02 at 7 d. Figure 14). Maternal fecal odors were
also preferred (P < .05) over deoxycholic acid (Pi's = .59 ±
.03 and .58 ± .03) and deoxycholic acid added to feces (Pi's
= .62 ± .03 and .66 ± .03, P < .01) at 12-h and 7-d of age
(Figures 13 and 14). Deoxycholic acid by itself appeared to
be aversive to piglets (PI = .41 ± .03 at 12-h of age, P <
.05 and .36 ± .03 at 7-d of age, P < .01).
Discussion
Experiments 1 and 2 demonstrated that piglets are
attracted to an odor, maternal feces, that they have contact
with at birth over novel odors (amyl acetate and NI-217).
The preference for maternal fecal odors does not appear to
represent a novel stimulus as it is shown relatively
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consistenty across studies (Chapters 3, 5 and 6 ) . In
addition, novel odors such as amyl acetate and citrus
terpenes, even in dilute concentrations are generally
aversive to piglets.
The preference for maternal fecal odors appears between
birth and 12-h of age (Chapter 3 ) . Thus, some postnatal
olfactory learning probably occurs.

Several investigators

have previously found that the development of behavioral
preferences for odors by neonates is greatly facilitated by
stimulation (such as intraoral milk infusion; Johanson et
al., 1984).

Thus, the presence of maternal fecal odors in

the context of the warm, lactating sow may be important in
the reinforcement of piglet odor preferences.
Exogenous sources of deoxycholic acid were also
ineffective in increasing the attraction of piglets to
maternal feces, a finding in contrast to the proposed
mechanism of action of production of rodent maternal fecal
pheromone (Leon, 1983).

Deoxycholic acid may in fact be

metabolized further in the large intestine and perhaps the
maternal fecal odor is due to a metabolite or some other
component of the feces.

Even when deoxycholic acid was

offered in the context of maternal feces, it was not
preferred by piglets.
These studies indicate that the olfactory preferences
demonstrated by piglets had a strong biological significance
rather than simply being a novel olfactory stimulus.

In
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addition, deoxycholic acid was not found to be attractive to
piglets even in the context of maternal feces.
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Figure 9. Preference index (PI) of 12-h old piglets
for novel odors. Tests were: FM/W, maternal feces vs water;
AA/W amyl acetate vs water; NI/W, NI-217 vs water; FM/AA,
maternal feces vs amyl acetate; FM/NI, maternal feces vs NI217. Numbers above bars are standard errors for the mean.
••-- = Different from .5 (P < .01)
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Figure 10. Preference index (PI) of 7-d old piglets
for novel odors. Tests were: FM/W, maternal feces vs water;
AA/W amyl acetate vs water; NI/W, NI-217 vs water; FM/AA,
maternal feces vs amyl acetate; FM/NI, maternal feces vs NI217. Numbers above bars are standard errors for the mean.
= Different from .5 (P < .01)
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Figure 11. Preference index (PI) of 12-h old piglets
for dilute novel odors. Tests were: FM/W, maternal feces vs
water; .lAA/MO, 10% amyl acetate vs mineral oil; .5AA/M0,
50% amyl acetate vs mineral oil; FM/.IAA, maternal feces vs
10% amyl acetate; FM/.5AA, maternal feces vs 50% amyl
acetate. Numbers above bars are standard errors for the
mean.
NS = Not different from .5 (P > .10)
-- = Different from .5 (P < .01)
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Figure 12. Preference index (PI) of 7-d old piglets
for dilute novel odors. Tests were: FM/W, maternal feces vs
water; .lAA/MO, 10% amyl acetate vs mineral oil; .5AA/M0,
50% amyl acetate vs mineral oil; FM/.IAA, maternal feces vs
10% amyl acetate; FM/.5AA, maternal feces vs 50% amyl
acetate. Numbers above bars are standard errors for the
mean.
NS = Not different from .5 (P > .10)
'••" = Different from .5 (P < .01)
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Figure 13. Preference index (PI) of 12-h old piglets
for maternal pheromones and deoxycholic acid. Tests were:
FM/W, maternal feces vs water; DCA/W, deoxycholic acid vs
water; FM/DCA, maternal feces vs deoxycholic acid; FM/FMDCA,
maternal feces vs deoxycholic acid added to maternal feces.
Numbers above bars are standard errors for the mean.
- = Different from .5 (P < .05)
-••-•- = Different from .5 (P < .01)
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CHAPTER V
HEAT PREFERENCES IN BABY FIGS

Abstract
Two experiments were conducted with 162 piglets from 30
litters to determine their preference for convective or
radiant heat sources and maternal fecal odors.

In Exp, 1 70

piglets were tested in the standard Y-maze paradigm at
either 12-h of age or 7-d of age with maternal feces versus
water, radiant heat versus water and maternal feces versus
radiant heat.

In Exp. 2, 92 piglets were tested with

maternal feces versus water, convective heat versus water
and maternal feces versus convective heat at both 12-h and
7-d of age.

Piglets showed an aversion (P < .01) to both

heat sources at 12-h and, at 7-d of age, piglets still spent
significantly less time in the arm of the Y-maze contaiii±ng
the radiant heat source.

Maternal fecal odors were

preferred over the heat lamp and convective heat at 7-d of
age and over convective heat in 12-h old piglets-

This

olfactory preference of piglets and apparent aversion to
heat sources may be used to alter the behavior of neDiiatfis
to reduce early postpartum mortality.
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Introduction
Piglets spend a large proportion"of their time during
the first few days after birth in contact with the sow.
Leibbrandt and Hrupka (1987) reported that only 50% of
piglets use the heat lamp area even on the second day after
birth.

The sow presumably is attractive to the neonates

because she is warm, has particular odors associated with
her, and provides colostriim and milk (Welch, 1986).
Unfortunately, the time spent in proximity of the sow
greatly increases the probability that a piglet will be
crushed underneath the sow (Edwards et al., 1987).
Zone heat, usually provided by heat lamps, is used in
many farrowing environments to provide warmth for piglets.
The presence of both heat from an external source and
maternal pheromones may thus be providing conflicting cues
to the baby pig.

In addition, several researchers have

recently found that the light from heat lamps may be
aversive to piglets (Leibbrandt and Hrupka, 1987; Rohde and
Gonyou, 1987).

Thus, two experiments were conducted to

determine the preference of baby pigs for radiant and
convective heat when tested against

maternal pheromones.

Methods
Experiment 1. Radiant Heat.
16 litters were used.

In Exp. 1, 70 piglets from

Half of the piglets in each litter

were tested with all treatments at 12-h of age and the other
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half were tested a 7-d of age.
observations.

This resulted in 420 total

Piglets were placed in the Y-maze and the

duration of time spent in the arms of the Y-maze were
recorded.

Standard testing procedures were used.

Treatments were:

maternal feces versus nothing, zone heat

versus nothing and maternal feces versus zone heat.
Maternal feces were obtained by grab sampling as previously
described (Chapter 3 ) . Zone heat was provided by a heat
lamp placed over the arm of the Y-maze.
Experiment 2. Convective Heat.

The results of Exp. 1

indicate that piglets have an aversion to zone heat provided
by heat lamps.

Therefore, Exp. 2 was conducted to determine

if piglets have a preference or aversion for convective heat
and heat versus the maternal fecal odors.

Ninety-two

piglets from 14 litters were used in this study.

Each

piglet received three tests at two ages (12-h and 7-d).
Five hundred and fifty two total observations were made,
Convective heat was supplied to the arms of the Y-maze
by passing air through a copper coil heated by hot water.
The average temperature

of air leaving the coil was 32 °C,

Ambient temperature in the room where preference tests were
performed was 29 °C,

The average body (core) temperature of

a mature sow is 39 "C while her surface temperature would
fluctuate under varying environmental conditions.
Sow fecal samples were collected by grab samples before
testing and stored in plastic petri dishes as previously

67
described (Chapter 3).

The standard Y-maze paradigm and

analysis of data was used.
Results
Experiment 1. Radiant Heat. When piglets were tested
at 12-h of age no preferences (P > .10) were shown for
maternal feces over nothing or maternal feces over zone heat
(PI'S = .51 ± .05 and .54 ± .06; Figure 15). Piglets did,
however, show an aversion (P < .01) for zone heat when
tested against nothing (PI = .41 ± .08).

At 7-d of age

piglets were still not attracted (P < .01) to the zone heat
source (PI = .35 ± .06; Figure 16). They did, however, show
an attraction (P < .01) to maternal fecal odors when tested
against nothing or against the heat lamp (Pi's = .67 ± .05
and .65 ± .05; Figure 16).
Experiment 2. Convective Heat.

As in Exp. 1, maternal

fecal odors were attractive to 12-h and 7-d old piglets (PI
= .63 ± .02, P < .01 and .55 ± .03, P < .05; Figures 17 and
18).

Maternal fecal odors were also preferred (P < .01)

over the convective heat source at both ages tested (PI =
.31 ± ,02 and ,31 ± ,02).

When the convective heater was

paired against water, it was an aversive stimulus only to
12-h old piglets (Pi's = .44 ± .03 at 12 h, P < .01; PI =
.48 ± .04 at 7 d, P > .10).
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Discussion
Curtis and Rogler (1970) have called the piglet the
most cold-sensitive neonatal domestic animal; the lower
critical temperature for a i d old piglet is 34 °C while
that of an adult is 15 °C.

The body temperature of a baby

pig drops about 2 °C after farrowing but is greater for
lighter piglets (Curtis and Rogler, 1970).

Most piglets

have regained this loss by 12-h of age unless other
predisposing factors are present such as diarrhea (Balsbaugh
et al., 1986).

Metabolism also plays a role in

thermoregulation in the baby pig.

Metabolic rate doubles

within the first 3 d of life but this metabolic
responsiveness develops primarily over the first 48 h.
Chilling, crushing, starvation, diarrhea and innate
weakness are major predisposing factors to mortality within
the first few days of life (Fahmy and Bernard, 1971;
England, 1974; Harmon, 1978; Balsbaugh et al., 1986).

It is

standard practice for swine producers to use zone heated
creep areas in an attempt to reduce piglet mortality.
Phelps (1987b) reported that by placing two 275-watt
infrared heat lamps at the back of the farrowing crate
mortality could be reduced from 12.7% to 7.2%.

After

providing piglets with either a dull-emitter infrared strip
heater or heat pad, Edwards et al. (1987) concluded that the
piglets under the infrared heaters gave the appearance of
better thermal comfort because they shivered less.
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In another study, Leibbrandt and Hrupka (1986) showed
that baby pigs preferred to lie next to the sow even when
zone heaters were provided at different locations in the
creep area.

On the first postpartum day, piglets used the

heat lamp only 38% of the time.

This increased to 50% on

the second day even at the cold temperature of 27 °C.
Rhode and Gonyou (1987) also indicated that piglets prefer
illumination levels of less than 2.8 lux immediately after
birth.

Heat lamps used in creep ares are considerably more

intense than 2.8 lux.
Balsbaugh et al. (1986), using a thermocline apparatus
and an infrared-radiation tracking system, determined that
piglets from 12- to 72-h pf age were unable to show a clear
thermal preference.

On average, however, piglets at 12-,

24- and 72-h of age remained in the portion of the
thermocline heated to 35 "C.

Forty-eight-h old piglets

remained, on average, in a slightly lower temperature zone,
which correlates with the development of homeothermic
behavior and physiology at this age (Mount, 1959).
An aversion to the radiant heat source (heat lamp) was
demonstrated by piglets at both 12-h and 7-d of age.
Piglets may not be attracted to bright lights until they
learn to associate warmth with them (although the data from
Exp. 1 indicated a strong aversion to the heat lamp even at
d 7 ) . The convective heat source was also aversive to 12-h

old p i g l e t s .

Maternal pheromone, on the o t h e r hsmdp w««

a t t r a c t i v e to p i g l e t s a t both ages.
The sow offers warmth a l o i ^ with o l f a c t o r y assad t^^t-il^
p r o p e r t i e s t h a t are unavailable i n the area of tBii« Bseait lisas^
and even in s p e c i a l l y designed creep boxes iE/SufS-Td^ &t. s.1..„
1987).

The r e s u l t s of these experijnents i n d i c a t e tbsi- ttSi®

o l f a c t o r y preferences may over r i d e the p i g l e t s weaflf Bo^ffltt
seeking d r i v e .

These a t t r a c t i v e odors CdescriBsed ±Q CSos^sttssr

3) may be combined to a t t r a c t p i g l e t s t o heat scnarces ©tflneir
than the sow a t an e a r l i e r age and redaace necsnatal inortsla-tty
due to crushing and c h i l l i n g .
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Figure 15. Preference index (PI) of 12-h old piglets
for zone heat provided by a 250-watt heat lamp and maternal
fecal odors. Tests were: FM/W, maternal feces vs water;
ZH/W, zone heat vs water; FM/ZH, maternal feces vs zone
heat. Numbers above bars are standard errors for the mean.
NS = Not different from .5 (P > .10)
•'•• = Different from .5 (P < .01)
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Figure 16. Preference index (PI) of 7-d old piglets
for zone heat provided by a 250-watt heat lamp and maternal
fecal odors. Tests were: FM/W, maternal feces vs water;
ZH/W, zone heat vs water; FM/ZH, maternal feces vs zone
heat. Numbers above bars are standard errors for the mean.
= Different from .5 (P < .01)
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Figure 17. Preference index (PI) of 12-h old piglets
for convective heat and maternal fecal odors. Tests were:
FM/W, maternal feces vs water; CH/W, convective heat vs
water; FM/CH, maternal feces vs convective heat. Numbers
above bars are standard errors for the mean.
= Different from .5 (P < .01)
= Different from .5 (P < .01)
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CHAPTER VI
SENSORY SYSTEMS AND NIPPLE ATTACHMENT
.BEHAVIOR IN NEONATAL PIGS

Abstract
The

objectives of these studies were to determine the

influence of piglet sensory systems and the role of odors
from the sow's ventrum on nipple attachment.

In Exp, 1,

four sows had their ventrxim washed with organic solvents and
four were unwashed control sows.

Piglets were given one of

four treatments shortly after birth: nares that were
mechanically blocked (B, n = 25), a lidocaine flush of the
olfactory system (LFO, n = 25), a saline flush of the
olfactory system (SFO, n = 24) or non-treated controls (C, n
= 23).

Time to attach to a nipple, up to a maximum of 600 s

was recorded.

On unwashed sows, nipple attachment was

affected (P < .01) by piglet treatment.

Piglets having

olfactory capabilities blocked took longer to attach to a
nipple than controls.

Piglets of all treatments took longer

to attach to washed sows than to unwashed controls.

Seven

unwashed sows and their litters were used in Exp. 2.
Piglets were tested after birth with one of the following
treatments: an olfactory system flushed with lidocaine (LFO,
n = 11), lidocaine on nose (LN, N = 12), lidocaine applied
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to the tongue (LT, n = 11) or non-treated controls (C, n =
12).

Lidocaine treated pigs took more time to attach than

controls.

Nipple attachment latency was intermediate for

piglets having their tongue or nose anesthetized.

In Exp.

3, three unwashed sows and their litters were used.
Treatments were: lidocaine applied to both the nose and the
tongue (LNT, n = 9 ) , an olfactory system flushed with
lidocaine (LFO, n = 9) or non-treated controls (C, n = 7 ) .
Lidocaine flushed piglets had an increased latency to
attachment compared to controls while piglets having both
their tongue and nose anesthetized were intermediate.
Piglet olfaction, gustation and tactile sensory modalities
as well as odors on the sow's ventr\im influence nipple
attachment.
Introduction
Before nipple attachment, nipple search behavior
generally occurs.

In the context of the appropriate sensory

cues, nipple search behavior may be very stereotyped.
Olfaction, gustation (taste) and tactile sensory modalities
or a combination of these have been identified as the
predominant sensory modality regulating nipple search
behavior and attachment in several species.
Piglets, like any mammal are dependent upon the
consumption of colostrum and milk for their survival.
Colostriim provides energy for the baby pigs' high metabolic
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rate and immunoglobulins for acquisition of passive
immunity.

Death will ensue if the piglet does not acquire

colostrum within a few hours after birth.
Although nipple search and attachment behavior can be
described in the piglet, the sensory modalities used by the
neonate have not yet been conclusively determined (although
several untested theories do exist).

Therefore, the

objectives of this study were to determine the influence of
chemical sensory systems in the neonatal piglet on nipple
attachment behavior and to determine if odors from the sow's
ventrum (the aereolar glands surrounding the nipple)
influence nipple attachment behavior.
Methods
At farrowing, all piglets were immediately removed from
the sow, dried and placed in a heated creep box away from
the sow.

Piglets were not allowed to have contact with z'r.e

sow's ventrum.

Each piglet was randomly assigned to a

treatment and testing was begun shortly after birth during
the time that the sow was farrowing.

Thus, a similar period

of time occurred between birth and testing for each piglet.
Treatments were applied within litters.

At the

beginning of the test, after application of the appropriate
treatment, the piglet was placed in the corner of the
farrowing crate caudally and proximate to the sow's ventriom
(Figure 19) irrespective of lateral recumbency of the sow.
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Each piglet was given 600 s to locate and attach to a
nipple.
watch.

Time to attach (latency) was recorded with a stop
Nipple attachment, the endpoint, was defined as a

firm grasping of the nipple by the piglet and initiation of
suckling.

Thus, a piglet could make contact with the nipple

without attaching to it.
Experiment 1.

The objectives of Exp. 1 were to

determine if odorous substances produced by skin glands
surrounding the sow's nipples modulate nipple attachment and
to determine the effect of blocking olfaction in the piglet
on nipple search behavior.
litters were used.

Eight crossbred sows and their

Piglets were randomly alloted to one of

the following treatments: mechanically blocked nares, an
olfactory system flushed with lidocaine, an olfactory system
flushed with saline or non-treated controls.

The mechanical

block treatment consisted of fitting silicone plugs into
each piglets nares and holding them in place with tape.
Thus, tactile discrimination was also somewhat affected by
this treatment since the entire rooting disk was covered by
tape,
A 2% lidocaine hydrochloride solution with 1:100,00
epinephrine (each ml containing 10 Mg)
anesthetize the olfactory epithelium.

was used to
Piglets were held in

dorsal recumbency and 1 ml of lidocaine was flushed into
1 Vedco Inc, Arcadia, CA 91006.
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and their interaction.

The residual mean square was used as

the error term to test all effects.
Experiment 2.

Because the effects of intranasal

lidocaine application may have been due in part to
anesthesia of the snout and(or) tongue, Exp. 2 was
conducted.

Seven crossbred sows (unwashed) and their

litters were used.

Treatments were applied within litters

and piglets were tested shortly after farrowing as in Exp.
1.

Treatments were: an olfactory system flushed with

lidocaine (2% lidocaine hydrochloride), lidocaine applied
only to the nose (rooting disk), lidocaine applied only to
the tongue or non-treated controls.

Again each piglet was

given a maximum of 600 s to locate and attach to a nipple
and the latency to attachment was recorded.
Data were analyzed using the general linear models
procedure of SAS (SAS, 1988).

Means were separated by the

least significant difference test. A randomized complete
block design was used with sows being blocks.
experimental unit was piglet within blocks.

The

The statistical

model included treatment and litter effects and their
interaction.

Treatment effects were tested with the

residual error term.
Experiment 3.

The objective of Exp. 3 was to determine

the combined effect of

anesthetizing both the tactile and

gustatory sensory modalities on nipple attachment behavior.
Three unwashed sows (crossbred) and their litters were used.
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The three piglet treatments were: an olfactory system
flushed with lidocaine (as previously described), lidocaine
applied to both the tongue and nose or non-treated controls.
Piglets were randomly assigned to one of the treatments at
birth and testing occurred as in the previous exp.s.
Data were analyzed using the general linear models
procedure of SAS (SAS, 1988).

Means were separated with the

least significant difference test.

A nested design was used

with piglet treatments nested within sow treatments (washed
or unwashed).

The experimental unit was piglet within sow.

The statistical model included sow-treatment and piglettreatment nested within sow-treatment.

Effects were tested

with the residual error term.
Results
Experiment 1.

Piglets took longer to attach to sows

that had been washed with organic solvents than to those
that had not (Figure 20). On unwashed sows, nipple
attachment was affected (P < .01) by piglet treatment
(Figure 20). Nipple attachment was similar (P > .1) for all
piglets on washed sow's (Figure 20). Piglets in the control
groups, receiving either no treatment or a saline solution
flush of the olfactory system had a latency to attachment of
106 ± 2 9 . 8 and 52 ± 29.8 s, respectively (mean ± SEp).
Nipple attachment time for piglets tested on an unwashed sow
and receiving the lidocaine flush or having their nares
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mechanically blocked was higher (600 and 408 s; P<.01;
Figure 20) than for saline treated or control pigs.
Experiment 2.

Piglets having their olfactory systems

flushed with lidocaine in this experiment did not attach to
a nipple within the given time period (600 s) as in Exp. 1.
Latency to attachment was greater (P < .01) for lidocaine
flushed piglets than controls (600 versus 81 s, Figure 21).
Nipple attachment latency was intermediate for piglets
having their nose or tongue anesthetized with lidocaine (348
and 386 s, Figure 21).
Experiment 3.

Once again, piglets had an increased (P

< .01) latency to attach when lidocaine was applied to the
entire olfactory tract as compared to controls (600 versus
68 s. Figure 22). The time required to attach to a nipple
for piglets having both their nose and tongue anesthetized
was intermediate (430 s. Figure 22).
Discussion
In Exp. 1, 2 and 3, it was found that olfactory
deprivation achieved by anesthetizing the olfactory
epithelium with lidocaine completely disrupted nipple
attachment in baby pigs.

This finding is indicated by the

fact that piglets did not attach to a nipple within the 600
s test period when their olfactory system was flushed with
lidocaine.

This finding also occurs in rodents.

Washing of

the rat dams ventrum with organic solvents or olfactory
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denervation of the pups prevented nipple attachment (Hofer
et al., 1976).
Risser and Slotnick (1987) found that rat pups having
their olfactory bulbs surgically ablated did not show nipple
attachment.

In addition, it has been shown that ZnSO^

destruction of the olfactory epithelium disrupts nipple
search behavior in several other mammalian species including
the rabbit (Distel and Hudson, 1984), rat (Singh et al.,
1976; Teicher et al., 1978) mouse (McClelland and Cowley,"
1982) and kitten (Kovach and Kling, 1967; ShuleikinaTurpaeva, 1987).

Vomeronasal organ destruction, however,

was found to be ineffective in diminishing nipple search
behavior in rabbits (Hudson and Distel, 1986).
Washing the sow's ventrum (Exp. 1) virtually eliminated
nipple attachment regardless of piglet treatment.

This

indicates that specific ventral substances are produced by
the sow that modulate the highly stereotyped nipple
attachment in baby pigs as in rodent species (Teicher and
Blass, 1977).

Because these substances (odors or tastes)

were removed by washing the sow with an organic solvent, we
suspect that they are volatile and lipid in nature.

The

ability of newborn piglets to discriminate between a washed
sow and an unwashed sow also provides further evidence of
the piglet's early olfactory capacity.
Olfaction is not, however, the only sensory modality
used by piglets to locate and attach to a nipple.
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Experiment 2 demonstrated that anesthetizing the snout or
tongue (interfering with tactile discrimination) also
increased the latency to attach to a nipple.
average, did eventually attach to a nipple

Piglets, on

which was not

the case for piglets having their olfactory system
anesthetized.

The influence of tactile discrimination on

nipple location has also been studied in several other
mammalian species.

This sensory modality has been shown to

be of primary importance after the neonate comes in contact
with the dam's ventrum.

Disruption of nipple attachment and

nipple contact without subsequent attachment has been
achieved by lesioning the infraorbital nerves in rabbits
(Distel and Hudson, 1985), kittens (Larson and Stein, 1984)
and rats (Hofer et al., 1981).
Exp. 3 indicated that the combination of the loss of
tactile and gustatory discrimination was not sufficient to
prevent nipple attachment in the allotted time.

Only loss

of olfaction, taste and touch prevented nipple attachment.
Unfortunately, the techniques employed did not allow
deprivation of olfaction while maintaining touch and taste.
However, olfaction plays a critical role in nipple
attachment because only olfactory deprivation totally
prevented nipple attachment.
In control piglets, nipple attachment occurred between
35 and 106 s across all experiments.

Rhode Parfet and

Gonyou (1988) reported an average latency to mammary contact
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of 10.6 min and an average time from birth to first suckle
of 15.6 min in piglets.

Jones (1966) reported a range of 3

to 153 min from birth to first suckle.

These values are

higher than the latency to attach data presented in Exp. 1,
2 and 3.

This was probably, in part, due to the fact that

piglets were dry and warm and had been under a heat lamp for
15 min prior to testing.

They, therefore, may have been

more metabolically stable and perhaps more motivated to seek
a teat.
Nipple search and attachment behavior appeared to be
stereotyped and was independent of

postnatal experience.

Thus, the question of a genetic predisposition to maternal
odors and nipple attachment versus the possibility of
prenatal taste and odor exposure remains to be answered.
These experiments do, however, indicate the existence of a
genetic drive towards nipple attachment.

New techniques,

such as the use of genetically identical litters and
prenatal taste and olfaction testing (Smotherman and
Robinson, 1987) may provide answers to these questions in
the near future.

These questions are of consequence to the

baby piglets who must

acquire nutrients within the first

few hours of life to survive.

^^^^'•^
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Piglet placement

Figure 19. Placement of piglets for nipple attachment
latency tests. At the beginning of each 600 s test, the
piglet was placed in the corner of the farrowing crate on
the side in proximity to the sow's ventrvmi.
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Figure 20. Nipple attachment latency of newborn
piglets to unwashed sows or sows washed with a 3:2 solution
of methylene chloride and 95% ethanol. Piglet treatments
were: C, non-treated control; SFO, olfactory system flushed
with saline solution; B, mechanically blocked nares; LFO,
olfactory system flushed with lidocaine. Bars with
different letters are different (P < .001; SEp = 29.3).
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Figure 21, Time required for newborn piglets to attac:
to the nipple of an unwashed sow. Piglet treatments vere:
C, non-treated control; LN, lidocaine applied to the nose-.
LT, lidocaine applied to the tongue; LFO, an olfactory
system flushed with lidocaine. Bars with different letters
are different (P < .01; SEp = 47.2).
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Figure 22. Time required for newborn piglets to attach to
the nipple of an unwashed sow. Piglet treatments were: C,
non-treated control; LNT, lidocaine applied to the nose;
LFO, an olfactory system flushed with lidocaine. Bars with
different letters are different (P < .01; SEp = 40.4).
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achieved in this study and was ineffective in modifying
piglet preferences.
Introduction
While it has been demonstrated in earlier work that
piglets have a marked preference for maternal fecal odors
(maternal pheromones; Chapters 3, 4 and 5) no information is
available on the mechanism of production or emission of
these odors in swine.

In rodents, where maternal pheromones

were first discovered, the mechanism of emission

of these

odors is dependent upon the prolactin level in the dam's
blood (Leon, 1983).

Therefore, a pilot study

was conducted

to determine if the pharmacological modulation of maternal
prolactin levels will change the attraction of piglets to
fecal odors from the sow.
Methods
Eleven sows and their litters were used in the study.
Sows were randomly allotted to treatments.
the daily injection of either

Treatments were

1 ml of physiological saline

solution (control), an injection of 5 mg haloperidol^ or
0.05 mg'kg'd bromocriptine^ in feed.

Sow treatments began

on d 111 of gestation and continued until d 7 of lactation.

McNeil Pharmaceutical, McNeilab Inc., Spring House,
PA 19477.
^2-bromo-a-ergocryptine (bromocryptine mesylate),
Sigma Chemical Co., St. Louis, MO 63178.
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Blood samples were obtained from sows via venipuncture
in heparinized syringes at d 111 of gestation, 12 h after
parturition and d 7 of lactation.

These times corresponded

to the litter test days and a pre-treatment sample.

Whole

blood was centrifuged and the plasma alloquoted into sample
vials for plasma prolactin determination.
Prolactin

concentrations

were

assayed

at

the

Meat

Animal Research Center (Clay Center, Nebraska) by Dr. Harold
Klempke.

An iodination RIA was validated and samples were

assayed.

Each sample was diluted 10-fold in assay buffer,

and duplicate

200 ^1 aliquots of

the

1:10

dilution were

analyzed.
At 12-h and 7-d of age, piglets were tested in the Ymaze according to standard testing procedures (Chapter 3 ) .
The treatments included: 1) maternal fecal odors from their
mother vs water or 2) fecal odors from a sow on the two
other treatments not received by their mother vs water.
Thus, in treatment 1, piglets would be tested with either
feces from a sow treated with bromocriptine, a sow treated
with haloperidol or a control sow, depending on the
treatment their mother received.

In treatment 2, piglets

were tested with the two feces types that were unlike the
treatment the sow received.

Thus, each piglet was tested

with three treatments.
The experiment

was conducted as 2 blocks using 2

different groups of sows three weeks apart.

The
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experimental unit was a sow and her litter.

Data was

analyzed for effect of group and because there was no
significant group effect, the data were pooled and the
standard t test on litter averages was performed for each
treatment.

Analysis of variance procedures were used to

test for significant treatment and time effects.

The

statistical model included treatment effects (with treatment
nested within sow as the error term), time effects and their
interaction.

A response surface analysis was also performed

to determine the relationship between sow plasma prolactin
concentrations and piglet preferences for maternal feces.
Results
The average coefficient of variability for the plasma
prolactin samples was 1.9%.

The range of standards for the

standard curve was 42 pg to 5 ng, and the calculated
sensitivity of the assay (lower 95% confidence interval
associated with the maximum binding or 100% tubes) was 11
pgPiglets tested at 12-h of age from sows injected with
haloperidol showed a preference' (P < .01) for their mother's
feces (PI = .57 ± .01; Figure 23). There was also a trend
(P < .10) for control maternal feces to be preferred over
water (PI =.56 ± .01).

At 7-d of age this trend became

significant (PI = .58 ± .01; P < .05; Figure 24). There
were no time or treatment effects (P > .10) on sow prolactin
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levels at either 12-h or 7-d.

No relationship was found

between sow plasma prolactin concentrations and piglet
preferences for maternal feces at either age (Figures 25 and
26).
Discussion
Moltz and Kilpatrick (1980) found, in lactating rats,
high levels of prolactin over several days increases the
niimber of prolactin receptors in the liver thus altering
bile production and cecatrophe (maternal pheromone)
production.

According to the proposed theory, the increase

in liver prolactin receptors (and concomitant increase in
serxim prolactin level in the prepartum or lactating female)
causes a shift in production of the primary bile salts
towards cholic acid and chenodeoxycholic acid.

These salts

are then combined, through a peptide linkage, to taurine and
glycine which can then enter the cecum (4 to 5 % may enter).
In the ceciom, the tauro glycoacids are deconjugated and
dehydroxylated by the enteric microflora into cholic acid
and chenodeoxycholic acid.

The secondary bile salts formed

by these two compounds are deoxycholic acid (from cholic
acid) and lithocholic acid (from chenodeoxycholic acid).
Lithocholic acid has a low solubility and polarity and thus
is normally about 50% for the bile salts found in anal
excreta.

Deoxycholic acid, on the other hand, is readily

reabsorbed in the large intestine under normal
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circumstances.

During lactation, however, quantities of

deoxycholic acid or some derivative are synthesized in large
enough quantities to overcome colonic reabsorption.

This

over production is induced by increasing prolactin levels
(Leon, 1977 and 1983).
Ergocomine, a dopamine analog that inhibits the
release of hypophyseal prolactin has been shown to inhibit
production of the maternal pheromone while prolactin
replacement restores it (Leon, 1983).

Bromocriptine, like

ergocomine, should theoretically have inhibited the release
of hypophyseal prolactin (Smith and Wagner, 1985; Taverne et
al., 1982) and thereby reduced the production of the
maternal fecal odor.

At the dose given in this study,

bromocriptine did not reduce sow plasma prolactin
concentrations (values were 12.76 ng/ml at d 0 and 14.5
ng/ml at d 7 ) . Preferences of piglets for feces from sows
treated with bromocriptine were not lower (P > .10)than .5
as predicted.

One observation that may, in part, explain

this finding is that lactation continued throughout the
bromocriptine treatment period and piglet weight gain was
sustained.

This observation verifies the conclusion that

prolactin levels may not have been lowered enough to cause a
reduction in maternal pheromone production.
Haloperidol, by antagonizing the action of dopamine,
should have increased prolactin levels (Kendall et al.,
1983; Smith and Wagner, 1985) and thus increased the
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attractivity of maternal feces to piglets.
was not the case.

This, however,

The average pretreatment sow prolactin

concentration was 20.54 ng/ml and at d 7 was 20.04 ng/ml.
Feces from sows treated with haloperidol were, however,
found to be attractive (P < .05) to piglets at 12-h of age.
There was a difference in the pretreatment
concentrations of sow plasma prolactin values which could
not be explained.

This may be normal variation between sows

and would require more data to verify.

The lack of

correlation between sow prolactin levels and piglet
preference indicates that either the dosages of haloperidol
and bromocriptine were ineffective in modifying the
concentration of prolactin in the sow (which appeared to be
the case).

Or, that in the pig, prolactin is not involved

in the control of maternal odor synthesis and emission.
Thus, although it has been consistently demonstrated that
piglets have a preference for maternal fecal odors,

the

physiological and biochemical mechanism(s) responsible for
the production of such odors remains to be confirmed.

.^^JtStlK^,
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Figure 23. Preference index (PI) of 12-h old piglets
for feces from sows given prolactin modulating drugs. Tests
were: FMC/W, maternal feces from a saline injected sow vs
water; FMB/W, maternal feces from a sow given bromocriptine
vs water; FMH/W, maternal feces from a sow injected with
haloperidol vs water; FOC/W, feces from a nonmother control
sow vs water; FOB/W, feces from a nonmother sow treated with
bromocriptine vs water; FOH/W, feces from a nonmother sow
treated with haloperidol vs water. Numbers above bars are
standard errors for the mean.
NS = Not different from .5 (P > 10)
+ = Different from .5 (P < .10)
•••" = Different from .5 (P < .01)
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Figur e 24. Preference index (PI) of 7-d old pi
ts
for feces from sows given prolactin modulating drugs
1^S C 3
were: FMC /W, maternal feces from a saline injected scv
water; FMB /W, maternal feces from a sow given bromoc
iri.e
vs water; FMH/W, maternal feces from a sow injected w 1 •.n
haloperido 1 vs water; FOC/W, feces from a nonmother oc:
sow vs wat er; FOB/W, feces from a nonmother sow trea
bromocript ine vs water; FOH/W, feces from a nonmothe
low
treated wi th haloperidol vs water. Numbers above ba rs
are
standard e rrors for the mean.
MS = Not different from ,5 (P > 10)
+ = Different from ,5 (P < .10)
" = Different from .5 (P < .05)
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Figure 25. Relationship between sow plasma prolactin
concentrations and piglet preferences (PI) for maternal
feces at 12-h of age. Y = .5896 - (.OOOIX), r^ = .0005.
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Figure 26. Relationship between sow plasma prolactin
concentrations and piglet preferences (PI) for maternal
feces at 7-d of age. Y = .6350 - (.0034X), r^ = .1445.

CHAPTER VIII
APPLICATION OF MATERNAL ODORS TO THE
FARROWING ENVIRONMENT

Abstract
Neonatal piglets are not attracted to radiant or
convective heat sources during the first few days of life
(Chapter 4), a fact that may predispose them to death by
crushing.

Odors from sow feces and nipple washings have,

however, been shown to be attractive to piglets by 12-h of
age.

Thus, the objective of this study was to investigate

the effects of placing attractive odors (Chapter 3) under
the heat lamps in a commercial-type farrowing environment.
Data were collected from 24 litters.

Treatments were

applied to litters and were either bags containing maternal
feces and nipple washings or a non-treated control.
Production data from birth to weaning were collected.

Six

of these litters were videotaped for 24 h when the litters
were 12-h old to determine duration and frequency of heat
lamp use.

Piglet mortality from birth to weaning in the

farrowing environments containing maternal odors was lower
than for control litters (0 versus 6.88%, P = .028).

More

piglets were weaned in the maternal odor group compared with
control litters (9.25 versus 8.43, P = .053).

The duration

of 25% of the litter using the heat lamp was increased (P <
101
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of 25% of the litter using the heat lamp was increased (P <
.05) by applying odors to the creep area.

Piglet behavior

can be modified by changing the olfactory microenvironment
and this behavioral change reduced mortality.
Introduction
Baby piglets are highly motivated to seek a warm soft
surface as indicated by their behavior just after farrowing
(Welch, 1986).

Piglets prefer to lie next to the sow's

udder though this may predispose them to be crushed while
the sow is in labor and afterwards.

Heat lamps are

typically provided to attract piglets away from the sow.
However, piglets are not attracted to and may have an
aversion to the warm heat lamp area during the first few
days of life (Leibbrandt and Hrupka, 1987; Rhode and Gonyou,
1987; Chapter 5 ) .
Piglets are attracted by odors from their mother
(Chapter 3 ) , By adding odor stimuli from maternal
pheromones in sow feces and nipple washings to a heat
source, it may be possible to motivate piglets to use creep
areas shortly after birth.

Thus, the objective of this

study was to determine if maternally derived odors,
previously found to be attractive to piglets, can be used to
modify piglet behavior and increase productivity.
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Methods
Data were collected from 24 sows and their litters.
Treatments were randomly assigned to litters. Two
treatments were applied, bags containing maternal feces and
nipple washings (odors determined to be attractive to
piglets in previous studies, see Chapter 3) or non-treated
controls.

The maternal feces and nipple washings were from

the sow in each particular crate.

Bags were constructed of

white cotton musslin and measured 12 mm long by 10 mm wide.
The bags were secured to the solid side panel of the
farrowing crate beneath the heat lamp approximately 7 mm
above the floor (the nose level of 1- to 3-d old piglets).
Duct tape was used to hold the bags in place.
Every 12 h the bags were replaced beginning when the
litter was 12-h old and ending at d 3 post partum.

Bags

were filled with 2 gm of maternal feces collected by grab
sample techniques as previously described (Chapter 3).
Nipple washings were contained on a 10 by 10 mm piece of
gauze.

The gauze was soaked with an organic solvent

solution (3:2 methylene chloride and 95% ethanol) and two
nipples on the sow's ventrum were then washed.

The gauze

was then placed in the bag and secured to the side of the
farrowing crate.
Farrowings were unattended and piglets were unaided at
birth.

Production data were collected from all 24 litters

and included: sow feed intake, piglet creep feed intake.
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piglet mortality, causes of death as well as piglet birth
and weaning weights.

In addition, six litters were

videotaped for 24 h beginning at 12-h of age to determine
heat lamp usage.

Behavior was videotaped using time-lapse

color equipment-'• at 1.25 frames/s.

Later, video records

were replayed in real time (30 frames/s) and the duration
(s/24 h) of heat lamp use by different proportions of the
litter were collected from the video recorders internal
timer.

Heat lamp use was defined as at least one piglet

standing or lying within the lamp's radius of light.
Litters were proportioned into groups depending on the
nvunber of piglets in the litter and heat lamp use was
measured for that proportion of the litter (e.g., 1 to 25%
of the litter, 26 to 50% of the litter, etc.).
Data were analyzed as a completely random design.

The

two treatments were maternal odors and no maternal odors
under the heat lamp.

For all production means except the

number born live, a covariate was used to adjust the data to
equal numbers of pigs born live.
experimental unit.

Litter was the

Treatment effect was tested with the

residual mean square.

The data were also reanalyzed after

removing four litters from the data set that had an extreme
number of piglets born per sow (litters with 1, 3, 4 and 17

Camera: Panasonic model wv-3; recorder: Panasonic
mo del Ag-6101; Panasonic Inc., Secaucus, NJ, 07094
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pigs/litter).

Although these litters were not outliers

statistically, the data is presented in Appendix B.
Results
The presence of maternal odors under the heat lamps had
an affect on piglet mortality from birth to weaning (28 d
lactation period).

Percent mortality for the litters having

maternal odors in their environment was 0 while for nontreated control litters it was 6.88% (P = .028, Table 1 ) .
The number of piglet deaths tended to be lower in the
farrowing environments having maternal odors under the heat
lamps (0 and .73, P = .053, respectively) as did the number
of piglets weaned (9.25 for maternal odor exposed litters
and 8.43 for non-treated controls, P = .053).

No other

production measures were influenced by the application of
maternal odors to the farrowing environment.
The time the creep area was used by 25% or less of the
litter (but by at least one piglet) was increased (P < .05)
by the application of maternal odors (412.3 ± 64.4 s; Table
2).

No other behaviors were affected by the treatment.

However, there was a trend for the duration of use by 76 to
100% of .the litter to be increase by adding maternal odors
to the creep area also (P = .158; Table 2 ) . Except for an
increased duration of use of the creep area by piglets in
the maternal odor group, the use of heat lamps was
infrequent.

The total duration of use for 26 to 75% of the
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litter were 46 and 43 min for 24 h for maternal odor and
control litters respectively.
Discussion
The odor treatment was not expected to and did not
influence number of piglets b o m live or piglet birth weight
since the treatments were applied after farrowing.
Likewise, treatment did not affect sow feed intake.

It is

not known if sows can perceive odors from the treatment and
what affect they might have on her behavior.
While mortality even in the control litters was under
the national average of 20%, the reduction in piglet deaths
in the odor treated group is a biologically significant
reduction.

The result of the reduced early death loss is

reflected in the number of piglets weaned.

The average

number of piglets weaned at the Texas Tech University Swine
Unit is 8 to 9 pigs per litter, which was found in the
control group.

The litters with maternal fecal odors,

however, weaned more pigs per litter (when data were
equalized for nvmiber born live per litter) .

If this trend

continues, it will represent a significant increase in
productivity.

More litters are needed to determine if these

trends will continue, although the initial results are very
promising.
The infrequent use of heat lamp and creep areas by the
piglets in the control group may predispose them to chilling
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These results have been indicated

and crushing by the sow.

by other studies including those of Leibbrandt and Hrupka
(1987) and Welch (1986).

Very promising results were seen

in this study in that the application of maternal odors to
the creep area increased the use of heat lamps for less than
25% of the litter and for 76 to 100% of the litter.

This

increased time spent under the heat lamp means that much
less time next to the potentially lethal sow.

In addition,

the latency for use of the heat lamp by the entire litter
was decreased (although not statistically significant) by
the application of odors.
While it is only speculation at the present time, there
may indeed be a relationship between the increased use of
the heat lamps and the reduced mortality seen in the litters
having maternal odors under the heat lamps.
Clearly, it has been demonstrated that the application
of maternal odors, which have previously been found
attractive to piglets (Chapter 3) can influence the neonates
thermoregulatory behavior.

More research is needed within a

production system to determine exactly how effective this
treatment might be and if it is practical from a commercial
standpoint.

The effect of odors under the heat lamp on

nursing behavior should also be studied.

In addition,

application of maternal odors at other phases of production
might prove beneficial.

These include the use of odors in
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the pens of newly weaned pigs, to attract them to the
feeders.

109
Table 1, Least squares and raw means for sow and litter
production from litters in farrowing environments
with and without maternal odors under the
heat lamp
Maternal
odors
Item

No maternal
odors

Mean^ LSMeanC^ Mean

SE„

P value

LSMeanC

No. pigs
b o m live/
litter

7.77

9.16

X birth
wt., kg/
litter

1.72

1.57

1.44

1.53

07

.71

.15

-.09

.83

.73

.38

.05

% Mortality

1.69

-.75

7.09

6.88

2.10

.03

X No. weaned/
litter

7.62

9.25

9.83

8.43

26

.05

54.91 60.70

60.83

55.04

3.50

.29

6.42

6.97

.34

.61

145.60 147.70

11.00

.61

No. died/
litter

Total litter
weaning wt.,
kgc
Mean piglet
weaning wt.,
kgc
Sow feed
intake, kg*^

7.76

7.08

139.3 138.80

10.76

9.16

1.0

.42

^Raw means.
^Least squares means. A covariate was used to adjust data to
equal numbers of piglets born live.
^Adjusted to a 28-d lactation period.

no
Table 2. Least squares means for heat lamp use^ by litters
in farrowing environments with and without maternal
odors under the heat lamp
Proportion of litter
< 25%

Maternal
odors

No maternal
odors

SEp

P value

412.3

167.3

64.4

.036

26 to 50%

28.5

27.7

9.6

.958

51 to 75%

17.5

15.3

8.0

.85

171.0

5.3

72.7

.158

210.9

.205

76 to 100%

Latency to use of heat
lamp by 100% of litter 946.3
as/24 h.

1370.3

CHAPTER IX
GENERAL SUMMARY AND CONCLUSIONS

Five-thousand-two-hundred and twenty-eight behavioral
observations on 1,143 piglets in 149 litters were conducted
during the course of this study (Table 3).

This research

has provided information about the biological significance
of the olfactory environment of neonatal pigs.

In addition,

the development of the piglet's attraction to these maternal
odors was documented.

Finally, a practical production

question, reducing neonatal piglet mortality, has been
addressed.
Chapter 3 described how 12-h and 7-d old piglets were
tested for their attraction to a variety of odors produced
by the sow.

They were attracted to only two odor sources,

maternal fecal odors and nipple odors. This preference was
then shown to develop sometime prior to 12-h after birth.
The next study was performed to determine how these odors
compare against novel chemical odors. The biological odor
(from maternal feces) was still preferred.
One of the ways swine producers attempt to reduce
chilling, crushing and high neonatal mortality is by
providing a heat lamp in the creep area.
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It was shown in
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this study that piglets are not attracted to and, in fact,
have an aversion to radiant and convective heat even up to
7-d of age.

The application of maternal odors to the heated

creep area did, however, increase the duration of use of the
heat lamps and, reduced preweaning mortality.
In a separate set of experiments, nipple attachment
behavior was examined to determine the relative importance
of several sensory modalities on the ability of newborn
piglets to locate a teat and initiate suckling.

Olfaction

was found to be essential for nipple attachment to occur.
Taste and touch, in combination with olfaction were also
important sensory systems in this behavior.

This work also

yields further evidence that the piglet has a functional
olfactory system even at birth.
From these studies, it appears there are at least two
separate odor communication systems regulating maternalneonatal behavior in swine.
piglets to sows' feces.

The first is the attraction of

These are longer range odors and

may have a more generalized function.

Odors from the sows

ventrum appear to be more specific and shorter in

range.

Their function (elucidated in Chapter 6) is apparently to
facilitate nipple attachment once the piglet is near the
ventrum of the sow.
From a practical perspective, nutrition (including
added fat and synthetic compounds) and management have met
with little success in reducing piglet mortality (Pettigrew

et. al., 1986).
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Behavior modification, on the other hand,

appears to be a useful method of confronting and reducing
the problem.

Unfortunately, the story is far from complete

at this point.

As a consequence of this research, more is

known about the biology of the piglet and about maternalneonatal behavior.

The actual mechanisms of production of

maternal odors and their chemical nature remain to be
established.
This research has generated more questions perhaps,
than it has answered.

Chapter 3 left unanswered the

question of how temperature might affect the volatility of
biological compounds.

It is well known that volatile

substances are released at a faster rate as temperature
increases.

Perhaps from a biological standpoint some of the

odor cues produced by the sow (i.e., milk and colostrum)
have pheromonal properties at the sow's skin temperature.
This question could be answered by preference tests in the
Y-maze.
The development of attraction to the nipple wash odor
should be elucidated.

This would indicate the existence of

a critical period for the substance and whether or not
nipple attachment must occur within a limited period of time
to be optimally successful.

Perhaps piglets that miss

nursings are less firmly imprinted during the critical
period.

The critical period for the fecal odors should also

be more precisely defined.

This could be accomplished by
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testing piglets in the Y-raaze paradigm beginning at birth
and then every hour thereafter until 12-h of age.
Production studies must continue to determine the
effectiveness of applying maternal odors to the creep area.
What must also continue is the search for the mechanism of
production of these odors and the active compound(s).

When

this is known, perhaps a "super pheromone" can be created
that will attract piglets to safer areas of the farrowing
environment and reduce mortality while not interferring with
nursing behavior.

This super pheromone might also have

applications in the nursery as previously suggested in
chapter 4.

Odor application schemes might also be

developed.

For example, an attractive odor could be

aerosolized under the heat lamp at a specific interval to
entice piglets to use this area but would be short acting
enough so that piglets are also attracted back to the sow to
nurse.
In the near future, embryo manipulation (to produce
genetically identical litters) procedures will be available.
This technique may enhance our understanding of the genetics
of nipple attachment behavior and whether or not we can
manipulate this behavior in some fashion.
Also in a more futuristic vein, in utero olfactory
learning and imprinting studies might be of interest with
respect to the modification of piglet behavior shortly after
birth.

This would not only be from a psychobiological
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standpoint but also from a practical one.

It may be

possible to pair novel odors given pre-natally with creep
odors and feeder odors later in life. With this type of
olfactory imprinting it might be possible to lure baby pigs
to creep areas and newly weaned pigs to feeders (and
increase their feed consumption) or perhaps even to develop
artificial sow systems with attractive odors.
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Table 3.
Chapter
number

Total number of pigs used across all studies

Experiment
niimber

Number of
litters

Number of
Total
piglets observations

3

1

9

64

682

3

2

7

62

371

3

3

18

170

1041

3

4

10

65

325

4

1

12

45

404

4

2

14

92

748

4

3

7

65

517

5

1

16

70

420

5

2

14

92

552

6

1

8

97

97

6

2

7

46

46

6

3

3

25

25

7

1

24

250

24

13

149

1143

5228

Totals
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Table 4. Y-maze data for experiment 1
Biological fluids from the sow
(12-h old piglets)
X^

yd

X+Y®

49

.34

.45

.79^

.44

65

.41

.48

.89^

FM/W

.64**

65

.53

.36

.89^

U/C

.43*

49

.39

.43

.81^

FM/C

.60**

65

.63

.45

i.08y

FM/U

.60*

49

.57

.43

I.OIY'Z

SEp

.03

.05

.05

TEST^

pib

n

U/W

.43

C/W

.07

^U/W, urine vs water; C/W, colostrum vs water; FM/W,
maternal feces vs water; U/C, urine vs colostrum; FM/C,
maternal feces vs colostrxim; FM/U, maternal feces vs
urine.
^Preference index was defined as time near the test
substance in arm X divided by total time spent in
both arms of the Y-maze (X+Y).
'^Time spent in the arm of the Y-maze containing the
test substance in the numerator of the test ratio.
^Time spent in the arm of the Y-maze containing the
test substance in the denomenator of the test ratio.
^Total time spent in the arms of the Y-maze near both
test substances (X+Y); means with different superscripts
are different (P < .05, LSD test).
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TEST^

Table 5. Y-maze data for experiment 1,
Biological fluids from the sow
(7-d old piglets)
pxb
yd
xc
n

X+Y®

U/W

.45

49

.39

.40

.80

M/W

.50

65

.49

.48

.97

FM/W

.48

65

.48

.41

.90

U/M

.45

49

.43

.51

.94

FM/M

.50

63

.46

.40

.86

FM/U

.52

49

.51

.48

.98

SEp

.03

.05

.05

.07

^U/W, urine vs water; C/W, colostrum vs water; FM/W,
maternal feces vs water; U/C, urine vs colostrum; FM/C,
maternal feces vs colostrum; FM/U, maternal feces vs
urine.
^Preference index was defined as time near the test
substance in arm X divided by total time spent in
both arms of the Y-maze (X+Y).
"^Time spent in the arm of the Y-maze containing the
test substance in the n\imerator of the test ratio.
^Time spent in the arm of the Y-maze containing the
test substance in the denomenator of the test ratio.
®Total time spent in the arms of the Y-maze near both
test substances (X+Y).
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Table 6. Y-maze data for experiment 2
Nipple washings and maternal feces
(12-h old piglets)
TEST^

pjb

n

NW/OS

.59**

FM/W

X'^

yd

X+Y®

62

.28

.44

.73^

.53*

62

.54

.35

.88^

FM/NW

.52*

62

.43

.30

.73^

SEp

.03

.04

.03

.04

^NW/OS, nipple washings vs organic solvent; FM/W,
maternal feces vs water; FM/NW, maternal feces vs
nipple washings.
"Preference index was defined as time near the test
substance in arm X divided by total time spent in
both arms of the Y-maze (X+Y).
^Time spent in the arm of the Y-maze containing the
test substance in the niomerator of the test ratio.
^Time spent in the arm of the Y-maze containing the
test substance in the denomenator of the test ratio.
®Total time spent in the arms of the Y-maze near both
test substances (X+Y); means with different superscripts
are different (P < .05, LSD test).
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Table 7. Y-maze data for experiment 2.
Nipple washings and maternal feces
(7-d old piglets)

xc

yd

X+Y®

62

.36

.41

.77

.58*

62

.52

.35

.87

FM/NW

.57*

62

.51

.37

.88

SEp

.03

.05

.03

.05

TEST^

pjb

n

NW/OS

.65**

FM/W

^NW/OS, nipple washings vs organic solvent; FM/W,
maternal feces vs water; FM/NW, maternal feces vs
nipple washings.
^Preference index was defined as time near the test
substance in arm X divided by total time spent in
both arms of the Y-maze (X+Y).
"^Time spent in the arm of the Y-maze containing the
test substance in the numerator of the test ratio.
^Time spent in the arm of the Y-maze containing the
test substance in the denomenator of the test ratio.
®Total time spent in the arms of the Y-maze near both
test substances (X+Y).
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Table 8.

TEST^

pjb

FM/W

Y-maze dat a for experiment 3.
Sow feca 1 odors
(12-h old piglets)
n

XC

yd

X+Y®

.72**

103

.69

.25

.94

FO/W

.58**

102

.55

.33

.85

FNL/W

.65**

102

.57

.29

.89

FM/FO

.66**

105

.57

.29

.86

FO/FNL

.51

104

.44

.42

.87

FM/FNL

.57**

103

.55

.37

.92

SEp

.02

.03

.03

.04

^FM/W, maternal feces vs water; FO/W, feces from another
lactating sow vs water; FNL/W, feces from a nonlactating
sow vs water; FM/FO, maternal feces vs feces from another
lactating sow; FO/FNL, feces from another lactating sow vs
feces from a nonlactating sow; FM/FNL, maternal feces vs
feces from a nonlactating sow.
"Preference index was defined as time near the test
substance in arm X divided by total time spent in
both arms of the Y-maze (X+Y).
^Time spent in the arm of the Y-maze containing the
test substance in the numerator of the test ratio.
•^Time spent in the arm of the Y-maze containing the
test substance in the denomenator of the test ratio.
®Total time spent in the arms of the Y-maze near both
test substances (X+Y).
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Table 9.

Y-maze data for expe!riment 3.
Sow fecal odors
(7-d old piglets)

TEST^

pjb

n

FM/W

.68**

FO/W

xc

yd

X+Y®

67

.58

.25

.84

.61**

68

.58

.39

.98

FNL/W

.60**

68

.53

.36

.89

FM/FO

.61**

72

.52

.35

.87

FO/FNL

.63**

74

.54

.33

.87

FM/FNL

.55*

72

.50

.37

.87

SEp

.03

.03

.04

.04

^FM/W, maternal feces vs water; FO/W, feces from another
lactating sow vs water; FNL/W, feces from a nonlactating
sow vs water; FM/FO, maternal feces vs feces from another
lactating sow; FO/FNL, feces from another lactating sow vs
feces from a nonlactating sow; FM/FNL, maternal feces vs
feces from a nonlactating sow.
^Preference index was defined as time near the test
substance in arm X divided by total time spent in
both arms of the Y-maze (X+Y).
^Time spent in the arm of the Y-maze containing the
test substance in the numerator of the test ratio.
"^Time spent in the arm of the Y-maze containing the
test substance in the denomenator of the test ratio.
®Total time spent in the arms of the Y-maze near both
test substances (X+Y),
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TEST^

Table 10. Y-maze data for experiment 4
Development of maternal fecal
odor preferences
pjb
yd
xc
n

X+Y®

FM/W, 0 h

.45

65

.41

.41

.82

FM/W, 12 h

.59

65

.53

.37

.90

FM/W, 1 d

.61

65

.48

.28

.77

FM/W, 3 d

.62

65

.55

.31

.86

FM/W, 7 d

.61

65

.53

.33

.86

SEp

.03

.03

.03

.04

^FM/W, maternal feces vs water.
"Preference index was defined as time near the test
substance in arm X divided by total time spent in
both arms of the Y-maze (X+Y).
^Time spent in the arm of the Y-maze containing the
test substance in the numerator of the test ratio.
•^Time spent in the arm of the Y-maze containing the
test substance in the denomenator of the test ratio.
®Total time spent in the arms of the Y-maze near both
test substances (X+Y).
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Table 11.

Y-maze data for experiment 1.
Novel odors
(12-h old piglets)

xc

yd

X+Y®

45

.53

.26

.79

.38**

45

.34

.48

.83

NI/W

.30**

58

.23

.51

.74

FM/AA

.63**

44

.39

.28

.67

FM/NI

.67**

58

.47

.28

.74

SEp

.03

.04

.04

.05

TEST^

pjb

n

FM/W

.63**

AA/W

^FM/W, maternal feces vs water; AA/W, amyl acetate vs
water; NI/W, NI-217 vs water; FM/AA, maternal feces vs
amyl acetate; FM/NI, maternal feces vs NI-217.
^Preference index was defined as time near the test
substance in arm X divided by total time spent in
both arms of the Y-maze (X+Y).
'^Time spent in the arm of the Y-maze containing the
test substance in the numerator of the test ratio.
•^Time spent in the arm of the Y-maze containing the
test substance in the denomenator of the test ratio.
®Total time spent in the arms of the Y-maze near both
test substances (X+Y).
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Table 12. Y-maze data for experiment 1
Novel odors
(7-d old piglets)
pjb
yd
xc
n

X+Y®

FM/W

.63**

43

.56

.36

.92

AA/W

.39**

45

.33

.47

.81

NI/W

.37**

58

.29

.56

.86

FM/AA

.67**

43

.57

.44

1.02

FM/NI

.65**

54

.47

.32

.80

SEp

.03

.04

.05

.06

^FM/W, maternal feces vs water; AA/W, amyl acetate vs
water; NI/W, NI-217 vs water; FM/AA, maternal feces vs
amyl acetate; FM/NI, maternal feces vs NI-217.
"Preference index was defined as time near the test
substance in arm X divided by total time spent in
both arms of the Y-maze (X+Y).
^Time spent in the arm of the Y-maze containing the
test substance in the numerator of the test ratio.
•^Time spent in the arm of the Y-maze containing the
test substance in the denomenator of the test ratio.
®Total time spent in the arms of the Y-maze near both
test substances (X+Y).
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Table 13. Y-maze data for experiment 2.
Dilute novel odors
(12-h old piglets)
TEST^

pjb

n

X^

yd

FM/W

.55*

94

.62

.62

1.24

.lAA/MO

.41**

95

.49

.77

1.27

.5AA/M0

.47

92

.59

.75

1.35

FM/.IAA

.53

94

.57

.48

1.05

FM/.5AA

.64**

94

.98

.52

1.51

SEp

.03

.06

.06

.09

X+Y®

^FM/W, maternal feces vs water; .lAA/MO, 10% amyl acetate
vs mineral oil; .5AA/M0, 50% amyl acetate vs mineral oil;
FM/.IAA, maternal feces vs 10% amyl acetate; FM/.5AA,
maternal feces vs 50% amyl acetate.
^Preference index was defined as time near the test
substance in arm X divided by total time spent, in
both arms of the Y-maze (X+Y).
'^Time spent in the arm of the Y-maze containing the
test substance in the numerator of the test ratio.
•^Time spent in the arm of the Y-maze containing the
test substance in the denomenator of the test ratio.
®Total time spent in the arms of the Y-maze near both
test substances (X+Y).
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Table 14.

TEST^

• Plb

Y-maze data for expreiment 2
Dilute novel odors
(7-d old piglets)
n

xc

yd

X+Y®

FM/W

.63**

94

.84

.46

1.31

.lAA/MO

.39**

94

.50

.86

1.37

.5AA/M0

.46

95

.56

.71

1.28

FM/.lAA

.60**

92

.82

.58

1.41

FM/.5AA

.61**

94

.77

.53

1.31

SEp

.03

.05

.05

.08

^FM/W, maternal feces vs water; .lAA/MO, 10% amyl acetate
vs mineral oil; .5AA/M0, 50% amyl acetate vs mineral oil;
FM/.IAA, maternal feces vs 10% amyl acetate; FM/.5AA,
maternal feces vs 50% amyl acetate.
"Preference index was defined as time near the test
substance in arm X divided by total time spent in
both arms of the Y-maze (X+Y).
*^Time spent in the arm of the Y-maze containing the
test substance in the niomerator of the test ratio.
"^Time spent in the arm of the Y-maze containing the
test substance in the denomenator of the test ratio.
®Total time spent in the arms of the Y-maze near both
test substances (X+Y).
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Table 15. Y-maze data for experiment 3.
Maternal odors and deoxycholic acid
(12-h old piglets)
X^

Y^

X+Y®

65

.53

.37

.90

.41**

65

.49

.32

.79

FM/DCA

.59*

65

.37

.42

.81

FM/FMDCA

.62**

64

.33

.49

.82

SEp

.03

.03

.03

.04

TEST^

PI^

n

FM/W

.59**

DCA/W

^FM/W, maternal feces vs water; DCA/W deoxycholic acid vs
water; FM/DCA, maternal feces vs deoxycholic acid;
FM/FMDCA, maternal feces vs deoxycholic acid added to
maternal feces.
^Preference index was defined as time near the test
substance in arm X divided by total time spent in
both arms of the Y-maze (X+Y).
^Time spent in the arm of the Y-maze containing the
test substance in the niimerator of the test ratio.
•^Time spent in the arm of the Y-maze containing the
test substance in the denomenator of the test ratio.
®Total time spent in the arms of the Y-maze near both
test substances (X+Y).
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Table 16. Y-maze data for experiment 3.
Maternal odors and deoxycholic acid
(7-d old piglets)
TEST^

pjb

n

FM/W

.61*

DCA/W

xc

yd

X+Y®

65

.53

.33

.86

.36*

64

.50

.36

.78

FM/DCA

.58*

64

.31

.47

.86

FM/FMDCA

.66**

63

.28

.49

.77

SEp

.03

.03

.03

.04

^FM/W, maternal feces vs water; DCA/W deoxycholic acid vs
water; FM/DCA, maternal feces vs deoxycholic acid;
FM/FMDCA, maternal feces vs deoxycholic acid added to
maternal feces.
"Preference index was defined as time near the test
substance in arm X divided by total time spent in
both arms of the Y-maze (X+Y).
'^Time spent in the arm of the Y-maze containing the
test substance in the numerator of the test ratio.
•^Time spent in the arm of the Y-maze containing the
test substance in the denomenator of the test ratio.
®Total time spent in the arms of the Y-maze near both
test substances (X+Y).

139

TEST^

Table 17. Y-maze data for experiment 1.
Maternal odors and zone heat
(12-h old piglets)
Pib
yd
n
X^

X+Y®

FM/W

.51

77

.53

.38

.91

ZH/W

.41**

70

.50

.39

.99

FM/ZH

.54

78

.55

.49

.94

SEp

.06

.04

.04

.05

^FM/W, maternal feces vs water; ZH/W, zone heat vs water
FM/ZH, maternal feces vs zone heat.
"Preference index was defined as time near the test
substance in arm X divided by total time spent in
both arms of the Y-maze (X+Y).
•^Time spent in the arm of the Y-maze containing the
test substance in the numerator of the test ratio.
^Time spent in the arm of the Y-maze containing the
test substance in the denomenator of the test ratio.
®Total time spent in the arms of the Y-maze near both
test substances (X+Y).
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Table 18. Y-maze data fpr experiment 1.
Maternal odors and zone heat
(7-d old piglets)
TEST^

pjb

n

FM/W

.67**

ZH/W

X^

yd

X+Y®

70

.53

.32

.85

.35**

70

.35

.29

.84

FM/ZH

.65**

70

.44

.49

.73

SEp

.05

.04

.04

.05

^FM/W, maternal feces vs water; ZH/W, zone heat vs water
FM/ZH, maternal feces vs zone heat.
"Preference index was defined as time near the test
substance in arm X divided by total time spent in
both arms of the Y-maze (X+Y).
^Time spent in the arm of the Y-maze containing the
test substance in the numerator of the test ratio.
'^Time spent in the arm of the Y-maze containing the
test substance in the denomenator of the test ratio.
®Total time spent in the arms of the Y-maze near both
test substances (X+Y).
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Table 19. Y-maze data for experiment 2
Maternal odors and convective heat
(12-h old piglets)
TEST^

pjb

n

FM/W

.55*

CH/W

xc

yd

94

.62

.62

1.24

.44**

94

.57

.79

1.33

FM/CH

.69**

92

.95

.38

1.36

SEp

.03

.04

.08

.09

X+Y®

^FM/W, maternal feces vs water; CH/W, convective heat
vs water; FM/CH, maternal feces vs convective heat.
"Preference index was defined as time near the test
substance in arm X divided by total time spent in
both arms of the Y-maze (X+Y).
'^Time spent in the arm of the Y-maze containing the
test substance in the numerator of the test ratio.
"Time spent in the arm of the Y-maze containing the
test substance in the denomenator of the test ratio.
®Total time spent in the arms of the Y-maze near both
test substances (X+Y).
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Table 20. Y-maze data for experiment 2.
Maternal odors and convective heat
(7-d old piglets)
TEST^

pjb

n

FM/W

.63**

CH/W

xc

yd

94

.84

.46

1.31

.48

94

.64

.83

1.26

FM/CH

.69**

92

.82

.45

1.47

SEp

.03

.05

.05

.08

X+Y®

^FM/W, maternal feces vs water; CH/W, convective heat
vs water; FM/CH, maternal feces vs convective heat.
"Preference index was defined as time near the test
substance in arm X divided by total time spent in
both arms of the Y-maze (X+Y).
•^Time spent in the arm of the Y-maze containing the
test substance in the numerator of the test ratio.
^Time spent in the arm of the Y-maze containing the
test substance in the denomenator of the test ratio.
®Total time spent in the arms of the Y-maze near both
test substances (X+Y).
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Table 21. Y-maze data for experiment 1.
Prolactin modulating drugs
(12-h old piglets)
TEST^

PI'

n

xc

X+Y®

66

.51

1.17

63

1.17

.73

1.90

57**

1.12

.87

1.99

FMC/W

56-

FMB/W
FMH/W
FOC/W

.51

.61

61

1.32

FOB/W

.47

.72

75

1.44

FOH/W

.48

.84

85

1.69

03

20

21

28

SEp

^FMC/W, maternal feces from a saline injected sow vs
water; FMB/W, matenal feces from a bromocriptine
injected sow vs water; FMH/W, maternal feces from a
haloperidol injected sow vs water; FOC/W, feces from
a nonmother saline injected sow vs water; FOB/W,
feces from a nonmother bromocriptine injected sow;
FOH/W, feces from a nonmother haloperidol injected sow.
^Preference index was defined as time near the test
substance in arm X divided by total time spent in
both arms of the Y-maze (X+Y).
^Time spent in the arm of the Y-maze containing the
test substance in the numerator of the test ratio.
"^Time spent in the arm of the Y-maze containing the
test substance in the denomenator of the test ratio.
®Total time spent in the arms of the Y-maze near both
test substances (X+Y).
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Table 22. Y-maze data for experiment 1.
Prolactin modulating drugs
(7-d old piglets)
pxb
yd
xc
n

X+Y®

FMC/W

.58*

3

1.29

.94

2.23

FMB/W

.50

3

.93

.93

1.87

FMH/W

.61+

5

.64

.40

1.03

FOC/W

.51

8

.77

.72

1.43

FOB/W

.49

8

.94

.98

1.99

FOH/W

.49

6

1.00

1.03

2.03

SEp

.02

.20

.21

.26

^FMC/W, maternal feces from a saline injected sow vs
water; FMB/W, matenal feces from a bromocriptine
injected sow vs water; FMH/W, maternal feces from a
haloperidol injected sow vs water; FOC/W, feces from
a nonmother saline injected sow vs water; FOB/W,
feces from a nonmother bromocriptine injected sow;
FOH/W, feces from a nonmother haloperidol injected sow.
^Preference index was defined as time near the test
substance in arm X divided by total time spent in
both arms of the Y-maze (X+Y).
*^Time spent in the arm of the Y-maze containing the
test substance in the numerator of the test ratio.
^Time spent in the arm of the Y-maze containing the
test substance in the denomenator of the test ratio.
®Total time spent in the arms of the Y-maze near both
test substances (X+Y).

APPENDIX B:

PRODUCTION DATA

WITH OUTLIERS REMOVED
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Table 23. Least squares and raw means for sow and litter
production from litters in farrowing environments
with and without maternal odors under the
heat lamp when outliers^ were removed
Maternal
odors
Item

Mean^ LSMeanC^

No maternal
odors

SEp

P value

Mean

LSMeanC

10.09

9.71

.63

.42

No. pigs
b o m live/
litter

9.30

9.71

X birth
wt., kg/
litter

1.64

1.57

1.46

1.50

.08

.55

.20

-.02

.55

.60

.23

.09

% Mortality

2.20

-.32

5.60

6.26

2.30

.07

X No. weaned/
litter

9.10

9,74

9.55

9.12

.23

.09

64.39 64.45

59.58

59.00

2.80

.22

6.48

6.73

.32

.61

145.60 147.20

12.60

.70

No. died/
litter

Total litter
weaning wt.,
kgd
Mean piglet
weaning wt.,
kgd
Sow feed
intake, kg^

7.37

6.98

141.3 139.50

^Four litters with 1, 3, 4 and 17 piglets born live were
considered outliers and deleted from the data set.
"Raw means.
"-^Least squares means. A covariate was used to adjust data to
equal numbers of piglets born live.
^Adjusted to a 28-d lactation period.

