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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 207 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 liveborn
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 12.47 of all live-births. From videotapes of sows and
their litters in farrowing crates, it was determined that
467 of these deaths were due to crushing, 21% due to
starvation, 107 to scours, 7% to genetic defects and 27 to
savaging by the sow. When death caused by crushing was
further analyzed, it was found that 307 (8/27) of these
deaths occurred when the sow laid down after sitting up
(piglet under ribs), 227% (6/27) were crushed when the sow
laid down after standing (piglet under rump) and only 47
(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. Eventually this information on
piglet behavior and biology 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 the?r 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.



CHAPTER 1II

LITERATURE REVIEW

Biology of Piglets

Mortality
Curtis (1983) has estimated baby pig mortality in the

United States at 207 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 11.67 of all liveborn
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 12.47 of all live-births. From videotapes of sows and
their litters in farrowing crates, it was determined that
467 of these deaths were due to crushing, 217 due to
starvation, 10% to scours, 7% to genetic defects and 27 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), 227 (6/27) were crushed when the sow
léid down after standing (piglet under rump) and only 47
(1/27) were crushed when the sow rolled over from a

recumbent position. It was also noted in this study that

4



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 25.67 total mortality rate of
Yorkshire piglets. Crushing and its predisposing factor of
general weakness explained 46.17 of all deaths while 14% of
the mortality was due to scours and 267 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



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 mZ 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
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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 107 slope) when
tested against conventional farrowing crates. Mortality in
the first 7 d post farrowing was 7.97 in sloped floor pens
and 7.87 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., 1986), 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 12.77 to 7.2% by placing two 275-
watt 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
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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. On d 1,
627% of pigs laid ‘next to the sow, whereas, by d 2, only 507%
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
consumpfion 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 PO, and high PCO;). 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 PCO9) 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,
1963).

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 Oz-kg'l-min'l 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 707%) 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 consumption increases VO, (oxygen
consumption) and rectal témperature 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
responsibie 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.

Balstaugh 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 siightly lower temﬁerature zone,
which ccrrelates with their changing metabolic state at this

age.
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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 volume of water. This may be due in
part to an increase in metabolic rate and thus Hy0 and CO,p
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-Butanediocl, 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 consumption 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 uCi/d of 1984
(a non-absorbed marker which labelled maternal feces with
radiocactivity) was given to sows and then piglet
radiocactivity was measured with a whole-body counter.
Ninety-dne percent of all radioactivity was found in the
gastrointestinal tract and another 77 occurred as external
skin contamination. No radiocactivity was present in sow
milk samples. 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 By, 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
born alive, but not surviving to 21 d had 40.4 = 1.5 and
27.5 £ 2.0 mg/ml serum 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 humoral immunity occurs via
colostrum 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
postpartum 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. Plasma cells do not
appear until 5 or 6 wk after birth. 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
(Frddrich, 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

(1963) 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 (> 507%) for the first few postpartum 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 557 of their
time suckling from a single teat (Hemsworth et al., 1976).
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. (1976) found that the teat order had stabilized by d 6.
They also found that within 48 h, 407 of all baby pigs had
changed their teat preference. When the development of the

teat order was investigated it was found that 787 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 thé 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 (Sprague-
Dawley) 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 olfactcr:=
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 starvaticn 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 z1.,

1976). The principle substances removed by the organic






