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INTRODUCTION

Advantages of removing pigs from sows shortly after birth
and feeding them artificially have been proposed (Dyrendahl et
al., 1953; Braude et al., 1970). Some of these advantages can
be summarized as:

Reduction in baby pig mortality - when pigs remain with
the sow she has a chance to crush the piglets especlally if the
sow 1s heavy, clumsy or by nature careless. Most congenitally
weak pigs die by being crushed.

Improvement in growth rate - by providing a more nutritive
diet and controlled environment.

Increase in sow's productivity - by elimination of lac-
tation and shortening of the reproductive cycle of the sow.

Decrease of infections - transmission of infections from
the sow to the pigs can be reduced.

Human babiles and rodents can be eagily removed from their
mothers at birth, but for baby pigs considerable difficulty has
been met when pigs have been remeved from sows at birth and
ralsed artificially (Weybrew et al., 1949; Young and Underdahl.
1951; Leece and katrone, 1660). DMost researchers have concluded
that it is necessary to give neonatal pigs colestrum to provide
immunoglobulins to get a satisfactory survival rate.

Before artificial rearing can be applied in practice,
the development of the digestive system enzymes of baby pigs and

nutritional reguirements for thelr growth must be understood.



Furthermore, to reduce the cost of expensive milk replacer by
replacing milk protein with other cheaper protein scurces

and to achieve a smooth change-over from a liguild to a solid
diet as early as possible without affecting the growth of the

pigs were the efforts of this research.



REVIEW OF LITERATURE

Placenta and Colostrum

It is known that the construction of the placenta varies
in thickness in different animals. Some animals, e.g. horses
and swine have six layers of cells between maternal and foetal
circulaticns. While in guinea pigs there is only one layer
that allows a certain degree of immunization during the foetal
stage owing to the thinner foetal membrane (Edwards, 1%69).
Rejnek et al. (1965) found rG type gamma globulin represented
the main immunoglobulin component of pig colostrum. Rejnek
et al. (1966) also indicated the relationship between the type
of placenta and the immunoglobulin spectrum of colostrum. They
made a comparison beiween the hemochorial type of human placenta
and the epitheliochorial type of pig placenta. They found that
human placenta 1s permeable for immunoglobulinsg of the rG-type
whereas the type rM and rA do not pass through this placenta
at all and represent the main components of human colostrum.

On the other hand the pig placenta is completely impermeable
for rG-globulin and it is the main component of porcine colos-
trum.

Colostrum is not absoclutely necessary to the newborn
human baby nor to young rodents, because they have already been
provided with antibodies before birth. But foals and baby pigs
are immunized to a very small degree during their foetal stage

and they depend on colostrum to get passive immunity. Sterzl



et al. (1966) found that passive immunization of preghant sows
48 hours before parturition with high titer of antibodies
resulted in no traces of antibodies being detected in newborn
piglets. During the immediate postnatal period, baby pigs have
practically no immunoglobulins (Sterzl et al., 1960).

Postnatal acquisition of passive immunity in the
neonatal piglet is by two phases: (1) uptake and (2) transport
(Clarke and Hardy, 1971; lecce, 1973). The uptake phase is
nonselective in that macro-molecules in the lumen are inter-
nalized via pinocytosis by the enterocytes, and transported intoe
the blood and lymph. The antibodies in colostrum are absorbed
in an unaltered form by this.

The colostral immunoglobulins can be absorbed by baby
pigs without being altered for about the first 24 hours of life
(Speer et al., 1959). The main process of transport of immuno-
globulins into the blood in baby pig's small intestine is
conducted within about 24 to 36 hours after birth and that
corresponded with the time of the decrease of immunoglobulins
in the sow's milk (Miller et al., 1962; Yabiki et al., 1574).
Studies conducted by other researchers (Murato and Namioka,
1977) have shown colostral immunoglobulins contained in the
epithelium being observed until 2 hours after birth in the
duodenum, 24 hours in the jejunum and 48 hours in the ileum.

Antibodies are transmitted from colostrum to blood only
for a relatively short time. Lecce and Matrone (1960) showed

that intestinal absorption stops completely within 48 hours.



Thie result was confirmed by the studles of Asplund et al.
(1962) and of Speer et al. {(1$5%).

Lecce (1971) reported that pigs with low birth weights
were easily kept by larger littermates from the first colos-
trum resulting in the acguisition of little colostrum and
dangerously low serum immuncglobulin and reduced survival rate.
It is important to make certain all pigs have equal access to
the first colostrum. Bourne (1969b) and Coalson and Lecce
(1973a2) recommended that pigs be farrowed in a manner that
would allow all pigs to be placed with the sow simultaneously
with assistance at the first nursing. Morgan and Lecce (1964)
found that immunoglobulin in the sow's mammary secretions drops
rapidly with each ejection from the gland within the 24 hours
immediately following parturition. Bourne (1969a) also reported
that the immunocglobulins in sow's colostrum decreased 50% after
4 to 6 hours of nursing. He noted "the transition from colos-
trum to milk expressed itself not only as a fall in total whey
protein levels but in changes in the percentages of the elec-
trophoretic components." "Gammaglobulin, the major protein
fraction of colostral whey at O hr., declined in value over
the first 48 hr. to become the minor fraction of milk whey.
Beta-globulin was then the ﬁajor fraction.”  This finding ag-
reed with the observations of Ferrin (1955) and Morgan and
Lecce (1964). 1t is suggested that early-born pigs will get
colostrum rich in immunoglobulins and this may give them some

physiological and immunological advantages over later-born



littermates. This may account for the variable performance
in naturally suckled pigs.

Coalson and Lecce (1973b) reported that 12 hours of
nursing was sufficient for absorption of immunoglobulins from
sow's colostrum into pigs' circulatory system to get passive
immunity when farrowed in a relatively sanitary environment.
However, for pigs from herds with a low level of sanitation 12
hours of nursing was not enough. Within 24 hours after removal
from the sow vomitting and diarrhea occurred and 40% of the pigs
died within 48 to 72 hours of weaning. They concluded that a
continuous bathing of the intestine by immunoglobulin was re-
quired by pigs farrowed in a less desirable environment and this
protection is independent of circulatory immunoglobulin. Coalson
and Lecce (1973a) reported that piglets nursing ad libitum have
absorbed substantial amounts of serum proteins by 9 hours and
a slight additional increase by 12 hours, with little change
from then on.

Payne and karsh (1962) found that if baby pigs were fed
elther on colostrum or on modified cow's milk, absorption stopped
12 hours after birth, when the epithelial cells of the intestinal
mucosa filled with r-globulin or other soluble protein. But if
the baby pigs were left to starve for 106 hours after birth they
retained the ability to absorb gammaglobulin.

There are differences in the rate of the absorption of milk
protein coming from varioug origins. DNewborn piglets absorb Ig G

from sow's milk better than Ig G from cow's milk (Fierce, 1967).



One thing should be noted is the fact that the newborn pigs

fed on colostrum from birth have in general a weaker and slower
immune response when compared to those deprived of colostrum or
fed artificially (Smith, 1965)., Immunoglobulins produced by
piglets which have received colostrum are not detectable before
approximately 10 days of age (Allen and Porter, 1973). This
shows the active immunity is inhibited to some extent by strongly-

expressed passive immunity.



The Development of the Digestive Enzyme System and Sultability

of Various Nutrients

Amylage

Amylase in saliva has little activity in the first 4
days.reachesg a peak at 2 to 3 weeks of age and then decreases
(Hudman et al., 1957). Pancreatic amylase is also low at birth,
but increases rapidly up to # to 5 weeks of age (Walker, 1959).
Some researchers (Hartman et al., 1961; Hudman et al., 1957;
Kitts et al., 1956; Pond et al., 1971., Corring et al., 1978)
showed amylase activity increase of more than 30-fold per pan-
crease from birth to over 23 days of age. Some studies explored
the possibility of substituting starch for lactose in baby pig
milk replacer, but results showed the pigs will develop rough
coats and retarded growth (Cunningham and Brisson, 1%57). Corn
starch can not be utilized properly until baby pigs reach 35
days of age (Mateo et al., 1978). Walker's (1959) data suggest
that lack of maltase in baby pig may be the limiting factor to
complete digestion of starch. Adding pancreatic amylase at 1.0%
of the starch centent of the diet to feed for baby pigs did not
improve the utilization of raw corn starch (Cunningham and
Brisson, 1957). It was postulated that the amylases were des-
troyed before they reached the intestine or that the starch
required further treatment with enzymes or other materials for
its complete breakdown to glucose. Further in vitro studies

(Cunningham, 1959) indicated that the pancreatic amylase prep-



aration was extremely slow in hydrolyzing raw starch but
rapidly hydrolyzed soluble starch. It suggested that the
digestion of raw starch by young pigs is restricted by ina-

bility to rupture the starch granule.

Maltase

The digestion of starch requires not only alpha-amylase
but also maltase. Although there is some pancreatic maltase
activity, it is so low that the role of pancreatic maltase in
the baby pig is of little significance (Hadman et al., 1957).
Bailey et al. (1956) reported that the potential ability of baby
pigs to hydrolyze maltose rose rapidly from zero at birth to 2
gm per kg of beody weight per hour at 1 week of age and it in-
creases steadily to 5 weeks of age. The rate of digestion of
maltose does not approach that of glucose until the pigs are 7
days of age (Cunningham, 1959). The hydrolysis of maltose by
extracts of intestine (Balley et al., 1956; Walker, 1959) gave
rates higher than those from using a stomach tube (Cunningham,
1959). If pigs have anemia this will retard the increase of maltase
activity in the small intestine, but has no effect on amylase,

sucrase or lactase (Walker, 1959).

Lactase

At birth, lactase is the predominant intestinal carbo-
hydrase, but it decreases rapidly from the first to third week,
remaining fairly constant thereafter (Hartman et al., 1961;

Bailey et al., 1956; Sprague et al., 1963; Corring et al., 1978).
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Manners and Stevens (1972) suggested that between birth and 1
week of age there was a considerable fall in lactase activity
in the proximal half of the small intestine. In 4 week-o0ld

pigs there was no difference in lactase levels between artif-
icially reared and sow-reared pigs. After 8 weeks the lactase
level remains constant. Experiments by Becker et al. (1954a)
have shown that lactose is a very suitable carbohydrate for very
young pigs when used in a milk replacer. Sewell and West (1965)
reported pigs recelving diets containing lactose gained welght
significantly faster than those without lactose. Digestibilities
of protein and ether extract were improved by supplementation
with lactose. This partly accounts for the difference in res-
ponse te¢ protein from a skim milk source as compared to soy bean
protein in diets of very young pig. However, diets containing
50% lactose for 9-and for 16-week o0ld pigs will cause a moderate
diarrhea and depress feed intake and growth (Becker and Terrill
1954). Diets containing 25% lactose were satisfactory for the
16-week-old pigs. Becker et al. (1954a) reported an advantage
in favor of equal portions of lactose and corn starch in milk
replacer as compared to corn starch or lactose alone for pigs

from 7 to 35 days.

Sucrase
High mortality and severe diarrhea in baby pigs was observed
when sucrose was fed (Becker et al., 1954b). At birth, sucrase

activity has been found to be absent from the small intestine
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of baby pigs or present at very low level, but it increases
rapidly with age (Bailey et al., 1956; Walker, 1959; Hartman

et al., 1961). These researchers suggested that between 3 and
4 weeks of age there is a raplid development in sucrase activity.
Differences between individual pigs and between litters in
mucosal sucrase activity was reported by Kidder et al. (1968).
Most researcher will agree that sucrose can not be used in the
diet before the pig is 1 week of age. (Aherne et al., 1969;

Becker et al., 1954b).

e —n

Proteolytic Enzymes

Very low proteinase activity can be found in newborn pig
and no rapid increase in activity until the third week after
cirth (Hartman et al., 1961; Shields et al., 1977). Pepsin can
be found in the stomach of new btorn pigs, but it is not active
due to little hydrochloric acid (Cunningham and Brisson, 1957).
The optimum pH of pepsin activity is approximately 2. Data from
Lewis et al. (1955) showed that in suckling pigs from 1 to 35
days old the pH of the stomach ccntents was never below 3.5,
Walker (1959a) also reported that the stomach contents in pigs
up to 5 weeks of age were usually about a pH of 3.4. Studies
of both HCL and pepsin secretion suggest that pepsin takes
little part in digestion until pigs are more than 3 weeks of
age. However, there may be considerable variation between pigs.
Lewis et al. (1957) found that there is trypsin activity in

the pancreas and stomach mucosa from the day of birth and no
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definite subsequent increase per unit weight of pancreas. Some
other results (Gorrill and Friend, 1970; Friend et al., 1970)
showed that total trypsin activity per pancreas increases

faster from 3 to 5 weeks of age than chymotrypsin. That agrees
with the observations of Pond et al. (1971a). Pond et al.
(1971a) found total chymotrypsinogen per pancreas increased more
than four times from birth to 3 weeks, during the same period
total trypsinogen activity per pancreas increased about 20 times.
Hartman et al. (1961) reported a four-fold increase of trypsin
activity per unit weight of pancreas during the first four weeks.
Corring et al. (1978) reported the level of chymotrypsinogen

in pancreatic tissue rose faster than that of trypsinogen from
birth te 3 week which is opposite to earlier results.

Numercus observations comparing milk protein with soy
protein show milk protein was superior to soy protein for baby
pigs. Various forms of soy protein have been used by different
labaratories, including isolated soybean protein (Sewell et al.,

t al., 197ib; Mateo and Veum,

. —

1953; lManer et al., 1962; Pond

1., 1978a; Zamora and Veum, 1978,

1980), soytean meal (Sherry et
1979). The commonly used milk proteins are skim milk powder
(Dyrendahl et al., 1953; Sherry et al., 1978a), casein and whey
powder (Pettigrew gt al., 1977; Pond et al., 1971b; Maner et al.,
1962},

Apparently milk protein is the best protein source for
baby pigs(Pekas et al., 1964; Braude et al., 1970). It is

superior to soy protein (Pec et al., 1957; Hays et al., 1959;
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Naner et al., 1959, 1961; Javier and Veum, 1980; Schneider
and Sarett, 1969; Pond et al., 1971ib). Fish protein is as

good as casein when used by newborn pigs (Pettigrew et al.,
1972; Pond gt al., 1971b). Fish protein and milk protein are
more expensive protein sources as compared with soya protein.

Some researchers have tried to use goya protein to replace
various amounts of milk protein in milk replacer in order 1o
reduce the cost. Rodiguez and Young (1979) reported that baby
pigs fed a diet with 25% milk protein replacing soya protein
consumed more and gained more weight than those fed whole milk
protein diet. Replacement of more than 25% of the milk protein
with soybean meal protein significantly decreased baby pig's
performance. Zamora et al (1975) reported that a diet contained
26% soybean meal was superior to whole milk protein diet for
baby pigs. Reports by (Sherry et al., 1978; Zamora and Veum,
1978, 1979) indicated that soybean meal protein can replace
about 50% of the milk protein for artificially-reared necnatal
pigs without influencing subsequent nursery performance, but if
baby pigs are fed a diet containing less than 25% milk protein,
their subsequent performance will be depressed.

Dietary protein level needed is based on the protein
source and quality. Reber et al. (1953) reported that when
casein was the only protein source, pigs fed 25% or less protein
in the raticon required more than 1 kg of dry matter to make 1 kg
of gain. But as pigs approached 8 weeks of age, a level of 20%

protein appeared to be used as efficiently as higher levels.



Pond et al. (1971b) reported that diets contained 26% C.P
and 20% lard, fish protein concentrated was equal %to casein
and superior to isclated soy protein as the sole source of
protein for baby pigs from 2 to 23 days.

The protein requirement also depends on the caloric
density of the diet. Becker et al. (1954c), using diets based
on dried skim milk and containing 5% maize oil, found no
advantage in giving more than 22% protein. Similariy Manners
and McCrea's (1962) reported that with casein and a low fat
content (4% or less) 25% protein was adeguate. With high fat
diets (Manners and McCrea, 1963) reported that a 30% protein
level gave optimum growth and economy of feed conversion when
dried-whole-milk-based diets contained 21% fat. Sewell et
al. (1953) reported that fastest growth and most efficient
feed utilization occurred on a 32% protein diet in which casein

was used as protein source and the diet contained 24.63% lard.

Lipase

Reports on pancreatic lipase activity by Kitts et al.
(1956) showed that there is considerable lipase activity during
the first 4 weeks of life and further increases with age. Pond
et al. (1971a) reported total activity of pancreatic lipase
increased three-fold from birth to 3 weeks of age.

Sow milk contains approximately 35% fat on a dry matter

basis (Perrin, 1954, 1955). In milk replacer the addition of

fat to the diet shows variable results. This may be due to

14
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differences in physical forms of the fais or the level of fat
added. Kitts et al. (1956) noted that if lipids are emulsified
to give a particle diameter of less than 0.5 micron they can be
absorbed through the lacteals. An inverse relationship was found
to exist between the length of chain of the fatty acids of var-
ious fats and oils and their apparent digestibility by early-
weaned pigs (Lioyd and Crampton, 1957). Bayley and Lewis (1965)
suggested that as the level of unsaturated fatty acids in the
fat increased, there was an improvement in fat utilization by
pigs. Similar results were reported by Sherry et al. (1978b).
Bile secretion may limit absorption of fat by very young pigs
and an increase in secreticn of bille may be responsible for the
increase in fat digestibility with increasing age (Lloyd et al.,
1957). Walker (1959b) found that bile volume was small in baby
pigs and increased slowly during the first 3 weeks of life.
When the pig weighed about 6.8 kg there was a sharp increase in
bile volume,

Heath and Morris (1963) demonstrated that emulsification
of fat by bile salts was necessary for hydrolysis and absorption
of fat. Frobish et al. (1969) found that adding fat to the diet
resulted in a corresponding reduction in feed intake, thereby,
decreasing the intake of other important nutrients. Thus growth
rate and feed efficiency decreased when the fat level of the
diet was inecreased. Wilson and Leibholz (1979) reported that as
the fat level increased from 4% to 25% from the addition of

tallow, feed intakes and ME intakes of pigs were reduced. 1In
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the experiments of Eusebio et al. (1965), the substitution

of carbohydrates in the diets of young pigs with increasing
amounts of fat also reduced the performance of the pigs.
Leibbrandt et al. (1975) reported linear decrease in rate of
weight gain of pigs was observed as the calorie: protein ratio
increased. But when diets contained a constant calorie: protein
ratio, the rate of weight gain of pigs was not significantly
depressed by fat addition. Increasing dietary protein and fat
together did not affect the percentage carcass fat, but fat
supplementation alone increased the percentage carcass fat.

With fat-supplemented diets, protein intake may be insuff-
icient to allow full utilization of caleories, if fat was sub-
stituted for an equal weilght of carbohydrate. It is necessary
to increase the level of nutrients as caloric density increase,
to maintain a constant relationship between the concentration
of each nutrient and the metabolizable energy in the diet (Allee
et al., 1971).

Cline et al. (1977) proved that weight gain and ME intake
of pigs from 3 to 5 weeks of age were not adversely affected by
increaging the fat content of the diets which maintained a con-

stant calorie: protein ratio, but there existed a depression in

feed intake as the fat content of the diets inereased.

Fructose

Becker et al. (1954b) found that baby pigs suffered

gevere diarrhea and heavy mortality from diets containing
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fructose as the carbohydrate source. Aherne et al. (1969)
also reported that very young pig (age before € days) could
not use fructose or sucrose as the carbohydrate source. Gins-
bury and Hers (1960) reported that the first step in the con-
version of fructose to glucose in both intestinal wall and liver
is via fructose-1-phosphate in the presence of fructokinase.
But Aherne et al. (1969) failed to find significant activity
of fructokinase in the liver and integtine in very young pig.
This result accounts for the failure of fructose and sucrose
being used by very young pigs. The fructose was absorbed pri-
marily as fructose with little or no conversion to glucose
occurring in the intestinal wall. The fructokinase activity
of the liver of the pig increased from 6 to 9 days of age.

From then on fructose can gradually be used by pigs.

Dry Diet vs Liquid Diet

Diaz et al. (1959) found that baby pigs fed liquid diets
gained faster and were more efficient than those fed dry diets.
Frobish et al. (1969) reported similar results. Braude and
Newport (1977) comparing two systems of early weaning (liquid
VS dry diet) suggested "that the growth potential of pigs weaned
at 2 days can only be fully realized when they are given a liquid
diet. Baby pigs seem physically unable 4o achieve as high a
dry-matter intake from dry food as when given a liquid diet.”
They also indicated that the performance of pigs given the liquid

diet was better when individually caged rather than when kept
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in groups. They observed that poor performance was a reflec-
tion of low feed intake and not the result of inefficient
feed conversion.

Lecce et al. (1979) found when pigs were shifted from
liguid diets to dry diets, by using a gruel two to three times
a day for a week's transition, pigs had a marked depression in
rate of gain when shifted at 9 days of age, shifting at 14
days experienced a temporary and slight decline in rate of
gain. At 30 days of age, pigs experienced no depression in
rate of gain.

Menge and Frobish (1976) used baby pigs from 3 to 31 days
of age to compare a gruel fed 3 times/day and dry mash diet fed
ad libitum. They reported no difference beiween these two
treatments and suggested that neonatal pigs can use all-mash
rations after receiving colostrum for 48 hours and cow's milk
for 24 hours. Wilson and Leibholz (1979) reported an average

-

daily gain of 220 gm/day and 0.8 g DM intake/g gain between 7
and 28 days of age when pigs were reared artificlally on dry
diets, This suggest that successful early weaning of pigs on a
commercial scale can be done by using a dry pelleted diet which

can eliminate the need of sophisticated ligquid feeding equipment.
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GENERAL PROCEDURES

Animalsg

All pigs were from the university swine herd. 1In trial
1, pigs were purebred Yorkshire. 1In trial 2, crossbred pigs
(Yorkshire X Hampshire X Duroc) were used. Newborn pigs were
welghed, needle teeth clipped, ears notched, tails docked and
given a 1 cc. iron dextrin shot. Pigs were removed from sows
15-24 hours after birth and assigned to treatments by birth
weight and litter. All pigs received a second 1 cc. intramus-

cular injection of iron dextrin at 7 days of age.

Houging and Equipment

Pigs were reared in individual wire cages {60x30x30cm)

in a 6x9m room located at the university swine farn. Each
cage was equipped with a 120 ml capacity plastic cup. A gas
heater was used to maintain the room temperature at 32°C. an

overhead exhaust fan was operated only in the day-time.

Feeding
Pigs were removed from sows and put in the individual

cages for at least 6 hours with no water or milk replacer to

make them thirsty. Most pigs readily consumed the first feeding

of cow colastrum after the 6 hour fast. The first day pigs

were fed every 6 hours, the second day every 8 hours, and day

3-21 they were fed every 12 hours. At every feeding, the feed

left in the cups from the previous feeding was discarded and
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the cups were washed. Feed intake was in accordance with
appetite and individual consumption was recorded.

The cow colostrum used in this study was from first and
second milkings from the university dairy herd. Fresh cow
colostrum was frozen in plastic containers and thawed as needed
every day. Additional cow colostrum was freeze-dried and
stored under refrigeration for use in trial 2. Liquild diets
were hand fed as 20% solid-concentration. No water, in addition

to that in the milk replacer, was supplied.

Management

Scour scores were recorded dailly and were based on a
score of 0 to 3 (0 = normal feces, 1 = loose feces, 2 = liquid
and some solids together, 3 = watery scour). Pigs were not
treated for scours in trizal 1., In trial 2, SoweenaR itself
contained 381 grams/ton neomycin sulfate. As pigs got scours,
their feed was reduced and the milk replacer was diluted by
adding extra water. Plgs were weighed initially and at weekly
intervals. Feed intake and feed efficiency were calculated only
in liguid-feed treatments. All plgs were moved to a conventional

nursery at 21 days of age.

Statistical Analysis

Data for average gain, average dally gain and apparent
protein digestibility were analyzed statistically by means of
analysis of variance (ANCVA) and least significant difference

(1SD).
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PROCEDURES OF INDIVIDUAL TRIALS

Irizl 1

Sixty pigs from seven litters were allotted to five treat-
ments to evaluate replacing various levels of milk protein with
soy protein. Their initial weight averaged 1.3¢ kg. All pigs
were allowed to suckle sows for 15-24 hours before they were
taken to individual cages. Four levels of soy protein and an
all milk protein milk replacer prepared by Land 0'Lakes, Inc.
were used. Each pig received 125 ml cow colostrum daily the
first 3 days. Treatments differed in the sources of protelin
(1) all milkx protein; (2) 25% modified soy protein and 75% milk
protein; (3) 50% modified soy protein and 50% milk protein; (4)
75% modified soy protein and 25% milk protein; (5) 50% soybean
flour protein and 50% milk protein. Milk replacers contained
28% protein and 10% fat on dry matier basis. Modified soy pro-
tein was the patented 52% protein scy flour of Land 0'Lakes, Inc.
(see Appendix).

During the trial, three healthy pigs from each treatment
were chesen for the digestion trial. Feces were collected for

L consecutive days and assayed.

Irial 2

Fifty pigs from six litters were agllotted 4o five treat-
ments to study the effects of supplementing with cow colostrum
and transition from liguid to dry diets. Their initial weights

averaged 1.18 kg. All pigs nursed the sow for 15-24 hours before



they were takXen to individual cages. A commercial milk
replacer (SoweenaR - Foremost Company) was used. Twenty pigs
were assigned to dry-diet treatment and switched from liquid
feed to crumble form from 7 days of age. A 3 day transition
period was used. Pigs on the dry diet were group fed with 6
to 7 pilgs per pen from day 10 through day 21 and water was
supplied 24 libitum. Treatments were: (1) No cow colostrum
supplied, milk replacer in liquid form; (2) 20 gm freeze-dried
cow colostrum day 1-3, milk replacer in crumble form day 7-21;
(3) 20 gm freeze-dried cow colostrum day 1-3, milk replacer in
liquid form; (&) 125 ml cow colostrum day 1-3, milk replacer in
crumble form day 7-21; (5) 125 ml cow colostrum day 1-3, milk
replacer in liguid form.

During transition period (from day 7 to day 10), a pre-
ference test was conducted between pellet and crumbles which

were supplied to pigs simultaneously.
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RESULTS

Trial 1

The results of trial 1 are shown in Table 2. Replacing
milk protein with soy protein (up to 75% replacement) did not
result in any significant differences in pig performance.
Differences in average dally gain 6f plgs fed 50% modified
soy protein and 50% soy bean flour were not significant. Average
daily gains in the third week exceeded 200 grams per day for all
treatments.

Substituting modified soy protein for 25% of the milk
protein resulted in better performance in terms of average daily
gain, feed efficiency, however it was not statistically signif-
icant. Pigs on the all milk protein diet showed a greater in-
cidence of scours throughout the trizl. Reduction in scour
problem due to soy protein in baby pig milk replacer was evident
throughout the trial.

The results of digestibility trial are shown in Table 3,
The apparent protein digestibilities exceeded 90% for all treat-
ments with the all milk protein diet being superior to other
diets, The lowest protein digestibility was cbserved on the
diet with 75% modified soy protein. Difference in digestibility
between 50% modified soy protein and 50% soy flour was not sig-

nificant.
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Irial 2

The results of trial 2 are shown in Table 4. Supplemen-
tation with fresh or freeze-dried cow colostrum to newborn
pigs after nursing sows for 15-24 hours did not show any
advantage in this trial. Average dally gains in first week
were similar for all treatments. Cow colostrum did not affect
survival rate. Transition from liquid to dry diets at 7 days
of age and group-feeding from 10 days of age on did not result
in significant difference by the end of the 21 day trial. This
regimen decreased average daily gain during week 2 and caused a
greater incidence of scours. However, during the third week,
Pigs on dry diets and group-fed galned significantly faster
with less scours than pigs fed liguid diets and were able to
make up the reduced gain during the transition period in week
2,

During transition period, pigs on dry diets showed anxiety
and jumped in cages when other pilgs were receiving liquid diets.
In that condition, the transition from liquid to dry diets
apparently was difficult. When pigs on dry diets were group
fed from 10 days of age, moderate fighting between pigs was

r.oted.
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DISCUSSION

The results of trial 1 indicated there was no statistically
significant difference in pig performance or mortality as milk
protein in diets was partially replaced by soy protein for artif-
icially reared newborn pigs. Results from other workers (Sherry
et al., 1978a; Zamora and Veum, 1978, 1979; Rodriguez and Young,
1979; Mateo and Veum, 1980) have suggested average daily gain
and gain to feed ratios decreased as the percentage of milk pro-
tein in the diet decreased. Sherry et al. (1978a) reported pig
performance on diets containing 25% or less milk protein from 2
to 23 days of age was severely depressed. Protein sources in
thelr study came from corn, soybean meal and skim milk powder
and diets contained only 21% crude protein. In this trial, the
protein sources came from casein and modified soy protein or
soybean flour only and diets contained 28% crude protein. The
milk protein in diets in studies conducted by Mateo and Veum
(1980) was completely replaced by soy protein. Zamora and Veum
(1978, 1979) suggested diets for newborn pigs contain 26% crude
protein, up to 48% C.P provided by soybean meal gave acceptable
performance (89 + 20 gram average daily gain for 21 days trial).
In this trial, 154 gram and 144 gram average dally gain were
snown as 50% modified protein or soybean flour added in diets
regpectively. Data from the studies of Rodriguez and Young
(1979) indicated pigs showed better performance when 25% milk

protein was replaced by soy protein in milk replacers for baby
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pigs. This is similar with what we found in this trial. Both
milk and soy protein sources produced similar performance after
2 weeks of age. Similar results were indicated by Zamora and
Veum (1978, 1979) and Mateo and Veum (1980). Incidence of
scours was greatest on the all milk protein diet with no differ-
ence between the modified soy protein and soy flour.

In trial 2, no advantage was found from supplementing
fresh or freeze-dried cow colostrum to newborn pigs after nursing
sows for 15-24 hours. Coalson and Lecce (1973b) reported 12
hours nursing was enough to give adequate immunity to pigs from
herd with a high level of sanitation. Haye and Kornegay (1979)
reported newborn pigs allowed 12 hours nursing and raised artif-
icially resulted in a slightly reduced antibody response and
lower serum Ig M but not Ig G and Ig A with similar weight gain
(3.1% kg VS 2.84 kz) at 20 days of age for sow-and artificially-
reared pigs. In our studies, pigs in both trials gained an
average of 3 kg to 21 days of age. The results in trial 2 showed
an evident depression in growth during the transition from the
liquid to dry diet. But during week 3 a significantly compen-
satory growth resulted in an equal gains at 21 days of age.

Most pigs with scour recovered as diet intake was reduced
and diet concentration was diluted. Transition induced a greater
incidence of dours but did not show a lasting effect. Pigs on
the dry diet had no scours during week 3.

Apparently the physical characteristics of dry diets and

age of pigs are important factors to affect the success of
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transition from a liguid to a dry diet. A high lactose level in
milk replacer causes a hard pellet that is not readily accepted
by pigs at 7 days of age. In this trial, the same dry diet in
pellet form or crumble form was provided during transition.

Pigs had no problem in consuming the diet in crumble form. Most
pellets were pushed out of feeder by pigs' snouts. Results from
Braude and Newport (1977) showed intake from the pelleted diet
was considerably less than that from the liguid diet. Menge and
Frobish (1976) reported newborn pigs from 4 days of age could
utilize all-mash ration as well as liquid diet.

The results of trial 2 suggest that pigs can be switched
from a liguid to a dry diet at 7 to 10 days of age and group-fed
with similar performance as individually fed pigs receiving a
ligquid diet. The use of a dry diet with group feeding greatly

decreases the labor involved in artificially rearing newborn pigs.
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SUMMARY

Two trials using 110 pigs were conducted to investigate
the growth response of newborn pigs to various levels of soy
protein replacing milk protein in milk replacers, the use of
fresh or freeze-dried cow colostrum and use of a liquid or dry
diet. Pigs were removed from sows 15-24 hours after birth and
reared artificially. Partial replacements of milk protein by
modified soy protein or soybean flour did not significantly affect
growth rate. Substitution of 25% milk protein by modified soy
protein resulted in a slightly greater gain and decreased incid-
ence of scours. Differences in performance between pigs fed 50%
modified soy protein and 50% soy flour protein diets were not
significant. Up to 75% milk protein replaced by modified soy
protein did not show significant differences. Pigs on all milk
protein diets exhibited a greater incidence of scours.

There was no advantage from supplementing the milk replacer
with fresh or freeze-dried cow colostrum. Slightly depressed
growth and moderate scour could be seen as pigs were shifted from
liguid diets to dry diets at 7 days of age, but later a compen-
satory growth resulted in equal weight gains for all treatments
at 3 weeks of age.

This study indicates the feasibility of rearing newborn pigs
on dry diets from 7 days of age, group-feeding in a conventional
nursery with similar performance as individually fed pigs re-
ceiving a liquid diet. It also shows that soy productg are po-

tentially an economical protein source for pig milk replacers.



APPENDIX

Modified soy protein is the patented product of Land
C'Lakes, Inc. sAccording to U.S. patent No. 4079155, that
process involves subjecting the soybean materials (such as
full-fat, low-fat or defatted cracked beans, flakes, grits or
flour) in a thin layer to alcohol vapor or alcohol-water vapor,
under a temperature of at least about 100°C and at guperatmos=-
pheric pressure for the required time while continuously
permitting slow release of vapor from the system. Under these
temperature and pressure conditions, certain of the undesirable
flavor constituents are volatilized and tend to be carried off
with the escaping vapors. A pressure of approximately 5 to
15 psi gauge, and a temperature of about 100° +to 11500 for a
period of approximately twenty minutes to one-half hour is
required for fully effective tfeatment.

The protein dispersibility index (PDI) is a measure of
the solublility in water of the protein content of the soybean
material, and decreases with increasing denaiuration. The PDI
of the raw soybean material is generally about 90. Procducts by
that process have a PDI of about 20. They clzim that the taste
of their product is far superior to products made by conven-
tional methods employed for increasing the digestibility of

soybeans.
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ABSTRACT

Two trials using 110 pigs were conducted to investigate
the growth response of newborn pigs to various levels of soy
protein replacing milk protein in milk replacers, the use of
fresh or freeze-dried cow colostrum and use of a liguid or dry
diet. Pigs were removed from sows 15-24% hours after birth and
reared artificially. Partial replacements of milk protein by
modified soy protein or soybean flour did not significantly affect
growth rate. Substitution of 25% milk protein by modified soy
protein resulted in a slightly greater gain and decreased incid-
ence of scours. Differences in performance between pigs fed 50%
modified soy protein and 50% soy flour protein diets were not
significant. Up to 75% milk protein replaced by modified soy
protein did not show significant differences. Pigs on all milk
protein diets exhibited a greater incidence of scours.

There was no advantage from supplementing the milk replacer
with fresh or freeze-dried cow colostrum. Slightly depressed
growth and moderate scour could be seen as pigs were shifted from
liquid diets to dry diets at 7 days of age, but later a compen-
satory growth resulted in equal weight galns for all treatments
at 3 weeks of age.

This study indicates the feasibility of rearing newborn
pigs on dry diets from 7 days of age, group-feeding in a conven-
tional nursery with similar performance as individually fed pigs
receiving a liquid diet. t also shows that soy products are

potentially an economical protein source for pig milk replacers.



