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INTRODUCTION

Many people would question the wisdom of artificially rearing baby

pigs since the sow can obviously do it easier and more economically.

But to those who have ever looked at a sow with 16 pigs and 10 teats

or a sow unable to milk, the answer is easy. There are times when the

sow is unable to handle her pigs and if there are no sows with small

litters available to adopt the pigs, starvation is inevitable. Attempts

to rear these extra pigs artificially have a high potential for frustra-

tion. Removed from the sow's milk and the protection provided by her

colostrum, these orphaned pigs often succumb to disease. Attempts to

supply immunity in artificial rearing with serum derived immunoglobulins

have been successful, but not very practical. Bovine colostrum has also

been successfully used to provide Immune protection, but unlike serum

derived immunoglobulins, colostrum is relatively inexpensive and in most

areas readily available.

The purpose of this study was to examine the potential of cow

colostrum for artificially rearing of pigs and to develop a feeding

system that was inexpensive and practical.

I



REVIEW OF LITERATURE

Data from several researchers (Pomeroy, 1960a; Kerncamp, 1965;

Fahmy and Bernard, 1971; Rodeffer et al. , 1975) indicate that mor-

tality from birth to weaning of pigs born alive is from 20 to 25

percent. This figure varies with litter size, ranging from 20

percent for litters of 10 and less to 47 percent mortality for

litters from 10 to 15. Mortality rates also increased in small

litters. Pomeroy (1960b) reported in 57 litters of three pigs or

less, all the pigs died in 25 cases. The primary reason was lactation

failure due to a lack of stimulation. The increase in mortality for

the large litters is due largely to two reasons. First, the piglets

are limited by the number of functional nipples available. Second,

these large litters usually have smaller pigs. This, combined with

a shortage of teats, results in a struggle for the survival of the

fittest. The losers usually are the smallest pigs. These relatively

smaller pigs are handicapped not only by smaller muscles with which

to compete, but also by a relatively larger body surface area,

resulting in a greater relative heat loss (Pomeroy, 1960c)

.

English and Smith (1975) showed that 42.8 percent of the piglets

lost were clinically normal piglets at birth, but had lighter birth

weights. Although the pigs lost were smaller, these authors felt

that if provided an adequate environment and nutrition, these smaller

piglets would survive. Some causes given for the preweaning mortality
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were crushing, disease and starvation, with starvation being the largest

single predisposing factor to mortality (Sharpe, 1966; English and

Smith, 1975) . Crushing and disease are often the secondary effects

which remove the pigs weakened by starvation.

Work on pre-weaning mortality points to a need for an alternate

means of rearing extra and/or orphaned baby pigs. To this end, much

time and money have been spent. One major stumbling block to success-

ful artificial rearing is the lack of Immune protection at birth due to

the impermeability of the placenta to Immunoglobulins (Stergel et al.,

1966; Bengtsson, 1974). The newborn pig receives passive immune pro-

tection from the sow's colostrum and milk (Hoerlein, 1957; Lecce, et

al. , 1962; Rejnek et al. , 1968; Wilson, 1974). This protection can be

divided into two main areas; systemic and local. To provide systemic

protection, the small intestine is "open." That is, immunoglobulins

are transported across the entire small intestinal epithelium via

pinocytosis into the blood. These absorbed immunoglobulins then pro-

vide protection against systemic infection. Their half life is about

22 days (Martinssou, 1970) and are usually exhausted from the system

by 40 days (Harmon et al., 1973). Murato and Namioka (1977) have

shown that pinocytosis in the epithelium disappeared two hours after

birth in the duodenum, 48 hours in the jejunum and 72 hours in the

ileum. Lecce (1973) found that cessation of absorbtion could be

altered by diet and frequency of feeding. Most researchers agree

that the major absorbtion of immunoglobulins ceases at about three

days (Lecce and Matrone, 1960; Tloskalova et al., 1970; Patt and

Eberhart, 1976; Murato and Namioka, 1977). An interesting point on
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these circulating immunoglobulins is their inhibition of antibody

production in the piglet (Hoerlein, 1957; Harmon et al
. , 1973; Wilson,

1974) . Their work suggests that absorbed immunoglobulins repressed

synthesis of antibodies until catabolic processes lowered the level

of antibodies to permit initiation of synthesis.

Another area of protection offered by colostrum and milk is local

protection from enteric diseases. Circulating antibodies have little

effect on immunity to enteric diseases (Kohler, 1967; Lecce, Coalson,

Mock, 1972) since they are apparently unable to reach the intestinal

mucosa in sufficient quantities to prevent infection. Immunoglobulins

provided daily allow the intestinal mucosa to be continually protected.

Colostrum and milk are especially effective for providing continuous

protection. This is due to the presence of a secreting antibody (IgA)

specifically suited for local defense because of its resistance to

proteolytic degradation and its persistence on the intestinal lumen

surface where it is able to inactivate the disease (Rejnek et al.

,

1968; McCallum et al . , 1976). Martinsson (1970) showed that immuno-

globulins given orally without colostrum were absorbed in very small

amounts, and suggested that a trypsin inhibitor protected the immuno-

globulins from digestion.

With artificial rearing, the piglet may have very little or no

exposure to colostrum, thus having a very low circulating immunoglobulin

level. The daily local protection is also unavailable, thereby leaving

the piglet doubly unprotected. This lack of protection can result in

mortalities up to 100 percent (Owen et al. , 1961; Scoot e_t al. , 1972).

To alleviate this problem, many researchers have experimented with



supplementing immunoglobulins in the diet. These immunoglobulins have

been derived primarily from swine and bovine serum. Owen et al . (1961),

Scoot et al. (1972), and McCallum et al. (1976), working with newborn

colostrum-deprived pigs, found that orally administered porcine

immunoglobulins significantly lowered mortality and susceptibility

to infection. Bovine colostrum as a source of immunoglobulins was

also found to be effective (Pierce and Smith, 1967; Lecce, 1969;

McCallum et al. , 1976; Lecce, 1975; Lecce and King, 1978). Bovine

colostrum seemed to offer the most practical source of immunoglobulins.

Colostrum only requires freezing, whereas serum must undergo extensive

processing before use, resulting in a fairly expensive product.

Coalson and Lecce (1973) have shown that immunoglobulins in the

sow's mammary secretions drop rapidly with each ejection of the gland.

Therefore, some workers have concluded that piglets should be farrowed

in a manner that would allow all equal access to the first colostrum.

No differences in blood serum levels or piglets performance were seen

between pigs farrowed naturally and pigs that were removed and returned

simultaneously (Hendrix et al . , in press). Returning the pigs together

would seem to have its maximum effect if the sow farrowed over an

extended period of time or if piglets were removed after a short period

of nursing. If pigs are removed early, one must determine what length

of suckle is adequate. Time required to receive adequate protection

varies with disease and sanitation levels. Coalson and Lecce (1973b)

found that 12 hours equaled 36 hours of nursing in a sanitary environ-

ment, whereas in a less desirable environment, 36 hours offered more

protection even though the 12 and 36 hour pigs had equal circulating
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immunoglobulins (Lecce et al . , 1972). Earlier work (Lecce and Matrone,

1961) showed that pigs weaned at four days had developed sufficiently

to have serum protein profiles continue uninterrupted. In colostrum

deprived pigs, Owen et al. (1961) found globulins fed for five days

reduced the susceptibility to infection. Most workers have found that

feeding gamma-globulins at 2 g. per kilogram body weight for 10 days

gives the maximum protection (Scoot et al., 1972; McCallum et al.

,

1976).

At weaning, pigs can be placed in individual or group pens.

Individual pens eliminate competition between pigs and problems of

ear sucking reported by some workers (Pettigrew and Harmon, 1975)

.

Feeding intervals for weaned pigs are not commonly agreed upon. When

on the sow, pigs will nurse about every 60-90 minutes (Barber e_t al^.

,

1955; Hartman et al. , 1962). Several automatic feeding devices are

available that feed pigs at these intervals. However, Braude et al.,

(1970) compared feeding at hourly intervals with twice-daily feedings

and found no significant effect on live-weight gain but an improvement

in feed conversion was observed with hourly feeding.

The objectives of the present studies were to take an indepth look

at bovine colostrum supplementation in the artificial rearing of baby

pigs and to determine a practical application for bovine colostrum

supplementation. In selecting our methods and materials, we kept

foremost in our minds the practical, economical and time limitations

of the swine producer.

A



EXPERIMENTAL PROCEDURE

Animals

All pigs used in these trials were from the Kansas State University

swine herd. In experiments 2 and 3, purebred Yorkshires were used and

in experiments 1 and 4, Yorkshire x Hampshire x Duroc pigs were used.

In experiments 2 and 3, the pigs were removed Immediately at birth and

returned simultaneously after the last pig was born. Newborn pigs were

weighed and given the desired day 1 care. All pigs nursed the sow for

at least 15 hours and not more than 24 hours. Pigs were allotted to

treatment by litter and weight. Deformed or injured pigs were not used.

Housing

Upon removal from the sow, pigs were taken to a room measuring

6.09 x 9.14m, located on the university swine farm. Pigs were reared

in individual 30.48 x 60.96 x 30.48cm cages made of 2.54 x 5.08cm

welded wire with .94cm wire netting on the floor. Cages were equipped

with 200ml capacity plastic cups. Room temperature was maintained at

32° Celsius. At weaning, pigs were taken to a conventional nursery

with group pens.

Feeding

A commercial milk replacer (SoweenaR ) manufactured by Foremost

Company was used. The stated composition of this milk replacer is

7



given in Table 1. In experiments 1 and 2, the milk replacer was fed

at the recommended 15% dry matter. This was increased to 25 and 30%

for experiments 3 and A, respectively. Pigs received no water or milk

for the first six hours after removal from the sow. After that, they

were fed every six hours the first day. Each pig was introduced to

the milk by having their nose placed in it. Usually two or three pigs

would not eat the first feeding, but in all experiments all pigs con-

sumed the second feeding. The second day, pigs were fed every 8 hours

and day 3 through 21 were fed every 12 hours. Daily volume was divided

equally among the feedings. The first day, pigs received their treat-

ments of colostrum plus milk replacer to a volume of 400 milliliters.

After the period of colostrum feeding, pigs were continued on a milk

replacer diet. Volume increased with appetite, reaching a maximum of

1200 ml during days 4-21. At 2 weeks of age, a dry pig starter (Table

1) was mixed with the milk replacer at the rate of 120 gms per head per

day until moved to the conventional nursery at 3 weeks of age. Water

in addition to that in the milk replacer was only given in trial 4.

The cow colostrum used was from first and second milkings from the

Kansas State University Dairy Center. Colostrum (Table 1) was frozen

in ice cube trays (25ml) and gallon milk cartons, and then thawed in

quantities needed each day.

The serum derived immunoglobulins were prepared from blood

collected at slaughter from the university swine. The blood was

allowed to clot and the serum removed. The serum was then centri-

fuged and freeze dried.



GENERAL PROCEDURES

Diarrhea scores were taken daily and scored from to 3 with

scores 0, 1, 2 and 3 indicating normal feces, loose feces, moderate

diarrhea and extremely watery diarrhea, respectively. Pigs were

weighed weekly midway between daily feedings to avoid the influence

of fluctuating stomach contents.

Experiment 1

Sixteen pigs from two litters were allotted to four treatments:

1) milk replacer only; 2) 400 ml of cow colostrum day 1; 3) 400 ml cow

colostrum day 1 followed by 125 ml cow colostrum day 2-10; 4) 400 ml

cow colostrum day 1 followed by 2 grams immunoglobulins provided by

freeze dried swine serum until day 10. Gentacin was given to all pigs

day 1 and for treatment of diarrhea when necessary.

Experiment 2

Twenty-four pigs from two litters were allotted to six treatments

1) milk replacer only; 2) milk replacer only plus antibiotics given

when diarrhea was observed; 3) 400 ml cow colostrum day 1 followed by

125 ml cow colostrum day 2-10; 4) 400 ml cow colostrum day 1 followed

by 125 ml cow colostrum day 2-21; 5) 125 ml cow colostrum day 1-10;

6) 125 ml cow colostrum day 1-21. All pigs received Gentacin when

removed from the sow. Only treatment 2 received any further anti-

biotics during the course of the trial.

9
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Experiment 3

Thirty-six pigs from four litters were allotted to six treatments

:

1) milk replacer only; 2) milk replacer plus antibiotic on day 3;

3) 125 ml cow colostrum days 1 through 3 plus antibiotic day 21;

4) 125 ml cow colostrum days 1 through 3 and days 18-21; 5) 125 ml

cow colostrum days 1-21; 6) 125 ml cow colostrum days 1-21 plus anti-

biotic day 3. Pigs did not receive additional antibiotics.

Experiment 4

Sixty-four pigs from eight litters were allotted to eight treat-

ments: 1) milk replacer only; 2) 120 ml cow colostrum days 1-21;

3) 60 ml cow colostrum days 1-21; 4) 30 ml cow colostrum days 1-21;

5) 120 ml cow colostrum days 1-10; 6) 60 ml cow colostrum days 1-10;

7) 30 ml cow colostrum days 1-10; 8) 120 ml cow colostrum as needed

for treatment of diarrhea. Pigs did not receive additional antibiotics.



RESULTS

Experiment 1

Results of experiment 1 are shown in Table 2. Supplementation of

the milk replacer diet with cow colostrum resulted in a significantly

higher average daily gain the first week. On the second week of the

experiment this same trend was observed only with smaller relative

differences. The cumulative diarrhea score was improved by the 10 day

colostrum treatment with no differences between milk replacer only and

cow colostrum on day 1 only. The freeze dried porcine serum treatment

was marked by severe diarrhea the first week, resulting in the death

of 3 out of 4 pigs. The processing method used in preparing the freeze

dried serum resulted in an unpalatable product with a 3.1% sodium con-

centration. Average daily gain week 3 and average weight, weeks 3 and

6, were similar for all treatments.

Experiment 2

Results of experiment 2 are shown in Table 3. Supplementation

with cow colostrum improved average daily gain during weeks 1 and 2

and gave the lowest diarrhea score. Antibiotics in addition to the

milk replacer had no significant effect over milk replacer alone on

pig performance, incidence or severity of diarrhea. Increasing the

quantity of colostrum on day 1 from 120 to 400 ml was effective only

on the 10 day treatment. Pig performance was similar between pigs

11
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fed cow colostrum for 10 or 21 days. Average weights of pigs at 3 and

6 weeks were similar for all treatments, except for those on the milk

replacer alone and pigs fed 125 ml cow colostrum for 10 days which were

slightly smaller.

Experiment 3

Results of experiment 3 are shown in Table 4. Supplementation

with cow colostrum increased average daily gain week 1. In weeks 2

and 3, gains were similar except for pigs given the antibiotic treat-

ment and 125 ml cow colostrum days 1 through 3 plus antibiotic day 21

treatment (treatment 3) . Average weights at 3 weeks for pigs fed

colostrum diets except treatment 3 were superior to milk replacer

alone or milk replacer plus antibiotic diet. The final weights at

6 weeks were greatest for 125 ml cow colostrum days 1-21 plus anti-

biotic day 3, followed by colostrum treatments 4 and 5 with the milk

replacer pigs being slightly less. The antibiotic and cow colostrum

treatment 3 were the smallest at 6 weeks but were not significantly

different.

Experiment 4

Results of experiment 4 are shewn in Table 5. Supplementation of

the milk replacer with cow colostrum resulted in no significant differ-

ences in average daily gain, diarrhea scores or final average weight.

Quantity of cow colostrum fed (30, 60, or 120 ml per head per day) did

not effect pig performance. Similarly, duration of cow colostrum

feeding (10 vs. 21 days) did not effect pig performance. Diarrhea

scores were similar for all treatments.
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DISCUSSION

The results of these studies indicate the ability of cow colostrum

to reduce the incidence of diarrhea thereby increasing gains the first

week of life and reducing mortality. Cow colostrum as a source of

immunoglobulins has been shown to be effective by other workers (Lecce,

1969; Lecce, Coalson and Mock, 1972; Lecce, 1975; McCallum, Elliot and

Owen, 1976) . Their results demonstrated with cow colostrum supplemen-

tation, increased weight gains and reduced mortality relative to the

control group. In our experiments, the main benefits from supplemental

cow colostrum were during the first week. In experiments 1 through 3,

supplementation with cow colostrum decreased the incidence of diarrhea

and increased average daily gains during the first week. The milk

replacer only pigs gain improved in the second week, and usually were

similar to colostrum fed pigs in the third week. At 3 weeks the average

weights for colostrum pigs were slightly greater than milk replacer only

pigs. The final weights at 6 weeks were similar for all treatments.

This suggests that during the stressful period following removal from

individual cages to a conventional nursery and changing from a liquid

to a dry diet, pigs fed only milk replacer outperformed pigs that had

received cow colostrum. Pig gains in this period for the 96 colostrum

fed pigs were 3.78 kg compared to 4.48 kg for the milk replacer only

pigs. Several researchers (Hoerlein, 1957; Harmon, Jenson and Baker,
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1973; Wilson, 1974) reported that antibody formation is depressed in

pigs receiving colostrum. Possibly, in our studies, the pigs

receiving colostrum did not have as mature an immune system as the

non-supplemented pigs, thereby explaining the non-supplemented pigs

superior performance. Another possibility is that the difference

was due to a combination of the controls being more accustomed to

stress after a period of diarrhea, and some compensating gain from

their early stressful period. In experiment 4, the occurrence of

diarrhea was due to a negative water balance from feeding the milk

replacer at 30% solids with no additional water. There were no

pathogenic organisms found to be responsible. This could explain

why there was no first week advantage with colostrum supplementation.

The additional immune protection was not needed.

The twice a day feeding schedule used in these experiments gave

similar gains to the more frequent feeding schedules of other research-

ers (Danielson, 1971b; Pettigrew and Harmon, 1975; Haye and Kornegay,

1979; and Lecce et al . , 1979). Advantages of the twice a day feeding

program are saving the expense of an automatic feeding device without

investing a great deal of time in the pigs. Between feedings the pigs

would act hungry and squealed when anyone entered their room. But at

three weeks, when removed from the individual wire cages to the

nursery, the artificially reared pigs were similar in weight to the

sow reared pigs (5kg) . Subsequent performance to market weight was

similar for both types of rearing.



SUMMARY

Four experiments involving 140 pigs were conducted to evaluate

supplementing cow colostrum for artificially reared baby pigs.

Colostrum supplementation reduced the incidence of diarrhea and

improved average daily gain in the first week of life in 3 of 4

experiments. In the second week, the non-supplemented pigs perform-

ance improved and by the third week was equal to colostrum supplemented

pigs. At 6 weeks the average weights were similar for all treatments.

The livability for colostrum supplemented pigs was 98% versus the 84%

for non-supplemented pigs. Under more adverse conditions, this

difference may be much greater. Diarrhea does not seem to have a

lasting effect on performance, but it does seem to make the pig more

susceptible to secondary infections. In these experiments it can be

simply stated that diarrhea had either no lasting effect or led to

the death of the pig.

In conclusion, this study shows the feasibility of rearing baby

pigs on a twice a day feeding schedule. Cow colostrum can be used as

an aid to reduce the incidence of infectious diarrhea and to decrease

mortality.
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ABSTRACT

Four experiments involving 140 pigs were conducted to evaluate

supplementing cow colostrum for artificially reared baby pigs.

Colostrum supplementation reduced the incidence of diarrhea and

improved average daily gain in the first week of life in 3 or 4

experiments. In the second week the non-supplemented pigs perform-

ance improved and by the third week was equal to colostrum supplemented

pigs. At 6 weeks the average weights were similar for all treatments.

The livability for colostrum supplemented pigs was 98% versus the 84%

for non-supplemented pigs. Under more adverse conditions, this differ-

ence may be much greater. Diarrhea does not seem to have a lasting

effect on performance but it does seem to make the pig more susceptible

to secondary infections. In these experiments it can be simply stated

that diarrhea had either no lasting effect, or led to the death of the

Pig-

In conclusion, this study shows the feasibility of rearing baby

pigs on a twice a day feeding schedule. Cow colostrum can be used as

an aid to reduce the incidence of infectious diarrhea and to decrease

mortality.


