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In a previous publication the point was
stressed that pigs are born deficient in
blood serum proteins (Lecce and Matrone,
’60). Mainly, piglet’s serum lacks y-globu-
lin and is extremely low in albumin and
B-globulin. The major serum proteins, ac-
counting for 70 to 80% , migrate in the
a-globulin zone and are not precipitated by
trichloroacetic acid. In addition, piglet’s
serum contains less than half the adult’s
total serum protein. This serum protein
profile of birth was termed “immature” and
the adult profile, “mature.” The sequential
changes involved in developing from the
immature to the mature profile found in
piglets were reminiscent of those reported
to occur in fetal goats and sheep (Barboriak
et al., ’58a, ’58b; Meschia, ’55).

Nursing pigs had immediate changes in
blood serum proteins, and in less than two
weeks the serum profile was similar to an
adult profile. The “maturation process”
was delayed approximately a week in the
pigs fed cow’s milk, two weeks in those fed
an artificial milk, and no maturation was
seen in pigs eating an “amino acid milk”
(Lecce and Matrone, '60).

The sow, through her mammary secre-
tions, seemed to supply a factor(s) that
promoted rapid, sequential changes in the
piglet’s serum proteins; and the piglet had
a latency in the development of a mature
serum profile unless he had access to this
factor(s). The purpose of the experiments
reported herein was to gain insight into
the means whereby the sow influences
the maturation of the serum protein pro-
file. To pursue this goal, it was decided
to define the amount of nursing (degree of
exposure to sow’s maturation factor(s)), re-
quired to overcome the latency in the pig-
let’s protein metabolism. This was done
by determining the extent of the serum
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protein changes occurring before the nurs-
ing piglet could be weaned from sow’s milk
to other food, without delaying the matura-
tion process.

EXPERIMENTAL

Unless indicated to the contrary in the
figures, pigs (with the exception of those
weaned at 14 days) were bled at birth and
at one, 4, 8, 14, and 21 days of age. Those
pigs weaned at 14 days were bled approxi-
mately every 4 days until the experiment
terminated at 52 days. Blood was analyzed
for serum proteins, using paper electro-
phoretic techniques. The total serum pro-
teins and the amount of the proteins pre-
cipitated by trichloroacetic acid (TCA)
also were determined. Thus, three meas-
urements characterized the serum protein
profile: (1) milligrams per milliliter of
albumin, a-, §-, and vy-globulin; (2) per-
centage of total protein; and (3) optical
density (OD) of TCA precipitate. Details
of the blood analyses, as well as the diets
and methods of securing, handling and
feeding the piglets, have been published
previously (Lecce and Matrone, '60).

A total of 22 pigs from 5 litters was used
in this study. Each pig was assigned ran-
domly to the following treatments:

1. Eight pigs nursed the sow for the
first 24 hours only; then 4 were switched to
the amino acid diet* and 4 to the fortified
cow’s milk diet.

Received for publication September 12, 1960.

! Contribution from the Animal Industry De-
partment, North Carolina Agricultural Experi-
ment Station, Raleigh, North Carolina. Published
with the approval of the Director of Research as
paper no. 1221 of the Journal Series.

? Enzymatic casein and lactalbumin hydroly-
zate, Nutritional Biochemicals Corporation,
Cleveland.
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2. Four pigs were allowed to nurse their
sow for the first 4 days before weaning two
pigs to the amino acid diet and two to the
fortified cow’s milk diet.

3. Six pigs nursed their sow for the first
8 days before changing two pigs to the
amino acid diet and 4 pigs to the fortified
cow’s milk diet.

4. Four pigs nursed their sow for the
first 14 days before weaning two pigs to
the amino acid diet and two pigs to cow’s
milk diet.

RESULTS

As noted before (Lecce and Matrone,
’60), pigs nursing the sow had rather in-
tense, immediate, and continuous changes
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Fig. 1 The effect on the maturation of the serum protein profile of weaning piglets at
one, 4 and 8 days to an amino acid diet and a cow’s milk diet. OD indicates optical density
of trichloroacetic acid precipitate; % indicates percentage of protein.
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Fig. 2 Serum protein profiles of pigs weaned at two weeks to an amino acid diet and
a cow’s milk diet. OD indicates optical density of trichloroacetic acid precipitate; % indi-

cates percentage of protein.

in serum proteins (fig. 1a). By 14 days
the piglets had serum profiles similar to
that of an aduit.

Pigs allowed to nurse the sow for the
first 24 hours (fig. 1b) and then switched
to the amino acid milk did not hold the
advantages of the immediate changes oc-
curring from this one day of nursing, since
the maturation process seemed to stop and
even regressed. Half of the pigs that were
changed over to the amino acid diet died
by the 7th day, and all were dead by the
12th day. With the pigs switched to cow’s
milk (fig. 1c), only one out of 4 died (7th
day). The serum protein maturation proc-
ess also seemed to stop and then exhibit a
latent period similar to that seen in pigs
fed solely on the cow’s milk from the time
of birth (Lecce and Matrone, '60). The
delay in the maturation of the serum pro-
tein profile in those pigs weaned to cow’s
milk at 24 hours was evidenced by a stabi-
lized low ratio of albumin to a-globulin
occurring in the first 8 days (fig. 1¢) and
by the similarity of the 18-day serum pro-
file with the 8-day serum profile in pigs
continuously nursing the sow (fig. 1a).

In pigs allowed to nurse the sow for 4
days, this delay in the development of
serum proteins was not evident. Both the
pigs weaned to amino acid milk (fig. 1d)
and cow’s milk (fig. 1e) maintained the
changes that occurred while nursing the
sow for the first 4 days and continued with-
out apparent delay to develop a mature-
looking serum protein profile. However,
the albumin of the pigs switched to the

amino acid diet seemed to have been stabi-
lized at less than maximum level (19
mg/ml at 21 days). In contrast, pigs fed
cow’s milk did not have this limitation in
amount of albumin (25 mg/ml at 21 days).

Much the same type of reaction as seen
at 4 days occurred in the pigs nursing the
sow for 8 days. The 8-day maturation
changes were maintained, and serum pro-
tein development continued, but again the
pigs weaned to the amino acid diet (ig. 1f)
had less albumin (21 mg/ml at 21 days)
than the pigs changed over to cow’s milk
(26 mg/ml at 21 days) (fig. 1g).

With those pigs nursing the sow for two
weeks before weaning, their mature profile
remained grossly unchanged for the 38-
day testing period whether fed the amino
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Fig. 3 Weight gains of pigs weaned at two

weeks to an amino acid diet and a cow’s milk
diet.
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acid diet (fig. 2a) or the cow’s milk diet
(fig. 2b). The pigs fed the amino acid diet,
however, had diarrhea continuously and
gained about half as much weight as their
littermates fed milk (fig. 3).

DISCUSSION

From the data in this study and a previ-
ous study (Lecce and Matrone, '60), it
appears that the proteins in sow’s colos-
trum and milk are the source for the im-
mediate changes observed in the maturing
piglet's serum protein profile. These
changes, no doubt, come from the piglet’s
ability to absorb, unaltered, proteins from
the colostrum in the first 36 hours of its
life (Lecce et al., ’61). Having accounted
for these immediate changes, however, the
data herein indicate that beyond these
initial changes, caused by absorption of
whole proteins, there is still something
unique about the sow’s lacteal secretion
that continues to influence changes toward
a mature serum protein profile. This is
inferred from the results obtained from
the pigs that nursed the sow for one day
and were switched to cow’s milk and
amino acid milk. Even though immediate
changes occurred in the serum protein pro-
file of these pigs, they were neither able to
maintain these changes nor continue the
serum protein maturation process without
delay. Moreover, the amino acid diet did
not support the life of the piglets in this
nursing group.

After having nursed the sow for 4 days,
however, the piglet apparently had de-
veloped sufficiently so that when weaned
to cow’s milk, maturation of the serum
protein profile continued uninterrupted.
Littermates weaned to the amino acid
milk at 4 days seemed unable to utilize
this food for further maturation as well
as the pigs fed cow’s milk (judging from
the slower increase in serum albumin
in the amino acid group). However,
the amino acid diet did support the pig-
let’s life at this stage of his physiologic
maturity. Similar results were obtained
for the piglets weaned at 8 days to cow’s
milk and amino acid milk. These results,
plus the fact that pigs survived for at

least 38 days without apparent changes
in the mature serum protein profile when
fed the amino acid diet, indicate that once
a certain stage of maturity is reached, the
amino acid diet is adequate for supporting
life and maintaining the existing serum
protein profile.

It might be concluded from these and
other data (Lecce and Matrone, *60; Lecce
et al., ’61) that the sow influences the
maturation of the piglet’s serum protein
profile in two ways, the first of which is
by furnishing the proper physiologically
active proteins that are absorbed unaltered
by the piglet. This would constitute the
first phase of the maturation. Secondly,
the sow uniquely functions in maturation
by supplying a factor(s) or balanced nu-
trients that provide for continuing changes
in the piglet’s serum proteins. This might
be termed the second phase of maturation.
The means whereby the sow functions in
this second phase are not as clearly vis-
ualized as the means in the first phase
are. However, a clue might be gleaned by
contrasting the data obtained from the
pigs weaned at one, 4 and 8 days (repre-
senting various stages in a maturing serum
profile) to the amino acid milk with those
weaned to the cow’s milk. The less satis-
factory results seen in piglets fed the
amino acid milk imply that the protein
needs of the piglet involve more than a
supply of “amino acids.” The possibility
is raised that specific kinds of proteins
(particularly rich in sow’s milk) supply
key peptide moieties required for protein
synthesis. Future work will be designed
to test this possibility.

SUMMARY

Pigs were weaned at one, 4, 8 and 14
days to fortified cow’s milk and to an
“amino acid” milk. Those weaned to cow’s
milk at one day experienced a delay in
the maturation of their serum protein
profile, even though marked changes to-
ward a mature serum profile already had
begun. Their response in serum protein
development resembled the latent response
seen in pigs weaned at the time of birth
to cow’s milk. Pigs weaned at one day
to the amino acid milk showed an arrested
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immature serum protein profile and even-
tually died.

Pigs weaned to cow’s milk after 4 days
of nursing were sufficiently mature physio-
logically so that no delay in serum protein
development was observed. Pigs weaned
at 4 days to the amino acid milk also
developed a mature serum profile, al-
though albumin did not reach as high a
level as in the pigs fed cow’s milk.

Results similar to those obtained in the
pigs weaned at 4 days were seen in the
pigs weaned at 8 days to cow’s milk and
amino acid milk.

Pigs, with mature serum protein pro-
files, weaned at 14 days maintained these
profiles whether fed cow’s milk or amino
acid milk.

LITERATURE CITED

Barboriak, J. J., G. Meschia, D. H. Barron and
G. R. Cowgill 1958a Blood plasma proteins
in fetal goats and sheep. Proc. Soc. Exp. Biol.
Med., 98: 635.

Barboriak, J. J., G. DeBella, 1. Setnikar and
W. A. Keehl 1958b Age related changes in
plasma proteins of the fetal goat. Am. J.
Physiol., 193: 89.

Lecce, J. G, and G. Matrone 1960 Porcine
neonatal nutrition: the effect of diet on blood
serum proteins and performance of the baby
pig. J. Nutrition, 70: 13.

Lecce, J. G., G. Matrone and D. O. Morgan 1961
Porcine neonatal nutrition: absorption of un-
altered nonporcine proteings and polyvinylpyr-
rolidone from the gut of piglets and the subse-
quent effect on the maturation of the serum
protein profile. Ibid., 73: 158.

Meschia, G. 1955 Colloidal osmotic pressures
of fetal and maternal plasmas of sheep and
goats. Am. J. Physiol., 181: 1.

6002 ‘9 AInc uo Aq Bio uonuinu-ul woly papeojumod


http://jn.nutrition.org

