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ABSTRACT

Thirteen trials (n=930) were conducted to investigate
the supplementation of weanling pigs with high levels of Zn
and to compare the availability of Zn from several Zn
sources for weanling pigs. In the first four trials,
supplementing Zn by injecting Zn acetate either i.m. or 1i.p.
at various times near weaning did not improve postweaning
growth performance compared with pigs that were not
injected. Additionally, stressing pigs by regrouping and
then injecting Zn acetate did not improve growth
performance. Serum Zn concentrations were increased in all
of the trials by the injection of Zn. In the next five
trials, feeding 3,000, 2,000 or 1,000 mg zZn/kg of diet from
ZnS0O4, Zn-lysine or Zn-methionine did not improve growth
performance immediately after weaning compared with pigs fed
diets with 105 mg Zn/kg of diet. Feeding 3,000 mg Zn/kg of
diet as zZnO (P < .05) improved growth performance above that

of pigs fed 3,000 mg Zn/kg of diet from the other sources,



but did not improve growth performance compared to controls.
Lower tissue Zn concentrations suggested a lower
availability of Zn from ZnO compared with ZnSO4, Zn-lysine
and Zn-methionine. There was little difference in Zn
availability among the other sources. 1In the next three
trials, feeding diets with different levels of lysine had
little influence on the availability of Zn from Zn-lysine
compared to ZnSO4. Results indicate that Zn from Zn-lysine
is not absorbed in conjunction with the lysine component of
the complex. Additionally, there were no differences in the
availability of Zn from ZnSO,4 compared to Zn-lysine. 1In the
last trial, Zn from ZnO was less available (P < .05) to Zn
deficient pigs than 2ZnSO4, Zn-lysine or Zn-methionine when
rib bone Zn concentration was used as an indicator of 2Zn
availability. 1In summary, supplementing weanling pigs with
high levels of Zn immediately before or after weaning does
not appear to improve growth performance. Furthermore, Zn
from ZnO is less available to weanling pigs than Zn from

ZnS0Oy4, Zn-lysine or Zn-methionine.
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Chapter I

Introduction

The primary goal of pork producers is the efficient
production of a product acceptable to the consumer. The
increased competitiveness of poultry and beef products in
the marketplace has put increased pressure on swine
producers to improve their efficiency of production.
Additionally, pressures from groups with environmental
concerns represent a new challenge to producers. As
regulations on the amount of animal waste that can be
applied to land increase, more pressure is placed on the
animal industry to increase the efficiency of nutrient
utilization by animals. Therefore, the swine industry
currently faces two major challenges: maintaining a secure
spot in the marketplace and addressing the environmental
challenges of the future.

Many methods of improving the efficiency of pork
production have been investigated over the last several
decades, but the area that has probably received the most
attention is that of significantly improving the low level
of growth performance exhibited by pigs shortly after
weaning. Some recent reports suggesting that feeding high
concentrations of zinc to pigs after weaning can reduce
scouring and improve postweaning growth performance have

been of keen interest to producers. Research results are



mixed as to whether these therapeutic levels of zinc can
actually improve growth. Several studies have reported
growth performance benefits when feeding 2,500 to 3,000 mg
of zinc per kg of diet during the first two weeks after
weaning (Kavanagh, 1992; Poulsen, 1992). However, other
researchers have found no benefits to feeding high levels of
zinc (Fryer et al., 1992). Therefore, the benefits of
supplementing weanling pig diets with high concentrations of
zinc remains questionable.

However, because producers are showing an interest in
adopting the practice of feeding high concentrations of zinc
and because this practice can lead to high levels of mineral
deposition on land, there is an increased need to find zinc
sources that are highly available to swine in an effort to
reduce waste.

Currently, several organic mineral sources are being
marketed as being more available to swine than traditional
inorganic sources. However, the data from trials
investigating the availability of zinc from these organic
sources are inconclusive. Some researchers have shown an
increased availability of zinc from amino acid-mineral
complexes compared with traditional inorganic sources (Hahn
and Baker, 1993; Wedekind et al., 1992). Others have shown
no increased availability of zinc when organic mineral

complexes have been fed to livestock, compared to

2



traditional sources (Aoyagi and Baker, 1993; Hill et al.,
1986) .

The research reported in this dissertation was
conducted to investigate the effectiveness of supplementing
pigs with pharmacological levels of zinc to alleviate the
poor growth performance immediately after weaning. In
conjunction with this objective, this research examined the
availability of several inorganic and organic sources of

zinc to weanling pigs.



Chapter II

Literature Review

Introduction

Since Todd et al. (1934) first demonstrated that zinc
was an essential component of animal diets, zinc has been
shown to be an integral part of many metabolic processes.

To date, over 200 proteins containing zinc have been
identified (Hambidge et al., 1986). The first report
recognizing the need for zinc in swine was the finding that
zinc reversed and prevented parakeratosis (Tucker and
Salmon, 1955). Today, swine producers recognize the role of
zinc in maintaining optimal growth. Exactly how zinc
affects growth is not well understood. The relationship
between zinc and growth as well as the other functions of
zinc are reviewed in this chapter. Also, the absorption and
storage of zinc in the body and the availability of zinc
from sources commonly fed to swine are discussed.

Functions

Zinc has three main biological roles: as an acid
catalyst, a structural ion and a control ion (Williams,
1989). Thus, zinc acts in numerous metabolic processes
throughout the body. The unique properties of zinc dictate

its role in metabolism. Zinc has a relatively small size



and concentrated charge. Additionally, zinc does not have a
variable valence, which prevents it from susceptibility to
free radical formation. The small size and high reactivity
of zinc allow zinc enzymes to have a high rate of reaction
as well as low selectivity (Williams, 1989). Proteins
involved in digestion and hormone action often contain zinc
as these functions require low selectivity or quick action.
Moreover, the properties of zinc govern the many roles zinc
plays in biological processes.

Growth

Animals deficient in zinc experience reduced feed
intake and growth rates. King (1990) reported that the
growth rate of an animal will slow before tissue zinc stores
are depleted. Chesters and Quarterman (1970) reported a 41%
reduction in the feed intake of rats fed a zinc deficient
diet compared with animals fed a zinc-adequate diet. Force
feeding the zinc deficient rats a zinc deficient diet
resulted in death.

The role of zinc in feed intake was further
demonstrated by Hughes and Dewar (1971), who found that
zinc-depleted chicks showed a "specific zinc appetite" by
discriminating between a diet with a high zinc concentration
over a diet with a low zinc concentration. These results
illustrate that zinc can be a growth limiting nutrient. The

specific mechanism by which zinc regulates growth has not



been fully elucidated. However, much is known about the
roles zinc plays in some of the different processes which
comprise overall growth. These include the role of zinc in
protein synthesis and enzyme functions.

DNA and RNA function. 2Zinc is an important component
of DNA and RNA polymerases (Chesters, 1989). Consequently,
zinc plays a role in controlling protein synthesis.
Additionally, Prasad and Oberleas (1974) reported decreased
activity of thymidine kinase activity in mice fed a zinc
deficient diet for 3 d. Similarly, Williams and Chesters
(1970) reported a reduction in the incorporation of
thymidine into DNA in rats that were fed a zinc deficient
diet for 5 d compared to pair fed control rats. During the
same period, incorporation of labelled lysine into protein
was not affected. The researchers concluded that a
reduction in protein synthesis is not the primary response
to zinc deficiency, but a reduction in DNA synthesis
appeared to be the primary response. Grey and Dreosti
(1972) found similar results using regenerating liver tissue
of rats fed a zinc deficient diet for 3 d. 1In their study,
thymidine incorporation into DNA was reduced while leucine
incorporation into protein was not. Again, it appears that
a reduction in DNA synthesis is the primary response to

initial zinc deficiency.



Cell division. Researchers have also found that zinc
is essential for the replication of cells (Guigliano and
Millward, 1984). Beyond its role in DNA formation, zinc can
influence the rate of the cell cycle (Chen, 1986). Swinkels
(1992) reported that serum mitogenic activity was reduced by
34% in pigs fed a zinc deficient diet compared to control
animals. The rate of cell differentiation of epithelial
cells (Chen, 1986), bone cells (Westmoreland, 1971) and
fibroblasts (Hsu et al., 1974) have all been slowed by zinc
deficiency. Reducing a zinc supply to tumor cells has also
been shown to be an effective method of inhibiting these
rapidly growing cells in animals (De Wys, 1972).

Hormones. Several of the hormones that regulate growth
are thought to be associated with zinc metabolism.
Kirchgessner and Roth (1985) were able to attribute a
reduced concentration of growth hormone in the serum of rats
to zinc deficiency. Serum concentrations of growth hormone
were lower in zinc deficient rats than in the pair fed
animals. Also, triiodothyronine concentrations have been
reported to be lower in zinc deficient rats compared with
pair fed controls (Morley et al., 1980). Oner et al. (1984)
were able to demonstrate that somatomedin levels were also
reduced in rats as a result of zinc deficiency. The
researchers were able to distinguish between the reduction

in somatomedin levels and the effects of reduced growth



hormone levels by injecting growth hormone into the control
animals. Injection of growth hormone in the zinc deficient
controls did not increase somatomedin concentrations.
Digestive functions

The zinc content of the intestinal tract is relatively
high comparedAto other tissues of the body, which may be
related to the many roles zinc plays in the intestine. 2Zinc
status of the intestine appears to be directly related to
intestinal cell development. Rats fed a zinc deficient diet
show a reduction in the production of new intestinal cells
when compared to pair fed controls (Southon et al., 1985).
Additionally, rats fed a zinc deficient diet have shorter
and narrower villi in the jejunum and ileum than pair fed
control rats (Southon et al., 1986). Zinc supplementation
of the deficient rats resulted in increased intestinal cell
proliferation and increased villus height, width and density
in the small intestine.

Along with the proliferation of intestinal cells, zinc
has been shown to have protective roles in the intestine.
Zinc compounds have been reported to reduce ulcer formation
by stabilizing membrane integrity and thereby reducing mast
cell degranulation (Pfeiffer et al., 1987).

Zinc has also been shown to be a component of many
digestive enzymes such as carboxypeptidases, tripeptidase,

aminopeptidase and others (Georgievskii, 1982).



Immunity

Immune function is also influenced by zinc status
(Carlomagno et al. 1985; Chandra, 1985). Mice fed a diet
deficient in zinc have rapid atrophy of the thymus, reduced
splenocyte numbers, and depressed responses to T-cell
dependent and T-cell independent antigens (Fraker et al.,
1986). Atrophy of the thymus during zinc deficiency is
usually of a much greater magnitude than the magnitude of
the general reduction in body weight (Chandra and Au, 1980).
Immune function alterations originating from atrophy of the
thymus have been speculated to be caused by a lowered DNA
content which may be responsible for a reduction in the
development and differentiation of thymocytes (Hambidge et
al., 1986). Zinc repletion of zinc deficient mice resulted
in improved immune function within 5 4 (Fraker et al.,
1986) .

Conflicting results have been reported for the
influence of zinc on humoral immunity. Beach et al. (1980)
reported that zinc deficiency in mice produced abnormal
serum immunoglobulin profiles. Additionally, Fraker et al.
(1986) reported that zinc deficiency during periods of rapid
growth and development can cause severe immune disorders as
seen in abnormal serum antibody profiles in 4 wk old mice

fed a zinc deficient diet. In contrast, Cunningham-Rundles



et al. (1981) reported no effects of inadequate zinc intake
on lymphocytic proliferation and differentiation.

Zinc also plays several other protective roles that can
be considered as augmentations of the immune system. During
infection, serum zinc is lowered by metallothionein
shuttling zinc to the liver for storage. This is thought to
lower the availability of zinc to the invading microbes, and
thus inhibits their replication (Klasing, 1984).
Additionally, zinc compounds can increase the stabilization
of lysosomes in the presence of destabilizing agents,
thereby enhancing the protection of cells (Pfeiffer and Cho,
1980) .

Stress

The metabolism of zinc during stress may be related to
an immune function. Zinc concentrations in the plasma of
animals decrease during periods of stress (Chvapil, 1976).
It is hypothesized that this decline in plasma zinc
concentration may be part of an animal's defense mechanism.
Chvapil (1976) speculated that low serum zinc concentrations
during stress may be a mechanism to activate phagocytic
cells that are inhibited at normal zinc concentrations.

Zinc supplementation of stressed animals, however, does not
improve their growth status (Chesters and Will, 1981;
Kornegay et ai., 1993). Chesters and Will (1981)

supplemented endotoxin stressed pigs with zinc and found no

10



improvement in the growth status of the animals. Kornegay
et al. (1993) reported that weanling pigs stressed with
restricted floor space showed no improvement in performance
with increased dietary zinc supplementation.

Reproduction

Zinc is distributed throughout the primary and
secondary sex organs of the male. The major function of
zinc in male reproductive organs appears to be in
testosterone production and the production and maintenance
of viable sperm. Abbasi et al. (1980) found that during
zinc deficiency circulating testosterone levels decrease.
Additionally, Lei et al. (1976) found that in zinc deficient
rats, testosterone levels in Leydig cells are depleted.
Furthermore, Saito et al. (1967) reported that zinc is
necessary in the semen of rats and dogs to maintain sperm
viability and motility.

In the female, the zinc content of the reproductive
organs (uterus, ovaries and cervix) is low compared with
other body tissues (Hambidge et al., 1986). However, zinc
has been shown to influence every stage of the female
reproductive cycle. Zinc deficient rats have abnormal
estrous cycles and remain anestrus (Swenerton and Hurley,
1968). Swenerton and Hurley (1968) found that
supplementation of the rats with zinc resulted in a normal

cycle. During gestation, zinc deficient rats were found to
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mobilize only 1% of their bone zinc (Hurley and Swenerton,
1971). This amount of zinc mobilization from bone was
insufficient to prevent teratogenic effects on the fetuses.
Furthermore, the liver zinc concentrations of the zinc
deficient pregnant rats were not different from control
pregnant rats. Hurley and Swenerton's study clearly
demonstrates the inability of pregnant rats to mobilize
tissue zinc stores for normal fetal development. Moreover,
the largest effect of zinc deficiency on gestation is severe
abnormal development of the fetuses ranging from
neuromuscular malformation to malformations of the eye
(Hurley, 1981). 1In pigs, litter size is not affected by
dietary zinc concentration, but the number of animals born
alive and their survivability are affected by dietary zinc
concentration (Hill et al., 1983; Kalinowski and Chavez,
1984). However, Pond and Jones (1964) reported no
improvement in litter size or subsequent growth of pigs from
gilts fed several different levels of zinc. Hedges et al.
(1976) reported no improvement in sow performance through
five parities when different levels of zinc were fed.
Structure

Like many other functions of zinc, the exact role of
zinc in bone is not known. Zinc is thought to play a role
in the formation of bone matrix because zinc represents a

large percentage of the composition of matrix (Hambidge et
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al., 1986). During bone formation, zinc appears to
influence the activity of the epiphyseal growth plate; a
deficiency can reduce the activity of the osteocytes
(Hambidge et al., 1986). Oner et al. (1984) reported a
strong correlation between tibial epiphyseal widths and bone
zinc concentrations. They found that rats with wider
epiphyseal plates had higher femur zinc concentrations and
higher serum zinc concentrations.

The normal calcification of bone in rats also appears
to be dependant on a sufficient supply of zinc (Becker and
Hoekstra, 1966). In fact, they found that by inducing
increased bone calcification with vitamin D supplementation,
more zinc was deposited in bone.

The sensitivity of bone zinc concentrations to dietary
Zn levels led Flanagan (1984) to report that bone zinc
content of rats is a good indicator of overall body zinc
status. However, another study (Berg and Kollmer, 1987)
found that bone zinc content is a poor indicator of zinc
status due to maintenance of bone zinc content during
periods of altered zinc intake.

Vision

Zinc is also an integral component of vision as a part
of retinol dehydrogenase in the rods of the eye. Retinol
dehydrogenase functions to convert retinol to retinal which

is necessary to form rhodopsin for night vision (Morrison et
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al., 1978). An indicator of zinc deficiency in humans is
night blindness.
Body stores

The highest concentration of zinc in the body is in the
eye (Hambidge et al., 1986). However, the eye only
represents a small proportion of total body zinc. Bones and
muscles contain approximately 80% of body zinc, with muscles
containing the largest proportion of zinc in the body of
humans (Jackson, 1989). Highly oxidative red skeletal
muscles contain higher concentrations of zinc than do
glycolytic white skeletal muscles (Cassens et al. 1967).
Hambidge et al. (1986) reported that blood, hair, bone,
testis and liver are sensitive to feeding different levels
of zinc, whereas brain, lung, muscle and heart were
insensitive to dietary levels. Berg and Kollmer (1987),
however, found that bone stores of zinc do not drop
appreciably during zinc deficiency in rats. In chickens,
liver, kidneys, muscle and bone have all been reported to be
sensitive indicators of zinc status (Henry et al., 1987).
Rabbits fed a zinc deficient diet had decreased zinc
concentrations in bone, fur, liver, and testis (Bentley and
Grubb, 1991). They found, however, that skeletal muscle and
thymus zinc concentrations were not affected by dietary zinc

concentrations in rabbits.

14








































































































































































































































































