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Abstract: The available energy in utilizable fats and oils is about 2.25 times that from utilizable carbohydrates
(although, there 1s a considerable range m values), they supply essential fatty acids can have an influence on
carcass quality and are useful i reducing dust and promoting palatability of compound diets. There are two
kinds of oil sources. First, the major sources of vegetable oil are as follows: soya beans, palm, sunflower seed,
rape seed, coconut, cotten seed. Second, the major sources of animal fats are as follows: cattle tallow sheep fat,
plg lard and fish oils. For pigs, fats mnclude decrease feed mntake and increased palatability, growth rate, feed

efficiency and carcass fat.
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INTRODUCTION

The supplementation of fat could result in diminution
of feed intake and growth performance to weaned pigs.
According to researchers, fat inclusion improves fatty
acid digestibility in weaned pigs (Frobish et al, 1970),
ADG and G/F (Crampton and Ness, 1954; Lawrence and
Maxwell, 1983). There was a consistent improvement in
growth rate and reduction in feed intake and improvement
in feed gain when fat is added to the diet of
growing/finishing pigs. It does not appear that levels of
mclusion of fats up to 10% will sigmficantly decrease the
efficiency of digestion m pigs. Although, opimon on this
15 hotly contested and some authorities suggest that DE
value is likely to fall off at levels of above 7% inclusion of
fat in the diet. Thus, the effective DE value of fats may fall
with level of inclusion, giving a quadratic rather than a
linear change in DE value of diets with increasing levels
of add fat. Fat based on the less digestible and more
saturated tallows and the less well used free fatty acids
are the most likely to show the phenomenon of the DE
value being reduced as level of dietary fat inclusion
increases (Whittemore, 1998).

In pigs, dietary fat can slow the rate of passage
(Cunningham et af., 1962) and improve the digestibility
(Lewis and Southern, 2001) of other feed components,
especially carbohydrates thus enhancing the assumed DE
of the carbohydrate fraction of the diet and attributing to
the fat a remarkable energy value because the presence of
diet fat can improve the efficiency of use of the assumed
total diet DE, it 1s technically possible for the DE values
for fats m pig diets to be equal to or above the gross
energy value.

OVERVIEW OF THE PATHWAYS OF
LIPID METABOLISM

Lipogenesis in the pig occurs primarily in adipose
tissue (O’Hea and Leveille, 1969) with very little
contribution of the liver. Most of the fat deposition in
market pigs occurs during the finishing phase. Lipogenic
enzyme levels increase with age in various fat depots in
the pig (Mourot et al., 1995). In the nursery phase, lipid
deposition is in the range of 30-50 g day™' and is similar
to that of protein deposition. In the finishing phase, lipid
deposition is in the range of 250-450 g day™". On a typical
corn-soybean meal diet with 3-5% added fat, at least half
of the daily lipid deposition is accounted for by de novo
lipogenesis and presumably is achieved by glucose
liberated from comstarch as a source of carbon for
lipogenesis (Pettigrew and Moser, 1991).

Addition of fat to the diet nlubits de novo
lipogenesis in the pig as well as in other species
(Allee 1985). In non-ruminant species, this results in a
change in adipose tissue fatty acid composition that
reflects the fatty acid profile of the diet. The only concern
here is that with unsaturated fat sources such as soybean
o1l or fish oil, the physical properties of carcass fat can
become wndesirable. In rodents and other species, the
degree of mhibition of lipogenesis is directly related to the
degree of unsaturation in the fat source (Herzberg and
Rogerson, 1988).

Thus, fish oil is more potent than corn cil which is
more potent than lard in inhibition of lipogenesis
(Cho and Kim, 2010). This does not seem to be true in the
pig. Allee et al. (1971) reported that 10% dietary corn o1l
or tallow had similar inhibitory effects on adipose tissue
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lipogenesis. Smith et al. (1996) found that lipogenesis in
adipose tissue of pigs fed varous fatty acids was less
than in the comstarch-fed controls, palmitate was more
potent than either mono (palmitoleic/myrsoleic or oleic) or
polyunsaturated (linoleic) fatty acids. Fat metabolism in
the growing pig was reviewed by Farnworth and Kramer
(1997).

BIOLOGICAL EFFECTS OF FAT SOURCES

Composition of the growth and performance of pigs
fed diets with and without added fat demonstrates a
number of properties of fat. Because of the greater energy
density of fat compared with carbohydrates and proteins,
one of the most pronounced effects of fat 1s a decrease in
absolute feed intake. This effect 1s largely accounted for
by the effect of fat on the energy density of the diet.
When intakes are expressed on an energy basis for
example, the mtake 1s similar (Azan ef al., 1991, 1992).

In the digestive tract, fat has the effect of slowing
passage rate (Cunningham et al., 1962). This effect is the
opposite of what is seen with fiber in the diet. Because
passage rate 1s reduced, the digestibility of other nutrients
15 improved. This 1s referred to as the extra-caloric effect
of fat. As an example, in nuwsery pigs, apparent ileal
digestibility of crude protein improved from 80.7-83.3% as
fat increased from 3.2-12.2% in the diet (Li and Sauer,
1994). Individual amino acids in the large intestine,
supporting the role of passage rate in the small intestine
as the basis for the improvement.

Because of their lower heat merement and greater
efficiency in utilization, amimals fed diets where fat has
been substituted for an equivalent metabolizable energy
m the form of carbohydrate will generally have greater net
energy available to them. In growing pigs, this is seen as
a slight increase m growth and an mcrease fat. The lower
heat increment of fat can be an advantage in warm
climates where feed intake is compromised Several
studies suggest mmproved performance in heat-stressed
pigs fed ligh-fat diets (Stahly and Cromwell, 1979,
Coffey ef al., 1982; Stahly, 1984).

Digestibility of the fat or lipid in sow’s milk is >90%.
Digestibility of fat in starting diets is reduced during the
1st week post-weaning but increase with age and
gradually returns to the 90% range by 4-6 weeks post-
weaning (Wisemary, 1984, Cera et al., 1 988). Post-weaning,
digestibility of shorter-chain saturated or long-chain
unsaturated fatty acids 1s better than that of long-chain
saturated fatty acids (Cera ef af., 1989). Cera et al. (198R)
reported that digestibility of corn oil was 79% in 6 kg pigs
during the 1st week post-weaning. Digestibility improved
to 89% in the 4th weelk post-weaning. At least part of the
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increase in digestibility is associated with increased
pancreatic lipase production during the post-weaning
period (Cera et al., 1990). Values for lard and tallow were
68 and 85 and 65 and 83 at weel 1 and 4, respectively.

Digestibility of all types of fat increased with time but
unsaturated sources were consistently more digestible. In
general as fatty acid cham length mncreases, digestibility
is reduced. Digestibility increases as double bonds are
introduced (Stahly, 1984; Desouza et al, 1995
Doreau and Chilliard, 1997). Furthermore, there are
positional effects within the triglyceride molecule.
Saturated fatty acids are more digestible when on the
number 2 position of glycerol as compared with the 1 or 3
position (Small, 1991).

Since, the fatty acid profile of sow’s milk 1s similar to
that of lard, a saturated fat source, it is somewhat
surprising that fat digestibility decrease at weaning. At
least a portion of the difference in digestibility of milk fat
vs. the fat provided in a starter diets can be accounted for
by the form in which fat is present as lipid droplets
enclosed in a phospholipid monolayer. This form which is
structurally similar to that of circulating lipoproteins 1s
likely very compatible with the formation of micelles and
consequently digestion by pancreatic lipase. Fat in dry
diets is not in such an easily accessible form. Studies
(Desouza et al., 1995, Jones et al., 1992) reported that
effect of emulsifiers such as lecithin and lysolecithin on
fat digestibility in weaning pigs indicate that in general,
the emulsifiers improved fat digestibility but have no
detectable effect on growth performance. In one study
(Jones et al., 1992), tallow digestibility was improved from
81% without emulsifier to 88% by the addition of lecithin
as 10% of the fat in the diet. Another study examining the
effect of lecithin addition on digestibility of diets
contaiming soybean o1l concluded that although, lecithin
improved nitrogen and feed efficiency, it did not
specifically affect fat digestibility (Overland et al., 1993).

EFFECT OF FATS FOR ANIMAL CARCASS FAT

The adipose tissue of pigs reflects the diet fatty acid
composition as fatty acids are absorbed largely
unchanged and frequently deposited directly mnto carcass
fat (Seerley et al., 1978; Madsen et al., 1992; Miller et al.,
1990). Accordingly, the use of unsaturated vegetable oils
inpig diets will result in enhanced levels of linoleic acid in
pig fat. In addition, it 13 because long chain unsaturated
fatty acids can be incorporated directly of with little
change, mto animal adipose tissue that they have such
high net energy values.

Body fat synthesis from dietary fat 1s about 90%
efficient whereas body fat synthesis from carbohydrate is
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only about 70% efficient as a result the ratio of net energy
to digestible energy 1s about 0.85 for fats and oils and 0.75
for carbohydrate (Whittemore, 1998). A high dietary level
of linoleic acid will produce high linoleic adipose tissue in
pigs levels can increase from anormal 10-15% linoleic acid
mm adipose tissue up to 30-40% linoleic acid with a
consequent dramatic softening of the carcass fat
(Monziols et al., 2007).

The addition of fats into diets will not, on that
account alone, make pigs fat. Pigs have the propensity to
become fat if appetite is enhanced to the extent that
energy 18 consumed 1n excess and diet fats will usually
enhance appetite. Similarly, excess energy may be
consumed if the energy density of diets is increased and
diet fat additions will increase energy density. Pigs will
grow fat if there 1s insufficient protein in the diet and if
incorrectly valued, fat additions may upset the intended
energy: protein ratio (Chiba et al.,, 1991).

EFFECTS OF FAT ON GROWTH
PERFORMANCE

Addition of fat to a diet has characteristic effects on
performance and carcass characteristics. These include
decrease feed intake and increased palatability, growth
rate, feed efficiency and carcass fat. The magnitude of the
performance changes is influenced by the stage of
production. Pettigrew and Moser (1991) performed meta-
analyses summarizing the effects of dietary fat in the
various phases of production m the first edition of this
book. Summaries for the use of fat in stating, growing-
fimshing and sow diets were reported. In all three
categories, the effects of added fat were categorized into
studies in which the calorie:protein ratio was maintained
or where 1t was not adjusted.

Because of the mcreased energy density of fat
(relative to protein or carbohydrate) and the ability of
animals to regulate intake based on energy content of a
feed, it is necessary to increase protein content to ensure
adequate amino acid mntake when fat 1s added. Although,
direct evidence of the effect of failure to maintain
calorie:protein ratio on carcass quality and performance 1s
limited (Allee, 1985) the practice is widely accepted.

The magmitude of the reduction in intake was greater
than that of gain and thus, the gain/feed ratio was also
significantly improved m pigs fed supplemental fat
(Tokcach et al., 1995, Cromwell, 2006). There have been
numerous studies investigating the effects of fat type and
source on performance in the nursery published since, the
Pettigrew and Moser review. In general these support the
observation that efficiency is improved and that the
effects on mntake and gain are less obvious (Tokach ef al,,
1995). Discrepancies among studies in their conclusions

880

about the magnitude of the effect of fat in performance of
nursery pigs are likely due to combination of differences
in the type of fat, other dietary ingredients such as the
source of protein or copper and age or genetic
background of the pigs.

In growing-finishing pigs, the main effects noted with
fat supplementation are improved gain and efficiency,
decreased intake and increased carcass fat (Baudon et o,
2003; Apple et al., 2004). These responses to dietary fat
are independent of whether the calorie/protein ratio of the
diet 18 adjusted. The decreased mtake in older pigs 1s a
more consistent response than in nursery pigs,
particularly when the dietary fat level exceeds 3%. At
<3% added that intake increased shghtly with added fat.
This suggests that gut capacity i nursery age pigs,
rather than energy may have limited mtake in these
studies. Pettigrew and Moser (1991) reported that the
increase in backfat thickness was actually greater when
diets were adjusted for energy density. The increase was
0.1240.03 cm with no adjustment and 0.27+0.7 with
adjustment.

By far the greatest interest n the use of fat in swine
diets has centered around sow nutrition. Seerley et al.
(1974) observed that fat addition during late gestation
resulted in improved neonatal swvival. Subsequent
studies suggested that the effects were most likely
accounted for by greater energy stores in the pig at birth
that resulted n a greater ability to sustam life until
adequate nutriton was obtamed from the sow
(Seerley et al., 1974; Pettigrew, 1981). At birth, pigs have
<2% body fat and very low liver glycogen contents. Fat
feeding during late gestation increases neonatal energy
stores although, the changes are small and not consistent.
On theory, fatty acids or ketone bodies, generated fro,
ratio acid oxidation and the dam, cross the placenta and
provide an energy source for the developing fetus. They
also spare glucose use as an energy source and result in
increased liver glycogen synthesis and storage. A more
reproducible response to fat feeding late in gestation and
lactation 1s an increase n the level of fat and thus the
energy density of both colostrum and milk (Seerley ef al.,
1974, Pettigrew, 1981).

The pig survival response to fat in the gestation diet
was only evident when litter survival rates were <80-85%
for the control groups. At the time these studies were
conducted, this was typical of the mdustry. By current
production standards, a 90% survival rate 15 to be
expected (USDA, 1995) and thus the benefits of added fat
will be less obvious. The sow feeding program is a
complex consideration of birth weight, survival, lactation
performance and subsequent reproductive performance.
Greater energy 1intake during gestation, either by
increasing energy density (added fat) or simply mcreasing
intake is generally associated with reduced intake during
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lactation (Coffey et al., 1994, Weldon et al, 1994).
Reduced energy intake during lactation leads to mcreased
sow welght loss and days to estrus.

CONCLUSION

Conversely, fat feeding during lactation is associated
with reduced sow body weight and backfat losses and a
decrease m the weamng to estrus mnterval (Pettigrew and
Moser, 1991). In two studies examining the effect of
increased lactation diet nutrient density, there was no
benefit of lugher nutrient density (Coffey et al., 1994;
Dove and Haydon, 1994) on survival rates. In both
studies, weaning weight was improved as a result of fat
addition to the lactation diet. Recent research indicates
that the increase in weaning weight of pigs from sows fed
fat during gestation is accounted for by an increase in
carcass fat of the pigs (Tilton ef al., 1999). This study also
suggests that based on earlier research (Friend, 1974), an
increase in fat at weaning is likely to be associated with
mcreased fat at market weight.
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