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ABSTRACT

Two experiments were conducted to evaluate the effect of lysine

and form and level of fat on weanling pig performance. In experiment

1, 56 weanling pigs were housed individually and eight pigs were fed

each of the seven different diets, a basal and six others containing

1, 2 or 3% added liquid or added dry fat. The pigs were fed twice

daily an ad libitum level for two weeks. Pigs fed the dry fat diets

had lower average daily gains during the experiment, than did pigs fed

liquid fat diets (p < .05). Initial weight affected feed efficiency

(p < .05) and feed consumption. Metabolizable energy consumption was

not affected by diet (p > .05). Lysine consumption per day was

affected by fat source (p < .05).

In experiment 2, 54 weanling pigs were housed individually and

each pig was fed one of the following diets designed in a 3 X 3

factorial arrangement utilizing 3 levels of lysine (.80, .95 and 1.10)

and 3 levels of fat (0, 5% dry or 5% liquid). The pigs were fed their

respective diets ad libitum twice daily for three weeks. Pigs fed the

control diets had a higher average daily gain (ADG) during the second

week (p < .05) than pigs fed either the dry fat or liquid fat diets.

Initial weight had an effect on pig gain (p < .05). An increase in

lysine level from .80 to .95% in diets with no added fat decreased ADG

during the second and third week and overall compared to that of week

1 but increased ADG from .95 to 1.10% (p < .05). For pigs fed the dry

fat diets, ADG during week 2,3 and overall increased up to the .95%

level of added lysine, and then it decreased (p < .05). Pigs fed the

liquid fat diets tended to have (p = .05) a linear decrease in ADG
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during week 2,3 and overall, as lysine level increased from .80 to .95

to 1.10%. Feed efficiency was improved for pigs fed the control diets

compared to pigs fed either of the fat diets during week 2 (p < .05).

Animals fed the control diets during the third week consumed less feed

(p < .05). There was no diet effect on lysine consumption during week

1, 2 or 3 (p > .05), lysine consumption per kilogram of gain during

week 1, metabolizable energy (ME) consumption during week 1, 2 or 3 or

ME consumption per gram of gain during all three weeks. Based on these

experiments, feeding a level of added fat of 2 or 3%, seems to be the

optimum added level to improve performance of weanling pigs. If fat is

fed at higher levels than this then the essential amino acids need to

be added to the diet in order to compensate for the lack of available

nutrients. Key Words: Weanling pigs, Lysine, Metabolizable energy.

Fat, Performance.
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CHAPTER 1

INTRODUCTION

The use of added fat in the diets of young, growing pigs has

been studied by numerous researchers. One of the uses of added fat

in the pigs diet has been to reduce the amount of dust present in a

confinement unit which comes from the feed itself and from other

sources (Gore et al., 1986). Fat has also been added to the diet of a

young pig in order to increase the palatability of the diet. This in

turn would hopefully cause the pig to consume more feed and increase

gain, thus improving his overall performance.

As the level of added fat in the diet was increased, the feed

intake of the pigs decreased (Allee, 1985). Others have shown that

increasing the level of added fat in the diet caused an increase in

average daily gain and an improvement in feed efficiency of the pigs

(Keaschall et al., 1981; Leibbrandt et al., 1975).

When fat is fed at increasing levels in the diet there is a

point at which the pigs will begin to eat less feed either because the

amount of fat in that diet is too high, or because they are consuming

too much energy and lack the ability to store and use it. Added fat

in the diet provides a source of highly concentrated energy for the

pig since fat has 2.25 times the energy of either protein or

carbohydrates. The concentration of energy in the fat and the

resulting reduction in feed intake of the pigs may cause the pigs to

gain less due to a reduction in intake of other nutrients needed by

the pigs (Allee, 1985).
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In order to offset a reduction in feed intake of pigs fed diets

with increasing levels of added fat, various nutrients have been added

to their diets in addition to the fat. It has been shown that with

increasing levels of lysine in the diet, the pigs performance in terms

of average daily gain and feed efficiency has improved (Maynor and

Seerley, 1986). Lysine is one of the most limiting amino acids and is

added to a diet with added fat to offset any reduction in the

utilization of lysine, already present in the diet of the pig. Some

of the other limiting amino acids such as tryptophan and threonine

have also been added to diets containing fat. Some experiments have

been performed with various levels of protein fed in high energy diets

to determine the effects that various protein levels would have on the

performance of the pigs (Campbell, 1977).

Therefore, this study's objectives were (1) to determine the

effect of source of fat on the performance of weanling pigs, (2) to

determine the effect of increasing added levels and source of fat on

the performance of the pigs and (3) to determine if an increase in the

level of lysine in an isonitrogenous, isocaloric diet affected the

pig's performance.
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CHAPTER 2

LITERATURE REVIEW

I. Addition of Ami no Acids ̂  Protein Diets

There have been several experiments performed in the past in

which young, growing pigs were fed diets low in protein. These diets

were supplemented with individual amino acids in order to bring the

percentage crude protein (% CP) of the diet up to the National

Research Council (NRC) (NRC, 1979) recommended levels of the young

pig. The standard level of crude protein fed in these diets among

several experiments was 12% CP. This level was tested against a

control of at least 18% CP. Borg et al. (1985a), reported that the

addition of L-tryptophan to the diet, resulted in a linear increase in

overall performance of the pig. Daily gains increased up to 67% and

feed consumption 50% when the low protein diet was supplemented with

from .05 to .1% L-tryptophan. These results were similar to the

animal's performance when they were fed the 18% CP diet. Tryptophan

was added to this diet because it was determined from earlier

experiments that it was a limiting amino acid (Borg et al., 1985a).

In another experiment, L-threonine was added to a 12% CP amino

acid diet adequate in all amino acids except threonine to determine

the threonine requirement of weanling pigs (Borg et al., 1985b). With

increased levels of threonine in the basal diet, the average daily

gain of the pigs was improved, but they were not different from the

gain of pigs fed 18% CP diets. The dietary threonine requirement, as
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determined in this experiment was .63% threonine, for the 10 kg pig

(Borg et al., 1985b).

Borg et al. (1985c), performed a third experiment, in which they

tested the effect of protein level (12,15,18 and 21%) in corn-

sunflower meal diets containing all essential amino acids in excess of

(NRC) recommendations. They wanted to determine the effect of

glutamic acid supplementation to a low protein (12%) diet as a non-

essential amino acid nitrogen source. Feed intake and average daily

gain did not differ among pigs fed the 12, 15, 18 or 21% protein corn-

sunflower meal diets or the 18% corn-soybean meal diet; however, with

the addition of glutamic acid to the corn-sunflower meal diets, feed

consumption and rate of gain were significantly reduced (Borg et al.,

1985c).

In a further study with lysine-fortified, amino acid

supplemented low protein diets it was indicated that added tryptophan

did not improve performance of growing pigs (Russell et al., 1981).

When tryptophan was added in combination with threonine there was an

improvement in average daily gain and feed efficiency of the pigs. The

addition of methionine to the diet improved daily gain, but not feed

efficiency (Russell et al., 1981). Feeding of either tryptophan or

threonine alone to a lysine-fortified, low-protein diet did not affect

weight gain or feed efficiency (Wahlstrom et al., 1985). However,

when fed in combination, weight gain and feed efficiency were both

improved and were equal to that of pigs fed a 16% crude protein diet.

The addition of isoleucine and methionine to the low-protein diet with
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tryptophan and threonine did not result in any further improvement in

animal performance (Wahlstrom et a1., 1985).

II. Effect of Various Levels of Lysine on Pia Performance

With the addition of increasing levels of lysine to the diet of

growing pigs, there is an improvement in average daily gain, feed

consumption and feed efficiency. Rosell and Zimmerman (1984) found

that feeding dietary lysine levels of 1.15% (.1% added lysine) and

1.20% (.15% added lysine) maximized feed efficiency and resulted in

the lowest plasma urea N values. With the addition of threonine to

the diets, performance of the pigs was not affected, but plasma urea N

was increased and plasma lysine concentrations were decreased. Plasma

urea N (nitrogen) was also increased by the addition of arginine.

Neither added arginine nor threonine caused any adverse effects on the

pigs performance (Rosell and Zimmerman, 1984).

In another experiment, lysine and/or biotin were added to corn-

soybean meal diets to determine their effects on pig performance from

weaning to market (Hamilton and Veum, 1986). The two treatments with

added lysine (L-lysine.HCL) were 0 and .2%. Pigs fed the additional

lysine had average daily gains (ADG), average daily feed intakes

(ADFI) and gain:feed (G;F) ratios that were greater than pigs fed

diets without additional lysine in the starter and grower periods

(Hamilton and Veum, 1986).

Maynor and Seerley (1986) reported an improvement in daily gain

and feed conversion by feeding higher levels of energy (3.12, 3.32 and

3.52 Mcal/kg ME) and lysine (.61, .71 and .81%). The increase in

energy level was attained by changing the percentage of corn in a
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corn-soybean meal diet and by adding 4.5% animal fat to three diets.

Lysine was added to the basal diet at .1 and .2%. In this experiment,

it appeared that lysine level had a greater effect on rate of gain and

energy level had a greater effect on feed conversion (Maynor and

Seerley, 1986). In another experiment, pigs fed a corn-soybean-dried

whey (10% added whey) diet tended to consume more feed (464 vs 448

g/day), gained faster (254 vs 236 g/day) and were more efficient (1.84

vs 1.91) than pigs fed a corn-soybean diet alone (Stahly et al.,

1982).

Lewis et al. (1981), fed diets to weanling crossbred pigs,

containing two levels of fat and six levels of lysine, to determine

the lysine requirement of young pigs fed practical diets with and

without added fat. With the addition of fat there was a decrease in

feed intake, an increase in feed efficiency and no change in average

daily gain. The increased lysine levels in the diet significantly

improved average daily gain and feed efficiency, but tended to

increase feed intake (Lewis et al., 1981).

III. Fat Utilization

In the past, several experiments have been performed to compare

the use of different sources and/or types of fat on the performance of

weanling pigs. In a trial involving the comparison of added dietary

poultry and animal fat, neither source nor level of fat influenced

average daily gains (Seerley et al., 1978). Feed efficiency was not

different between fat sources, but increasing the level of added fat

supported an improvement in the feed:gain ratio. Asplund et al.

(1960), fed white grease and corn oil to baby pigs. Pigs fed the
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grease exhibited no advantage in weight gain, feed efficiency or

energy conversion over controls. They also found that animals fed the

corn oil gained more slowly and less efficiently than pigs fed the

control diets.

Lard (10%) was added to two sets of diets (Aherne et al., 1982).

Feed intake was not reduced with the addition of 10% lard when

protein, vitamins and mineral levels of the diet were increased and

nutrient-calorie ratio was maintained. However, the addition of lard

to an adjusted starter diet improved average daily gain and feed

conversion efficiency. When lard was added to unadjusted diets, there

was a slight reduction in feed intake and no improvement in

performance as compared to pigs fed the control diet(Aherne et.al.,

1982).

Adams and Jensen (1984) compared the utilization of in-seed fats

(fats in high-oil corn, roasted soybeans and sunflower seeds) and the

respective extracted fats (corn oil, soybean oil and sunflower seed

oil) by the young pig. The average fat digestibility for the in-seed

fats was less than for the extracted fats. There were no significant

differences in corrected fat digestibilities among the in-seed fats,

but there was a significant interaction between source and form of fat

(Adams and Jensen, 1984).

IV. Effect of Dried Whey and on Performance

Martino and Mahan (1983) fed a dried whey diet to weanling pigs

for various time lengths to determine the effect on performance and

nitrogen balance responses. Animals consuming the dried whey diet had

higher growth rates and feed intakes as time of access to the diet
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increased. Nitrogen retention was enhanced to a greater extent with

lighter initial pig weaning weights than for heavier animals at

weaning with the dried whey addition. In another study, the inclusion

of 20% dried whey in a corn-soybean meal diet resulted in no increases

in rate of gain or feed consumption and no improvement in feed

efficiency (Wahlstrom et al., 1986). Armstrong et al. (1981),

reported a reduction in daily feed intake, and a decrease in feed to

gain ratio with fat addition, while addition of dried whey resulted in

improved pig performance as compared to a corn-soybean meal diet.

The addition of whey protein concentrate (WPC) at the rate of

16.2 or 33.7% to an isonitrogenous and isocaloric corn-soybean meal

diet improved growth rates of pigs when compared to pigs fed the

control diets (corn-soybean-fishmeal diets)(Cinq-Mars et al., 1986).

Feeding WPC improved feed-to-gain ratios by about 40%. Feed intake,

expressed as a percent of body weight, was 6.2% for controls and 5.0%

for WPC-fed piglets (Cinq-Mars et al., 1986).

v. Fat and Environment

During the winter, in total confinement swine operations, it may

be necessary to add fat to the diet in order to control amounts of

dust produced by the feed. This added fat may also help in the

improvement of the pigs performance because of the lack of dust. Gore

et al. (1986), performed an experiment to determine the effects of

soybean oil on nursery air quality and performance of weanling pigs.

With the addition of 5% soybean oil to a basal corn-soybean meal diet,

settled dust was reduced by 45 to 47%. With added soybean oil,

average daily feed intake exhibited a tendency toward reduction, while
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feed efficiency was improved. Added soybean hulls increased average

daily feed intake and feed to gain ratios (Gore et al., 1986).

McNutt and Ewan (1984), found that the efficiency of dietary

energy and N (nitrogen) utilization for carcass energy and N gains

increased quadratically with increasing feed intake. In another set

of experiments, involving pigs housed either individually or in groups

of four under pen conditions, they also found the same type of

results. Other experiments, with different energy levels and

environmental temperatures, demonstrated that the efficiency of

metabolizable energy for energy retention or live weight gain improves

as the energy concentration of the diet is increased under

thermoneutral conditions (Noblet et al., 1985).

VI. Interaction of Energy and Protein

Energy and protein interactions have been studied using

different dietary energy sources such as added animal or vegetable

fats or vegetable oils such as corn oil. With added dietary levels of

corn oil, there was a significant linear and quadratic response for

average daily feed intake (McConnell et al., 1982). As fat level

within the diet increased, feed intake as well as daily caloric intake

decreased. Feed efficiency was improved with an increase in added fat

levels in the diet (McConnell et al., 1982).

With an increase in calorieiprotein ratio in the diet of baby

pigs, feed intake and gains decreased through the second week of a

four-week trial. However, during the third and fourth week rate of

gain increased and feed efficiency improved (Leibbrandt et al., 1975).

Protein level in the diet caused no difference in average daily gain
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or feed;gain ratio, but as added fat levels increased within the

different protein diets, there was a linear increase in average daily

gain and an improvement in feed efficiency (Keaschall et al., 1981).

Campbell (1977) using protein levels of 15.0, 17.2, 19.1, 21.4

and 23.2% in a high energy diet fed to early weaned pigs, reported

significant improvements in growth and feed conversion when protein

was increased from 15.0 to 19.1%.

The addition of fat increases the caloric density of the diet

and therefore decreases feed intake (Allee, 1985). Because of the

reduced feed intake there is a reduction in intake of other nutrients

which may be the reason for reductions in gain of pigs. When pigs

were fed diets with different added fat levels and a constant

calorie:protein ratio feed intake decreased and feed efficiency

improved, while average daily gain remained similar. However, when

the calorie:protein ratio was not held constant, gains were slower and

feed:gain ratio increased (Allee, 1985).

Haydon (1986) indicated that an increase in dietary lysine

concentration from .67 to .76% tended to linearly improve average

daily gain of pigs. Average daily feed intake (ADFI) tended to

linearly decrease with increasing lysine levels for soybean meal diets

and was similar for L-lysine (L-lysine.HCL) fed pigs (Haydon, 1986).

Therefore, there was a tendency for daily ME intakes to decrease with

increasing lysine concentrations for the soybean meal diets. With

increasing lysine levels, feed efficiency tended to improve (Haydon,

1986).
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Leibbrandt et al. (1975), demonstrated that dietary source of

fat had no effect on total weight gain of baby pigs, but as fat level

was increased from 5 to 10%, weight gain decreased. Growing pigs fed

diets containing 10% fat had greater weight gains than pigs fed diets

with 5% fat. There was no effect of source of fat on weight gains.

Feed efficiency of growing pigs was improved as fat level was

increased from 5 to 10% (Leibbrandt et al., 1975).

Weanling pigs fed diets with or without mycotoxin contaminated

corn and with or without added fat, at different crude protein (CP)

levels, performed differently (Coffey, 1986). Pigs fed 18% CP diets

with mycotoxin contaminated corn had a reduced average daily gain

(ADG) and an increased feed to gain (F/G) ratio, while performance of

pigs fed 20% CP was not affected. When 5% poultry fat was added to

the diet containing mycotoxin contaminated corn, feed intake

depression was prevented (Coffey, 1986).

Myer and Combs (1983) reported that feed efficiencies of a corn

diet, as well as non-bird and bird-resistant grain sorghum-based

diets, were improved for young, starting pigs by addition of three

percent fat. Improvement in feed efficiency tended to be greater for

grain sorghum-based diets than for the corn-based diet (Myer and

Combs, 1983).

According to Mahan and Maxson (1984), pigs fed diets with a 7.5%

supplemental animal-vegetable fat source had no improvement in growth

rate when compared to pigs fed a corn soybean meal diet with no added

fat. With the added fat, feed intake was lowered and feed efficiency

was improved. The initial weight of the pigs affected performance.
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with the heavy weight weanling pigs showing a superior performance

compared to the light weight weanling pigs (Mahan and Maxson, 1984).

Owsley et al. (1986), fed pigs a corn-soybean meal based diet

with added dried whole whey, lard or dried skim milk to determine the

effects on nutrient digestibilities in the young pig. Dry matter

digestibility and energy digestibility were higher for pigs fed the

basal diet with added dried skim milk or dried whey, than for those

pigs fed the basal or corn-soy plus lard diets. Animals fed dried

skim milk had improved nitrogen digestibility over those fed other

dietary treatments (Owsley et al., 1986).

VII. Fat and Antibiotics

Fat plays a similar role, in its effect on improving pig

performance, as do antibiotics. The addition of fat to grain sorghum

diets fed to starting, growing and finishing swine improved feed

efficiency by lowering feed intake while the overall average daily

gain (ADG) of pigs fed diets with or without fat did not differ (White

et al., 1986). In another study, the addition of 5% soy hulls, to the

basal corn-soybean meal diet, increased average daily feed and ADG

during the starter phase compared to diets without soy hulls (Jewell

and Veum, 1981). Five percent added dietary soy hulls increased

average daily feed intake (ADFI) and average daily gain (ADG), while

10% added soy hulls decreased ADG and ADFI (Jewell and Veum, 1981).
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CHAPTER 3

MATERIALS AND METHODS

I. Experimental Animals and Treatments

Experiment 1. 56 Landrace X Hampshire X Duroc crossbred

weanling pigs weighing an average of 17.1 kg, and 56 days of age were

allotted to 7 dietary treatments in experiment 1. Compositions of

diets used in this experiment are presented in Table 1. Eight pigs

were randomly assigned to receive each of the 7 experimental diets.

These diets were fed for a two-week period.

Experiment 2. For experiment 2, 54 Landrace X Hampshire X Duroc

crossbred pigs were utilized to determine the effects of source of fat

and the addition of synthetic lysine (L-lysine.HCL) to a basal corn-

soybean meal diet which was formulated to contain .8% lysine and 2732

kcal ME/kg. The diets were formulated to provide a group of three

control diets (with no added fat), three diets with 5% added dry fat

(Soweena 4-80) and three diets with 5% added liquid fat (Flofat) (for

the composition and description of Soweena 4-80 and Flofat see Table

2). Within the three sets of diets containing varying levels and/or

types of fat the proportion of lysine varied from a low of .80% to a

high of 1.10% with an intermediate level of .95%. The first diet of

each group contained no added lysine, but the second and third diets

contained an additional .15 and 0.30% lysine, respectively. Corn and

soybean meal (SBM) were kept constant throughout all nine diets, to

insure the same level of all other essential and non-essential amino
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acids, with dextrose added as a filler to bring the total to 100% for

each diet. Dry fat and liquid fat diets were formulated to be

isocaloric for ME and isonitrogenous except for the added lysine. The

caloric content, of the diets to which fat was added, was based on

metabolizable energy values (ME) of the two fat sources respectively.

Pigs used in this experiment averaged 11.24 kg and were about 49 days

of age. Six pigs were randomly allotted to each of the nine

treatments. Composition of the respective diets is listed in Table 3.

The diets were fed for a 3-week period. Composition of the fats used

in this study are listed in Table 2.

II. Facilities

Animals in both experiments were individually housed in expanded

metal pens measuring 76 centimeters (cm) in length X 60 cm in width X

57 cm in height. Animals were fed ad libitum and feed was added twice

daily. They were provided a constant source of water using nipple

waterers.

III. Dates and Sample Col lection

Pigs in experiment one were weighed on a weekly basis. They

were fed from individual self feeders. Buckets for storing feed for

each individual pig were weighed at the beginning and end of each

week. Weekly feed samples were obtained for crude protein (CP), ether

extract (EE), dry matter (DM) and gross energy (GE) analyses, (AOAC,

1975). Pigs in experiment 2 were weighed on a weekly basis and

feeding procedure and facilities were similar to those used in

experiment 1.



TA
BL

E 
3.
 D
IE
T 
CO
MP
OS
IT
IO
N 

FO
R 

EX
PE

RI
ME

NT
 
V

D
i
e
t
s

1
2
 

3

OL

7
8
 

9

F
a
t

N
o
 
A
d
d
e
d
 
F
a
t

5%
 D
ry

 F
at
^

5%
 L
iq
ui
d 

Fa
t^

Ly
si
ne
'^

.
8
 

.
9
5
 

1
.
1

.
8
 

.
9
5
 

1
.
1

.
8
 

.
9
5
 

1
.
1

I
t
e
m

6
8
.
6
5
6
8
.
6
5
6
8
.
6
5

6
8
.
6
5
6
8
.
6
5
6
8
.
6
5

6
8
.
6
5
6
8
.
6
5
6
8
.
6
5

1
9
.
3
5
1
9
.
3
5
1
9
.
3
5

1
9
.
3
5
1
9
.
3
5
1
9
.
3
5

1
9
.
3
5
1
9
.
3
5
1
9
.
3
5

_

5
.
1
6

5
.
1
6

5
.
1
6

5
.
0
8

5
.
0
8

5
.
0
8

.
1
9
2

.
3
8
5

.
1
9
2

.
3
8
5

.
1
9
2

.
3
8
5

5
.
9
1
5
.
7
1
8
5
.
5
2
5

3
.
2
5
3
.
0
5
8
2
.
8
6
5

.
8
3

.
6
3
8

.
4
4
5

1
.
5
6

1
.
5
6

1
.
5
6

1
.
5
6

1
.
5
6

1
.
5
6

1
.
5
6

1
.
5
6

1
.
5
6

.
6
8

.
6
8

.
6
8

.
6
8

.
6
8

.
6
8

.
6
8

.
6
8

.
6
8

.
5
0

.
5
0

.
5
0

.
5
0

.
5
0

.
5
0

.
5
0

.
5
0

.
5
0

.
6
0

.
6
0

.
6
0

.
6
0

.
6
0

.
6
0

.
6
0

.
6
0

.
6
0

.
2
5

.
2
5

.
2
5

.
2
5

.
2
5

.
2
5

.
2
5

.
2
5

.
2
5

C
o
r
n

S
B
M
 
A
S

F
a
t

Ly
si

ne
® 

.1
92
 
.3
85
 

.l
y^

 
.o

aj
 

io
D
e
x
t
r
o
s
e

Di
ca

l 
PO
^

L
i
m
e
s
t
o
n
e

S
a
l
t

VT
M^

An
ti
bi
ot
ic
^

La
b 

a
n
a
l
y
s
i
s
;

^^
as

 fe
d 

21
 88

.5
7 8

8.
97

 
89

.4
2 8

9.
88
 89

.4
0 

89
.9
4 8

9.
80

 90
.1
8

r
n
s
t
t
s
 v*

cr
ud
e 

16
.4
2 
16

.3
3 
16
.5
2 

15
.8
2 
16

.1
1 
16

.2
4 

16
.7
6 
16

.4
1 
16

.9
3

et
he

r^
" 

2.
00

 2
.2
6 

2.
10

 
6.

57
 7

.4
7 

7.
24

 
7.
23
 7

.2
5 

7.
37

P
X
 t
Y
*
3
.
C
t

me
ta
bo
li
za
bl
e 

34
21
 
33
82
 
34
02
 

35
94

 
36

55
 
36
32
 

36
73

 
36
60
 
36
54

e
n
e
r
g
y

K
c
a
l



T
A
B
L
E
 3
 (
c
o
n
t
i
n
u
e
d
)

^A
ll
 
it
em
s 
f
o
r
 e

ac
h 

d
i
e
t
 a
re
 g

iv
en
 
a
s
 a
 
pe

rc
en

ta
ge

 
o
f
 t
he
 
d
i
e
t
.

'^
Ly

si
ne

 l
ev

el
s 
as

 p
er

ce
nt

 o
f 
di
et
.

^D
ry

 f
at
 (
So

we
en

a 
4-

80
) 
co
mp
os
it
io
n 

se
e 
Ta

bl
e 
2.

^L
iq
ui
d 
fa

t 
(F
lo
fa
t)
 c
om
po
si
ti
on
 s

ee
 T
ab

le
 2
.

®L
ys
in
e 

as
 L
-L

ys
in

e.
HC

L 
- 
78
% 
Ly

si
ne

.

^V
it

am
in

-t
ra

ce
 m

in
er

al
 
pr
em
ix
 p

ro
vi
de
d 
th

e 
fo

ll
ow

in
g 

qu
an

ti
ti

es
 p

er
 k

g 
of

 d
ie

t:
10

,3
71

 U
SP
 V

it
am

in
 A

; 
1,
88
6 

IC
U 

Vi
ta

mi
n 
03
; 
18
.8
6 

lU
 V

it
am

in
 E

; 
7.

54
 m
g

ri
bo
fl
av
in
; 
22

.6
3 
mg
 d

Pa
nt

ot
he

ni
c 
ac
id
; 
37
.7
mg
 n

ia
ci

n;
 9
.4
3 

ug
 V

it
am
in
 8
12

;
3.
77
 m
g 

Vi
ta
mi
n 

K 
(M

SB
C)

; 
37

7 
mg
 c

ho
li
ne
 c
hl
or
id
e;
 1
54

 m
g 
Zn
; 
10
3 
mg
 F

e;
 

^
6
8
.
6
 m
g 
Mn
; 
10
.3
 m
g 

Cu
; 
.6

85
 m
g 

I;
 .
0
8
6
 m
g 
Se
. 

o
^
A
n
t
i
b
i
o
t
i
c
:
 A
SP
25
0 
ad
de
d 
a
t
 .
8
7
5
 l
b
s
/
3
5
0
 l
b
s
 a
s
 .
2
5
%
,
 A
SP
25
0 
su

pp
li

ed
 
1
0
0

gr
am

s 
ch
lo
rt
et
ra
cy
cl
 i
ne

, 
10

0 
gr
am
s 
su

lf
am

et
ha

zi
ne

 a
nd
 5
0 

gr
am
s 
of

p
e
n
i
c
i
l
l
i
n
.



21

IV. Statistical Analysis

The data were analyzed by the General Linear Model (GLM)

procedure of the Statistical Analysis System (SAS, 1985). In analysis

of data from experiment one, orthogonal (single-degree of freedom)

comparisons were made to evaluate the effect of adding fat to the

basal diet. The model for this experiment was:

Yijk = mu + ti + bj*(xi - xmean) + eijk

where: Yijk = the dependent variables average daily gain, feed

efficiency and feed consumption

mu = the overall theoretical mean

ti = treatment which is made up of different levels of fat

and different sources of fat

bj*(xi - xmean) = initial weight

eijk = random error

For the second experiment, orthogonal(single-degree of freedom)

comparisons were used to evaluate the effects of adding fat to the

basal diet. The model for this experiment was:

Yij = mu+alphai+eij

where: Yij = the dependent variables average daily gain, feed

efficiency and feed consumption

mu = the overall mean

alphai = fat source whether liquid, dry or no added fat

eij = random error
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Orthogonal (single-degree of freedom) comparisons were used to

evaluate the effects of adding varying levels of lysine within each of

the three sets of diets. The model for this set of contrasts was :

Yijk = mu + alphai + bj*(xi - xmean) + eijk

where: Yijk = the dependent variables average daily gain, feed

efficiency and feed consumption

mu = the overall mean

alphai = lysine level in the diet

bj*(xi - xmean) = initial weight

eijk = random error

This model was also analyzed utilizing orthogonal polynomials to see

if there was a linear or curvilinear effect on the dependent variables

ADG, feed efficiency and feed consumption due to an increase in the

level of lysine in the diet.
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CHAPTER 4

RESULTS AND DISCUSSION

I. Experiment 1

The performance data for experiment 1 are presented in Table 4.

During the first week of experiment 1, the highest level of added

liquid (Flofat) fat (3%) produced lower average daily gain (ADG) of

pigs (p < .05) than diets containing the 2% fat level. This result

is consistent with the findings of McDonnell et al. (1982) who

reported that 3,520 Kcal of metabolizable energy in the diet reduced

gains. Diets containing the highest level of dry (Soweena 4-80) fat

(3.048%) tended to produce lower ADG of the pigs (p = .05) during the

first week than diets containing 2.032% dry fat. Initial weight of

the pigs had no significant effect on the first week's ADG (p > .05).

Neither fat source, fat level nor initial weight had an effect on ADG

during the second week of the experiment (p > .05). When comparing

dry fat to liquid fat, there was a significant decrease in overall ADG

of the pigs fed the dry fat (p < .05) compared to those fed the liquid

fat.

Initial weight affected feed efficiency (Table 4) during the

first week and over the whole experiment (p < .05). These data are

substantiated by earlier observations by Mahan and Maxson (1984), who

observed that the performance of heavy weight weanling pigs was

superior, throughout, the study, to that of light weight pigs. Fat

source, level of fat, nor initial weight of the pigs had any effects

on feed efficiency of the pigs during the second week (p > .05).
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Initial weight affected feed consumption during the first and second

week (p < .05). These results are in agreement with those of Mahan

and Maxson (1984) in that they observed that heavier pigs had a

superior performance as compared to lighter pigs.

Neither fat source nor fat level caused any differences in

lysine consumption per kilogram of gain (p > .05) (Table 5). Pigs fed

the basal diet consumed less energy (Table 6) than pigs fed either

liquid or dry fat (p < .05). More energy was consumed by pigs that

were fed the liquid fat diets than by pigs fed the dry fat diets (p <

.05) (Table 6).

Pigs consuming diets containing liquid fat performed better,

overall, than pigs fed diets containing dry fat. When liquid fat, (a

fat source providing a slightly higher level of energy) is fed to pigs

in the winter, it tends to reduce the amount of dust in the housing

facility and provides more energy for the maintenance of body

temperature. Feeding diets containing 2% liquid fat resulted in the

greatest improvement in the performance of the pigs compared to the

no-fat control diet.

II. Experiment 2

Experiment 2 was conducted as an extension of experiment 1. In

this experiment, a total of 54 pigs were utilized, with six pigs

allotted to each of the nine diets. The nine diets consisted of three

sets: (1) diet 1,2 and 3 being the control diets with no added fat,

(2) diets 4,5 and 6 being diets with 5% (percent) added dry fat, and

(3) diets 7,8 and 9 being diets with 5% added liquid fat to be
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isocaloric, based on metabolizable energy, with the dry fat diets.

Performance data for this experiment are presented in Table 7.

Pigs fed the three control diets (1,2 and 3) had a higher ADG

during the second week than pigs fed either the dry fat diets (4,5 and

6) or the liquid fat diets (7,8 and 9) (p < .05) (Table 7). Initial

weight had an effect on pig gain during week 1, 2 and overall (p <

.05). These results agree with those obtained by Mahan and Maxson

(1984) that demonstrated that heavier weight pigs gained more than

lighter weight pigs. There was no effect of lysine or fat on ADG

during week 1, 2, 3 or on overall gain (p > .05) (Table 7). There was

a curvilinear response, with respect to gain, to lysine level within

fat treatments during week 2, 3 and overall (p < .05). As lysine

level increased from .80 to .95, ADG was decreased in pigs fed diets

with no added fat. Increasing the lysine level from .95 to 1.10%

resulted in a significant increase in rate of gain (p < .05). ADG

during week 2, 3 and overall ADG of pigs fed the dry fat diets were

similar to pigs fed diets containing .95% added lysine but decreased

thereafter (p < .05).

The ADG of pigs fed the liquid fat diets with varying levels of

lysine tended (p = .05) to have a linear relation with days on feed.

It decreased during week 2, 3 and overall when lysine level in the

diet was increased from .80 to .95 and 1.10% lysine.

During week 2, pigs fed the control diets (1,2 and 3) had a more

desirable feed efficiency than pigs fed either the dry fat diets (4,5

and 6) or the liquid fat diets (7,8 and 9) (p < .05). Feed efficiency

of pigs fed the liquid fat diets was more desirable during week 2,
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than that of pigs fed the dry fat diets (p < .05) (Table 7). For the

second week, pigs fed diets with added lysine had a more desirable

feed efficiency than pigs fed diets with no added lysine (p < .05).

Hamilton and Veum (1986) obtained similar results in an experiment

conducted to determine the effect of biotin and/or lysine additions to

corn-soybean meal diets on the performance and nutrient balance of

growing pigs. There was no effect of initial weight of the pigs on

feed efficiency during week 1, week 2 or overall (p > .05). Initial

weight affected feed efficiency during week 3 (p < .05) (Table 7).

There was no effect of lysine, fat or lysine level within fat

treatments on feed efficiency during week 1, week 3 or overall (p >

.05). Feed efficiency during week 2 was not affected by lysine levels

within fat treatments (p > .05) (Table 7).

Initial weight affected feed consumption during week 1, week 2

and week 3 (p < .05) (Table 7). Pigs fed diets (1-3) consumed less

feed than pigs fed the dry fat diets, (4-6) or pigs fed liquid fat

diets, (7-9) (p < .05), during week 3. Neither lysine nor lysine

level within fat treatments affected feed consumption during week 3 (p

> .05) (Table 7). Animals consumed more of the dry fat diets during

the third week than either the liquid fat or control diets (p < .05)

(Table 7). Feed consumption during week 1 and week 2 was not affected

by lysine, fat or lysine level within fat treatments (p > .05).

With an increase in levels of lysine in the diets, daily

consumption of lysine increased during week 1, week 2 and week 3 (p <

.05) (Table 8). The addition of fat to the diets caused no

differences in lysine consumption during week 2 or 3, compared to the
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control diets (p > .05). There was a linear response in lysine

consumption during the three weeks as lysine content of the diet

increased (p < .05).

A significant linear increase in lysine consumption and lysine

consumption per kg of gain occurred in response to increased dietary

lysine levels during week 1, week 2 and week 3 (p < .05) (Table 9).

There was no effect of fat level on lysine consumption per kilogram of

gain during any time period within experiment two (p > .05).

Neither lysine or fat had any effect on metabolizable energy

(ME) consumption (Table 8) or on ME consumption per gram of gain

during week 1 or week 3 (p > .05) (Table 9). However, during week 2,

lysine affected ME consumption (Table 8) and ME consumption per gram

of gain (Table 9) (p < .05). There was a quadratic response of ME

consumption and ME consumption per gram of gain to increased lysine

levels during week 2 (p < .05). These results are similar to those of

Haydon (1986) who observed that there was a tendency for decreasing

daily ME intakes (Mcal/day) with increasing lysine concentrations in

soybean meal based diets.

Lysine level in the diet affected the calorie to lysine ratios

(p < .05) which decreased with increasing lysine levels within diets

containing added fat and in the control diets (p < .05) (Table 8).

Experiment 1 was performed during winter and experiment 2 was

performed in early spring when the average environmental temperature

could have been higher. Performance of pigs in the second experiment

was not affected to the same degree by fat source as that of pigs in

the first experiment. When comparing the dry fat to the liquid fat
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during the second week, the pigs consumed more of the diet containing

dry fat than of the diets containing liquid fat. This difference in

consumption could be due to a lower energy requirement for maintenance

of body temperature in the warmer environment.
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CHAPTER 5

SUMMARY

Two experiments were conducted to evaluate the effect of lysine

and form and level of fat on weanling pig performance. In experiment

1, 56 weanling pigs were housed individually and eight pigs were fed

each of the seven different diets, a basal and six others containing

1, 2 or 3% added liquid or added dry fat. The pigs were fed twice

daily an ad libitum level for two weeks. Pigs fed the dry fat diets

had lower average daily gains during the experiment, than did pigs fed

the liquid fat diets (p < .05). Initial weight affected feed

efficiency (p < .05) and feed consumption. Metabolizable energy

consumption was not affected by diet (p > .05). Lysine consumption

per day was affected by fat source (p < .05).

In experiment 2, 54 weanling pigs were housed individually and

each pig was fed one of the following nine diets designed in a 3 X 3

factorial arrangement utilizing 3 levels of lysine (.80, .95 and 1.10)

and 3 levels of fat (0, 5% dry or 5% liquid). The pigs were fed their

respective diets ad libitum twice daily for three weeks. Pigs fed the

control diets had a higher average daily gain (ADG) during the second

week (p < .05) than pigs fed either the dry fat or liquid fat diets.

Initial weight had an effect on pig gain (p < .05). An increase in

lysine level from .80 to .95% in diets with no added fat decreased ADG

during the second and third week and overall compared to that of week

1 but increased ADG from .95 to 1.10% (p < .05). For pigs fed the dry

fat diets, ADG during week 2,3 and overall increased up to the .95%
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level of added lysine, and then it decreased (p < .05). Pigs fed the

liquid fat diets tended to have (p = .05) a linear decrease in AD6

during week 2, 3 and overall, as lysine level increased from .8 to .95

to 1.1%. Feed efficiency was improved for pigs fed the control diets

compared to pigs fed either of the fat diets during week 2 (p < .05).

Animals fed the control diets during the third week consumed less feed

(p < .05). There was no diet effect on lysine consumption during week

1, 2 or 3 (p > .05), lysine consumption per kilogram of gain during

week 1, metabolizable energy (ME) consumption during week 1, 2 or 3 or

ME consumption per gram of gain during all three weeks.

Based on these experiments, feeding a level of added fat of 2 or

3%, seems to be the optimum added level to improve performance of

weanling pigs. If fat is fed at higher levels than this then the

essential amino acids need to be added to the diet in order to

compensate for the lack of available nutrients.
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