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ABSTRACT

To determine the potential use of sweet lupin seeds (Lupinus
albus) grown on P.E.T, as a protein source in nonruminant diets,
the chemical composition and the protein guality (net protein ratio
(NPR)) of 1lupin seeds were estimated. In addition, growth
performance of pigs (66 - 100kg) given a corn-based diet containing
lupins as the sole protein source were compared to those given a
corn-based diet containing roasted soybeans or soybean meal (SBM)
as the sole protein source. The fatty acid compesition of the
lupin, roasted soybean and SBM corn-based diets and the influence
of these diets on carcass fatty acid composition of pigs was
evaluated. The effect of incremental replacement of SBM with
lupins in barley-nased diets on the growth performance of pigs (10-
100kg) was also determined.

The lupin seeds used in this study contained 30 - 35% crude
protein and the concentrations of manganese (1456 mg kg') and
alkaloids (0.015%) were below the content that was recognized as
being toxiec to rats and pigs. A rat growth study determined that
the NPR of lupins, cultivars Primorski and Ultra, supplemented with
methionine (81.1% and 79.1%, respectively) was better than roasted

soybeans (71.4%) (P<0.05) and similar to SBM (83.1%). Lupin diets
(Primorski and Ultra) not supplemented with methionine were poor
in protein quality (57.5% and 58.0%, respectively). When lupin

diets were supplemented with lysine alone, the protein quality was
similar to the protein quality of unsupplemented lupin diets.

Pigs given the lupin, roasted soybean or SBM corn-based diet
had a similar feed efficiency. Pigs given the lupin diet had lower
feed intakes and reduced body weight gains than those given the
roasted soybean or SBM diet (P<0.05). This was due to a
palatability problem with the lupin diet. Pigs given the lupin
corn-based diet had lower dressing percentages but had leaner
carcasses with higher index values and backfat higher in
unsaturated fatty acids than those given the roasted soybean or the
SBM corn-based diet (P<0.05).

Including lupins at 20 or 32% of the barley-based diet (75 or
100% lupin-barley diet) resulted in reduced body weight gain of
starter pigs, relative to pigs given the SBM-barley diet, as a
result of reduced feed intake. The reduction in feed intake may
have been due to the high fiber content of the barley-based diet
containing 20 or 32% lupins. Lupins included at 6% of a barley-
based diet (25% lupin-barley diet) for starter pigs (10-20kg), 12%
(75% lupin-barley diet) for grower pigs (20-50kg) and 9% (75%
lupin-barley diet) for finisher pigs (50-100kg), resulted in the
pigs having a similar growth performance as those given the 0%
lupin barley-based diet. Pigs given the lupin barley-based diets
had a similar carcass quality as those given the SBM barley-based
diet.

The available nutrient content, low level of alkaloids in lupins
and the growth performance of pigs obtained on the lupin-barley or
corn diets make lupins suitable for usage in diets for pigs.
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1. INTRODUCTION

Lupin seeds are dgrain legumes that contain 34-44% crude
protein and are, therefore, a potential plant protein supplement
for many species of animals (1l). Protein supplements are defined
by the National Academy of Science (NAS) (2) as those feedstuffs
which have a crude protein content greater than 20%. Lupins can
be used in cereal-based diets to complement or replace other
protein sources (3). Lupins grow well in cool climates in acid
sandy soils with low levels of plant nutrients (1). Therefore,
lupins have great potential to be grown in Atlantic Canada and to

be used either as a protein supplement in livestock feeds or as

a cash crop.

1.1 General History of Lupins

Wild lupins, with their many shades of purple, pink and white,
that are found growing in fields and along roadsides in Atlantic
Canada, are ancestors to the cultivated lupins fed today to
livestock and man (1). Historically (2000 B.C.), people added
lupin grain to their diet as a source of protein. At that time,
peasants were primarily the people who cultivated 1lupins and,
therefore, lupins were known as the poor man's food. Lupinus is
the latin name for lupins which means wolf. The term wolf possibly

signified that only people of low social status cultivated and

consumed lupins (4).




1.2 Present Day Usage of Lupins

Presently, lupins are used in many areas of the world such as
Australia, New Zealand, Union of Soviet Socialist Republics, South
Africa, Chile, Brazil, Peru, Spain, Poland and France for livestock
and human consumption. In Western Australia, for example, lupin
seeds comprise 24% of commercial pig grower diets, 10-20% of dairy

rations, up to 30% of beef diets, 15% of diets for laying hens and

12% for broiler diets (3). 1In Chile, bread, pasta and cookies are
examples of human foods made from lupin flour (5). However, to

this day, lupins are not used as a protein feedstuff to a great

extent in Canada.

1.3 Climate and Soil

Cultivated lupins grow under a wide range of environmental
conditions. They can tolerate temperatures as low as =9°C and
optimal temperature for growth is between 15-25°C (1). Therefore,
in Atlantic Canada, lupins should be planted as soon as the soil
can be cultivated to reach maturity early in the fall. Lupins
grow well on soils that are of poor fertility, slightly acidic, and
are of sandy loam to fine textured or clay-like (1). Lupins
require no nitrogen fertilization when the pH of the soil is
slightly acidic (below pH 6). At this pH there is usually enough
inoculum (more than 100 bacteria per gram of soil) for good

nodulation (6). Nitrogen fertilizer will increase lupin yield only




when there is no rhizobia in the soil and no inoculation has been
carried out (7). Root nodules appear on lupins four to six weeks
after sowing and nitrogein fixation begins 15 days later (1) .
Lupins are an excellent rotational crop (8) for crops such as
potatoes or corn. The root system of lupins penetrates deep into
the soil and recycles leached nutrients back to the soil surface.
This also permits succeeding crops with easy access to nutrients
and moisture (3). Therefore, lupins improve the structure of the
soil and have positive effects on soil quality (4). Since the
climate of Atlantic Canada favours high yields of lupins, they may

also be valuable to farmers as a cash crop.

1.4 Effect of Lupin Chemical Composition on Animal Performance

The presence of undesirable or toxic compounds is a problem

with many p”-=" protein sources. Soybeans, cottonseed and linseed
are ex:aples f plant protein supplements that contain toxic
compwunds Soybeans must be heat-treated prior to feeding to

nonruminants to inactivate trypsin inhibitors and hemagglutinins
(9) . Cultivated lupins do not require roasting prior to feeding
to nonruminants since they do not contain anti-~nutritional heat-
sensitive factors (10).

Wild 1lupins contain bitter quinolizidine alkaloids as a
defence mechanism to protect the lupins from insect damage but
these alkaloids are toxic to animals. Alkaloids have been shown

to cause respiratory depression and failure in cats and dogs (11),




induce uterine contractions in guinea pigs and cause cardiac arrest
(12) . Lack of appetite, cramps, violent stomach pain, fever and
vomiting in humans and animals have also been reported following
ingestion (13).

Cultivated lupins that are grown today may be fed directly to
animals and man because they contain low levels of alkaloids (14).
These lupins are not toxic and are termed sweet lupins. The pauper
gene is responsible for the sweetness of the lupins (15). A sweet
lupin, L. albus was produced by Von Sengbusch in Germany in 1930
(4) .

Erickson (16) stated that the alkaloid content of lupin seeds
must be less that 0.03% before it can be included in diets for
pigs. Hill (5) concluded that reduced intake in pigs occurred when

they were given L. albus lupins at levels greater than 5% of the

diet. When L. angustifolius lupins were given to pigs as the sole
protein supplement no negative effects on growth performance
occurred. Hill (5) concluded that the presence of alkaloids in the
L. albus lupins may have been responsible for the reduced intake
of pigs. In a study conducted by Pearson and Carr (17), it was
determined that the intake of a diet containing L. albus (cultivar

Neuland) 1lupin seeds was similar to that of L. angqustifolius

(cultivar Uniwhite) after the alkaloid concentration in the Neuland
lupin seeds was reduced from 0.09 to 0.02%. Variability of
alkaloid content in lupin seeds does exist as a result of genetic

factors (18). The alkaloid content of sweet lupin seeds range from




0.006 to 0.013% (19). The lupin seeds grown on P.E.I. have not
been previously analyzed for alkaloid concentration.
Ingestion of lupins containing mycotoxins produced by the

fungus Phomopsis leptostromifcrmis causes lupinosis (20).

Phomopsis leptostromiformis grows on dead lupin plants or stubble.
Lupinosis is common in Australia where animals are grazed on the
infected dead lupin plants or stubble (21). Sheep are more prone
to develop lupinosis in the field than cattle or horses (3).

L. albus has a high concentration of manganese (Mn) (160-3400
mg Mn kg', air dry basis) (22). This may limit its inclusion in
pig diets (23). The recommended maximum tolerance level pigs have
for Mn is 1000mg kg' of diet (dry matter basis) (24). However,
there were no signs of Mn toxicity reported in pigs given a lupin
diet containing up to 1330 mg Mn kg' of the diet (as fed basis)
(25) . King (25) determined that similar growth performance
occurred in pigs given 72 or 1330 mg Mn kg' of the diet. He stated
that since the maximum tolerance level of 1000 mg Mn kg' (24) was
based on only four experiments that indicated a range of tolerance
of 500-4000 mg kg', pigs were able to tolerate the level of 1330
mg Mn kg' in the diet.

Crude fiber (CF) represents variable amounts of the cellulose,
hemicellulose, lignin and other complex carbohydrates in plant
material (26). Neutral detergent fiber (NDF) includes cellulose,
hemicellulose and lignin materials of plant cell walls while acid
detergent fiber (ADF) .ncludes only cellulose and lignin from the

cell walls (26). These components of fiber are only partially




utilized by nonruminants (9). In nonruminants, some dietary fiber
may be fermented to volatile fatty acids (VFAs) bf microbial
activity in the large intestine (27). The VFAs are absorbed into
the blood and they contribute to meet the energy requirement of the
pigs (27). VFAs from fiber provide a smaller amount of useful
energy than an equal weight of glucose from soluble carbohydrates
such as starch since some of the gross energy of the fiber is lost
as heat of bacterial fermentation or as methane (27). Therefore,
the efficiency of use of digestible energy (DE) decreases as the
proportion of dietary energy being digested in the large intestine
increases (27). Diets that have a high concentration of fiber are
known as low nutrient density diets since a high fiber content.
results in a low concentration of DE (28). If the cdncentration
of DE in a diet is low, the stomach capacity may limit the ability
of the pig to consume sufficient quantities of the diet to meet its
daily DE requirement (27). For starter (10-20kg) and grower (20~
50kqg) pigs, the high fiber content of a barley-based diet reduced
feed intake and growth (27). On the other hand, finisher pigs (50~
100kg) have a greater stomach capacity than starter and grower pigs
and were able to consume more of the high fiber barley-based diet
and growth rate was not reduced since the increase in intake may
have compensated for the lower DE concentration of the diet (27).

Lupins (L. albus cultivar Ultra) have a high NDF content
(204 g kg' of seed, as fed basis) compared to soybean meal (SBM)
(116g kg' of meal, as fed basis) (29). However, Aguilera et al.

(30) determined using pigs that the digestibility value of NDF was




83.2% in L. albus variety Multolupa lupins. The ADF, cellulose and
hemicellulose contents in L. albus variety Multolupa (dry matter
basis) were 163g kg', 160g kg' and 3.39g kg', respectively. These
fiber fractions had digestibility values of 87.8%, 90.4% and 62.2%.
respectively for ADF, cellulose and henmicellulose (30). Bve
though Aguilera et al. (30) determined that much of the fiber in
lupins was digested, the VFAs produced from fiber digestion provide
only a portion of the DE of glucose (27).

With turkeys, lupins were incorporated into a corn-~based diet
at 15, 30, 45 and 60% (31). Compared to a SBM diet, poor feed
efficiency occurred with the diets containing 45 and 60% lupins
while depressed daily weight gains occurred with the diets
containing 30, 45 and 60% lupin (31). Halvorson et al. (31)
suggested that the higher fiber content in the lupin diets may have

)
caused the lower intake, decrease in daily gain and pobr feed
efficiency. Feed intake of pigs weighing 20 to 30kg was reduced
when they were given a diet containing 37% L. albus cultivar
Neuland compared to a mixture of fish meal and dried blood in a
barley-based diet (17). Pearson and Carr (17) concluded- that
neither alkaloids nor fiber were 1likely responsible since the
alkaloids were removed with ethanol and the fiber was low in lignin
and highly digestible. On the other hand, starter pigs (6-20kg)
were given a wheat-based diet containing up to 43% lupin seeds
without any negative effects on feed intake (32). The growth

performance of pigs given diets containing P. E. I. grown lupin




seeds has not been determined and such a study can determine the-
value of those lupin as a protein supplement for growing pigs.

There appears to be a consistent effect of the inclusion level
of lupins in the diet on carcass dressing percentage. The dressing
percentage of pigs given a diet containing 20.7% lupins (L. albus
cultivar Hamburg) was depressed compared to the pigs given SBM
(25) . Pearson and Carr (33) also determined that the dressing
percentage declined 0.08 percentage units for every 1% increase of
lupins in the diet. The lupins were included at 0, 12; 24 and 37%
of a barley-based diet and the decrease in dressing percentage was
significant at the 12% level of inclusion. They speculated that
this effect of lupin was due to the increased gut contents of fiber
that was not digested, as a result of the high fiber content in
lupins combined with barley.

The o0il in lupin seeds (10-12%) consists mcstly of long chain
unsaturated fatty acids (1). Diets containing 1lupin seeds could
have a positive effect on the content of unsaturated fatty acids
in the fat of pigs given those diets. The lipid composition of
pork fat can be influenced by dietary level of fatty acids in swine
rations (34). Pork meat low in saturated fatty acids was highly
acceptable by a taste test panel even after the pork was stored for
four months (35). However, soft pork fat 1is undesirable to
consumers. Pork carcasses are judged to be soft and unacceptable
to consumers when the linoleic acid (unsaturated fatty acid)
content of the backfat is more than 12% of the total fatty acid

content (36). A high content of unsaturated fatty acids in the




backfat may have a negative impact on pork quality. Linoleic acid
content greater than 12% has been measured in bigs given a diet
containing more than 15% roasted soybeans (36). Therefore, the
backfat fatty acid composition of pigs given a lupin diet should
be determined.

Lupin seeds contain little starch (37) but appreciable amounts
of oligosaccharides (5). More than 50% of the saccharide fraction
in lupin seeds is composed of d-galactosides which are not digested
by nonruminants (38). Grosjean (39) and Cazes et al. (40)
suggested that the poor performance of pigs given lupins may have
been due to the high content of oligosaccharides derived from
galactose in the lupins, that reduced the digestible energy content

of the lupins.
1.5 Evaluation of Protein Quality in Lupins

The protein quality of a feed ingredient is an estimate of
its ability to supply the essential amino acids in the proper
proporticns to meet the animal's needs for growth and maintenance
(41) . The formation of body proteins will be maximized when all
the essential amino acids are available in adequate amounts in the
diet and in the ratio required for protein derosition (41). The
amino acid composition of a protein feed ingredient does not reveal
the extent to which a particular amino acid is utilized by the
animal. Net protein ratio (NPR) is an assay for protein quality

evaluation. The calculated NPR value of a protein feedstuff is an




estimate of the biocavailability of amino acids in a protein feed
ingredient (42). NPR estimates the protein utilized by the animal
for both growth and maintenance. The relative NPR value that is
calculated for a protein feedstuff is expressed relative to a value
of 100 for a reference protein feedstuff. The referénce protein
feedstuff often used is casein since the digestibility of protein
and availability of amino acids in casein is about 100% (43). An
estimate of the protein quality is essential before lupins can be
incorporated into nonruminant diets. Camacho et al. (44)
determined with rats that the protein quality of lupins (L. albus
cultivar Multolupa) supplemented with methionine was similar to
that of casein. However, the protein quality of lupins (L. albus)

grown on P. E. I. has not previou:ly been investigated.
Overall cbjective:

To determine if lupins can be used as a plant protein feed

ingredient in significant amounts in nonruminant diets.
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The objectives of this thesis were:

To determine the chemical composition of the lupins grown on
P. E. I. including protein, amino acids, energy, alkaloids, NDF,
and minerals.

To evaluate protein quality of lupins by calculation of NPR
of the protein in lupins, casein, roasted soybeans and SBM. To
determine the ability of lupins to supply the essential amino acids
in the proper proportion in a diet to meet the animal's protein
requirements for growth and maintenance by the use of NPR.

To determine if supplementation of lupins with methionine and
lysine is required to improve protein quality.

To compare growth performance of pigs (66-100kg) given corn-
based diets containing 1lupins, roasted soybean or SBM as a
supplemental protein source.

To determine the relationship between fatty acid composition
of lupin, roasted soybean and SBM diets based on corn and the
carcass fatty acid composition of pigs given these diets.

To determine the effect of incremental replacement.of SBM with

lupins in barley-based diets on the growth performance of pigs (10-

100kqg) .

11




2. PROTEIN QUALITY OF TWO CULTIVARS OF LUPIN SEEDS EVALUATED
IN WEANLZING RATS

2.1 Abstract

The protein quality of two sweet white lupin cultivars,

Primorski and Ultra, of the species Lupinus albus, was compared

with those of soybean meal (SBM), soybeans (raw or roasted) and
casein. The value of supplementation of the lupin cultivars with .
0.2% methionine and 0.1% lysine was determined. A 3-week feeding
trial was conducted with 128 male Sprague Dawley weanling rats.
Total feed consumption (TFC), total weight gain (TWG), feed to
gain ratio (F:G), net protein ratio (NPR) and relative NPR (RNPR)
values were determined for all diets. The RNPR values of
Primorski and Ultra, supplemented with methionine at 0.2% of the
diet, were 81.1% and 79.1%, respectively of that of casein. RNPR
for lupins supplemented with methionine was significantly better
than for roasted soybeans (71.4%) (P<0.05) and similar to that of
SBM (83.1%). Additional supplementation of lupins with lysine
improved (P<0.05) the RNPR of the Ultra cultivar (88.0%) but not
that of Primorski (81.9%). The RNPR values of SBM, Ultra or
Primorski supplemented with lysine and methionine were similar.
Sweet lupins, Ultra and Primorski, supplemented with 0.2%
methionine provided an amino acid profile that was comparable to

SBM and of better quality (P<0.05) than roasted soybeans.

12




Therefore, lupins have the potential to be included in pig diets

as a source of protein.

2.2 Introduction

Sweet lupins (Lupinus albus) contain 34 - 44% crude protein

and 10 - 12% oil (1). The oil consists mostly of long chain
unsaturated fatty acids (1). Lupins germinate well at cool
temperatures; high yields are obtained when temperatures during
the summer do not exceed 25°C and they grow well on slightly
acidic soils (1). Lupins do not contain antinutritional heat-
sensitive factors such as trypsin inhibitor or hemagglutinins
(10), and, therefore, do not require roasting prior to feeding to
nonruminant livestock. Previously, lupin cultivars were soaked
for several days in water before consumption toc remove the
bitterness and toxicity caused by the quinolizidine alkaloids
(1) . Genetic selection has produced sweet lupins that no longer
require treatment to reduce alkaloid toxicity since the seed has
only a low concentration (< 0.05%) of the toxic alkaloids (14).
The objectives of this study were to compare the protein

quality of lupin (Lupinus albus) cultivars, Primorski and Ultra

to that of casein, soybean meal (SBM), roasted and raw soybeans,
and to determine if supplementation of Ultra and Primorski
cultivars with methionine and lysine is required to improve the

protein quality.

13




2.3 Materials and Methods

Animals, diets and experimental procedure

Diets containing ground Ultra, Primorski, SBM, soybeans (raw
or roasted) or casein (Table I) were isonitrogenous, each
containing 10% crude protein, except for the protein-free diet.
Lupin diets were evaluated with or without supplements of lysine,
methionine or lysine and methionine. Methionine and lysine were
supplemented at 0.2% and 0.1%, respectively, of the diet.
Methionine was added at 0.2% of the diet since Ballester et al.
(14) determined that the protein efficiency ratio.of L. albus
improved with supplementation of 0.2% methionine. Prieto and
Aguilera (45) determined that the true protein digestibility of
L. albus var Multolupa lupins increased with supplementation of
0.1% lysine in addition to methionine. Therefore, lysine was
added at 0.1% of the diet to determine if lysine was limiting in
the lupins grown on P.E.I. Each diet was given to 10 rats with
the exception of the protein-free diet which was given to 8 rats.

One hundred and twenty-eight, 3-week-old, male, Sprague
Dawley rats, mean weight of 54g + 7g, were housed individually in
stainless steel wire-floored cages. Body weights were recorded
immediately after random allocation to experimental treatment and
then recorded weekly for the 21 - day feeding period. Feed from
stainless steel jars fitted with antispill devices anq water from

a drip water system were provided ad libitum. Feed consumption
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was measured weekly. The room temperature was maintained between
20 and 22°C and rats were subjected to a 12-h light: 12~h dark
lighting regime.

Total weight gain (TWG), total feed consumption (TFC), feed
to gain ratio (F:G), and net protein ratio (NPR) (41) were
determined for all diets. The relative NPR (RNPR) was calculated
using the methods described by Sarwar et al. (43). Tﬁe RNPR of
the test diets was expressed relative to a value of 100 for the
NPR of the casein diet.

The rats were cared for in accordance with the guidelines
of the Canadian Council on Animal Care.

This experiment was a completely randomized design.
Statistical analysis was carried out using analysis of variance
(46) and significant differences between diets were determined by
the Student Neuman-Keuls test at the alpha=0.05 level (47).
Factorial statistical analysis (46) was performed to determine if
there was an effect of interaction between cultivar and

supplementation.

Chemical analysis

The lupin cultivars as well as roasted and raw soybeans were
ground to pass through a 2 mm screen. Dry matter content was
determined in duplicate for all diets and test ingredients by
Association of Official Analytical Chemists (AOAC) Methods (48).

Crude protein (nitrogen * 6.25) on test diets and ingredients was
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determined in duplicate by the Dumas method (49), using a
nitrogen gas analyzer, Leco, FD-228 (Leco Corporation, St.
Joseph, Michigan, U.S.A.). Gross energy analysis was done in
duplicate on all diets and test ingredients using aix adiabatic
bomb calorimeter (Parr Adiabatic Calorimeter, Parr Instrument
Company, Illinois). Amino acid analysis was done in triplicate
on lupins and roasted soybeans using a Beckman System 6300 High-
Performance Aminoc Acid Analyzer. The samples were subjected to
acid hydrolysis using the procedure of Gehrke et al. (50).
Methionine and cystine were determined on the samples .following
performic acid digestion (51). Neutral detergent fiber, (52) and
calcium, phosphorus, magnesium, potassium, manganese (Mn),
copper, zinc and iron were determined in duplicate on the test
ingredients (Inductively-coupled argon plasma spectrophotometry,
Jerrel-Ash 9000). The alkaloids lupanine and 13-hydroxylupanine

were determined in duplicate for lupin seeds (53).
2.4 Results

Analytical results

The Mn and alkaloid concentrations for Ultra were higher than
that for Primorski (Table II). Lupanine and 13-hydroxylupanine
are alkaloids present in lupin seeds (3). In Ultra and
Primorski the total amount of these alkaloids were lower than

those determined by Ballester et al. (14) for L. albus. The
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methionine and lysine concentrations in the lupin diets (Table
ITI) were below the requirement of the weanling rats. Cystine
content was similar in Primorski and Ultra diets and cystine plus

methionine did not meet the methionine requirement of rats.

Feed intake, body weight gain and feed efficiency

Lupin seed diets (Primorski and Ultra) supplemented with
0.2% methionine were consumed in amounts similar to those for
diets containing casein or SBM and greater than for the roasted
soybean diet (P<0.05) (Table IV). Lupin diets supplemented with
lysine and methionine were consumed in similar amounts as lupin
diets suéblemented with methionine alone. Body weight gains on
lupin diets supplemented with methionine did not differ from
those for SBM but were greater than those obtained with roasted
soybeans (P<0.05). Supplementation of Ultra with lysine in
addition to methionine increased the weight gain of rats (P<0.05)
compared to methionine supplementation alone. However, this
improvement was not statistically significant for Primorski-fed
rats. There was no significant difference in consumption, weight
gain of rats or protein quality between the lupin cultivars in
res onse to supplementation with either or both amino acids
(Takle V). Casein produced higher body weight gains than the
~ther protein sources (P<0.05). There were no differences in
feed efficiency among rats given diets containing casein, SBM,

roasted soybeans or lupins supplemented with methionine alone or
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in addition to lysine. Supplemei.ation of lupin diets with
methionine alone increased feed intake, body weight gain and feed
efficiency (P<0.05) (Table IV). Supplementation of Ultra or
Primorski diets with lysine alone did not increase feed intake,

welght gain or feed efficiency.

Protein gquality of lupins, roasted soybeans and SBM

Protein quality of the diets was indicated by RNPR (Table
IV). Methionine supplementation improved the RNPR of lupins,-
Primorski and Ultra, to values similar to that for SBM and better
than that for roasted soybeans (P<0.05). Lysine supplementation
in‘addition to methionine improved the protein gquality of Ultra
but not Primorski (P<0.05) compared to supplementation with
methionine alone. However, there was no significant difference
between the lupin cultivars in response to additional
supplementation with lysine (Table V). There were nc significant
differences in RNPR of SBM, Primorski or Ultra supplemented with
lysine in addition to methicnine, although Ultra was slightly
higher in protein quality. 1In the present feeding trial, the
protein quality of casein was better than the other diets

(P<0.05).

18




2.5 Discussion

Supplementation of Ultra or Primorski with methionine
increased the RNPR to values similar to that for SBM. Therefore,
Ultra or Primorski supplemented with methionine may provide
protein of sufficient quality for the growing rat. Schoeneberger
et al. (54) determined that lupins are deficient in methionine,
but when supplemented, they provide protein of high nutritional
value to the rat. Since there were no significant differences in
RNPR between the lupin cultivars in response to additional
supplementation with lysine (Table V), supplementation of Ultra
with methionine alone may be sufficient for the growing rat.
However, since lysine supplementation in addition to methionine
improved the protein quality of Ultra (P<0.05) but not Primorski
compared to similar diets supplemented with methionine alone,
diets containing Ultra may require additional supplementation
with lysine when the lysine content of the diet is below that of
the requirement of nonruminants.

Lupin diets not supplemented with methionine were poor in
protein quality. This may be attributed to the methionine
content of the lupin diets being below the requirement of the
weanling rats (Table III). When lupin diets were supplemented
with lysine alone, the protein quality was similar to the protein
quality of unsupplemented lupin diets. The improvement in
performance on these lupin diets with supplemental methionine

indicated that methionine is the first limiting amino acid in the
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lupin cultivars, Ultra and Primorski. This is consistent with
findings of Savage et al. (55) who reported that additions of
methionine increased the biological value of lupin protein to
values similar to those of soybeans. The addition of 0.1%
methionine to lupins (L. albus cultivar Multolupa) increased NPR
to a value that did not differ significantly from casein (44).
In other words, the Multolupa lupins when supplemented with
methionine had a similar quality of protein as that of casein.
The RNPR of 94% calculated from their data for Multolupa lupins
plus methionine was higher than the RNPR values for Primorski and
Ultra plus methionine determined in this study. The difference
in the RNPR values may be due to cultivar difference.

Roasted soybean should have the same proportion of amino
acids in its protein as SBM (9) however, the RNPR for SBM was
better than for roasted soybeans (P<0,05) (Table IV). The lower
crude protein content of the roasted soybean diet (8.6%) compared
to the SBM diet (9.8%) or the possibility that all of the trypsin
inhibitor in the roasted soybeans was not inactivated may have
been responsible for the lower RNPR value of the roasted soybean
diet (P<0.05). However, it was determined in a study (56) that
the protein efficiency ratio (PER) of roasted soybeans
supplemented with methionine was greater than the PER of roasted
soybeans not supplemented. Therefore, judging by the methionine
concentration of the roasted soybeans (Table III), the lower RNPR
value for the roasted soybeans may have also been due to their

low methionine concentration. The RNPR of raw soybeans was lower
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than that for roasted soybeans (P<0.05) (Table IV), supporting
the findings of Rackis (57) that raw soybeans are of lower
protein quality than roasted soybeans or SBM. He concluded that
this was because of the presence of heat-sensitive proteins in
raw soybeans that inhibit the activity of trypsin, thereby,
reducing protein digestibility.

The low level of alkaloids detected (Table TII) did not
appear to have had an effect on the feed intake since consumption
of lupin diets when supplemented with methionine was no less than
that of casein or SBM.

Of the concentraticn of minerals present in L. albus
lupins, Mn may limit the inclusion level of these lupins in diets
for nonruminants since the content of Mn in diets containing
these lupins may exceed the maximum tolerance level those animals
have for Mn (23). It was determined that the Mn content of 1330
mg kg' in diets containing L. albus cv. Hamburg was tolerated by
growing pigs and growth performance was not affected by the Mn
.content (25). The lupin variety Ultra had a higher content of Mn
than Primorski but the level of Mn in Ultra diets did not exceed
300 mg kg'. Meeting the protein requirement of the rat with
lupin seed as the only source of protein in the diet would not

result in toxic effects of Mn.
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2.6 Conclusions

Lysine supplementation in addition to methionine improved
the protein quality of Ultra but not Primorski. Unsupplemrented
lupins were similar in protein quality to lupins supplemented
with lysine alone. Thus, methionine is the first limiting amino
acid in lupin protein for rats. Sweet lupins, cultivars Ultra

and Primorski of the species Lupinus albus, supplemented with

0.2% methionine provided protein that was bioclogically available
to the rat, comparable to SBM and of better quality (P<0.05) than
roasted soybeans. Prom this experiment, lupins may be included
in nonruminant diets as a substitute for other protein

concentrates if proper supplementation is carried out.
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Table |. Composition of experimental diets.

Diets®
Primorski Ultra :
Roasted Raw Protein

Ingredients (%) (as fed basis) Casein  SBM P P, P P.. u U u, U, Soybesans Soybeans Free
Casein® 11.8
Soybean meal 20.7
Primorski 28.3 283 283 283
Ultra 29.7 29.7 297 297
Roasted soybeans 225
Raw soybeans 233
Basal mix® 81.2 723 647 646 645 64.4 63.3 63.2 63.1 63.0 70.5 69.7  93.0
Vitamins? 20 20 20 20 20 2.0 20 20 2.9 2.0 2.0 2.0 20
Salt mixture* 5.0 5. 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Lysine HCL 0.1 0.1 0.1 0.1
DL methionines 0.2 0.2 0.2 0.2
Chemical composition (as fed basis) ‘
Dry matter (%) 91.7 920 918 916 924 924 92.4 924 924 923 92.2 915 918
Gross energy (kJ g) 16.0 158 15.9 16.2 16.4 16.3 16.4 16.5 16.4 16.2 16.3 163 154 °
Crude protein (%) 9.9 9.8 99 10.0 9.9 9.9 9.5 10.0 10.0 9.7 8.6 8.5 0.0
a  SBM =soytean meal; U = Ultra P = Primorski; | = lysine; m = methionine.
b  Sigma chemical company. P.C. Box 14508, St. Louis, Mo, 63178, USA.
¢ 89.06 g 100g! cor starch + 3.33 g 100g™ cerelose (dextrose) + 5.21 g 100g" «-celiulose + 2.4 g 10Gg™ corn oil.
d 0.2 100g" vitamin A (500 x 10° IU kg*) + 0.01 g 100g™! vitamin D (500 x 10° IU kg™") + 3.75 g 100g"! Vitamin E (500000 IU kg') + 0.03 g

100g™* vitamin K (50%) + 0.02 g 100g™ Biotin (2%) + 50 g 100g! Choline Chloride (60%) + 0.03 g 100g™* Folic Acid (3%) + 5.0 g 100g™
Inositol + 0.75 g 100g™* Niacin (98%) + 0.4 g 100g™* calcium pantothenate (45%) + 0.2 g 100g™ Riboflavin (98%) + 0.06 g 100g™! Thiamin +
0.35 g 100g" B, (Pyridoxine) + 0.003 g 100! B,, (0.1%) + 0.5 g 100g™* Para amino benzoic acid + 0.1 g 100g™ ethoxyquin + 3.0 g 100g”
TM-50 premix (antibiotic 110 mg g') + 34.597 g 100g™' corm starch + 1.0 g 100g* corn qil.

e Salt mixture USP, XVIiI, ICN Pharmaceuticz!s, Inc. Life Sciences Group, Cleveland, Ohio, USA.

75% available lysine.

99% available methionine.

w0 ==
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Tabie ll. Chemical composition of test ingredients {Dry matter basis).

Lupin seed Soyheans
Primorski Ultra Roasted Raw Soybean meal

Dry matter (%) 95.9 97.6 94.7 621 89.4
Crude proteir (%) 36.8 344 470 46.6 54.1
Gross energy (kJ g') 20.14 19.93 22.19 22.20 -
Neutral detergent fiber (g kg™') 230.4 2141 127.8 1249 -
Calcium (g kg™) 2.1 29 1.5 1.7 3.0
Phosphorus (g kg') 3.8 4.7 8.4 8.4 97
Magnesium (g kg™) 20 1.7 25 2.6 3.6
Potassium (g kg™") 10.8 1.7 211 21.0 27.9
Manganese (mg kg*) 307.6 1034.8 29.6 38.0 42.3
Copper (mg kg™) 49 6.0 15.1 215 18.8
Zinc (mg kg™') 17.3 337 48.4 51.9 63.9
Iron (mg kg™") 20.9 56.4 132.0 135.7 111.9
Alkaloids

Lupanine (%) 0.011 0.004 - - -
13-hydroxylupanine (%) 0.004 0.005 - - -

24




Table Ill. Amino acid profile of lupins, roasted soybeans and non-suppiemented diets compared to amino acid requirement of
weaning rats (as fed basis).

Amino acid composition {%)

Primorski Ultra Roasted Soybeans Amino acid requirement*

Aming acid Grain Diet Grain Diet Grain Diet Growth Maintenance
Isoleucine 1.55 0.44 1.43 0.42 1.63 0.37 0.50 0.31
Leucine 2.33 0.66 2.23 0.66 2.46 0.55 0.75 0.18
Lysine 1.52 0.43 1.41 0.42 1.74 0.39 0.70 0.1
Methionine 0.24 0.07 0.24 0.07 0.41 0.09 0.40 0.15
Cystine 0.24 0.07 0.25 0.07 0.29 0.07 0.20 0.08
Phenylalanine 1.29 0.37 1.19 0.35 0.83 0.19 0.53 0.12
Threonine 1.41 0.40 1.36 0.40 1.12 0.25 0.50 0.18
Valine 1.49 0.42 1.44 0.43 1.70 0.38 0.60 0.23
Arginine 3.33 0.94 2.65 0.79 2.47 0.56 0.60 -
Histidine 0.77 0.22 0.73 0.22 0.83 0.19 0.30 0.08
Aspartic acid 3.94 1.12 3.56 1.06 5.16 1.16 0.40 -
Serine® 1.05 0.30 1.00 0.30 1.82 0.41 - -
Glutamic acid 5.64 1.60 5.10 1.51 7.01 1.58 4.00 -
Proline 1.10 0.31 0.98 0.29 1.58 0.36 0.40 -
Glycine® 1.45 0.41 1.37 e.41 1.80 0.41 - -
Alaning® 1.07 0.30 1.04 0.31 0.66 0.15 - -
Tyrosine 1.21 0.34 1.10 0.33 1.02 0.23 - -
Ammonia 0.76 0.22 0.74 0.22 0.78 0.18 - -

a  (s5g). National Research Council. No. 10. Nutrient requirements of laboratory animals.
b  Mixture of glycine, alamine and serine: Growth = 0.59; maintenance = 0.48.
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Table IV. Total feed consumption (TFC), total body weight grain (TWG), feed efficiency (F:G), net protein ration (NPR) and
relative net protein ration (RNPR) in lupin, scybean meal, soybean and casein diets.

Casein Lupin Soyhean  Full fat soybeans
Ultra*,,  Ultra, Ultra, Ultra  Primorskl, , Primorski, Primorski, Primorski el Roasted  Raw Spt

TFC 330 345° 346° 201 198 348° 331° 183 178 340° 284¢ 220 27.84
(@)

TWG 118 108¢ 96° 400 359 100 94¢ 3¢ - 3t 99%. 69' 32 862
(@

F:G 2.81 3.23% 3.61% 5,120 5.82% 3.48% 3.54% 6.12% 5.93% 3.42¢ 4.14% 7.01¢ 1.97
NPR 3.84° 3.38¢ 3.04 242 2.23% 3.15% 311 215 2219 3.1G% 2.74 1.87 0.22
RNPR  100° 56.1 57.5¢ 83.1% 71.4' 48.6' 5.80

88.0 79.1¢ 63.1¢ 58.0¢ 81.9% 81.1¢

a |=lysine, m = methionine.
b  Pooled standard deviation.
c-i Means within a row followed by the same letter are nct significantly different; P<0.05.
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Table V. Significance Ie\iel of the interaction of lupin cultivar and supplementation -

on TFC, TWG, F:G, N*R and RNPR®

Cultivar* methionine Cultivar*lysine Cultivar*methionine*lysine

TFC NSt NS NS

TWG NS NS NS

F.G NS * NS

NPR NS b NS

RNPR _ NS b NS

a  See Table IV for description.

b Statistical level: NS = not significant; * P<0.05; ** P<0.01.
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3. GROWTH PERFORMANCE OF FINISHER PIGS GIVEN DIETS CONTAINING
ROASTED SOYBEANS, SOYBEAN MEAL OR SWEET LUPIN SEEDS

3.1 Abstract

Ninety-six Yorkshire pigs with an initial weight of 66.6 kg
+ 7.5 kg were placed in pens in groups of four on one of three
corn-based isonitrogenous diets containing dehydrated lupin seeds

(Lupinus albus cultivar Ultra), roasted soybeans (Glycine max

cultivar Méple Isle) or soybean meal (SBM). Diets were fed until
the animals were marketed at 94kg. Pigs given the lupin-corn diet
had a similar feed efficiency to those given the roasted soybean
or SBM corn diet, Pigs consumed approximately 22% less of the
dehydrated lupin seed diet than the roasted soybean or the SBM corn
diet (P<0.05). This was due to a palatability problem with the
lupin-corn diet. There were no significant differences between the
roasted soybean and SBM corn diets with regards to feed
consumption. As a result of the lower .feed intake, lupin-fed pigs
had a 23% reduction in daily body weight gain and leaner carcasses
of higher index values than those given the roasted soybean'or the
SBM corn diet (P<0.05). These pigs also had backfat higher in
unsaturated fatty acids than those given the roasted soybean or SBM
corn diet (P<0.03). Since the lupin-fed pigs were leaner, the
dressing percentage of these pigs was lower than those of pigs
receiving the roasted soybean or SBM corn diet (P<0.05). The feed
efficiency and carcass index values of pigs given the lupin-corn

diet indicate that lupins have the potential to be included as a
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plant protein feedstuff in pig corn-based diets. However, since
reduced feed intake, slower gain in body weight and lower dressing
percentages of pigs resulted when they were given lupins at 18% of
the corn-based diet, lupins should not be included at this level
of the diet. Further research is needed to determine specifically
what caused the reduced feed intake of pigs given the lupin corn-

based diet.

3.2 Introduction

Rates of inclusion (> 5%) of lupins (L. albus) in diets for
growing pigs have been associated with depressed pig performance
but the reason for this is unclear (5). It was determined from a
slope-ratio assay that the lysine availability of L. albus was low
(44-57%) compared to the lysine availability of soybean meal (SBM)
(80%) (20). In another study with pigs (59), it was determined
that the availability of methionine or tryptophan in lupins was not
low. The poor performance of pigs given a lupin diet in a study
conducted by Castell and Tsukamoto (60) was attributed to the
presence of alkaloids in the lupins. King (25) determined .that
growth rate was suppressed when lupin (L. albus cultivar Hamburg)
was included in a diet at more than 10%, relative to a diet
containing a mixture of SBM and meat and bonec meal. He suggested
that this was the result of either a low utilization of synthetic
lysine or to the low availability of lysine in lupins. Pearson and

Carr (17) found that voluntary intake of lupin (L. angustifolius
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or L. albus) diets was suppressed in pigs weighing 20-30kg when
lupins were 37% of the diet but the factor causing this is unknown.
They stated that aikaloids or fiber were not likely responsible for
the depressed intake since the alkaloids had been extracted with
ethanol and the lupins were highly digestible and low in lignin.
On the other hand, satisfactory growth performance of 0.54kg -
day' resulted when pigs (12-20kg) were given wheat-based diets

containing up to 43% L. angustifolius cultivar Unicrop and adequate

levels of lysine and methionine (32). This was compared to the
growth rate of 0.55kg day' of pigs given a SBM diet (32). L.

angustifolius cultivar Uniwhite also has the potential to be used

as a source of protein in barley-based diets, included at up to 26%
for starter pigs (12-25kg), provided that the diets contain
adequate amounts of lysine and methionine (33). These starter pigs
gained 500g of body weight per day which was similar to that of
pigs given a barley-base? diet containing fish meal and dried blood

(33). It was concluded that L. angustifolius lupins could be used

as the sole protein supplement in pig diets (5). Hill (5)
concluded that only a limited amount of L., albus lupins (5-10%Aof
the diet) could be included in a diet for pigs due to éhe presence
of alkaloids. However, since there were only trace amounts of
alkaloids present in the lupins (L. albus cultivar Ultra) grown on
P. E. I. (Chapter 2), these lupins may have the potential to be
used as the sole protein supplement in pig diets.

With weanling rats we determined that the protein quality of

lupins supplemented with methionine was similar to that of SBM and
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significantly better than that of roasted soybeans (Chapter 2) .
These results indicate that lupins have the potential to be used
as a protein feedstuff in pig diets. Thus, the growth trial being
reported with pigs given diets containing lupin seeds (L. albus
cultivar Ultra) grown on P. E. I. was done to test this hypothesis.

Dietary content of saturated fatty acids may be associated with
elevated levels of cholesterol in the blood which increases the
risk of arteriosclerosis in humans (61). Fats high in
polyunsaturated fatty acids are required to maintain adequate blood
levels of essential fatty acids (62). Some food products that are
already highly accepted, pork meat, for example, can be modified
to contain a more desirable ratio of unsaturated : saturated fatty
acids (63). For example, Villegas et al. (34) stated that the lipid
composition of pork fat can be influenced by dietary level of fatty
acids in swine rations. Inclusion of roasted soybeans in swine
diets increased the content of unsaturated fatty acids in backfat
compared to that of pigs given SBM diets (34). The influsnce of
the dietary addition of lupin seeds on the fatty acid profile of
pork fat has not been reported previously. Since lupin seeds
contain 10-12% oil (1), the amount of unsaturation that can be
obtained in the pork fat of lupin-fed pigs should be determined.

The objective of the experiment being reported was to evaluate
the nutritional quality of corn diets containing either dehydrated

lupins (L. albus cultivar Ultra), roasted soybeans or SBM as the

sole supplemental protein source. The evaluation consisted of the

measurement of feed intake, body weight gain and feed efficiency.
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Anotlier objective was to determine the ouality of the carcass with
respect to dressing percentage, leaness, commercial grade index and

backfat content of saturated and unsaturated fatty acids.
3.3 Materials and Methods

Ninety-six, purebred Yorkshire pigs (48 gilts and 48 barrows)
weighing 66.6kg + 7.5kg were allotted, within sex, among three
dietary treatments. Pigs were placed in groups of four. Three
isonitrogencus corn-based diets (Table VI), that contained either
dehydrated lupin seeds, SBM or roasted soybeans were formulated to
meet nutrient requirements of pigs at 50-100kg (64). Synthetic
lysine and methionine were added to diets that were deficient in
meeting the requirements of the pigs. The lupins had been
previously dehydrated at a temperature between 70 and.9Ut for 45
min. Feed was provided ad libitum.

Pens were 2.4 % 4.2 m in size with solid <nncrete floors bedded
with sawdust. Eacih pen contained an automatic nipple drinker
providing water ad libitum. The temperature in the barn was
maintained at 19 + 2°C.

Pigs were given twoe weeks to adjust to the diets. Feed
corsumption on a pen basis and individual weight gains were
recorded weekly. Pigs were weighed and sent to slaughter at a mean
weight of 93kg + 4.4kg liveweight with dressed weight, lean yield
class and grade index data determined on the hot carcass (65). A

section of approximately 200g of the longissimus dorsi muscle from
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over the 13th rib was removed from pigs and stored at ~18°C in an
atmosphere of nitrogen prior to analysis of fatty acid content.

Samples of each batch of mixed diet were taken and analyzed for
dry matter, crude protein, NDF and ADF. Dry matter and crude
protein contents were determined in duplicate for all diets and
test ingredients similar to the procedure previously reported
(Chapter 2 pages 13 and 14). NDF and ADF were determined in
duplicate on diets using the procedure of Goering and Van Soest
(52). Amino acid analysis was done in triplicate on lupins and
roasted soybeans by the procedure previously reported (Chapter 2
page 14). The concentration of alkaloids, 1lupanine and 13-
hydroxylupanine, were determined for lupin seeds similar to the
procedure previously reported (Chapter 2 page 14). After all fat
was removed, a 100g sample was taken and used for fatty acid
analysis. Fatty acid composition of die*s and backfat samples were
determined using the fat extraction method of Bligh and Dryer (66).
The methylated fat was suspended in 2mL of hexane for gas
chromatographic analysis (67).

Statistical analysis was carried out using one way analysis of
variance (46) and significant differences between diets were
determined by the Student Neuman-Keuls test at the alpha=0.05 level
(47) . Variation due to the effects of diet, replicate, sex,
diet*sex and pen(diet*replicate) were removed from the residual
sum of squares with the exception of feed consumption and feed

efficiency (feed:gain) from which variation due to diet, sex,
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diet*sex and replicate were removed. Starting weights were used

as a covariate.

3.4 Results

Chemical cvmposition of protein feedstuffs and diets

The lupin-corn diet contained approximately 2.6 times the ADF
content of the SBM~corn diet and approximately 1.3 times the ACF
content of the roasted soybean-corn diet (Table VI). The crude
protein content and the calculated DE values for the lupin, roasted
soybean and SBM corn diets were similar. The crude protein content
of the lupin seeds was similar to that of the roasted soybeans,
while SBM had the highest content- of crude protein (Table VII).
Since the diets were formulated on the basis of crude protein
requirement, lupins or roasted soybeans were included at a higher
concentration than SBM in the corn-based diets. The manganese (Mn)
concentration for the lupin seeds was higher than that for the
roasted soybean or SBM but the level of Mn in the lupin-corn diet
was below the level that is toxic to pigs (64). The total amount
of the alkaloids, lupanine and 13-hydroxylupanine, were lower than
those determined by Ballester et al. (14) for L. albus. Therefore,
alkaloids or Mn concentratiovons in the lupin-corn diet were not
considered as factors in the performance of pigs.

Diets containing 1lupin seeds had a higher proportion of

unsaturated fatty acids than diets containing roasted soybeans or
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SBM (Table X). The lupin-corn diet contained a higher content of
palmitoleic and oleic acids and a lower content of linoleic acid
than “he other two diets. Linolenic acid was higher in the roasted
soybean-corn diet. The lupin-corn diet had a lower propQrtion of
saturated fatty acids than the roasted soybean or SBM corn diet.
The content of the saturated fatty acid, palmitic acid, was lower
in the lupin-corn diet than in the roasted soybean or SBM corn

diet.

Performance of pigs

The effect of diet*sex was not significant for any of the
variables.

Pigs given the dehydrated lupin-corn diet had a slower daily
weight gain than those given the roasted soybean or the SBM corn
diet (P<0.05) (Table VIII). Weight gains obtained on the roasted
soybean and SBM corn diets were similar.-

Feed consumption by pigs on the lupin-corn diet was lower than
the consumption of the roasted soybean or SBM corn diets (P<0.05)
(Table VIII). There were no significant differences between SBM
and roasted soybean corn diets with regards to feed consumption
(Table VIII).

Pigs given the lupin-corn diet had a similar feed efficiency
to those given the roasted soybean or SBM corn diet (Table VIII).

Pigs given the lupin-corn diet required 10.9 more days on test

than those given the roasted soybean-corn diet and only gained
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weight at 77% of the rate achieved by those pigs on the SBM-corn

diet (P<0.05) (Table VIII)

Carcass guality and fatty acid composition

Market weight was similar in all pigs. Pigs given the roasted.
soybean or SBM corn diets had similar dressing percentages which
were higher than those of pigs given the lupin-corn diet (P<0.05) .
(Table IX). Commercial carcass grade index is determined from lean
depth, loin fat and weight of pigs (65). Pigs given the lupin-corn
diet had leaner carcasses with a higher commercial carcass grade
index than pigs given the roasted soybean or SBM corn diets
(P<0.05). Lean yield class values assigned to pig carcasses range
from 1 to 17, with the estimated lean yield highest for class 1
(65) . Pigs given the roasted soybean or SBM corn diets had similar
lean yield class values and were fatter than those pigs given
lupins although the DE in the diet was calculated to be the sanme
for all diets.

Pigs given the 1lupin-corn diet had a higher content of
unsaturated fatty acids in the backfat than those given diets
containing roasted soybeans or SBM (P<0.05) (Table X). Pigs given
the roasted soybean or SBM corn diet had similar contents of
unsaturated fatty acids in the backfat. The profile of the
unsaturated fatty acids, palmitoleic, oleic and linoleic acids in
the backfat of pigs given the three protein feedstuffs were

similar. However, pigs given the lupin-corn diet had a higher
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content of arachidonic acid in the backfat (P<0.05). Those given
the roasted soybean or SBM corn diet had a similar content of
arachidonic acid in the backfat. The content of linolenic acid in
the backfat of pigs was not reported since only trace amounts were
obtained from the backfat and were too small to determine
accurately.

The backfat of pigs given the lupin-corn diet was lower in
saturated fatty acids than that of pigs given the roasted soybean
or SBM corn diet (P<0.05) (Table X). Roasted soybean and SBM fed
pigs had similar concentrations of saturated fatty acids in their
backfat. There were no significant differences in the quantities
of myristic or stearic acids in the backfat of pigs given the
lupin, roasted soybean or SBM corn diet. However, palmitic acid
was of lower content in the backfat of pigs given the lupin=-corn
diet (P<0.05). Pigs given the roasted soybean or SBM corn diet

had a similar content of palmitic acid in the backfat.

3.5 Discussion

Performance of pigs

The lupin-corn diet, balanced for the nutrient regquirements of
finisher pigs, was utilized as efficiently as the roasted soybean
or SBM corn-based diet (Table VIII). However, this was not the
case 1in a study conducted by Batterham et al. (59). In their

study, a lupin (L. anqustifolius) diet was supplemented with free
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lysine to exceed the estimated available lysine content supplied
in the SBM diet and it was also supplemented with methionine and
tryptophan to meet the nutrient requirements of pigs. The lupins
were supplemented with lysine on the basis that 54% of the total
lysine in lupins was available to pigs. The supplemented lupin
diet significantly improved the feed efficiency value compared to
the lupin diet deficient in only lysine. However, they determined
that the feed efficiency value of the lupin diet supplemented with
lysine was significantly inferior to that of the SBM diet. Heat
treatment was not responsible for the inhibited utilization of the
free lysine supplement (59). Methionine or tryptophan in the lupin
diet was not low in availability to the pig (59). Batterham et al.
(59) concluded that the 1lysine availability in 1lupins (L.

angustifolius) was low, possibly because the lysine was in a form

that was inefficiently utilized (68). In the present study, the
lupin-corn diet was supplemented with free lysine on the basis that
100% of the total 1lysine in 1lupins was available to pigs.
Therefore, it seems that the available lysine content in the lupin-
corn diet may be adequate for the requirement of finisher pigs.
In another study, it was concluded from a slope-ratio analysis
on growing pigs that the availability to pigs of lysine in lupins

(L. albus) was low (51%) compared to the availability of lysine in

SBM (80%) (20). The availability of lysine in roasted soybeans is
71% (69). However, the ileal digestibility of lysine in cultivars
of L. albus was high (82%) (70). Therefore, Batterham et al. (20)

stated that the low lysine availability was not due to impaired
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digestibility of lysine since the ileal digestibility of lysine is
82%. Batterham et al. (59) also speculated that if the lysine was
efficiently utilized, 1lupin seeds may contain an unidentified
growth inhibitor that is heat resistant. The feed efficiency value
of pigs given the lupin-corn diet in this study indicates that it
is highly unlikely that such a factor exists. On the other hand,
the reduced feed intake and slow daily weight gain of the pigs may
indicate otherwise. Batterham et al. (20) concluded that the low
lysine availability was not due to a lower net energy content in
the lupin diet, since depressed protein deposition and increased
fat deposition resulted in pigs given a lupin diet that contained
a similar net energy content as the SBM diet. Since the feed
efficiency value of .pigs given the lupin-corn diet in this study
was similar to that of pigs given the roasted soybean or SBM corn
diet, it seems unlikely that the lupin-corn diet was deficient in
net energy or that the availability of lysine in lupins was as low
as 51% as reported by Batterham et al. (20). The value of 82%
reported by Taverner (70) is likely a more accurate estimate of the
availability of lysine in the lupins used in this study.
Batterham et al. (29) also speculated that the low availability
of lysine may have been due to an unidentified growth inhibitor
present in the seed or that lysine was in a form that was absorbed
but inefficiently utilized. Reactions involving theE-amino group
of lysine were not associated with reduced availability in the
lupins (29). The low lysine availability they suggest is specific

to pigs since lysine in lupins is highly available to rats (82%)
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and chicks (89%) (29). However, Taverner (70) det:=rmined that this
may not always be the case with pigs or with all L. albus lupins
since they estimated that the ileal digestibility value of lysine
in L. albus was 82%. The effect of lysine supplementation on pig
performance was not evaluated in this trial. However, because the
feed efficiency of the lupin-corn diet was similar to that of the
roasted soybean and SBM corn diets, the amino acid availability of .
the lupin-corn diet that was balanced for lysine and methionine,
appeared to be adequate for the finisher pig.

The feed intake of pigs given the lupin-corn diet- was
approximately 22% lower than that of pigs given the roasted soybean
or SBM corn diet and was below the regquirements of pigs of that
size (64) (Table VIII). This may explain why pigs given the lupin-
corn diet had a lower body weight gain than those given either the
roasted soybean or SBM corn diet, resulting in the lupin-fed pigs
remaining in the barn longer than the roasted soybean-fed pigs.
There was obviously a palatability problem associated with the
lupin-corn diet to have caused the reduced intake. The reduced
feed intake resulted in a greater difference in consumption of DE
and crude protein between the lupin-fed pigs and the roasted
soybean or SBM-fed pigs. There was approximately a 23% reduction
in growth rate of pigs given-the lupin-corn diet relative to those
given the roasted soybean or SBM corn diet. The amount of crude
protein consumed was calculated (feed intake * crude protein

content of diet, as fed) to be 348, 429 and 4729 day’,

respectively, for the lupin, roasted soybean and SBM-fed pigs, with
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the lupin-fed pigs consuming only 86% of their daily requirement.
The calculated daily intake of DE (feed intake * DE content of
diet, as fed) was 36, 46 and 48 kJ, respectively for the lupin,
roasted soybean and SBM-fed pigs, with the lupin pigs consuming
approximately 80% of their daily DE requirement. The DE CP' ratios
for the lupin, roasted soybean and SBM corn diets were similar and
were, therefore, not likely responsible for the differences in body
weight gain between pigs given the lupin-corn diet and those given
the roasted soybean or SBi corn diet.

Fiber 1is a complex carbohydrate of low available energy
concentration (28). A small amount of the fiber is broken down by
bacteria in the large intestine of pigs and volatile fatty acids
(VFAs) are produced. The VFAs provide the pig with a source of
energy but VFAs provide only a portion, approximately three-
guarters, of the energy of glucose (27). Therefore, the efficiency
of use of DE decreases as the proportion of dietary energy digested
in the large intestine increases (27). Lupins have a higher fiber
content than SBM (29). Taverner et al. (71) determined that the
difference between the digestibility of protein, energy and dry

matter of lupin seeds (L. anqustifolius) measured in the feces and

at the ileum was 4, 32 and 39, respectively. While the ileal
digestibility value of protein was 86.3%, the ileal digestibility
value of energy and dry matter was only 55.3% and 48.4%,
respectively (71). In other words, since lupins have a high fiber
content and what little fiber is broken down takes place in the

large intestine, this may explain why 32% of the energy and 39% of
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the dry matter in lupins was broken down in the large intestine
(71) . Since very little digestion and absorption of nutrients
takes place in the large intestine of pigs, this is thought to
result in a lower net energy absorption (72). However, in the
present study it is unlikely that the higher fiber (ADF) content
of the lupin-corn diet (Table VI) decreased the concentration of
DE of the diet (28) to the extent to have negatively affected the
weight gain of pigs given the lupin-corn diet, relative to those
given the roasted soybean or SBM corn diet (P<0.05) since there
were no differences in feed efficiency among the three diets (Table
VIII). In support of this, Batterham et al. (29) concluded that
the efficiency of energy absorption appeared to be similar to that
based on digestion in the small intestine because the lupin wheat-
based diets were adequate in net energy compared to that of a SBM
wheat-based diet (29). Batterham et al. (29) supplemented the
lupin diet with soybean o0il to equalize the estimated net energy
of the diet to that of the SBM diet. The result of this was
depressed protein and increased fat deposition in the lupin-fed
pigs. They then concluded that the net energy content of the lupin
diet was sufficient in meeting the requirement of the grower pigs.

There was a palatability problem associated with the lupin-corn
diet to have caused the reduced feed intake of pigs (Table VIII).
Some lupin varieties contain alkaloids and Mn that affect feed
intake. An alkaloid content of less than 0.03% in the lupin seeds
was necessary for pigs to consume adequate amounts of the lupin

diets (16). The alkaloid content of the lupins given in this study
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was less than 0.015% (Table VII) and therefore, was not likely
responsible for the reduction in feed intake. There were no
significant differences in feed intake between a lupin diet and a
diet containing a mixture of SBM and meat and bone meal even when
the 1lupin diet contained up to 1330 mg Mn kg' (25). The
Agricultural Research Council (24) recommended a maximum tolerance
level for Mn of 1000 mg kg ' of diet (dry matter basis). Since the
Mn content of the lupin-corn diet in this study was calculated to
be about 240 mg kg' Mn, the Mn concentration probably did not
affect intake of the lupin-corn diet. The daily ADF intake of pigs
given the lupin, roasted soybean and SBM corn diets were 143, 88.7
and 73.6 g, respectively. Since only a small amount of the ADF is
broken down in the large intestine, lupin-fed pigs had greater
contents of dietary matter in the large intestine which may have
had a negative effect on feed intake. 1In addition, the increased
contents of dietary fiber in the digestive tract increases the
water holding capacity of the hind gut (27) which may have left
the 1lupin-fed pigs feeling somewhat bloated and with 1little
appetite. There may have also been a problem with gas production
in the intestinal tract from fermentation of oligosaccharides in
lupins (5) causing reduced intake.

Pigs given the roasted soybean-corn diet in this study had a
similar rate of body weight gain as those given the SBM-corn diet
(Table VIII) which suggests that the roasted soybean and SBM corn

diets have the same proportion of amino acids. A study conducted
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by Skelley et al. (35) also determined that a roasted soybean diet

produced a similar daily weight gain of pigs as a SBM diet.

Carcass quality and fatty acid composition

Patter pigs will have a higher dressing percentage'than leaner
pigs (73). Since the pigs given the lupin-corn diet had leaner
carcasses than those given the roasted soybean or SBM corn diet
(Table IX), they had lower dressing percentages, resulting in lower
carcass weights (P<0.05). Carcass weights and dressing percentages
of pigs are determined after the intestinal tracts and their
contents are removed. Therefore, it is possible that pigs given
the dehydrated lupin-corn diet had lower dressing percentages
resulting in lower carcass weights than those given the roasted
soybean or SBM corn diet as a result of the increased undigested
ADF contents in the intestinal tract. King (25) determined that
there was a significant negative linear relationship between
dressing percentage in swine and dietary level of L. albus cultivar
Hamburg. In a swine growth .study, Pearson and Carr (33) determined

that each 1% increase in L. angustifolius cultivar Uniwhite in a

diet resulted in a reduction of 0.08 percentage units in dressing
percentage. Those researchers suggested that the depressed
dressing percentage of pigs given the lupin diet was due to the
increased gut contents that results when pigs were given increased
levels of fiber (74). +:tince pigs given the lupin-corn diet grew

more slowly than pigs given the roasted soybean- or SBM-corn diet
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due to their lower feed intake, they had leaner carcasses with
higher index values than those given the roasted soybean or SBM
corn diet (P<0.05). 1In other words, the lupin-fed pigs utilized
most of the nutrients consumed for growth and maintenance and
little for backfat deposition. Castell and Tsukamoto (60) also
determined that pigs given a lupin diet were leaner and they
attributed the leaness to the low feed intake.

The lipid composition of pork fat can be influenced by dietary
level of fatty acids (34). Since the proportion of unsaturated
fatty acids of the lupin-corn diet was higher than that of the
roasted soybean or SBM corn diet, the pigs given the lupin-corn
diet had a higher content of unsaturated fatty acids in the backfat
(P<0.05) (Table X). A higher content of unsaturated fatty acids
in the backfat may be desirable to today's health conscious
consumer (61). However, a higher content of unsaturated fatty
acids in the backfat means that the. backfat of pigs given the
lupin-corn diet may not be as firm as those given the roasted
soybean- or SBM-corn diet. This does not mean that the pork meat
of lupin-fed pigs is not acceptable to consumers. Pork carcasses
are soft and unacceptable to consumers when the linoleic acid
content of the backfat is more than 12% of the total fatty acids
(36). In this trial, the linoleic acid content in the backfat of
pigs given the 1lupin-corn diet was 10% and not significantly
different from those given the roasted soybean or SBM corn diet.
Therefore, the backfat of the lupin-fed pigs in this study would

not be judged as being soft and unacceptable to consumers.
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Long chain fatty acids, mostly the unsaturated type, are
readily susceptible to partial oxidation (9). Oxidation causes
rancidity in the fat. This will occur when the meat comes in
contact with ultraviolet light or iron or chromium in the presence
cf oxygen. Oxidation results in the formation of peroxides which
produce the rancid, offensive flavours (9). This may be a problem
with meat obtained from lupin-fed pigs due to the high content of
unsaturated fatty acids in the backfat (Table X). However, Skelley
et al. (35) stated that there was no change after four months of
storage in the taste of pork meat that had an unsaturated fatty
acid content in the backfat of 64% of total fatty acids. In
addition, Wahlstrom et al. (75) reported that meat obtained from
pigs containing a backfat content of 70.5% of unsatufated fatty
acids was also acceptable. Since the backfat of lupin-fed pigs had
a content of unsaturated fatty acids less than 70.5% of total fatty
acids, the meat from these pigs would be as acceptable to consumers
as that obtained from pigs given the roasted soybean or SBM corn
diet. Pigs given the roasted soybean- or SBM-corn diet had similar
contents of unsaturated fatty acids in the backfat.

The rroportion of the saturated fatty acid, palmitic acid, was
lower in the backfat of pigs given the lupin-corn diet than those
given the roasted soybean or SBM corn diet (P<0.05) (Table X) as
a result of the higher content of unsaturated fatty acids in the
lupin-corn diet. Koch et al. (76; determined that palmitic acid
content decreased in the backfat of pigs when diets contained high

levels of unsaturated fatty acids. 1In addition, the lower content
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of palmitic acid ir the lupin-corn diet may also explain this

difference.

3.6 Conclusions

The lupin-corn diet was utilized as efficiently as the roasted
soybean or SBM corn diet. However, the slower gain in body weight
and lower dressing percentages of lupin-fed pigs, relative to those
given the roasted soybean or SBM corn-based diets, were a result
of the lower feed intake. The reduced intake of pigs given the
corn-based diet containing lupins as the sole supplemental protein
- source was probably due to a palatability problem withvthe diet,

the level of fiber or the presence of Ggas-producing

oligosaccharides. Alkaloids or Mn were not responsible for the
reduced feed intake. Lupins should not be added as the sole
supplemental protein feedstuff in pig corn-based diets. Further

research is necessary tc determine the cause of the reduced feed

intake and optimal levels of inclusion in corn-based diets.
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Table V1. Composition of finisher corn-hased diets containing dehydrated lupins, roasted

soyheans or SBM.

Lupins Roasted SBM
Soybeans

Ingredients {%) (as fed basis)

Dehydrated lupins 17.9

Roasted soybeans 17.3

SBM 12.2

Corn 79.1 80.9 849

Dicalcium phosphate 0.6 0.6 0.7

Limestone 1.0 1.0 1.0

Vitamin-mineral premix? 05 0.5 0.5

Amino acid premix 0.4 0.1¢ 0.2¢

lodized sait 0.5 0.5 0.5

Chemical Analysis (Dry imatter basis)

Dry matter (%) 89.3 89.4 90.2

Crude protein (%) 15.6 15.0 15.4

NDF (g kg'') 171.0 133.0 118.0

ADF (g kg'') 64.0 31.0 24.0

Calculated analysis* (as fed basis) ,

DE (kJg™) 14.2 14.8 14.0

Lysine (%) 061 ° 0.61 0.61

Methionine & cystine (%) 0.34 0.39 0.37

a 024 g100g vitamin A (500 x 10° IU kg'"); 0.6g 100g™* vitamin D, (50 x 106 1U kg*); 0.88g 100g"*

Qo

vitamin E (500,000 iU g*); 0.1g 100g"* riboflavin (98%); 0.9 10Gg* DL calcium pantothenate (45%);

0.6g 100g" niacin (98%); 0.88g 100g* vitamin B,, (1000 mg kg™'); 0.4g 100g"* folic acid (3%); 0.1g 100g"*
biotin (2%); 41.7g 100g™* choline choloride (50%); 0.16g 100g" manganese oxide (56%); 2.0g 100g"! zinc
oxide (80%); 0.48g 100g™* copper sulfate. (25%); 6.6g 100g™* selenium premix (450 mg kg''); 3.4g 100g"
ferrous sulfate (27%); 28.969 100g"! wheat middlings; 10.0g 100g* ground limestone; 2.0g 100g" ethoxyquin.
Amino acid premix contains 2500 g lysine HCL and 500 of DL methionine and 1000 g wheat middlings per
tonne of diet.

Amino acid premix contains 600 g lysine HCL and 400 g wheat middlings per tonne of diet.

Amino acid premix contains 1200 g lysine HCL and 800 g wheat middlings per tonne of diet.

Calculated from NRC (64) nutrient requirements for swine‘and the NAS. United States - Canada

Tables of Feed Composition (2).
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Table Vil. Chemical composition of dehydrated lupins, roasted soybeans and soyhean

meal (Dry matter basis).

LUPINS SOYBEANS

Dry matter % 91.0 89.6
Crude protein (%) 38.2 39.8
Lysine (%) 1.62 2.28
Methionine & cystine (%) 0.55 1.1
Threonine (%) 1.55 1.34
Leucine (%) 2.46 3.45
Isoleucine (%) 1.58 1.72
Phenylalanine & tyrosine (%) 2.55 2.95
Valine (%) 1.66 1.84
Manganese (mg kg'*) 1456 33
Lupanine (%) 0.007 -
13-hydroxylupanine (%) 0.008 -

SOYBEAN MEAL*
90.0
53.0

3.5
1.2
2.1
42
2.3
4.4
2.3
43

a  (2) NAS. United States - Canada Tables of Feed Composition.
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Table ViIl. Growth performance, feed consumption (as fed basis) and feed efficiency of
pigs given corn-based diets containing lupins, roasted soyheans or SBM.

Diet Start wt Endwt  Total Test Gaind" Intake  Feed:gain
(kg) (kg) Days (kg) pigd
(kg)
Dehydrated Lupins 67.3¢ 94.9 45.7° 0.67¢ 2.5 3.7
Roasted Soybeans 63.6° 93.5 34.8° 0.88¢ 3.20 3.7
SBM 71.5b 94.3 26.8¢ 087 3.4b 39
SDe 7.53 417 10.20 0.1 0.50 0.70

a  Pooled standard deviation.
b-d Means within a column followed by the same letter are not significantly different; P<0.05.
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Tahle IX. Garcass characteristics of pigs given corn-based diets containing dehydrated
lupins, roasted soyheans or soybean meai.

Diet Market wi Carcass wt Dressing Lean Index
{kg) {kg) % Yield Class

Lupins 949 75.4 80.3° 3.8¢ 108.1°

Roasted Soybeans 93.5 78.50 84.2" 6.8° 104.5¢

SBM 943 79.2» 84.0° 59° 1059

SD? 417 3.8 3.01 2.00 3.76

a  Pooled standard deviation.
b-c Means within a column followed by the same letter are not significantly different; P<0.05.

51




Table X. Fatty acid content of diets and backfat of pigs given dehydrated lupins, roasted

soybeans or SBM diets.

Fatly acids Diets Backfat
Lupins Roasted SBM Lupins Roasted SBM Spe
Soybeans Soybeans
Saturated Fatty Acids (% of Total Fatty Acids)
Myristic 0.1 0.1 0.1 1.0 1.0 1.1 0.1
Palmitic 7.2 111 11.8 23.3¢ 248 249 1.22
Stearic 23 20 1.8 8.1 8.3 8.9 0.86
Other® 1.4 0.2 04 0.1 0.3 0.2 .
Total Saturated 11.0 134 14.1 32.5° 344 35X 1.98
Unsaturated Fatty Acids (% of Total Fatty Acids)
Palmitoieic 04 0.1 0.2 3.3 3.1 37 0.94
Oleic 33.0 223 254 494 48.1 499 5.50
Linoleic 50.3 56.8 574 10.0 9.3 8.2 2.89
Linolenic 29 5.6 1.6 - - - -
Arachidonic - 0.1 - e 1.3¢ 1.5¢ 0.63
Other® 24 17 13 2.7 3.8 1.6 -
Total Unsaturated 89.0 86.6 85.9 6 75° 65.6¢  64.9 1.86

a Pooled standard deviation.

b Notincluded in statistical analysis.

c-d Means within a row followed by the same letter are not significantly different; P<0.05.
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4. REPLACEMENT OF SOYBEAN MEAL WITH DEHYDRATED LUPIN SEEDS

IN PIG FEED
4.1 Abstract

One hundred and forty~four pigs with an initial weight of
11.6kg + 2.2kg were given one of six isonitrogenous, isocaloric
diets. The treatments consisted of replacement of soybean meal
(SBM) at 0, 25, 50, 75 and 100% of its inclusion level in a diet
with dehydrated lupin seeds (L. albus cultivar Ultra). Barley was
added as the cereal grain to five diets and corn was added to one
of the 50% lupin diets. Starter pigs (10-20kg) given the 25% lupin
barley-based diet had a similar growth performance and consumed
more feed (P<0.05), relative to those given the 0% lupin barley-
based diet. However, at 75 or 100% replacement, starter pigs had
reduced daily body weight gains (P<0.05), relative to the 0% lupin
diet, as a result of reduced feed intakes. This may have been due
to the high ADF content of the barley-~based diet containing 75 or
100% replacement of SBM with lupins. While feed intake was not
reduced, poor growth performance resulted when starter pigs were
given the 50% lupin barley-based diet. This was because the crude
protein concentration of the diet was below the requirement of
starter pigs. Grower pigs (20-50kg) given the 100%.lupin barley-
based diet had a sir ar feed efficiency and feed intake as those
given the 0% lupin barley-based diet. These 100% lupin-fed grower
pigs consumed an amount of crude protein that met their daily
requirement, but they gained only 87% of their expected gain,

having met their nutrient requirements. Finisher pigs given the
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100 or 0% lupin diet had similar feed intakes and weight gains.
Even though there were no significant differences in feed
efficiency, finisher pigs required 1.1kg more of the 100% lupin-
barley diet to gain 1kg of body weight than those given the 0%
lupin-barley diet. Pigs given the 50% lupin corn-based diet had
similar growth performance and during the grower phase gained
weight at a faster rate (P<0.05) than those given the 0% lupin
barley-based diet. There were no significant differences in
dressing percentages, lean yield class values or commercial grade
indexes of pigs given the 0, 25, 50, 75 or 100% lupin barley-based
diet or the 50% lupih corn-based diet. Lupin seeds included at 6%
(25% lupin barley-based diet) for starter pigs, 12% (75% lupin
barley-based diet) for grower pigs and 9% (75% lupin barley-based
diet) for finisher pigs had similar growth performance as those
given the barley-based diet containing SBM as the sole supplemental

protein source.
4.2 Introduction
There have been reports of reduced growth performance of

pigs given diets containing more than 5% lupin seeds (L. albus)

(5) . However, this has not been the case for L. anqustifolius (5).

It was suggested that the presence of alkaloids in the L. albus
lupins was the major cause of the reduction in intake (5). It was
determined in a study conducted by Pearson and Carr (17) that the

lower intake of a barley-based diet containing 37% L. albus
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cultivar Neuland lupins was due to the presence of alkaloids in the
lupins. When the alkaloid concentration in the Neuland lupins was
reduced from 0.09 to 0.02%, the feed intake of the diet containing
the Neuland lupins was similar to that of the barley-based diet

containing 37% L. angustifolius cultivar Uniwhite lupins. However,

pigs (20-30kg) given the control diet, a mixture of fish meal and
dried blood, had the highest feed intake (17). The reason for the
reduced intake of the lupin diet is unknown (17).

Lupin seeds, L. angustifolius, were used as the sole protein

supplement in a barley-based (57) or a wheat-based (35) diet for
pigs without negative effects on feed intake or weight gain. Other
studies (17,20,53) have attributed the reduced growth performance
of pigs given a lupin diet to the low utilization of lysine in the

lupins (L. albus or L. angustifolius) or to the low utilization of

synthetic lysine added to the lupin diets. However, the high ileal
digestibility value for 1lysine imI.. albus (82%) (70) and in L.

anqustifolius (93%) (71) indicates-—-that the amount of lysine in

lupins available to pigs may notalways be the cause of reduced
growth performance of pigs.

Some researchers (29) speculated that the high fiber content
in the lupin seeds compared to that of SBM (29), may have been
responsible for the lower dressing percentage in pigs given lupin-
based diets. This was verified by Pearson and Carr (33) who
determined that the dressing percentage decreased when the dietary

level of lupin seed was 12%.
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Previously in the thesis (Chapter 3), we determined that pigs,
given a corn-based diet containing 18% lupin seeds, had a lower
feed intake, reduced weight gain and dressing percentage resulting
in lower carcass weight than those given roasted soybean or SBM
corn-based diets. The lupins were used as the sole supplemental
protein source in the diet for the finisher pigs. Since the feed
efficiency of the lupin diet was similar to that for the roasted
soybean or SBM diet and the lupins contained only trace amounts of
alkaloids, lupins may have the potential to be included in pig
diets to complement other protein sources. In this present study
we determined the effect of incremental replacement of SBM with
lupins in barley-based diets on the growth performance of pigs.

One objective of this trial was to approximate the level that
lupins can be included in a barley-based diet for starter, grower
and finisher pigs to achieve similar feed intake, body weight gain
and feed efficiency as those given a SBM barley-based diet.
Another objective was to determine the quality of the carcass of
pigs given the diets containing incremental replacement of SBM with

lupins.

4.3 Materials and Methods

One hundred and forty-four, purebred Yorkshire pigs (72
gilts and 72 barrows) with an initial weight of 11.6kg + 2.2kg were
randomly placed, within sax, in groups of two on one of six

treatments. In each growth phase (starter (10~20kg), grower (21-
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50kg) and finisher (51-100kg)), the six isonitrogenous, isocaloric
diets (Tables XI, XII and XIII), consisted of replacement of SBM
with dehydrated lupin seeds at 0, 25, 50, 75 and 100% of the
inclusion level needed to adeguately supplement the diet. The
dehydrated lupin seeds were from the same source as those used in
the pig trial described in Chapter 3. Barley was added as the
cereal grain to five diets and corn was added to one of the 50%
lupin diets. Diets were formulated to be given sequentially in
starter, grower and finisher phases. All diets were formulated to
meet the nutrient reguirements of pigs in the weight ranges 10-
20kg, 26-50kg or 50-100kg (64). Synthetic lysine and methionine
were added to diets that were deficient in meeting the requirements
of the pigs. Tallow was used to adjust all diets to be isocaloric
(digestible energy 13.6kJ g'). Feed was provided ad libitum from
self feeders.

Pens were 1.2 * 3,0m in size with solid concrete floors
bedded with sawdust. Each pen contained an automatic nipple
drinker providing water ad libitum. The temperature in the barn
was maintained at 19°C + 2°C.

Feed consumption on a pen basis and individual weight gains
were recorded weekly. Pigs were weighed and sent to slaughter at
a mean weight of 94kg + 2.1kg liveweight with dressed weight, lean
yield class and commercial grade index data determined on the hot
carcass (63).

Samples of diets were taken from each batch of mixed diet

and analyzed for dry matter, crude protein and ADF concentration.
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Dry matter and crude protein contents were determined in duplicate
for diets and test ingredients similar to the procedure previously
reported (Chapter 2 pages 13 and 14). ADF levels were determined
in duplicate on diets similar to the procedure previously reported
(Chapter 3, page 30).

The R-square values were very small ( < 0.3%) therefore, a
multiple comparison test was performed. Statistical analysis was
carried out using one way analysis of variance (46) and significant
differences between diets were determined by the Student Neuman-
Keuls at the alpha=0.05 level (47). Variation due to the effects
of diet, sex, diet*sex, replicate and pen (diet*replicate) was
removed from the residual sum of squares with the exception of feed
consumption and feed efficiency (feed:gain) from which variation

due to diet, sex, diet*sex and replicate was removed.

4.4 Results

Diets

The diets were formulated to contain 20, 16.7 and 15.6% crude
protein (dry matter basis), respectively, for starter, grower and
finisher diets; however, there was variability among the diets
(Table XI, XII and XIII). Most notable was the 50% lupin barley-
based diet which had a protein concentration of only 82% that of
the 0% lupin barley-based diet. The ADF concentration of the 25%

lupin-barley diet was 30% higher than that of the 0% lupin-barley
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diet, but only 1.8% lower than that of the 100% lupin-barley diet.

The 50% corn-based lupin diet had the lowest ADF content.

Performance of pigs

The effect of diet*sex was not significant for any of the
variables,.

Starter pigs given the 25% lupin diet had the highest feed
intake (Table XIV) (P<0.05) and there were no significant
difference in intake between the 50% lupin corn-based diet, 0 or
50% lupin barley-based lupin diets. However, pigs given the 100%
lupin diet had the lowest feed intake (P<0.05) but did not differ
from those given the 75% lupin diet. Similar intakes occurred
between the 50% lupin corn-based diet and 75% lupin barley-based
diet. The starter pigs given the 50% lupin corn-based diet, 25 or
0% lupin barley-based diet had similar body weight gains which were
greater than those given the 100, 75 or 50% lupin barley-based
diets (Table XV) (P<0.05). There were no significant differences
in daily gains of pigs given the 50, 75 or 100% lupin barley-based
diets. 1In addition, starter pigs given the 50% lupin corn-based
diet had similar feed efficiency to those given the 0, 75 and 25%
lupin diets (Table XIV) while pigs given the 50% lupin barley-based
diet had the poorest feed efficiency (P<0.05). Pigs given the 100%
lupin diet had similar feed efficiency as those given the 75% lupin

and 25% lupin diets.
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Feed intake of all diets given to grower or finisher pigs was
similar (Table XIV). However, grower pigs given the 25% lupin
barley-based diet or 50% lupin corn-based diet had similar weight
gains which were higher than pigs given the 0, 100, 75 or 50% lupin
barley-based diets (P<0.05) (Table XV). While the weight gains of
grower pigs given the 0, 50 or 75% lupin barley-based diets were
similar, the weight gains of grower pigs given the 100% lupin diet
were less than those given the 0% lupin uiet. There were no
significant differences in feed efficiency among grower pigs given
the bariey-based diets although those containing 50, 75 or 100%
lupin were poorer than pigs given the 50% lupin cern-based diet
(P<0.05) (Table XIV).

There were no differences in feed efficiency (Table XIV) or
body weight gains (Table XV) of finisher pigs. Although there were
no significant differences, the feed efficiency value obtained on
the 50 or 100% lupin barley-based diet was only approximately 80%
that obtained on the 0% lupin barley-based diet (Table XIV). Gains
on the 50% lupin corn-based diet and the 25% lupin barley-based
diet were greater than those on the 100 and 50% lupin barley-based
diets (P<0.05) (Table XV). Pigs given the 50% lupin corn-based
diet had similar feed efficiency as those given the 0, 25 or 75%
lupin barley-based diets but had a better feed efficiency than
those given the 50 and 100% lupin barley-based diets (P<0.05)

(Table XIV).

Days to market
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Over the entire experiment, pigs given the 50, 75 or 100% lupin
barley-based diets required more days on test to reach market

weight than those given the other diets (P<0.05) (Table XV).

Carcass gquality

There were no significant differences in dressing percentages,
lean yield class values or commercial grade indices of pigs given
the 0, 25, 50, 75 or 100% lupin barley-based diets or the 50% lupin

corn-based diet (Table XVI).

4.5 Discussion

Performance of pigs

The fiber concentration of the 75 or 100% lupin-barley diets
(Table XI) may explain the approximate 22% reduction in feed
intakes (Table XIV) resulting in reduced body weight gains of
starter pigs given those diets (Table XV), relative tu the 0% lupin
diet (P<0.05). It is speculated that young pigs require more time
to adapt to diets of higher dietary fiber content than older pigs
(27) . In the present study, the starter pigs given the 75 or 100%
lupin diet consumed approximately half the feed of the 0% lupin-
fed pigs during the first two to three weeks of the study. The

level of feed intake began to increase after that time period. The
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ADF content of those diets may have made the first initial
mouthfuls of the diets less palatable, relative to the 0% lupin
diet and may have caused the reduction in feed intake. This
resulted in pigs given those diets consuming less DE and crude
protein than their daily requirement (64) and, therefore, led to
tlieir reduction in growth. It is doubtful the gut capacity of pigs
given the barley-based diets containing 20 or 32% lupin seeds was
reduced since those pigs consumed approximately 17% less ADF than
pigs given the 25% lupin diet. Fiber may have limited intake but
did not reduce the energy concentration of the diet since all the
diets were calculated to contain DE or metabolizable energy that
met the requirements of the starter pigs. The lupin seeds used in
this study were from the same source as those used in the previous
study (Chapter 3). Since the alkaloid content of those lupins was
0.013%, it was unlikely that alkaloids were responsible for the
reduction in intake of the 75 or 100% lupin diet. Similar to this
study, Pearson and Carr (17) contributed the lower weight gain of
starter pigs given lupin seeds to the low feed intake. However,
the factor that caused the reduction in feed intake is unknown
(17) .

The fiber content of a barley-based diet containing lupins as
the supplemental protein source is higher than that of a corn-based
lupin- diet since barley has an ADF content of 70g kg' (dry matter
basis) while corn has an ADF content of only 309 kg' (dry matter
basis) (2). Therefore, including lupins at 1levels of 50%

replacement of SBM in combination with a cereal of lower fiber
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content, may not produce negative growth performance of startar
pigs. 1In support of this hypothesis, pigs given the 50% corn-based
diet in the present study had similar feed efficiency (Table XIV)
and body weight gains (Table XV) as those given the 0 or 25% lupin
barley-based diet. In addition, Barnett and Batterham (32)
determined that starter pigs (6 to 20kg) were able to tolerate the
high fiber content in lupins (2239 kg' ADF, air dry basis) when
they were given in combination with a low fiber cereal such as
wheat. The lupins were included at 43% and SBM at 18% of a wheat-
based diet. They found no differences in the rate of gain or feed

efficiency of pigs given the lupin (L. angustifolius cultivar

Unicrop) or SBM wheat-based diet when both diets contained aderuate
concentrations of lysine and the other essential amino acids.
On the other hand, Pearson and Carr (33) determined that L.

angustifolius cultivar Uniwhite can be added at 26% of a barley-

based diet for starter pigs (12-25kg) without any negative effect
on the rate of body weight gain. At this concentration, the pigs
had similar growth rates to those given a barley-based diet
containing a mixture of fish meal and dried blood (33). There was
no negative effect on weight gain in their study but this was not
the case in the present study (Table XV). This may be due to the
fact that the pigs given the 100 or 75% lupin diet in this study
consumed less crude protein than their daily requirements.

Since the concentration of crude protein in the 50% lupin-
barley diet (Table XI) was below the concentration recommended by

the National Research Council (64), this may have caused the poor
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feed efficiency (Table XIV) and lower body weight gains (Table XV)
of the starter pigs, relative to the 0% 1lupin diet. It is
speculated that there was an error in the mixing of the 50% lupin-
barley diet to have caused the lower crude protein concentration.
Since the feed efficiency of the grower and finisher pigs (Table
XIV) was not affected by the inclusion of lupins at 50 or 100%
replacement of SBM and given that all starter diets were calculated
to contain amounts of DE that met the requirements of starter pigs,
it seems unlikely that the quality of protein and energy in the 50%
lupin diet was the problem. The low crude protein concentration
of the diet (50% 1lupin barley-based) explains why the feed
efficiency value of starter pigs given this diet was poorer than
those given the 25 or 75% lupin diet. Pearson and Carr (33) found
no differences in feed efficiency between pigs (12-25kg) given a

barley-based diet containing 26% L. angqustifolius lupins with a

crude protein content of 18.3% and those containing a mixture of
fish meal and dried blood with a crude protein content of 17.7%.
The calculated DE concentration of their diets was approximately
18 kJ g"' of diet. Since the feed efficiency value of 2.22 recorded
by Pearson and Carr (33) for the lupin-fed pigs was better than
that determined for pigs given the 100% lupin-barley diet in this
study (Table XIV), the difference between the results in the
present study and the study conducted by Pearson and Carr (33) may
be due to the difference in species of lupin, DE or crude protein

concentration of the diets.
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There were no differences in intake of the diets given the
grower (20-50kg) and finisher (50-100ky) pigs (Table XIV)
therefore, inclusion level of lupins does not reduce feed intake
of these pigs. Since c¢rower pigs given the 100% lupin diet
consumed their daily requirement of protein and energy and utilized
those nutrients as efficiently as those given the 0% lupin diet,
the reduced growth of the 100% lupin-fed pigs (Table XV) does not
appear to be the result of low availability of nutrients. Although
those pigs exceeded their crude protein and DE requirément by 13%
and 17%, respectively, (64) they consumed 24 grams less crude
protein and 1.1 kJ less DE &' than those pigs given the 0% lupin
diet. Therefore, the lower gain in body weight of the 100% lupin-
fed pigs may have been attributed to less crude protein and energy
available for storage in the form of body fat. However, the 100%
lupin-fed grower pigs gained only approximately 87% of what they
should have gained, having met their nutrient requirements (64).
While Pearson and Carr (33) determined that pigs (25-85kg) given

a 100% lupin (L. angustifolius cultivar Uniwhite) barley-based diet

had a similar rate of gain of 0.€1kg d' as those for a fish meal
and meat and bone meal barley-based diet of 0.63kg d"', those weight
gains were similar and in some cases lower than the ones determined
in this study.

Since the finisher pigs given 1lupins as the sole protein
supplement in a barley-based diet had a similar feed efficiency
(Table XIV) and rate of body weight gain (table XV) as those given

the 0% lupin diet, the protein quality in the lupin barley-based
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diet may equal that for a SBM barley-based diet for finisher pigs.
However, even though there were no statistical differences in feed
efficiency of finisher pigs, the 100% lupin barley-based diet was
utilized only 80% as efficiently as the 0% lupin-barley diet. 1In
a farm operation, this may not be acceptable. The feed efficiency
value obtained for the 75% lupin diet may be a more practical
alternative. Pearson and Carr (33) also determined that pigs (25-

85kg) given a barley-based diet containing lupin seed (L.

angustifolius cultivar Uniwhite) as the sole protein source had a
similar feed efficiency as those given a mixture of meat and bone
meal and fish meal as the protein source. The finisher diets in
this study were not supplemented with lysine or methionine since
they were formulated to contain a crude protein content that
exceeded the requirements for finisher pigs (64) by 1% of the diet
to meet the lysine and methionine requirements of the finisher pigs
(Table XIII). King (25) determined that pigs could be given only
up to 10.3% of lupins (L. albus cultivar Hamburg) in a wheat-based
diet to have a similar feed efficiency as those given a SBM diet.
He found that including lupins at a higher concentration resulted
in a decrease in growth and poor feed efficiency. However, intake
was not affected by the level of inclusion of lupins and the crude
protein concentration was similar for the diets (25). King (25)
suggested that the reduced performance was due to either a low
availability of amino acids in the lupins or to a low utilization
of synthetic lysine in the lupin diets. This does not appear to

be the case with the 100% lupin barley-based finisher diet and the
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difference between this study and their study may be due to the
difference in cultivar of lupin.

Inclusion of lupins in a corn-based diet may be a more suitable
alternative to inclusion in a barley-based diet since there was a
similar effect on feed efficiency and growth rate of piés given the
corn-based diet containing lupins at 50% replacement of SBM or the
0% lupin-barley diet. 1In addition, pigs given the 50% lupin-corn
diet gained more body weight than those given the 0% lupin-barley
diet during the grower phase.

Pigs remained in the barn for an average of 18 days more when
given a barley-based diet containing replacement of SBM at more
than 25% of the SBM with lupins, due to the slower body weight gain
of the pigs during their starter phase (Table XV). When pigs were
given a corn-based diet with 50% of SBM replaced with lupins they
remained in the barn for the same length of time as those pigs

given the 0% lupin barley-based- diet.

Carcass guality

Since there were no significant differences in dressing
percentages, lean yield class values or commercial grade indexes
of pigs given the 0, 25, 50, 75 or 100% lupin-barley diet or the
50% lupin-corn diet (Table XVI), the level of inclusion of lupin
seeds in a barley-based diet did not affect the carcass quality of
pigs, relative to the 0% lupin diet. Barnett and Batterham (32)

also determined that dressing percentage of pigs was unaffected by
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the level of inclusion of lupin seed meal in a wheat-based diet.
In Chapter 3, it was suggested that the lower backfat contents of
pigs given the 1lupin diet may have caused the lower dressing
percentages resulting in the lower carcass weights of pigs. It was
determined from this trial that the 100% lupin barley-based diet
had the same effect on carcass weights, dressing percentages, lean
vield class values and commercial grade indices as that of the SBM
barley-based diet. King (25) determined that the dressing
percentage decreased significantly as the level of Hamburg lupins
in a wheat-based diet increased from 10 to 20.7%. Pearson and Carr
(33) also determined that the dressing percentage of pigs given a
100% lupin barley-based diet was significantly lower than that for
a fish meal or a meat and bone meal diet. King (25) and Pearson
and Carr (33) speculated that the lower dressing percentage was
due to the increased gut contents of pigs, as a result of the high
fiber content in 1lupins. From this study, relative to the 0%
lupin-barley based diet, the fiber content of the 100% lupin

barley-based diet did not effect the carcass quality of pigs.

Recommended level of inclusion of luping

The recommended level of inclusion of lupins in diets for
starter, grower and finisher pigs was determined from this study
after considering the feed efficiency, body weight gain and feed
intakes of pigs given the diets containing different inclusion

level of lupin seeds. For starter pigs, lupins can be included to
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replace SBM at 25% of its inclusion level (6% of the diet) in
barley-based diets. At the 50, 75 or 100% replacement reduced
growth rates of starter pigs resulted. For grower and finisher
pigs, the 75% 1lupin barley-based diet resulted in growth
performance of pigs similar to those given the 0% lupin barley-
based diet. 1In a corn-based diet, replacement of SBM with lupins
at 50% of the inclusion level will provide similar growth
performance as the 0% lupin barley-based diet and support greater
gain in body weight during the grower phase. Investigation of the
effect of incremental replacement of SBM with lupins in corn-based

diets on the growth performance of pigs is warranted.
4.6 Conclusions

Including lupins at 6% of the barley-based diet resulted in
starter pigs having a similar growth performance as those given
the 0% lupin diet. However, the high fiber concentration of the
barley-based diet containing 20 or 32% lupins may have caused the
reduction in feed intake and resulted in the reduced daily weight
gain of starter pigs. Grower and finisher pigs were not affected
by the fiber concentration of the 0, 25, 50, 75 or 100% lupin
barley-based diets. Pigs given the 50% lupin-corn diet had similar
growth performance and during the grower phase gained 100g more
body weight per day than those given the 0% lupin barley-based
diet. Lupins included at 12% of a barley-based diet (75% lupin-

barley diet) for grower pigs and 9% for finisher pigs (75% lupin-
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barley diet) resulted in pigs having a similar growth performance
as those given the 0% lupin barley-based diet. Lupin seeds have
the potential to be used as a supplemental protzin feedstuff in a
bariey or corn-based pig diet, particularly at the grcwer and

finisher phases.
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Table XI. Composition of starter diets containing increasing inclusion level of
dehydrated lupins.

0%-8 25%-B 50%-8 15%-B 100%-B 50%-C
Ingredients (%) (as fed basis)
Dehydrated Lupins - 55 124 211 32.1 15.3
SBM 20.4 16.9 12.4 71 - 15.3
Barley 73.0 70.6 68.0 63.9 59.4 -
Corn - - - - - 65.4
Tallow 3.2 3.5 3.7 4.2 4.7 -
Dicalcium phosphate 1.2 1.2 1.2 1.2 1.3 1.5
Limestone 1.2 1.1 1.1 1.2 1.0 1.0
Vitamin-mineral premix: 0.5° 0.5° 0.5 0.5 0.5 0.5°
Amino acid premix - 0.1 0.2¢ 0.3¢ 0.5' 0.5¢
lodized salt 0.5 05 0.5 0.5 0.5 0.5
Chemical analysis (dry matter basis)
Dry matter (%) 89.0 88.6 89.0 89.6 90.3 88.5
Crude protein (%) 194 19.4 16.0 18.5 17.9 20.0
ADF (g kg") 57.0 81.0 83.0 88.0 99.0 54.0
Calculated analysis (As fed basis)"
DE (kJg™) 13.6 13.8 13.9 14.2 14.4 14.0
Lysine (%) 0.98 0.96 0.96 0.96 0.96 0.96
Methionine & cystine (%) 0.52 0.49 0.49 0.49 0.49 0.49
a  SeeChapter 3 (Table VI).
b 500 kg aureo-sp-250 and 189.6 kg wheat middlings per tonne of diet.
¢ 200 g lysine HCL and 800 g wheat middlings per tonne of diet.
d 700 glysine HCL and 400 g DL methionine and 900 g wheat middlings per tonne of diet.
e 1300 g lysine HCL and 600 g DL methionine and 1100 g wheat middlings per tonne of diet.
f 2300 g lysine HCL and 1100 g DL methionine and 1600 g wheat middlings per tonne of diet.
g 2300 g lysine HCL and 500 g DL methionine and 2200 g wheat middlings per tonne of diet.
h  Calculated from NRC (64) nutrient requirements for swine and the NAS. United States - Canada Tables of Feed

Composition (2).
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Table XIi. Composition of grower diets containing increasing inclusion levei of
dehydrated lupins.

0%-8 26%-B 50%-B 75%-B 100%-B 50%-C

Ingredients (%) (as fed basis)

Dehydrated lupins - 33 74 12.5 19.1 10.5
SBM 12.2 9.8 74 4.2 - 10.5
Barley 81.1 80.2 78.3 75.9 73.0 -
Corn - - - - - 75.6
Tallow 3.7 37 3.9 43 47 -
Dicalcium phosphate 0.8 0.8 0.7 0.8 0.8 11
Limestone 1.2 1.1 1.2 1.1 1.1 1.0
Vitamin-mineral premix® 0.5 0.5 0.5 0.5 0.5 0.5
Amino acid premix - 0.1 0.1° 0.2¢ 0.3 0.3
lodized salt 0.5 0.5 0.5 0.5 0.5 0.5
Chemical analysis (Dry matter basis)

Dry matter (%) 88.5 88.3 88.2 88.3 89.0 87.3
Crude protein (%) 17.2 16.0 16.7 16.6 16.1 18.8
ADF (g kg'!) 56.0 58.0 60.0 63.0 76.0 42.2
Calculated analysis (As fed basis)"

DE (kdg) 13.6 13.7 139 14.0 14.2 14.0
Lysine (%) 0.78 0.77 0.76 0.76 0.77 0.76
Methionine & cystine (%) 0.45 0.43 0.42 0.42 0.42 0.42
a  See Chapter 3 (Table VI).

b 100 g lysine HCL and 900 g wheat middlings per tonne of diet.

¢ 300 lysine HCL and 100 g DL methionine and 600 g wheat middlings per tonne of diet.

d 800 g lysine HCL and 200 g DL methionine and 1000 g wheat middlings per tonne of diet.

e 1300 g lysine HCL and 600 g DL methionine and 1100 g wheat middlings per tonne of diet.

f 2100 g lysine HCL and 300 g DL methionine and 600 g wheat middlings per tonne of diet.

h  Calculated from NRC (64) nutrient requirements for swine and the NAS. United States - Canada Tables of Feed

Composition (2).
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Table XIil. Compositicn of finisher diets containing increasing inclusion level of
dehydrated lupins.

0%-B 25%-B 50%-B 75%-B 100%-B 50%-C

ingredients (%) (as fed basis)

Dehydrated Lupins - 2.5 55 94 14.1 8.9
SBM 9.0 7.4 5.5 3.1 - 8.9
Barley 84.8 83.9 82.7 80.8 79.2 -
Corn - - - - - 79.6
Tallon 37 3.7 3.8 4.2 42 -
Dicalcium phosphate 0.3 0.3 1.2 0.4 0.4 0.6
Limestone 1.2 1.2 0.3 1.1 1.1 1.0
Vitamin-mineral premix 0.5 0.5 0.5 0.5 0.5 0.5
lodized salt 0.5 0.5 0.5 0.5 0.5 05
Chemical analysis (dry matter basis)

Dry matter (%) 88.6 88.6 90.2 89.9 89.9 88.0
Crude protein (%) 15.2 14.7 14.3 13.8 14.6 15.2
ADF (g kg 55.0 63.0 65.0 69.0 73.0 38.0
Calculated analysis (As fed basis)®

DE (kJg) 13.6 13.7 13.8 14.0 14.0 141
LYsine (%) 0.71 0.70 0.68 0.66 0.63 0.81
Methionine & cystine (%) 0.41 0.39 0.39 0.38 0.35 0.36

a  See Chapter 3 (Table V1).

b Calculated from NRC (64) nutrient requirements for swine and the NAS. United States - Canada Tables of Feed
Composition (2).
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Table XIV. Feed consumption and efficiency of pigs given diets containing increasing
inclusion level of lupins (as fed basis).

Starter Grower Finisher
Diet Intake Feed:gain intake Feed:gain Intake Feed:gain
pig-id-i pig-‘id-l pig-id-i
(kg) (kg) (kg)

0%-B 1.19° 2.35¢ - 2.31 3.36% 3.39 4.16%
25%-B 1.33° 2.54~ 2.46 3.33% 3.79 4.34%
50%-B 1.16¢ 3.54° 2.49 3.86° 3.74 5.00°
75%-B 0.95% 2.60+ 2.29 3.83° 3.61 4.51%
100%-B 0.90¢ 2.83¢ 2.29 3.87° 3.99 5.26°
50%-C 1.07+ 2.26¢ - 217 274 3.1 3.59¢
Spe 0.16 0.40 0.38 0.71 0.79 0.95

a  Pooled standard deviation.
b-e Means within a column followed by the same letter are not significantly different; P<0.05
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Table XV. Growth performance of pigs given diets containing increasing inclusion level
of lupins.

Starter Grower Fluisher

Diet Start wt End wt Gain d* End wis Gaind? End wi* Gain 4 Total test

(kg) (kg) (kg) (kg) (kg) (kg) (kg) days
0%-B 11.1 223 0.51¢ 51.2 0.70¢ 94.0 0.83~ 117
25%-8 11.3 226 0.54¢ 53.6 0.75¢ 93.5 0.88° 110¢
50%-B 11.0 21.2 0.34¢ 52.7 0.66% 93.9 0.744 136¢
75%-B 11.4 220 0.38¢ 43.4 0.69¢ 94.3 0.82~ 131¢
100%-B 11.7 21.7 0.33¢ 51.2 0.61° 93.3 0.78¢ 138¢
50%-C 10.9 239 0.48¢ 53.7 0.80° 94.4 0.90° 1124
Spe 2.18 3.94 0.09 6.48 0.09 2.08 0.13 13.71

a  Start weight for the grower and finisher phases were the end weights shown for the previous phase.
b Pooled standard deviation.
c-e  Means within a column followed by the same letter are not significantly different; P<0.05.
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Table XVI. Carcass characteristics of pigs given diets containing increasing inclusion

level of lupins.

Diet Marketwt  Carcass wt Dressing Lean index
(kg) (kg) % Yield Class
0%-B 94.0 76.5 81.1 5.3 106.8
25%-B 93.5 76.5 81.9 5.8 105.9
50%-B 939 76.1 810 6.0 1053
75%-B 94.3 76.1 80.7 55 106.5
100%-B 93.3 754 80.8 53 106.5
50%-C 944 76.7 82.1 48 107.5
Soe 2.08 2.62 2.97 1.74 3.10

a  No significant differences.

b  Pooled standard deviation.
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5. SUMMARY OF RESULTS AND CONCLUSIONS

5.1 Nutrient Profile and Anti-Nutritional Factors of Lupins

The P. E. I. grown sweet lupin seeds contained 30 - 35% crude
protein compared to roasted soybeans (37% crude protein) and
soybean meal (SBM) (48% crude protein). The methionine content of
lupins was approximately; one-half that of roasted soybeans, while
the cystine and lysine contents were slightly lower in lupins.
This was due to the different amino acid profile of the lupins.
This was also the reason why the content of lysine, methionine and
cystine in lupins was much lower than in SBM. Since lysine and the
combination of methionine plus cystine are essential amino acids
for the pig and are often limited in diets for pigs, one should
know the content of these amino acids in lupins or in any other
feed ingredient that is to be utilized in diets for pigs to meet
the requirements of pigs.

Lupins ave also a source of digestible energy. While lupins
do have a higher ADF content than roasted soybeans or SBM, its
level of inclusion in the corn or barley-based diet did not
decrease the concentration of IE below that of the requirement for
growth and maintenance of the pig to negatively effect the feéd
convers.on.

The manganese (Mn) content of lupins was approximately 40
times that of the concentration in roasted soybeans. The
Agricultural Research Council (24) recommends that for pigs, the
dietary concentration of Mn should not exceed 1000mg kg' of the
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diet to prevent reduced appetite and growth rate of pigs. The Mn
concentration of the lupin diets given to rats or pigs in this
study did not exceed 1000mg kg' of diet and did not appear to have
an effect on feed intake or growth rate of pigs or rats.

Alkaloid concentration in lupin seeds has been implicated in
past studies in limiting the feed intake and lowering the rate of
body weight gain of pigs. The alkaloid content of lupins used in
these studies was less than 0.015%. When included in the diet, the
alkaloid concentration was less than 0.005% of the diet. At this
level, alkaloids did not have an effect on feed intake or growth

performance of rats or pigs.

5.2 Protein Quality of Lupins

The protein quality of sweet lupin seeds, L. albus cultivar

Primorski or Ultra, improved with methionine supplementation. When
supplemented with methionine, the protein quality of Primorski or
Ultra was better than that of roasted soybeans (P<0.0%5) and similar
to that of SBM. Lysine supplementation in addition ta methionine
improved the protein quality of Ultra, relative to supplementation
with methionine alone. The protein guality of Primorski was not
improved with additional supplementation of 1lysine. Diets
containing Primorski or Ultra lupins may require supplementation
with methionine for nonruminents. Pig diet. containing Uitra may

reguire supplementation with lysine in addition to methionine when
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tiie lysine content of the diet is below that of the requirements

of pigs.

5.3 Growth Performance of Pigs Given Dehydrated Lupins

Since the feed efficiency of pigs (50~100kg) given the corn-
based diet containing 18% lupin seeds (100% lupin-corn diet) was
similar to those given the roasted soybean or SBM diet, the reduced
growth and iower feed intakes of the lupin-fed pigs indicated a
problem with palatability of the lupin diet. Since no adverse
effects occurred when starter, grower or finisher pigs were given
corn-based diets containing 15, 10 or 9% lupin seeds (50% lupin
corn-based diet), respectively, relative to the 0% lupin barley-
based diet (Chapter 4), these levels appear to be satisfactory in
pig diets. Further investigation to determine the effect of
incremental replacement of SBM with lupins in corn-based diets on
the growth performance of pigs is warranted.

For starter pigs (10-20kg), the high ADF concentration of
the barley-based diet containing 20 or 32% lupin seeds (75 or 100%
lupin barley-based diet) may have reduced the feed intake and
resulted in poor growth rate of pigs (P<0.05). Growth performance
of starter pigs given the 25% lupin-barley diet (lupins included
at 6% of the diet) was similar to that of pigs given the barley~
based dret containing SBM as the sole supplemental protein source.
This may be of importance to farmers when the cost of SBM is

greater than the cost of lupins. Lupins included at 12% of a
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barley~based diet (50% lupin-barley diet) resulted in poor feed
efficiency and reduced growth rates (P<0.05) but with no adverse
effects on feed intake, relative to the 0% lupin-barley diet. This
was because the crude protein concentration of the 50% lupin-barley
diet was below the requirement of the starter pigs. Even though
there may have been an error in mixing of the 50% lupin-barley diet
to have caused this, lupins should not be included at this level
in starter pig rations until further research is conducted to prove
otherwise.

Grower (20-50kg) or finisher (50~100kg) pigs given the
barley~based diet containing lupins as the sole protein source had
similar feed efficiency and feed intakes as those pigs given the
barley-based diet containing SBM as the sole protein source (0%
lupin diet). Even though all grower pigs consumed enough crude
protein to meet their requirements (64), pigs given the 100% lupin
diet gained 90g less body weight per day than those given the 0%
iupin diet and gained only 87% of what was expected, having met
their nutrient requirements (64). .Even though there were no
significant differences in feed efficiency among the diets, the
large numerical difference between the feed efficiency of finisher
pigs obtained on the 0 and 100% lupin diets may also indicate the

presence of a growth inhibitor.
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5.4 Carcass Quality and Lipid Composition of Pork Carcasses

Relative to the SBM or the roasted soybean-corn diets, the
slower daily gain in body weight of the lupin-fed pigs, as a result
of reduced feed intake, may have lowered the dressing percentages
of pigs. 1In addition, pigs given the lupin-corn diet may have had
higher gut contents of dietary ADF that was not digested which may
have played a role in reducing the dressing percentages but not the
market weights of the lupin-fed pigs. Pigs given lupins or SBM in
combination with barley, a cereal grain of higher ADF content than
that of corn, had similar dressing percentages, lean yield class
and commercial grade index values since the difference in ADF
content between these two diets was not as large as that of the
difference between the lupin-corn and SBM or roasted soybean-corn
diets.

The backfat of pigs given the 1lupin diet had a greater
proportion of unsaturated fatty acids than those given the roasted
soybean or SBM diets (P«<0.05). This may make consumers more
receptive to including pork meat in their diet. In the backfat,
a linoleic acid content of more than 12% may make the pork fat soft
and unacceptable to consumers (35). However, the linoleic acid
content of the pork fat of pigs given the lupin diet was less than

12% and, therefore, may be acceptable to consumers.
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5.5 Overall Conclusions

Lupin seeds are a suitable feedstuff for pigs. 1In a barley-
based diet, lupin seeds included at 6% for starter pigs (25% lupin
barley-based diet), 12% for grower pigs (75% lupin barley-based
diet) and 9% for finisher pigs (75% lupin barley-based diet)
resulted in growth performance similar to those given the barley-
based 4irt containing SBM as the supplemental protein source.
Since pigs given the 50% lupin corn-based diet had similar growth
performance and during the grower phase gained body weight at a
faster rate than those given the 0% lupin barley-based diet,
further research is warranted to determine the effect of
incremental replacemet of SBM with lupins in corn-based diets on
the growth performance of pigs. The available nutrient content in
lupins, the growth performance of pigs obtained on the lupin-barley
or corn diets and the growing conditions of Atlantic Canada make

lupins suitable for usage in nonruminant diets on P.E.I.
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