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ABSTRACT

The objectives of this research were to investigate the
effects of blending Canbra or Cancla oil with other oils or fats
on the nutritive value and autoxidative stability of the blended
oils, and to investigate the possibility of using hydrolyzed oils
{(free fatty acids) in the study of fatty acid balancing.

Canbra oil (containing 6.1% erucic acid) was blended with
suntlower oil or animal lard 1/1 (w/w). Canola bil (0.55% erucic
acid) was blended with sunflaower oil in the ratios 9s1, 8/2, ?7/3,
6/4 and S5/5. The nutritional value was assayed using growing
chicks fed lipid at 8% in a practic#l diet during a 4 week
feeding period. Evaluation was made using body weight, wéight
gain, feed consumption, feed conversion, feed digestibility,
l1ipid digestibility, total fatty acid digestibility,

metabolizable eﬁergy and individual fatty acid digestibility.

Results show that Canbra oil is equivalent to animal lard
but significantly inferior to sunflower oil. Blending Canbra oil
and sunflower oil or animal lard imprerd chick growth and fatty
acid utilization over that demonstrated by the Canbra oil alone.
Canola 0il was equivalent to suntlower pil and soybean oil in
supporting chick growth. The 7/3 and 5/5 blends showed
synergistic improvement in promoting growth, fatty acid, protein
and metabolizable energy utilization. Itrwas concluded that

Canola oil is nutritionally equivalent to either sunflower oil or



iii

saybean oil and that blending with sunflower oil further improved
its nutritional value. 0il blending rendered no significant
detrimental effects on stability.

The fatty acids of hydrolyzed Canola and sunflower oil
showed nutritive performance equivalent to that of the intact
_oils. The fatty acids of a hydrolyzed 5/S biend of Canola oil
and sunflawer o0il showed reduced absorption of some fatty acids
and the fatty acids of hydrolyzed soybean o0il showed reduced diet
and fatty acid absorption reiative to the intact‘nils. These
results demonstrate that feeding hydrolyzed oils may be a useful
method of investigating fatty acid balance but more research is

required in this area.
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INTRODUCTION

Two +amilies of polyunsaturated fatty acids (linoleic,
omega-63 and'linolenic, omega-3) have long been recognized as
essential for angmal and human growth and health. Since most
.prostaglandins are synthesized from the omega-&6 fatty acids
{especially arachidonic acid) and the omega-3 fatty acids
{especially eicosapenta;noic acid) play an important role in
prostaglandin regulation it seems that there must be a
guantitatively optimum raiio between these two families of fatty
acids which will produce optimum growth énd health. In fact,
there are clearly identifiable requirements for these individual
fatty acids but once these requirements have been met a balance
between these fatty acids isva critical factor to enable
conditions to be achieved for cellular equilibrium of prostanoids
and membrane stability (Crawford et al, 1982). The
guantitative requirement of essential fatty acids, therefore,
must be met with an adequately balanced ratio of fatty acidé
(Huiman, 1982).

Rapeseed oil, soybean oil and sunflower o0il are the major
oil products in Canada. Rapeseed and soybean oils are récognized
as being amoung the few edible vegetable oil sources which are
rich in both families of essential fatty acids. Hawever, it has
been well documented that feeding rapeseed o0il results in

decreased feed intake and growth in several species (compared to



soybean qil). In the past this has been attributed to the high
content of erucic acid in rapeseed oils. Recently, rapid |
developements in plant genetics and the introduction of new
cultivars for production have reduced the erucic acid content of
the Canadian rapeseed oils. These new cultivars have been
designated low erucic acid rapeseed (LEAR). The +irst change
from rapeseed oil to LEAR oil reduced the erucic acid content
from 20-40% to less than S.0%. These oils were commercially
designated as Canbra oils. Even more recently there has been
another movement toward the production (for consumption) of
cultivars that are even lower in erucic acid content {generally
less than 2%) and also low in g9lucosinolates. ‘These cultivars
have been commercially designated as Canola.

In spite of this the Canbra and Canola oils, although
improved; still tend to show low performance in promoting animal
growth relative to soybean oil. This low performance has been
overcome by blending rapeseed aoil with either animal lard ar
tallow. This blending synergistically improves not only the
consumption of feed but weight gain and fat utilization in
experimental animals. This has led to the suggestion that
rapeseed oil has a fatty acid profile that is inadequate for
maximal fat utilization. 1It has also been suggested that the
synergism between fats is highly interactive and its explanation
lies in an understanding of digestion and absorption (Freeman,
1983).

These factzs combined with reports that in Algefia Canola oil

is blended exclusively with sunflower o0il to produce a consumer



product (SAFIA) (Cambell, 1982) led to the research reported
herein. The objectives of this research were to compare the
nutritive qualities of dietary sunflower oil, soybean oil, Canbra
oil, Canﬁla oil, animal lard, blends af Canbra oil and sunflouwer
oil or animal lard and blends aof Cancla oil and sunflawer ail.
The effects of blending on the autoxidative stability of the

blends was also investigated.



LITERATURE REVIEW

F u lementation in Poult Rations

It has long been thought that due to their high energy
density fats and oils (of both animal and vegetéble origin) waould
be useful feed ingredients. This has resulted in numerous
publications on the utilization of fat and oil by poultry over
the years. It is generally conceded that indeed poultry can
taolerate high levels of fat in the diet if certain conditions
are met.'

However this was not always so. Henderson and Irwin (1940)
reported ghat sogybean ail was detrimental to chick growth when
added at levels over 10% o+ the diet. In addition Yacowitz
(19S53) reported that supplementation of 2.5 or S5.0% of cottonseed
oil, soybean oil or lard produced increased growth in broilers
but more thaﬁ 10% oflthese fats in the diet retarded chick
growth.

More recent literature sheds some light on these results.
Biely and March (1934, 1957) showed that dietary supplementation
with fat increased the efficiency of protein utilization. The
addition aof fat to diets with adequate protein improved both
growth and feed e++iﬁiency, but if the protein level is low
fat supplementationrwill retard both parameters. This painted
to the fact that the energy to protein ratio of a diet is

important to the chick. These results were confirmed by



Danaldson et al (1957), Scott et al, (19355) and
Waibel (1955,1958) for both chicken and turkeys.

It was discovered that poultry could tolerate high levels
of fat préviding the dietary level of protein was also increased.
Donaldson et al (1957) reported that up to 33.8% fat can be
ugsed in a chick diet providing an adequate energy/protein raiio
was maintained. This was contirmed by Rand et al (1958? who
reported that the chick’s tolerance for fat, per se, is
essentially unlimited.

Several experiments that have been undertaken to demonstrate
the effect of additiaon of fats to the diets on the perfarmance
of poultry have led to the general conclusion that dietary fat
improves both feed efficiency and growth (Biely and March, 1954;
Donaldson et al, 1957; Rand et al, 1958; Dam et al,

19593 Menge and Denton, 19613 Vermeersch and Vanschoubroek, 19483
Bragg et al, 1973; and Harani and Sell, 1977). This

impravement is not directly related to the level of fat added to
the diet and appears to differ dependiﬁg on the source of the
fats and oils (Carew et al, 1944; Vermeers:h and

Vanschoubroek, 19683 Bragg et al, 1973).

The increased dietary efficiency has often been attributed
to the "extracaloric eftfect® of fat. This e+#ect was clearly
demonstrated in chickens (Rand et al, 1938; Menge and Denton,
1961; and Carew et al, 1964). More recently Horani and Sell
(1977) used the term "extra metabolic effect” to describe the
~change in ration metabolizable energy (M.E.) caused by the

addition of fat. Leeson and Summers (1974) - -proposed a hypothesis



which stipulated the existance of an interaction between the
fatty acids inherent in ration ingredients with the added fat

which results in increased M.E. content of the fat.

Eat Digestion and Absorption ip Poultry

There is little difference in the digestion and absorption
of fats betweea the avian and the mammalian species except for
the mucosal products of absorption and their route of transport.
Therefore, the following brief description is a compilation of
information gleaned from Guyton (1974), Griminger (19748) and
Scott et al (1982) except where specifically noted.

By far the most common lipid constituent of a diet is thé
triglyceride portion which makes up the majority of fats and
oils. The first step in digestion of triglycerides is the
emulsification of the fat by bile salts to provide a larger

surface area for the water-soluble digestive enzymes to act upon.

The conjugated bile salts possess dissymetric polar and non-polar
regions, the polar regiaon is highly saluble in watér and the
non-polar region is highly spoluble in +at. Therefore, bile salts
aggregate op the surface of fat globules in the intestine with
the carboxyl! portion of the bile salt projecting outward and
soluble in the surrounding fluids and the sterol portion
dissolved in the fat. This effectively decreases the interfacial
tension of the fat allawing fragmentatica by agitation and
therefore the bile salt acts as a detergent. This fragmentation
results in smaller emulsion glabules.

With increasing surface area due to emulsion the activity of



the pancreatic juice is greatly accelerated. fhe‘pancreati:
juice contains several lipolytic enzymes and bicarbonate. These
enzymes include pancreatic lipase, :arboxylicAester hydrolase and
co-lipase (Borgstrom, 1977). The pancreatic libase hydrolyzes
the dietary triglycerides to an equilibrium mixture of tri-, di-
and monngiycerides and fatty acids. This lipase is specitic for
the ester baonds in the primary positions of the glycerides and
has a specificity in relation to fatty acid chain length and
degqree of saturation (Marely g;.gl, 1974). The carbaoxylic

ester hydroxylase hydrolyzes sterol esters, vitamin A esters and
long chain monoglycerides and appears to require bile salts to be
active (Borgstrom, 1977). Co-lipase is a polypeptide co-factor
which functions ta take the lipase back to the substrate
interface in the presence of bile salts. The bicarbonate of the
pancreatic juice is also important as it aids in the rapid
emulsification of fats by the formation of soaps as recognized by
Rockford in 1891 (Borgstrom, 1977),

The hydrolysis of triglycerides is a highly reversible
process, therefore the accumulation of monoglycerides and free
fatty acids quickly blocks further digestion. However, bile
saltﬁ play an important role in the removal of monoglycerides and
fatty acids from the area of fat digestion through their
propensity to form micelles. These micelles are small globules
about 25 Angstroms in diameter, composed of 20-S0 molecules of
bile salt. Because ;f their dissymetrical4polar-ncnpular
structure the sterol nuclei of the 20-50 bile salt molecules

aggregate to form a small fat g9lobule. This aggregation allows



the polar molecules to extend outward and cover'the exterior of
the micelle. »Since these are negatively charged they allow the
entire micelle to dissolve in the polar solution in the
alimentary tract.

The lipid-bile salt (mixed) micelle is able to dissolve
relatively large amounts of non-polar compounds within its
interior. In this form non-polar, high melting‘point fatty
acids, monoglycerides and other lipid materials are solubilized
in the agueous phase of the intestinal contents and transported
to the mucosal cell membrane (away from the site of fat

digestion) where they are absorbed.

Eatty Acid Absorption

When the micelles come in contact with the epithelial mucosa
both the monoglyéerides and free fatty acids diffuse through the
epithelial membrane. This is due to the fact that they are both
highly lipid soluble and actually dissolve in the cell membrane.
The undigested triglycerides and diglycerides are also soluble in
the cell membrane but are nat highly absorbed, as they do not
dissolve in the micelles and are not transbnrted to the
epithelial membrane.

The percentage absnrbabiiity of fats or fatty acids is
affected by several factors:

(1) The chain length of the +atty acids {Carroll, 193585 Hamilton
and McDonald, 19493 Renner and Hill, 1961bj. Ward and Marquardt,
1583); | |

(2) the degree of unsaturation (Carroll and Richards, 1958j;



Renner and Hill, 1961b3 Hamilton and McDonald, ;969; Whitehead
and Fisher,19755 Austreng et al, 1979; Kussaibati et al,

1982; Atteh and Leeson, 1983; Ward and Marquardt, 1983)%

(3) the presence or absence of ester linkages (Carroll and
Richards, 1958; Renner and Hill, 196é1a;j; Sklan, 1979) although
this has been questioned (Young, 19613 Young and Garrett, 1963j
Young et al, 1963);

(4) the specific arrangement of the fatty acids on the glycerol
moiety of the triglyceride (Fedde et al, 1940 Renner and

Hill, 1%961aj Hamilton and McDonald, 19493 Whitehead and Fisher,
1979);

(3) the age of the experimental animal (Fedde et al, 19603
Renner and Hill, 1940; Renner and Hill, 1961b} Young et al,
19633 Hakanssan, 19743 Whitehead and Fisher, 1973} Salman, 1977;
Muztar et al, 19813 Ward and Marquardt, 1983) although this

may not be true in the weanling pig (Hamilton and McDonald,
19469) %

{8) the relative ?atios of +atty acids in the oil or free fatty
acid mixture (Hopkins et al, 1955; Renner and Hill, 1961aj;

Young and Garreti, 19633 Rocquelin and Leclehc, 1969; Salmaon,
19705 Walker &t al, 19703 Kramer et al, 19735 Lall and

Slinger, 1973; Salmon, 1977 Chow and Hollander, 19793 Corino

et al, 19805 Mateos and Sell, 19817 Muztar et al, 1981;

Fuller and Dale, 19823 fFreeman, 1983 Hulan et al, 1984);

>

(7) the composition of the diets in which the fats are
fed (Carroll and Richards, 19583 Fedde et al, 1960} Renner

and Hill, 1941b; Young et al, 1963; Hakansson, 1974; Mateos
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and Sell, 19813 Muztar et al, 19813 Fuller and bale, 19823
Ward and Marquardt, 1983);
(8) the amount of bile salts in the alimentary tract.

In addition, it has been shown that the chicken intestine
contains a fatty acid binding protein (Katongole and March, 1979)
that increases with age and fat in the dift (Katongole and March,
1980) and is similar to that described in rats {Ockner et al

1972), but the significance of this binding protein in fatty acid

absorption has not yet been demonstrated.

Essential Fatty Acids

;n‘1929 Burr and Burr showed that exclusion of fat from rat
diets caused a défi:iency syndrome in which the rats grew
normally ftor 4-6 months and then suffered growth failure and
death.' This growth failure was accompanied by dermatitis. In
1930 these researchers further demonstrated that the
pulyunsatur#ted fatty acids linoleic, linolenic and arachidonic
possessed a biopotency that prevented the dermatitis, growth
+ailure and death which was not prevented by antixerophthalmic or
antirachitic factors or individual saturated fatty acids. These
three fatty acids have since become known as the essential fatty
acids (EFA).

A dietary requirement for the EFA has been demonstrated in
chicks (Reiser, 1950} Bieri et al, 1956; Machlin and Gordon,
1940). EFA defic;eﬁcy in the diet resulted in reduced growth
rates, enlarged livers with increased +;t content and reduced

resistance to respiratory infections (Hopkins et al, 1963;
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Balnave, 1970). It i; now well established tha£ these symptoms
are due to the fact that the EFA have important physiological
roles in maintaining the structural integrity of cellular
membranes as well as serving as precursors of the autocoids
{prostaglandins, thromboxanes, leukotrienes, prostacyclins and
hydroperoxy fatty acids). These autocoids are important in
thrombaocyte and platelet function, cardiac fgnction and smooth
muscle‘:nntractinn (Holman, 197355 Vergroesen et al, 19735;

Murphy et al, 19793 Sprecher, 1983).

Nutritional and Metabolic Relat i Between Fatty Aci

Fam es

Lipid metabolism as well as ftat absorption is affected by
the fatty acid composition of a diet. Nunn and Smedley-Maclean
(1938) showed that S5,8,11-eicosatrienoic acid was dramatically
increased in the liver tissue of EFA deficient rats. Fulco and
Mead (1959) showed that 5,8,11-eicosatrienoic acid was a
metabolite of oleic acid. This was the first evidence of diefary
and metabolic interrelationships between specific fatty acids.
Mead (1961) suggested that there were four separate families of
fatty acids that were the metabolites of palmitoleic acid
(Clé:1w?), oleic acid (C18:1w?), linoleic acid (C18:2wWS) and
linolenic acid (C18:3w3) and which were not interconvertable.
This confirmed the radio-isotope work of Steinberg et al
{1937), Klenk and Mohrhauer (19240). The literature pertaining tq
this was reviewed by Sprecher (1981). The chief metabolite of

the linoleic acid pathway is arachidonic acid (5,8,11,14-20:4nW6)
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(Widmer and Holman, 1950} Steinberg et al, 1956# Sprecher,
1978). The chief metabolite of the oleic acid pathway is
eicosatrienoic acid (5,8,11-20:3w9) (Fulco and Mead, 1959;
Sprecher, 19755 Sprecher, 1981). The ratio of these 2 fatty
‘acids (triene/tetraene) was suggested as an indicator of EFA
deficiency in humans (Holman, 1960). The basis of this is the
fact that linoleic and oleic acid compete for tﬁe same
é6-desaturase (Holman, 1964). When there are sufficient amounts
of linoleic acid in the diet the conversion of oleic acid to
eicosatrienoic acid is competitively inhibited keeping the
triene/tetraene ratio low.

The chief products of linolenic acid metabolism are
eicosapentaenaic acid (5,8,11,14,17-20:5u3) and docosahexaenoic
acid (4,72,10,13,16,19-22:6w3) (Widmer and Holman, 19503 Steinberg
et al, 193573 Klenk and Mohrhauer, 19460; Sprecher, 1975 and
1981). Docosahexaenocic acid is the.member most often found in
land animals while eicosapentaenoic acid is common in marine
mammals and fish (finoco gg al, 1979). The presence of
members of the linolenic acid pathway has 2 consequences. They
are-antagnnistic to the conversion of linoleic acid to
arachidonic acid (Machlin, 19623 Mohrhauer and Holman, 1963), and
they compete for cycloxygenase and lipoxygenase with arachidonic
acid (Lands, 19733 Beare-Rogers et al, 1979; Needleman et
al, 1979). This competition gives rise to autocoids which have
antagonistic physiological functions that can possibly be’

manipulated by alteration of dietary fatty acid composition,

which might be useful in decreasing thrombic tendencies and
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myocardial infarcts (Needleman et al, 1979).
The palmitaoleic acid metabolites are relatively unimpartant
due to their low rates o+ desaturation and failure to form

autocoids (Sprecher, 1975, 1981).

Relative Nutritional Properties of Rapeseed 0i}

It is well known that oils and fats have characteristic
~fatty acid profiles. Given the factors affecting lipid
digestion, fatty acid absorption and fatty acid metabolism it is
not surprising that the literature contains many reports of
varying nutritional values +for oils and fats of similar gross
energies. Indeed this was clearly shown in the review article of
Vermeersch and Vanschoubroek (1948). 1In Canada this has led to
extensive research involving rapeseed oil (Canada’s largest oil
seed crop). Much of this work was stimulated by Deuel et al

who in 1948 demonstrated that not only bugterfat»but corn,
cottonseed, olive, peanﬁt and soybean oils outperformed rapeseed
ail in rat érowth tri#ls and implicated erucic acid in the pdor
pertormance of this oil (Sauer and Kramer, 1983). In subsequent
years these results were amply confirmed in rats (Alexander and
Mattson, 19865 Craig and Beare, 19683 Rocgquelin and Cluzan, 1948;
Walker et al, 19705 Kramer et al, 19733 Ziemlanski,

19727), chickens (Sell and Hodgson, 194623 Salmon, 1969bj Sheppard
et al, 19713 Clandinin et al, 1978 Hulan et al,

1982) and in turkeys (Jashi and Sell, 19é64; Salmon, 198%a).

In addition it was reported that rapeseed oil depressed rat

feed efficiency relative to peanut, corn or olive oil (Rocguelin



14

and Cluzan, 19683 Walker et al, 1970) and energ’ utilization
relative tao éorn and olive ail (Walker et al, 1970).

However, in 1946 Alexander and Mattson reported that rapeseed oil
was energetically equivalent to soybean pil and that some of the
"toxicity” reported éarlier was due to the methods of dietary
presentation. However, this is doubtful in the cases o+ the
studies of Rocquelin and Cluzan (1968) and Walker gt al

{1970).

In chickens it was reported that feed efficiency was
depressed by rapeseed ail relative to saybean oil (Salmon, 19&9b;
Hulan et al, 1982) and corn and olive oil (Walker et al,

1970). As in rats it was also shown that rapeseed oil reduced
energetic efficiency relative to corn and olive o0il (Walker

et al, 1970) and sunflower o0il (Clandinin et al, 1978)

but was equivalent in this respect to soybean oil (Salmon, 1969b)
as was suggested by Alexander and Mattson (1966).

The data for turkey poults is even more confusing. Joshi
and Sell !19645 reported no signi%i:ant differences between the
feed efficiency of diets containing soybean oil, sunflower oil,
animal &allow or rapeseed oil but that at 3% inclusion in the
diet the M.E. of the total diet was gsignificantly higher for
sunflower oil than that of the rapeseed oil, soybean oil or
animal tallow diets which were equivalent, and that at 10%
inclusion in the diet the M.E. of the total diet was
significantly higher for the rapeseed oil diet than was the M.E.
for the sunflower o0il, soybean oil or animal tallow diets which

were equivalent. However, Salmon (19&6%9a) reported that rapeseed
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oil depressed both feed and energetic efficiency at 11 and 14
days o+ age but nnt'a+ter that in turkey poults.

The most consistent feature of all these reports is the
reduced weight gain produced by feeding rapeseed oil. This has
been blamed on several factors, whi:hvinclude: decreased feed
consumption solely (Joshi and Sell, 1964; Alexander and Mattson,
1944), decreased consumption and decreased energy utilization due
to dietary oil induced changes in membrane phospholipids which
indicated a complex dynamic mechanism associating mitochondrial
structural-functional transitions due to~dietary fatty acid
balance (élandin}n et al, 1978); decreased feed etficiency
due to increasing levels of poorly absarbed erucic acid (Hulan
et al, 1982); and an unbalanced fatty acid profile in
rapeseed oil which daoes not allow maximum fat utilization or
absorption (Rocquelin and Cluzan, 19683 Walker et al, 1970j;
Kramer et al, 1973). The fatty acid protile hypothesis was
also supported by Salmon (1949a) who reported that growth
depression of poults was not a result of consumption, and could
not be attributed solely to erucic acid but seemed to correspond
roughly with the dietary content of saturated fatty a:ids.

In addition to problems associated with growth and energy
utilization, it was reported in 19640 that myocardial damage
geccured in young male Sprague-Dawley rats fed rapeseed oil aver
long periods, however these researchers did not refer to early
literature and left the impression that this was a unique
property of rapeseed oil rather than a general e+fect of high +at

diets in the rodent (Sauer and Kramer, 1983). Abdellatif and
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Vies (1970) reported that feeding rapeseed oil {49% erucic acid)
at 50% of the dietary calories caused rapid and severe fat
infiltration of the rat myocardium. These findings were qguickly
confirmed (Houtsmuller et al, 1970; Beare-Rogers et al,

1971; Kramer et al, 1973).

Developement of lLow Erucig Acid Rapeseed oil

The Canadian Food and Drug Directorate had (since 1958)
no objections to the use of rapeseed ail in moderate amounts in
Canadian food (Daun, 1983). However, even though no evidence had
been presented indicating human health problems existed the
Minister of National Health and Welfare, on August 12, 1970,
stated that the Federal Government felt that it was “"prudent to
accelerate Canada’s change over to erucic acid free rapeseed” and
as a result, by 1973, the majority of Canadian crushing plants
were able‘to ﬁrndu:e rapeseed oil with levels of erucic acid
lower than 5% without blending with other oils (Daun, 1983).
This resulted in a dichotomy of rapeseed oil types. The
varieties in production prior to 1970 with erucic acid levels
ranging from 20-40% became Rnown as high erucic acid rapeseed
oils {HEAR) and the new varieties {(which had been develaped in
Winnipeg and‘Saskatnun as early as 1960 and 19463) became known as
low erucic acid rapeseed oils (LEAR) which had by definition less
than 5% erucic acid, and were given the trade name Canbra. In
1975 another change was initiatedi This was the change over to
newer LEAR varieties which had been developed and contained less

than 5% erucic acid (often less than 2%) and low levels of
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glucosinolates (Daun, 1983). These varieties wére given the
trade mark Canola. The major difference between the Canbra and
Canola oils was the sulfur level which reflected the decrease in
the glucosinoclates in the Canola (Daun, 1983);

These changes in the Canadian industry promoted continued
research in the areas of rapeseed oil cardiotoxicity as well as
the nutritional! quality of rapeseed oil. Hawevér, there was also
much interest not only in the comparison of rapeseed ©vil with

oils of other origins but with the comparisans of HEAR with LEAR.

'Nutgitiunal Properties of Low Erucic Acid Rapeseed 0il

Hulan et al (197?) reported no pathological
abnormalities in laying hens or hooded rats fed either HEAR or
LEAR. -This was confirmed by Vies et al (1977) who could show

no cardiotoxic effects of LEAR in mankeys, pigs or poultry
although there didvappear to be cardiotoxic et+fects in fast
growing strains of rats. This was in agreement with Kramer

et al (1977) who reported that myocardial lipidosis is mild

or undetectable when LEAR is fed to male chicks, raté, pigs and
monkeys. However, the unbalanced fatty acid profile resulted in
myocardial necrosis in the~male rats but not in the other
experimental animals. These results were con+tirmed by Kramer
et al (1979) when they observed that LEAR intake does not
increase heart lesion incidence in Chester-Beatty Eats, mice,
pigs, munkgys, ducks or chickens relative to soybean oil .intake

even though the omega-3 fatty acids combined with low levels of

saturated fatty acids was cardiotoxic to male Sprague-Dawley
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rats. It is now generally accépted that LEAR is not cardiotoxic
(except to rats). Other species develope heart lesions that are
not generally fat related and seem to have a different etiology
(Kramer and Sauer, 1983).

Craig and Beare (1968) reported that Canbra oil was
nutritionally superior to HEAR. This was confirmed for rat
weight gain by Rocquelin and Cluzan (1968), Walker et al
{1970), and Kramer et al (19277). Vles et gl (1972)
reported that the reduction of erucic acid content of rapeseed
oils ha¢ considerably improved its nutritional properties.

Walker et al (1970) reported that LEAR produced superior
growth in chicks and poults than did HEAR. This was supported by
Lall and Slinger (1973), Kramer et al (1977) (for male
chicks) and Clandinin et gl (1978) (chicks). It was also
reported that LEAR gave improved feed efficiency over HEAR in
rats (Rocquelin and Cluzan, 1968) and chicks and poults (Lall and
Slinger, 1973)3 Hulan et a1, 1982). The reports ot energy
efficiency of LEAR relative to HEAR are conflicting. Walker et
al (1920) reported that LEAR w#s & superior source of energy
for chicks, poults and rats but Clandinin et al (1978)
reported that HEAR was superior to LEAR for energy utilization.

When LEAR was compared with other oils in terms of weight
gain or productivity in rats it was reported that LEAR was not
significantly different from poppyseed oil (Beare-Rogers gt
al, 1979), suntlower seed pil (Beare-Rogers et al, 1979
Ziemlanski, 1977), peanut oil (Rocquelin and Cluzan, 1968;

Engfeldt and Brunius, 1975), olive oil or corn pil (Walker et
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al, 1970), or soybean oil (Ziemlanski, 1977). However, Kramer
et al (1973) reported that corn oil> soybean o0il> LEAR (1.6%
erucic acid)?> LEAR (4.3% erucic acid) in rat growth promotion

when fed at 20% of the diet. This was supported by Kramer

et al (1981) and Farnworth and Kramer (1983) who reported

that soybean oil promoted significantly more growth than LEAR
(0.6% erucic acid). This they attribute to the relative fatty
acid patterns of the LEAR and soybean oil.

The data for poultry is just as conflicting. Walker et
al (19270) reported no significant differences in growth for
chicks or poults fed diet# containing LEAR, corn oil or olive
0il, and March (1977) reported no significant differences in
productivity of New Hampshire chicks or White Leghorn coékerels
fed 4% rapeseed oil or corn o0il or 10% rapeseed oil or soybean
oil. However, Clandinin et al (1978) reported that LEAR was
significantly inferior tb sunflower oil in promoting chick growth
and Hulan et al (1982) reported that LEAR was inferior to
soybean oil in the growth prnmétinn of chicks at 8 and 12 weeks
but not at 4 and 16 weeks.

In terms of feed efficiency, Hulan et al (1982) reported
that LEAR was significantly inferior to saoybean oil for chicks,
while Walker et a1 (1970) reported that LEAR was equivalent
to corn oil and olive oil for chicks, poults and rats in terms of
feed and energy utilization. Clandinin et al (1978) reported
that energy utilization was higher in chicks fed sunflower oil
than those fed LEAR.

It is clear that the genetic selection which reduced the
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erucic acid content of rapeseed oil also improved its nutritional
value. However, it has not been conclusively demonstrated
whether or not LEAR is nutritionally egquivalent to sunflower oil
and soybean ail although it would seem there is probably little

difference in ability to promote weight gain.
Synergistic Effects of Blendi Qil

In 1960, Sibbald and Slinger reported "a synergistic
relationship between tallow and undegummed soybean o0il"”. These
researchers found that a S50/50 mixture of tallow and undegummed
soybean o0il had a metabolizable energy of 8.41 cal/gm which was
not significantly different from that of the soybean oil alone
(8.46 cal/gm) but was signifticantly higher than the value of
4.94 cal/gm obtained for the tallow alone. This indicated that
the M.E. values of fats are not additive. The combined M.E.
value was higher than waould be expected from the two M.E. values
of the fats fed individually. These results were. confirmed by
Sibbald et al (1951) whpo attributed the synergism to a factor
aor factors in the undegummed saybean ail which allowed an
increased utilization of the palmitic and stearic acids in the
tallow. Further work (Sibbald et al, 1962) indicated that
this synergism was at least partially independent of the M.E.
effects and that the synerqgism between fats also expressed itsel+f
in chick weight gains and feed efficiency. The weight gains of
the chicks fed fat mixtures were greater than expected even when
adjusted for equal feed intake, calorie/protein ratio and

constant M.E. concentration. This was further supported by
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Artman (1964) who also reported synergistic e++écts of blending
tallow and soybean oil on chick energy utilization and growth.
Since Young and Garrett (1963) had shown that

unsaturated fatty acids could influence the utilization of
saturated fatty acids it was suggested that the absorbability of
a fat mixture wasAin+luen:ed by its fatty acid content. Artman
felt that his results strongly supported this aé he éhnwed that
the same synergistic effects occured whether the Eelatively
saturated and unsaturated fatty acids were supplied both as
neutral triglycerides, both as free fatty acids or as mixtures of
triglycerides and fatty acids. It was élsn shown that the
addition of soybean oil to tallow yields not only the expected
high uti}izatinn of soybean oil but tao equally gapd utilization
of a portiﬁn of the tallow equal in weight to the weight of the
soybean oil added. This increased utilization was shown clearly
by Lewis and Payne (1946) who reported that adding S% soybean oil
{as a proportion of total addgd dietary fat) to beef tallow
increased the total apparent fat absorption from 6&% (for pure
beef tallow) to 80%, adding 10% soybean oil increased total
apparent fat absorption to 85% and 20% soybean oil increased
absorption to 86.0%.

It was soon shown that rapeseed oil also showed synergistic
interactions when blended with animal tallow in the diets of both
chickens and rats, In fact, synergism was shown in energy
utilization (Walker et al, 19705 Lall and Slinger, 1973
Slinger, 19773 Muztar et al, 1981), fat utilization (Lall and

Slinger, 19733 Slinger, 1977), and body weight gain (Slinger,
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19775 Hulan et al, 1984). Hulan et al (1984) aisu
demonstrated that blending rapeseed oil (LEARi with animal fat
improved monetary returns in the broiler industry.

However, blending all oils did not show similar results. It
was even shown that not all animal tallows showed synergism when
blended with soybean aoil (Sibbald et al, 1962). There was no
synergism in absarbability when beef tallow and'pnrk lard were
blended 1/1 (Fedde et al, 1960), Grif+iths et al
(1977) reported that corn oil and poultry grease blended (1/1)
and fed at 9% of the diet significantly depressed weight gain
compared to an isocaloric oil free diet even though feed intake
was similar (each‘oil fed individually increased body weight
gains). It was also reported that blending HEAR with soybean oil
showed no synergism in poults or chicks (Salmon, 196%9a, 1969b)
and that blending LEAR with coconut oil or sunflower o0il caused
no synergism in fat utilization in the rat (Bellenand et al,
1980).

‘ It was also shown that rapeseed oil (both HEAR and LEAR)
showed synergistic interactions when blended with tallow, as well
as, when blended with the saturated fatty acids (palmitic and
atearic in particular) for chicks (Walker et al, 1970; Lall

and Slinger, 1973) and rats (Kramer et al, 19815 and

Farnworth and Kramer, 1983). Farnworth and Kramer (1983)
succeeded in showing that the resulting increased weight gains
were due to increased body content of both fat and protein.

These results appeared to indicate that rapeseed oil had a

fatty acid composition which was inappropriate for maximal
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utilization, and that only relatively specific ¥atty acid
patterns were appropriate. This hypothesis has been supported by
Walker et al (1970), Lall and Slinger (1973), Salmon (1977),
Sibbald and Kramer (1977), Kramer et al (1981), Mateos and

Sell (1981), Farnworth and Kramer (1983) and Hulan et al

(1984).

There are 3 prominent hypotheses as to the'mechanism of
these synergistic interactions. The first, proposed by Walker
et al (1970), Lall ‘and Slinger (19273), Salmon (1970, 1977}
and Hulan et al (1984), states that blending appropriate
fats will produce a fatty acid profile which enhances fatty acid
absorption, particularly that of the long chain, saturated
palmitic and stearic acids. The second, proposed by Farnworth
and Kramer (1983), states that as the dietary fatty acid pattern
is altered to resemble that of the adipose tissue, improved
growth wili result due to reduced metabolic load involved in
converting absorbed fatty acids to those appropriate for
inélusinn in adipose tissue. The third, proposed by Sibbald and
Kramer (1977), Mateos and Sell (1981), Muztar et al (1981),

Dale and Fuller (1982) and Fuller and Dale (1982), states that
the fats and fatty acids intéra:t to allow increased fat
absorption and increased absorption of other dietary components.
This could possibly be due to increased passage time thruogh the
gut (Mateos and Sell, 1981).

Freeman,in his excellent review (1983),states that synergism
between fats is highiy interactive and its explaination lies in

an understanding of digestion and absorption.
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Free Fatty Acids

It has long been understood that a confounding factor in oil
nutrition experiments has been the variable content of
unsaponifiables, steroids, and vitamins, In order to deal with
this Hakkarainen et al (1983) suggested feeding hydrolysed
soybean oil as a fat source to study vitamin E deficient diets.
They observed that this diet (with added fat soluble vitamins)
allowed normal growth and developement of White Leghorn chicks.
Th}s suppﬁrted the results ot Chen (1979) who observed that free
fatty acids (from hydroysed soybean oil) could be utilized by
rats which were fed large quantities as the sole soﬁrce o+ fat.
Chen suggested that this would be useful in study!ng intestinal
re-esterification, +étty acid absnrptioﬁ and lipid metabolism as
influenced by dietary fatty acids.

There may, however, be problems associated with this as
Carrall and Richards (1938), Renner and Hill (1961a), Swiss and
Bayley (1976) and Sklan (1979) reported that feeding free fatty
acids (FFA) reduced absorption of fatty acids and total lipid.
This is not in agreement with Young (1961), Young and Artman
{1961) and Artman (1984) who reported no significant differences
in weight gains, +feed conversion or fat or energy utilization in
chicks fed hydrolyzed oils with practical diets. It was also
reported that absorption of FFA was increased by feeding in
mixtures rather than feeding single FFAs (Young and Garrett,
1963). Feeding semi-purified diets as Renner and Hill (1961b)

and Carroll and Richards (1958) did reduces fatty acid absorption
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compared to practical diets (Young et al, 1943). These mixed
results indicate that it would be worth re-investigating the

value of feeding FFA to assess their usefulness in studying fatty

acid absorption.
Ph ico-che a rope es ot

It is well known that the palyunsaturated components of fats
are oxidized more rapidly than the mono-unsaturated and saturated
components (Sanntag, 19279). It is therefore curious that the
researchers referenced earlier did not investigate the effects of
blending on the oxidative stability of fats, particularly as some
suggested that it was economically feasible to blend fats for
animal feeds.

This is traditionally done by the measurement of the content
of such oxidétiun products as peraoxides, malanic dialdehyde and
methyl oleate hydroperoxide by the use of analyses such as the
peroxide test and the thisbarbituric acid test (Sonntag, 197%9).
These tests are applied to oil products in conjunction with an
accellerated oxidation test. A simple accellerated oxidatian
test is the oven ﬁr Schaal test, however no standards have'been
developed for this test, therefore; no comparisons can be made
between laboratories (Sonntag,'1§79).

Eskin and Frenkel (1977) used these procedures to study the
deterioration of hydrogenated soybean and rapeseed (LEAR) oils
and cnneluded that lightly hydrogenated soybean oil was
oxidatively more stable than rape%eed oil,

The smoke point is the temperature at which smoking is first
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detected in an oil in a laboratory apparatus protected from
dratts and provided with illumination. This parameter is little
af%ected by the oil’s deqgree of saturation but depends on the
molecular weight and free fatty acid content (Formo, 1979).

The Canadian Consumer (1977) reported smoke points of 2419C +for
soybean oil, 2389C for LEAR, and 244°C for sunflower oil.

This reported value for LEAR agreed well with the smoke point of
238°C +for LEAR by Ackman (1983) but was signifticantly higher
than the smoke point ot 218°C that he reported for HEAR.
However, all of these values are well apnve the 200°C minimum

set by the Canadian government for frying oils.
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DS ERIALS

EXPERIMENTAL ANIMALS

Single Comb White Leghorn cockerels were chosen as the
experimental animals for the 3 feeding trials. These were
conducted with 3 replicate groups of 10 birds per treatment,
which were kept in Petersime battery brooders and provided with
24~-hour light. The birds were obtained as day old chicks, weighed
and randomly assigned to treatment and cage, where they were
raised for a period of 4 weeks. Food and water was provided ad

libitum.
0ILS AND BLENDING

The lipids used were commercially available food grade oils
or lard intended for human consumption. The Canbra oil, soybean
oil (Maple lLea$ Soya Salad 0il) and lard were obtained from
Canada Packers Inc. (Toronto and Vancouver). The Canola and
sunflower oils were obtained from CSP Foads Ltd. (Saskatoon,
Saskatchewan).

To balance the fatty acids lipids were blended in large
glass containers by stirring for 1S min;tes with a magnetic
stirrer. Canbra oil (6.1% erucic acid) was blendeﬂ with

sunflower oil or lard at a ratio of S0/S0 (w/w) (Table 1) in

Trial 1. Due to the high melting point of the lard it was



Table 1. Fatty Acid Composition of Lipids, Trial 1.

Dietary . Fatty Acid Content (per cent by weight)
0i] 3 e e
C14:0% €16:0 Cis:1 c18:0 ci8:1 c18:2
CBO= 3.16 0.23 1.51 53.96 20.41
SFO 6.28 5.46  17.80 66.87
AL 1.21 23.57 2.47 17.48 43.13 8.13
CBO+SFO= 4,74 3.71 36.84 42.18
CBO+AL 0.60 13.27 1.33 10.14 48.49 14.12
C18:3 + C20:0+ C20:1 €22:0 c22:1 c24:0
CBO 9.58 3.99 6.13 "1.01
SFO 1.04 0.36 1.44 0.27 0.47
AL 1.0 1.43 0.55 0.38 0.40
CBO+SFO S5.46 2.40 1,02 3.20 0.45
CBO+AL 5.17 2.94 0.42 3.03 0.48

1The number preceeding the colon indicates the length of the
carbon chain, the number following indicates the number of
double bonds present.

=2CBO = Canbra oil, SFO = Sunflower o0il; AL = Animal lard.

SIndicates oil blended 1:1 by weight.

“The values for linolenic and arachidic acids are combined due
to peak overlap on the 15% DEGS packed column.

28
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liguified (50-45°C) be+tore blending. Canola oil {0.55% erucic
acid) was blended with graded levels of sunflower oil in
reciprocal fashion (Table 2), and S blends (92/1, 8/2, 72/3, &/4,

and 3/35) were selected for nutritional assay in Trial 2.

0Il. HYDROLYSIS

The free fatty aéids of Canola o0il, sunflower o0il, soybean
oil and a 5/5 blend o+ Canola and sunflower oil used in Trial 3
were produced by alcoholic alkaline hydrolysis as described by
Chen (1979). A mixture of 1 kg of oil and 2 litres of 10% NaOH
in 70% ethanol was allowed to stand overnight in an Erlenmyer
flask. The solution was then ﬁeutralized with 2.5 N HaS0,
and the +atty>a:1d layer was removed qnd washed 6 times with warm
3% NacCl. The fatty acid layer was then dehydrated over anhydrous

NaxzS04,.

EE G _EXPERIM S

[ria) 1

Five experimental diets weré formulated to incorporate
either Canbra oil, sunflower oil, animal lard or 1/1 (w/w)
blends of Canbra oil and sunflower 0il or animal lard into a
vvbasal diet (Table 3) at 8%. These experimental diets were
assigned randomly in tripicate per treatment to 13 groups of
chick; for a2 4 week feeding period.

Body weight, weight gain and feed consumption were measured
weekly (gramé/bird). At the end of 4 weeks feed conversion and

apparent feed digestibility were calculated and apparent lipid



Table 2. Fatty Acid Composition of Qils, Trial 2.

0il Fatty Acid Caontent (per cent by weight)
Blend  ------mmemmmmm e s
Cl6:02 Clé:1 €i18:0 cis:1 c18:2 ci18:3
CaQ= 4.33 2.54 60.61 192.90 7.10
/1= 4.44 2.83 52.97 22.51 &.52
8/2 4.52 | 2.93 56.57 24,24 6.49
273 4.97 3.86 48.26 33.03 S.01
&/4 S.22 4.28 | 44.38 36.99 4.51
S5/3 5.38 4.73 35.70 41.98 3.71
4/4 S5.52 S.07 35.08 47.13 3.11
377 5.83 S5.69 30.88 51.79 1.8%9
2/8 6.03 6.01 26.40 56.79 | 1.29
1/9 &5.29 6.6 22.01 60.88 0.63
SFO 6.351 6.96 17.29 §6.03 0.08
SBO 10.93 0.13 S5.75 23.80 48.40 6.69

1 The number preceeding the colon indicates the length of the
carbon chain, the number following indicates the number of
double bonds present.

2CA0 = Canola oil, SFO = Sunflower o0il, SBQ = Soybean oil.

SIndicates Canola and Sunflower oil blended %9/1%

(weight/weight).

Continued on next page-
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Table 2 (continued).

. n S e Y  ——— —— . T W R S A - WA R R W .

0il Fatty Acid Content (per cent by weight)
Blend - --c---=-- e ———- Piniaieledebeinbbetetieb bbbk S
C20:0 Cc20:1 c22:0 c22:1 C24:0
CAD 1.24 2.352 0.74 0.53 0.449
9/1 1.25 2.48  0.85 0.54  0.48
8/72 1.12 2.27 0.8S 0.50 0.46
773 1.08 1.80 1.09 0.43 0.50
é&/74 1.00 1.60 1.12 0.37 0.49
S/S 0.96 1.32 1.29 0.32 0.52
4/6 0.87 1.15 1.33 | 0.27 6.49
372 0. 68 0.%4 1.52 0.22 0.32
2/8 0.62 0.71 1.53 0.13 0.51
1/9 0.43 0.51 1.79 0.58
SFO 0.59 0.29 1.21 0.54

SBO 0.7S5 0.41 0.83 0.29

*The number preceeding the colon indicates the length of the
carbon chain, the number following indicates the number of
double bonds present.

2CA0 = Canola oil, SFQ = Sunflower oil, SBO = Soybean oil,

SIndicates Canola and Sunflower oil blended 9/1
(weight/weight).
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Table 3. Composition of Experimental Basal Diet.

. —— — — - P W R e S R D R D e R e R R e R YR D R S R D A - = dm e

Ingredient Percent
Ground wheat (12.5% protein) 59.65
Soybean meal (44.5% protein) 29.00
Calcium multiphasphate 1.75
Limestoée | . 0.60
Vitamin premix? 0.350
Mineral premix= . 0.50
Lipid 8.00

culated Analysis

Constituent Amount
Crude protein ‘ 20.40%
Crude lipid 2.33%
Metabolizable energy 2,893 krcal/kg
Calcium 0.90%
Phosphorus 0.70%
Lysine | | 1.08%
Methionine | | 0.38%

1Supplies per kilogram of feed: Vitamin A, 8800 IU; Vitamin

Ds, 880 ICU; Vitamin E, 22 IU; Vitamin Biz, 13.2 mcgj

Riboflavin, &6.6mg; Calcium pantothenate, 8.8 mg; Niacin,

22 mg; Choline chloride, 220 mg9; Amprolium, 124.9 mg;
. Bacitracin, 9.7mg, and Santoquin, 454 mg in a corn starch,
carrier.

ZSupplies per kilaogram of feed: Mn, SS mg; 2Zn, 40 mg; and
Cu, 4.0 mg in an indized NaCl carrier.
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absorptiun; apparent total fatty acid absorption and apparent
individual fatty acid absorption were determined.
Irijal 2

Eight experimental diets were formulated to incorporate
either Canola oil, sunflower oil, soybean oil, or Canola oil and
sun+lowér oil blended in the proportions 971, 8/2, 72/3, 6/4 and
5/3 {(w/w) into a basal diet (Table 3) at 8%. The experimental
diets were assigned to 24 groups of chicks as described in Trial
1.

Body weight, weight gain and feed consumption were measured
weékly (grams/bird). At the end of the 4*" week feed
conversion and apparent feed digestibility weﬁe calculated and
apparent lipid absarption, apparent total +fatty acid absorption,
apparent_individual fatty acid absorption, nitrogen retention and
diet metabolizable enerqgy were determ;ned.
Irial 3

Thizs experiment was designed to determine the feasibility of
feeding hydrolyzed oils to eliminate the confounding factors of
steroids, vitamins, and triglycerides on fatty acid absorption.
Four experimental diets were formulated to incorporate either the
hydrolyzed Canola oil, soybean oil , éun+lower'oil or a 5/5 blend
of Canola and sunflower oil into a basal diet (Table 3) at 8%.
The experimental diets were randomly assigned to 12 groups of
chicks in triplicate per treatment for a 4 week feeding periﬁd.
The results were compared with the results of the intact oils
uged in Trial 2.

Body weight, weight gain and feed consumpticn were measured
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weekly (grams/bird). At the end of 4 weeks feed conversion and
apparent feed digestibility were calculated and apparent lipid
absorption, apparent total fatty acid absorption and apparent

individual fatty acid absorption were determined.

DIGESTIBILITY

After the 4%" week of the feeding period 4 birds were
randomly selected from each group and given a marker diet to
facilitate a total fecal collection in order to determine feed
digestibility, apparent lipid absorption, apparent total fatty
acid absorption and apparent individual fatty acid absorption.

Fe e

In all cases the marker diet was the treatment diet to which
0.3% ferric oxide had been added. This diet was provided for
twelve hours atter which the unmarked diet was again brnvided for
a period of 24 hours during which consumption was measured.

After this the marked diet was given aqain for another 12 hours.
This resulted in feces which could be visually identified on the
basis of ferric oxide content. The birds were then removed and
the feces air dried for a period of 24 hours in the brooders.
The unmarked feces were then manually separated from the marked
feces and placed in a dessicator. They were then ground with a
microgrinder and»stnred in a dessicator.

Dpy matter

The % dry matter of the feces and feed was determined at the
time of lipid extraction by weighing duplicate samples and

placing them in a drying oven for 48 hours at 809C, followed by
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cooling for S hours in a dessicator prior to determining moisture
loss. All calculations and results are presented on a dry matter
basis.
Appare igestibili alcgulatio
The apparent digestibility or absorption of all nutrients
were calculated by the formula:d |
Intake - Excretion .
% Absorption = ------e----——-e—aoo X 100
Intake
Dietary intake of individual fatty acids was determined on the
basis ot the analyzed fatty acid profile of the diet and not the

oil. These fatty acid profiles are given in Appendix B, (Tables

II, III and IV).
BOLIZAB ERGY

In Trial 2, the apparent nitrogen retention was calculated
from the nitrogen content of feed and feces as determined by the
macro Kjefdahl method (ACAC, 1980), and the gross energy of the
feed and feces was determined by oxygen bomb calorimetry using a
Parr Oxygen Bomb Calorimeter. These values were used to calculate
the apparent metabolizable energy (nitrogen corrected) of the
diets as described by Sibbald (1979), using the formula:

[(FI X GEF) - (E X GEE)1-(NR X K)

AMENn/g9 of feed = ---------c--mc--comecce—em————m e

Where NR = (FI x NF) - (E x NE)

FI = feed intake (9g)
E = excreta output (gs

GEF = gross énergy/g of feed
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GEE .= gross energy/g of excreta
NF = nitrogen/gram of +feed
NE = nitrogen/gram of excreta

K = 8.22 Keal (Hill and Anderson, 1958)
EA ID ANALYSIS

Lipid extractio

Lipids were extracted by a modification of the method of
Folch et al (1957). Approximately 3 grams of homogenized
sample (feed or feces) were placed into Erlenmyer Flasks. Total
lipids were then extracted overnight with Folch reagent (1S ml of
2:1 v/v chloroformimethanol soclution/gram of sample). In the
case of fecal samples the Folch reagent was qcidi+ied by the
addition of 2% concentrated formic acid to hydrolyse spaps as
described by Savary and Constantin (1966). The extract was
filtered on Whatman No. 1 filter paper into a graduated cylinder,
washed with saline solqtinn and the phases allowed to separate.
The upper phase, cantaining Qater, methanol and water soluble
material was siphoned off and discarded. The lower phase of
chloroform and lipids was further washed with a
chloroform:methanol:saline (3:47:48 v/v) solution. Again, the
phases were allowed to separate. The final volume of the lower
chloroform:lipid layer was recorded and the upper layer siphoned
of+ and discarded. Three aligquots of the chloroform layer were
then taken for determination of % lipid, % total fatty acid, and
preparation of methyl esters of the fatty acids for Gas Ligquid

Chromatography (GLC).
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al lipid ta acid determinati

Total lipid was determined by taking a 5.0 mi aliquot of the
chloroform layer and placing it in a tared aluminum weighing -
dish, evaporating it under a stream of nitrogen, and placing in a
drying oven at &5~-70° C over night. The samples were then
cooled in a dessicator for S hours and the sample weight recorded -
and % total lipid calculated.

Percent total fatty acid wasidétermined by a modified AQAC
(1980) method. A 10 ml aliquot of the Folch extract was placed
in a screw~top culture tube (with teflon lined caps). This
sample was evaporated under a nitrogen stream and the dry lipids
were saponified with 4.0 ml 0.5 M methanolic KOH on a S0° C
water bath over S0 minutes. Then the solution was extracted
twice with S5 ml petroleum ether to remove the unsaponifiable
fra:tinn.k The scap was then hydrolyzed with 2 ml of 1 M HCl and
1 ml distilled Hz20 and S ml petroleum ether was .added to the
resulting biahasic sn{ution. The solution was then centrifuged
for 20 minutes to pack the interfacial '¥lu++' and the ether
layer was transtered to dry, preweighed aluminum dishes and
treated as described for total lipids and % total fatty acids was
calculated.

E i erjiviti

The methyl esters of the fatty acids were produced by a
modified AOCS (1980) method. Enough Folch extract to provide
250-300 mg of lipid was placed in a screw cap culture tube. This
sample was evaporated under a nitrogen stream. Then 4.0 ml o+

0.5 M methanolic NaOH was added and the solution was incubated at
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709C for 10 minutes in a water bath. To this sﬁlutiun S.0 ml
of 14% boron trifluoride‘was added and the cap was loosely placed
on the tube and this was placed back in the water bath for 1
hour. At this point the cap was tighténed and the tube was placed
in an oven at 65-70° C for 12 hours. Then 3 ml of heptane was
added and the solution was vigorously shaken and allowed to stand
until the layers erarated. The heptane layer Qas then dried
over a 4:1 mixture o+ anh;drnus Naﬁso.:Naacoa and a
portion transferred to septum vials which were stored under
nitrogen and refrigeration until analysis.
G liqu ato

The fatﬁy acid composition of the lipids was determined
using a Varian Gas Liquid Chromatograph, model 3700, equipped
with a flame ionization detector, 2 meter (3.18 mm inside
diameter) packed column, and a Vista 400 data processor. In
Trial 1 the stationary phase used for the determination of the
lipid fatty acids (table 3) was 135% Diethylene Glycol Succinate
Polyester on Chromasorb @ (mesh‘size 80/100 M) and the ;uns were
temperature programed from i60—190° C with an initial time of 27
minutes, a program rate of 8° C/minute and a final time of 42
minutes. Injector and detector temperatures were 200 and
230°c, respectively, and the nitrogen flow rate was 30
ml/minute. In all subsequent determinations the packing material
was 10% Silar SCP (stationary phase) on Chromosorb @ (mesh size
80/100). The runs were temperature programed over a temperature
range of 160- 230° C, with an initial time of ? minutes, a

program rate of 10 ©C/minute and a final time of 286 minutes.
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Injector and detector temperatures were 250 and. 300°C,
respectively, and the nitrogen flow rate was 30 ml/minute.
3 acid ide ication

Identification of +atty acids was accomplished by comparison
of the chromatogram peak retention times with those of fatty acid
standards. Percent composition of fatty acids were calculated as
the ratio ot peak area to total chromatogram area by the Vista
400 data processor. These percent compositions were later

converted to percent by weight by the formula:

~ % FA X MW
% Fatty Acid by Weight = -~v----crererccrecer e X 100
Sum of Wt of the FA Present
Where: FA = Fatty Acid

MW = Molecular Weight

SICO-CHEMICAL DETERMI S

ve e

The deterioration study was modelled after a study published
by Eskin and Frenkel, 1977, 1t was conducted on 300 ml samples o+f
oil which were placed in clean 400 ml Pyrex beakers which
contained Te+lontcoated magnetic stirrers. The mouth of the
beakers were covered with a 7?3 mm diameter watch glass and placed
in an oven at 70°C, The beakers were remerd from the oven at |
0, 2, S, 8, 12, and 146 days of incubation. At this time the oil
was mixed with the magnetic stirrers for 1 minute to homogenously
distribute the oxidation products and to change the interface,

and duplicate samples for peroxide value and thiobarbituric
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acid value determination were taken. These samﬁles were stored
in glass scintillation vials under nitrogen at -259C until
analysis.
Peroxide obarbitu value

Peroxide values were determined by Official Method Cd 8-53
'(AOCS, 1980). Thiocbarbituric acid values were determined by a
method modified after Sidwell et al, 1954. Oil.(3.0 grams)
was weighed into a screw cap tube to which 10 ml CClga and 10 ml
thiobarbituric acid reagent was added. The tube was capped
with a Teflon lined cap and placed on a horizontal shaker with a
3.18 cm oscillation for 4 minutes. The aqueous layer was then
transfered to a test tube and immersed in a boiling water bath
for 30 minutes. The solution was then cooled and a portion
transfered to a cuvette and fhe absorbancy was read at 330 nm
against distilled water,
Smoke pgint

Smoke points were determined by a modi+ied Official Methad
Cc 9a-48 (AOCS, 1980). A Cleveland open flash cup was filled
with the oil so that the éup of the meniscus touched the filling
line. It was then placed in a 46x51x44 cm illuminated cabinet
and a thermometer was suspended in a vertical position in the
center of the cup with the bottom of the bulb about 4.35 mm from
the bottom of the cup. The sample was then heated with a bunsen
.burner so that the temperature of the sample increased at about
3-~69C per minute. fhe smoke point was taken as the temperature
indicated by the thermometer when the sample gave off a thin,

continuous stream of bluish smoke.
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STATISTICS

Data for the 3 feeding trials were tested for significance
by analysis of variance and means were compared by Duncan’s New
Multiple Rénge Test as described by Steel and Torrie (1980).
Percentage data were treated with the arcsine transformation
prior to analysis and missing values were calculated by the

method recommended by Steel and Torrie (1980).
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RESULTS D SCUSSIO

TRIAL. 1
c erto e

The dietary oils used in this experiment 5fgni+icantly
(P < 0.05) affected baody weight, weight gain and feed
consumption but not on feed conversion (Table 4). In terms of
body weight and weight gain Canbra oil was equivalent to lard in
grnwtﬁ promotion but both were significantly (P < 0.03) inferior
to sunflower 0il in this respect. This agrees with the report of
Clandinin et al (1978) which indicated that LEAR (2.3% erucic
acid) was inferior to sunflower oil in terms of growth promotion,
stimulation of feed consumption and energy utilization. The
blended oils were noi significantly (P < 0.03) different from the
suntlower oil treatment in either final body weight or weight
gain. However, these body weights tended to be somewhat Bmailer
than those of the suntlower oil fed groups (Table 4). The
Canbra oil/lard blend showed definite synergism in weight gain as
has often been reported (Lall and Slihger, 1973} Slinger, 1977}
Hulan et 3l, 1984). On the other hand, the Canbra
cil/sunflower ail blend did not show any synergiém in
body weight or weight gain as the average weight gain of the
birds was only slightly above the arithmetic mean of the average
weight gains of the birds in tﬁe Canbra oil and sunflower oil

treatments. This agrees with the report of Bellenand et al
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Table 4, Effect of 0Qil Blending on the Growth Performance of
Chicks at 4 weeks, Trial 1.

Dietary Chick Performance?®
0ils S e e e e e e e e e e e e e e e m—— s eae -
Body weight Weight gain Feed Consumed Feed Conversion
(9/bird) (g/bird) {g/bird) (g consumed/gain)
CBO 299, 2a 262.0= S48. 1~ 2.09
SFO . 322. 3= 283.0- S595.8° 2.10
AL 304.8e0 248. 1= 5727.72 2.16
CBO+SFO= 313.8e<= 277.2®< 574. 62 2.07
CBO+AL 319.5= 283.1°k= 587.9° 2.08
SEM= - a4.53 4.45 9.11 0.02

ACBO = Canbra oil, SF0O = Sunflower oil, AL = Animal lard,

2Means followed by the same superscript are not significantly
different (P < 0.093).

30il1s blended 1:1.

“Standard error of the mean (n = 3).
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(1980).

The Canbra oil treatment resulted in significantly (P <
0.05) less feed consumption than any of the oﬁher treatments
except the Canbra oil/sunflower oil blend which was not
significantly different from either the Canbra oil! treatment or
the other ireatments in this respect.

Interestingly there was a strong correlation between the
teed consumption and weight gains in these treatments (r=0.90).
This seems to support the reports of Joshi and Sell (1944) and
Alexander and Mattson (19648) who indicated that depressed feed
consumption was the primary cause of weight gain depression
observed in diets containing rapeseed oil.

The feed conversion data shows no significant differences
between treatments. However, both blended oils showed a trend
toward synergigstic improvement in feed conversion. These result
agree with the results of Hulan et a)] (1984) who proposed
that the fatty acid profile of an oil may alter the metabolism of
chickens, particularly in intestinal absorption of fatty acids.
a e diqe ity cge ie

The apparent digestibility cpoe+ficients of feed and total
fatty acids demonstrated no significant (P < 0,03) differences
between treatments (Table S). The digestibility of the total
lipid in.the Canbra oil treatment was significantly (P < 0.05)
lower than in the other treatments. There was a synergistic
increase in the total lipid digestibility af the Canbra
oil/sunflower oil blend and the total fatty acid digestibility of

both blends also showed this trend. The total fatty acid



Table S. Apparent Digestibility Coefficients at 4 Weeks, Trial

Dietary Apparent Digestibility Coefficient?

0i1]  —=~rmmmmcmmer e e -
Feed Total lipid Total fatty acid

CBO= 79.56 87.21= 89.71

SFO 79.14 8%9.05P ?1.748

AL 81.29 %0.22" 90.67

CBO+SFO=  79.42 90.02%= 22.86

CBO+AL 78.83 89. 39" 92.01

iMeans followed by the same superscript are not significantly
different (P < 0.05), analysis was performed on transformed
data.

2CB0 = Canbra oil, SFO = Sunflower o0il, AL = Animal lard.

30ils blended 1:1.

45
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digestibility also correlated well with weight gain (r=0.80).
These resu{ts indicate that something other than feed consumption
may affect the grawth performance of the chicks.

Apparent individual fat ci bso i

The individual fatty acid absorption data (Table &) agrees
well with the total 1lipid and total fatty acid data presented
earlier. That is, with the exception of Ci18:1, Ci8:3 and C20:1
(which make up a relatively small portion of the oil) the
absorption values of the Canbra aoil are inferior to those of the
sunflower oil. The lard shows poor absorption of C18:2 and €C18:3
(87.23% and 81.35% respectively) but a high absaorption of C16:0.
The high degree of absorption of the C16:0 in lard has been well
documented and is attributed to its preferential incorporation
vintu the beta position on the triglyceride molecule (Renner and
Hill, 1960; Whitehead and Fisher, 1973).

A positive synergistic increase in the absorption of all of
the individual fatty acids was seen in both blends with the only
exception being found in the CfB:Z of the Canbra oil/animal lard
blepd.

These results indicate that Canbra o0il fatty acids are
imbalanced fﬁr maximum absorption as suggested by Walker et
al (1970), Lall and Slinger (1973) and Hulan et al (1984).

These workers all suggested that rapeseed ocils were deficient in
the 1long chain saturated fatty acids. While this hypothesis
would explain the synergism observed in the Canbra oil/animal
lard blend it does not explain the synergistic effects of the

Canbra aoil/sunflower oil blend. Indeed Beare-Rogers (1977)
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Table 6. Apparent Individual Fatty Acid Absoarption,

Trial 1.
Dietary Apparent Fatty Acid Absorption® (per cent)
0il i it et il Rl it de el
Ci16:02 ci18:0 ci8:1 ci8:2
cBO= 81.08= 79.68= 92,17=6 88.40=
SFO 86.41° 20, 32" 20,54~ - 93,746
AL ?1.82< 82.58= 94,340 87.23=
CBO+SFO* 86.,60° 91.55"= 94.11° 93.06°
CBO+AL 90.86" 92.33° 94,2482 87.36"
c18:3 C20:1 c22:1
* CBO 92.09= 87.72e> 87.03
SFO 72.77~ 82. 40~
AL 81.55" ?0.35%=
CBO+SFO 91.27<= 23.33= ?3.06 -
CBO+AL ?0.70< 92.73L< 92.49

- — - " T S D - - S = ———— - -

iMeans followed by the same superscript are not significantly
different (P£0.03), analysis was performed on transtormed data.

2The number preceeding the colon indicates the lehgth of the
carbon chain, the number following indicates the number of
double bonds present.

SCBO = Canbra oil, SFO = Sunflower o0il, AL = Animal lard.

“Indicates pil blended 1:1 by weight.
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quotes Rocgquelin and Cluzan as stating that the. ratio of
saturated to unsaturated fatty acids in an oil ig unimportant in
utilization when the oil cantains more than 10% linoleic acid.
This research clearly supports this view. Canbra oil utilization
can be impraved by blending with either lard (saturated fat) ar
sun+tlower oil (highly unsaturated pnil). These results point
toward a much more complex inte;action of fatty acids than ﬁas
previously postulated and indicates that continued research in

this area could very well prove praoductive.
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IaL 2

There was no significant difference between the final body
weights of the birds fed Canola oil, sunflower ocil or soybean ofl
(Table 7). This agrees with the data of March (1977) +for
chickens and Beare-Ragers et al (1979) gnd Ziemlanski (1977)
for rats. However, Clandinin et al (1978) repufted that LEAR
was inferior to sunflower ail in promoting chick gr9wth and
Kramer et al (1973), Kramer et al (1981) and Farnpurth
and Kramer (1983) reported that soybean oil promoted
significantly more growth than LEAR (0.6% erucic acid). However,
all blends except 8/2 and 4/4 showed synergistic increases in
final body weight. This pattern was alsp shown in thé weight
gains of the birds (Table ?). The largest weight gain was
demonstrated by the 7/3 blend, although this was not
significantly (P < 0.05) greater than that demonstrated by the
Canola oil, 971, 6/4 and S/5 treatments it was significantly (P <
0.038) greater than the weight gains of either the sunflower or
soybean oil treatments. This would indicate a real improvement in
the ability to support chick graowth over both Canola cil and
suntlower oil fed individually. The weight gain data for the 8/2
blend appeared to be considerably lower than expected when
compared with all of the other treatments containing Canola oil.
This result could not be logically explained except as a random
event with a probability of less th;; S%. Therefore, another
feeding trial was set up (see appendix A) to determine whether or

not this result was repeatable and to directly compare Canbra and
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4 4~
Table 7, Effects of 0Oil Blending on the Growth Performance of
Chicks at 4 Weeks, Trial 2. '

Dietary Chick Per+formance?®
gfl = e e
Body weight Weight gain Feed Consumed . Feed Conversion
(g/bird) (g/bird) (g/bird) {g consumed/gain)
CAQ? 332. 1ebe= 292.0eb= 599.7 2.05
/13 3345. 5= 296,80 604,7 2.04
8/2 308. 6= 269.0= 560.2 2.08
7’3 343. 1= 303. 4= 631.3 2.08
&6/4 323.gebe 284. 1abc 604.1 2.13
S/5 332, 7eb= 292.8v< 613.7 2.10
SFO 310.4- 270. 6=~ S575.9 2.14
SBG 314, 7eo 274,77« 586.9 2.14
SEM= 7.29 7.21 17.08 0.03

1CAQ = Canola oil, SFO = Sunflower oil, SBO = Soybean oil

2Means followed by the same superscript are not significantly
different (P < 0.035).

3Indicates Canola and Sunflower oil blended 9/1
(weight/weight).

“Standard error of the mean (n = 3).



Canola oil. The results of this trial confirmed the results of
earlier trials for chick growth supported by Canbra, Canola,
sunflower, and the 7/3 blend. However the weight gains for the
8/2 blend were considerably increased indicating that the low
weight gains for this blend in Trial 2 were probably random.
| Table 7 also shows that there were no significant
differences in feed consumption for any of the treatments used in
this trial. This would seem to concretely support the theory
that the differences in weight‘gain are due to different
nutritive properties of the oils and blends. However, there was
a strong correlation (r=0.94) between feed consumption and weight
gain. The correlation implies that there were actual consumption
differences but that the experimental des;gn did‘nnt allow enough
precision to detect them. This :nnclusibn was also supported by
the feeding trial described in Appendix A. These results
support the theory that coﬁsumption is the major factor in growth
depression caused by early rapeseed oils (Joshi and Sell, 19464;
Alexander and Mattson, 1964). But it does not exclude the
possibility of an unpalanced fatty acid profile as ;huwn by the
synergistic interactions iﬁ both final body weight and weight
gain seen in this study. It theréfore appears that there was an
interaction between consumption and other factors which were all
related to weight gain.
There was no significant differences in feed conversion as
EJ
was reported by Joshi and Sell (19464), however, Saimun (1969b)

and Hulan et al (1982) reported increased feed conversion

caused by rapeseed oil compared to soybean oil. The values for
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this parameter ranged from a high of 2.14 for both sunflower and
-soybean o0il and a low of 2.04 for the 9/1 blend with the others
falling in between (Table 7). This data shows a trend toward
1mpro§ement in feed conversion for the 9/1, 8/2 and 7/3 blends in

spite of the lack of significance.

Appare ige bili etficie

Significant differences in feed digestibilities due to oil
type were apparent. There was no significant difference between
feed digestibility for the Canola oil and sunflower oil but the
soybean o0il treatment showed significantly (P < 0.05) higher feed
digestibility (Table 8). All blendé except 9/1 showed
synergistic increases in feed digestibility when compared to the
Canola and sunfluwér oils. The 7/3 blend was significantly
higher in feed digestion promotion than the sunflower pil but was
not differenf from the Canola ail. The other blends were not
different from either the Canola oil or the sunflower oil in this
respect. Three of the blends (7/3, &4/4 and 5/3) had feed
digesfibilities statistically similar to that of soybean boil.

Total 1lipid digegtibility of the 9/1 blend was significantly
lower (P < 0.03) than the other treatments (Table 8), the
reason for this is not readily apparent. The total fatty acid
digestibility showed no significant differences between
treatments but followed the same trend as the feed digestibility.

Data pertaining to nitrogen retention relative to dietary
oil are also summarized in Table 8; ‘The nitrogen retention in
the Cénnla and soybean oil treatments were not signi+1cgntly

different although the soybean result was cansiderably higher.
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Table 8. Apparent Digestibility Coefficients §t 4 Weeks,

Trial 2.

Distary Apparent Digestibility Coeffiecents:
S Tred Total lipid Total fatty acid N retentisn
CAOQ= 80.07e 88. 0% 89.31 69.40=
971> 79.07; 83.84=« 89.50 66,20
8/2 » 80. 08« 90.94" 89.33 67.34~
2/3 83.95e= 92.59" 93.13 75.07%
&/4 80, 359e0= 88.94" 89,19 &7.54=
5/5 81.97em= 91,70 21.94 71.93=e
SFO 79.14~ 89.48v" 90.43 66.75=
SBO 84.17= 91.23° 21.16 75.32°

iMeans +cllowéd*by the same superscript are not significantly
dif$erent (P < 0.03), analysis was performed on transformed
data.

2CA0 = Canola oil, SFO = Sunflower oil, SBO = Soybean oil.

SIndicates Canola and Sunflower 0il blended 9/1
{weight/weight).
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Similarly there was no difference between the Canola and
sunflower treatments although the sunflower treatment was
significantly lower (P < 0.03) than the saybean o0il treatment.
The blended treatments show no synergistic effects in nitrogen
retentiaon except in the 7/3 and S5/5 blends which were not
significantly different than either the Cancla oil treatment or
the soybean oil treatment. The 7/3 blend however, was equivalent
to the soybean oil with nitrogen retentions of 75.07 and 75.32
per cent, respe;tively.

The above result is supported by Farnworth anq Kramer
(1983) who reported that blending LEAR resulted in improved
growth, and increased body fat and protein in rats. These results
alsoc support the hypothesis that fats and fatty acids interact to
allow increased fat absorption and absorption of other dietary
components (Sibbald and Kramer, 1977; Mateos and Sell, 1981j
Muztar @t al, 198135 Dale and Fuller, 1982 Fuller ;nd Dale,
1982). | |
A rent metaboljizable ene £ e e

The nitraogen corrected apparent metabolizable energy (AMEn)
of the diets are shown in Table 9. It can be seen that the
soybean oil diet had a significantly (P < 0.03) higher AMEn than
either the Canola oil or the sunflower o0il diets which had
roughly equivalent values. The 7/3, 6/4 and S/5 blends again
showed a éynergisti: interaction with 7/3 having the highest
AMEn, which was equivalent to that of the soybean oil.

The results agree well with those of Sell and Hodgson (1962)

who reported that there was no significant difference in ration



Table 9. Apparent Metabolizable Energy of Diets (Nitrogen
Corrected), Trial 2.

0il Type AMEn* (Kcal/kg)
CAQ= 4082.35‘

/13 4044, 85~

8rs2 4067, 77~

213 4265.11P=

&/74 4107,32==

S/S 4174, 85=bc
SFO 4097.40=

SBO 4281.50=

SEM= 50.93

- . - — - ————— - - ———— - —— —— - ——— - -

iMeans followed by the same superscript are not significantly
different (P < 0.03),

2CA0 = Canola oil, SFO = Sunflower oil, SBO = Soybean oil.

3Indicates Canola and Sunflower oil blended 9/1
{(weight/weight).

“*Standard error of the means (n = 3).
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M.E. of chicken diets caontaining 8% rapeseed oil or sunflower oil
but that diets containing 8% soybean oil had significantly higher
M.E. Joshi and Sell (19464) reported similar results.fnr turkey
poults although in this case the diet M.E. was similar for the
sunf lower and énybean treatments and significantly lower for
rapeseed oil diets. This difference was also reported by Salmon
{19469a) for turkey poults, althaugh he reported (1949b) no
difference in diet M.E. for chickens fed diets containing
rapeseed oil or soybean oil. It should be noted however, that
only Salmon reported the erucic acid content o# his rapeseed oil
{which was HEAR).

The differences in AMEn found in this experiment also
supports the data presented earlier in which total diet
digestibility and nitrogen retention were improved by blending
oil. That is, AMEn correlates strongly with diet digestibility
(r=0.97), nitrogen retention (r=0.96), total tatty acid
digestibility (r=0.78) and total lipid digestibility (r=0.51),
put correlates poorly with weighf gain (r=0.17). These
correlations indicate that the dietary fatty acid profile affects
AMENn, the absorption of the total diet, nitrogen retention and
fat absorption buf that feed consumption is the over-riding
factor in chick weight gain.

Appare 1 vidual id abs

As can be seen in Table 10 only S fatty acids (Clé:0, Ci18:2,
€18:3, €C20:1 and C24:0) were significantly (P ¢ 0.05) affected by
the various treatments., Of thesg fatty acids the absorption was

higher in those derived from soybean oil than those from Canola



Apparent Individual Fatty Acid Absorption, Trial

Apparent Fatty Acid Absorption?*

{per cent)

- . . e e D - - - - ——— A - D - A - - —————

Table 10,
Dietary
0il

Ci4:0=
CADS 81.99;
971« 83.80=0
8/2 83.41ee
713 88.63<
&/4 81.70=
3/3 86,.80P<
SFO 85. 0aba
SBO 88, 40=

81,97

82.78

83.2¢

20.62

85.63

88.38

87.65

835.270

?1.721

91.39

91.27

24.50

90.88

?3.07

89.63

91.40

872.61~

88.72=

89.10=

93.03=

89.88="

22.63<

91.94P<

92,329

- 92,30~

92.01=>e

91.72%>

?4.414

90. 692

©2.93b=a

82.3&~

93.58<=«

iMeans followed by tﬁe same superscript are not significantly
different (P<0.03), analysis was performed on transformed data.

2The number preceeding the colon indicates the length of the

carbon chain, the number following indicates the number of

double bonds present.

3CAQ =

“Indicates Canola and Sunflower oil blended 9/1

Canola oil,

{weight/weight).

SFO =

Continued on next page-

Suntlower oil,

SBO =

Soybean o0il.
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Table 10

{(continued).

——— . - ———————————— - ——— —— - —— - ——

Dietary
0il

CAO
971
8/2
773
&/74
3/8
SFO

SBO

Apparent Absorption

(per cent)

- . - A — - —— . WD " S ——— e P D G w— P AT MR WD AL G AN oy Y AN - e

80.92

81.73

89.27

80.32

85.98

80.52

83.18

86.08en
87.29=e
85,44«
91,058
83.91=
g8. 05=e
82. 69«

83. 15~

75.75

72.38

85.19

73.69

82.9¢4

79.82

74.43

79.19

75.73

85.70

72.30

77.86

73.27

75.27a0

81.83vc4

77.16%0

86.92=<

71.30=

75.97ab

80. 260

88.454

iMeans followed by the same supers:ript are npot significantly

S8

different (P£0.0S5), analysis was performed on transformed data.

2The number preceeding the colon

carbon chain,
double bonds present.

SCAQ = Canola oil,

“*Indicates Canola and Sunflower oil blended 9/1
(weight/weight). ‘

SFO = Sun+flower oil,

indicates the length of the
the number follawing indicates the number of

SBO = Soybean oil.
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oil except C20:1. When cbmpared with sunflower oil, the
absorption of these individual +fatty acids were equivalent in

all except C18:3 and C24:0 which showed greater absorption in the
su?bean 0il treatment. AsS for the comparison of the suntlower
oil and Cénola oil treatments, the aésarptiun of these S fatty
acids were.statistically equivalent except for the C18:3

which showed particularly lcﬁ absorption in the sunflower oil
treatment. This may have been due to the high level of C18:2 in
the sunflower oil diet as this fatty aciq appears to inhibit fhe
absorption of C18:3 (Chow and Hollander, 1979).

The blended treatments 7/3 and 5/5 showed marked synergistic
improvments in individual fatty acid absorption. All individual
fatty acids derived from these 2 blends except the C24:0 were as
absorbable as those of the soybean oil treatment. The
synergistic increase in absorption was particularly noticable in
the essential fatty acids (C18:2 and C18:3). Blending the oils
improved the absorption of most of the individual fatty acids,
especially in the 7/3 and S5/3 blends. The results'agree with the
earlier reports of increased saturated fatty acid utilization due
to blending (Young and Garrett, 1963; Artman, 1944) and increased

total fat utilization (Lall and Slinger, 19733 Slinger, 1977).
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Chick pertormance

This experiment was designed to compare the eftects of
feeding hydrolysed oils with their intact counter parts. Table
11 shows that feeding practical diets containing hydrolyzed oils
{free fatty acid mixtures) has no significant (P < 0.05) effects
on body weight, weight gain, feed consumption DE +eed conversion
compared to diets containing intact oils. Huwevek, e#cept for the
suntlower o0il treatments, the birds tended to consume less feed
and gain less weight (but not significantly) when fed hydrolyzed
$atty acids. This agrees with the data presented by Young
(1961), Young and Artman (1961), Artman (1964) and Hakkarainen
et al (1983) for chicks and Chen (1979) for rats. The feed
conversion rafio tended to decrease when free fatty acids were
fed to the chicks except in the case of the Canola pil treatment.
'However, the reverse trend was reported by Young and Artman
(19615 and Artman (1964),.
Appare estibi . pefticie

The data in Table 12 shows that feeding hydrolyzed oil had
no significant effect on feed digestibility when compared to
intact oils except in the case of the hydrolyzed soybean oil
which significantly (P < 0.05) reduced the digestibility of the
diet. This same pattern was shown in the total lipid
digestibility, however another trend emerged in this data. All
of the hydrolyzed oil treatments were lower in total lipid
digestibility than their correspon&ing intact oil. These results

agree well with the abservatians reported by Renner and Hill
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Table 11. Effect of Free Fatty Acids on the Growth Performance
.0f Chicks at 4 Weeks, Trial 3.

- o D A . D D W NS - e e G R SR M A SR S e . G S e . e S A G MR W WD G WS W e

Dietary Chick Performance?
0i1]  e-emmmemmmrtmcc e - e e e e~
Body weight Weight gain Feed Consumed Feed Conversion
{g/bird) {(g/bird) tg/bird) {g consumed/gain)
CAD= 332.1 292.0 599.72 2.05
CAO FFAS 316.9 278.2 391.9 . 2.13
SFO 310.4 270.6 575.9 2.14
SFO FFA 320.S5 281.0 S82.1 2.08
S/5% 332.7 292.8 613.7 2.10
3/3 FFA 317.8 279.6 565.8 2.02
SBO 314.2 2724.7 586.9 2.14
SBO FFA 303.6 264.6 554.7 2.09

SEM® ?.10 2.00 24.70 0.03

iMeans followed by the same superscript are not significantly
different (P < 0.05).

2CAQC = Canola o0il, SFO = Sunflawer oil, SBO = Soybean oil.
SCAQ FFA indicates free fatty acids of Canola oil.

“Indicates Canola and Sunflower oil blended $/S5
(weight/weight).

SStandard error of the means (n=3).
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Table 12. Apparent Digestibility Coetficients at 4 Weeks,

Trial 3.
Dietary Apparent Digestibility Coetfiecents:
0il] = ~---—eemmercr e e s
Feed Total 1lipid Total fatty acid
CaQ= 80.07e 88.9%0v 89.31
CAO FFAS 81.70=m 88.77% 88.4°%9
SFO ‘ 79.14= ‘ 89. 68" l90.43
SFO FFA 81.45~= 88. 99" 89.91
S5/5* 81.95~b 91.20" 91.94
5/5 FFA 79.67= 82.70eb 88.63
SBO 84.17% 21.23" 21.16
SBO FFA 80. 28~ 84.21= 85.42

i*Means followed by the same superscript are not significantly
different (P < 0.05), analysis was performed on transformed
data.

2CA0 = Canocla ail, SFO0 = Sunflower o0il, SBO = Soybean oil.

3CA0 FFA indicates free fatty acids o+ Canola oil.

“Indicates Canocla and Sunflower oil blended 5/S
{weight/weight).
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(1961a) and Sklan (127%9) that total fatty acids from hydrolyzed
'saybean'nil were less absorbable than those of intact oil.
However, Young }1961), reported that feeding hydrolyzed soybean
or corn 0il had no effect on their absorbability. Young and
Artman (1961) reported that hydrolysis of soybean oil or animal
fat réduced their digestibility but not to the degree reported by
Renner and Hill. Artman (1964) also reported a trend toward
slight decreases in the digestibilities of soybean oil,
tallow and blends of tallow when these fats were hydrolyzed.
These results support the sunflower Dil; Canola oil and oil blend
results obtained in this experiment. The reason for the
differences ih response of the oil types is at this point
unclear. It appears that the chick’s response to hydrolysed oils
may be more variable than their response to intact oils. Thié
may partially explain the variability in the results reported in
the literature and the results of this experiment.
Apparent Individual fatty acid absorption

The hydrolyzed oil treatments resulted in significant (P <
0.08) differences in the absorption of only 4 fatty acids. These
were C18:1, C18:2, C18:3 and C24:0 (Table 13). There were no
significant differences in the absarption of the fatty acids when
the chicks were fed with either Canola oil or hydrolyzed Canola
oil. There did appear tao be a pattern though. All of the fatty
acids except the 18 carbon chain uneé showed slight increases in
absorption and the 18 carbon fatty acids showed slight decreases
in the hydrolyzed treatments. This was also true of the

sunflower treatments with the exception of CZQ:O which showed a
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Table 13. Apparent Individual Fatty Acid Digestibility, Trial 3.

011 mmmm e e

Cls:0= cis8:0 cis: 1 ci8:2 Ci8:3
caQs 81.99 81.9S5 @1L.21p¢<= 87.461~ - 92.304e
CAQ FFA+ g82.39 83.00 20.07e< 87.41~ 20.727=<
SFO 85. 60 87.65 8%9.a43%c 21.96b< 82.3&6~
SFO FFA 86.76 88.27 89.25" 90.99b< 8S.32ee
S/5® 846.80 88.58 93.07= 92.63F 92.934=
S5/3 FFA 84.046 85.89 89.42%= 89.28~> 89.54<
SBO 88.40 85.70 91.40Pr= 92,.32= ?3.58"
SBO FFA 82.43 | 78.84 84.60= 86.16~ 88.24P<

- ——— - —— e Y W . W e D D WD S wm A M SE ST A R et =

*Means followed by the same superscript are noi significantly
different (P<0.05), analysis was performed on transtormed data.

2The number preceeding the colon indicates the length of the
carbon chain, the number following indicates the number of
double bonds present.

SCA0 = Canola o0il, SFO = Sun+lower oil, SBO = Soybean oil.

“FFA indicates free fatty acids.

®Indicates Cannla and Sunflower il blended S/S
{weight/weight).,

Continued on next page-
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Table 13 (continued).

- —— - - ————— —— ———— ———— D D R D S R S = W ———— ———

Dietary _ Apparent Digestibility (per cent)
0il = seememeseeer e e e
C20:0 €C20:1 €22:0 c22:1 €24:0
CAOQ . 82.28 86.08 72.67 77.87 : 75.27=0
CA0 FFA 84.48 86.864 79.24 82.54 88.85="
SFO 80.52 82.69 79.82 73.27 80.26%P
SFO FFA 82.88 85.05 83.84 69.59 25.17<
5/8 83.98 88.05 82.96 77.86 ?5.60=>
3/3 FFA 83.2546 85.06 | 81.21 78.03 82.99=s
SBO 83.18 83.15S 74.43 ' ' 88.45®
SBO FFA 76.81 77.81 71.08 71.21=

. —— - - —— - — - —— . - - - - - ——— ————— - ——— - — o -y —n -

iMeans followed by the same superscript are not significantly
different (P<0.05), analysis was performed on transformed data.

2The humber~preceeding the colon indicates the length of the
carbon chain, the number following indicates the number of
double bonds present.

BCAQO = Canola oil, SFO = Sunflower pnil, SBO = Soybean oil.
“FFA indicates free fatty acids.

®Indicates Canola and Sunflower o0il blended 5/S
(weight/weight).
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significant (P < 0.08) increase in absorption (80.2&6% in the
intact oil and 95.17% in the hydrolyzed oil). The :nncentrat;on
of this fatty acid is very low in the diet and il however, so it
may be assumed that this does not signi+icéntly alter the overall
performance of the oil. The 35/5 blend behaved somewhat
differently than either the Cannla or sunflower oil. This blend
had significantly (P ¢ 0.05) depressed C18:2 and C18:3 absorption
when hydrolyzed. The hydrolyzed blend showed depression in the
absaorption of all of the fatty.acids except C24:0 (which
increased but not significantly). This result c)nsely resembled
the soybean o0il results which showed that hydrolysis of soybean
0il reduced the absorption of all of the fatty acids and
significantly (P < 0.03) reduced the absorption of the Ci18:1,
C18:2, C18:3 and C24:0. These results agree with those published
by Sklan (1979). But Renner and Hill (1961a) reported that the
decrease in absorbability (due to hydrol?sis) of the saturated
fatty acids wés much greater than that of the unsaturated fatty
acids, This experiment did not show this trend. The reasons

for the differences between the patterns of absorption of
hydrolyzed suntlower and Canocla oil versus the 5/5 blend and
soybean oil are nat clear. It is possible that the positional
isomerism of the triglyceride of the soybean oil was responsible
but there was no other evidence ta support this. A better
explanation may lie in the fatty acid profile of the oils. That
is, the fatty acid profile of the blend most nearly matches that
of the soybean o0il and this may influence the absarption. The

major drawback to this explaination comes from the other pair of

%
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oils. The sunflower and Canola oils behave in very similar ways
when hydrolyzed but there are very :Dnsider;ble differences in
their fatty acid profiles.

In any case, it can be seen that feeding hydrolyzed oils in
practical diets does not significantly affect chick performance
or absorption of diet or fat except in the case of the soybean
oil. It also appears that the 1nd1vidua1Afatty<acid absorption
was little affected by hydrolysis o+ the oil except in the cases
of the blend and soybean otl. vTherefore, it can be concluded
that hydrolyzed oils may be useful in the study of lipid
absorption, metabolism and fat soluble vitamin or steroid
absorption as suggested by Chen (197%9) and Hakkarainen et al
{(1983). However,; more research is needed to explain the behavior

of the hydrolyzed soybean o0il and oil blend before these

preparations can be used in the study of fatty acid balance.
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PHYSICO-CHEMICAL AMALYSIS

0il1 stability

Two tests (peroxide Qélue and thinbarbitufic acid test) were
used to assess the autoxidative stability of the oils in the aoven
stability test. The results of the peroxide test indicate that
the sunflower il was relatively more oxidized than the Canola
ocil or the soybean oil (Table 14). The peruxidé values of the
Canola and soybean oil at day 0 were 2.05 and 3.22
milliequivalents/1000 gm of oil, respectively. This agrees'with
the values reported bvaskin and Frenkel (19727). The high value
of 135.01 milliequivalents/1000 gm il obtained for the suntlower
cil and the straight line (Figure 1) of the plotted peroxide
values over time indicates that this oil was already past its
induction point. The data indicates that all of the
anti-oxidants in the oil had been oxidized before the oven test
wag started. This would have had little impact on the feeding
trials as Oertel and Hartfiel (1982) reported that poultry fed
either +Eesh or oxidized oil (peroxide values of 90-180
milliequivalents/1000 gm oil) showed no differences in feed
:unsumptiun, weight gain or +eed eftficiency. However this high
peroxide value would have marked effects on the stability of the
blended oils. Blending the Canola oil with the relatively
oaxidized sunflower oil would reduce the induction period of the
Canola oil. Therefore, one would expect to see an increasing
peraxide value at Day 0 and continuing throughjthe period of the
oven test with increasing amounts of sunflower pil in the blend.

This trend is clearly shown in Figure 1. However, the peroxide



Table 14, Peroxide

Values Under Accelerated Storage.

CAD®  2.05+0.958
SFO 15.01+0.10
3/5 9.1140.15
2/3 6.24+0.44

SBO  5.22+1.01

6.344.591
28.6240.25
17.07+0.58

12.05:0.33

. 13,28+0.87

16.6340.16
45.84+0.72
31.3840.10
22.8540.90

26.2740.18

30.15+1.92
64.5940. 49
46.6640,43
32.9140.82

41.29+0.52

44,72+0.39
89.13+1.88
68.00+1.15
52,.33+0.08

59.23+1.68

61.20+0.37
120.68+0.58
90.454+0.28
71.44+0.91

83.19+1.04

iIMilli-equivalents

®CA0 = Canola oil,

per 1000 grams of oil

SFO = Sunflower oil,

(+ standard deviation).

§B0 = Soybean oil.

SIndicates Canola and sunflower cil blended 5/5 (weight/weight).
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value of the 2 blends tested we?e not dramatically different from
the soybean oil over the test period. More importantly the
peroxide values for the blends fell between those of the Canola
oil and sunflower oil indicating there was not a synergistic
decrease in stability due to the blending. The lack of synergism
indicates that blending does.nnt have a serious impact on the
developement of peroxide value in an oil.

These results were substantiated by the thiobarbituric acid
test. In contrast to the peroxide values the thiocbarbituric acid
values (absorbance at 330 nm) for the 3 oils and 2 blends were
identical at the beginﬁing of the deterioration tegst (Table 135).
However, they showed substantial differences in the developement
0f thiobarbituric acid reactive substances during the test
(Figure 2). It can be seen that the sﬁn+luwer oil developed the
thiobarbituric acid reactive substances more slowly and at£ained
a total amount which was less than the other oils in spite of
being more oxidized to begin with. This was probably due to the
small amount of linolenic acid associated with this oil. The
pattern aof level of linoclenic acid in the oil was Canala oil >
soybean oil > 2/3 > 3/3 > sﬁn+luwer oil and Table 15 shows that
the absorbance at 146 days reflects this same pattern.

At 2 days o+ incubation the 7)3 and S5/9 blends showed a
synergistic increase in absorbance. The increase was prabably
due to the oxidized state of the sunflnwer oil, as the degree of
oxidation increased with the increase in amount.uf sunflower oil
in the blend. Since sunflower o0il alone did not develope this

level of absorbance it may be assumed that the peroxides added to
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13. Thiobarbituric Acid Values Under Accelerated Storage.

2-Thiobarbituric Acid Value?*

oil

- — - —— - - ——— - - —— - —— . ——— - — v . G AR - - - - — -

0.02+0.00
0.02+0.00
0.02+0.00
0.02+0.00

0.02+0.00

0.22+0.01

0.05+0.00

0.3740.01

0.28+0.00

0.68+0.01

1.47+0.08
0.08+0.014
0.74+0.03
0.8440.06

1.1540.01

1.73+0.04
0.13+0.01
0.92+0.00
1.10%0.01

1.31+0.01

1.86+0.03
0.49+0.01
0.99+0.04
1.21+0.01

1.20+0.01

*absorbance at S30 nm (+ standard deviation).

2CA0

SIndicates Canola and sunflower oil blended 8/S

= Canola oil,

SFO = Suntflower oil,

SBO

= Soybean oil.

(weight/weight).
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the blend by the sunflower o0il hastened the deterioration of the
linolenic acid in the blend. This hastened deterioration was
also reflected in thé reduced induction periods of the blénds as
shown in Figure 2. Degpite this synergism the induction period o+
the blends was still greater than that shown by the soybean oil
and the total absorbance attained in the blends was equivalent to
or less than that of the spybean oil.

The absorbances at 16 days for the Canola and soybean ails
were considerably higher than those reported by Eskin and Frenkel
(1977), this brobably reflects the differences in temperature
at which the oven test was conducted and the hydrogenation of the
soybean oil used by those researchers.

It was concluded that blénding did not seriously alter the
patterns of peroxide value or thiagbarbituric acid value
developement and, therefore, did not significantly reduce the
oxidative stability of the oils involved.

Smoke pointsg

Table 16 shows that all of the oils were well above the
Canadian government standard aof 2009C for frying oils. The
values obtained for the Canbra, sunflower and soybean oils
compare well with those published in Canadian Consumer (1927),
although they are approximately &°C higher than the reported
values, It can be seen that the blending of sunflower and Canola
poil in S/5 and 513 proportions did not synergistically change the
smoke points. This was to be expected as the smoke point is a
measure of moiecular weight and +ree fatty acid content of an

oil. There was no evidence that blending alters these parameters.



Table 14. 0il1 Smake Point.

0il Type Smoke Point? + SD=
Canbra 294 + 1,53
Canola | 247 + 1.13
Sunt lower 252 + 0.98
Soybean 246 + 1.00
5/5 249 + 0.58
213 246 * 0.S8

- - ———— T > D G n S - - - — . —— AN S ——— -

iDegrees Celsius.’
25tandard deviation (n = 3).

SIndicates Canola and Sunflower o0il blended S5/5
(weight/weight).
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SUMMA D _CONCLUSIONS

The effects of balancing the fatty acid profiles of Canbra
{(6.1% erucic acid) and Canocla (0.55% erucic acid) oils by
blending with other fats or oils on chick per*orman:é and fatty
acid absorption, as well as, the autoxidative stability ana smake
point of the pil were lnvestlgated; In addition, the feasibility
of feeding free fatty acids (hydrolyzed oils) to study the
effects of fatty acid balancing was examined..

Canbra oil was blended with either sunflower oil or animal
lard 1/1 (w/w). The Canola oil was blended with sunflower ail in
the ratias'9/1, 8/2, 72/3, &/4 and 5/3. The nutritional value of
the oils was assayed using growing chicks fed lipid at 8% in a
practical diet over a 4 week feeding periocd. The criteria used
for evaluation were body weight, weight gain, feed consumption,
feed conversion, feed digestibility, diet metabolizable energy,
lipid digestibility, total fatty acid digestibility and
individual fatty acid digestibility. The effects of dietary
additions of Canbra oil, animal lard, sunflower oil, blends of
Canbra oil with animal lard or sunflower oil, Canola oil, soybean
oil, and blends of Canola oil and sunflower oil on chick
perfarmance and utilization were cumpare& and discuss;d.

Under the conditions of this investigation it was observed
that Canbra ail was equivalent tc animal lard and significantfy

(P < 0.05) inferior tpo sunflower oil in the promotion of growth
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and feed consumption. The blends of Canbra oil. and animal lard
or sunflower oil showed increased weight gain and consumption
over the Canbra oil fed alone. In the case of the Canbra
oil/7/animal lard blend this increase was synergistic. There were
no differences in feed conversion, feed digestibility or total
fatty acid digestibility between these treatments. Canbra oil
was significantly (P < 0.03) inferior to the other treatments in
lipid digestibility. This indicates that both blends exibited a
synergistic increase in lipid digestibility. The individual
fatty acids of the Canbra oil and animal lard generally were less
absorbable than those of the sunflower oil. Blending Canbra oil
with either animal lard or sunflower oil caused synergistic
increases in the absoarbability of the majnrigy of thelindividual
fatty acids.

~Canola oil, sunflower oil and soybean pDil were determiﬁed to
be equivalent in the ﬁrnmntion of weight gain and feed
consumption. All of the blends of Canola and sunflower oil
except the 8/2 and 4/4 blends showed synergistic increases in
body weight. The largest weight gain was demonstrated by the 7/3
blend and this was significantly (P < 0.08) greater than the
weight gains promoted by either the sunflower 0il or the soybean
oil. The feed digestibility of the saoybean aoil treatment was
significantly (P < 0.05) higher than that of the Canola oil or
sunflawer aoil treatments. However, the synergism in feed
digestibility shown by the 72/3, 6/4 and 3/3 blends raised this
parameter to a level equivalent to the digestibility shouwn in the

scybeah oil treatment. This pattern was also shown in nitrogen
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retention and apparent metabolizable energy of the diets with the
5/9 and 7/3 blends consistantly perfnrming the best. There.were
no significant differences in the feed conversion or total fatty
acid digestibility between any of these treatments. In terms of
individual fatty acids those derived from Canola oil generally
were less absorbable than those derived from the soybean oil.

The 7/3 and S5/5 blends showed synergistic increases in the
absorption of individual fatty acids to a level equivalent to or
exceeding values obtained for the fatty acids of soybean oil.
This was particularly true for the essential fatty acids.

The autoxidative stability of the oils and blends was
assessed by determining peroxide values and thiobarbituric acid
values over time in an oven test. Results showed that blending
had no serious detrimental effects on oil stability. This was
alsa true of the smake paints.

. Several conclusions were drawn from these results. Fatty
acid balancing of Canbra oil by blending with either animal lard
(saturated fat) or sunflower oil (unsaturated oil) improves chick
weight gain, feed consumption, lipid absorption and individual
fatty acid absorption. Fatty acid balancing of Canola oil with
sunflower oil improves cﬁick weight gain, feed digestibility,
nitrogen retention, individual fatty acid absorption, and
therefore dietary apparent metabolizable energy compared to
Canola oil or sunflower o0il 4ed individually. This was most
noticable for the 5(5 and 773 {(w/wW) blends. The high degree of
correlation befween weight gain and feed consumption shown in all

cases indicates that in ad libitum feeding, feed consumption
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is the most important factor in chick weight gain.

The feasibility of feeding hydrolyzed oils (free +atty acid
mixtures) was assayed by feeding hydrolyzed Canola oil, sunflower
oil, soybean pil and a S/S blend of Canola and sunflower oil or
the corresponding intact oils at 8% of a practiéal diet.

Criteria for evaluation of performance were the same as described
previocusly.

Results showed that hydrolyzed Canola and sunflower oil were
equivalent to the intact oils in nutritive performance. The
hydrolyzed blend was equivalent to the intact blend in growth
promotion, feed consumption, feed conversion and lipid absarption
but shuged gigniticant (P < 0.03) reduction in the absorbability
of some individual fatty acids. Hydrolyied saoybean oil while
supporting the same growth in chicks showed a significantly (P <
0.035) reduced diet and fatty acid absorption. It was concluded
that feeding hydrolyzed oils may be a useful tool in the study of
fatty acid balance but that further research is needed to
elucidate the reduced absorbability shown by the hydrolyzed blend

and soybean oil.
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JRIAL 4
Methods and materials

This experiment was designed to check the poor performance
of the 8/2 blend of Cancla and sunflower o0il used in Trial 2 and
to directly compare the Canbra and Caﬁala oil.

Five experimental diets were formulated to incorporate
either Canbra oil (6.1% erucic acid), Canola oil (0.55% erucic
acid), sunflower o0il or blends of Canala and sunflower ail at the
ratios 8/2 and 7/3 (w/w) into a basal diet (Table 3).
Experimental diets assigﬁed at random in triplicate to 15 chick
groups over a 4 week feeding period as described in Trials {1 and
2.

In this experiment only body weight, weight gain, feed
consumption and feed conversion were measured. Prior to
statistical analysis the data was combined with that of the
caorresponding treatments in Trials 1 and 2, this resulted in &
replicates per treatment and an increase in statistical
precision.

Results and discussion

It can be seen that Canola opil is significantly (P <0.035)
superior to both Canbra oil and sunfluﬁer oil 1in promatfng weight
gain (Table I). The data also shows that there is a marked
increase in the final body weight and weight gain of the 8/2
blend over those reported in Trial 2. There is no significant
difference between the 8/2 blend and thé Canola il in promotion
of weight gain. The 7/3 blend is superior to;the other

treatments in this respect, although it is not significantly
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Table I. Effect of 0il Blending on the Growth Performance of
Chicks at 4 Weeks, Trial 4.

Dietary Chick Performance?
0il] —mmmmmemer e e =
Body weight Weight gain Feed Consumed Feed Conversion
tg/bird) (g/bird) (g/bird) (g consumed/gain)
cao= 331.4<4 293.9° 398, 0Pc 2.04
8/23 319.0%= 281, 4« 577.8«b= 2.05
773 335.0< 297.4®° 608.7< 2.05
SFQO 311,77« 274.2~ 373. 6= 2.10
CBO 302.0= 24S.9= 554.0=~ 2.08
SEM=~ S5.16 S5.28 10.83 0.03

- s D T - - D - - - - —— o —— - - MR . - D = - R - - - -

iMeans not followed by the same superscript are significantly
different (P < 0.095).

2CA0 = Canola nil, SFO = Sunflower ocil, CBC = Canbra oill

*Indicates Canola and Sunflower oil blended 8/2
(weight/weight) .,

“Standard error of the mean (n =3).
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superior to the Canola oil. However it shows a definite trend in
this direction which supports the results of Trial 2. It can be
concluded that the 7/3 blend shows a positive synergistic
increase in weight gain.
Table I also shows that the same pattern can be aobserved
in total feed consumption. The consumption aof feed was
significantly (P ¢ 0.05) greater in the Canola oil treatment than
in the Canbra oil treatment. Even though the sunflower oil
treatment showed less consumption than the Canola pil treatment
this difference was not significant. The 7/3 blend treatment
showed a trend toward higher consumption than the Canola oil
confirming the results of Trial 2. In this experiment the
correlation between weight gain and feed consumption was higher
thén that shown in Trials 1 and 2 (r=0.99). This indicates that
in ad 1ibitum feeding consumption is affected by blending oil
and that this is a major factor in the weight gain of the chicks.
As in Trials 1 and 2 feed conversion was not significantly

different between treatments.



Table I1. Fatty Acid Composition of

Diets,

Trial 1.

Dietary Fatty Acid Content (per cent by weight)
0i1 = e e e e
Ci14:0* Ci6:0 Clé:1 ci8:0 cis:t
CBO= 5.51 1.96 49,69
SFO 7.94 S.21 18.71
AL 0.86 21.29 2.22 14,36 40.74
CBO+SFQS 6.71 3.69 35.94
CBO+AL 0.45 13.63 1.23 8.50 44,35
c18:3 C20:0 c20:1 c22:0 c22:1
CBO 8.38 0.72 3.37 4,36
SFQ 1.32 0.46 0.74 1.18 0.350
AL 1.85 0.34 1.33 0.31
CBO+SF0O 35.22 0.68 2.11 0.27 2.35
CBO+AL 5.05 0.32 2.24 0.22 2.24

i1The number preceeding the colon indicates the length of the

carbon chain,

double bonds present.

2CB0D = Canbra oil,

the number following

SFO = Sunflower oil,

SIndicates oil blended 1:1 by weight.

AL = Animal lard.

indicates the number of
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Table III. Fatty Acid Composition of Diets, Trial 2.

Dietary Fatty Acid Content {per cent by weight)
S Clator ciere | ciers  cisro | cisii | cie:z
CAD= 6.97 0.17 2.38 51.38 27.23
9/13‘ 7.06 0.16 2.63 47 .79 31.39
8/2 0.12 7.38 0.15 2.90 44.44 34.69
213 0.21 7.3%9 0.14 3.19 41.01 38.53
6/4 7.06 0.13 3.34 37.89 42.78
S/3 7.66 0.11 3.74 33.99 46.59
SFO 8.57 5.13 16.27 66.52
SBO 11.53 0.11 4.26 23.37 51.29
c18:3  c20:0  czoii  c22:0  C22:1  C24:0
CAQ 7.61 1.08 2.09 0.44 0.38 0.26
@/1 7.02 0.%0 1.92 0.50 0.37 0.21
872 6.39 1.02 1.83 0.54‘ 0.34 0.20
273 5.73 1.00 1.69 0.61 0.33 0.19
é6/4 5.26 0.986 1.50 0.46 0.28 0.153
5/9 4.63 0.89 1.35 0.66 0.24 0.13
SFQ 0.93 0.33 0.33 0.92 0.17 0.29
SBO 7.23 0.79 0.73 0.49 0.20

- ———— ——— ——— ——— . S W T . W S —— . - - -

*The number preceeding the ctolon indicates the length of the
carbon chain, the number following indicates the number of

double bonds present.

=2CA0 = Canola oil, SFO = Sunflower 0il, SBO = Soybean oil.

SIndicates Canola and Sunflower 0il blended 9/1
(weight/weight).
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Table IV. Fatty Acid Composition of Diets, Trial 3.

Dietary Fatty Acid Content (per cent by weight)

0il et et ettt D L T
c14:0* C16:0 Ci16:1 c18:0 c18:1

CAOQ= 6.97 0.17 2.38 51.38

CAD FFAS 6.42 0.16 2.51 52.88

sFO 8.57 5.13  16.77

SFO FFA 8.37 5.79 17.11

5/5 7.66 0.11 3;74 33.99

S/5 FFA 7.40 0.10 4.01 35.01

SBO _ 11.33 0.11 4.26 23.37

SBO FFA 11.75 0.09 4.65 23.75
cie:3  cz0:0  c20:1  c2zi0  c2z:1

CAD .7.61 1,08 2.09 0.44 0.38

CAO FFA 7.10 1.21 2.38 "~ 0.60 0.49

SFO 0.93 0.33 0.33 0.97 0.17

SFO FFA 0.81 0.39 0.3s8 1.25 0.19

8/3 4.63 0.89 1.33 0.66 0.24

5/% FFA 4.30 0.98 1.45 0.87 0.30

SBO 7.23 0.79 0.73 0.49

SBO FFA 7.08 0.84 0.76 0.60 0.13

25.949

66.32

65.36

46.59

45.40

1The number preceeding the colon indicates the length of the
carbon chain, the number following indicates the number of

double bonds present.

2CAD0 = Canola pil, SFO = Sunflower o0il, SBO = Soybean oil.

SFFA indicates free fatty acids.
“Indicates Canola and Sunflower 0il blended 5/S
(weight/weight).

28
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Table V. Analysis of variance of growth parameters, Trial 1.

- - D D G — S . T M A . —————— D D D WD D R D . D R - - - —— =

Parameter Treatment df Error df Treatment MS Error MS F2
Body weight . i0 2835.79 54.06 5.29*
Weight gain 4 10 291.12 51.63 5.44%*
Feed consumption 4q 10 986.11 223.16 4.42%*
Feed conversion 4 10 0.0037 00,0019 1.92
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"Table VI. Analysis of variance of digestibility cuefficients,

Trial 1.
Parameter Treatment df Error df Treatment MS Error MS Fs
Feed 4 10 1.36 0.91 1.50
Lipid 4 10  3.48 0.44 7.87%"
Total +fatty acid q 10 4,52 2.11 2.14

- G - . — - —— — ———— — - — - — R T ™ S D SR A G WD R WD WD SR R A MR R WD WE TR S AR e W Ve M =

*Level of significance * = 3%, ** = 1%, data was treated with
arcsine transformation prior to analysis.
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Table VI1. Analysis of variance of individual fatty acid absorption,

Trial 1.
Fatty acid Treatment df Error df Treatment MS Error MS F2
C16:0 ' 4 10 39.61 2.28 17.38%"
cig:0 q 10 75.31 &6.71 11,22
ci18:1 4 10 9.89 1.78 S.59"
c18:2 4 10 29.84 1.58 19.,22%*
c18:3 4 10 131.39 1,863 80. 65"
C20:1 4 10 43.47 5.086 7.18*
c22:1 2 é 31.12 10.22 3.05

*Level of significance * = 3%, ** = 1%, data was treated with
arcsine transformation prior to analysis.



Table VIII. Analysis of variance
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for growth parameters and AMEn,

Trial 2.
Parameter Treatment df Error
Body weight 7 16
Weight gain 7 16
Feed consumption 7 ' 16
Feed conversion 7 16
AMEnN 7 16

495.03

496.15

1490.01

0.0043

243577.30

159.39

155.85

875.60

0.0023

7781.61
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Table IX. Analysis of variance of digestibility coefficients,

Trial 2.
Parameter Treatment df Error df¢ Treatment MS Error MS F
Feed ? 16 6.78 2.48 2.74*
Lipid ? 16 16.73 3.66 q,357%"
Total fatty acid 7 16 15.09 8.43 1.79
Nitrogen retention 2 . 1é 16.33 3.18 2.64%™

tfevel of significance * = 5%, ** = 1%, data was treated with
arcsine transformation prior to analysis.
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Table X. Analysis of variance of individual fatty acid absorption,

Trial 2.

Fatty acid  Treatment df Error df Treatment MS Errar MS  F2
C16:0 7 16 14.71 3.81 3.86"
c18:0 7 ‘ 16 18.96 10.22 1.85
c18:1 A 16 7.35 2.73 2.70
c18:2 7 16 12.16 1.97 6.18%
c18:3 7 16 35.29 1.61 21.87%%
€20:0 7 16 - 19.12 9.85 1.94
C20:1 7 16 16.99 © 5.70 2.98%
c22:0 7 16 33.649 21.97 1.53
c22:1 6 14 29.80 14.93 2.00
C24:0 : 7 T 16 S5.41 11.53 4.81""

- v T - - ————— A — - . — - - - D D -— - ——— > — . - — —— —— — -

*Level of significance * = S%, ** = (%, data was treated with
arcsine transformation prior to analysis.
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Table XI. Analysis of variance of growth parametefs, Trial 3.

- —— - - - - —— . A . - . — . R A WD - e T A D S MR A . - — - W S e e e

Parameter Treatment d¥ Error df Treatment MS Erraor MS F

Body weight 7 16 297.50 248.23 1.20
Weight gain ? 16 279.8S 242.86 1.1S
Feed consumption ? 16 1582.10 1829.77 0.85
Feed conversiaon 7 16 0.0050 0.0027 1.84

- - — — - . — - — — —— - - - - - — T D MR . D S - . - —— AR R S S W G e - — -, - -

iLevel of significance * = 5%, ** = 1%.
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Table XII. Analysis of variance of digestibility coefficients,

Trial 3.
Parameter Treatment df Error df Treatment MS Error MS F2
Feed 7 16 4,38 1.32 3.33"
Lipid 7 16 11.09 3.47 3.20"
Total fatty acid 7 16 9.61 3.833 2.51

t{evel of significance ®* = 5%, ** = (%, data was treated with
arcsine transformation prior to analysis.
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Table XIII. Analysis of variance of individual fatty acid absorption,

Trial 3.
Fatty acid  Treatment df Error df Treatment MS Erron MS  F3
C14:0 7 16 . 10.87 . S.16 2.10
c18:0 7 | 16 21.70 10.43 2.08
cis:1 7 16 15.59 3.43 4,54%*
c18:2 ‘ 7 16 17.22 2.21 7.81%%
c18:3 . 7 16 37.66 2.21 17.02%"
€20:0 ? 16 11.82 10. 686 1.11
c20:1 > 16 17.10 7.50 2.28
€22:0 7 16 32.05 20.78 1.54
c22:1 5 12 . 24.40 . 12.60 1.94
C24:0 7 16 184.14 35.79 5. 15%*

‘Level of significance * = 3%, ** = 1%, data was treated with
arcsine transformation prior to analysis.
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Table . Analysis of variance for growth parameters, Trial 4.
Parameter Treatment df Error df Treatment MS Error MS Fa
Body weight 4 25 1131.34 159.49 7.09%"
Weight gain » 4 25 1055.73 167.58 6. 30%"
Feed consumption 4 ’ 25 2761.31 704.18 3.92%

Feed conversion 4 23 0.0040 0.0018 2.27

*Level of significance *<{(5%, **{1%.



