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USftl~ 

The effect of plant breeding to alter the fatty acid composition 

of canola on the oxidative stability in experimental low linolenic acid 

genotypes, as compared to present day commercial canola cultivars, was 

investigated. Selected lipid composition factors and press 

characteristics which might be affected by this genetic manipulation 

were also investigated. HPLC techniques to determine the degree and 

state of oxidation in an oil were developed and applied to the canola 

oils in this study. 

Preliminary studies showed that oxidative stability was strongly 

influenced by content of non-triglyceride components, in particular 

phosphorus (phospholipid) content, and so variations were kept to a 

minimum by uniform processing. Surprisingly, there was no significant 

correlation between linolenic acid content and oxidative stability 

among the oils investigated. The high linoleic, low linolenic acid 

cultivar HLLL(UM), subsequently named Stellar, had ca. 3\ linolenic 

acid and was the .ost stable, but HLLL(AC) had ca. 6\ linolenic acid 

and was less stable than the commercial cultivars, Regent, Westar and 

Tobin which had ca. 8-10\ linolenic acid. The oxidative stability was 

found to be most closely correlated to the iodine value and inherent 

stability values. The latter were calculated fro• the relative 

stabilities of the component fatty acids and their contents in the 

oils. The B. campestris cultivar, Tobin, exhibited greater stability 

than expected from its fatty acid composition, as co.pared to the B. 

napus cultivars. 
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It is likely that genetic manipulation to alter the fatty acid 

composition also altered other characteristics. Cold press 

experiments showed that press characteristics at constant press 

parameters, as determined by throughput and residual oil content, were 

affected by seed moisture, species and cultivar. The experimental low 

linolenic acid cultivars had slightly poorer characteristics than other 

B. napus cultivars which could not be explained by seed moisture 

contents. Analysis of triglycerides by reverse-phase HPLC found that 

the distribution of triglyceride species was related to fatty acid 

coaposition, but in a complex fashion. It is likely that the genetic 

manipulation which altered the biosynthesis of the fatty acids also 

altered the biosynthesis of the triglycerides. 

Two complimentary HPLC techniques were developed. The amount of 

oxidised triglycerides separated and determined by analysis of straight 

oil on normal-phase HPLC was directly correlated to the peroxide value 

of the oil sample (R• = 0.94). This technique was simple, rapid and 

reproducible, but provided little information on oxidation processes. 

The a.ount of hydroxy fatty acids separated by normal-phase HPLC after 

derivatisation was also directly correlated to the peroxide value of 

the sample (R• = 0.99). This technique, while requiring longer 

preparation and analysis times, separated and determined individual 

hydroperoxide isomers from linoleic and linolenic acids. It thus 

provided information on their content and nature during oxidation. 
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CHAP!IR 1. II!IODUC!I 01 

Rapeseed/canola is an important world crop for both food and feed. 

Rapeseed oil production rants fourth in the world behind soybean, pala 

and sunflower oils (Anon, 1987). canada is a .ajor producer and 

exporter of canola. In 1985/86 canadian production was 3,508,000 Mr, 

second in the world behind China's production of 5,611,000 MT. In the 

sa.e year, canada accounted for ca. 45\, 22\ and 19\ of the world trade 

in seed, meal and oil, respectively (FAO, 1986). 

In canada, i~roving oil and .aal quality of rapeseed/canola has a 

high priority in breeding progra... Market pressures de.and superior 

quality to .ate cano1a oil and .eal .ore co~titive with other 

oilseeds in the world .arket. !he breeding and introduction of zero 

erucic acid, low glucosinolate rapeseed cultivars, and the co~lete 

change over of canadian rapeseed production to canola quality were 

important steps in establishing rapeseed as the .ajor canadian oilseed 

and canada as a .ajo~ exporter (Rakow et al, 1987). 

!he fatty acid co.position of rapeseed has been altered .arkedly 

by plant breeding, especially in the develo~nt of low erucic acid 

canola oils. However, canola oil contains .ore linolenic acid than 

rapeseed oil and plant breeding efforts are being directed towards the 

develop.ent of high linoleic, low linolenic acid genotypes. Increased 

levels of linoleic acid are desirable to i~rove the nutritional 

quality of the oil, and reduced levels of linolenic acid are desirable 

to i~rove its oxidative stability. It is, therefore, of interest to 

deter•ine the effects of this genetic .anipulation of fatty acid 
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coaposition on oxidative stability of canola oils with the high 

linoleic, low linolenic acid genotype, as compared to oils from present 

day commercial cultivars. 

The progression of oxidation in oils can be aonitored by a 

multitude of analytical techniques, such as peroxide value, 

thiobarbituric acid number and free fatty acids content, but the 

current methods are empirical, often time-consuming and yield little 

information on fatty acid oxidation processes. Therefore, the second 

specific ai• of the thesis was to develop a siaple, rapid analytical 

procedure that would show the degree and state of oxidation in an oil. 

It would be desirable to develop a .ethod to separate and deter•ine the 

a.ount and type of hydroperoxides, pri.ary oxidation products, produced 

durin9 oxidation. 

Separation and deter•ination of linoleic acid hydroperoxide 

iso.ers by nor.al-phase HPLC, either as hydroperoxy or hydroxy fatty 

acids, is a well-established procedure. However, this technique has 

not been reported for whole oil. Park et al (1981) reported that the 

a.ount of oxidised triglyceride&, as separated by HPLC, increased with 

de9ree of oxidation, and that the a.ount was correlated to peroxide 

value. It is, therefore, proposed that the .ethod developed be based 

on RPLC analysis of pri.ary oxidation products. 
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2.1 Rapeseed/canola 

2.1.1 Botany 

CHAPTER 2. LITERATURE REVIEW 

Brassica vegetables and oilseeds have been domesticated for a long 

time (Downey, 1983). There is evidence of vegetable use ln neolithic 

times and ancient Sanskrit wxltings from around 2000-1500 BC refer· 

directly to oilseed rapes and mustards. The word 'rape' ls derived 

from the Latin rapum meaning turnip (Daun and Bushuk, 1983). Rapeseed 

is the overall term used to refer to oilseeds from species of B. napus 

L. and B. campestris L. (including B. juncea L. in the Indian sub

continent) (Daun, 1982a). Rapeseed nomenclature is complicated by the 

large number of common names used to identify the various biotypes 

(Table 2.1). In Canada the forma annua, or summer types predominate 

and in Europe the for~ b1enn1s, or winter types predominate. 

Seed coat colour may be black, brown, reddish-brown or yellow. 

Seeds of B. napus are generally larger than those of B. caapestris and 

winter types have larger seeds than summer types. Seed size varies 

from 2-5.5 g/1000 seeds. Seeds are generally spherical, but not 

uniformly so, a longitudinal crease with a ridge along the centre 

appears distinctly on one side of most seeds. 

2.1.2 canola 

canola was originally the trademark of the canola Council of 

canada (Daun, 1984). It is the name adopted to describe seed and oil 

fro• genetically improved rapeseed with two distinguishing 

characteristics, one relating to the oil and one to the meal (Anon, 
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TABLE 2.1 4 

Botanical Types of Rapeseeda 

Botanical Nate Correct Synonyts Canadian F'rench Gertan 
English 

Brassica napas 
ssp. oleifera 
foru bienis Winter rape Rapeseed Argentine Colza d'hiver Winterr aps 

Oil rape rape Colza 
Swede rape 

forta anaa Sutter rap~ Colza de printetps Sotterraps 
Colza d'eU 

Brassica catpestris 
ssp. oleiferi 
forti bie»»is Winter turnip rape Rapeseed Polish rape Navette d'hiver Winterriibsen 
forta anaa Sutter turnip rape Oil turnip Navette de printetps Sotterrubsen 

Navet te d' ete 

f orta ana a 
var. chiusis Sutter turnip rape Chinese tustard "outarde chinoise Chinasenf 

Pak-choi 

var. pd ilfJS is Sutter turnip rape Chinese cabbage Chou chinoise China kohl 
Chinese kale Pet-sai 

var. dichoto1a Sutter turnip rape Tori a Tori a Tori a 

var. trilocular is Sutter turnip rape Sarson Sarson Sarson 

lrassica j11cea Brown tustard leaf tustard Oriental "outarde brune Brauner Senf 
Indian tustard tustard Sarepta Senf 

a Froa Bengtsson et al <1972>. 



1986). The oil has a reduced level of erucic acid, less than 2\, the 

meal contains less than 30 ~moles of any one or any mixture of 3-

butenyl, 4-pentenyl, 2-hydroxy-3-butenyl and 2-hydroxy-4-pentenyl 

9lucoslnolate per gram of air dry, oil-free solids (GLC Method of the 

Canadian Grain Commission). The definition applies to seed from both 

Brassica napus and Brassica campestris. 

Although the name canola is legally reco9nized and widely used 

other names have also been applied to genetically modified rapeseed, 

especially in Europe, such as 'double-low', 'double-zero', and '0-0'. 

'canbra' and 'low erucic acid rapeseed' or LIAR refer to cultivars with 

low levels of erucic acid (Hougen et al, 1985). HIAR or 'high erucic 

acid rapeseed' apply to traditional rapeseed types. 

2.1.3 Chemical composltlop 

The major components of rapeseed have been reported as lipids, 

proteins, fibre and water {Beach, 1983). Daun and Bushuk (1983) 9ave 

a typical rapeseed proximate analysis as 38-50\ oil (db) and 36-44\ 

protein, 11-16\ fibre, 7-8\ ash and 32-26\ nitrogen-free extract (fat

free db), with moisture content in the ran9e 6-9\. The amounts of 

these components vary considerably, depending on both genetic and 

environmental factors. 

2.2 canola breedlpg 

In canada improving oil and meal quality of rapeseed/canola has a 

high priority in breeding programs. Market pressures demand superior 

quality to make canola oil and meal more competitive with other 

oilseeds in the world market. The breeding and introduction of zero 
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erucic acid, lov glucosinolate rapeseed cultivars, and the complete 

change over of canadian rapeseed production to canola quality were 

important steps in establishing rapeseed as the major Canadian oilseed 

and canada as a major exporter (Rakow et al, 1987). 

Further modifications to improve cano1a quality, including changes 

in fatty acid composition, have been proposed (Robbelen and Rakow, 

1970; Downey, 1980; Jonsson and Persson, 1983). These included an 

increase in linoleic and palmitic acids and a decrease in linolenic 

acid. It was generally agreed that high levels of linolenic acid in 

canola oil contributed to oxidative instability in the oil. The 

authors recommended a reduction in linolenic acid content from the 

current ca. 8-13\ to less than 4.5\ (Downey, 1980), to a minimum 

(Jonsson and Persson, 1983) or to 0\ (Robbelen and Rakow, 1970). An 

increase in linoleic acid content from the current content, ca. 20\, to 

greater than 25-30\ was recommended to increase the oil's nutritional 

quality. Linoleic acid is an essential fatty acid. Jonsson and 

Persson (1983) and Daun and Bushuk (1983) stated that an increase in 

palmitic acid content to more than 10\ would improve the 8'-crystal 

stability of hardened fat products. 

Current commercial canola cultivars have linolenic acid contents 

in the range 8-13\. In 1984, Robbelen reported that, although mutants 

with 35\ linoleic acid and 3\ linolenic acid contents had been 

selected, these mutants showed poor agronomic performances compared to 

the original cultivars. Stefansson (1983) reported a mutant with 3.5\ 

linolenic acid. In 1987, a low linolenic acid cultivar bred by 

Stefansson's group at the University of Manitoba with ca. 3.5\ 
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linolenic acid was licenced as Stellar. 

2.3 Lipids 

2.3.1 Fatty acid composition 

Typical fatty acid composition of canola, rapeseed and other 

important commercial vegetable oils are given in Table 2.2.· Reducing 

the erucic acid content of rapeseed to produce canola resulted in a 

substantial increase in oleic acid with smaller increases in linoleic 

and linolenic acids. The high level of linolenic acid placed canola 

in the same group as soy~ean. The composition of minor fatty acids 

has also been investigated (Ackman, 1983). 

2.3.1.1 Factors affecting fatty acid composition 

The fatty acid composition is affected by both genetics, i.e. 

variety, and the environment. 

2.3.1.1.1 Environment 

The temperature during seed development has a strong influence on 

fatty acid composition. Canvin (1965), in growth chamber experiments 

with HEAR, found progressively lower linolenic acid contents with 

increasing temperature. Studies on LEAR genotypes showed an 

increasing linoleic content with linolenic acid remaining constant as 

day temperature increased (Appelqvist, 1971). Marquard (1985) found 

that HEAR had a decreased erucic acid content and increased 

saturation with increasing temperature, and that LEAR showed a decrease 

in polyenoic fatty acids with increasing temperature. 

Appelqvist (1971) concluded that warm dry climates were associated 

with a less saturated oil containing more oleic acid and less linolenic 
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TABLE 2.1 

fatty Acid Cotposition of Canola, Rapeseed and Cotton Edible Oils (I)a 
---------------------

Oil 14:0 16:0 16:1 18:0 18:1 18:2 18:3 20:0 20:1 22:0 22:1 PUfA 

Pall 1.1 41.5 0.3 4.3 43.3 8.4 0.3 0.3 0.0 0.0 0.0 8.7 
Peanut 9.2 0.0 0.0 3.1 57.2 23.4 0.0 1.4 1. 4 1.4 o.o 23.4 
Rapeseed 0.0 3.0 0.3 0.8 9.9 13.5 9.8 0.6 6.8 0.7 53.6 23.3 
Canol a: 
B.Jtapas 0.0 3.9 0.3 1.1 59.7 23.3 9.6 0.8 1. 8 0.2 0.3 31.9 
B.ca1pestris 0.0 3.8 0.1 1. 2 58.6 24.0 10.3 0.6 1.0 0.1 0.3 34.3 
"ustard o.o 2.8 0.3 1.0 20.9 22.4 15.6 0.8 13.4 0.0 22.8 38.0 
Cottonseed 1.0 23.4 0.8 2.5 17.9 54.2 0.0 0.0 0.0 0.0 0.0 54.2 
Soybean 0.0 15.3 0.0 4.2 23.6 48.2 8.7 0.0 0.0 0.0 0.0 56.9 
"aize tr 11.5 0.0 2.2 26.6 56.7 0.8 0.2 0.0 0.0 0.0 59.5 
Sunflower 0.1 s.8 0.1 5.2 16.0 71.5 0.2 0.2 0.1 0.7 0.0 71.7 
Safflower 0.0 7.6 o.o 2.0 10.8 79.6 o.o 0.0 o.o 0.0 0.0 79.6 

aAdapted fro1 Downey <1983>; except for pal• oil fro• Paul and Southgate <1978). 



acid as compared to cold wet climates, although variations for LEAR 

appeared to be smaller than for HEAR. 

An explanation by Stefansson (1983) that stress was the cause of 

environmental effects appeared most satisfactory. He proposed that 

each species tended to be adapted to a particular range of 

environmental conditions and, when a factor deviated from this range, 

the plant was stressed. He suggested that environmental stresses, 

e.g. high temperatures, long days and drought, produced similar stress

syndrome effects, i.e. they reduced the time for the seed to reach 

aaturity. The results of this hastened maturity of the plants 

included low linolenic and erucic acid contents in the seed oil. 

2.3.1.1.2 variety 

Appelqvlst (1976) reported that the erucic acid content of B. 

napus and B. campestrJs was controlled by the genotype of the embryo. 

Levels of oleic, linoleic and linolenic acids in zero-erucic acid 

rapeseed were dependent on both the genotype of the embryo and of the 

maternal plant. Biosynthesis of fatty acids and its control has been 

reviewed by Stumpf and Pollard (1983). 

Craig and Wetter (1959) investigated the fatty acid composition of 

seven rapeseed varieties grown at seven locations in the southern 

Prairies and concluded that varietal differences were greater than 

environmental effects. 

2.3.2 Trlglycerldes 

Daun and Bushuk (1983) stated that the triglyceride composition of 

rapeseed/canola was characterised by a non-random fatty acid 

distribution among the positions of the glycerol molecule. In HEAR 
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oils the long-chain fatty acids (C20-C24) were found almost exclusively 

on the 1- and 3-positlons with the C18 fatty acids in the 2-position. 

In LEAR oils linoleic and linolenic acids were preferentially found in 

the 2-position. More detailed stereospecific analysis by Brockerhoff 

and Yurkowski (1966) on one rapeseed oil revealed that erucic acid was 

preferentially esterified at the 3-position. 

Triglycerides have also been analysed for triglyceride species 

using gas liquid chromatography (GLC) and high performance liquid 

chromatography (HPLC). Triglyceride species according to carbon 

number of the fatty acids was determined by GLC analysis (Table 2.3). 

LEAR had quite a simple chromatogram with a maximum at C54 (i.e. 3 x 

C18 fatty acids) (Ackman, 1983). HEAR had a more complex chromatogram 

probably reflecting the combination of 2 x C22 plus 1 x C18 fatty 

acids. Triglyceride species according to their equivalent carbon 

number (ECH) was determined by HPLC (Table 2.4). ECH equals the 

number of carbon atoms in the fatty acids minus two times the number of 

double bonds in the fatty acids. The most important triglycerides 

were triolein (ca.25\) dioleolinolein (ca. 20\) and dioleollnolenin 

(ca. 15\). 

2.3.3 Polar lipids 

Polar lipids can be broadly divided into glyco- and phospho

lipids. The phospholipids are more important in both quantity and 

influence on seed and oil quality (Hougen et al, 1985). The total 

amount of polar lipids was low in mature seeds since absolute 

quantities remained the same while triglyceride content substantially 

increased during maturation (Appelqvlst, 1972). Table 2.5 shows 
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TABLE 2.3 

Distribution of Triglyceride Molecules in HEAR and LEAR by carbon 
Number in Fatty Acids (\)a 

Oilb 48 50 52 54 56 58 60 62 64 

HEAR a 1 2 6 13 17 20 20 20 2 
HEARb <1 2 6 9 11 18 19 32 <1 
HEARc 11 21 46 11 5 2 3 

LEARa 2 6 18 61 7 2 1 1 
LEARb 1 13 75 6 3 1 <1 
LEARc 4 5 24 63 3 

~Adapted from Ackman (1983). 
Examples designated a, b and c are from different sources in the 

reference. 

TABLE 2.4 

Main TriglycerideaTypes from LEAR Oil and Their Fatty 
Acid Compositions 

Triglyceride ECNb Area ( \) ~~~~~s~~~~nc class 

54:8 38 0.8 L-Ln-Ln 
54:7 40 0.8 L-L-Ln 
54:7 3.0 0-Ln-Ln 
54:6 0.6 L-L-L 
54:6 42 7.7 0-L-Ln 
52:5 1.3 P-L-Ln 
54:5 5.4 0-L-L 
54:5 44 14.7 0-0-Ln 
52:4 2.9 P-0-Ln 
54:4 46 19.7 0-0-L 
52:3 5.1 P-0-L 
54:3 48 25.2 0-0-0 
52:2 6.8 P-0-0 
56:3 so 0.8 0-0-Ei 
54:2 1.7 st-o-o 

a bAdapted from Petersson et al (1981). 
ciCH, equivalent carbon number. 
St, stearic; P, palmitic; O, oleic; L, linoleic; 

Ln, linolenic; El, elcosenoic acid. 
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TABLE 2.5 

Distribution of Phosiho-, Glyco- and Neutral Lipids 
in HEAR and LEAR (\) 

Oil Phospho- Glyco-

HEAR cv. Sinus 3.3 0.9 

LEAR cv. Janpol 3.6 0.9 

aAdapted from Sosulski et al (1981). 

Neutral 

95.8 

95.5 

the distribution of lipid fractions in LEAR and HEAR. Phospholipids 

were more abundant than glycolipids, but both were minor constituents 

compared to the neutral lipids. 

Appelqvist (1976) reported a considerable difference in fatty acid 

composition between neutral and polar lipids (Table 2.6). The major 

difference was less oleic and long chain monoenoic fatty acids (e.g. 

erucic and eicosenoic acids), and more palmitic, linoleic and linolenic 

acids in phospholipids compared to neutral lipids. Appelqvist (1976) 

stated that the fatty acid composition of the phospholipids remained 

fairly constant in both rapeseed and canola regardless of neutral lipid 

composition. 

2.4 Processing of rapeseed/canola 

All extraction processes have a common aim: to obtain undamaged, 

pure oil with as high an oil yield as possible, and to produce a meal 

of the greatest poss-ible value (Anjou, 1972). The main procedures for 
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TABLE 2.6 

Fatty Acid Composition of Polar Lipids (B.napus cv.Gulle){\}a 

Lipidb 16:0 16:3 18:0 18:1 18:2 18:3 20:0 20:1 22:0 22:1 Others 

PC+PI+PE 16.9 1.0 5.4 9.4 39.1 21.7 3.3 0.9 2.3 
PG+SQDG 26.2 0.2 4.7 9.4 38.7 28.8 0.2 0.8 1.0 
DGDG 16.0 0.8 3.0 12.6 28.9 35.9 1.0 1.8 
MGDG 8.8 7.2 2.0 14.5 29.6 28.6 0.1 3.0 4.0 0.8 1.4 
Neutral 4.9 0.1 1.5 18.4 17.7 9.9 0.8 12.0 tr 34.3 0.4 

a bAdapted from Appelqvist (1976). 
PC, phosphatidyl choline; PI, phosphatidyl inositol; PE, phosphatidyl 

ethanolamine; PG, phosphatidyl glycerol; SQDG, sulphoquinovsyl 
diglyceride; MGDG, monogalactosyl diglyceride; MGDG, digalactosyl 
diglyceride. 

oil extraction from canola were expeller pressing, direct solvent 

extraction and the most common, pre-press solvent extraction (Daun, 

1982a). Together with VPEX (cold pressing), they are outlined in 

Figure 2.1. Table 2.7 gives typical conditions used in pre-press 

solvent extraction. All values, for example, moisture and 

temperature, and details of processing given can only be approximate. 

Conditions are a compromise between economics and product quality. 

Variations in seed quality require modifications to maintain 

optimisation of the process. 

The current procedures for oil extraction, outlined above, have 

high energy requirements (Knuth and Homann, 1984). Krupp Industries 

(Hamburg, West Germany) developed a new screw-press (VPEX) with the 

intention of avoiding flaking and cooking procedures. The press 
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Straight Press 

Seed 
Cleaning 

CondiJoninq 
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Direct Solvent 
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Seed 
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CondiJoninq 

Solvent 
Extraction 

Desolventlsinq 

Pre-Press + 
Solvent 

Seed 
Cleaning 

CondiJonlnq 

Pre-press 

Solvent 
Extraction 

Desolventlsing 

Cold Press 
VPEX 

Seed 
Cleaning 

CondlJonlnq 

Pre-press 

Solvent 
Extraction 

Desolventlslnq 

FIG 2.1. Outline of canola processing procedures (Pickard et al, 1985; 
Ward, 1984). 

mechanically disrupts the material as in a normal press, but is 

equipped with alternate staqes alonq its lenqth which compress, 

decompress and shear the seeds resulting in a cake of greater porosity 

for solvent extraction (Roden, 1983). The mechanical input was 

designed to provide adequate heating (Beach, 1983). 
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TABLE 2.7 

Typical Conditions used for Processing Canola by Pre-press Solvent 
Extraction a 

Process 

Seed cleaning 
(sieving and 
aspirating) 

Conditioning 
(warm air heating) 

Flaking 
(corrugated or 
smooth rollers) 

Cooking 
(stack cooker) 

Pressing 
(screw-press) 

Purpose 

Removed dust, fines, 
refuse material and 
contaminating seeds 

Prevented seed shattering 
during flaking 

Broke seed coat of at 
teast 99.5\ of seeds 

Inactivated myrosinase 
and facilitated oil 
extraction 

Reduced oil content 

Solvent extraction Removed remaining oil 
(counter-current 
with hexane) 

Desolventisation 
- meal 

(steam injection 
and air drying) 

- micella 
(distillation 
under vacuum) 

Removed and recovered 
solvent 

Condition of canola 

1-2\ inseparable 
seeds, 
ca. 8.5\ mb. 

32-400C 

Flakes 0.22-0.25 mm 
thick, ca. 7-10\ mb 

Heated through 500C 
to 850C rapidly, held 
for 20-30 min, 
ca. 5-6\ mb 

Reduced to ca. 16-20\ 
from ca. 45\ oil. 
ca. 8\ me 

Meal contains 1.0-
1.5\ oil, 5-9\ mb, 
17-30\ hexane, 
ca. 8-15\ oil in 
aicella 

300-1000 ppm hexane, 
1.0-2.0\ oil, 
ca. 7-10\ me 
Dry (0.07\ me) and 
essentially solvent
free oil 

aPickard et al, 1985; Ward, 1984; Daun and Bushuk, 1983. 
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Several of these VPEX presses have been installed in CSP Foods 

Ltd. plants in both Harrowby, Manitoba and Nipawin, Saskatchewan and 

their performances were evaluated (Pickard et al, 1985). Anticipated 

advantages were lower energy demand and significantly higher quality 

oil. Pilot studies showed that cold pressed seed did give high 

quality oil, as compared to pre-press expeller oil, and produced 

presscake with low hexane hold-up which was easily desolventised. An 

improvement in quality of extraction oil from the presscake was also 

noted. 

Cold pressing of seed is also of interest to small-scale, on-farm 

processors, mainly for the production of fuel. Blake (1982) studied 

the performance of a Simon-Rosedowns Hini-40 screw press. Although 

Blake could not achieve the rated throughput capacity, he concluded 

that the quality of the oil produced was excellent. 

2.5 Composition of canola oil 

canola oil consists of ca. 96\ triglyceride material and a wide 

array of non-triglyceride components (Salunkhe and Desai, 1986). The 

most important non-triglyceride components are reviewed below. 

2.5.1 Phospholipids 

Rapeseed 'lecithin' is also known as 'gums' and is the lipid 

fraction of crude rapeseed oil removed by degumming (Hougen et al, 

1985). 'Lecithin' is an aqueous emulsion of phospholipids which also 

contains triglyceride& and small amounts of other lipid and non-lipid 

materials. Zajac and Hiewiadomskl (1975) demonstrated the presence of 

29 classes of compounds in rapeseed gum. Table 2.8 shows the 
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TABLE 2.8 

a Composition of Gums and Total Lipid Extract from Rapeseed 

Component 

Neutral lipids 
Phosphatidyl ethanolamine 
Phosphatidyl choline 
Phosphatidyl inositol 
Glycoliplds 
Lysophosphatidyl choline 
Unidentified 

Dried gums 

Rapeseed 
(w/w\) 

29 
16 
20 
8 

11 
1 

15 

Total lipid extract 

HEAR LEAR 
( \) 

95.8 95.5 
0.3 0.3 
1.6 1.7 
0.6 0.6 
0.9 0.9 
0 0 
0.9 0.9 

aAdapted from Hougen et al (1985); Sosulski et al (1981). 

components of rapeseed lecithin and of total lipid extract from the 

rapeseed seed. Phosphatldyl choline was the major phospholipid with 

phosphatidyl ethanolamine and phosphatidyl inositol also present in 

relatively large amounts. Phosphatidyl serine has also been reported, 

but in very small amounts (Hougen et al, 1985). The content of 

phosphatidic acid varied considerably, depending greatly on 

processing conditions. It appeared to be derived from hydrolysis of 

phosphatidyl choline. The large variation in lysophospholipids might 

also-be a reflection of the degree of hydrolysis which occurred during 

processing. 

2.5.2 Sterols 

Sterols have been reported in the free form, as steryl esters, 

steryl glucosldes or esterified steryl glucosldes (Ackman, 1983). 
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Rapeseed and canola were characterised by the presence of 

brasslcasterol and the virtual absence of stigmasterol (Table 2.9). 

Sterols have been indicated as antioxidants (Johansson and Appelqvist, 

1978). 

2.5.3 Tocopherols 

Tocopherols are a minor component of the unsaponifiables, ca. 60-

80 mg/ 100 g, but are important because of their antioxidant ability 

and vitamin E activity (Dziezak, 1986). Gamma tocopherol (ca. 40 

mg/100 g) was present in the largest amount, followed by « (ca. 20 

mg/100 g) with a small amount of a (ca. 5 mg/100 g) (Ackman, 1983). 

Ho tocotrienols have been reported in rapeseed oil. Biological 

activity increased in the order a < Y < 8 < «, while antioxidant 

effectiveness increased in the order« < 8 < Y < a (Dugan, 1980). 

2.5.4 Carotenoids 

Box and Boekenoogen (1967) reported ca. 35 ppm carotenoids of 

which 84\ was lutein (14 ppm lutein, 4 ppm neo-lutein A and 5.0 ppm 

neo-luteln B) in a rapeseed sample. Franzke et al (1972b) reported 

the total carotenoid content of crude rapeseed oil as 40-70 ppm with 

3.5-5 ppm as 8-carotene. More recent work by Hazuka and Drozdowski 

(1987) found that lipids extracted from double-low rapeseed seeds from 

two years contained 89.4 ppm and 104.8 ppm carotenoids as lutein. The 

carotenoid pigments were 90\ xanthophylls (mostly lutein). 

2.5.5 Cbloropbylls and pheophytins 

Early work by Box and Boekenoogen (1967) reported 0.3 ppm 

chlorophyll A, 0.4 ppm chlorophyll B, 7.6 ppm pheophytln A and 0.0 ppm 

pheophytin B in rapeseed oil. Hlewladomski et al (1965) also found 
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TABLE 2.9 

Free (F) and Esterified (E) Sterols of Some Seeds of Brassica 
(relative \)a 

Seed Brassica- campe- 6-Sito- 5-Avena- 7-Stigma-

F E F E F E F E F E 

B.napus 14.1 6.5 31.0 37.9 54.1 52.2 0.8 2.5 tr 0.9 

B.campestris 12.8 4.8 26.7 35.2 60.5 57.3 tr 2.7 tr 

a Adapted from Ackman (1983). 

pheophytin A to be the predominant chlorophyll in oil which had been 

stored for 6 months. Hazuka and Drozdowski (1987) found 60.6-92.8 ppm 

chlorophyll as chlorophyll A in freshly laboratory extracted double-low 

rapeseed lipids. Usuki et al (1984) reported that industrially 

processed rapeseed oil contained predominantly pheophytin A. Daun 

(1982b) suggested that if chlorophyll was present in rapeseed oil after 

extraction it was rapidly converted to pheophytin. 

2.5.6 Sulphur 

Persmark (1972) stated that the sulphur content in rapeseed/canola 

oil originated mainly from the sulphur-containing glucosinolates, and 

was dependent upon processing conditions, e.g. cooking and conditioning 

of the seed prior to oil extraction. Hougen and Daun (1983) found no 

significant correlation between sulphur content of crude oil and 

glucosinolate content of the seed. They concluded that processing 

techniques played a large role in determining whether or not there 
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would be significant levels of sulphur in the oil. The change to 

canola, which has ca. 10\ the glucosinolate content of rapeseed, has 

reduced the amount of sulphur found in the oil (Table 2.10). Canola 

oil had ca. 50\ lower sulphur content than rapeseed oil. 

2.5.7 Trace metals 

Potassium, calcium, magnesium and phosphorus were found to be the 

major minerals in rapeseed (Finlayson, 1977). They mostly remained in 

the meal, but could also be found in the oil. Heavy metals, such as 

lead, cadmium, mercury and arsenic, and pro-oxidative metals, such as 

iron and copper, have also been found in trace amounts (ppm to ppb) 

(Elson et al, 1979; Ackman, 1977). 

2.6 Factors affecting non-triglyceride components 

Oil quality can be measured by a number of parameters, including 

non-triglyceride contaminants and indicators of oil damage such as free 

fatty acids (from hydrolysis) and oxidation products. A 'good quality 

oil' is usually defined as having minimal non-triglyceride contaminants 

and oxidation products, but antioxidants such as tocopherols are 

desirable. 

2.6.1 Seed guality 

It is important to extract oil from mature, sound seeds to obtain 

a pure oil with long storage stability (Salunkhe and Desai, 1986). 

Appelqvist and Loof (1972) examined the effect of seed quality on oil 

content and chlorophyll and free fatty acid levels of oil from four 

rapeseed biotypes: winter and summer rape, and winter and summer turnip 

rape. They found that oil content decreased and chlorophyll and free 
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TABLE 2.10 

Sulphur Contents of Commercially Pressed Oils from 
Different Types of Canola and Rapeseed (ppm}a 

Seed type Number of samples Sulphur 

Rapeseed (mixed varieties) 12 17.3 

B. napus (canola) 16 8.2 

B. campestris (canola} 15 6.9 

a Hougen and Daun (1983). 

fatty acid levels increased in cracked seeds, germinated seeds, weeds 

seeds and other waste materials. Chlorophyll content in the oil 

increased from 33 ppm in high quality seeds to 89 ppm in cracked seeds, 

157 ppm in germinated seeds, 573 ppm in weed seeds and 2,812 ppm in 

waste materials. Free fatty acid content increased from 0.5\ in high 

quality seeds to 6.3\ in cracked seeds, 4.1\ in weed seeds and 3.7\ in 

germinated seeds. 

Appelqvist and Loof (1972) also examined peroxide content from 

heat-damaged (dried) and sound rape and white mustard. The heat

damaged seed contained significantly higher levels of peroxides, 0.58 

meq/ kg oil, compared to undamaged seeds, 0.00 meq/ kg oil. 

Appelqvist and Loof (1972) studied the effect of extended storage 

(33 months) on free fatty acid levels in rapeseed of varying quality, 

but with a moisture content of ca. 7\. They found an increase in free 

fatty acids in all seed samples, but the increase was greater in 
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germinated, mould-infected and cracked seeds. Free fatty acid 

contents of high quality seeds increased from 1.3\ to 2.8\, germinated 

seeds from 2.8\ to 8.7\, mould-infected seeds from 9.3\ to 15.5\ and 

cracked seeds from 11\ to over 64\. 

Dahlen (1973) studied the effects of seed maturity on the quality 

of solvent-extracted oil from Swedish spring rapeseed (Table 2.11). 

The most notable difference was in chlorophyll content which decreased 

from 192 ppm to 19 ppm in mature seed. Dahlen's (1973) study was 

extended to show the effects of storage on oil quality for up to 56 

weeks. There were no effects on chlorophyll or oxidation product 

levels but, there was a significant increase in free fatty acids which 

was most rapid in oil from the least mature seed. The oils were also 

processed, and deodorlsed samples were analysed for loss of flavour 

quality upon storage. Results showed that the oil from immature seeds 

was least stable. Refining performance was also evaluated and the 

author concluded that normal refining procedures gave unsatisfactory 

results if crude oil chlorophyll was above 20-30 ppm. Higher 

chlorophyll levels required extra treatments and the author concluded 

that contents greater than 50-70 ppm were unsuitable as a raw material 

for edible products. 

Ismail et al (1980) studied the effects of dockage oil on the 

oxidative stability of deodorised extracted and expelled canola oils 

(cv.Tower). Combined dockage oil (2:1, expelled:extracted) was added 

to canola oil at levels between 0-4\ and the resulting oil oxidised. 

The authors concluded that dockage material had an adverse effect on 

oxidative stability, and that canola seeds should contain less than 1\ 
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TABLE 2.11 

Effect of Maturity on Oil Quality from Spring Rapeseed (cv. Svalov)a 

Parameter Harvesting date 

Sept. 14 Sept. 21 Sept. 26 

~ 
Moisture content (\) 
Oil content (\) 
Germination capacity (\) 

O.il. 
Free fatty acids (\) 
Peroxide value (meq/ kg) 
Benzidine value 
A670nm 
Chlorophyll (ppm) 

aAdapted from Dahl6n (1973). 

dockage material. 

6.8 
44.2 
81 

0.74 
0.50 
1.50 

10.40 
192 

2.6.2 Cooking and conditioning of seed 

6.5 
45.2 

93 96 

0.34 
0.40 
1.70 
2.25 

42 19 

6.4 
47.2 

0.54 
0.70 
0.30 
1.02 

Oil quality, most notably phospholipid levels, is affected by 

moisture content of the seed, and by cooking treatment prior to 

extraction. Pickard et al (1985) noticed a distinct decrease in oil 

quality in cooked seed compared to ambient seed, in particular an 

increase in phosphorus content and peroxide value (Table 2.12). 

Sawicki et al (1975, reported in Hougen et al, 1985) found 330 ppm 

phosphorus in seed pressed at ambient temperatures compared to 150 ppm 

phosphorus in seed heated at 900C before pressing. Solomon (1973) 

found an increase in phospholipid content as press temperature 

increased. Oil pre-pressed at 50-600C contained 0.075\ phospholipid, 
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TABLE 2.12 

Evaluation of Press Oil Quality from Canadian Rapeseed (cv. Regent)a 

Seed temperature 

Ambient (190C) 

Heated (900C) 

FFA 
{\) 

0.13 

0.22 

:Pickard et al (1985). 
Gardner value. 

s 
(ppm) 

0.6 

0.3 

p 
(ppm} 

0.0 

24.7 

b Colour PV 
(meq/kg) 

11.0 2.2 

11.0 5.6 

Moisture 
( \) 

0.07 

0.05 

oil pre-pressed at 75-800C had 0.150\ phospholipid and final oil 

pressed at 120-12soc had 0.290\ phospholipid. 

Solomon (1973) found that moisture content of the seed was 

important. Oil extracted from seeds with 5\ and 9-11\ moisture 

contained 2- and 3-times, respectively, as much phospholipids as oil 

from seeds with 2.5\ moisture content. Katzer (1970, reported in 

Solomon, 1973) investigated the effect of moisture content of crushed 

seeds on oil quality after solvent extraction. At lower moisture 

contents (4\) speed of extraction was greatest. Increasing moisture 

content from 0.5\ to 10.0\ increased content of unsaponifiables by SO\, 

phosphorus by 300\ and carotenes and chlorophylls by 200-300\. 

Work by other researchers reported by Hougen et al (1985) shoved 

that, while cold pressed oils were free of lecithin, heating to 4SOC 

released phospholipids into the oil. Treating the seeds with 10-12\ 

water before extraction raised the phospholipid content by as much as 

60\, the non-hydratable portion of the phospholipids vas raised from 
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16\ to 32 \ after water treatment. 

Phospholipid content in both extracted and expelled oils is 

affected by flaking temperature. Wiegand (1978) showed that as 

flaking temperature increased from 700C to 900C lecithin and non

hydratable phosphorus decreased in both oils. 

2.6.3 Method of extraction 

In general, pressed oils are of a higher quality, i.e. lower 

contents of non-triglyceride materials, than extracted oils from the 

same seed. Diosady et al (1983) studied the quality of expelled, 

combined and extracted oils from two canola cultivars, candle (B. 

campestris) and Tower (B. napus) (Table 2.13). The results showed that 

expelled oil was of higher quality, i.e. lower phosphorus, sulphur, 

calcium and free fatty acids levels and less coloured, than extracted 

oils, in both cultivars. Hougen et al (1985) investigated the 

'lecithin' contents of oils from two plants and found that solvent 

extracted oil contained more 'lecithin' than expelled oil (Table 2.14). 

!he study also showed that an expelled oil could contain higher amounts 

of phospholipid than a solvent extracted oil, levels were dependent on 

seed quality and processing conditions (Sections 2.6.1 and 2.6.2). 

Pokorny et al (1987) found that pressed oils from double-zero and 

zero erucic acid rapeseed contained less phospholipids, glycolipids, 

phytates, iron and other trace metals than extracted oils from the same 

seed. They found only slight differences in chlorophylls and 

pheophytins, tocopherol and glucosinolate decomposition products 

contents between pressed and extracted oils. Franzke et al (1972b), 

however, found quite considerable differences in colour bodies between 
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TABLE 2.13 

Quality of Crude Canola Oils a 

Oil Lovibond FFA PV IV p Fe Ca 

R y N/B (\) (meq/kg) (mg/k<)) 

~odl~ 
Expelled 3.4 40 0.4N 0.8 1.0 120.4 320 3.9 182 
Combined 4.4 60 0.2N 1.2 0.9 120.3 755 3.7 239 
Extracted 5.0 60 0.2N 1.6 0.9 120.3 1190 3.5 296 

Tower 
Expelled 4. 6 . 70 0.9B 0.7 1.8 111.9 286 1.9 149 
Combined 5.5 70 0.9B 1.0 1.9 111.8 622 2.6 168 
Extracted 6.3 70 0.9B 1.2 1.9 111.7 958 3.4 187 

a Diosady et al (1983). 

TABLE 2.14 

Lecithin Content of Crude Oils from Western Canadian canola Crushing 
Plants (1981-1982) (\ acetone-insolubles)a 

Plant Extracted Expelled Crudeb 

1 2 1 2 1 2 

A 1.7 2.0 0.6 0.8 1.0 1.2 

c 5.3 4.6 2.4 1.4 3.3 2.4 

a bAdapted from Hougen et al (1985). 
x extracted. Calculated from 0.7 x expelled+ 0.3 

pre-press and solvent extracted oils. Pre-press oil contained 41.0 

ppm total carotenoids, 4.3 ppm a-carotene and 15.7 ppm chlorophyll, 

while extraction oil contained 61.0 ppm total carotenolds, 5.7 ppm 
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carotene and 26.8 ppm chlorophyll. 

Usuki et al (1984} carried out more detailed work on chlorophylls 

of pressed, extracted and crude, degummed rapeseed oils (Table 2.15). 

They found that pheophytin A was the predominant chlorophyll and 

confirmed that extracted oil contained higher amounts of chlorophylls 

than either expelled oil or degummed oils. Oil from green .seeds 

contained substantially higher amounts of chlorophylls than oil from 

normal seeds. 

Drozdowski et al (1987) found that extracted oil from double-low 

rapeseed (cv. Jantar) contained much higher amounts of sulphur 

compounds than expelled oil from the same seed. Daun and Hougen 

(1976) reported the sulphur contents of expelled, extracted and 

combined oils from.three rapeseed cultivars (Table 2.16). For 

cultivars Oro and Span sulphur contents were higher in extracted oils 

and for cultivar Echo sulphur content was higher in expelled oil. 

Sulphur content was affected by processing conditions. 

Extracted oils have also been found to contain higher levels of 

trace metals such as iron and copper (1.6-10.1 ppm and 0.2-0.3 ppm, 

respectively) as compared to expelled oils (0.7-0.9 ppm and 0.1-0.2 

ppm, respectively) (Franzke et al, 1972a). Rutkowski (1959) found 

substantially higher levels of iron in extracted oil as compared to 

expelled oil (360 ~g/ 100 g and 55 ~g/ 100 g, respectively). His work 

also included tocopherols, levels in extracted oil were only slightly 

higher than in expelled oil (57 mg\ as compared to 54 mg\). Rutkowski 

and Mzyk (1969) found that expelled oil contained slightly higher 

amounts of tocopherols than extracted oil. 
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TABLE 2.15 

Chlorophyll and Pheophytin Contents of Rapeseed Oils (mg/ kg oil)a 

Oil Total Chlorophyll Pheophytin 

A B A B 

li2XIDill ~i:i:~ 
Expelled 39.9 2.53 4.91 30.3 1.75 
Extracted 46.1 2.62 2.92 35.6 4.99 
Crude, degummed 35.7 0.88 0.30 27.8 5.35 

~xt:t:n ~i:i:~ 
Expelled 85.3 4.18 6.99 65.6 8.50 
Extracted 90.3 3.02 4.03 68.9 14.31 
Crude, degummed 81.2 2.95 6.46 64.0 7.83 

a Adapted from Usuki et al (1984). 

TABLE 2.16 

Sulphur Contents of Rapeseed oils (ppm) a 

Oro Echo Span 

Expelled 19 21 25 

Extracted 57 10 33 

Combined 31 18b 27b 

a Adapted from Daun and Hougen (1976). 

2.6.4 Degree gf extraction 

The amount of non-triglyceride material is reported to increase 

with completeness of extraction of lipids. Solomon (1972) found that 

the increase in phospholipid content occurred after ca. 40-70\ of the 
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total oil had been extracted, depending on moisture content. 

Niewiadomski (1970, reported in Hougen et al, 1985) showed that 

residual lipids i~ the meal after solvent extraction contained 5-times 

as much unsaponifiables, 3-times as much sterols and 20-times as much 

phosphorus, as compared to the solvent extracted oil. Zeman and 

Pokorny (1970) extracted ground seed with n-hexane to simulate solvent 

extraction, then extracted the meal with chloroform, hydrolysed with 

20\ boiling hydrochloric acid and extracted again with chloroform. 

The hexane extracted ca. 94-97\ of the lipid material. The first 

chloroform extraction contained less erucic acid and more Cl8 and 

palmitic acids, suggesting the presence of phospholipids (Section 2.3. 

3). The bound lipids contained high amounts of saturated fatty acids 

such as lauric and myristic acids. The authors concluded that residual 

lipids were highly polar and most closely resembled rape leaf lipids. 

2.6.5 Effect of solvent 

The polarity of solvent used affects the composition of the oil 

extracted, more polar solvents such as chloroform:methanol extracted 

higher amounts of polar lipids than non-polar solvents such as hexane 

(Hougen et al, 1985). 

2.7 Processing of canola/rapeseed oil 

The aim of refining is to produce a bland, light yellow oil of 

good quality and oxidative stability (Teasdale and Mag, 1983). The 

processes used in canola refining, together with typical conditions and 

oil components removed, are given in Table 2.17. Oils are usually 

degummed at the oil extraction plant and transported as crude deqummmed 
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TABLE 2.17 

Typical Conditions for Refining of canola Oila 

Process 

Degumming 

Alkali-refining 

Bleaching 

Deodorisation 

Conditions 

2\ hot water (80-900C) 
0.2\ citric acid (50\, 
80-900C) 

7-9\ NaOH, ca. 0.1\ 
above FFA content 
Several water washes 

1-1.5\ acid-activated 
clay (if very green + 
0.2\ of clay in 
activated charcoal) 
under vacuum ca. 700C 

Steam distillation 
ca.240-2700C, 3-8 mm 
Hg vacuum 

a Teasdale and Hag (1983). 

Removes 

Phosphat ides 

Free fatty acids and 
phosphat ides 
Soaps 

Soaps, oxidation 
products, colour bodies, 
residual phosphatides 

Free fatty acids, 
oxidation products, 
sulphur breakdown 
products & tocopherols 

oils to refineries for further processing, if this is not carried out 

at the same location (Daun and Bushuk, 1983). Rapeseed lecithin is 

dark-coloured and can not compete with soybean lecithin as a food 

emulsifier so the gums are usually added back to the meal to increase 

its nutritional value. They also act as dust-suppressants and 

binders in meal pellets. 

Oil can be lightly hydrogenated to produce a more stable salad 

oil, or more extensively hydrogenated to produce a margarine fat 

(Vaisey-Genser and Eskin, 1982). If oil is hydrogenated it is 
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deodorised afterwards. Hydrogenation also improved colour by 

destruction of carotenoids. Oil can also be interesterified to 

improve its physical properties. 

2.8 Oil guality during processing 

Moo-triglyceride components in rapeseed/canola· oil are reduced or 

removed during processing (Section 2.7). 

2.8.1 Phospholipids 

Phospholipids are mainly removed during degumming, although 

residual phospholipids are also removed during later steps. Diosady 

et al (1983) found 1,190.0 ppm phosphorus in crude oil, this was 

reduced to 28.6 ppm, 0.7 ppm and 0.3 ppm after degumming, 

neutralisation and bleaching and deodorisation, respectively. 

2.8.2 Tocooherols 

Tocopherols are mainly lost during the later stages i.e refining, 

bleaching and deodorisation, although significant amounts remain in the 

oil. Walker and Slinger (1975) found that total tocopherol content 

was reduced from 65.9 mg/100 g in crude oil to 16.5 mg/100 g in 

deodorised oil, a loss of 75\. There were cumulative losses of 3.3\, 

41.8\ and 53.9\ after degumming, alkali-refining and bleaching, 

respectively. 

2.8.3 Sulphur compounds 

Hougen and Daun (1984) determined the sulphur contents of 

industrially processed canola oils and found that degumming reduced the 

content by ca. SO\, e.g. 31 ppm in crude oil and 16 ppm in degummed 

oil. Refining, bleaching and deodorisation reduced the residual 
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sulphur contents to 4-9 ppm, 3-5 ppm and 1 ppm, respectively. 

2.8.4 Colour 

Usuki et al (1984) studied chlorophyll and pheophytin contents of 

industrially processed rapeseed oil (Table 4.18). Total chlorophylls 

were mainly removed during bleaching, the content was reduced from 

39.10 ppm in refined oil to 0.39 ppm in bleached oil. Chlorophylls A 

and B were reduced by ca. SO\ and 100\, respectively, during degumming. 

Pheophytins A and B were reduced by 99.9\ and 99.0\, respectively, 

during bleaching. All chlorophylls were reduced by ca. 98-99\ after 

deodorisation. Total carotenoids were reduced, by ca. 93\, and a

carotene vas reduced from 4.5 ppm to 2.7 ppm, ca. 40\, during bleaching 

(Franzke et al, 1972b). 

2.8.5 Free fatty acids 

Free fatty acids are mainly removed at the refining or neutral

isation step, typical values of 1.6\ for crude oil were reduced to 1.1\ 

on degumming and 0.02\ on alkali-refining (Diosady et al, 1983). 

2.8.6 Trace metals 

Daun and Bushuk (1983) reported a reduction in iron and copper 

contents from 0.9 ppm and 0.1 ppm, respectively, in crude oil to 0.8 

ppm and 0.05 ppm, respectively, in degummed oil to 0.1 ppm for both 

metals in caustic refined oil. 

2.9 Lipid oxidation 

Lipid oxidation is associated mainly with unsaturated fatty 

acids, susceptibility increases with increasing unsaturation. 

Richardson and Korycka-Dahl (1980) reported the oxidation ratios for 
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TABLE 2.18 

Chlorophyll and Carotenoid Contents during Processing (ppm) a 

Process Chlorophylls carotenoids 

Chlorophyll Pheophytin 
8-

Total A B A B Total carotene 

Crude 42.50 4.50 
De gummed 43.10 1.78 1.13 33.30 6.93 32.80 4.50 
Refined 39.10 0.89 0.00 31.50 6.84 36.90 4.50 
Bleached 0.39 0.03 0.06 0.24 0.07 3.20 2.70 
Deodorised 0.17 0.01 0.02 0.11 0.04 0.60 

aAdapted from Usuki et al (1984); adapted from Franzke et al (1972b). 

linolenlc:linoleic:olelc as 77-99:28-41:1. 

2.9.1 Autoxidation 

Autoxidation is considered to be the most important mechanism of 

lipid oxidation (Lundberg, 1962). It is defined as the spontaneous 

oxidation of a substance on contact with molecular oxygen (Schaich, 

1980). Direct bimolecular attack of oxygen on lipids has a very high 

activation energy (35-65 kcal/ mole) which makes the reaction thermo-

dynamically improbable. Thus oxygenation of lipids requires 

facilitation, either via prior free-radical formation, or by some more 

specific mechanism. 

Only a few initiating radicals are needed to seed the autoxidation 

chain (Figure 2.2). Once a free-radical is formed (initiation) the 

high reactivity of the radical with oxygen causes a rapid conversion to 

an hydroperoxide (LOOH). As oxidation proceeds these relatively 



Initiation 

formation of 
free-radicals 

Propagation 

free-radical 
chain mechanism 

Termination 

L 
LOOH 
2(LOOH) 

L* + 0 
LOO* + LH 
LO* + LH 

LOO* + LOO* 

--> L* 
--> LO* + *OH 
--> LOO* + LO* + H20 

--> LOO* 
--> LOOH + L* 
--> LOH + L* 

LOO* + L* --> stable (non-radical) products 
LO* + L* 
L* + L* 

FIG 2.2. Free radical pathway of lipid oxidation (from Schaich, 1980). 

unstable hydroperoxldes breakdown giving more free-radicals, and 

initiate a chain radical reaction (propagation). Termination occurrs 

when radicals combine to produce non-radical compounds. A 

diagrammatic representation of the course of lipid oxidation is given 

in Figure 2.3. Oxygen absorption increased most rapidly after the end 

of the induction period, peroxide value reached a maximum and decreased 

and volatile components were produced more slowly. The induction 

phase is the time before propagation occurred. 

2.9.2 MeChanisms of Lipid Oxidation 

The free radical (classic) concept for autoxidation of lipids and 

production of hydroperoxides, proposed by Farmer, is widely accepted 

(Paquette et al, 1985). However, there is considerable interest in 

product stereochemistry which throws new light on the mechanism of 
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Degree 

of 

oxidation 

time 

Loxygen 
absorption 

components 

<---------------------------------><---------------------
induction period oxidation phase 

FIG 2.3. Oxidation curves (from Frank et al, 1982). 

oxidation. The isomeric distribution of hydroperoxides from different 

types of oxidation (autoxidation and Type I and Type II photoxidation) 

from oleate, linoleate and linolenate is shown in Table 2.19. This 

distribution is discussed in the following Sections (2.9.2.1 to 

2.9.2.3). 

The classic mechanism for oleic acid involves hydrogen-abstraction 

on the carbon atoms adjacent to the double bond, C-8 and C-11, which 

produce two stable allylic radicals with the electrons delocallsed over 

three carbon atoms (Paquette et al, 1985). These radical 
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TABLE 2.19 

Isomeric Distribution of Hydroperoxides of Oleate, Linoleate and 
Linolenate from Different Oxidation Pathways (relative \) a 

Isomer b 

l'~~ 'idls;il iYtgx1dit1go 
Oleate 8 g 10 11 

27 23 23 27 

Linoleate 9 13 

so so 

Linolenate 9 12 13 16 

30 12 12 46 

fbgtgx1dit1go i%~~ I) 
Oleate 9 10 

49 51 

Llnoleate 9 10 12 13 

25 24 25 26 

Linolenate 9 10 12 13 15 16 

24 13 15 16 12 21 

fbgtgx1dit1go '%~g~ II) 
Oleate 9 10 

50 50 

Linoleate 9 10 12 13 

31 18 18 33 

Llnolenate 9 10 12 13 15 16 

21 13 13 14 13 25 

a bMatsushita and Terao (1980). 
on bottom. Isomer position on top and percentage 



intermediates react with oxygen at the end carbons to produce 8-, 9-, 

10-and 11-monohydroperoxides due to the resonance structure of the 

allylic system. Free radical autoxidation was found to produce eight 

cis- and trans-monohydroperoxides (Frankel, 1983). 

2.9.2.2 Linoleate 

The classic mechanism involves hydrogen-abstraction at C-11 

resulting in a stable pentadienyl radical with the electrons 

delocalised over five carbons (Paquette et al, 1985). The carbons at 

the extreme ends, C-9 and C-13, are equivalent for oxygen attack and 

equal amounts of 9- and 13-monohydroperoxides were formed, out of eight 

possible isomers four were found (9-cis, trans-, 9-trans, trans-, 13-

trans, cis- and 13-trans, trans-monohydroperoxides). 

isomers were observed. 

2.9.2.3 Llnolenate oxidation 

Ho cis, cis 

The oxidation of linolenic acid is more complex than that of 

either oleic or linoleic acids since two separate 1,4-diene systems 

were present. The classic mechanism involves hydrogen-abstraction at 

the two active methylenic groups, C-11 and C-14, with the formation of 

two pentadienyl radicals. Oxygen attack at the end of the pentadiene 

system results in conjugated dienes with hydroperoxides on C-9 and C-

13 or C-12 and C-16. The third double bond was unaffected. 

All eight possible positional isomers were observed, the outer 9-

and 16-isomers were present in significantly higher amounts (75-81\) 

than the inner 12- and 13-isomers (18-25\) (Chan et al, 1982). The 

authors suggested that either the end C-9 and C-16 positions were more 

susceptible to oxygen attack due to steric factors, the 12- and 13-
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isomers decomposed more readily, or the inner isomers had an increased 

tendency to cyclise or form diperoxides. Six major diperoxides, 

formed by cyclisation of 12- and 13-isomers, have been reported (Coxon 

et al, 1981). 

2.10 Oxidative stability of canola/rapeseed oils 

The oxidative stability of an oil is affected by its fatty acid 

composition and by the content and composition of non-triglyceride 

components. 

2.10.1 Effect of fatty acid composition 

canola has a relatively high linolenic acid content and is highly 

unsaturated compared to other commercial vegetable oils, except for 

soybean (Table 2.2). This has been reported to cause flavour problems 

(Vaisey-Genser and Eskin, 1982). Riiner and Honkanen (1972) claimed 

that reducing the linolenic acid content of soybean oil to 3\ by 

hydrogenation improved flavour stability only slightly, whereas a 

reduction to below 1\ substantially improved the oil quality. 

Ohlson (1970) studied the oxygen uptake of oils from summer and 

winter B. napus and summer and winter B. campestris. He found that 

differences in oxygen uptake were small and in the order: winter B. 

napus > summer B. napus = summer B. campestris > winter B. campestris. 

The differences in oxygen uptake could not be ascribed to linoleic or 

linolenic acid contents and the author suggested that they could be due 

to varying metal or antioxidant contents. 

A study reported by Salunkhe and Desai (1986) showed that, in an 

8-day Schaal oven test, one brand of rapeseed oil was equivalent in 
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stability to corn and soybean oils, another brand of rapeseed oil was 

superior to sunflower, but less stable than corn oil, and a zero erucic 

acid oil had the least stability of all the oils examined. 

Erkilla et al (1978) compared the oxidative stability of 

deodorised LEAR and HEAR oils over an oxidation temperature range of 

1oooc to 1400C. They found both oils had similar stability although, 

the HEAR exhibited a slightly longer induction period at 1oooc. LEAR 

contained 61.5\ oleic, 15.7\ linoleic, 8.9\ linolenic, 3.1\ eicosenoic 

and 4.3\ erucic acids. HEAR contained 23.4\ oleic, 17.1\ linoleic, 

7.8\ linolenic, 11.7\ eicosenoic and 35.4\ erucic acids. 

Vaisey-Genser and Eskin (1982) stated that the stability of canola 

oil to light was greater then that of soybean, and that both oils had 

similar heat stability. The soybean oil used for the heat stability 

study had been hydrogenated and contained 46.6\ oleic, 38.8\ linoleic 

and 3.2\ linolenic acids; the canola oil contained 56.1\ oleic, 24.3\ 

linoleic and 12.4\ linolenic acids. 

Eskin et al (1986) compared frying and storage stability of low 

and high linolenic acid canola oils. The low linolenic oil exhibited 

a marked improvement in heated odour and carbonyl formation compared to 

the high linolenic acid oil. Mikle et al (1987) compared the 

oxidative stability of three lightly hydrogenated oils: low linolenic 

acid, Westar and soybean using the active oxygen method (AOM). They 

found that the low linolenic acid oil was the most stable (87.0 hr, 

74.0 hr and 24.0 hr, respectively). The authors also compared the 

stability of unhydrogenated deodorised low linolenic and Westar oils, 

these oils had an AOM stabilities of 32.0 hr and 24.0 hr, respectively. 
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The low linolenic oil contained ca. 3\ linolenic acid. The linolenic 

acid content of Westar has been reported as 9.1\ (Daun, 1984), and in 

soybean oil as 8.7\ (Downey, 1983). 

A study on the oxidative stability of sunflower and high oleic 

sunflower oils by Purdy (1985) found that the stability was directly 

related to the linoleic acid content, but no linolenic acid was 

reported. This author stated that oil from seeds grown in cool 

northern climates had a higher linoleic acid content than oil from 

seeds grown in warm southern climates, and that the oxidative stability 

of crude oil from southern-grown seeds was almost twice that of the 

crude oil from northern-grown seeds. 

2.10.2 Effect of glyceride composition 

Riiner and Honkanen (1972) reported that the rate of lipid 

oxidation was influenced by the position of the fatty acids in the 

triglyceride molecule. Yoshida and Alexander (1984) found that 

unsaturated fatty acids located in the 2-position were significantly 

protected from thermal oxidative decomposition. Daun and Bushuk 

(1983) stated that the distribution of linoleic and linolenic acids, 

predominantly in the 2-position, might be of technological importance, 

giving canola oil a greater tendency to oxidative stability compared to 

soybean oil. Soybean oil had a random distribution of linolenic acid. 

Lau et al (1982) found that randomised corn oil oxidised ca. 3-4-times 

faster than natural corn oil, they concluded that glyceride structure 

might affect the rate of oxidation but did not elucidate the mechanism. 

2.10.3 Effect of non-triglyceride components 

Many of the non-triglyceride components in canola oil have been 
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characterised as antioxidants. 

2.10.3.1 Tocopherols 

Tocopherols are among the most common naturally occurring 

antioxidants (Houlihan and Ho, 1985). Their antioxidant activity has 

been reported to increase in the order 6 > l > 8 > u (Dugan, 1980). 

Dziezak (1986) stated that antioxidant activity was concentration 

dependent and claimed that the range 0.1-0.2\ was most effective. 

Pilat et al (1973) found that tocopherols had a poor antioxidant 

efficiency below 0.01\ which increased rapidly to 0.03\, and that 

tocopherols were proxidative above 0.1\. The authors used rapeseed 

oil. Mahoney and Graf (1986) found that high concentrations of 

tocopherols, SO mM (ca. 2\), were pro-oxidative in linoleic acid. 

Tocopherols synergise readily with acidic substances, for example, 

citric, ascorbic and phosphoric acids, ascorbyl palmitate and many 

polyfunctional organic acids (Dugan, 1980). Tocopherols have also 

been reported to act as synergists with phospholipids (Hudson and 

Ghavami, 1981). 

Besides being free-radical chain terminators, tocopherols function 

as antioxidants by scavenging singlet oxygen, either by quenching or by 

irreversible reaction (Houlihan and Ho, 1985) 

It has been suggested that unsaturated vegetable oils with their 

inherent tocopherol contents would not benefit from addition of 

tocopherols (Dziedzic and Hudson, 1984). 

2.10.3.2 Pbosgholipids 

Phospholipids have been extensively studied as antioxidants since 

many crude oils were more stable than refined oils (Dugan, 1980). 
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Early work by Olcott and Van der Veen (quoted in Houlihan and Ho, 1985) 

using synthetic and commercially isolated phospholipids found no 

antioxidant activity in menhaden oil. Phosphatidyl choline (PC) and 

phosphatidyl ethanolamine (PE) were effective antioxidants with 

ethoxyquin. The authors concluded that phospholipids exhibited little 

primary antioxidant activity and suggested that their synergistic 

action was due to the nitrogen-containing moiety. Hudson and Maghoub 

(1981) studied the synergism of phospholipid with tocopherols and found 

that PC and PE were good synergists when tested in lard; they 

attributed the synergism to the poten~ial ligand-forming nitrogen group 

which was capable of chelating metals. Hudson and Lewis (1983) found 

that phospholipids also functioned as synergistic antioxidants with 

polyhydroxy flavonoids. They stated that the synergistic mechanism 

was not clear and suggested that the presence in the synergist molecule 

of a strongly acidic, proton-generating function was important. 

Bratkowska and Niewiadomski (1975) reported that the addition of 

1.5\ unpurified rapeseed lecithin considerably extended the induction 

period of rapeseed oil. The authors worked with two rapeseed lecithin 

fractions, 'lecithin' and 'cephalin'. Lecithin was composed of ca. 

80\ PC and ca. 20\ PE, and cephalin was composed of ca. 20\ 

phosphatidyl inositol (PI), ca. 25\ phosphatidyl serine (PS) and ca. 

20\ PE. They found that both fractions prolonged oil stability, but 

that the lecithin fraction was more effective. Although the rapeseed 

oil used in this study was refined, it would still have contained 

significant levels of tocopherols (Section 2.8.2) and so the authors 

were observing synergistic behaviour of the phospholipids with the 
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tocopherols. Hildebrand et al (1984) found that phospholipids and 

tocopherols increased soybean oil stability. 

Yoon and Min (1986), working on purified soybean oil that 

contained no measurable amounts of iron, tocopherols or phospholipids, 

found that phospholipids on their own acted as pro-oxidants, but when 1 

ppm of ferrous iron was added they acted as antioxidants. Antioxidant 

activity decreased in the order PE = phosphatidic acid > PC = 
phosphatidyl glycerol > PI = cardiolipin = glycerophosphoryl choline. 

They suggested that phospholipids acted as antioxidants by chelating 

metals. 

2.10.3.3 carotenolds 

Beta-carotene is an efficient singlet oxygen quencher (Matsushita 

and Terao, 1980). These authors found that carotenoids were 

synergistic with tocopherols during photoxidation. Tocopherols 

inhibited carotene oxidation allowing a-carotene to act as an 

antioxidant. When a-carotene became oxidised it acted as a pro

oxidant. 

2.10.3.4 Sterols 

Johansson and Appelqvist (1978) found that LEAR oils similar in 

fatty acid composition and tocopherol content varied in oxidative 

stability. They attributed this to the sterol content. Sims et al 

(1972) found that sterols from olive, corn and Veronica anthelmentica 

were effective in protecting safflower oil from oxidative 

polymerisation. 

2.10.3.5 Chlorophyll 

Chlorophyll and its derivatives, especially the pbeophytins, acted 
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as efficient pro-oxidants in vegetable oils (Usuki et al, 1984). 

However, Endo et al (1985a) found that chlorophyll acted as an 

antioxidant in the dark at low temperatures. Endo et al, (1985b) 

suggested that chlorophyll acted as a radical scavenger. They found 

antioxidant activity decreased in the order chlorophyll A > chlorophyll 

B > pheophytin A = pheophytin B. Greater antioxidant activity was 

observed in more highly saturated oils such as soybean, compared to 

rapeseed oil. They also found that tocopherols antagonised the 

activity of the chlorophylls. 

2.10.3.6 Amino-acids and oroteins 

Ragan and Handel (1985) detected amino-acids and proteins in 

degummed oils and suggested that phospholipid-protein interactions 

might occur. Histidine and tryptophane in linoleic acid, and proline 

in sardine oils have been found to be effective antioxidants (Dugan, 

1980). Protein hydrolysates acted as synergists with «-tocopherol in 

corn oil. 

2.10.3.7 Browning reaction products 

Reductones formed during the early stages of the Maillard browning 

reaction exhibit antioxidant activity (Dugan, 1980). These products 

are formed during cooking and extraction of rapeseed and may enter the 

oil. They may also be formed during the frying of food. 

2.10.3.8 Flavonoids 

Hudson and Lewis (1983) found that polyhydroxy flavonoids acted as 

antioxidants when tested in lard. Of the flavonoids studied quercetin 

occurred in rapeseed (Finlayson, 1977). 
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2.10.4 Effect of refining 

Crude oils have good oxidative stability, but refined oils are 

less stable and are subject to flavour deterioration (Mounts, 1985). 

Kwon et al (1984) found that oxidative stability of soybean oil 

decreased with increasing degree of refining. Soybean triglyceride 

was the least stable with crude soybean oil the most stable. Adding 

back phospholipids and tocopherols to the refined oil improved the 

stability. 

2.11 Measurement of lioid oxidation 

Much attention has been focused on chemical and instrumental 

methods. Methods can be divided into dynamic or predictive, and 

present status or static. 

2.11.1 Predictive tests 

Predictive tests, also known as accelerated shelf life tests 

measure the change in a certain characteristic with time (Ragnarsson 

and Labuza, 1977). The major tests are oxygen absorption methods e.g. 

Slyvester-Martin and Eckey, Swift stability test, oxygen bomb method, 

weight gain technique and Schaal oven test These tests all use 

elevated temperatures, ca. 980C-1oooc, except for the Schaal oven test 

which is carried out at 6JOC. The authors recommended using the 

Schaal oven test because it was least likely to have problems, such as 

increased importance of pro-oxidative activity of antioxidants. 

2.11.2 Static tests 

Static tests determine various characteristics relating to the 

degree of oxidation that has already occurred (Gray, 1978; Rossel, 
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1981; Helton, 1983}. There is no ideal method for measuring the 

extent of lipid oxidation, peroxide value is the most widely used and 

has good correlations with flavour scores, but it can not distinguish 

between the different fatty acids undergoing oxidation. Another 

problem was that hydroperoxides decomposed and a highly oxidised oil 

could give a low peroxide value (Min, 1981). Some of the other tests 

had problems with specificity, for example thiobarbituric acid test, 

although it measured malonaldehyde from linolenic acid it also reacted 

with 2,4-decadienals from linoleic acid oxidation (Gray, 1978). 

There is no rapid, simple method available to determine state of 

oxidation and provide information on the nature of fatty acid 

hydroperoxides. 

2.11.3 AQalysis of hydroperoxides 

Hydroperoxides are primary oxidation products and they vary in 

amount and nature, for example geometric and positional isomerisation 

and degree of conjugation, according to the fatty acid undergoing 

oxidation and the conditions of oxidation. Hydroperoxides are not 

stable and so are often derivatised to more stable compounds prior to 

analysis, for example hydroxylation and methylation (Chan and Levett, 

1977a) or just hydroxylation (Porter et al, 1980). However, some 

authors were concerned that the derivatisation process might cause 

isomerisation (Koskas et al, 1983). 

A range of chromatographic techniques have been used to isolate 

and identify hydroperoxides from lipid oxidation, these include thin 

layer chromatography, column chromatography, gas liquid chromatography 

and high performance chromatography (HPLC). Of these perhaps that 
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with most potential is HPLC. 

2.11.3.1 High Performance liguid chromatography 

There were two modes of HPLC commonly used for lipid analysis, 

reverse phase and normal phase (Aizetmuller, 1983). Reverse phase 

HPLC has been used to analyse monohydroperoxides from autoxidised 

vegetable oils (Park et al, 1981), separate methyl linoleate 

hydroperoxides (Chan and Levett, 1977b) and separate reduced oxidised 

methyl lino1eate (Neff et al, 1978). However, the separations 

obtained were not complete. 

Most analyses have been carried out using normal phase HPLC. 

Park et al (1981) used both reversed phase and normal phase and found 

that normal phase gave a better, although not complete, separation. 

Good separations of hydroperoxy, and especially hydroxy, fatty acids 

have been reported for oleate (Chan and Levett, 1977a) and linoleate 

(Teng and Smith, 1985), and a poorer separation for linolenate (Kaplan 

and Ansari, 1985). Coxon et al (1981) used normal phase HPLC to study 

mono- and diperoxides from methyl linolenate autoxidation. 

HPLC was most useful for linoleate autoxidation since the 

positional isomers could be well separated and determined by ultra 

violet detection at ca. 234 nm. Oleate oxidation was more difficult 

since it did not produce any conjugated dienes and products must be 

determined at 212 nm or below, or with refractive index detection which 

was much less sensitive. The same constraints applied to photo

sensitised linoleate oxidation which yielded unconjugated as well as 

conjugated hydroperoxides (Chan, 1977). Linolenate gave a much more 

complex oxidation pattern which has yet to be satisfactorily resolved. 

47 



CHAPTER 3. MATIRIALS AND METHODS 

3.1 Solvents and reagents 

All solvents and reagents were obtained from BDH Chemicals Canada 

Inc. (Saskatoon, Saskatchewan) and were analytical grade unless 

otherwise stated. All gases were from Union Carbide Canada Ltd., 

supplied by-Canada Liquid Air Ltd. (Saskatoon, Saskatchewan). 

3.2 Instruments 

3.2.1 Spectrophotometer 

A Coleman 124 double beam grating spectrophotometer equipped with 

deuterium and tungsten lamps, spectral range of 190 nm to 800 nm 

(Hitachi P~rkin-Elmer, Coleman Instruments Division, Maywood, IL) was 

used. It was equipped with a strip-chart recorder (Fisher Recordall 

Series 5000, Fisher Scientific Company, Springfield, NJ). All 

analyses were carried out using a 10 mm path length cuvettes with an 

optical range of 320 nm to 2500 nm (Coleman Instruments Division, 

Maywood, IL). For analyses requiring a scanning spectrophotometer 

scan speed was 60 om/minute and chart speed was 2.5 em/minute. 

3.2.2 Qas Chromatograph CGCl 

A Hewlett-Packard 5880A Series Gas Chromatograph with 5880A Series 

GC Terminal was used. The instrument was equipped with a flame 

ionisation detector (FID) and 3390A Series integrator. All equipment 

was obtained from Hewlett-Packard (Canada) Ltd., Edmonton, Alberta. 

The carrier gas was helium, 27 ml/minute and the FID was supplied with 

hydrogen and air. Durlnq runs the injector was kept at 2sooc and the 
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FID at 3QOOC and when not being used, oven, injector and FID were 

maintained at 1oooc. Oven temperatures, programming and column varied 

with the type of analysis and are given in the appropriate methods 

section. The split-ratio was 30:1 

3.2.3 Rotary evaporator 

A Buehl Rotovapor R110 (Brinkman Instruments Co., Rexdale, 

Ontario) was used. 

3.2.4 Vacuum oven 

A Fisher vacuum oven, with a Precision vacuum pump (Model 0150, 

Fisher Scientific Co., Pittsburgh, PA) was used. 

3.2.5 Centrifuge 

A Sorval SS-4 Manual Superspeed centrifuge (Norwalk, CT) was used. 

The thesis research has been divided into a series of experiments, 

accordingly Materials and Methods, Chapter 3, is divided into the 

corresponding sections. 

time it is used. 

3.3 Experiment 1 

Each method is described in detail the first 

To determine the effect of oil extraction and processing 

conditions on the content of non-triglyceride components, and to 

determine the effect of these non-triglyceride components on the 

oxidative stability of the oils. 

Seed and oil treatments are summarised in Table 3.1. 

3.3.1 Plant materials 

3.3.1.1 Canola seed 

A commercial sample of B. napus cv. Westar was obtained from a 
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TABLE 3.1 

Seed and Oil Treatments 

Source Treatment Code 

Pre- BT (OC)a Post-

~ 
We star II none 80-90 none CS/1/-

We star II none 90-100 none CS/2/-

We star II 800C 105-110 none HSS0/1/-

We star II 1000C <105 none HS100/1/-

We star II 1000C 105-127 none HS100/2/-

[lit§~ 
We star II 1000C 124-127 none FS100/1/-

Qll 
HS100/2/- de gummed HS100/2/D 

HS100/2/- degum.med,refined,bleached HS100/2/DRB 

Commercial none PPS/-

a Barrel temperature. 

farm at Blaine Lake, Saskatchewan from the 1985 harvest. The sample 

had a 6\ green seed content as measured by the method of Reynolds 

(1975). 

3.3.1.2 canola oil 

Crude, non-degummed canola oil was obtained from CSP Foods, 

Nipawin, Saskatchewan. It was a blend of pre-press and solvent-

extracted oils, predominantly from Westar. 



3.3.2 Seed analysis 

3.3.2.1 Moisture 

Moisture was determined according to the American Association of 

Cereal Chemists Official Method 44-40 (AACC Approved Methods, 1984) 

based on vacuum-oven drying at 98-lOOOC for 5 hr in a partial vacuum of 

25 mm mercury or less. 

3.3.2.2 Crude fat 

Crude fat was determined according to the AACC Official Method 30-

20 (AACC Approved Methods, 1984) based on extracting the sample with 

diethyl ether ln a Goldflsch Extractor (Labconco Corporation, Kansas 

City, MO) for 5 hr. In preparation for extraction seed samples were 

ground in a coffee grinder for 3 periods of 10 seconds. Samples were 

weighed for analysis within 2 hours of grinding, to minimize fat 

migration within the sample. Stored presscake and meal samples were 

thoroughly mixed before sampling. 

3.3.2.3 Crude fibre 

Crude fibre content of the seed was determined according to 

American Oil Chemists' Society-Association of Official Analytical 

Chemists Method 7.070 (AOAC, 1984), based on loss on ignition of dried 

residue remaining after acid and alkali digestions. 

3.3.2.4 Crude protein 

Crude protein of the seeds was determined according to AOAC Method 

7.022 (AOAC, 1984) using an automated Kjeldahl procedure. 

3.3.2.5 Aih 

Ash content of the seeds was determined according to AOAC Method 

7.009 (AOAC, 1984) based on weight after heating in a furnace at 5000C 
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for 2 hr. 

3.3.2.6 Calcium and Phosphorus 

Calcium and phosphorus contents of the seed were determined 

according to AOAC Method 7.022 (AOAC, 1984) at the same time as crude 

protein using an automated Kjeldahl procedure. 

3.3.3 Seed Preparation 

Seed was heated, 1 kg at a time, in a closed metal container 

placed in an air-oven, and shaken at 5 min intervals. All samples 

required 40 min to reach the desired temperature. The treatments 

were: none (i.e. cold press); 800C/30 min; and 1000C/30 min. An 

additional sample was flaked prior to cooking at 1000C/30 min. This 

sample was pre-heated to 38-400C over 10 min to minimize shattering and 

flaked to 0.3 mm thickness on a pair of smooth rollers (Standard Gas 

Engine Works (Morden) Ltd., Morden, Manitoba). 

3.3.4 Seed oressing 

The oil was expelled using a screw-press (Mini-40 Screw-Press, 

Simon Rosedowns Ltd., Hull, United Kingdom). The press had a 

horizontal 150 mm long barrel with an internal diameter of 60 mm which 

was comprised of 12 vertical retention rings each of which was grooved 

on the inner surface to facilitate seed flow. The material was 

conveyed within the barrel by means of a tapered worm with continuous 

flights. The press had a nominal capacity of 40 kg seed/hr. It was 

operated at 120 rpm and a choke setting of 10 (0.61 mm) or 8 (0.42 mm) 

and produced cake in the form of flakes, ca. 0.8 mm and ca. 0.6 mm, 
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respectively. Barrel temperature during the run was measured by a 

thermocouple (115 TC, Omega Engineering, Inc., Stamford, CT) inserted 

into the barrel wall near the discharge end and recorded on a strip 

chart recorder. 

The press was pre-heated to 450C with a heating-pad wrapped around 

the barrel. Pretreated seed was fed into the covered press feed hopper 

immediately after heating to minimize heat and moisture loss. Three 

kg of seed was pressed at a choke opening of 8, 1 kg of seed was 

pressed to warm up the press (start-up), followed by 2 kg (main run). 

Oil was collected from the main run only, except for cold and lOOOC 

heated seed where start-up oil was also collected so that the effect of 

increasing barrel temperature could be observed. 

Oil and meal were collected separately and a mass balance 

calculated. The expelled oil was centrifuged at 5,000 x g for 25 min 

(Model J2-11, Beckman Instruments Inc., Fullerton, CA) to remove fines. 

The weight of fines was recorded, and based on an average oil content 

of 60\, the values for oil and cake found in the fines were included in 

the mass balance calculations. 

Oil content of the seed and residual oil content of the cake were 

determined (Section 3.3.2.2) and the extraction rate calculated. 

3.3.5 Oil refining 

Two oil samples were taken from oil extracted from the lOOOC 

heated oil. One sample was degummed and the other sample was 

degummed, refined and bleached. 
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3.3.5.1 Degumming 

Degumming was carried out according to Method D-1, 8/84 (Bacchus, 

personal communication, 1984) using 120-110 g of oil. The oil was 

heated in 400 ml tall-form beakers in a water-bath at 380C with 

vigorous agitation from a stirring shaft and impeller (Lab-Stir, 

Eberbach Corporation, Ann Arbor, Michigan) to ensure adequate mixing of 

the oil. Once the oil temperature had stabilised, 0.2\ of a 50\ 

citric acid solution was added and the sample mixed for 15 min. Then 

2.0\ distilled water was added and the sample mixed for a further 15 

min. It was then heated rapidly to ?OOC (heating for a maximum of 5 

min), centrifuged at 5,000 x g for 25 min (Model J2-11, Beckman 

Instruments Inc., Fullerton, CA) and the clear oil decanted. The 

decanted oil was dried on a rotary evaporator at 1QOOC for 20 min. 

Both the citric acid solution and the distilled water were held at 

90-lOOOC before addition to the oil. 

3.3.5.2 Refining 

Refining was carried out according to Method R-4, 8/84 (Bacchus, 

personal communication, 1984). The oil was heated and agitated as 

before and, when the temperature had stabilised, 14 Be (9.5\) sodium 

hydroxide solution was added, sufficient to neutralise the free fatty 

acids present, calculated as in Section 3.3.6.4, with 0.08\ excess. 

The sample was mixed for 15 min and then heated rapidly to 1ooc, 

centrifuged and the clear oil decanted as before. The clear oil was 

heated to 750C and poured into a 250 ml separatory funnel. Deionised 

water, 10-15\, at 90-1000C was sprayed onto the oil surface and allowed 

to settle through the oil. The funnel was inverted several times and 
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the aqueous layer withdrawn. The washing procedure was repeated. 

The washed oil was centrifuged as before. 

3.3.5.3 Bleaching 

Bleaching was carried out by a modification of the method of 

Gunstone and Norris (1983). The oil was placed in a Buchner flask and 

heated to 60-700C on a heating pad with magnetic stirring (Lab-Line, 

Pyro-Hagnestir). After 1.5\ Vega Clay bleaching clay (Clay Products 

Division, Filtrol Corporation, Los Angeles, CA) was added, a vacuum was 

achieved and the mixture stirred vigorously for 20 min. The mixture 

was centrif~ged and the clear, bleached oil decanted as before. 

3.3.6 Non-triglyceride components 

3.3.6.1 Carotenoids 

carotenoids were determined by a modification of the method 

recommended by De Ritter and Purcell (1981). Oil samples were weighed 

into 25 ml volumetric flasks and diluted to volume with hexane so that 

the net absorbance was in the range 0.2-0.8 absorbance units, ca. 3.5 

g. The solution was scanned from 300 nm to 600 om against hexane. 

Net absorbance was calculated as A446 om less A600 om and ppm 

carotenoids as lutein calculated: 

Volume (ml) x Net absorbance 
Carotenoids (ppm) = ---------------------------- x 10-

4 

Weight oil (g) x £ lutein max 

~: Emax = 2,160 (Hazuka and Drozdowski, 1987). 

3.3.6.2 Chloroohyll 

This procedure was based on a modification of the method of 
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Levadoux et al (1986). Oil was weighed into a 25 ml volumetric flask 

and diluted to volume with petroleum ether so that the net absorption, 

net A, was in the range 0.2-0.8 absorbance units, ca. 2.5 g. The 

solution was scanned against petroleum ether in a spectrophotometer. 

The maximum absorbance, Ap, at 660 nm and reading on either side, Al 

and A2, at 630 nm and 702 nm, respectively, were taken. Readings were 

offset by the amount Ap varied from 660nm. Chlorophyll (Chl) was 

calculated as ppm chlorophyll A equivalents as follows: 

Total vol.dil.sample (ml) x oil density 
Chl (ppm) = f X netA X ---------------------------------------

Weight oil (g) 

wbere: f = slope of calibration curve 
(Al + A2) 

netA = Ap - ---------
2 

oil density = 0.917 

Chlorophyll calibration curve was constructed using chlorophyll A 

(Sigma Chemical Co., St.Louis, MO) in acetone (1 mg/ml), diluted to a 

range of 0-5.0 ppm. 

3.3.6.3 Colour 

Colour was determined with a Hunter Lab Colour Difference Meter 

(Model 025, Hunter Lab, Fairfax, VA). The instrument was plugged in 

several hours to one day before use to warm up. It was calibrated 

using standard white and black tiles as described in the operator's 

manual. Oil samples were poured into standard white plastic 

containers 6.3 em in diameter and 0.8 em deep, to within 1 mm to the 

rim. The filled containers were placed on a white tile on the stand 

and the stand raised until the rim of the container pressed against the 

bottom of the instrument. Two readings were taken at 1800 to each 
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other and the results averaged. The instrument was recalibrated every 

30 minutes to check instrument drift. 

3.3.6.4 Free fatty acids 

Free fatty acids were determined according to Loury and Tinsley 

(1976). In this micro-method, 200 mg of oil was weighed into screw-

capped culture tubes and 5 ml benzene added and swirled to dissolve the 

oil. Cupric acetate-pyridine reagent, 0.4 ml, was added and the 

biphasic mixture shaken for 2 min. The reagent was made by adjusting 

a 5\ w/v filtered aqueous cupric acetate solution to pH 6.0-6.2 with 

pyridine. The chromogenic reagent was stable at 40C for 2 yr. After 

centrifugation at 1,500 x g for 5 min the absorbance of the cupric 

acetate-free fatty acid soap complex was read at 715 nm against benzene 

in a spectrophotometer. Free fatty acids were read as oleic acid from 

the calibration curve and calculated: 

Oleic acid (mg) 
\FFA (as oleic acid) = --------------- x 100 

Weight oil (mg) 

The free fatty acid calibration curve was constructed using oleic 

acid (Sigma Chemical Co., St.Louis, HO) in chloroform (0.7115 g/25 ml), 

diluted to a range of 0-5.125 mg. 

3.3.6.5 Peroxide value 

Peroxide values were determined according to the micro-method of 

Swoboda and Lea (1958). The assay measured the cadmium-iodide complex 

ion formed when cadmium acetate reacts with iodine liberated by 

peroxides in an acidic aqueous environment. The complex was measured 

spectrophotometrlca1ly at 350 nm. The expected peroxide value 

determined the amount of oil used, which varied between 50 mg (20-25 



mM/kg) and 300 mg (0-1.0 mM/kg). Two calibration curves were 

constructed, non-diluted and 5-fold dilution with cadmium acetate, 

because dilution of the cadmium-iodide complex alters its absorption 

non-linearly. 

Results were expressed in mM/kg oil. 

3.3.6.6 Phosphorus 

Phosphorus was determined by a modification of the methods of 

Raheja et al (1973) and Totani et al (1982). This was a micro-method 

using 200 mg oil and was based on direct reaction of the chromogenic 

reagent with phosphorus to give a Prussian blue complex which was 

measured spectrophotometrically at 720 nm. A calibration curve was 

constructed with phosphatidyl choline (Sigma Chemical Co., St.Louis, 

MO). This procedure avoided the hazards of wet digestion and ashing. 

3.3.6.7 Sulphur 

Sulphur compounds within the oil were converted to hydrogen 

sulphide by nascent hydrogen released from glacial acetic acid by 

magnesium catalysis (Sosulski, 1987). The hydrogen sulphide was swept 

from the oil with a stream of nitrogen and reacted with lead acetate

impregnated paper. The darkness of the resulting lead sulphide 

deposit corresponded to the sulphur content of the oil. Sulphur 

content, expressed in ppm, was determined visually by comparison with 

standards. Standards were prepared with dibenzyl disulphide, 0.03842 

g/100 g Mazola oil, over a range of 5-100 ppm sulphur. 

3.3.6.8 TocoPherols and sterols 

This analysis _was performed by GLC using the method of Slover et 
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al (1983). Samples containing about 100 mg lipid were saponified with 

aqueous potassium hydroxide by heating for 8 min at 8QOC; the 

unsaponifiable fraction was extracted with cyclohexane, freed from 

solvent, derivatised to form trimethylsilyl ethers of both tocopherols 

and sterols, and chromatographed on a 25 m x 0.25 mm cross-linked 

methyl silicone capillary column (Hewlett-Packard (Canada) Ltd., 

Edmonton, Alberta). Internal standard was 5,7-dimethyltocol (Supelco 

Canada Ltd., Oakville, Ontario). Results were expressed as mg/100 g. 

3.3.7 Oxidation of oils 

Oxidation experiments were carried out on 100 g oil at 600C in an 

air-oven (Model 18, Precision Scientific Corporation) in the dark. 

This was a modification of the Schaal Oven Test (Ragnarsson and Labuza, 

1977). Oils were oxidised in 250 ml Erlenmeyer flasks with rubber 

stoppers. Samples were taken at regular intervals over a period of 0-

500 hr. The samples were stored in 3.5 ml screw-capped vials 

(Chromatographic Specialities Ltd., Brockville, Ontario) at -2ooc. 

After completion of oxidation the remaining oil was stored for analysis 

of non-triglyceride components. Peroxide values of the oxidised 

samples were determined (Section 3.3.6.5). 

3.3.8 HPLC analysis of oxidised oil 

3.3.8.1 Derivatisation 

Oil samples, SO mg, were reduced using sodium borohydride 

according to the method used by Parr and Swoboda (1976). The oil was 

dissolved in 0.5 ml absolute ethanol and 0.5 ml iso-octane, then 1.0 ml 
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saturated sodium borohydride solution in iso-propyl alcohol was added. 

This was made by mixing 0.4 g sodium borohydride with 50 ml iso-propyl 

alcohol for 30 minutes, then filtering through Whatman No.4 filter 

paper (Whatman International Ltd., Maidstone, United Kingdom) 

immediately before use. The samples were heated in a heated block at 

600C for 60 min with a 5 min warm-up period. After cooling the 

solvents were removed using a vacuum rotary evaporator at 350C. 

Hexane, 3.0 ml, was added and the test-tubes sonicated for 10 min, and 

centrifuged at 5,000 x g for 5 min. The supernatant, 2.0 ml, was 

pipetted into 3.5 ml screw-capped vials. For low levels of oxidation 

the samples were dried under a stream of nitrogen and made up in hexane 

such that the total oxidised peak area was >1 x 108 integrator units. 

3.3.8.2 HPLC of derivatised oil 

HPLC analysis was carried out using a Beckman Model 112 solvent 

delivery module, Altex Hodel 420 controller, Altex Hodel 210 injector 

with 20 ~1 loop (Beckman Instruments Inc., Fullerton, CA) and Hewlett

Packard 3390A Series integrator (Hewlett-Packard (Canada) Ltd., 

Edmonton, Alberta). The HPLC system was connected to a variable UV 

detector (Bio-Rad Model 1306, Bio-Rad, Richmond, CA) set at 234 nm. A 

solvent system of 1\ isopropyl alcohol in hexane (v/v) was used. This 

was pre-mixed and the chromatogram run isocratically at 1.0 ml/minute 

using one pump. All solvents were HPLC grade, glass-distilled 

(Omnisolve, BDH Chemicals Canada Ltd., Saskatoon, Saskatchewan) and 

were filtered on Hitex 5.0 ~m (LSWP04700, Millipore Ltd., Bedford, 

Massachusetts) and vacuum-degassed before use. The column was a normal 

phase, 5 ~m particle size, Whatman Partlsll 5, 4.6 mm x 250 mm 
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(Chromatographic Specialities, Brockville, Ontario) with an HP-10 

silica guard column, 4.6 mm x 30 mm (Bio-Rad, Richmond, CA}. 

Triolein, trilinolein and trilinolenin (Sigma Chemical Co., 

St.Louis, MO) were oxidised to varying degrees, derivatised and used as 

standards. 

The peaks corresponding to hydroxy fatty acids were summed and the 

area calculated on a per mg oil/ per ml solution basis. 

3.4 Experiment 2 

To determine the press ch~racteristics of the five canola 

cultivars. 

3.4.1 Plant materials 

Five canola cultlvars: Commercially grown samples of B. napus cv. 

Regent and B. campestris cv. Tobin were obtained from CSP Foods, 

Saskatoon and Nipawin, Saskatchewan respectively. A Certified seed 

sample of B. napus cv. Westar was obtained from Agriculture Canada, 

Saskatoon, Saskatchewan. Two samples of experimental cultivars 

designated as high linoleic, low linolenic (HLLL) were obtained. One 

from Dr. B. Stefansson, University of Manitoba, Winnipeg, Manitoba, in 

this thesis named HLLL(UM). The second from Dr. G. Rakow, Agriculture 

canada, Saskatoon, Saskatchewan, number 10275-12, in this thesis named 

HLLL(AC). Samples were kept in cool storage at soc until required. 

All samples were from the 1983 harvest. 

Additional cultivara: A sample of B. campestris cv. candle was 

obtained from the 1985 crop from the experimental plots of the 

Department of Agricultural Engineering, University of Saskatchewan, 
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Saskatoon, Saskatchewan. An additional commercial sample of Westar was 

obtained from the 1986 crop from Canada Seed Coaters Ltd., North 

Battleford, Saskatchewan. This Westar was named Westari. The Westar 

sample used in Experiment 1 was also evaluated in this experiment and 

was named Westarii. 

Except for Westar II, all seed samples had less than 2\ green seed 

content as measured by the method of Reynolds (1975). Regent, Westar 

and HLLL(AC) were brown-seeded, Tobin and Candle were predominantly 

yellow-seeded, HLLL(UM} had a mixture of yellow and light brown 

seedcoats. The B. campestris cultivars had smaller seeds than the B. 

napus cultivars. 

3.4.2 Seed analysis 

Contents of crude fat, crude protein, crude fibre, ash, calcium 

phosphorus and moisture in the seeds were determined (Section 3.3.2). 

3.4.3 Seed oressing 

Seed was pressed as before (Section 3.3.4), except that pressure 

in the barrel was also measured. The pressure was measured by 

mounting a piezoresistive transducer (Kulite miniature transducer, 

Model XTME-5000, Durham Instruments Ltd., Toronto, Ontario) on barrel 

ring no. 12 just before the choke, and the signal was passed to the 

recorder through an amplifier. 

In the case of the five canola cultivars, seed samples were 

removed from cold storage and allowed to come to room temperature for 

several days. One kg of seed was pressed at opening 10 and the oil 
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expelled designated as start-up (SU). Two kg of seed of seed was 

pressed at either 8 or 10, depending on how well the start-up seed 

pressed as gauged by amount of oil expelled, and the oil expelled 

designated as main run (MR). A further 1 kg was pressed at the 

alternate setting and the oil expelled designated as extra (EX). Oil 

· and meal from the different pressing stages were collected separately 

and mass balances were calculated. 

Two kg of the additional canola samples, Candle, Westari and 

Westarii were pressed at opening 8 and at opening 10. Oil and meal 

samples were collected and mass balances were calculated. 

3.4.4 Solvent extraction of presscake 

Presscake, 700-800 g, was weighed into a cloth filter bag and a 

wad of cottonwool placed on the top. The filter bag was placed in the 

extraction side of a 3 L Soxhlet extractor (Corning Glass Works, 

Corning, NJ). The meal was extracted with ca. 1.5 L hexanes 

(certified grade, Fisher Scientific Co., Fairhaven, NJ) for 16 hr at a 

solvent siphon-over rate of ca. 20-30 min. After 8 hr the partially 

extracted meal was mixed to ensure even extraction. After 16 hr the 

defatted meal was removed and desolventised in a fume hood overnight. 

Solvent left in the oil was distilled off until the oil boiled thickly. 

The oil, designated as solvent extracted (SE), was then transferred to 

a vacuum rotary evaporator and the remaining hexanes removed at 350C. 

Solvent removal was completed in a vacuum oven at 350C for 1 hr. 

Residual oil content of the solvent-extracted meal was determined 

(Section 3.3.2.2). 
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3.4.5 Non-triglyceride comoonents 

Non-triglyceride components of the expelled and solvent extracted 

oils were determined (Section 3.3.6). 

3.5 Experiment 3 

To investigate in detail the lipid composition of the five canola 

cultivars. 

3.5.1 Plant materials 

Seed samples from the five canola cultivars, descriptions and 

sources are given in Section 3.4.1. 

3.5.2 Lipid isolation 

3.5.2.1 Lipid extraction 

Seed was ground as for crude fat analysis (section 3.4.5.2) and 

the lipids extracted with chloroform:methanol (2:1, v/v) based on the 

method of Folch et al (1957). The freshly ground seed (2.5 g) was 

extracted three times with 75 ml of the solvent mixture in a beaker for 

5, 3 and 1 min, respectively. The first two extractions were mixed 

with a magnetic stirring bar and the last in a Polytron (Kinematica 

GMBH, Luzern, Switzerland). After each extraction the extract was 

filtered using a sintered glass filter and Buchner flask and the 

residue returned to the beaker for the next extraction.- The extracts 

were combined and measured and an aliquot (10 ml) was taken for 

quantification of total crude lipid. Solvent was removed from the 

aliquot using a vacuum rotary evaporator at lOOOC in a pre-weighed 

round-bottomed flask which was then dried in a vacuum oven at 3SOC, 
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cooled in a desiccator and reweighed. 

3.5.2.2 Lipid purification 

The remaining extract was reduced to 100 ml on a vacuum rotary 

evaporator at 350C, transferred to a 250 ml separatory funnel and 30 ml 

of 0.04\ calcium chloride added. The separatory funnel was shaken and 

the two phases allowed to separate at 40C for 1 hour. The bottom 

organic layer was drained, measured and an aliquot (10 ml) taken for 

quantification of washed-extract total lipid. This was determined as 

for total crude lipid, except that solvent was removed at 350C. The 

remaining extract was taken to dryness on a vacuum rotary evaporator, 

dissolved in diethyl ether and filtered with a sintered glass filter on 

a Buchner flask to remove insoluble material. The filtrate was taken 

to dryness on a vacuum rotary evaporator, under a stream of nitrogen 

and in a vacuum oven at 350C for 1 hour. The sample was stored under 

nitrogen in a sealed vial at -2ooc. 

3.5.3 Lipid fractionation 

The ether-soluble lipid from Section 3.5.2.2 was fractionated into 

neutral lipids, glycolipids and phospholipids using silicic acid column 

chromatography according to Kates (1972). 

3.5.3.1 Column preparation 

Silicic acid, 15 g (Bio-Sil A, 100-200 mesh, Bio-Rad, Richmond, 

CA) was activated by washing three times with distilled water and 

drying at llOOC overnight. The activated silicic acid was cooled in a 

desiccator and washed with 2-3 volumes chloroform:methanol (7:1, v/v). 

The silicic acid was slurried into a 15 x 2.2 em glass column with 80 
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ml chloroform and allowed to settle for 15 min. From this point on 

the solvent was drained to the gel layer before the next solvent 

addition. The column was washed with 50 ml chloroform to ensure no 

air-bubbles were trapped and conditioned with 2 column volumes diethyl 

ether. 

3.5.3.2 Column chromatograohy 

The lipid sample was dissolved in a minimum of diethyl ether, 

including a rinse to remove all the sample, and applied to the top of 

the column using a Pasteur pipette. The neutral lipids were eluted 

with 350 ml diethyl ether, the glycolipids with 200 ml acetone and the 

phospholipids with 200 ml methanol. The flow-rate was 3 ml/min. The 

eluants were collected separately in pre-weighed flasks and the weight 

of each fraction determined as in Section 3.5.2.2. The three 

fractions were summed and the proportions of each fraction calculated 

as a percent of the total weighed. 

The fatty acid composition of each fraction was determined on GC 

(Section 3.5.4) 

3.5.3.3 Thin layer chromatography of fractions 

The neutral lipid, glycolipid and phospholipid fractions were 

characterised using thin layer chromatography as given by Morrison et 

al (1980). Silica Gel G-coated glass plates (20 x 20 em) (Redi-Plate, 

Fisher Scientific Co., Pittsburgh, PA) were activated by heating at 

110oc for 1 hr. After cooling 10-50 ~1 of samples were spotted onto 

the plates with disposable glass micro-pipettes (Dade Diagnostics Inc., 

Aguada, Puerto Rico). The spots were allowed to dry and the plates 

developed as follows. Neutral lipids in diethyl 
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ether:toluene:ethanol:acetic acid (40:50:2:0.2, v/v) to 12 em, dried 

and then in diethyl ether:hexane (6:94, v/v) to 18 em. Glycolipids in 

ehloroform:aeetone:aeetie aeid:water (10:90:2:3, v/v) to 15 em, dried 

and then in diethyl ether:acetie acid (99:1, v/v) to 18 em. 

Phospholipids in chloroform:methanol:ammonia (29\) (70:20:2, v/v} to 18 

em. Plates were dried with a hair-drier to remove solvent and 

visualised as follows. Neutral lipids were sprayed with concentrated 

sulphuric acid in ethanol (60\) and charred at 1500C for 10 min. 

Glycolipids were sprayed with Bial's Reagent (Sigma Chemical Co., 

St.Louis, MO) and charred at lOOOC for 10-15 minutes. Phospholipids 

were sprayed with Molybdenum Blue (Sigma Chemical Co., St.Louis, HO). 

Peaks were identified using standards and retention factors (RF's): 

Distance travelled by spot 
RF = -----------------------------------

Distance travelled by solvent front 

3.5.4 Fatty acid analysis 

3.5.4.1 Preparation of Fatty Acid Methyl Esters CFAKE1 

FAME were prepared by acid methanolysis according to Hitchcock and 

Hammond (1978). Lipid samples (2-40 mg) were weighed into screw-cap 

culture tubes and 0.5 ml of internal standard, heptadecenoic acid 

methyl ester (Sigma Chemical Co., St.Louis, MO, 0.0711 g/25 ml hexane) 

added. The size of the oil sample depended on whether split (20-40 

mg) or splitless (2-10 mg) injection mode was used. Solvent was 

removed under nitrogen and 2 ml acid methanolysis reagent, sulphuric 

acid:methanol:toluene (1:20:10, v/v) was added. The sealed tubes were 

heated at 1050C in a heated block for 30 min, allowing 5 min to heat 



up. After cooling, 2 ml distilled water and 2 ml hexane were added and 

the upper organic layer decanted with a Pasteur pipette into a 3.5 ml 

screw-cap vial containing ca. 0.5 g anhydrous sodium sulphate. One J.tl 

of the dried sample was injected onto a GLC column. 

3.5.4.2 Chromatograohy of FAME 

Analysis was carried out by gas chromatography on a Durabond DBWAX 

fused silica capillary column, 20 m x 0.25 mm (Chromatographic 

Specialities, Brockville, Ontario). Oven temperature profiles 

depended on the mode of injection, i.e. split or splitless: 

Split:-
Initial temperature 
Initial time 
Program rate 
Final time 
Final temperature 

Splitless:-
Initial temperature 
Initial time 

1800C 
2.0 min 
SOC/min 
10.5 min 
2400C 

500C 

Level 1: Program rate 
Final temperature 
Final time 

2.0 min 
300C/min 
1800C 
0.0 min 
soc; min 
2400C 
9.0 min 

Level 2: Program rate 
Final temperature 
Final time 

3.5.4.3 Calculation of fatty acid composition 

Response factors for each fatty acid were calculated from a known 

mixture of FAME (Rapeseed Standard 17A, Nu-Chek Prep, Elysian, MN) 

total 100 mg/10 ml hexane, as follows: 

Amt. f.a.l in Std. Aiea IS 
Response Factorl = X ---------------

Area f.a.1 Amt. IS in Std. 

Response factors were calculated for five injections and the results 

averaged. This procedure was repeated each time circumstances that 

might affect column performance occurred, such as changing columns, 
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adjusting gas flow-rates or conditioning column. 

The response factors were used to correct the FAME peak areas for 

each fatty acid and the composition was expressed in area\: 

Corrected peak area f.a.1 
fatty acid1 \ = ------------------------- x 100 

Total corrected peak area 

The hexane used in this analysis was HPLC grade (glass-distilled, 

Omnisolve, BDH Chemicals canada Ltd., Toronto, Ontario). 

3.5.5 Triglyceride analysis 

Total lipids were extracted and purified as in Sections 3.5.2.1 

and 3.5.2.2. 

3.5.5.1 Isolation of triglycerides 

The triglyceride fraction was isolated from total lipids by 

silicic acid column chromatography using a modification of the method 

of Distler and Bauer (1972), and AOAC Method 28.123 (AOAC, 1975). A 

silicic acid column was prepared as in Section 3.5.3.1 and then 

equilibrated with 50 ml benzene. About 1 g of lipid was dissolved in 

a minimum of benzene and layered onto the column with a Pasteur 

pipette. The triglycerides were eluted with 150 ml benzene at 3 

ml/min. The eluant was collected in a round-bottomed flask. The 

solvent removed and the sample dried as before. 

The purity of the triglycerides was checked by thin layer 

chromatography on Silica Gel G-coated glass plates (20 x 20 em) (Redi-

Plate, Fisher Scientific Co., Pittsburgh, PA) which had been activated 

by heating to 11ooc for 1 hr. The samples were developed in 

hexanes:ether:acetic acid (50:50:0.5, v/v) to 14 em and visualised with 



iodine vapour (Kates, 1972). Triglycerides were identified by 

standards (Triglyceride C-37 Rapid Stat, Pierce Chemical Co., Rockford, 

IL) at 500 mg/10 ml iso-propyl alcohol. 

3.5.5.2 High Performance Liquid Chromatography (HPLCl of triglycerides 

The triglyceride fraction was analysed for triglyceride species 

using a modification of the HPLC method of Takahashi et al (1984). 

The triglycerides were dissolved in chloroform, 100-200 mg/ml, and 

filtered through 0.45 ~m hydrophobic filters (Durapore HVLP02500, 

Millipore Ltd., Mississauga, Ontario). The HPLC system consisted of: 

Beckman _112 solvent delivery module, 420 controller, 340 organiser, 

Altex 210 injector with 5 ~1 loop, Altex 156 refractive index detector 

(Beckman Instruments Inc., Berkeley, CA) and Hewlett-Packard 3390A 

integrator (Hewlett-Packard (Canada) Ltd., Edmonton, Alberta). Two 

reverse-phase, C-18 columns with 5 ~m particles, Ultrasphere ODS, 4.6 

mm x 150 mm and 4.6 mm x 250 mm (Beckman Inc., Toronto, Ontario) were 

used in series. The solvent system was acetone:acetonitrile (2:1). 

All solvents were HPLC grade (glass-distilled, Omnisolve, BDH Chemicals 

Canada Ltd., Saskatoon, Saskatchewan) and were filtered on Durapore 

HVLP04700 filters (Millipore Ltd., Mississauga, Ontario} and vacuum

degassed before use. Solvent was pre-mixed and the chromatograms run 

isocratically at 1.0-2.0 ml/minute. 

Standards: triolein, trilinolein and trilinolenin (Sigma Chemical 

Co., St Louis, MO) triglyceride mixture HPLC IG-1 and interesterified 

triglyceride mixtures A and F (Nu-Chek Prep, Elysian, MN) and lipid 

standard 178-6 (Sigma Chemical Co., St.Louis,MO) containing mono-, di

and tri-olein were made up in chloroform (10-25\) and filtered. 
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It was assumed that the detector response was not affected by 

triglyceride species and the peak percentages were calculated: 

Area peak1 
\peak1 = --------------- x 100 

Total peak area 

3.5.5.3 Identification of triglyceride soecies by FAHE analysis 

Fractions corresponding to the main peaks from section 3.5.5.2 

were collected manually in test-tubes. For the smaller peaks, samples 

were collected from 2 runs and pooled. The fractions were dried under 

a stream of nitrogen and analysed for FAME as in Section 3.5.4 using 

splitless injection. The triglyceride species present were identified 

from their fatty acid compositions. 

3.6 Experiment 4 

To determine the oxidative stability of oil, both crude, degummed 

and bleached, from the five canola cultivars. 

3.6.1 Materials 

Cold press and solvent extracted oils obtained in Experiment 2, 

Section 3.4, were used. 

3.6.2 Oil preparation 

Crude,degummed oils: Cold press and solvent extracted oils were 

blended and the resultant oil degummed (Section 3.3.5.1). 

Bleached oils: Cold press oil was degummed, refined and bleached 

(Section 3.3.5), except that in the bleaching step 4\ clay plus 0.2\ of 

the weight of the clay of activated charcoal (Norit SG Extra, J.T. 



Baker Chemical Co., Phillipsburgh, NJ) was used. 

as ~double-bleaching'. 

The treatments are summarised in Table 3.2. 

3.6.3 Non-triglyceride comoonents 

This was referred to 

Contents of non-triglyceride components in the oils were determined 

(Section 3.3.6). 

3.6.4 Fatty acid composition 

Fatty acid composition of the oils was determined by FAME analysis 

(Section 3.5.4). 

3.6.5 Oxidation of oil 

Oils were oxidised as in Section 3.3.7, except that 6 oz inverted 

conical glass vessels with an internal angle of 600 (The Bay, 

Saskatoon, Saskatchewan) covered with watch glasses were used. 

The progress of oxidation was monitored by determining the 

peroxide value (Section 3.3.6.5) at regular intervals. 

3.7 Experiment 5 

To develop an HPLC technique to monitor the progress of oxidation, 

and to use this technique to analyse a series of oxidised canola oils. 

3.7.1 Materials 

Oxldised oil samples obtained in Experiment 4, Section 3.6. 
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TABLE 3.2 

Oils Prepared from Seed from the Five Canola Cultivarsa 

Cultivar Source 

Bleached oils: 
Regent SU 

Tobin SU+MR 

Westar SU 

HLLL(AC) MR 

HLLL(UM) MR 

Crude, degummed oils: 
Regent MR:SE 56:44 

Tobin MR:SE 52:48 

We star MR:SE 65:35 

HLLL(AC) HR:SE 38:62 

HLLL(UM) MR:SE 46:54 

aAbbreviations: SU, start-up; MR, main run; SE, solvent extracted. 

3.7.2 HPLC analysis of oxidised oils 

3.7.2.1 Straight oil analysis 

Oxidised oils, 100 mg, were dissolved in 1.0-5.0 ml hexane, 

depending on the expected degree of oxidation, so that oxidised area 

was >1 x 108 integrator units. Two HPLC systems were used: Waters 

Model M600 chromatographic pump with Model M660 solvent programmer 

(Waters Associates, Milford, MA) and subsequently a Beckman Model 100A 

solvent delivery module with Altex Model 420 controller (Beckman 
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Instruments Inc., Fullerton, CA). Both HPLC systems were connected to 

a variable UV monitor set at 234 nm (Bio-Rad Model 1306, Bio-Rad, 

Richmond, CA), a Hewlett-Packard 3990A Series integrator (Hewlett

Packard (Canada) Ltd., Edmonton, Alberta) and used a Beckman Model 210 

sample injector with 20 ~1 loop (Beckman Instruments Inc., Fullerton, 

CA). 

The peaks corresponding to oxidised triglycerides were taken and 

the peak area calculated on a per mg oil/ per ml solution basis. 

3.7.2.2 Derivatised oil analysis 

Oil samples were derivatised and analysed on HPLC (Section 3.3.8). 

The HPLC systems used were those given in Section 3.7.2.1. 

3.7.2.2.1 Gas Chromatography-Mass Spectrometry CGC-MSl of derivatives 

Total hydroxy fatty acids were collected from 5 runs the solvent 

was removed using a vacuum rotary evaporator and a stream of nitrogen. 

They were derivatised to trimethylsilyl ethers at room temperature 

using Method No.25 recommended by Pierce (1968) with 0.2 ml 

hexamethyldisilazane, 0.1 ml trimethylchlorosilane and 1.0 ml pyridine 

(Pierce Chemical Company, Rockford, IL). The samples were centrifuged 

at 9,000 x g for 5 min to bring down any ammonium chloride precipitate 

present. One ~1 of the supernatant was injected onto an Ultra 2 cross

linked capillary column, 50 m x 0.31 ~m ID (Hewlett-Packard (Canada) 

Ltd., Edmonton, Alberta). The GC oven was temperature programmed from 

1750C to 1900C at lOOC /min. GC-MS analysis was performed on a Model 

4500 Quadropole GC-MS (Finnigan Mat, San Jos,, CA) interfaced to a Nova 

4X data system. The electron energy was 70 eV and the spectrum was 

scanned from mass 43 to mass 650 at a speed of 1 s. 

74 



3.8 Experiment 6 

To determine the effect of growing location, and fields within a 

growing location, on the press characteristics of seed and on the 

oxidative stability of oil from one canola cultivar. 

3.8.1 Plant materials 

Commercial samples of B. campestris cv. Tobin were obtained from 

the 1987 crop from Kernen, Zimmerman and Goodale farms, all near 

Saskatoon, Saskatchewan. 

3.8.2 Oil extraction and oil processing 

The seed was cleaned by sieving and aspiration. Two seed samples 

from Kernen, two from Zimmerman and one from Goodale were pressed as in 

Section 3.4.3, except that all five samples were pressed in a 

continuous run. The press was warmed up as before, but for subsequent 

samples only 2 kg was run. Oil and presscake were collected 

separately for each sample and mass balances calculated. The press 

oils were designated as Kernen-1, Kernen-2, Zimmerman-!, Zimmerman-2 

and Goodale-1. 

Moisture content of the seed and crude fat content of seed and 

presscake were determined as in Sections 3.3.2.1 and 3.3.2.2, 

respectively. 

Cold press oils from four of the Tobin samples were degummed, 

refined and double-bleached as in Section 3.6.2, except that the 

refined oils were dried on a rotary evaporator at 350C for 20 min 

before bleaching. The oils processed were: Kernen-1, Kernen-2, 

Zimmerman-2 and Goodale-1. 
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Fatty acid compositions of the bleached oils were determined 

(Section 3.5.4). 

3.8.3 Non-triglvceride comoonents 

Contents of non-triglyceride components in the oils, both crude 

and bleached, were determined (Section 3.3.6). 

3.8.4 Oxidation of oils 

Bleached oils were oxidised and the progress of oxidation followed 

by monitoring the peroxide value (Section 3.3.6.5). The oils oxidised 

were Zimmerman-2, Kernen-2 and 2 samples of Kernen-1. 

3.9 Experiment 7 

To determine the effect of growing location on the press 

characteristics of the seed from the commercial cultivars, Regent, 

Westar and Tobin, investigated in the previous experiments. To 

determine the effect of crop season on these characteristics in the 

experimental cultlvar Stellar. 

To investigate the oxidative stabilities of the commercial 

cultivars from Experiment 4, Westar, Regent and Tobin, grown at a 

number of locations in Saskatchewan. It was not possible to obtain 

additional samples of HLLL(AC) because the line was discontinued. 

However, samples of HLLL(UM), now named Stellar, were obtained from two 

crop years for comparison, both to the commercial cultivars and to 

previous results. 
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3.9.1 Plant material 

Commercial samples of B. napus cvs. Westar and Regent and B. 

campestris cv. Tobin from the 1987 crop were obtained from farms in 

Saskatchewan as shown in Table 3.3. Amounts varied from ca. 1-5 kg. 

Two experimental samples of B. napus cv. Stellar were obtained from Dr. 

R. Scarf, University of Manitoba, Winnipeg, Manitoba; one from the 1984 

crop and one from the 1987 crop. This was the same cultivar as the 

experimental one designated HLLL(UM) in Experiments 2-5, Sections 3.3 

to 3.7. 

3.9.2 Determination of oress characteristics 

Seed was cleaned by sieving and aspiration. The seed was pressed 

at choke opening 10 with pressure and temperature measurement (Section 

3.4.3). The press was warmed to run conditions by pressing 3 kg of an 

unknown canola sample, then either 1 kg or 2 kg of seed from the 

experimental cultivars was pressed as indicated in Table 3.3. The 

samples were run in a continuous fashion, but oil and presscake were 

collected separately for each sample and mass balances calculated. Oil 

content of the seed and presscake, and moisture content of the seed 

were determined (Sections 3.3.2.2 and 3.3.2.1, respectively). 

The two Stellar samples were pressed as above, but in a separate 

run. 

3.9.3 Oil oreoaration 

The cold press oils obtained in Section 3.9.2 were degummed and 

dried (Section 3.3.5.1). 
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TABLE 3. 3 

Canola samples investigated in Experiment 7 

Location Cultivar Amount pressed 
(kg} 

Lemberg Tobin 2.0 
Lemberg We star 2.0 
Neudorf We star 2.0 

Shellbrook Regent 2.0 
Shellbrook Tobin 2.0 
Shellbrook- We star 2.0 

Kelvington Regent 1.0 
Kelvington Tobin 1.0 
Kelvington We star 1.0 

Nipawin Regent 1.0 
Nipawin Tobin 1.0 
Nipawin We star 1.0 

u. Manitoba Stellar 2.0 
u. Manitoba Stellar 2.0 

3.9.4 Oil analysis 

The fatty acid compositions of the degummed oils from Section 

3.9.3 were determined (Section 3.5.4). The phosphorus contents and 

peroxide values were determined (Sections 3.3.6.6 and 3.3.6.5, 

respectively). 

3.9.5 Oil oxidation 

The oils (100 g) were oxidised in an air-oven at 600C in the dark 

in 6 oz inverted conical glass vessels covered with watchglasses, 

(Section 3.6.5). The progress of oxidation was monitored by 

determining the peroxide value at regular intervals. 



CHAPTER 4. RESULTS 

The research towards this thesis has been performed as a series of 

experiments, accordingly the Results, Chapter 4, has been divided into 

the corresponding sections. These sections are outlined below: 

Experiment 1 

.Effect of oil extraction and processing conditions on the content 

of non-triglyceride components in press oils, and the effect of these 

non-triglyceride components on oxidative stability of the oils. 

Experiment 2 

Cold press characteristics of the five canola cultivars. 

Experiment 3 

Total lipid composition of the five canola cultivars. 

Experiment 4 

Oxidative stability of oils from the five canola cultivars. 

Experiment 5 

HPLC analysis of oxidised oils from the five canola cultivars. 

Experiment 6 

Oxidative stability of oils from a series of Tobin samples. 

Experiment 7 

Cold press characteristics of the seed and oxidative stability of 

the oil from a series of commercial cultivars, Regent, Westar and 

Tobin, and an experimental cultivar, Stellar. 
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4.1 Experiment 1 - Non-triglyceride components and oxidative stability 

4.1.1 Seed analvsis 

Moisture content and contents of crude fat, crude protein, crude 

fibre, ash, calcium and phosphorus in the Westar seed were determined 

(Table 4.1). The seed had a moisture content of ca. 5\ and a crude 

fat content of ca. 48\ on a dry-basis. 

4.1.2 Non-triglyceride comoonents 

Contents of non-triglyceride components in nine oils were 

determined (Table 4.2). 

4.1.2.1 Effect of pretreatment 

Comparing oils extracted from main run, the amount of non

triglyceride material was lowest in the cold press oil and increased 

progressively with increasing heat treatment to the seed. Free fatty 

acid (FFA) content increased from 0.09\ in CS/2/- to 0.23\ in 

FS100/1/-. Phosphorus content increased from 16.2 ppm in CS/2/- to 

64.2 ppm in HS100/2/-, but FS100/1/- with 59.3 ppm had a lower 

phosphorus content. Chlorophyll and carotenoid contents showed 

similar trends to the phosphorus content, increasing from 10.2 ppm and 

138 ppm, respectively in CS/2/- to 67.8 ppm and 216 ppm, respectively 

in HS100/2/-. Colour values L, a and b decreased with increasing 

heat treatment in a similar fashion to chlorophyll content increase. 

Peroxide values were ca. 1.0 mH/kg, but FS100/1/- had 1.4 mM/kg. The 

main run oils contained trace levels of sulphur compounds. 

4.1.2.2 Effect of barrel temperature 

The effect of increasing barrel temperature on non-triglyceride 



TABLE 4.1 

a Analysis of Westar seed (\db) 

Moisture Crude Crude 
( \) Protein Fat 

We star 4.9 23.0 48.4 

cv (\) 4.5 1.3 2.0 

aDuplicate. 

TABLE 4.2 

Non-triglyceride Components 

FFAa Pa Chl 

(\) (ppm) (ppm) 

CS/1/- 0.08 12.6 6.5 

CS/2/- 0.09 16.2 10.2 

HS80/1/- 0.12 22.1 47.3 

HS100/1/- 0.12 41.7 46.7 

HS100/2/- 0.15 64.2 67.8 

FL100/1/- 0.23 59.3 55.9 

HS100/2/D 0.13 19.3 60.4 

HS100/2/DRB ND 4.3 10.8 

PPS/- 0.36 176.7 25.2 

cv (\) 6.6 6.4 2.5 

a Duplicate. 
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Crude Ash Calcium p 

Fibre 

7.5 4.3 0.6 0.7 

13.8 1.2 2.4 1.0 

Colour Carot PV s 

L a b (ppm) (mM/kg) (ppm) 

38.1 14.5 25.8 126 1.45 1 

34.3 10.3 23.0 138 1.01 tr 

16.9 1.0 10.1 203 0.98 tr 

16.9 1.5 9.9 178 tr 

8.5 3.4 3.6 216 0.99 tr 

13.9 2.0 7.8 206 1.40 tr 

212 0.71 tr 

40.3 9.1 27.2 138 0.77 tr 

28.4 9.2 18.7 118 0.83 5 

<1 <1 <1 0.2 0.6 ca.10 



materials is shown by CS/1/- and CS/2/- and by HS100/l/- and HSl00/2/. 

In both cases content of non-triglyceride components was higher in the 

oil expelled at the higher temperature. Phosphorus and chlorophyll 

contents increased from 12.6 ppm and 6.5 ppm, respectively, in CS/1/

to 16.2 ppm and 10.2 ppm, respectively, in CS/2/-. In the heated 

seeds phosphorus and chlorophyll contents increased from 41.7 ppm and 

46.7 ppm, respectively, in HS100/1/- to 64.2 ppm and 67.8 ppm, 

respectively, in HS100/2/-. The initial cold press oil, CS/1/- had 

ca. 1 ppm sulphur, but CS/2/- had a trace amount. 

4.1.2.3 Effect of oil refining 

Contents of non-triglyceride components were reduced by degumming 

and refining. The content of free fatty acids was reduced from 0.15\ 

to 0.13\ by degumming and was below detectable limits in the bleached 

oil. Degumming resulted in the greatest loss of phosphorus, from 64.2 

ppm to 19.3 ppm, while bleached oil contained ca. 4 ppm residual 

phosphorus. Bleaching resulted in the greatest loss of chlorophyll, 

from 67.8 ppm in crude oil to 60.4 ppm in degummed oil to 10.8 ppm in 

bleached oil. carotenoid contents and colour values followed the same 

trend as chlorophyll contents. 

4.1.3 Tocopherol and sterol contents 

Tocopherol and sterol contents were determined by GC (Table 4.3). 

Alpha-tocopherol was the predominant tocopherol, ca. 60\, there was a 

smaller amount of Y, ca. 30\ and a small amount of ~, 10\. However, 

the bleached and solvent extracted oils had different tocopherol 

patterns, 9\, 75\ and 16\ and 24\, 61\ and 15\, respectively, of «, Y 
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!able 4.3 

tocopherol and Sterol Contents (~ /lOOCJ)a 

Ito. Tocopherols Sterols 

• l " total Brassica caape 8-sito total 

CS/1/- 17.3 34.4 5.7 57.4 69.1 236.0 378.8 689.3 

CS/2/- 17.3 34.6 6.5 58.4 70.1 238.8 386.8 695.7 

HS80/1/- 15.5 31.8 4.8 52.1 62.0 213.0 345.6 620.6 

HSl00/1/- 13.8 29.2 4.2 47.2 61.6 210.4 341.1 684.9 

88100/2/- 21.0 38.5 4.7 64.2 73.8 254.4 412.9 741.1 

rs100111- 17.1 36.1 4.9 59.3 77.9 265.4 430.0 773.0 

88100/2/D 15.9 31.6 4.1 51.6 62.1 216.7 351.7 631.1 

HS100/2/DRB 2.5 19.9 4.2 30.8 62.1 211.0 348.0 621.1 

PPS/- 15.6 40.5 10.3 66.4 13.0 198.1 345.5 617.2 

a cv. 2.0-2.1\. 

and a, respectively. Oils PPS/- and HS100/2/- had the hlCJhest total 

tocopherol contents, ca. 65 ~/100 CJ· Total tocopherols were reduced 

durinCJ dega .. inCJ and bleaching by 20\ and 60\ of the total, 

respectively. 

Beta-sitosterol was the predoalnant sterol, ca. 55\, there was a 

s .. ller a.ount of ca-vesterol, ca. 35\, and a s .. ll a.ount of 

brassicasterol, ca. 10\. !otal sterol levels in the oils increased 

with increasin9 heat treat .. nt, and were reduced by de9a.ain9 and 

bleaching by 15\ and a further 1\ of the total, respectively. !he 
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solvent extracted oil had the lowest and oil fro• the flaked seeds the 

highest sterol content. 

4.1.4 !Jtty acid COIQOiltlOD 

!he fatty acid co~ositlons were deter•ined. !he Vestar press 

oils all had a siailar co~osition: 59.79\ oleic, 19.74\ linoleic and 

11.14\ linolenic acids. !he co..ercial oil had a slightly different 

co~sition: 61.26\ oleic, 19.79\ linoleic and 8.97\ linolenic acids. 

4.1.5 lffect of oil extraction copditlons go oxldatlye stability 

4.1.5.1 lffect of gretreat11nt 

!be effect of seed treat .. nt prior to pressing on the degree of 

oxidation occurring in .. in run oils is sbovn in rigure 4.1. rinal 

peroxide value (PV) decreased with increasing beat treat.ent given to 

the seeds, CS/2/- bad the highest final PV and PSl00/1/- the lowest 

final PV. 

4.1.5.2 lffect of pqtt-treat11at 

!be effect of degu.aing and bleaching treat .. nts given to the 

press oil on degree of oxidation occurring in the oils is shown in 

rigure 4.2. rinal PV of the oils increased in the order crude < 

degu..ed < bleached. 

4.1.5.3 lffect gf blxrel teiD'xatgxe 

!be effect of barrel te~rature during pressing on degree of 

oxidation occurring in the oils is shovn in rigure 4.3. Oils CS/2/

and HSl00/2/- bad lover final PV tban oils CS/1/- and 88100/1/-, 

respectively, expelled at the lower barrel te~ratare. Both the oils 
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expelled froa cold seed bad hiqher final PV as coapared to the oils 

froa heated seed. 

4.1.6 lffect of non-triglyceride co~ponenta on oxidative atability 

4.1.6.1 Phosphorus content 

!here was a direct relationship between PV at 300 hr and 

phosphorus content of the oils (Piqure 4.4). ror oils CS/1/- to 

HS100/2/- this relationship bad an R• of 0.997. !he solvent extracted 

oll PPS/-, which had a substantially higher phosphorus content co-vared 

to the laboratory prepared oils, dld not have a siqnlflcantly !~roved 

oxidative stability. !be dequ ... d oll bad a lover final PV and the 

bleached oll bad a blqber final PV than indicated by their phosphorus 

contents, as co~red to the crude oils. 

4.1.6.2 Tocopherol content 

!here was no direct straight line relationship between PV at 300 

br and total tocopherol content of the nine oils, instead the oils 

shoved three groupin9s (rigure 4.5). Bleached oil ~s ln a lov 

tocopherol, high PV group, CS/1/- to HS100/1/- were ln an interaediate 

9roup and the rest were ln a high tocopherol, lov PV group. 

4.1.6.3 Hglar ratio of pbospbollpld;tocgpberol 

!here was a direct straight line relationship between aolar ratio 

of pbospholipld:tocopherol contents ln the oils and PV at 300 br 

(Jlgure 4.6). !bls relationship had an R• of 0.959 for the press 

oils. !be solvent extracted oll, PPS/-, vblcb had a .acb bl9ber 

phospholipid content, and subsequently a higher ratio, than the 

laboratory prepared oils did not show a significant i~rove .. nt ln 
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oxidative stability. Dequ.aed and bleached oils also deviated fro• 

the straight line relationship. 

4.1.7 Change in oil ggality after oxidation 

Colour and chlorophyll contents of the oxidised oils were 

deter•ined. !hese values and their changes upon oxidation are shown 

in !able 4.4. ror the pressed crude oils colour value L was greater 

in the oxidised oils. !he .. qnitude of this increase, ca. S-18 units, 

was directly related to the PV, i.e. degree of oxidation that bad 

occurred. !be bleached oll shoved a .uch a .. ller increase, 3.3 units, 

and the L value of PPS/- decreased by 1 unit. !here was no consistent 

trend in colour values a and b. Chlorophyll content was reduced ln 

all sa~les after oxidation. the .. gnitude of the loss, ca. 26-96\ 

re .. ininq, was related to the final PV, i.e. degree of oxidation that 

bad occurred. Degu..ed and bleached oils shoved a sl•ilar trend to 

the crude oils, but at higher residual chlorophyll contents. 

4.1.8 High perforJince llgqid cbro11toqrapbic analysis of oxldlsed oils 

Peroxide values of tbe oil aa~les taken during oxidation of the 

bleached oil were deter•ined. !be oil sa8Ples were derlvatised and 

subjected to nor .. l-phase HPLC analysis. Plqare 4.7 shows the 

relationship between peroxide value and a.ount of derivatised fatty 

acids as .. aaared by HPLC area. !his relationship bad an R• of 0.995. 
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!ABLI 4.4 

Colour and Chlorophyll Levels in Oil Sa~les after 14 Days at 600C, 
and Change in these Values upon Oxidation 

Colour Colour CbanCJe Cbl Chl PV 

L a b L a b (pp8) (\ (IIM/kCJ) . 
left) 

CS/1/- 54.8 13.8 37.5 +16.7 -0.7 +11.7 1.9 29 12.02 

CS/2/- 52.1 14.5 34.7 +17.8 +4.2 +11.7 2.6 26 11.19 

HS80/1/- 34.6 11.2 23.1 +17.7 +10.2 +13.0 16.6 35 10.53 

HS100/1/- 31.3 10.1 21.0 +15.4 +8.6 +11.1 24.7 52 9.39 

HS100/2/- 20.2 7.3 12.9 +11.7 +3.9 +9.3 48.9 72 3.11 

P8100/1/- 19.3 7.1 12.3 +5.4 +5.1 +4.5 52.1 93 2.48 

HS100/1/D 21.6 6.2 14.0 52.4 87 11.31 

HS100/2/DIB 43.6 4.2 29.3 +3.3 -4.9 +2.1 8.4 78 15.61 

PPS/- 29.4 10.6 19.6 -1.0 -1.4 +0.9 24.1 96 2.36 

cv (\) <1 <1 <1 2.5 0.6 

4.2 IXpezl .. at 2 - COld preaa c~zactezlatlca 

4.2.1 Seed analyais 

Moisture content of the seeds varied fro• ca. 5\ in candle, 

veatari and Veatarii to ca. 11\ in ReC)ent, HLLL(AC) and BLLL(UM), tobin 

and teatar had ca. 7\ and ca. 10\, respectively (table 4.5). On a 

dry-basis, the crude fat coatent varied fro• 36\ in candle and 39\ ln 

!obin to ca. 48\ in Vestarii and Regent. weatar and veatari bad ca. 

46\ and tbe experl.ental cultlvaxa ca. 43\ crude fat. !be crude flbre 
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TABLI 4.5 

Analysis of Seed froa the canola Cultivara (\ db) 

Moisture Crude Crude Crude Ash calciu• p 
(\) fat protein fibre 

rlve caaola caltlvara: 
Regent 11.6 45.9 27.6 7.5 4.5 0.6 0.8 

!obin 6.6 39.1 24.3 9.7 4.4 0.7 0.7 

We star 9.9 46.4 25.7 6.1 4.4 0.6 0.8 

HLLL(AC) 10.8 43.8 26.3 6.3 4.3 0.5 0.7 

HLLL(UM) 11.6 43.4 30.5 6.0 4.2 0.5 0.1 

Jddltlonal caaola caltlvara: 
candle 5.3 35.6 29.1 9.2 5.2 0.6 0.6 

westari 4.5 46.5 24.8 6.7 4.0 0.5 0.6 

Westarii 4.9 41.4 23.0 7.5 4.3 0.6 0.7 

cv (\) 4.5 2.0 1.3 13.8 1.2 2.4 1.0 

content varied froa 6.0\ to 7.5\, except for tobin and candle which had 

9.2 and 9.7\, respectively. Ash content was ca. 4\, except for candle 

which had 5.2\. !here vas little variation in calciu. or phosphorus 

contents, 0.5-0.7\ and 0.6-0.1\, respectively. However, crude protein 

ranged froa froa 23.0\ in westarii to 30.5\ in HLLL(UM). 

!he a. ca.,.strJs cultivars, tobin and candle, differed fro• the 

a. napus cultivars having lover crude fat and higher crude fibre 

contents. candle bad the highest crude protein content, bat that of 

!obin was at the low end of the range. 
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4.2.2 Cold press cbaractcrlstlca 

Seed was pressed at 2 choke settings, 8 and 10 (fable 4.6). 

Bxcept for Tobin and candle, thoughputs were siallar at both openings. 

At opening 10 the throughputs varied fro• 8.66 kg/hr to 10.90 kg/hr in 

tbe co ... rcial cultivars, but experi .. ntal cultivars bad ca. 7.7 kg/br 

and candle had ca. 7.4 kg/hr. !he other additional sa~les, westarl 

and lestarii, had throughputs at the high end of tbe range. Residual 

oil contents were lover and extraction efficiency vas higher at opening 

8 co~red to opening 10. Lowest residual oil content and highest 

extraction efficiency was found in candle, vestarl and leatarii. Of 

the five canola cultivars Tobin bad the lowest residual oil content and 

highest extraction efficiency followed by Regent, westar, HLLL(UM) and 

HLLL(AC). Pressure in the barrel was greater at openin9 8 co~red to 

opening 10. Pressure reading ranged fro• ca. 1.2 MPa for HLLL(UM) and 

Regent at opening 10 to 5.0 MPa in Vestarl at opening 8. the five 

canola cultivars and candle were at the low end of this range. 

Preas characteristics of the five canola cultivars are shown 

diagra ... tically in Pigure 4.8. !be cultivara shoved grouping. Both 

HLLL cultivars were in the high residual oil, low throughput group, 

Regent, Vestar and the B. call()estris cultivars, robin and candle, were 

in an inter.ediate group and the drier weatar sa-vlea were in a low 

residual oil, high throughput group. 

4.2.3 Solyeot •xtxactlon of pxesscake 

Crude fat content, deterained by extraction with diethyl ether in 

a Goldfiacb apparatus, was ca. 43\, but !obin bad 31.3\ (!able 4.1). 
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!ABLI 4.6 

Cold Press Characteristics of canola Cultivars 

Choke a Moisture throughput Residual lxtraction Pressure 
setting {\) -(kg/hr) oil efficiency (MPa) 

(\) (\) 

rl .. caaola caltlvara: 
Regent 10 11.6 8.7 23.21 59 1.2 
Regent 8 8.7 15.13 14 3.3 

tobin 10 6.6 10.4 21.15 65 2.4 
tobin 8 8.0 16.22 3.8 

we star 10 9.9 9.5 26.07 56" 1.5 
Vestar 8 9.3 20.89 68 1.9 

HLLL(AC) 10 10.8 1.1 28.08 38 1.7 
HLLL(lC) 8 1.1 26.26 48 1.8 

HLLL(UM) 10 11.6 1.1 21.41 42 1.2 
HLLL(UM) 8 1.1 

lddltloaal caaola caltlvara: 
candle 10 5.3 1.4 17.53 68 1.5 
candle 8 6.9 13.83 76 2.0 

Vestari 10 4.5 10.6 16.96 16 4.0 
vestari 8 9.9 14.13 78 5.0 

vestarii 10 4.9 10.9 15.19 11 3.0 
Vestarli 8 10.6 14.11 78 3.8 

cv (\) 4.5 ca.10 0.8 ca.2 ca.10 

•oapllcate. 

011 content extracted by cold press plus solvent extraction raa9ed fro• 

46.0\ ln HLLL(AC) to 48.8\ in HLLL(UM). the B. ca.,estris cultlvar, 

tobin, had the hlgbeat extraction efficiency, 122\. !be B. napas 

cultlvars bad lover extraction efflcleacles, fro• 109\ to 114\. 
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'fABLI 4.7 

Co~rison of rat Contents of the rive canola 
Cultivars using Several Procedures (\ db) 

crudi Press Percentage 
rat + extrasted 

Soxhletb a/b 

Re<Jent 43.1 48.6 110 

'fob in 38.3 46.6 122 

vestar 43.0 48.2 112 

HLLL(AC) 42.2 46.0 109 

HLLL(UM) 42.9 48.8 114 

a CV • 0.8\, avera<Je of 2 .easure.ents. 
~e-press plus 16 hr Soxhlet extraction vitb hexanes. 
cpercentage of crude fat content extracted by pre-press 
and Soxhlet extraction. 

4.2.4 lon-trlqlycer14e cowpqQints 

4.2.4.1 Cold DJ••• oils 

Chlorophyll, carotenoid and phosphorus contents were lover in 

start-up (SU) oils as co~red to .. in run (MI) oils froa the aa.e seed 

and/or choke setting (table 4.8). Main run oils extracted at opening 

10 bad lover chlorophyll and phosphorus contents as co~red to Ml or 

extra run (II) olls extracted at opening a. to co~re differences 

between seeds MR or II olls pressed at opening 10 were exa•lned. 

Chlorophyll content vas greatest ln Re<Jent and lowest in HLLL(AC), 

while phosphorus content was highest in tobin and lowest in HLLL(AC). 

COlour values a and b shoved a slallar trend to phosphorus content, 
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!ABLI 4.8 

Bon-triglyceride co.ponents in Cold Press Oils 

Choke Cbl Pa ,,.a Colour carot 

Setting (ppa) (ppa) (\) L a b (ppa) 

IISIIDt 
-IX 8 13.5 24.'13 0.34 40.5 1.9 2'1.1 80 
- su 10 8.0 14.19 0.53 45.3 5.2 29.4 '15 
-MR 11.8 23.08 0.38 38.5 3.4 25.'1 85 

Toblp 
- su 8 2.7 16.21 52.3 10.2 35.7 60 
-MR 4.1 27.34 47.4 9.0 32.1 70 -· 10 3.9 33.41 0.32 49.4 9.0 33.2 

llltl' 
- au 8 5.9 14.93 0.36 49.9 6.0 32.6 -· 10.'1 26.10 0.38 43.2 2.6 29.0 75 
- IX 10 8.8 22.18 0.39 43.9 4.0 29.'1 67 

II.LL,&C) 
- su 8 1.9 13.74 0.21 57.3 8.3 38.1 54 
-MR 3.8 24.57 0.21 50.4 6.4 34.1 6'1 
- IX 10 2.9 21.63 0.22 55.9 6.7 38.0 

ILLLUIIU 
- IU+IX 8 6.8 32.'16 0.55 44.0 '1.7 29.1 88 
-MR 10 8.1 2'1.83 0.72 42.4 '1.1 28.4 89 

cv (\) 2.5 6.4 '·' <1 <1 <1 0.2 

•oaplicate. 

bat colour value L shoved an inverse trend. lxcept for olls extracted 

froa HLLL(UM), vhlch bad hlgber levels, free fatty acid content was ln 

the ran9e 0.21-0.39\. 

4.2.4.2 Solvent extracted 

Pbosphoras, chlorophyll and catotenolds contents ran9ed fro• 
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315.11 ppa to 464.10 ppa, 6.9 ppa to 44.3 ppa, and 102 ppa to 170 ppa, 

respectively (!able 4.9). Content of non-triglyceride coaponents in 

the solvent extracted (SI) oils was greater co~red to cold press oils 

froa the sa.e caltivar (!able 4.8) lxcept for !obin and HLLL(UM), Sl 

oils bad higher free fatty acid levels. !he 81 oils had considerably 

lover colour values than cold press oils. 

westar had the highest chlorophyll, phosphorus and carotenoid 

levels, and the lowest colour values. HLLL(AC) bad the lowest 

chlorophyll, phosphorus and carotenoid levels, and the hi9hest colour 

values. 

4.3 IXperl .. at 3 - tot•l llpld CGif08ltlon 

4.3.1 Qeteraioatioo of lipid fractions 

leatral lipids (IL) were the largest fraction, ca. 93-96\, of the 

total lipids (!L) extracted vlth chlorofora: .. tbanol and there were 

a .. ller a.ounts of phospholipid (PL) and 9lycolipld (GL), ca. 2-6\ 

and ca. 1-2\, respectively (table 4.10). testar, HLLL(AC) and 

HLLL(UM) tL bad siailar patterns; ca. 93\ IL, ca. 5-6\ PL and ca.l-2\ 

GL. But, !obin !L had an elevated level of IL, 95.88\ and a decreased 

PL content, 2.14\, and Re9ent !L had an elevated level of GL, 2.43\ and 

a slightly decreased PL content, 4.05\. 

4.3.2 ratty ICid COIQOSitiOD the total lipid lnd Of the lipid fractiODI 

Chan9es in co~aition of selected fatty acids in !L, IL, GL and 

PL froa the five canola cultivars are shown diagra ... tically in Pi9ure 

4.9. ratty acid co.,ositiona of !L and ita fractions are discussed 

ln Sections 4.3.2.1 to 4.3.2.4 below~ 
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!ABLI 4. 9 

lon-triC)lyceride Co~onents ln Solvent Extracted Oils 

Choke Cbl Pa rPAa Colour carot 

SettinC) (ppll) (ppa) (\) L a b (ppa) 

leC)ent 10 38.2 342.84 0.52 21.1 -1.3 13.2 153 

!obin 10 10.0 382.50 0.26 39.6 5.1 26.7 107 

Veatar 8 44.3 464.10 0.48 20.0 -2.1 12.2 170 

HLLL(lC) 8 6.9 345.30 0.31 44.4 5.6 30.0 102 

HLLL(UII) 10 13.3 315.18 0.38 38.5 4.0 25.8 122 

cv (\) 2.5 6.4 6.6 <1 <1 <1 0.2 

•oap1icate. 

!ABLI 4.10 

leutral, Glyco- and Phospholipid Contents of !otal 
Lipid froa the Pive canola CUltivars (Relative \) 

leutral Glyco- Phospho-
lipid lipid lipid 

leC)eftt 93.50 2.43 4.05 

!obin 95.88 1.98 2.14 

We star 92.84 1.49 5.67 

HLLL(AC) 92.90 1.13 5.96 

HLLL(UM) 92.93 1.88 5.19 
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4.3.2.1 Total Lipids 

ratty acid coapositions of total lipids (TL) froa the five canola 

caltivars are given in !able 4."11. !he aain differences were in 

oleic, linoleic and linolenic acids. total lipid froa Vestar and 

HLLL(UM) bad higher contents of oleic acid, ca. 63.5\, than tL froa the 

other three caltivars, ca. 55.5\. !he linoleic acid content varied 

fro• 29.15\ ln HLLL(AC) !L to 19.24\ in vestar fL, while fL froa the 

other three caltivars contained ca. 24\ linoleic acid. !L froa 

HLLL(UM) had the lowest content of linolenic acid, 2.11\. Linolenic 

acid content was greater in the other tL extracts: 5.60\, 1.85\, 10.15\ 

and 10.90\ in HLLL(AC), vestar, Regent and tobin, respectively. 

4.3.2.2 legtral lipids 

lleatral lipids had a aiailar fatty acid co.poaltion to tL, except 

for the Regent aa~le (!able 4.12). Regent IL contained 61.61\ oleic, 

20.16\ linoleic and 1.10\ linolenic acids co~red to 55.60\, 23.1\ and 

10.15\, respectively, in !L extract. Oleic acid content varied froa 

ca. &4\ in veatar and HLLL(UM) IL to ca. 56\ in tobin and HLLL(AC) IL. 

Linoleic acid content varied fro• 29.45\ in HLLL(AC) to 18.59\ in 

weatar IL, while the others contained ca. 23.5\. Linolenic acid 

content of the IL fractions increased froa 2.69\ to 5.62\, 1.84\ and 

10.52\ in HLLL(UM), HLLL(AC), weatar and tobin, respectively. 

4.3.2.3 Glycolioids 

Bxcept for HLLL(AC), palaitic acid content of the GL fraction 

increased slightly co.,ared to !Land IL (!able 4.13). HLLL(AC) !L 

contained 5.00\, co~red to 11.29\ in GL fraction. the three 

co..ercial caltlvara contained ca. 58\ oleic acld. HLLL(AC) and 
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!ABLB 4.11 

Patty Acid Co~osition of washed Bxtract !otal Lipids 
canola Cultivars (Axea \)a 

fro• the Five 

ratty Acid Regent !obin We star HLLL(AC) HLLL(UM) 

16:0 4.24 4.04 4.23 5.00 4.49 

16:1 0.27 0.27 0.20 0.22 0.21 

18:0 1.88 1.61 2.04 1.63 2.34 

18:1 55.06 55.81 63.61 55.40 63.55 

18:2 23.74 24.24 19.24 29.75 24.11 

18:3 10.75 10.90 7.85 5.60 2.71 

20:0 0.85 0.58 0.68 0.55 0.71 

20:1 1.25 1.41 1.42 1.24 1.24 

22:0 0.65 0.29 0.42 0.42 0.41 

22:1 0.51 0.23 0.20 0.20 0.19 

24:0 0.79 0.62 0.11 

:!Vo replicates. 
cv. 0.7\ 

HLLL(UM) GL contained ca. 9 percentage anita and ca. 22 percentage 

units less oleic acid, respectively, co~red to IL. !he linoleic 

acid pattern was ai•ilar to that in the IL fractions. lxcept for 

Regent and 'robin, GL contained elevated levels of linolenic acid 

co~red to IL. !be increase was greatest in HLLL(UM), linoleic acid 

content of GL was 13.91\ co.pared to 2.71\ in !L. 
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t.ABLI 4.12 

ratty Acid Co~osition of Heutral Lipid Fraction separ1~ed by Colu.n 
Cbro .. tography froa the rive canola Cultivars (Area \) 

ratty Acid Regent !obin Vestar HLLL(AC) HLLL(UM) 

16:0 4.49 3.95 4.07 5.06 4.34 

16:1 0.21 0.32 0.19 0.26 0.21 

18:0 1.99 1.69 2.04 1.81 2.35 

18:1 61.61 55.90 64.37 55.71 63.89 

11:2 20.76 23.53 18.59 29.49 23.95 

11:3 8.10 10.54 7.14 5.62 2.69 

20:0 0.11 0.53 0.73 0.63 0.76 

20:1 1.34 1.45 1.43 1.11 1.21 

22:0 0.37 0.29 0.40 0.26 0.39 

22:1 0.26 0.17 0.19 <0.11 0.21 

24:0 <0.17 0.63 0.15 <0.21 

:two replicates. 
cv. 0.7\. 

4.3.2.4 Pboapbollplda 

there was a substantial increase in palaltlc acid, fro• ca. 4-5\ 

to ca. 6-12\ and an al.ost co~lete loss of long chain (C20-C24) fatty 

acl4s co~re4 to fL and tbe other fractions (table 4.14). Linolenic 

acid contents were siailar in the HLLL, but slightly decreased in 

co ... rclal caltivars, co~red to other fractions. there was also a 

decrease ln oleic acld content, ca. 8-15 percentage units, and an 
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!ABLI 4.13 

ratty Acid Co~ositlon of Glycolipid Fraction separateibby Colu.n 
Chro .. tography froa the Five canola Cultivars (Area \) 

ratty Acid Regent !obin We star HLLL(AC) HLLL(UM) 

16:0 4.57 3.98 4.46 11.29 . 5.57 

16:1 0.48 0.29 <0.41 !r 

18:0 2.06 1.88 2.51 2.35 1.78 

18:1 58.58 57.47 58.22 47.23 41.78 

18:2 21.81 23.52 20.91 29.86 23.41 

18:3 9.37 9.76 8.63 6.21 13.91 

20:0 0.65 0.61 0.41 <1.20 5.10 

20:1 1.20 1.38 1.53 1.83 6.12 

22:0 0.63 0.31 0.88 !% 2.35 

22:1 <0.32 0.22 !% 

24:0 <0.32 0.58 2.41 !r 

a 
b'lvo replicates. 
cv. 0.7\. 

increase in linoleic acid content, ca. 6-15 percentage anita. 

4.3.3 JXlglycerlde analysis 

4.3.3.1 ratty acid COIDOiitlon of trlqlycerides 

!he fatty acid co~aitions of triglyceride (!G) fractions were 

aiailar to those obtained for the IL fractions (Section 4.3.2.2) (!able 

4.15). Oleic acid content varied froa ca. 60\ in tobin and HLLL(AC) !G 
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!ABLI 4.14 

ratty Acid Co~osition of Phospholipid Fraction separa~Bd by Colu.n 
Chro.atography froa the Five canola Cultivars (Area \) 

Patty Acid Regent 'fob in We star HLLL(AC) HLLL(UM) 

16:0 0.24 12.40 26.48 9.73 9.21 

16:1 0.57 <0.47 0.27 <0.89 <0.40 

18:0 0.75 1.17 1.53 <0.89 1.11 

18:1 47.53 36.13 58.50 45.16 52.29 

18:2 33.87 40.80 25.16 35.50 33.44 

18:3 7.04 8.08 6.33 7.85 2.75 

20:0 <0.47 0.44 !r <0.40 

20:1 <0.47 0.77 <0.40 

22:0 0.52 ft 

22:1 !r 

24:0 

a b"ttto replicates. 
cv. 0.7\. 

to ca. 65\ in the other three saaples. Linoleic acid content varied 

fro• 18.37\ in lestar !G to 27.70\ in HLLL(AC) tG, the others contained 

ca. 20-23\. Linolenic acid content increased fro• 2.97\ in HLLL(UM) 

!G to 5.26\, 7.33\, 7.73\ aDd 9.72\ ln ILLL(AC), westar, Re9ent and 

!obln to, respectively. 

4.3.3.2 IPLC analysis of triglvseridea 

trl9lyceride species were separated on the basis of equivalent 
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TABLI 4.15 

Patty Acid Co.position of TrigliHerides froa the rive canola Cultivars 
used for HPLC Analysis (Area \) 

Patty Acid le<Jent Tobin Vestar HLLL(AC) HLLL(UM) 

14:0 0.15 0.13 0.13 0.13 0.14 

16:0 4.73 4.09 4.34 5.03 4.96 

18:0 1.96 1.72 2.04 1.71 2.31 

18:1 64.14 60.23 66.40 59.00 65.40 

18:2 20.18 22.35 18.37 27.70 23.00 

18:3 1.13 9.72 7.33 5.26 2.97 

20:0 0.57 0.54 0.68 0.61 0.63 

22:0 0.28 0.27 0.33 0.35 0.30 

22:1 0.09 0.60 0.16 0.73 0.09 

24:0 0.18 0.37 0.22 0.16 0.20 

a 
b'tvo replicates. 
cv. 0.7\. 

carbon nuMer ( ICI) by reverse-phase HPLC (!able 4 .16) • Chr:oMt04)r:a• 

of the triqlycer:lde analyses ar:e given ln rlqure 4.10 and show 

dlagr:a ... tically the patterns described below. !ri<Jlycer:idea fro• 

both HLLL cultivar:s bad reduced a.ounts of peaks 1, 2 and S as co.,ared 
•' 

to !G fro• the co ... r:cial cultlvar:s. Peak 7 was also reduced, but 

could not be resolved fro• peak 6. HLLL(AC) !G bad al<Jnificantly 

greater a.ounts of peaks 3, 4 and 6+7 co~r:ed to !0 fro• the other: 

cultlvara. RLLL(UH) !G had increased a.ounta of peak 4 COJIP&Ied to !G 
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!ABLI 4.16 

HPLC Analysis of !Iiglycerides froa the Pive canola Cultlvars (Area \)a 

Peak Regent tobin We star HLLL(AC) HLLL(UM) cyb ,c 

1 0.08 0.33 <0.03 24.5 50.0*** 

2 0.65 1.25 0.52 0.38 0.11 17.4 59.0*** 

3 1.92 2.99 1.82 4.70 0.81 22.8 2.8 

4 1.78 2.93 1.84 7.35 3.27 13.4 35.8*** 

5 9.71 11.44 8.81 4.26 2.74 13.8 30.8*** 

6 13.38 15.23 11.13 I I I I 
I I I I 

1 10.54 12.03 9.73 v v v v 

6+7 23.92 27.26 20.86 29.49 23.04 11.7 4.0* 

• 31.60 21.33 30.91 30.21 35.98 11.6 1.1 

9 30.39 25.48 35.26 23.62 34.06 7.8 12.2** 

:ftipllcate. 
~' Coefficient of Variation (percent standard deviation). 

1 J-latlO, fiOa tableS: , a 11.30 at 0.1\ level (ttt) 
5.99 at 1\ level (**) 
3.48 at 5\ level (*). 

fro• the co ... rcial cultivars, but lover than that ln HLLL(AC) to. 

IILLL(UM) tG also had increased a110unts of peaks 8 and 9 co~red to tG 

fro• RLLL(AC). 

Of the co.-ercial cultivars, tobin fG had increased levels of 

peaks 1-7 and decreased levels of peats 8 and 9. In all sa~lea the 

largest peaks were I and 9. 
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fiG 4.10. Separation of triglyceride• by HPLC on an 5 pa Ultrasphere 
ODS colu.n. Co~rison of triglyceride• froa tbe five canola 
cultivars. Solvent, acetone:acetonitrile (1:1, v/v); flow 
rate, 1.5 al/ain; sa~le concentration, 25\ (v/v); injection 
volu.e, 20 ~1. Refractive index detection. (ICI • 
equivalent carbon nu.ber • no. of carbon ato .. in fatty acids 
- 12 x no. of double bonds)) 
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4.3.3.3 ratty acid cowposition of the triglyceride peats 

The triqlyceride peaks separated by HPLC were collected and 

analysed for fatty acid co~sltion (!able 4.17). !be first peaks, 2-

6, correspondinq to 8CI of 38-44 were relatively unsaturated and 

contained substantial a.aunts of linolenic and linoleic acids. !he 

degree of unsaturation decreased with increasinq peak nu.ber and BCH. 

Oleic acid predoainated in peaks 8-10, ICH of 46-50. Peak 7, ICI of 

44, contained linoleic, palaitic and oleic acids. Peak 9, BCH of 48, 

was identified as triolein. 

4.t lxpezl .. at 4 - Oxltatlve atablllty of tbe flv• canola caltlvaza 

4.4.1 Bleachld oil 

4.4.1.1 lon-triqlyceride co1ponents 

COntent of non-triglyceride co.ponents was lov, phosphorus content 

was <5 ppa, content of free fatty acids was ca. 0.1-0.3\, peroxide 

value was 0.2-0.6 -"/kq and no chloropbylls or carotenoids were 

detected (!able 4.18). Colour values L, a and b were ca. 70-80 anita, 

ca. -2- -7 anlts and ca. 22-32 anita, respectively. 

4.4.1.2 ratty acid cowpositlon 

ratty acid co~osition of the bleached oils showed siailar trends to 

IL fraction and triqlycerides (Sections 4.3.2.2 and 4.3.3.1) (!able 

4.19). Oleic acid was the predoainant fatty acid, tobin and HLLL(AC) 

bad ca. 58\ and tbe other caltivara bad ca. 65\. Linoleic acid 

content varied fro• 17.99\ in testar to 27.80\ in HLLL(AC), while the 

other cultivars bad ca. 19-23\. Linolenic acid content varied froa 

2.66\ in HLLL(UM) to 10.70\ ln !obin. 
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!ABLI 4.17 

ratty Acid Co~os1~1on of Triglyceride Peaks 
froa HPLC Analysis 

Peak ICib ratty acid co~ositioncd 

1 36 

2 38 LnLnL 

3 40 LLLn 

4 40 LnLnO 

5 42 LnLO 

6 44 OOLn, LLO 

7 44 POLn 

8 46 OOL 

9 41 000 

10 50 OOii 

a Duplicate with two replicates. 
biei, lquivalent carbon lu.ber • total carbon nu~r - (2 x n~r of 

c::::1:o:0~.:~~ positional analysis. 
dp, palaitic acid; o, oleic acid; L, linoleic acid; Ln, linolenic acid; 
li, eicosenoic acid. 

4.4.1.3 Qeqree of Oxidation 

!be five bleached oils had differln9 final PV levels (Pigure 

4.11). HLLL(UM) bad the lowest final PV, HLLL(AC) the highest final 

PV and the other three cultivars had slallar, but inter.edlate final PV 

levels. 
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!ABLI 4.18 

Ron-triglyceride Co~onents in Bleached Oils from the Five canola 
Cultivars 

Chl Pa rrAa Colour PV 

(ppa) (ppa) (\) L a b (liM/kg) 

Regent o.o 4.68 0.31 76.0 -6.1 24.,3 0.02 

!obin 0.0 3.19 0.22 74.0 -6.8 21.9 0.06 

We star 0.0 4.90 0.26 76.0 -7.2 23.0 0.06 

HLLL(AC) o.o 3.27 0.10 79.1 -6.7 23.1 0.04 

HLLL(UM) o.o 3.62 0.26 71.1 -1.6 31.6 o.os 

cv (\) 2.5 6.4 6.6 <1 <1 <1 0.6 

a Duplicate. 

4.4.2 ergde. dcqu75cd oil 

4.4.2.1 lon-tJlqlyceride co~ponenta 

erode, degu ... d oils contained greater a.ounts of non-triglyceride 

.. terial than bleached oils (!able 4.20). Phosphorus contents were 

ca. 17-20 ppa, content of free fatty acids ca. 0.2-0.5\, peroxide 

values ca. 0.7-0.9 liM/kg. Chlorophyll and carotenoid contents varied 

considerably froa ca. 4-5 ppa to ca. 22 ppa and 80 ppa to 107 ppa, 

respectively. Colour values L, a and b ranged fro• 34.4 units to 50.6 

units, 8.0 units to 12.8 units and 23.0 units to 34.4 units, 

respectively. 
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'fABLI 4.19 

Patty Ac18 Co~sitlon of Bleached Oils fro• the Five canola Cultlvars 
(Area \) 

Patty Acld Regent !obin Vestar HLLL(AC) HLLL(UM) 

14:0 !r tr !r !r !r 

16:0 4.03 3.43 3.11 4.35 3.99 

18:0 2.17 1.72 2.15 1.66 2.25 

18:1 63.36 58.98 65.56 57.85 65.44 

18:2 19.47 21.37 17.99 27.80 22.84 

18:3 8.29 10.70 8.05 5.55 2.66 

20:0 0.96 0.68 0.65 0.80 0.84 

20:1 1.24 1.48 1.42 1.40 1.22 

22:0 0.34 0.23 !r p.38 0.36 

22:1 0.17 0.68 o.oo 0.00 0.00 

24:0 0.60 0.60 0.22 !r 0.40 

24:1 !t 0.44 !r 0.39 tr 

:two zep1icatea. 
cv. 0.7\. 

4.4.2.2 ratty acid co~position 

!he fatty acid co~osition of the crude, de9u..ed oils was 

siailar to that of the fL fraction (Section 4.3.2.1) (!able 4.21). 

Oleic acid was the pzedoalnant fatty acid, HLLL(lC) and tobin contained 

ca. 63-65\ and the other cultivars bad ca. 57\. Linoleic acid content 

varied froa 18.18\ in Re9ent to 29.05\ in HLLL(lC) vhlle the other 
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TABLB 4. 20 

Moo-triglyceride Co~onents in Crude, De<Ju..ed Oils fro• the Five 
canola Cultlvars 

Chl Pa rrA• Colour PV carot 

(ppa) (ppa) ( \) L a b (liM/kg) (ppa) 

Regent 22.39 17.23 0.39 34.4 1.7 23.0 0.78 107 

'robin 5.36 19.16 0.23 48.2 12.8 32.1 0.68 92 

We star 22.44 18.39 0.37 36.1 8.0 24.3 0.89 101 

HLLL(AC) 4.33 18.33 0.52 50.6 12.2 34.4 0.66 80 

HLLL(UM) 10.40 20.25 0.37 42.7 11.1 28.9 0.66 102 

cv (\) 2.5 6.4 6.6 <1 <1 <1 0.6 0.2 

a Duplicate. 

cultivars had ca.18-23\. Linolenic acid content of the oils increased 

fro• 2.66\ in HLLL(UM) to 5.75\, 8.12\, 10.17\ and 10.94\ in HLLL(AC), 

westar, Regent and tobin, respectively. 

4.4.2.3 Qeqree gf oxidation 

CZude, dega..ed oils fro• the five canola cultivars shoved 

varyin9 final PV levels (Figure 4.12). HLLL(AC) bad the hi9best final 

PV, HLLL(UM) bad the lowest final PV while the co..ercial cultivars bad 

inter .. diate final PV levels. 
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!ABLI 4.21 

Fatty Acid Co.positlon of ~rude, 
canola Cultivars (Axea \) 1 

Degu..ed Oils fro• the Five 

Regent fob in We star HLLL(AC) HLLL(UM) 

14:0 0.06 0.05 ~ 0.08 0.08 

16:0 3.91 3.44 3.67 4.45 3.94 

18:0 1.99 1.68 2.00 1.59 2.41 

18:1 62.76 57.79 64.72 56.23 65.01 

18:2 18.18 22.56 18.35 29.05 23.43 

11:3 10.17 10.94 8.12 5.75 2.66 

20:0 0.78 0.65 0.85 0.63 0.77 

20:1 1.35 1.49 1.52 1.28 1.23 

22:0 0.37 0.25 0.22 0.33 0.34 

22:1 o.oo 0.66 0.24 o.oo o.oo 

24:0 0.27 0.23 0.15 0.42 0.18 

24:1 0.18 0.30 ~ 0.21 ~ 

:!vo replicates. 
cv • o. 7\. 

4.5 lxpe1l•at 5 - •LC ana1Y8l• 

4.5.1 Straight oil analysis 

crude, de9u ... d oxidised oil aa~lea were subjected to HPLC 

analysis and the oxidised fraction was separated (Pi9ure 4.13). fhe 

oxidlaed peak increased in area as degree of oxidation ln the oil 
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increased (Figure 4.14). HLLL(AC) had the highest final HPLC area, 

HLLL(UH) had the lowest HPLC area and the other three oils had 

inter.ediate final HPLC areas. Above ca. 300 hr the curve flattened 

as increase in HPLC area slowed. 

4.5.2 Qeriyatised oil analysis 

Oxidised oil sa~les were derivatised and subjected to HPLC 

analysis and a nu~r of peaks were separated (Figure 4.15). The 

pattern of the peaks varied according to the oil being oxidised. Oils 

froa HLLL cultivars had si.pler chro.atograas with 4 .ain peaks. Oils 

fro• the other cultivars, in particular Tobin, had .ore coaplicated 

cbro.atogra .. with aore peaks resolved, although they also shoved 4 

.. 1n peaks. total peak area increased as degree of oxidation in the 

oil increased (Figure 4.16). Oils fro• HLLL(AC) had the highest final 

HPLC areas, oils froa HLLL(UM) had the lowest final HPLC areas and oils 

fro• the co..ercial cultivars bad inter.ediate final HPLC areas. As 

with straight oil analysis the curve flattened above ca. 300-400 hr as 

rate of increase in HPLC peak decreased. 

4.5.2.1 Identification of peaks 

Peaks were identified tentatively by oxidation and derivatisation 

of trilinolein and trilinolenin standards and co~rison of the peak 

retention ti .. s (Figure 4.17). 

!he peaks were collected, silylated and subjected to GC-MS (Pigure 

4.11). fbe cbro .. tograa consisted .. inly of free fatty acids and 

hydroxy fatty acids as shown on the cbro.atograa. 

4.5.3 Correlations bltween peroxide yalue an4 ftPLC axea fox the oils 

Correlations between peroxide values (PV) and HPLC areas for both 
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straight and derivatised HPLC analyses for each of the olls were 

calculated (!able 4.22) and are shown in Figures 4.19 and 4.20. In 

analysis of straight oil R• varied fro• 0.96E to 0.991, in analysis of 

derivatised oils R• varied fro• 0.992 to 0.996. Derivatised bleached 

oils had slightly lower correlations than derivatised crude, degu..ed 

oils. 

Since the oils exhibited different regression line slopes, fatty 

acid co~osition factors which aight affect the slope were calculated 

(!able 4.28) and these factors correlated with the regression slopes 

(!able 4.23). In the analysis of derivatised oils the best 

correlation vas obtained with L+Ln content which waa significant at the 

1\ level, although linoleic acid content also had a correlation which 

was significant at the 1\ level. In the analysis of straight oils the 

best correlation was obtained with linoleic acid content which vas 

significant at the 5\ level. 

4.1 lxpezl .. at I - PEeaa cbazactezlatlca of aeed aDd oxidative 

atablllty of oll fro. tbe tobln .. .,lea 

4.6.1 Press ebaracteJistlca 

!he influence of location, and fields within a location, on press 

characteristics of one cultivar grown in the sa .. year is shown by the 

!obin sa.ples (!able 4.24). lxcept for Xernen-1, the seeds had 

siallar throughputs. Residual oil contents and extraction 

efficiencies varied froa 14.91\ to 18.13\ and 66\ to 12\, respectively. 

Ba~les fro• different fields at li..er .. n fara bad siailar press 

characteristics, but aa.,lea fro• different fields at Kernen far• had 
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slightly different press characteristics. 

!ABLI 4.22 

Co~~parison of Straight and Derivatised HPLC Areas with Peroxide Values 

Strai<Jht oil Derivatised oil 

Slope R2 I Slope R2 II 

~J1dl.dl9)1--d: 
Regent 0.553 0.985 9 0.466 0.992 7 

Tobin 0.600 0.991 10 0.485 0.996 9 

We star 0.541 0.966 11 0.459 0.993 10 

HLLL(AC) 0.616 0.994 10 0.519 0.992 10 

HLLL(UM) 0.587 0.978 9 0.461 0.996 7 

All oils 0.595 0.938 50 0.606 0.994 59 

lllli:bld: 
Regent 0.471 0.985 13 

We star 0.449 0.983 14 

HLLL(lC) 0.512 0.980 7 

All oils 0.433 0.959 29 

4.6.2 lon-triqlyceridl CQIQODIDtl 

Bleached !obin oils bad low levels of phosphorus, <5 ppa (!able 

4.25). lxcept for lernen-1, which bad lover colour a and b values, the 

oils shoved siailar colour characteristics. lxcept for lernen-2, in 

which a trace was detected, the oils contained no detectable free fatty 

acids. lo chlorophyll or carotenoids vere detected in the bleached 

oils. 
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!lBLI 4.23 

Correlations between Regression Line for Straight 
and Dlrivatised Oils and Factors Possibly Affecting 
Slope 

L 

Ln 

L+Ln 

UPA 

IV 

0.924* 

-0.290 

0.762 

0.085 

0.344 

0.892** 

-0.081 

0.915** 

0.393 

0.592 

~+Ln, linoleic + linolenic acid content, calculated fro• fatty acid 
co~sition; UPA, unsaturated fatty acid content, calculated fro• fatty 
acid coaposition; IV, iodine value, calculated fro• oleic\ x 0.86 + 
Ainoleic\ x 1.732 +linolenic\ x 2.616. 
* Significant at 5\ level (>0.878); 

~= :!::!:!~::~ =~ ~: ~:::~ ~~::~:~~; I • 5. 
** Significant at 1\ level (>0.834); I = 8. 

4.6.2 latty acid COIQO&itloo 

Oleic acid was the .. jor fatty acid, ca. 52-58\, with s .. ller 

a.ounts of linoleic, ca. 23\, and linolenic, ca. 13-15\, acids (table 

4.26). Linoleic acid was unlfora, but there vas an inverse 

relationship between linolenic and oleic acid contents. lernen-1 and 

Zi ... r .. n-2 had the lowest linolenic acid and highest oleic acid 

contents. 
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!ABLI 4.24 

Cold Press Characteristics of 'robin Sa.ples (at Choke Setting 10) 

Molsturea Crudea !hrouqhput Residuala Bxtraction Pressure 
(\) fat (kCJ/hr) oil efficiency (MPa) 

(\db) (\) (\) 

lernen-1 5.5 39.45 8.4 16.68 72 

lernen-2 5.9 36.65 9.1 14.97 70 

Zi-r•n-1 5.6 41.24 8.9 18.54 67 

Zi ... r•n-2 5.6 41.30 8.9 18.73 66 

Goodale-1 5.8 39.25 8.9 16.59 70 

cv (\) 0.5 0.8 ca.10 0.8 ca.2 

•ouplicate. 

4.3.3.3 Oxidative stability 

2.1 

2.8 

2.9 

2.9 

2.9 

ca.10 

!be !obin oils varied in oxidative stability, ll ... r .. n-2 had the 

lowest final PV, lernen-2 bad the hiCJbest final PV and the two lernen-

1 oils had inter .. diate final PV's (PiCJure 4.21). 

4.1 lxperl .. at 1- Preaa cbaracterlatlca and oxidative atablllty of tbe 

ca..arclal c•ltlvara and Stellar 

4.7.1 Press cbaracteristics 

Moisture contents of the co..ercial cultivars varied fro• 3.7\ to 

5.1\, but the two Stellar sa~les contained 5.1\ and 6.3\ .oisture 

(!able 4.27). On a dry-basis, crude fat contents of the sa~les 

varied fro• 41.12\ to 41.17\, tobin and Stellar sa~les vere at the low 
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!ABLI 4.25 

Quality of Bleached Oils froa Tobin 

Chl Pa PPAa Colour carot 

(ppa) (ppa) (\) L a b (ppa) 

lernen-1 ID ID 70.9 -5.8 16.8 ID 

Kernen-2 liD 2.83 tr 70.1 -7.8 27.8 MD 

zi .. raan-2 HD 4.20 liD 70.3 -7.8 27.1 MD 

cv (\) 2.5 6.4 6.6 >1 >1 >1 0.2 

•oaplicate. 

end of this range. lxcept for the 'robin saaple froa Kelvington and 

the 1987 Stellar saaple, which had throughputs of 6.7 kg/hr and 12.9 

kg/hr, respectively, throughputs ranged froa 9.0-10.7 kg/hr. Except 

for the tobin saaple fro• lelvinqton, which had a residual oil content 

of 7.74\ and an extraction efficiency of 90\, residual oll contents and 

extraction efficiencies ranged froa 13.43\ to 24.93\ and 66\ to 88\, 

respectively. Barrel pressure ranged froa 1.3 MPa to 2.5 MPa, although 

the !obin aaaple froa Kelvington gave a pressure of 5.0 MPa. 

Of the three co ... rcial cultivars the B. ca•pestrla cultivar, 

tobin, had the lowest oll content, throughput and residual oil content 

and the highest extraction efficiency and barrel pressure. Although 

values obtained for throughput, residual oll content and extraction 

efficiency for the two Stellar saaples were contradictory, they both 

had low crude fat contents and lov barrel pressures. 
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!ABLI 4.26 

Fatty Acid Coaposltlon of Bleached Tobin Oils (Area \) ab 

Kernen-1 Kernen-2 Zl~aeraan-2 

14:0 fi 'l'I 'I' I 

16:0 3.31 3.03 3.36 

18:0 1.76 1.70 1.97 

18:1 56.63 53.85 57.70 

18:2 23.28 23.58 22.65 

18:3 12.74 14.95 12.81 

20:0 !r 0.44 0.45 

20:1 1.14 1.51 1.04 

22:0 !r 0.34 'l'r 

22:1 0.50 0.67 !r 

24:0 !r !I 

24:1 fi fi !r 

a b'tvo replicates. 
cv = 0.7\. 

4.7.2 ratty acid COIQOSitiOD 

!he contents of the ainor fatty acids were slailar in the 

oils, but there were variations in oleic, linoleic and linolenic acid 

contents (!able 4.28). Oleic acid content ranged froa 52.35\ ln 'l'obln 

(lipawin) to 62.23\ ln Regent (llpawin). Linoleic acid content ran9ed 

fro• 18.87\ ln Regent (llpawin) to ca. 29-32\ in the Stellar sa~les. 
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'!'ABLI 4. 27 

Cold Press Characteristics of canola Cultivars (at Choke Setting 10) 

Moisture a a Crude '!'hroughput Residual Extraction Pressure 
{\) fat (kg/hi) oil efficiency (HPa) 

{\db) (\) (\) 

W.atar: 
Shellbrook 3.8 48.04 10.4 21.17 10 1.5 
Kelvlngton 3.7 48.17 9.6 23.23 70 1.6 
Hlpavln 4.4 43.37 9.0 13.62 81 2.3 
Lellberg 5.1 41.62 10.7 13.43 88 2.0 
Heudorf 5.2 44.14 10.0 17.86 79 1.6 

letent: 
Shellbrook 4.2 46.58 10.7 20.89 70 1.5 
Kelvlngton 3.8 47.89 10.0 24.93 66 1.3 
Hlpavln 4.1 41.54 10.0 21.11 68 1.5 

foblD: 
Shellbrook 4.4 41.56 9.6 13.03 81 2.5 
Kelvlngton 4.0 42.54 6.7 7.74 90 5.0 
Hipavin 4.9 35.78 9.0 14.73 82 2.5 
LellberCJ 5.1 41.23 9.8 15.85 82 1.0 

Stellar: 
84 crop 5.1 41.84 9.1 15.09 84 1.3 
87 crop 6.3 41.12 12.9 19.86 72 1.5 

cv (\) 0.5 0.8 ca.lO 0.8 ca.2 ca.lO 

•Duplicate. 

!he rest of the oils were in the •iddle of this range with ca. 20-23\ 

linoleic acid. Linolenic acid content of the co ... rcial sa~les 

ranged fro• 11.10\ in vestar (Lellberg) to 15.36\ in !obin (lipavin), 

bat the 84 and 87 Stellar sa~les had 3.93\ and 3.84\, respectively. 

138 



!ABLE 4.28 

Patty Acid Co~osition of the Cultivais (Aiea \)abc 

SaJII)le 16:0 18:0 18:1 18:2 18:3 20:0 22:0 22:1 24:0 

llatar:: 
Sbellbrook 3.44 1.48 60.58 19.81 13.39 0.60 0.35 0.25 0.14 
KelvinCJton 3.77 1.61 56.16 22.87 14.25 0.64 0.38 0.21 0.17 
llipawin 3.82 1.46 56.88 23.08 13.73 0.58 0.35 0.12 
LellberCJ 3.86 1.75 61.41 20.62 11.10 0.63 0.32 0.18 0.18 
lleudorf 3.95 1.77 60.64 21.10 11.13 0.64 0.33 0.25 0.16 

aev-nt: 
Sbellbrook 3.50 1.59 57.52 21.25 14.73 0.62 0.40 0.18 0.19 
KelvinCJton 3.42 1.77 60.14 19.58 13.95 0.63 0.32 0.17 0.14 
lipawln 3.54 1.58 62.23 18.87 12.67 0.57 0.30 0.20 

tobin: 
Sbellbr:ook 3.16 1.40 55.60 23.63 15.04 0.50 0.28 0.17 0.20 
KelvinCJton 3.27 1.60 58.65 22.50 13.16 0.51 0.23 0.17 
llpavln 3.45 1.46 52.35 26.03 15.36 0.53 0.28 0.33 0.19 
Lellbet:CJ 3.14 1.52 57.85 22.36 14.03 0.47 0.21 0.26 0.16 

ltell•r: 
84 cr:op 3.79 1.86 59.98 29.19 3.93 0.67 0.35 0.24 
87 crop 3.85 1.71 57.86 31.51 3.84 0.66 0.39 0.20 

a b'fvo replicates. 
cv = o. 7\. 

CMyxistic acid, 14:0, was oaitted. All values weie ca. 0.04\. 

4.7.3 Co1p0sition of the dequ75:d oils 

!be phosphorus content of oils ranC)ed fro• 10.17 ppa in ReC)ent 

(KelvlnCJton) to 20.17 ppa in Stellar-84, but aost of the oils were at 

the lover end of this ranC)e (fable 4.29). 

4.7.4 Oxidative stability 

!he final per:oxide value in the oils ran9ed froa 10.83 -"/kCJ in 
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!ABLE 4.29 

Phosphorus Contents and Initial Peroxide Values 
of Degu..ed Oils 

Sa~aple Phosphorus a Peroxide 
Value 

(pp•) (liM/kg) 

... tal:: 
Shellbrook 12.25 0.85 
Kelvlngton 15.82 1.29 
llpavln 19.04 0.94 
Lellberg 10.38 0.64 
lleudoxf 13.59 0.59 

le .. at: 
Shellbxook 12.86 0.97 
lelvlngton 10.17 1.05 
llpavin 12.50 0.55 

~1a: 
Shellbrook 14.75 0.70 
KelvlnCJton 12.48 0.46 
lllpavln 18.55 0.95 
Lellberg 10.40 0.62 

ltell•z:: 
84 crop 20.17 0.95 
87 crop 10.07 0.51 

cv (\) 6.4 0.6 

a Duplicate. 

Ste1lar-84 to 14.51 liM/kg in leatax (lelvlngton) (!able 4.30). 

Sa~les !obln (llpavln) and weatar (Le~rg) vere ell•lnated aa their 

flnal peroxides values could not be accurately deter•lned. 
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!ABLI 4.30 

Peroxide Value at 300 Hr and ractois Expected to Predict Inherent 
Oxidative Stability of canola Oils 

SaJII)le PV (300 hr) L+Ln UPA IV Pred1 Pred2 
(IIM/kCJ) 

... tar: 
Shellbrook 12.58 33.20 94.03 121.4 5.93 19.24 
KelvinC)ton 14.06 37.12 93.49 125.2 6.41 21.11 
Hipavin 12.33 36.81 93.81 124.8 6.31 20.73 
leudorf 12.58 33.20 94.03 121.4 5.93 19.24 

l•t•nt: 
&bellbrook 12.92 35.98 93.68 124.8 6.38 20.98 
KelvinC)ton 12.97 33.53 93.84 122.1 6.05 19.73 
lipavin 11.99 31.54 93.97 119.3 5.68 18.38 

Yobln: 
&bellbrook 13.23 38.67 94.44 128.1 6.68 22.06 
XelvinCJton 12.16 35.66 94.31 123.3 6.13 20.04 
LellberCJ 13.78 36.39 94.50 125.2 6.32 20.75 

Stellar: 
84 crop 10.83 33.12 93.10 112.4 4.50 14.27 
87 crop 13.15 35.35 93.21 114.4 4.69 14.99 

~+Ln, linoleic + linolenic acid content, calculated froa fatty acid 
co~sition; UPA, unsaturated fatty acid content, calculated froa fatty 
acid co.,osition; IV, iodine value, calculated fro• oleic\ x 0.86 + 
linoleic\ x 1.732 + linolenic\ x 2.616; Pred1, predict 1, calculated 
froa oleic\ x 1 + linoleic\ x 10 + linolenic\ x 25; Pred2, predict 2, 
calculated fro• oleic\ x 1 + linoleic\ x 35 + linolenic\ x 88. 

4.8 eorrelatlona between OXidatlye ltabillty apd fatty acid COipOiitlon 

4.8.1 Cllcglation of fatty acid COIQOiitlon factors 

4.8.1.1 IJperlJint 4 

Using the fatty acid co~oaitions CJiven in fables 4.19, 4.21 

and 4.26 various factors considered to affect the oxidative stability 
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of the oils vere calculated (Table 4.31). In oils extracted fro• the 

five canola cultivars, iodine value (IV) and both predicted stability 

values followed s!•ilar trends in both crude, degu..ed and bleached 

oils. !obin had the highest values, these decreased in the order 

HLLL(AC) > Regent > lestar > HLLL(UM). tobin also had the highest 

levels of unsaturated fatty acids (UPA) and linoleic plus linolenic 

acid (L+Ln), but the other oils had an altered relationship and 

decreased in the order: Westar > HLLL(AC) > Regent > HLLL(UM) in 

bleached oils and HLLL(AC) > Regent > vestar > HLLL(UM), in crude, 

degu..ed oils, respectively. 

4.1.1.2 IJptlliiDt 1 

!be linoleic plus linolenic acid content (L+Ln) varied fro• 31.54\ 

in Regent (lipawin) to 38.67\ in !obin (Sbellbrook) (!able 4.30). fhe 

unsaturated fatty acid content (UPA) bad a s.all range, fro• 93.12\ in 

lestar (leudorf) to 94.50\ in !obin (Leaberg). The iodine value (IV) 

of the co ... rcial saaples varied fro• 117.3 in westar (leudorf) to 

121.1 in tobin (Sbellbrook), but the 14 and 17 Stellar aa-vlea bad 

iodine values of 112.4 and 114.4, respectively. !be two inherent 

oxidative stability values (Predl and Pred2) shoved si•ilar variations 

to the iodine value. !be first prediction value ranged fro• 5.50 in 

lestar (leudorf) to 6.68 in tobin (Shellbrook), with values of 4.50 and 

4.69 in Stellar-84 and Stellar-87, respectively. !he second 

prediction value ranged fro• 17.79 in westar (Heudorf) to 22.06 in 

tobin (Sbellbrook), with values of 14.27 and 14.99 in Stellar-14 and 

Stellar-87, respectively. 
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!ABLI 4.31 

Peroxide Value at 300 Hr and Factors Expected to Predict Inherent 
Oxidative Stability of canola Oils 

PV (300hr) L+Lna UFAb 1r Predict1d Predict21 

(liM/kg) (\) (\) 

lleacMd: 
Regent 12.31 27.76 92.53 109.9 4.65 14.74 
'robin 12.79 32.07 93.65 115.7 5.40 17.49 
We star 13.75 26.04 93.32 108.6 4.47 14.04 
HLLL(lC) 14.41 33.41 92.99 112.5 4.75 15.21 
HLLL(UM) 10.00 25.50 92.16 102.8 3.60 10.99 

Czade, clega.ed: 
Regent 11.85 28.35 92.63 110.4 4.7 14.92 
!obin 12.57 33.50 93.73 117.4 5.6 18.10 
We star 11.00 26.47 93.13 108.7 4.5 14.22 
HLLL(lC) 14.27 33.80 93.44 112.0 4.8 15.44 
HLLL(UM) 8.66 26.09 92.31 103.5 3.7 11.19 

tobla: 
lernen-1(1) 13.00 36.02 94.29 122.4 6.08 19.93 
lernen-1(2) 13.13 36.02 94.29 122.4 6.08 19.93 
lernen-2 13.85 38.53 94.56 126.3 6.63 21.95 
Zi-r•n-2 12.00 35.46 94.20 122.4 6.04 19.78 

~+Ln, linoleic + linolenic acid content, calculated froa fatty acid 
'oii()Osition. 
UUPl, Unsaturated fatty acid content, calculated fro• fatty acid 
soii()Osition. 

IV, iodine value, calculated fro• oleic\ x 0.86 + linoleic\ x 1.732 + 
Ainolenic\ x 2.616. 

eg:~~:~:~:: :~:: :~:!~: ~ ~ : ~!~:~:!~! ~ ~~ : ~!::~::!~! ~ ~:: 

4.8.2 Correlations bltveen predicted and experlllntal stabllltlea 

4.8.2.1 lxgerlJint 4 

Correlations between these factors and the peroxide value at 300 

br were calculated (!able 4.32). lone of the factors shoved a 
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'l'ABLI 4.32 

Correlations between lxpected Stability (calculated) and Observed 
(PV at 300 Hr) of canola Oilsa Stability 

II L Ln L+Ln UFA IV Pred.1 Pred.2 

lleacbe4: 
All 5 0.173 0.492 0.603 0.695 0.699 0.693 0.693 
-'l'obin 4 0.177 0.620 0.665 0.900 0.906 0.886 0.887 

Czade, de9a.ed: 
All 5 0.493 0.499 0.879 0.162 0.850 0.798 0.809 
-'l'obin 4 0.513 0.470 0.903 0.009 0.992 0.935 0.947 

tobin: 
All 4 0.988 0.728 0.861 0.900 0.749 0.791 0.792 

aL+Ln, linoleic + linolenic acid content, calculated froa fatty acid 
co.position; urA, unsaturated fatty acid content, calculated fro• fatty 
acid co~osition; IV, iodine value, calculated froa oleic\ x 0.86 + 
linoleic\ x 1.732 + linolenic\ x 2.616; Predict 1, calculated froa 
oleic\ x 1 + linoleic\ x 10 + linolenic\ x 25; Predict 2, calculated 
£roa oleic\ x 1 + linoleic\ x 35 + linolenic\ x 88. 
Level of significance: 1•4, 0.950 at 5\, 0.990 at 1\ 

11•5, 0.878 at 5\, 0.959 at 1\ 

significant correlation in the bleached oils, althou9h correlations 

were increased when the B. ca•pestris cultivar, !obin, was oaitted. 

Correlations for all factors were higher in the crude, de9u ... d oils, 

but only L+Ln was significant at the 5\ level. O.ission of the B. 

caJII)estris ·cultivar, !obin, increased the correlations, the IV was 

significant at the 1\ level. !obln oils had low correlations, only 

the linoleic acid content was si9niflcantly correlated at the 5\ level. 

4.8.2.2 JxperliCQt 7 

Correlations between these factors and the peroxide value at 300 
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hr were calculated (Table 4.33). The correlation vas significant at 

the 5\ level between peroxide value at 300 hr and, in increasing 

significance, linolenic acid content < iodine value < predict 1 < 

predict 2. After oaission of two saaples, tobin (leudorf) and 

Stellar-87, which were found to vary considerably fro• expected 

stability values, correlations were !.proved. !he correlation was 

significant at the 1\ level between peroxide value at 300 hr and, in 

increasing significance, iodine value < linolenic acid content < 

predict 1 < predict 2. these results varied froa those previously 

found for the five canola cultivars. !he principle differences were 

1) previously no correlation between linolenic acid content and 

oxidative stability vas observed, 2) in this experi .. nt L+Ln was not 

significantly correlated with oxidative stability, 3) the tobin oils 

(B. ca~stris) did not show a superior stability co~red to the B. 

napus oils as they had done previously. However, these results 

confir~d that there were significant correlations between oxidative 

stability and both the iodine value and calculated inherent oxidative 

stability values. 

4.8.2.3 Jxperi~enta t and 7 colbined 

Correlations were calculated for the degu..ed oils fro• 

Bxperi.ents 4 and 7 coabined. A significant difference was noted, the 

greatest correlation, albeit negative, vas between oleic acid content 

and oxidative stability. However, the L+Ln was also significantly 

correlated at the 1\ level, as were the inherent oxidative stability 

values. the unsaturated fatty acid content and the linolenic acid 

content were significantly correlated at the 5\ level. Surprisingly, 
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TABLI 4.33 

Correlations between Expected Stability (calculated) 
and Observed Stability (PV at 300 Hr) of the Degummed Oils, from 
lxperiaaent 7 and lxperi.ents 4 and 7 Combineda 

Factor Correlations 
b c d e 

0 -0.343 -0.532 -0.787** -0.790** 

L -0.388 -0.415 0.147 0.084 

Ln 0.584* 0.780** 0.519* 0.653** 

L+Ln 0.373 0.550 0.737** 0.752** 

UFA 0.379 0.412 0.579* 0.661** 

IV 0.605* 0.770** 0.477 0.712** 

Predict 1 0.611* 0.798** 0.660** 0.740** 

Predict 2 0.613* 0.799** 0.667** 0.745** 

H 12 10 17 15 

a O, oleic acid; L, linoleic acid; Ln, linolenic acid; L+Ln, linoleic + 
linolenic acid content, calculated fro• fatty acid co~osition; UPA, 
unsaturated fatty acid content, calculated fro• fatty acid coaposltlon; 
IV, iodine value, calculated fro• oleic\ x 0.86 + linoleic\ x 1.732 + 
linolenic\ x 2.616; Pred1, predict 1, calculated fro• oleic\ x 1 + 
linoleic\ x 10 + linolenic\ x 25; Pred2, predict 2, calculated fro• 
B1eic\ X 1 + linoleic\ X 35 + linolenic\ X 88. 
O.itting vestar (Leaberg) and Tobin (Blpavin). Level of significance: 
~' = 0.576, 1\ = 0.708. 
O.itting lestar (Lemberg), Tobin (Hipawin), !obin (lelvington) and 

atellar-87. Level of significance: 5\ = 0.632, 1\ = 0.765. 
Saaplea fro• Experiments 4 and 7 coabined, o•itting Veatar (Leaberg) 

and !obin (Bipavin). Level of significance: 5\ = 0.482, 1\ = 0.606. 
Saaplea fro• lxperiaents 4 and 7 coabined, o•itting Veatar (Leaberg), 

~obin (Hipawin), !obin (lelvington) and Stellar-87. Level of 
significance: 5\ = 0.514, 1\ = 0.641. 
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the iodine value was not significantly correlated with the oxidative 

stability. Oaission of the outlier sa~les in Bxperi.ent 7, Tobin 

(lelvington) and Stellar-87, iaproved the correlations. Oaission of 

the outlier sa.ple fro• lxperi.ent 4, Tobin, did not significantly 

iaprove the correlations. The greatest correlation was observed with 

the oleic acid content as before. Correlations significant at the 1\ 

level were also obtained, in increasing order, with unsaturated fatty 

acid content < iodine value < predict 1 < predict 2 < L+Ln. The 

linolenic acid content was significantly correlated with the oxidative 

stability at tbe 1\ level. 
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CHAP!IR 5. DISCUSSIOif 

5.1 lxperl .. nt 1 - Content of non-triglyceride co~onents and their 

effect on oxidative stability 

Investigation of the effects of fatty acid co~osltion of canola 

cultivars on oxidative stability ls the first ala of the thesis 

research. !o perform this investigation it is necessary to control as 

closely as possible any other factors which alght affect the stability. 

Mon-triglyceride components are known to have a strong influence on the 

course of oxidation. !herefore, identification of the .est iaportant 

non-triglyceride co~onents,_ and the extraction and refining processes 

which affect their content, is necessary so that their effects can be 

ainiaised. 

The research in the thesis eaployed a large nu~r of procedures; 

for oil preparation, non-triglyceride component analysis, deteraination 

of oxidative stability and HPLC analysis of oxldised oils. lxperi.ent 

1 was intended to optiaise these procedures. 

5.1.1 Ron-trlglycerlde cowponents 

5.1.1.1 Comparison of heated and flaked seeds ylth the literature 

!he oils expelled froa cooked and/or flaked seeds contained 

substantially differing aaounts of non-triglyceride co~onents (!able 

4.2), as co.pared to co..ercial expeller oils. !be content of non

triglyceride co~onents in the press oils vas affected not only by 

press conditions but by seed quality (!able 4.1). 

Levels of phosphorus found in this experi.ent were substantially 
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lower than literature values for expeller oil, e.g. ca. 300 ppm 149 

(Dlosady et al, 1983). Solomon (1972) reported that phospholipid 

content in the oil vas reduced by a decrease in seed aoisture: seeds 

with 5\ and 9-11\ moisture had 2-times and 3-tlmes, respectively, as 

auch phospholipid as seed with 2.5\ .alsture content. Comaercial seed 

is usually pressed at ca. 8-9\ moisture (Teasdale and Mag, 1983), but 

the experi.ental seed had a moisture content of·ca. 4\. This lower 

moisture content would, at least partly, account for the low level of 

phosphorus found in the cooked seed press oils. 

Levels of free fatty acids were lover than those found 

co.aercially, usually 0.4-1.0\ (Teasdale and Mag, 1983). !his could 

also be attributed in part to the low seed .aisture content. Lipase 

and lipoxygenase activities, which lead to hydrolysis and hence an 

increase in free fatty acids content, are reduced at lover .oisture 

contents. 

The low sulphur contents of the oils were probably due to low seed 

aoisture, well below the 8-9\ needed for increased ayrosinase activity 

(Wiegand, 1971). !he slightly higher level in CS/1/- aight be due to 

inadequate heat treataent as the seed vas not cooked and was pressed at 

80-900C. Myrosinase activity is inhibited above ca. 900C at less than 

ca. 6\ moisture (Beach, 1983). However, this result is consistent 

with those found by Pickard et al (1985). They found that press oil 

froa a~ient seed had 0.5-0.9 pp• sulphur while oil fro• 900C heated 

seed bad 0.1-0.6 ppa sulphur. 

Chlorophyll content was higher than co.-only found in co..ercial 

oils, 2-25 ppa (Teasdale and Mag, 1983). !his ls a reflection of seed 



quality, the seed had a 6\ qreen seed content, and on this basis would 

have been qraded as canada Rapeseed No. 2 (canada Grain Commission, 

1985). 

carotenoid contents of the press oils were considerably hiqher 

than those reported by Hazuka and Drozdowski (1987) in lipid extract. 

However, the range of carotenoid contents expected in canola is not 

known and thus these values .ay not be abnormally hiqh. Differences in 

the determination procedure may also account, in part, for the higher 

experi .. ntal results. 

5.1.1.2 Co~p~risoo of cold press oil to the literatgre 

Cold press oils are known to contain lower amounts of non

triqlyceride .aterial.than oil obtained fro• conventional pre-press 

operations (lnuth and Ho.ann, 1984; Stein, 1983 and Blake, 1982). !he 

cold press oil obtained in this experiment had comparable free fatty 

acids content, peroxide value, chlorophyll and phosphorus contents to 

those in the literature. However, sulphur content was lower, trace to 1 

ppa coapared to ca. 6 ppa. !he conclusions drawn by Blake (1982) and 

Iouth and Ho.ann (1984) that cold pressing produced an oil of excellent 

quality, i.e. low content of non-triglyceride coaponents, are conflraed 

by the experi.ental results. 

5.1.1.3 Bffect of pretreatwent 

Oil expelled fro• 800C heated seed contained a substantially 

greater aaount of non-triglyceride .aterial than cold press oil. !he 

a.ount of non-triglyceride .aterial vas raised further in oil fro• the 

1oooc heated seed. However, flaked seed, despite an additional heat 

treataent, contained lover a•ounts of non-triglyceride .aterial, except 
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for free fatty acids and peroxide value. 

Residence time, temperature and moisture during cooking are known 

to affect oil quality (Wiegand, 1977). The disruption of cell 

structure and solubilisation of phospholipids and pigments during 

heating would account, in part, for the increased level of non

triglyceride .aterial in oil expelled from heated seed as compared to 

cold press oil. Heating the seed to 1oooc, or higher, has been 

reported to increase this solubilisation and would account for the 

increased level of non-triglyceride components in oll froa lOOOC heated 

seed, as co~red to oil fro• 800C heated seed. However, another 

factor to be considered ls the difference in extraction rates between 

cold press, ca. 69\, and heated seed, ca. 81\ and ca. 87\. The amount 

of phospholipids and other polar compounds passing into the oil 

increases during the last phases of extraction (Hougen et al, 1985). 

This increase was reported to begin after ca. 40-70\ of the total oil 

had been extracted. Thus, the difference in extraction rates would be 

expected to influence the content of non-triglyceride coaponents in the 

oil. However, it is probable that this makes a s.aller contribution 

than beating of the seed. 

!he lower levels of phosphorus and colour bodies in the oil 

expelled froa flaked seed aay be due to binding and/or agglomeration of 

non-triglyceride components during preheating or flaking which would 

result in decreased solubil.isation, or fixing, of phospholipids and 

pig.ents in the cake (Ward, 1976). The higher content of free fatty 

acids and greater peroxide value are indications of oil damage and are 

probably a result of the increased seed heat treatment. 
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5.1.1.4 Effect of barrel temperature 

Increasing barrel temperature during pressing of a particular seed 

resulted in an increase in non-triglyceride components. However, this 

vas probably a consequence of increased pressure and shear exerted on 

the seeds, which vas .anifested by an increase in barrel temperature, 

rather than the increase ln te.perature per se. Later experiments 

showed that temperature and pressure were closely related (Experiment 

2). The increased pressure and shear would increase the solubilisation 

of non-triglyceride coaponents, and thus their content in the oil. 

5.1.1.5 lffect of oil processing 

Re.oval of phospholipids, coaplete or partial, by degumming is 

usually regarded as an essential first step in refining. Degu .. ing 

re.aves aost of the phospholipids by hydration and separation of the 

resultant qu.a. Hydratable phospholipids include, phosphatidyl

choline (PC), -ethanolamine (PE), -inositol (PI) and -serine (PS), 

which have strongly polar groups; non-hydratable phospholipids include 

phosphatidic acid (PA) (Hvolby, 1971). Host of the phospholipid in 

canola oil is present as PC, PI and PI, ca. SO, 20, and 20 mole \, 

respectively (Larsson et al, 1978) and this would be re.aved during 

degu .. lng and alkali-refining. These authors also reported ca. 10 

aole \ PA, this, together with any more PA for.ed during processing, 

would be left in the oil. This would account for the residual 

phosphorus levels ln the bleached oil. 

Bleaching is an adsorption process. It ls affected by choice of 

activated earth, i.e. acidity, dosage, teaperature, ti.e, aixing and 

at.ospherlc vs. vacuua conditions (Wlederman, 1981). Acid activated 
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bleaching clays adsorb peroxides and colour bodies, such as chlorophyll 

and carotenoids. The Vega Clay Plus used in this experiment was an 

effective adsorber of chlorophyll, despite the high initial level in 

the heated seed oil. However, it vas less effective at removing 

carotenoid&. !he increased peroxide value, compared to degummed oil, 

is probably an indication of decreased stability of bleached oil during 

storage. 

5.1.2.1 Tocopherol and sterol contents 

!ocopherol contents and isomer distribution (Table 4.3) were 

consistent with the literature (Ack.an, 1983). Pretreat.ent of the 

seed did not significantly affect tocopherol content, although the 

highest levels vere found in oils fro• 1oooc heated seed and from 

flaked seed. !here is no literature available on the effect of oil 

extraction conditions on tocopherol content in the oil but, Rutkowski 

and Myzk (1969) found that in the solvent extraction of rapeseed oil 

increasing the solvent te.perature in the range 14-S20C did not 

significantly affect the tocopherol content of the oil. In this 

experiment a s.all increase in the tocopherol content was observed in 

oil from a particular seed treat.ent with an increase in barrel 

te~rature. A possible explanation for the unifora tocopherol 

content of the press oils is that, since the tocopherols are part of 

the neutral lipids, they are easily extracted with the initial press 

oil. Increasing the degree of oil extraction, which increases the 

content of polar components, would not significantly raise the 

tocopherol content of the oil. Tocopherols are sensitive to beat and 
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oxidation and it is also possible that, if greater quantities were 

extracted in the oil from heated seeds, they would be destroyed by the 

increased heat treatment. 

The degree of reduction in tocopherols by degu .. ing and by alkali

refining and bleaching was consistent with the literature (Walker and 

Slinger, 1975; Rutkowski and Myzk, 1969). However, a .ajor difference 

was found in the isomer distribution. Previous workers found only a 

small relative loss of «-tocopherol compared to l- and 4-tocopherols 

during processing. In this experi.ent there was a significant 

relative loss of a-tocopherol in the bleached oil. One explanation is 

that there was a selective adsorption of a-tocopherol on the bleaching 

clay. Another that a-tocopherol is aore sensitive to heat and 

oxidation than the other tocopherols and was preferentially destroyed 

during processing. 

The levels of tocopherols present in the oils, even after 

bleaching, would have significant antioxidant effectiveness and vitaain 

I activity (Ack.an, 1983). Ga..a tocopherol, although it has least 

vitaain I activity, has the highest antioxidant activity (Dzlezak, 

1986). The oxidative stability of canola/rapeseed has been attributed 

to its relatively high tocopherol content (Salunkhe and Desai, 1986). 

The total sterol content and isomer distribution (!able 4.3) were 

consistent with the literature (Ackaan, 1977; Ack.an, 1983). Sterol 

content of the press oils closely parallelled tocopherol content, 

except that oil fro• the flaked seed contained the highest aaount of 

sterols. 

!be overall reduction in sterol content after refining was 
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consistent with the literature; Daun and Bushuk (1983) reported a ca. 

20\ loss from crude to refined LEAR oil with little change in 

individual sterol ratios. However, Sleeter (1981) reported a 4\ loss 

on degu .. ing and a ca. 22\ loss after refining and bleaching for 

soybean oil. lxperi.ental results showed a 15\ loss after degumming 

and only a further 1\ loss after refining and bleaching. Unlike 

tocopherols, there was no change in isoaer distribution during 

processing. Johansson and Appelqvist (1978) characterised sterols as 

antioxidants in the concentration range found in this experiaent. 

They stated that differences in sterol levels could account for 

variations in oxidative stability of otherwise slailar oils. 

5.1.2 Effect of non-triglyceride co~gonents on oxidative stability 

The oxidative stability increased with increasing pretreatment 

(Figure 4.1), with increase in barrel temperature during pressing 

(Figure 4.3), and decreased progressively as oil was refined (Figure 

4.2). Oxidative stability of an oil is dependent on fatty acid 

co~osition and content of non-triglyceride co.ponents. The press 

oils had siailar fatty acid co.posltions, and thus the changes in 

oxidative stability could be attributed to differences ln non

triglyceride co~onents. 

5.1.2.1 tocopherols 

Tocopherols are pri.ary antioxidants and the oxidative stability 

of vegetable oils has been attributed to their presence (Salunkhe and 

Desai, 1986). However, the press oils in this experiaent had a 

relatively unifor• level of tocopherols which could not account for the 
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observed variations in oxidative stability (Figure 4.5). Hudson and 

Ghavami (1984) stated that reinforcement of edible vegetable oils with 

tocopherols would not significantly improve their oxidative stability. 

This was confirmed by Kwon et al (1984) who found that reinforcement of 

soybean oil containing 60 mg/100 g tocopherols to 120 ~/100 g 

tocopherols did not significantly improve the stability. Tocopherols 

have their greatest antioxidative effect at ca. 20-50 mg/100 g, the 

effect diminishes at increasing concentrations and becomes proxidative 

at ca. 150-200 ~/100 g (Dziezak, 1986). The tocopherol content of the 

experi.ental oils was at the upper end of the .est effective 

concentration, ca. 50-60 mg/100 g, and it is likely that concentration 

increases in this range have little effect on oxidative stability. The 

decreased oxidative stability of the bleached oil, which contained ca. 

30 mg/100 g compared to ca. 60 ~/100 g in the press oils, can be 

explained in part by its lower tocopherol content. 

5.1.2.2 Phospholipids 

!he non-triglyceride co~onent .ast closely related to oxidative 

stability was phosphorus (Figure 4.4). Phosphorus content corresponds 

to phospholipid content, e.g. phosphorus x ca. 25 = phospholipid. 

!here has been so.e confusion in the literature as to the proxidant or 

antioxidant activity of phospholipids (Sleeter, 1981). However, 

studies by Hildebrand et al (1984), Kwon et al (1984) and Hudson and 

Gbavaai (1984) have shown that, while having no antioxidant activity 

per se, phospholipids act as potent synergists with primary 

antioxidants, such as tocopherols. !he experiaental results shoved 

that, at ca. 60 ~/100 9 tocopherol, there was a direct linear 
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relationship between phospholipid content in the range 0.025-0.17\ and 

oxidative stability. The maximum effective level was ca. 0.22\. The 

solvent extracted oil, with ca. 0.44\ phospholipid, did not have a 

significantly !~roved oxidative stability, coapared to the oil from 

heated seed which contained ca. 0.17\ phospholipid. This agrees well 

with results obtained by Hudson and Ghavami (1984). They found that 

the synergistic effect of dipalmitoylPI (DPI) was a function of its 

concentration and that for a given substrate and tocopherol 

concentration, the induction period increased approxiaately linearly 

over t.he range 0. 025-0.25\ DPB. 

The experi.ental results, in which a considerable degree of 

synergism was observed at 600C, do not agree with results obtained by 

Dziezic and Hudson (1984). They found that synergistic activity of 

DPI ln refined rapeseed oil increased with oxidation te.perature in the 

range 800C to 1400C and was slightly proxidative at 600C. subsequent 

analysis using thin fila oxidation of rapeseed oil at rooa temperature 

found that 0.1\ DPB shoved very slight synergism. 

Explanations for the differences in synergism could lie in the 

coaposition of the phospholipids, and in alterations in the .echanisa 

of autoxidation and antioxidation at elevated teaperatures. 

Larsson et al (1978) found that the phospholipid co.positlon of 

co..erclally processed rapeseed gum was ca. 50:20:20:10 .ole \ of 

PC:PI:PI:PA, respectively. Several authors have shown the synergistic 

effect of phospholipids to be dependent on cheaical class, but there is 

little agreement as to the .est effective species. Bratkowsta and 

Blewiadoasti (1976) found that the 'lecithin' fraction (84\ PC, 13\ 
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lysoPC) was more effective than the 'cephalin' fraction (58\ lysoPE, 

26\ PS, 17\ PI) in prolonging the induction period of rapeseed oil. 

Hudson and Ghavami (1984) found that PE was most effective in both lard 

and rapeseed oil, followed by PA, PC and PS, while PI was, if anything, 

proxidative. Hildebrand et al (1984) found that PI was .ore effective 

than PC, PE and PA in preventing oxidation of soybean oil. These 

studies were performed at elevated temperatures, ca. 90-1400C. 

Autoxidation and antioxidation is known to proceed by different 

aechanis.a at elevated temperatures. Labuza (1972) stated that 

antioxidant effects observed at oxidation temperatures greater than 

600C could probably not be applied to lower temperatures. Dziezic and 

Hudson (1984) attributed the greater effectiveness of DPE at elevated 

temperatures to a change in the autoxidation .echanism, the high 

temperature mechanism permitting the intervention of the synergist. 

Although the mechanisa of phospholipid synergism is not known, both 

Hildebrand et al (1984) and Hudson and Ghavami (1984) concluded that it 

could not be accounted for by trace .etal chelation. Hildebrand et al 

(1984) suggested that the aaino group of PI and PC and the reducing 

sugar of PI could facilitate hydrogen, or electron, donation to 

tocopherols. In this way the phospholipids would extend the 

effectiveness of the tocopherols and hence the induction period. 

It is likely that the aechanism of phospholipid synergism is 

different at 600C compared to the elevated temperatures used in the 

other studies. It is also possible that the synergistic activity 

exhibited by a particular phospholipid class is affected by oxidation 

te~rature. Consequently, particular phospholipids say be more 
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effective at 600C and below than at higher temperatures. This has 

considerable implications, vegetable oils are only held at greater than 

600C for a short time during processing and are stored at much lower 

teaperatures (Swern, 1984). Several of the authors quoted in this 

section have suggested adding phospholipids back to refined oils to 

improve their oxidative stability, but antioxidant additions based on 

studies carried out at elevated temperatures, ln particular greater 

then 600C, may be ineffective at preventing oxidation during storage. 

Phospholipid synergism is also dependent on substrate, e.g. fatty 

acid composition of the oil, and pri.ary antioxidant content. Both of 

these •ust be i~ortant considerations in any recomaendations 

concerning addition of phospholipids to oils. 

5.1.2.3 Other COIQOnents 

The degummed oil was more stable than could be predicted from 

either phospholipid or tocopherol contents. This stability could have 

been due to reduced initial FFA and PV contents, or reduced contents of 

proxidants, such as trace metals, removed during degumming. Relative 

coaposition of phospholipid classes could have been altered by 

degu .. ing (Section 5.1.1.5) to produce a more effective synergist 

(Section 5.1.2.2). 

The oil froa the flaked seed was .ore stable than could be 

explained by either tocopherol or phospholipid contents. This .ay 

have been due to its elevated sterol content. Sterols have been 

characterised as antioxidants (Johansson and Appelqvist, 1978). 
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5.1.3 Change in oil guality after oxidation 

During oxidation the press oils were significantly reduced in 

colour, i.e. bleached (Table 4.4). The magnitude of bleaching was 

related to the degree of oxidation undergone by the oil and the initial 

colour and chlorophyll content of the oil. Chlorophyll is converted 

to colourless derivatives by reaction with peroxy radicals produced 

during oxidation (Werman and Heeman, 1986). Chlorophylls and 

pheophytins are also bleached by heat. Endo et al (1985a) found that 

at JOOC chlorophylls were bleached, but at sooc both cblorophylls and 

pbeophytins were bleached. It is, therefore, likely that some of the 

chlorophyll loss was caused, not by oxidation, but by the oxidation 

te.perature. Although carotenoid contents of the oxidised oils were 

not deterained, the oils were considerably less yellow and destruction 

of carotenoids had probably taken place. Beta-carotene is easily 

oxidised to epoxycarotenoids which are colourless (Terao and 

Matsushita, 1981). Oxidation products of a-carotene can induce 

autocatalytic oxidation in oils. 

The co..ercial oil, however, became darker on oxidation. !his is 

probably due to its higher phospholipid content. During heating of 

oil for extended lengths of ti.e, or at elevated teaperatures 

phospholipids can turn brown and discolour the oil (Ragan and Handel, 

1985). 

5.1.4 HfLC analysis of oxidlsed oils 

!he preliainary results using derivatised oxldised oil sa~les to 

aonitor the progress of oxidation were extremely proalsing. !he 
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correlation between peroxide value and HPLC area of the derivatised 

fatty acids was excellent (Figure 4.7). The separation and 

resolution of the complex mixture of linoleic and linolenic acid 

hydroperoxides form canola oil oxidation, as hydroxy fatty acids, was 

good. 

5.2 lxperl .. nt 2 - Cold press characterist1ca 

Plant breeding to alter the fatty acid composition is likely to 

alter other characteristics of the seed. Seed characteristics which 

affect oil extraction are of interest to the oilseed processor. Cold 

press characteristics of the seeds were investigated for two reasons. 

Firstly, there is increasing interest among oilseed processors about 

cold pressing which would avoid seed conditioning and flaking in the 

pre-press plus solvent extraction process. There is also increasing 

interest in on-farm and village-scale pressing and these type of 

operations are likely to cold press whole seed. Secondly, it was 

intended that the oil extracted in this experiment would be used for 

oxidative stability investigations. Results from lxperiaent 1 

indicated that cold press oil should be used to keep the content of 

non-triglyceride components to a minimum. 

5.2.1 Seed analysis 

The .oisture content of 'naturally dry' rapeseed ls in the range 

6-9\, this relatively low level is a consequence of the high oil 

content of rapeseed (Appelqvist, 1972). However, .oisture content 

depends on environmental and storage conditions. !he seeds as 
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initially received had ca. 5-7\ moisture. Except for Tobin, they were 

stored at 40C in cloth sacks. Cool air holds more moisture than warm 

air and so the seeds equilibrated to a higher moisture content. Tobin 

vas stored in a air-tight container and had a lower, unchanged, 

moisture content. The additional canola samples, candle, Westarl and 

westarii, were stored in cloth sacks at room temperature and had lower 

moisture contents of ca. 4-5\. 

Crude fat contents of the five cultivars were ca. 3\ units higher 

than the 1983 average given by the Expert Committee on Grain Quality 

(1984) (Table 4.5), this is probably due to different .ethods of 

analysis. Westar and Regent had higher oil contents than the average 

reported for each cultivar, but Tobin had a significantly lower content 

reflecting the poor oil extractability of B. campestris cultivars. 

The candle sample, also a B. campestris cultivar, had a significantly 

lower oil content compared to the B. napus cultivars. Both 

experiaental HLLL cultivars had lower oil contents than the commercial 

cultivars. Low oil yield and other poor agronoaic characteristics of 

low linolenic acid cultivars have been a recurring problem for plant 

breeders (Robbelen, 1984). 

exude fibre, crude protein and ash contents (Table 4.5) were 

higher than those in the literature, but were within expected ranges 

(Salunkhe and Desai, 1986). As expected fro• the literature, the B. 

ca•pestris cultivar, Tobin, had lover fat and protein contents and 

higher crude fibre content than the B. napus cultlvars. the other B. 

ca•pestris cultlvar, candle, while having the expected low fat and high 

crude fibre contents also had a high crude protein content. It is 
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likely that this anomaly can be attributed to experimental error. 

5.2.2 Press characteristics 

Throughput, or seed flow rate, and residual oil content (RO) of 

the presscake, which combined give oil output, are usually considered 

the most important press characteristics (Table 4.6). The 

optialsation of these para.eters for a cold press operation, such as 

for on-farm crushing, or for village level crushing as practiced ln 

industrially less-developed countries, would depend on the objectives 

of the operation (Vadke et al, 1987). If .aximua oil extraction is 

required, and the quality of the oil and cake ls not of great 

l.portance, a low RO should be achieved. If oil output, together with 

oil and aeal quality, is of importance a moderate RO should be the 

objective. Residual oil content and throughput are inversely related. 

An additional consideration is pressure within the barrel since high 

pressures result in greater power requirements. 

Press characteristics are affected by both press paraaeters, e.g. 

choke setting and vora speed, and seed parameters, e.g. aoisture 

content and other composition factors. 

5.2.2.1 Bffect of choke setting 

The only press parameter altered in this experiment was choke 

setting. The possible settings varied froa o, fully open, to 30, 

fully closed, but based on previous experiments only openings 8 and 10 

were used. Residual oil content was lower, and pressure and 

extraction efficiency were greater at setting 8 as co.pared to setting 

10. ror the five canola cultivars throughputs were slallar at both 
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choke settings, except for Tobin, which had a considerably greater 

throughput at 10 as compared to 8. Vadke et al (1987) found that 

throughput increased as the choke opening increased in the range 6-12 

in canola seed with ca. 4\ .olsture content. 

5.2.2.2 Effect of seed parameters 

Press characteristics were strongly influenced by seed moistur~ 

content (Table 4.6). Vadke et al (1987) found that throughput reached 

a maximum at 5.0\ moisture, but that RO shoved a progressive increase 

with increasing seed moisture content over the range 4-10\. 

Press characteristics, as deterained by RO and throughput, for the 

five canola cultivars and the additional cultivars are shown in Figure 

4.8. lestarl and Vestarii showed the .oat desirable characteristics, 

i.e. low RO and high thro~ghput. The poorer characteristics of the 

Westar in the five canola cultivars can be attributed to its 

considerably higher aoisture content. The B. campestris cultivars, 

candle and to a lesser extent Tobin, showed poorer press 

characteristics than the co-.ercial B. napus cultivars despite 

relatively low moisture contents. This confirms the results of Vadke 

et al (1987) who found that candle had lover throughputs and RO values 

as co~red to lestar at co.parable .oisture contents. The two 

experi.ental cultivars had the least desirable press characteristics, 

they bad the highest RO values and the lowest throughputs. The high 

moisture contents, 10.8\ and 11.6\, in the experiaental cultivars could 

not fully account for their poorer press characteristics. Regent, 

which contained 11.6\ .oisture, bad a higher throughput and lower RO as 

coapared to the experi.ental cultivars. 
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The press characteristics of a seed are determined by physical 

factors, such as plasticity, compressibility and viscosity, which are 

in turn determined by the seeds' chemical composition (Davison et al, 

1975). Apart from seed moisture it is not known which composition 

parameters affect the press characteristics. However, B. ca•pestris 

cultivars in general contain larger amounts of fibre and s.aller 

amounts of fat and protein, and have smaller seeds as compared to B. 

napus cultivars. 

5.2.2.3 Press cbJracteristics from Experiment 6 

To determine the variations in press characteristics in seed from 

the sa.e cultivar grown in different locations, and in seed from 

different fields in the sa.e location a series of Tobin sa.ples were 

pressed (Experiment 6, Table 4.24). There was only a small variation 

in moisture content between samples, 5.5\ to 5.9\, and this would not 

be expected to make a major contribution. There were no significant 

differences in throughput, although the first saaple pressed, Kernen-1, 

had a lover throughput of 8.4 kg/hr as co~red to ca. 9 kg/hr. This 

discrepancy could be attributed to lack of stabilisation of the press 

since only 1 kg of war~up seed was used. Pressure followed the same 

pattern as throughput. Although RO varied from 14.97\ to 18.73\, 

there vas little difference in extraction efficiency. This was 70\ 

and 72\ in seed from Kernen, 67\ and 66\ in seed from Zimmerman and 70\ 

in seed from Goodale. Differences in RO were directly related to oil 

content of the whole seed. 

It was concluded froa these results that there were no significant 

differences in throughput, pressure and extraction efficiency between 

165 



seed samples from different fields in the same location; and that there 

were only slight differences between seeds grown at different 

locations. However, there were significant differences in oil content 

of the seeds and these resulted in significant differences in RO. It 

aust be noted that the three locations in this experiment were within a 

5 aile radius east of Saskatoon. 

5.2.2.4 Press characteristics from Bxperiment 1 

The press characteristics of Tobin, Regent and Westar from 

different locations in Saskatchewan, and of Stellar grown in Manitoba 

froa different crop years were determined (Table 4.27). Stellar is 

the licensed named of the cultivar previously designated as HLLL(UM). 

The range of .aisture contents, 3.7\ to 6.3\, would be expected to 

have a significant effect on press characteristics. The samples 

exhibited a considerable range of press characteristics, even within 

cultivars. However, in general the commercial B. napus cultivars, 

Westar and Regent, had higher throughputs, RO values, and lower 

extraction efficiencies and pressures than the B. caapestris cultivar, 

Tobin. It should be noted that the lower RO values and higher 

extraction efficiencies of Tobin can, in part, be attributed to its 

poor oil extraction characteristics which affect the determination of 

oil content (Section 5.2.1). !he ano.alous values obtained for the 

Tobin sa.ple fro• Kelvington were probably caused by buildup of 

aaterial in the press since this was the last sample crushed. The RO 

value and extraction efficiency are closer to those expected for a full 

press operation; a high barrel temperature, as well as the high barrel 

pressure, was recorded and the presscake was burnt. 
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It is difficult to come to any conclusions about the press 

characteristics of Stellar since the two samples gave such different, 

and contradictory, results. The most important anoaalies are the 

increased pressure and dramatically increased throughput at the higher 

moisture content, Stellar-87. Previous studies have shown that 

throughput and pressure decrease with increasing moisture content 

(Vadke et al, 1987). It is likely that the anomalies were caused by 

variations in press performance. Comparison of the 1984 Stellar with 

Tobin and Westar samples with comparable aolsture contents indicated 

that Stellar had the lowest throughput, but an inter.ediate RO and 

extraction efficiency. 

These results confirm, at least partly, those obtained in 

Experiment 2 (Figure 4.8, Table 4.6). To fully compare the press 

characteristics of Stellar to those of the commercial cultlvars it 

would be necessary to press samples at the same moisture content. 

5.2.3 Solyent extraction of presscake 

Hitle et al (1987) found no significant reduction in press 

characteristics ln Stellar when extracted on a pilot plant scale by 

pre-press plus solvent extraction. This result was confiraed by 

co~ining the oil yield fro• solvent extraction with that from cold 

press (!able 4.7). The HLLL(UM) sa~le, stellar, gave the highest 

total yield. 

For a commercial pre-press plus solvent extraction operation lt is 

likely that Stellar would not have significantly poorer perfor.ance 
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characteristics as compared to those of the current commercial 

cultivars. However, in an operation with a cold press first stage, 

such as VPEX pressing, poorer performance during pressing would affect 

subsequent stages. For an on-far• or village level cold pressing 

operation, in which there is less control over seed parameters such as 

moisture content, cultivars with poorer press characteristics, such as 

the B. campestris cultivars and Stellar, would be less desirable as 

compared to Westar and Regent. 

5.2.4 Bon-triglyceride components in cold press oils 

Co~ared to the non-triglyceride components in cold press oil in 

Bxperi.ent 1 (Table 4.2), the oils from the five canola cultivars had 

lower levels of chlorophyll and carotenoid&, but higher levels of 

phosphorus and free fatty acids (Table 4.8). As discussed in Section 

5.1.1, contents of non-triglyceride components in the oils are affected 

by seed quality and pressing conditions, i.e. degree of extraction 

since seeds were not pretreated. The lower levels of chlorophyll can 

be attributed to the significantly lower green seed content, less than 

2\ as co~red to 6\. Both the higher levels of phosphorus and free 

fatty acids can be attributed to the higher seed .aisture content, 

6.6\-11.6\ as co.pared to 4.9\. 

With the exception of Tobin, oils expelled at choke setting 8 

contained greater a•ounts of non-triglyceride .aterial as co•pared to 

those expelled at setting 10. The RO and extraction efficiencies were 

greater at setting 8 as co~red to opening 10, as discussed in Section 

5.1.1.3, content of non-triglyceride components increases with degree 
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of extraction. The Tobin oil expelled at setting 10 had a lower 

chlorophyll content as expected but, higher phosphorus and colour 

values. It is possible that these discrepancies can be attributed to 

experimental error. 

5.2.5 Ron-triglyceride components of solyent extracted oils 

The solvent extracted oil contained considerably larger amounts of 

non-triglyceride material than the cold press oils (Table 4.8), in 

particular a ca. 11-18-fold increase in phosphorus content (Table 4.9). 

!his increase was as expected froa the literature, although the actual 

values were lower than those found in co..ercial operations (Diosady et 

al, 1983). However, the phosphorus content of extracted oil varies 

considerably, depending greatly on processing conditions (Hougen et al, 

1985). It is likely that the lack of heat treatment prior to pressing 

also affected the content of non-triglyceride coaponents in the oil 

solvent extracted froa the presscake. The more complete the 

extraction the greater the aaount of non-triglyceride .aterial removed. 

Residual oil content of the presscake vas less than 0.5\. 

!he high free fatty acid levels are an indication of heat, and 

possibly oxidative, damage occurring in the oil during solvent 

extraction. The presscakes were refluxed in a Soxhlet with hexanes 

for 16 hr. 

5.3 lxperi .. nt 3 - !otal lipid co~oaition of the five cultlvara 

Plant breeding to alter the fatty acid coaposition is likely to 

affect other lipid characteristics in the new genotype. It is, 

therefore, desirable to investigate in detail the total lipid 
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composition of the canola cultivars studied in the research program. 

5.3.1 Determination of lioid fractions 

The experimental results for proportions of lipid fractions (Table 

4.10) were in general agreement with those reported in the literature, 

except that the polar constituents were ca. 3 percentage units higher. 

Sosulski et al (1981) reported ca. 95-96\ neutral lipid (HL), ca. 3.5\ 

phospholipid (PL) and ca. 0.9\ gl~colipid (GL). The main discrepancy 

was in the GL content, which was ca. 2-times higher than that 

previously reported. The discrepancy could have been due to 

differences in experimental procedure, or to contamination of the GL 

fraction with ML or PL. 

The relatively greater NL content observed in Tobin is likely to 

be due to the poorer oil extraction characteristics of B. campestris 

cultivars, as compared to B. napus cultivars. Polar lipids are 

extracted last, and it is possible that if the seed had been subjected 

to a aore severe extraction additional polar lipids would have been 

reaoved. 

5.3.2 ratty acid co~position of total and neutral lipids 

The total lipid extract (TL) and neutral lipid fraction (HL) 

showed considerable variations in fatty acid coaposition (Figure 4.9, 

!ables 4.11 and 4.12). Three fatty acids, oleic, linoleic and 

linolenic, accounted for ca. 90\ of the total, and their contents 

varied froa ca. 55-64\, ca. 19\ to 29\ and ca. 3\ to 11\, respectively. 

The HL fraction was quantitatively the most laportant and, of the 

fractions isolated, its fatty acid co~osition is aost likely to 

rese.Ole that of the extracted oil. 
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The fatty acid composition of both the total lipids and the 

neutral lipid fraction from Tobin and Westar was similar to the average 

composition of these cultivars reported for the 1983 crop (Expert 

co .. ittee on Grain Quality, 1984). However, total lipids extracted 

from Regent had a lower content of oleic acid and higher contents of 

linoleic and linolenic acids than the literature. The altered fatty 

acid composition for Regent might be a reflection of the elevated level 

of glycolipids (GL) (Table 4.10). GL has a lower level of oleic acid 

and higher levels of linoleic and linolenic acids than neutral lipids 

(Sosulski et al, 1981). !his explanation is supported by the fatty 

acid co.position of HL fraction in Regent (Table 4.12) which was 

siailar to the average composition reported for the 1983 crop (Expert 

co .. ittee on Grain Quality, 1984). 

The fatty acid compositions of HLLL(AC) and HLLL(UM) agreed well 

with the literature (G. Rakow, personal communication, 1984, and B. 

Stefansson, personal communication, 1984, respectively). 

5.3.3 ratty acid coaposition of the pglar lipids 

Patty acid compositions of the polar lipid fractions froa the B. 

napus cultivars (Figure 4.9, Tables 4.13 and 4.14) were, in general, 

consistent with the literature. 

Sosulski et al (1981) and Hougen et al (1985) found that GL froa 

LEAR had elevated levels of palaitic, stearic and linoleic acids and a 

substantially reduced oleic acid content, as compared to HL. Co.pared 

to those reported in the literature, the observed differences for the 

B. napus cultivars were auch s.aller in the commercial cultivars, but 

less so ln the HLLL cultivars. !obin, a B. caapestris cultivar, in 
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contrast had an increased oleic acid content and decreased linolenic 

acid content. 

The relatively small differences between NL and GL compositions 

might be due to contamination of the GL with NL, also suggested by the 

raised GL content (Section 5.3.1), as compared to the literature. 

Thin layer chromatographic analysis of the glycolipid fraction revealed 

the presence of neutral lipids. 

Sosulski et al (1981) and Hougen et al (1985) also found that 

phospholipids (PL) had an increased content of palmitic and linoleic 

acids and a decreased content of oleic, linolenic and long chain fatty 

acids, as co~ared to NL. As with the GL fraction, experimental 

results for the B. napus cultivars were, in general, consistent with 

the literature. There vas a substantial increase in palmitic and 

linoleic acids and the commercial cultivars had a significant decrease 

in linolenic acid content. However, the HLLL cultivars had increased 

levels of this fatty acid. Tobin, the B. campestris cultivar, 

differed considerably in linoleic acid content. All cultivars had an 

al.ast complete loss of long chain fatty acids. 

OVerall the fatty acid coaposition of the polar lipids differed 

fro• that of the !L or HL fraction and their fatty acid coaposition 

appeared to be influenced by both species and fatty acid composition of 

the !L. The fatty acid composition of the polar lipids vas not as 

unifora as predicted by the literature (Appelqvist, 1976). 
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5.3.4 Trlglycerides 

5.3.4.1 Fatty acid composition 

As expected the fatty acid composition of the triqlycerides (Table 

4.15) was similar to that found in the neutral lipid fraction (Table 

4.12). However, oleic acid contents were slightly higher while the 

contents of linoleic, linolenic and long chain fatty acids were 

co.pensatingly lower. This alteration could be due to the removal of 

non-triglyceride material containing greater amounts of the reduced 

fatty acids, or to selective adsorption, and hence loss, of these fatty 

acids during column chromatography. 

5.3.4.2 HPLC analysis 

Triglycerides (!G) were separated on reverse-phase HPLC on the 

basis of their equivalent carbon nu~r (BCH) (Figure 4.10, Table 

4.16). There was so.e resolution within the peaks on the basis of 

degree of unsaturatlon of the !G species. The more highly unsaturated 

TG species, containing higher aaounts of linolenic and linoleic acids, 

were eluted first (Table 4.17). The less saturated TG species, 

containing increasing a.aunts of oleic acid, were eluted progressively 

later. 

The experimental results were very similar to those reported in 

the literature. Petersson et al (1981), working on Lobra (low erucic 

acid) oil, found a similar triglyceride elution pattern and identified 

the same triglyceride species, as co.pared to the experlaental results. 

Takahashi et al (1984), who studied the TG coaposition of rapeseed oil 

(low erucic acid), also obtained siailar HPLC chro.atogra.s to the 

experlaental ones. However, although the same triglyceride species 
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were identified, there was considerable variation in relative retention 

ti.e of the species compared to those found by Petersson et al (1981) 

and this experiment. Takahashi et al (1984) stated that elution of TG 

species on reverse-phase HPLC was controlled by ECH only under certain 

restricted conditions, and that use of a different column, in this case 

LiChrosorb RP-18, produced deviations from expected relative retention 

ti.es. This would account for the observed differences. 

5.3.4.3 Triglyceride analysis of canola 

There was considerable variation ln TG composition a.ong the five 

canola cultivars (Figure 4.10, Table 4.16). The variation was related 

to the fatty acid composition, e.g. the cultivars which had lower 

linolenic acid contents had lower amounts of the TG's which contained 

linolenic acid. However, particular fatty acids were found in several 

fG species and the relationship between fatty acid content and TG 

species containing that fatty acid was complex. 

Harris and Horton (1983) found that zero erucic acid spring and 

winter rapeseed cultivars, which had similar fatty acid compositions, 

had siailar !G coapositions. lrglu, a low erucic acid spring rape, 

bad a siailar !G co.position to the zero erucic acid cultlvars. The 

experi.ental results differ from these in that differences in TG were 

observed between cultivars which had similar fatty acid compositions. 

It is likely that the HPLC technique used in this experiaent gave a 

better resolution and determination of triglycerides than the method 

used by Harris and Horton (1983). They identified triglyceride 

species according to the nu~er of double bonds. These authors 

concluded that different species of !G rich in polyunsaturated fatty 
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acids were produced by LEAR, compared to HEAR, to accommodate the 

increased proportions of these fatty acids in the seed and that 

breeding out of erucic acid leads to more complex changes in the TG 

than might be expected from the fatty acid composition. These 

conclusions can be extended by the present experiment which has found 

that further alteration of the fatty acid composition of canola by 

genetic .anipulation result in alterations in triglyceride species 

distribution which cannot be directly related to fatty acid 

co.posltion. It ls possible that plant breeding, by altering the 

biosynthesis of particular fatty acids, also alters the biosynthesis 

and distribution of TG species containing those fatty acids. 

5.4 lxpexi .. at 4 - Oxidative stability 

Deteraination and comparison of the oxidative stabilities of oil 

froa canola cultivars with varying fatty acid compositions was the 

first stated aim of this thesis. canola oil in co.-ercial trade is 

usually either crude, degu..ed or refined, bleached, deodorlsed and 

thus, it would be relevant to compare the oxidative stabilities of the 

oils at these stages of refining. 

The effects of non-triglyceride components in general, and 

phosphorus in particular, on oxidative stability of canola oils were 

investigated in Experiment 1. Cold press oils from Experiment 2 were 

processed as uniforaly as possible to keep variations in the content of 

non-triglyceride co•ponents to a ainiJRUm. 
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5.4.1. Non-triglyceride components 

5.4.1.1 Bleached oils 

The bleached oils were uniform in the amount of non-triglyceride 

coaponents present (Table 4.18). They contained no detectable amounts 

of chlorophyll or carotenoids, this does not agree with the bleached 

oil in Experiment 1 (Table 4.2) which had 10.8 ppm chlorophyll and 138 

ppa carotenoids. These discrepancies can be explained by the addition 

of activated charcoal to the bleaching clay in Experi.ent 4. As it 

was not possible to deodorise the oils, due to insufficient sample, 

they were 'double-bleached' to re.ave as much non-triglyceride material 

as possible and thus simulate deodorised oils. 

The variation in phosphorus content was negligible. rroa the 

equation between phosphorus content and oxidative stability determined 

in Experiment 1 (Figure 4.4), variations in the peroxide value at 300 

hr caused by differences in phosphorus content would be expected to be 

less than 0.2 mH/kg. 

5.4.1.2 Cru4e. degu'l'd oils 

Crude, deguaaed oils contained considerably greater amounts of 

non-triglyceride material (Table 4.20), as compared to the bleached 

oils (Table 4.18). Except for chlorophyll content which varied fro• 

4.33 ppa to 22.44 ppm, there were only saall variations in the content 

of non-triglyceride co.ponents. The free fatty acids content and the 

peroxide values indicated that the oils had already undergone some heat 

and/or oxidative damage. 

Phosphorus content differed by 3.02 ppa among the crude, degumaed 

oils. Proa the equation between phosphorus content and oxidative 
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stability determined in Experiment 1 (Figure 4.4), variations in the 

peroxide value at 300 hr caused by differences in phosphorus content 

would be expected to be ca. 0.3 mH/kq. 

5.4.2 Fatty acid composition 

Both bleached and crude, deqummed oils from each cultivar had 

si•ilar fatty acid compositions (Tables 4.19 and 4.21). However, 

bleached oils contained a higher amount of oleic acid and a lower 

amount of linolenic acid, as compared to the crude, degumaed oils. 

The fatty acid coapositions of the bleached oils were siailar to those 

of the neutral lipid fractions (Table 4.12), while the fatty acid 

co~sitions of the crude, degumaed oils were siailar to those of the 

total lipid extracts (Table 4.11). The differences in fatty acid 

coaposition can be attributed to the presence of phospholipids and 

other non-triglyceride components in the crude, degumaed oils. These 

lipid coapounds have altered fatty acid compositions compared to the 

triglycerides (Tables 4.13 and 4.14). Bleached oils are predoainantly 

triglyceride& (Salunkhe and Desai, 1986). 

5.4.3 Oxidatiye stability 

5.4.3.1 Bleached oils 

!he oxidative stability, as characterised by the peroxide value at 

300 hr, vas greatest in HLLL(UM), least in HLLL(AC) and intermediate in 

the three co..ercial oils, which increased in the order Regent > Tobin 

> Vestar (Figure 4.11). The difference in stability between Regent 

and Tobin were not significant, and the difference between Tobin and 
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Westar was slightly greater than experimental error (Section 5.4.4). 

These variations were greater than expected from differences in 

phosphorus content (Section 5.4.1.1). The instability of HLLL(AC) 

was surprising since it had a reduced content of linolenic acid, as 

compared to the comaercial cultivars. !he effect of fatty acid 

composition on oxidative stability is discussed in Section 5.4.5 below. 

5.4.3.2 Crude. degumged oils 

The crude, degummed oils followed the same pattern as the bleached 

oils (Section 5.4.3.1), except that the commercial cultivars increased 

in stability in the order Westar > Regent > Tobin. !he differences in 

stability between the commercial cultivars were slightly greater than 

experimental error (Section 5.4.4) or expected froa variations in 

phosphorus content (Section 5.4.1.2). !he effect of fatty acid 

composition on oxidative stability is discussed in Section 5.4.5 below. 

5.4.3.3 Comparison on the oxidative stabilities of bleached and crude. 

degull!d oils 

Tbe crude, degu.aed oil in each cultivar had slightly greater 

oxidative stabilities, as deterained by the peroxide value at 300 hr, 

co~red to bleached oil froa that cultivar (!able 4.28). However, 

the increase vas not as great as expected fro• previous studies on the 

effect of oil refining on oxidative stability fro• Experiment 1 (Figure 

4.2). Except in westar oils which had a difference of ca. 2.8 aM/kg 

between bleached and crude, degummed oils, the increase vas less than 

the ca. 1.5 -"/kg difference expected fro• the increase in phosphorus 

content (calculated froa equation ln Figure 4.4). !he reduced 

stability of the crude, degu..ed oils was probably due to a higher 
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initial degree of oxidation as indicated by higher peroxide values and 

free fatty acid contents (Table 4.20), as compared to the bleached oils 

(Table 4.18). The crude, degummed oils contained greater amounts of 

unsaturated fatty acids (Table 4.21), as compared to the bleached oils 

(Table 4.19). The effect of fatty acid composition on oxidative 

stability is discussed in Section 5.4.5 below. 

5.4.4 Oxidative stability of Tobin oils from Experiment 6 

A series of Tobin oils vas analysed for oxidative stability 

(Figure 4.21). Tobin oils obtained from seeds grown at different 

locations, and different fields at the same location were investigated. 

A duplicate of one sample, Kernen-1, vas run to determine the accuracy 

of the oxidative stability deteraination procedure. 

The content of non-triglyceride components in the Tobin oils were 

uniform. From the equation between phosphorus content and oxidative 

stability determined in Experiment 1 (Figure 4.4), variations in the 

peroxide value at 300 hr caused by differences in phosphorus content 

would be expected to be less than 0.2 mH/kg. 

The variation in stability in the duplicates, Kernen-1(1) and 

Kernen-1(2), vas saall (Table 4.28), 0.13 mH/kg, which gave a 

coefficient of variation of ca. 0.7\. This was a satisfactory level 

of accuracy, the coefficient of variation for peroxide value 

deterainations was also 0.7\. 

The variation in stability, ca. 0.8 mH/kg, between the Kernen 

sa.ples froa different fields, i.e. Kernen-1 and Kernen-2, was less 

than that between the two locations. Zi..er.an-2 vas aore stable with 
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a peroxide value at 300 hr of 12.00 mH/kg, as compared to 13.07 mH/kg 

and 13.85 mH/kg in Kernen-1 (average value) and Kernen-2, respectively. 

The Tobin oils had differing fatty acid compositions (Table 4.26), the 

effect of fatty acid composition on oxidative stability is discussed in 

Section 5.4.5 below. 

5.4.5 Effect of fatty acid composition on oxidative stability 

It was apparent from initial examination of the oxidative 

stabilities of bleached and crude, degummed oils from the five canola 

cultivars (Figures 4.11 and 4.12, respectively) that the stability was 

not directly related to the linolenic acid content (!ables 4.19 and 

4.21, respectively). Although HLLL(UM) had the lowest linolenic acid 

content and the greatest stability, HLLL(AC) which also had a reduced 

linolenic acid content had the lowest stability. Another discrepancy 

was that Tobin, which had the highest content of linolenic acid, did 

not have a significantly decreased stability as compared to Regent and 

westar. Thus, it was decided to deteraine other factors calculated 

froa the fatty acid composition to explain the observed variations in 

oxidative stability. 

5.4.5.1 Prediction of the inherent oxidative stability of canola oils 

The oxidative stability of fatty acids decreases with increasing 

unsaturation (Richardson and Korycka-Dahl, 1980). It was, therefore, 

considered that the oxidative stability aight be related to the content 

of the polyunsaturated fatty acids, linoleic and linolenic acids 

(L+Ln), or to the total content of unsaturated fatty acids (UFA). 

There was a possibility that the stability was related to the degree of 
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unsaturation in the oil, a measure of unsaturation is the iodine value 

(IV). This was calculated from the fatty acid composition (Hikle, 

personal communication, 1986). However, these factors do not take 

into account the relative stabilities of the component fatty acids. 

Although there is agreement in the literature that the decrease in 

stability is greater between oleic and linoleic acids, than between 

linoleic and linolenic acids, there are few quantitative values 

available. The prediction values, Predict! and Predict2, were 

calculated from the relative stabilities of the component fatty acids, 

Swern (1980) and Richardson and Korycka-Dahl (1980), respectively, and 

their contents in the oils. These calculated values are given in 

Table 4.28. 

5.4.5.2 Correlations betyeen experimental and predict•d stabilities 

The lack of significant correlations between the values calculated 

fro• the fatty acid coaposition and the observed stabilities (Table 

4.29) was likely due, in part, to the small sample size, five samples 

each of bleached and crude, degummed oils. It is also likely that the 

correlations would have been improved if a wider range of fatty acid 

co.positions had been investigated. Another, unexpected, factor vas 

that omission of the B. campestris cultivar, Tobin, significantly 

improved the correlations. For the crude, degumaed oils the iodine 

value was significantly correlated at the 1\ level and Predict2, 

Predictl and L+Ln were decreasingly significant at the 5\ level. The 

unexpectedly high stability, as predicted from its fatty acid 

co.position, found in the Tobin oils raised the question of whether 

this was due to an abnor.al sa.ple or whether the results could be 
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repeated with other Tobin samples. 

5.4.5.3 Oxidative stabilitY of the five cultivars from Exoeriment 1 

The series of Tobin oils showed a range of oxidative stabilities 

(Experiment 6, Figure 1.21). The oils were more unsaturated than the 

previous Tobin samples and were considerably more stable than predicted 

from their fatty acid compositions, as compared to the B. napus 

cultivars (Table 4.28). Thus, the superior oxidative stability of the 

Tobin oils in Experiment 1 were confirmed. 

These results showed that the same cultivar grown at different 

locations, and different fields within a location, had a range of 

oxidative stabilities. 

5.4.6 Oxidative stability of the cultlvars 

It is generally accepted that the levels of linolenic acid, ca. 

10\, found in present day commercial cultivars have a significant 

effect on the oxidative stability of canola oil, and that reducing the 

content of linolenic acid would increase the stability. However, 

there have been few quantitative studies on the effects of fatty acid 

co~osition on oxidative stability. 

The results from this experiment show that the oxidative stability 

of the oils investigated was dependent on the fatty acid coaposltion. 

However, it was not siaply related to the linolenic acid content as is 

co.-only stated. This was demonstrated by the low stability of 

HLLL(AC) compared to the co..ercial cultivars, despite a reduced 

linolenic acid content. 

The s.all variation in stability among the co~rcial oils, 
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Regent, Westar and Tobin, confirms oxygen uptake studies reported by 

Ohlson (1970). He found only small differences in stability between 

four rapeseed biotypes: summer and winter B. napus and summer and 

winter B. ca•pestris. The su.mer types were more stable than the 

winter types and the B. napus cultivars more stable than the B. 

ca•pestris cultivars. He found that the differences in stability 

could not be attributed to linoleic or linolenic acid contents. It is 

likely that the similarity in fatty acid compositions among the 

co..ercial oils was too great for there to be any significant 

differences in oxidative stability. Also, it is likely that these 

differences would not be substantially greater than experimental error, 

thereby .aking accurate determinations difficult. 

The superior stability of Tobin in relation to the B. napus 

cultivars, compared to its expected stability, cannot be explained by 

its fatty acid composition alone •. It is possible that the Tobin oils 

contained either greater amounts of antioxidants, such as tocopherols, 

or s .. ller a80unts of proxidants, such as trace .etals. However, 

results from Experiment 1 shoved that press oils contained tocopherols 

levels at the top of the effective range and that any reinforce.ent of 

the tocopherol content would not significantly improve the oxidative 

stability (Figure 4.5). It is possible that one Tobin sa~le could 

have an unusually low trace metal content, but it is unlikely that seed 

from different locations (Experiment 6) would also have the saae low 

trace metal content. It has been suggested (Daun and Bushuk, 1983) 

that the distribution of fatty acids within the triglyceride molecule 

would influence the stability. The preferential distribution of 
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linoleic and linolenic acids in the 2-position might protect them from 

oxidation. Analysis of triglyceride species in Experiment 2 (Figure 

~.10 and Table 4.16) showed that there were substantial variations 

among the five cultivars that could not be simply related to the fatty 

acid composition. It is possible that the triglyceride species 

present in the B. campestris cultivar, Tobin, are more resistant to 

oxidation than those of the B. napus cultivars. 

Although reducing the linolenic acid content from ca. 8-10\ in the 

co.aercial cultivars to ca. 6\ in HLLL(AC) did not improve the 

stability, the greatly !•proved stability of HLLL(UM) or Stellar 

de.onstrates that a considerable reduction in linolenic acid content, 

to ca. 3\, was necessary to significantly ~ncrease the oxidative 

stability. This confirms the work of Hikle et al (1987) who found 

that low linolenic acid (Stellar) oil was considerably more stable than 

westar oil. 

The results presented in this experiment indicate the relationship 

between fatty acid co•position and oxidative stability in canola oils. 

However, there were too few samples to make general statements. The 

same restriction applies to general statements about the relative 

stabilities of particular cultivars. The fatty acid coaposition of a 

cultivar is strongly influenced by environmental factors and it would 

be necessary to deter•lne the oxidative stability of sa.ples grown at a 

nu~r of locations and/or in a nu~r of crop years. 
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5.4.6.1 Oxidative stability of the cultiyars from Experiment 7 

In this series of samples linolenic acid content was significantly 

correlated to oxidative stability, unlike in previous results (Table 

4.31). This difference can be attributed to the samples selected for 

analysis. In the previous oxidative stability study (Experiment 4), 

HLLL(AC), which had a reduced linolenic acid content, but a 

considerably elevated linoleic acid content, was investigated. This 

oil despite its lowered linolenic acid content was highly unsaturated 

and, therefore, unstable. Hone of the samples investigated in 

lxperiaent 7 had siailar fatty acid compositions to HLLL(AC). In the 

co..ercial cultivars and the reduced linolenic acid cultivar, Stellar, 

oxidative stability is strongly influenced by linolenic acid content. 

However, the decreased stability of HLLL(AC) must be kept in mind when 

making generalisations about fatty acid composition and oxidative 

stability. 

In both Experiment 4 and Bxperi.ent 7 the iodine value and 

inherent oxidative stability values were significantly correlated with 

the oxidative stability. It, therefore, appears likely that either 

the iodine value, or the inherent oxidative stability values would be 

more useful in predicting the oxidative stability of a canola oil, as 

co~red to the linolenic acid content. 

The lack of superior stability in the Tobin saaples as compared to 

the B. napus samples in Experiment 7, which is at variance with results 

obtained in Experiment 4, could perhaps be explained by the increased 

sa~le size in Experiment 7. A range of fatty acid compositions was 

reported (Table 4.28) and the saaples were grown at a number of 
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locations. 

In general, the Tobin samples (B. campestris) were more 

unsaturated and had lower oxidative stabilities than the B. napus 

saaples. 

The Stellar-84 sample bad the lowest linoleic acid content and was 

the most stable oil. However, the Stellar-87 sample had an increased 

linoleic acid content, as compared to the Stellar-84 sample, and vas 

substantially less stable. Both the Stellar samples in Experiment 7 

had higher linolenic acid contents and substantially higher linoleic 

acid contents, as compared to the HLLL(UH) sample (Stellar from the 

1983 crop), and were significantly less stable. The HLLL(UH) oil had 

2.66\ linolenic acid and 23.43\ linoleic acid (Table 4.21) and a final 

peroxide value of ca. 8 mM/kg, as compared to 3.93\ and 3.84\, 29.19\ 

and 31.51\, and 10.83 mH/kg and 13.15 mH/kg for Stellar-84 and Stellar-

87, respectively. 

It appears likely that to obtain a canola oil with a significantly 

increased oxidative stability it is necessary to reduce the linolenic 

acid content below ca. 3\. However, if this reduced linolenic acid 

genotype also had a substantially elevated linoleic acid content there 

would not be a substantial improvement in oxidative stability. It 

would perhaps be preferable for plant breeders to aim for a low 

linolenic acid, high oleic acid genotype if significantly increased 

oxidative stability is desired. 

Coabining the results fro• Experiments 4 and 7, further confirms 

the above conclusions. It appears that of the calculated values the 
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inherent oxidative stability values are most consistently useful for 

predicting the oxidative stability. These combined results also show 

the strong correlation between oleic acid content and oxidative 

stability, and emphasise that, to improve the oxidative stability, the 

ala for plant breeders should be towards developing low linolenic acid, 

high oleic acid genotypes. 

5.5 lxperi .. nt 5 - HPLC analysis 

The second objective of the thesis was to develop a technique 

which would show the degree and state of oxidation in an oil. It was 

desirable that the technique be si~le and rapid. Preliminary results 

fro• Experiment 1 (Section 5.1.4) showed that HPLC analysis of 

derivatised oil at 234 na could be used to analyse the amount and type 

of linoleic and linolenic acid hydroperoxides formed during oxidation. 

The amount of reduced oxidised material was closely correlated with the 

peroxide value. However, preparation and analysis times were too 

lengthy for a rapid, routine procedure. Thus, it was decided to 

include HPLC analysis of underivatised (straight) oil as this would 

greatly reduce the preparation time. 

To fully determine the applicability of the techniques it is 

desirable to analyse oil sa~les with a variety of fatty acid 

coapositiona and with varying degrees of oxidation. !be degree of 

oxidation should also be deterained by a standard procedure, such as 

peroxide value, for coaparison. The oil samples taken during 

oxidation of the five canola cultivars (Experiment 4) fulfill these 

requirements. 
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5.5.1 Straight oil analysis 

The oxidised triglycerides were separated from the unoxidised 

triglycerides on the Partisil-5 column used, there vas also a 

resolution of tocopherols in the oil (Figure 4.12). Separation and 

resolution of individual oxidised triglycerides was poor, although 

increasing the analysis time, either by decreasing the flow rate or 

decreasing eluant polarity, gave an increasing separation of the 

oxidised triglycerides. It was decided to develop this technique as a 

rapid method to .easure degree of oxidation and so separation of the 

individual oxidised triglycerides was not necessary and was not 

attempted. !he run ti.e could not be significantly shortened without 

losing the resolution between the oxidlsed and unoxidlsed triglyceride& 

and tocopherols. Under the conditions given in Figure 4. analysis 

was complete in 10 minutes. 

The chromatograms obtained were consistent with other separations 

of oxidlsed oils reported in the literature. Brown and Snyder (1982) 

analysed soybean triqlycerldes by normal-phase HPLC, but they found 

that peaks corresponding to conjugated diene compounds and peaks from 

tocopherols were intereluted. !he samples for this analysis was 

purified on miniature silica columns and no attempt was made to 

correlate the chro.atogram with the degree of oxidation undergone by 

the sample. Park et al (1981) analysed monohydroperoxides separated 

froa autoxidised vegetable oils and autoxidised trilinolein by both 

nor.al and reverse-phase HPLC. Using normal phase they were able to 

separate autoxldised trillnolein into 6 peaks. !hey found that the 

peaks obtained from the vegetable oils were more complicated than those 
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from trilinolein, and that different oils exhibited different patterns. 

5.5.1.1 Measurement of the degree of oxidation 

The amount of oxidised triglycerides, as measured by area of the 

HPLC chromatogram, increased with oxidation time and appeared to be 

approaching a maximum (Figure 4.14). This is to be expected since 

this analysis measures triglyceride mono-hydroperoxides which are 

primary oxidation products and are converted to, e.g. secondary 

breakdown products and polymers, at later stages of oxidation. 

5.5.2 Deriyatised oil analysis 

Separation of individual oxidised triglycerides was not atteapted 

in the straight oil analysis and thus this method provided little 

information on the nature of oxidation. Also analysis of straight oil 

would only provide infor.ation on triglyceride species not individual 

hydroperoxide isomers which would be more desirable. Therefore, 

derivatised oil analysis vas pursued. 

!he separation of oleic, linoleic and linolenic acid hydro

peroxides by HPLC as hydroperoxy and hydroxy fatty acids has been 

investigated during studies on the mechanism of oxidation. However, 

there is no literature available on reduction of triglyceride& or whole 

oil using sodiua borohydride or on HPLC of the products after 

derivatisation. 

5.5.2.1 Deriyatisation 

It was decided to reduce the hydroperoxides for two .ain reasons. 

Firstly, the hydroxy derivatives are considerably more stable compared 

to the hydroperoxides (!eng and Smith, 1985). Secondly, the hydroxy 
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derivatives have been shown to give better separations on normal-phase 

HPLC than non-derivatised hydroperoxides. The usual procedure for 

reduction of hydroperoxides is sodium borohydride in a methanol-borate 

system at room temperature, sometimes overnight, followed by 

acidification and extraction of the hydroxy derivatives. It is most 

often used for analysis of the products of lipoxygenase activity (e.g. 

Pattee and Singleton, 1979). This method was found to be tedious, 

ineffective and excessive foaming of the sample was observed. The 

foaming vas caused by reaction of the sodium borohydride with the 

methanol and with water in the methanol. The reduction method used by 

Parr and Swoboda (1976) in the first stage of their Conjugable 

Oxidation Products assay was adopted successfully. Reaction time was 

reduced to 60 minutes and no a~idification was necessary. Use of an 

isopropyl alcohol (IPA) solution of sodium borohydride, IPA is a protic 

reagent, avoided the foaming. Excess sodium borohydride was removed 

by drying the reaction mixture, dissolving in hexane (sodium 

borobydride is insoluble in hexane) and pipetting off the supernatant 

after centrifugation. Introduction of a sonification step was 

necessary to ensure full solubllisation of the sa~le in the hexane. 

The removal of sodium borohydride also removed colour bodies ln the 

sa.ple which could build-up on the HPLC column and adversely affect its 

performance. This derivatisation method was considerably faster and 

easier than the other methods tried. 

5.5.2.2 HPLC analysis 

Hydroperoxides from oxldised trilinolein were separated into four 

iso.ers (Figure 4.17, A), separations were similar to those reported in 
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the literature for oxldised linoleic acid and the peaks were 

tentatively identified, by elution order, as 13-cis, trans-, 13-trans, 

trans, 9-cis, trans and 9-trans, trans (Teng and Smith, 1985). 

Oxidlsed reduced trilinolenin had a more complicated chromatogram than 

trilinolein and vas not completely resolved (Figure 4.17, B). This is 

consistent with separations reported by Kaplan and Ansari (1985) for 

hydroxylinolenic acid. Hydroxy derivatives from trilinolein and 

trllinolenin overlapped to a significant degree, thus complete 

separation of the complex mixtures from oxidised oils vas not possible. 

A nu~er of peaks were separated from the derlvatised oxidised oil 

saaples and the canola cultivars exhibited differing patterns (Figure 

4.15). Oxidised oils from HLLL(UH) and HLLL(AC) had simpler 

chro.atograms, i.e. fewer peaks, as compared to oxidised oils from the 

co.aercial cultivars. The chromatogram was related to the fatty acid 

coaposltion of the oil (Table 4.19). HLLL(UM) had the lowest 

linolenic acid content and had a chromatogram with few hydroxylinolenic 

acid isoaers, !obin had the highest linolenic acid content and had a 

much greater amount of hydroxylinolenic acid isoaers. Since detection 

was at 234 nm only conjugated dienes from autoxidation of linoleic and 

linolenic acids were measured. 

5.5.2.2.1 Distribgtion of hydroperoxide isomers 

Detailed analysis of the hydroperoxide isomers separated by HPLC 

was performed on derivatised samples from the oxidation of the bleached 

oils. These samples were analysed at a flow rate of 0.8 ml/min, as 

co~red to 1.0 ml/min for the other samples, which gave an improved 

separation of the hydroxy components. Coelution and incomplete 
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resolution of some of the linoleic and linolenic isomers made their 

precise determination impossible. However, some patterns in the 

distribution of the isomers was observed and are summarised as below: 

1. The proportion of linoleic and linolenic acid isomers was affected 

by degree of oxidation, the percentage of linoleic acid isomers 

increased relative to the percentage of linolenic acid isomers as 

oxidation progressed. 

2. The proportion of linoleic acid isomers varied from ca. 70-90\ 

relative to linolenic acid isomers after ca. 300 hr at 600C. The 

distribution was directly related to the fatty acid coaposition of the 

oils, i.e. relative contents of linoleic and linolenic acids. 

3. fhe ratio of 13- to 9-monohydroperoxides was constant at ca. 1.1 to 

1.2 up to a peroxide value of ca. 13 mH/kg. 

4. The relative aaounts of the individual linoleic acid isomers were 

constant, up to a peroxide value of ca. 13 mM/kg. Thereafter the 

percentages of 13-trans, trans and 9-trans, trans increased as compared 

to 13-cis, trans and 9-trans, cis, and thus the ratio of the trans, 

trans to cis, trans isomers increased. 

5.5.2.3 Identification of peaks 

The peaks were confirmed as hydroxy fatty acids by GC-MS (Figure 

4.18). It appears that the conditions during oxidation, i.e. heat and 

a pH of ca. 9, resulted in saponification of the trlglycerides to 

release free fatty acids. Fatty acids were also detected on the GC 

chromatograa. The oxldised free fatty acids were detected as reduced 

hydroxy coapounds. It is likely that the saponification occurs before 

the reduction. Chro.atograms of incoapletely derivatised saaples had 
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peaks with retention times and patterns similar to hydroperoxides from 

linoleic and linolenic acids. These peaks disappeared in fully 

derivatised samples and were replaced by the hydroxy fatty acid peaks. 

5.5.2.4 Measurement of degree of oxidation 

!he a.aunt of hydroxyperoxides, as measured by area of the HPLC 

chromatograa, increased with oxidation time and appeared to be 

approaching a maximum (Figure 4.16). This was siailar to that 

observed in straight oil analysis (Section 5.5.1.1). 

5.5.3 Correlation betyeen HPLC areas and peroxide yalues 

5.5.3.1 Straight oil analysis 

The relationship between HPLC area and peroxide value for all 

samples is shown in Figure 4.19 and for individual oils from the five 

canola cultivars in Table 4.22. There was a direct linear 

relationship, up to a peroxide value of ca. 13 mH/kg, with a 

correlation of 0.966-0.991 for the individual oils and 0.938 for the 

five oils co.Oined. !his relationship agrees with work performed by 

Park et al (1981), who injected autoxidised vegetable oils directly 

onto the HPLC coluan and found that the peak ratio of .ano

hydroperoxides to triglycerides was related to the peroxide value of 

the oil in the range 10-50 mM/kg. Although these authors did not 

report any correlations they concluded that HPLC analysis of oxidised 

oils was simple and convenient and seemed to be useful for measuring 

oxidative rancidity at low levels of oxidation. Ikeda et al (1986) 

using reverse-phase HPLC found that both ethyl linoleate and triolein 

had correlations of >0.99 between the peak ratio of oxidised to non-
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oxidised components and the peroxide value in the range 0-70 meq/kg. 

5.5.3.2 Derivatised oil analysis 

The relationship between HPLC area and peroxide value for 

individual oils from the five canola cultivars is shown in Pigure 4.20 

and Table 4.22. There was a direct linear relationship, up to a 

peroxide value of ca. 16 mH/kg, with a correlation of 0.992-0.996 for 

the individual oils and 0.994 for the five oils combined in analysis of 

crude, degumaed oils. In analysis of bleached oils correlations were 

lower, 0.980-0.985 for individual oils and 0.959 for the oils combined. 

The poorer correlations can be attributed to less sophisticated 

experimental procedures since these analyses were performed while the 

technique was being perfected. 

Correlations for derivatised oil analysis were greater then those 

obtained fro• straight oil analysis. This is likely to be due to 

reaoval of interfering compounds during preparation of the reduced 

fatty acids. Derivatised oil analysis .easures only reduced 

hydroperoxides, but in straight oil analysis other coapounds could 

elute with the oxidised triglycerides. For exaaple, analysis at 395 

na showed that tocopherols eluted imaediately before and after the 

oxidised triglyceride peak, and that there was a s.all amount of 

tocopherol eluting with the oxidised triglyceride. Tocopherols have 

a s.all absorbance at 234 na, but since they are destroyed during 

oxidation it is difficult to correct for thea. This problem could be 

overcome by determining the content of the tocopherol isomers, 

calculating their absorbance at 234 na and correcting the oxidised 
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triglyceride peak. This would be time-consuming and the correlation 

is extremely satisfactory without the correction. 

Correlations between peroxide value and HPLC area for both 

techniques fell off at higher peroxide values. This is because these 

techniques measured primary oxidation products, i.e • .ono

hydroperoxides. These primary products are broken down or form new 

products, such as diperoxides, cyclic peroxides and oxidlsed polymers, 

in the later stages of oxidation. This latter group would react in 

peroxide value deterainations but would not be detected with the HPLC 

techniques. Polymerised oxidation products are defined by their 

insolubility in hexane, the solvent used in these HPLC techniques. 

5.5.4 ractors affecting equation of relationship between HPLC area and 

peroxide yalue 

The slope of the calibration line varied among the five oils in 

both straight and derivatised oil analysis (Table 4.22). It was 

thought that the equation aight be affected by the fatty acid 

co•position of the oil since the products of linoleic and linolenic 

acid oxidation have different aolar absorptivities. The slope vas 

correlated with various factors of the fatty coaposltion (Table 4.23). 

Por analysis of the straight oils there was a correlation at the 5\ 

level with the linoleic acid content of the oil. The derivatised oils 

also had a significant correlation with the linoleic acid content at 

the 1\ level, but had a higher correlation with linoleic plus linolenic 

acid content. This agrees with results obtained by Hara et al (1984, 

reported in Ikeda et al, 1986), they found that linoleic and linolenic 
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acids had slightly different correlation equations with peroxide 

values. Their work was with much higher peroxide values, up to ca. 

3000 meq/kg. 

The dependance of the HPLC area on fatty acids undergoing 

oxidation is important in the application of this technique. If the 

fatty acid composition of the oil is known a simple correction factor 

can be used. However, the correlation for the combined oils was 

excellent and it is likely that in routine analysis, e.g. in a 

processin9 plant, small variations in fatty acid composition would not 

have a significant effect on the use of this HPLC technique to 

deter•ine the de9ree of oxidation in an oil. 
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CMAitll Ia IUMMAIY AID COieLUIIOII 

6.1 1Xper1 .. nt 1 - Content of non-tz1tlyctr14t co~ntnta and thtlr 

effect on oxidative stability 

1. Increasing heat treat.ent given to the seed resulted in press oils 

with progressively increasing contents of non-triglyceride co~onents. 

Refining reduced the a.aunt of these co~onents. Oil with the lowest 

a.ount of non-triglyceride .aterial was obtained by cold pressing 

and/or bleaching. 

2. Refining altered the tocopherol iso.er ratio. !here was a 

significant relative loss of •-tocopherol on bleaching. 

3. !he non-triglyceride co.,onents affected the oxidative stability of 

the oils. !he tocopherol content of the press oils was unifora and 

could not account for variations in oxidative stability. Oxidative 

stability was found to be significantly correlated to phosphorus 

content. !his could be explained by synergia• between tocopherols and 

phospholipids, in the range 0.025\ to 0.14\ phospholipid. Above a 

certain level, ca. 0.22\ phospholipid, increasing the phospholipid 

content did not significantly i~rove the oxidative stability. 

4. After oxidation the oils were 'bleached', i.e. there was a loss of 

colour bodies. !his loss was related to both the original content of 

colour bodies in the oil, and the degree of oxidation of the oil. 

&.2 Jxperl .. nt 2 - Cold preaa cbaracterlatlca 

1. Press characteristics, as deterained by throughput and residual oil 

content, were strongly affected by seed aolsture. Iaproved 
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characteristics, lover residual oil content and higher throughput, were 198 

found at lower seed .aisture contents. 

2. The B. napus cultlvars, Regent and Westar, had better press 

characteristics than the B. ca•pestris cultivar, Tobin. 

3. !be experi.ental cultivars, HLLL(AC) and HLLL(UM) or Stellar, had 

poorer press characteristics than the co..ercial B. napus cultivars. 

It is likely that genetic .anlpulation of the fatty acid 

co.position has also affected other properties of the seed resulting in 

genotypes with poorer press characteristics. 

'·3 lxperl .. at 3 - total llpl~ co.,oaltloa of the flve caltlvara 

1. Lipids fro• the experi .. ntal cultivars had altered fatty acid 

co.positions co~red to lipids fro• the co..ercial cultivars. Most 

significant was the reduced levels of linolenic acid. 

2. !be fractions isolated froa the total lipid extract had altered 

fatty acid coapositions, as coapared to the total lipids. 

3. the five cultivara had varying patterns of triglyceride species, 

these vere related to the fatty acid coapoaition, but not ai~ly. 

It la likely that genetic .anipulation of the fatty acid 

co.poaition also affected other lipid characteristics in the new 

genotypes. 

'·4 lxperl .. ata 4 and 1 - OXidative atablllty 

6.4.1 IJptiiiiDt 4 

1. the oxidative stability was strongly influenced by the total fatty 

acid coapoaltlon, not just the linolenic acid content. HLLL(UM) which 



had the lowest linolenic acid content vas .ost stable, but HLLL(AC) 

which also had a reduced linolenic acid content vas least stable. The 

factors .ost closely correlated to oxidative stability were iodine 

value and linoleic plus linolenic acid content. 

2. !obin, B. ca•pestris, was .ore stable than predicted fro• its fatty 

acid coaposition as co.pared to the B. napus cultivars. the reason 

for the superior stability of !obin is not known, but aight be related 

to species differences, in e.g. triglycerides. 

3. Although linolenic acid content is usually the considered aost 

iaportant coaponent, the total fatty acid coaposition aust be 

considered in assessing the potential oxidative stability of an oil. 

6.4.2 IXpeilJIOt 7 

1. Linolenic acid content vas significantly correlated with the 

oxidative stability, unlike in Bxperi.ent 4. 

2. Greatest correlations with oxidative stability were obtained for the 

inherent oxidative stability values and the iodine value, this confir.a 

the results found in lxperiaent 4. 

3. It appears that either the iodine value, but especially the inherent 

oxidative stability values, all calculated fro• the fatty acid 

coaposltion, are the best predictors of oxidative stability in canola 

oils. lxperiaent 4 showed that the linolenic acid content is not 

always a reliable predictor of oxidative stability. 

4. !he superior stability of the B. ca•pestris sa~le, !obin, as 

coapared to the predicted stability of the B. napus cultivars, found in 

Bxperiaent 4 was not confiraed by this experiaent. 

5. In general, the B. ca•pestris saaples, !obin, were aore unsaturated 
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and less stable than the B. napus saaples. 

6. !he reduced linolenic acid saaple, Stellar-84, was the .est stable, 

b~t the Stellar-87 saaple bad an elevated linoleic acid content and was 

less stable. 

6.4.3 Jxperi~ents 4 and 7 colblned 

1. If increased oxidative stability is desirable, plant breeding 

progra.a should be directed towards low linolenic acid, high oleic acid 

genotypes, rather than low linolenic acid, high linoleic acid 

genotypes. 

2. Inherent oxidative stability values calculated fro• the relative 

stabilities of the constituent fatty acids and their contents in the 

oils are the best predictors of oxidative stability. 

6.5 llperi .. nt 5 - IPLC analysis 

1. !be aaount of oxidised triglycerides, as deterained by HPLC, could 

be used to .easure the degree of oxidation. Straight oil analysis vas 

sl.ple (alni .. l sa~le preparation), rapid (ca. 10 ain) and 

reproducible (CV of ca. 1\). !bus, it would be suitable for routine 

analysis. However, with the constraints i~osed by the need for a 

short analysis ti.e it was not possible to deteraine the contribution 

of the individual fatty acids to the progress of oxidation. 

2. Derivatised oil analysis could also be used to deteraine the degree 

of oxidation but, required greater saaple preparation and bad a longer 

analysis ti.e. It was, therefore, less likely to be useful for 

routine analysis. However, this technique peraitted the separation 

and deteraination of linoleic and linolenic acid iso.ers as hydroxy 
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fatty acids and could be used to provide valuable lnforaation on the 

content and nature of these co.pounds during oxidation. 

3. It vas not possible to develop a single HPLC technique to determine 

the de9ree of oxidation rapidly and easily, and also to deteraine the 

a.aunt and type of hydroperoxides produced durin9 oxidation. It vas 

necessary to develop two procedures: strai9ht oil analysis to fulfill 

the first objective and derivatised oil analysis the second. 
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