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vt1

IJnpleasant Odours
Heated to Frying

of Rapeseed 0i1
Tempêratures

Abstract

Both rapeseed oil (RSO) and soybean oil have been critici zed fol
unpleasant odours when they are heated to deep fat frying tenperatures.
Sensory studies by 7-9 trained judges using a linear scale inã.icate that
RSO and hydrogenated RSO when heated to 1g0c and smelled at 55c hadsignificantly stTonger odours than soybean oi1, corn oil, safflower oil
and sunflower oil. When RSO and hydrogenated RSO varieties were heldat 190C for extended periods of tíme the odour intensity values (0IV)
and thiobarbituric acid values (TBA) increased to a peak at approximately
10 minutes then plateaued. No significant changes in fatty a'cid
patterns were found between unheated oils and oils held for 40 minutes at190C. Hydrogenation effect on RSO odour, tested over three experiments,
Idas never significantly different but did consistently lower thã heated
orV of RSO. The oIVrs of heated low glucosinol-ate RSO were more
similar to heated soybean oil odour than were the heated OIVIs of high
glucosinolate oils. High and low erucic acid Rso varietíes from 3
processors were compared with chemical odour standards for buttery,
sweet, sulfurous, painty, and fishy. Hígh erucic acid RSofs weresignificantly lower in fishy odour (p <0.01) and tended to be lower inpainty (P <0.10) and sulfurous odour (p <0.1cì). The oits from one
processor welce consistently, but not sígnificantly, 1owêr in all odour
parameters than the oils from the other two processors. serial
dilutions of a rnasking agent in heated RSO showed that 11.35 pprn
significantly reduced heated oIVrs; however, more extensive tãsting
with the optimum 1eve1'of masking showed no significant red¡c1i6¡ 6¡OIV. The significance of heated RSO to consumers was assessed with a
telephone survey of 400 Manitohans who fried foods more than once
monthly. Sixty-five percent of the respondents had heard of RSO while
4rvo had used it at some time and 11% were using it cumently. Most
respondents used RSO because of economy and had no complaints about theoi1. However , IS-LB% of RSO users associated unpleasãnt sensory
characteristics r.vith RSO. Further, 28% who had ãiscontinued using RSO
described the kitchen odour as urpleasant r^rhile 249, described taste as
unpleasant. Some significant correlations bètlveen RSO use and family
si-ze, occupation, and economical food shopping behaviour were evident.



genus.

INTRODUCTION

Rapeseed is an oil-bearing seed frorn plants of the Brassica

The oil produced from these seeds has been kno'n in Europe

and the Orient since ancient times. rt was used in the mídd1e ages

as a lanp oi1. By the 16th centuïy rapeseed oir (RSo) had gained

wide acceptance as an edible oi1 as well as for lighting purposes.

At the present time RSO accounts for 10-11% of the worldrs edible oi1

production (Canadian Department of Industry, Trade and Commerce, 7974) .

Rapeseed was first introduced on the Canadian prairies in 1g43

as a wartime effort to produce oil for industrial needs. Exploration

of the edibLe qualities of the oil by Lips et a1. (194s) led to the

first commercial extraction in 19s6. From this sma1l beginning RsO

has become Canada's major oilseed crop. The production of RSO irtcreased

from 42% to S8%"between I97I and 1973 while the production of soybean

oil fell from S|eo to 37* in the sane period (Canadian Department of

Industry, Trade g Cornmerce, Ig74).

If RSO is to achieve its ful1 potential in the narket place there

must be maxínum satisfaction with important consumer qualities. These

qualities are both nutritiortal and f.unctional in nature. The functional

qualities include physical properties, which appear to offer very 1itt1e

problem at this tine, and the sensoïy properties of taste and odour.

Sensory properties directly affect consumer acceptance of foods. For

exalnple Pilgrim et al. (1963) have shown that food preference accormted

for 3I% of the variability in food choices made by sone 200 army personnel

in a cafeteria eating situation. The odour of a food is a part, of its
overall flavour impression and is one of the first paraneters which the

consumer notices when using a product.
*of total oi1 production ín Canada.



In the development of the RSO industry the emphasis has been

on developing a bland flavour-stabl.e product. However, unpleasant

odours associated with heated RSO were documented by Niewiadomski

(7970) in a report to the 0i1s and Fats Group of the Society of

Chemical Industry in London. He suggested that the odour was caused

by unfavourable changes in the seeds during storage, ruhich was probably

the oxidation of unsaturated fatty acids. In 1969 a consumer survey

was carried out by the Department of Foods and Nutrition, University of

Manitoba, to see if RSO and soybean oil were the same or different in

odour pleasantness at frying temperatures. It was found that 52 out

of 74 subjects preferred the odour of hot soybean oi1 to that of hot

RSO. However, when the oils were cornpared at Toom temperature their

odours were equally well Iiked. The unpleasant odour of RSO ruhen

heated to frying tenperatures could be a problen t,o the cook and the

customers in a restaurant, when frying odours transfer to the dining area,

Odour could also be a problem in hones where the kitchen and dining areas

are often joined.

Consumer concern rvith these odour properties and their definition

in laboratory tests are the focus of this study.



REV]EW OF LITERATURE

Varieties of Cangdian Rapeseed

The varieties of rapeseed grown in Canada (Table 1) vary accord-

ing to climatic conditions. Varieties have been deliberately

developed which are low in erucic acid and in glucosinolates. Erucic

acid has been implicated in nutritional problems with RSO while gluco-

sinolates in rapeseed meal cause toxicity rvhen it is used above certain

levels for animal feeding. The oi1 presently on the market is from

the low erucic, high glucosinolate varieties. Iìowever, a low erucic,

1ow glucosinolate strain has recently beên developed and is now in

commercial production (Stefansson, 1974).

The fa¡1y acid patterns of RSO are altered when the level of

erucic acid ís reduced (Table 2). When the C20:L and C2,2:1 fatty acids

are reduced there is a dramatic increase in oleic acid, C18:1, and a

slight increase in linoleic and linolenic acids, CI8l.2, and CIB:3.

In most of the avaílable literaturê, RSO fron high erucic acid

varieties of rapeseed has been used. Where studies have used low

erucic acid RSO, which has only been available since I97L, it will be

specifically not,ed.

Nutritional Problens

The nutritional quality of RSO is of coneern to consumers.

Nutritional problems with RSO were reported at the International

Conference on the Science, Technology and Marketing of Rapeseed ancl

Rapeseed Products in 1970 at Ste. Adele by several workers (Beare-Rogers,

I970t Rocquelin and Martin, 7970; Abdellatif and Vtes, 1970). Beare-

Rogers (1970) reported that, fatty deposits accurnulated in the heart

tissue of rats fed high erucic RSO on a short tern basis while in longer



Table 1. Classification of Canadian Rapeseed Varieties (Weinberg,
1972 and Stefansson, pêTsonal communication) .

Characteristic 8.. napus B. campestris

High erucic acid
High glucosinolate

Low erucic acid
High glucosinolate

High erucic acid
Low glucosinolate

Low erucic acid
Low glucosinolate

Target
Turret

0ro
Zephyr

Bronowski **

Tower (S-71-q4ô)
N-71-1799***

Echo*
Polar*
Arlo *

Midas
Span
Torch

*more recently considered intermediate erucic acid varieties (s% -
4ô% erucic acid).

**grown in canada for experinental purposes only (intermediate
erucic acid).

** *experirnental strain.



Tabïe 2. Fatty Acid Composition
Varieties of Rapeseed

of RSO from High and Low Erucic Acid
(Weinberg, I972).

Percent of Methr¿l Esters

B. napus B. campestris

Target Zephyr Echo Span

16 :0

1B :0

18 :1

I8:2

1B:3

20:I

22:I

5

L

24

L7

9

13

32

5

I

60

20

10

2

1

4

1

36

20

10

10

2o

4

1

55

2L

10

4

5



term experiments necrotic Lesions on the heart developed. A volrrntary

change-over from high erucic to low erucic varieties of rapesèed was

recommended by J.A. Canpbell (1970) as a policy statement of the

Canadian Food and Drug Dirçctorate. In Lg73 a stronger statement fron

the Canadian Health Protection Branch was forthcoming. A number of

laboratories had confirmed the early report of fatty deposition on the

heart muscle, inhíbited growth in young aninals, and finally longer term

focal necrotic lesions leading to fibrotic changes in the heart rnuscle

(Anon., Food in Canada, L973(a)).

With this information the Canadian Health Protection Branch

and the food processors voluntarily agreed to reduce the corrtent

of C22 monoenoic fatty acids in processed edible fats and oils to 5%,

effective December 1, 1973. The 5% restriction necessitated a changr:

in production from high erucic rapeseed varieties to the new low erucic

varieties developed by Agriculture Canada (Anon., Food in Canada , I973(b)).

Fr¡nctional Propert,ies

Consumers appreciate food products of high quality which function

in a manner appropriate to the narket form. RSO compares favourably

with other popular oils on the market in functional properties.

fn rnargarine formulation a fat that will remain stable in the

beta-prime crystal form is preferred. If it transforms êasi1y to the

beta crystal form the margarine will become grainy on storage (l{eiss,

1970). Rapeseed and marine oils whích have high levels of C20 and C22

fatty acids forn smal1 beta-prime crystals and perform quite satisfactorily

in margarine formulation (Weiss, 1970). However, Teasdale et al. (1970)

reported that his results did not agree with his earlier tests for

graíniness of low erucic RSO in a margarine formulation,



In shortenings and compound cooking fats a broad range of

plasticity and good emulsifying properties are desirable. Riiner and

Oh1son (I97L ) report, in a review , that Tremazi found hydrogenated RSO

to have a broader plastic range tharr hydrogerrated cottonseed oil;

however plastic range can vary with the processing. Linteris et al.

(1958) found that hydrogenat,ed RSO performed satisfactorily in standard

ye1low layer cakes. Teasdale [197ó) also coneludes that low erucic

RSO should be satisfactory for use in blended shortenings.

Liquid oil is sold to the consumer for use in salad dressings

and for frying. As a salad oil, viscosity is the ímportant property to

consider. Fresh RSO was found to be more viscous than sunflower and

corn oils (Vaisey and Shaykewich , 1969), and less viscous than peanut

oil (Snyder and Moore, 1969) , r^rhich coincides with early work on RSO by

Lips et al. (1948) who found similar. viscosity differences between

corn oil- and RSO. However, Lips et al. (1948) also found

that a taste parrel was unable to detect any significant differences in

mouthfeel between these oils. One might conclude that slight víscosity

differences are not as inportant as believed.

The significant physical properties of frying fats are coLour,

smoke point and viscosity patterns after re-use. The oil should be

Light in coLour, maintain a smoke poirrt well above the deep fat frying

temperature after successive fryings and should not become much more

viscous on re-use. Vaisey and Shaykewích (1969) reported that the

smoke point,s of rwo brands of RSO (236.7C) were within 1 0.56C of the

smoke points of corn oi1 (236.7C) and sunflower oil (237.2C) and

approximately 11.7C higher than soybearr oil (?.26.7C). After 12 fryings

of doughnuts the snoke points of corn, sunflower and RSO dropped



approximateLy L2C, but were stil1 well above the temperature cornmonly

used for frying (190-195C).

There has been some conflicting evidence reported as to

viscosity patt,erns of re-used RSO. Vaisey and Shaykewich (1969)

found no increase in viscosity of re-used RSO. However, Cobden

(unpublisheð data, University of Manítoba, i973) found that the

apparent viscosity estinated in centipoises at 50 rpm increased from

35% to 60% when low erucic acið" RSO was heated to 19ôC for 40 hours.

Snyder and Moore (1969) also found that the viscosity of RSO and

peanut oi1 increased after successive re-use. Fron these and the

other findings cited it can be concluded that overall, RSO and 1ow

eïucic acid RsO are quite comparabJ.e to other popular vegetable oirs

with regard to functional properties.

Flavour Properties

Flavour of the oil and foods prepared wi.th it.

Ithile earLy work by Lips in 1949 showed that urrheated RSO had

a blander flavour than corn oil, doughnuts fried in RSO had a stronger

less desirabLe flavour than those fried in corn oil. However, moïe

recent work by Vaisey and Shaykewich (1969) showed that doughnuts

fried in RSO received flavour ratings conparable to doughnuts fried in

corn, sunflower and soybean oils. Moreover, the flavour of doughnuts

fried in fresh RSO was not signifícantly different from doughnuts fried

in oil used 6 times. The improved performance fourrd by the latter

researchers is probably due to inproved oil processing and deodorizing

techniques over the past 25 years.

Flavour stability during stora.ge.

Flavour stabiTity of stored RSO has been investigated and

compared with other oi1s. The terms reversion and oxidation are



frequently used in connection with oi1 stability. Reversion is

defined by l{eiss (1970) as rrthe return of the flavour thaí the

particular oi1 had before it was deodorizedrr, whereæ o*iduti.ru

rancidity is defined as "the overall flavour defect noted when a:r

oi1 first becomes oxidizedr'. Badings (1970) explains that during

the oxidation of an unsaturated fatty acid one quantum of energy

displaces one hydrogen atom adjacent to a carbon-carrying double bond

to give a free radical (Figure 1). l¡lolecular oxygen can then unite

with the carbon which carries the free radical to form activated

peroxide. The activated peroxide can then displace a hydrogen atom

from another unsaturated fatty acid to forn hyd,roperoxides, rvhich are

nostly tasteless and odourless but which rapidly break down to form

ketones, aJ.cohols, aldehydes and other oxidation products which have

strong disagreeable flavours and odours. Forss (1972) concludes

that 1inoleic, linolenic, and arachidonic acids are probably the most

important unsaturated fatty acids fron the flavour and odour stand-

point because they readily form these hydroperoxides.

Badings (1970) compiled a list of known autoxidation breakdown

products sorne of which are sholn in Table 3, The flavour threshold

values reported for these oxidation products are quite low and the

descriptive terlns used are reminiscent of oxidized oi1 flavours and

odours. Badings concludes that the oxidation of lipids leads to a

large number of flavour compounds with low flavour threshold values.

Therefore even limited autoxidation can cause flavour defects. It

seems to the author that although reversion and oxidation are treated

as different flavour problens by the literature they may simply

represent degrees of the o*idrtion process.
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Figure 1. Oxidation of an rtrrsatuïated fatty acid.
(adapted from Badings, 1970) .

AC ID

ALCOHOLS
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0XIDATIOI'l
PRODUCTS
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UNSATLIRATED FA

DE + FREE RADICAL
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Table 3, Volatile components which contribute to autoxidation off-
flavours in fats and oils (adapted from Badings, 1970) .

Conpound Threshold
Value* Description of

Type Nane (in ppm) Flavour

alkanals hexanal
octanal

2-alkenals 2 cis-pentenal

other alkenals 4 trans-heptenal

0 .08
0.04

0.80

0.10

gïeen
fatty

sharp, fatty

putty

2,4 alkadienals 2 trans,
4 cis-heptadienal 0.04 frying odour

other alka- 2 trans,
dienals 6 cis-nonadienal 0.0015 fresh cucumber

1-a1ken-3-ones 1-penten-3-one 0.003 sharp, fishy

1-a1ken-S-o1s 1-octen-3-o1 0.0075 mushroom

*Threshold values in water.
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Tn order to assess flavour stability l4oser et aI. (1965)

held soybean, crambe, mustard and RSO for 4 days at 6ÕC and found

that all the oils developed similar off-flavours usually found in

soybean oil These 4 oils wele compared because they all have

sinilar linolenate content which these researchers believe is the

cause of the off-flavour in soybean oiI. The off-flavours were

described as rancid, beany, grassy and painty. The addition of

citric acid, an antioxidant, definitely inrproved the off-flavour

scores of both fresh and aged oils and reduced the frequency and

quality of flavour descriptors. For example crarnbe was described

as rancid rather than painty. The soybean, nustard seed and P.SO

were described as buttery, beany and grassy rathør than rancid.

Vaisey and Shaykewich (1969) reported an accelerated storage

test using 2 market brands of RSO, soybean, corn, and sunflower oi1,

which were aged for 8 days at 60C. One brand of R-SO remained

unchanged in odour as did corn and soybean oil. However the other

brand of RSO was less stable than corn ¿¡d soybean oi1 but more stable

than sunflower oi1. Generally it seems that RSO which is protected

frorn autoxidation by antioxidants is comparable ín flavour stability

to other oils on the Canadian market.

The possibility of nasking the unpleasant flavour and odour

compounds related to oxidative rancidity has been attempted by flavour

conpanies. One patent by Feenstra and Keppler (1972) proposes to

counteract the odour by adding a mixture of aldehydes which have

organoleptically acceptable polar groups. The flavour counteractant

would have the representative structure R - CH = CH - CH = CH - Z in

which R is an aLkyl group containing up to g carbon atorns and 7, is the
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polar group. To prolong odour stability on storage a precursor of

the counteTactant. would be added which would convert to the counter-

actant during storage. The combination and concentratíon of

aldehydes used would be determined by the part,icular odour compounds

being masked. This approach seerns to have interesting possibilities.

Rgom odoúr at fryíng temperâtures.

l,Vhile the flavour of RSO during storage and as a food ingredient

has been investigated to sone extent there are almost no in-depth

evaluat,ions of RSO odor¡r when it is being used for frying. Niewiadomski

(1970) cornment,ed that RSO gave forth an odour when used for frying that

v/as probably caused by oxidation of unsaturated fatty acids. Unpublished

tests at the University of Manitoba, Department of Foods and Nutrition,

documented the hot RSO odour probl.ern in 1968. l{hen the odour of hot

soybean oi1 was compared to that. of hot RSO at 204C, 52 out of 74

subjects preferred the odour of hot soybean oi1. In contrast the odours

of unheated oils wère equaLly well liked when the oils were compared at

room temperature.

In the study mentioned earlier by Vaisey and Shaykewich (1969)

the odours of RSO, corn, sunflower and soybean oils in which doughnuts

had been fried were compared with their unheated counterparts at room

temperature. The used oils had significantly stronger odours than their

unheated counterparts. hhen the oil species after one frying were

compared at Toom tenperature with each other soybean oi1 had the best

odour, RSO and sunfloÌ4ler were intermediate, and corn oi1 was the least

desirab le.

Note that all of the oils in the Latter study r^/ere examined at

roon temperat,ure. Greater differenees night have been apparent if the
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oils had been evaLuated at 50C, the AOCS standard temperature for oil

evaluation (Smouse , 1972),

Soybean Oil: A Mctdel

Since littIe work on the cause of RSO odour has been reported,

a model is needed rvhich has been more thoroughly studíed. A suitable

nodel should have similar chemical and flavour properties.

Tabl.e 4 compares the fatty acid composition of several popular

cooking oils with RSO and low erucic acid RSO. The RSOts and soybean

oi1 are very similar in linolenic acid content. This is a significant

sinilarity since linolenic acid has been mentioned by several researchers

(Meijboon et al., \972; Badings, 1960; Moser êt al., tg65; Evans et al.,

I97I, 1972) as a possible cause of flavour and odour reversion. Moseret aI

(1965) concluded that soybean oiI and RSO developed similar oxidative

off-flavours and suggested that comparisons between the two would be

useful in studying oxidative changes.

Researchers at the Northern Regional Laboratories in Peoria,

Illinois, have been concerned with hot soybean oi1 odour for some yeaïs.

They have carried out extensive room odour tests on soybean oil and a

variety of other oils. Their tests are conducted in a closed insulated

room which has a controlled air-conditioning system that can completely

change the air in the room in seven minutes. The judges enter the room

through three buffer doors so that there is little possibility of outside

air contarnination. The oil is heated to 195C in an electric saucepan.

The judge stands 5 feet away from the cor¡nter where the oil is being

heated and observes the room odour. A l0-point linear scale is used to

assess the quality of the room odour (Table 5). In addition descriptive

terms are reported by judges with intensity ratings for each term the
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Table 5 Ten-Point Linear
Used at Northern

Scale used to Assess Room Odour Quality
Regional Laboratories.

Date

Please indicate the
opposite the value.

score by placing check mark (/) in the space

Score Sanple I Sample II

Very good 10

3ood I
B

Fair 7

â

Poor 5

4

Bad

)

Very bad 1

Please indicate intensities
the odour description. ,/ =

of odours by placing
weak, ,/,/ = rnoäerate,

check marks opposite
t/'//= strong.

Odor description Sanple I Sample II
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judges use; 1 = weak odour, 3 = strong odour. However,25% of the

judges must report the same dëscriptive tern before its presence is

regarded as inportant. These weighted descriptive terrns are called

the odour intensity vaLue (Orv). The variables which have been

investigated by researchers at the Northern Regional Laboratories will

be discussed in the following sequence:

oíJ. species

heating tímes

prior oxidation

antioxidants and antifoam agents

hydrogenation

catalysts used in hydrogenation.

Frorn tests with sêveral different oil species purchased from

local markets, Evans et 4. (1971) reported that corn oil and safflower

oil were given the best room odour scores, olive oil and peanut oil the

poorest, with soybean and cot,tonseed oiLs intermediate in roorn odour

pleasantness. The temperature ranged from 185C to 202C. Three soytrean

oils (8% linolenate, I.2e" Iinolenate, 8% linolenate with added anti-
oxidant) were used and in all but one case the odour became less rrleasant

as the tempelrature increased.

The consequence of heating a second tine vlas assessed by heating

and evaluating several oils, then storing them for one lveek at roon

tenperature in the dark and evaluating the room odour again. The room

odour scores inproved on the second heating which indicated to Evans g! 11.

(Ig7L) that odour is not strongly dependant on prior oxidation, but that

the odour volatiles nay be considerably modified by heat and oxygen during

the heating process.
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An antioxidant, Tenox 6 (.Ln% BIIA, 10% BHT, 6% citric acid), and

a silicone antifoam agent were added to two sanples of soybean oi1.

Inprovement in roorn odour was observed for both samples. Horvever,

when the antifoarn agent was used alone, at 5 ppm, the room odouï was

irnproved as much as when the two additives were usêd together. These

findings further substantiated Evansr theory that the odour is the

result of heat and oxygen on the volatilizing substances at the time of

heating rather than the effect of prior oxidation (Ëvans et a1. , 1g7l) .

If unsaturation is implicated as one cause of ,oyãn olt 
"rr¿

RSO room odours one would expect hydrogenation to reduce the roon odour

problem. Conflicting results regarding the effects of hydrogenation

on room odour have been reported by Northern Regional Laboratories.

In one test [Evans et a1.,197I), hydrogenated soybean oil with 1.8%

linolenic acid gave significantly better room odour scores than a sample

of soybean oi1 with 8% Linolenic acid. However in two later papers by

Cowan et a1. (1973) and Evans et al. (1972), hydrogenated soybean oil

produced other novel unpleasant odours which had not been noticed in

the original oi1.

The type of catalyst used in hydrogenation has been reported to

affect roorn odour. cowan (1970) reported that copper hydrogenated

soybean oil received sígnificantly better room odour scorês than nickel

hydrogenated soybean oi1. The odour character of the oils was different.

The nickel hydrogenated oí1 received a larger 0IV for 'rfishy" while the

copper hydrogenated oil received higher t'hot oi1" and trrancidr? responses.

ft seems that a copper catalyst which selectively hydrogenates linolenic

acid improves the room odour of soybean oil. These results were further

substantiated by Cowan "a rf. (1973) .
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Since it is felt that the products of fatty acid oxidation are

the cause of nany undesirable odours and flavours in cooking oirs,

Evans et ar. (1972) added a number of these chenicals to a bland

cottonseed oil to check the room odour response (Table 6). These

chemicals did not cause a different odour to the oi1 even when added.

at leve1s which were far above their flavour threshords. only one

score was significantly different from the control. rf these

conpounds are, in fact, responsible for the room odour observed one

can surmise that considerable oxidation must take place during frying

to reach the concentrations needed to inpart off-odours to the room.

Possibly the high heat caused the added chemicals to change to less

odourous compounds.

Another possible source of odour in RSO may be the sulfur

compounds introduced into the oi1 fron the neal during oil extraction.

The amount of sulfur in the seed depends upon the seed type and growing

conditions. while the refining process removes most of the sulfur

compounds from the oil, Daun (i975) reported that RSO contained 1-57 ppn

sulfur depending upon the stage of refinement (Table 7). The sulfur

content of finished, refined, bJ.eached oi1 ranges from 1-7 ppm which

seems ninimal compared to the unrefined oi1. However, the detection

threshold in air of isothiocyanates, one class of sulfur-containing

compounds found in RSO, is reported to be approximately 0,2 ppn (Stah1,

r973).

Moser et al. (1965) found that cranrbe, mustard, and RSO, which

all contain glucosinolates, developed rubbery flavours often accompaníed

by a garlic or onion-like flavour, which soybean oil did not. These

novel flavours were o¡1y notieed when the oí1s were stabilized with
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Table 7. Effect of Processing on the Sulfur Content of RSO (adapted
from Dar¡r , I97S).

Processed 0i1
Samp 1e

Total Sulfur
(ppnt)

E:pe 11ed

Extracted

Crude

Degummed

Refined

Bleached

Deodorized

L9-25

10-s7

s-30

9-16

4-9

0.5-B

1
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citric acíd and exposed to fluorescent light. The authors suggested

that the unusual flavours in the oils may have been due to a reaction

involving sulfur cornpounds.

The researchers at Northern Regional Laboratories (Evans êt aI. ,

Lg7I, 1972; Cowan ¿C, 1973) have attempted to correlate flavour panel

scores of oxidized oils with objective chemical tests in order to

quantify their results. Evans *- g (rg71) added an antioxidant

(Tenox 6) to soybean oil- then carried out both odour panel evaluation

and peroxide value tests, by the active oxygeïr method (AOM) . They

found that the addition of the antioxiclant affected the AOM value but

did not have a significant effect on roorn odour scores. Evans et al.

(Ig72) oxidized soybean oi1 to four different peroxide levels *1",-U

that there ldas negligible change in room odour scores or character after

oxidation. They concLude that 'rthe slight change on repeated heatings

would indicate that prior oxidation, as measured by peroxide value, does

not have much direct effect on room odorrr. Cowan * "1. (1973) also

forind that oxidative stabilíty as measured by the peroxide value did not

correlate with room odour scores.

Chenical Tests for the Extent of Oxidation

There are several chemical tests that have been used to evaluate

the extent of oxidation in oils. These tests fall into two broad

categories: colorimetric nethods and gas liquid chronatographv (GLC)

methods of analysis.

The colorimetric methods are distinguished by the reagents they

thiobarbituric acid (TBA)

benzidine

anisidine

peroxide.

employ:



Thiobarbituric acid tests measure oxidative rancidity bv

indicating the relative amount of unsaturated aldehydes, thought to

be nainly malonaldehyde, and other 3 carbon derivatives sinilar to

malonaldehyde [Patton , rg7 ). The pink pigme.nt read at 5s2 mu has

been found to be a useful indicator of lipid oxidation (Patton , IgTj).

However, Fiorlti et af. 0974) found that

TBA readings did not coïreLate well with sens"rri"Urngs on flavour

changes in aged soybean oil ancl beef tal1ow, while Biggar et ar.

(1975) reported good correlation between TBA values and oxidative

flavour deterioration in canned whitefish. patton (1973) suggests

that the complex factors leading t,o the pigment production make it
essential that the t,est results be considered with sensory evaluation

and other suitable chemical tests.

The benzidine test has been found to be an excellent indicator

of past oxidation but only gave fair correlation with soybean oi1

flavour scores (smouse and lr{aines, rg71). Fioriti (.rg74) found poor

correlation with oi1 flavour scoïes and concluded that the test was

nore indicative of oí1 type than degree of oxidation.

The anisidine test has been used by List eq aI. (i974) instead

of benzidine because the benzidine reagent has been found to be carcino-

genic. The test is similar to the benzidine test except that isooctane

is used as the fat solvent. List et al, (1974) found .that the ansidine

test scores correlated well wíth flavour scores of. freshly processed soybean

'oil frorn sound beans but not with aged oi,1 or oiI from damaged beans.

Peroxide values are measures of the primary oxidation products

of oil degradation, hydrop""o*id"r. Fioriti et ar. (rg74) found that

peroxide values correlated well with pentane values, which is predictable

since pentane is forned hy the thermal decornposition of hydropero*i¿"r.
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Test nethods whích rely on GLC to elucidate various represent-

ative oxidation products are:

oxygen absorption

pentane values

octanoic acíd values,

The oxygen absorption method measures the amount of oxygen used

up in the headspace gas of a sealed bottle of oil. A measured amount of

the headspace gas is injected into a gas chromatograph and the

percent of oxygen in the headspace is obtained. Fioriti et a1. (1974) founcl

that the oxygen absorbed during storage correlated with peroxicle and

pentane values but that the time required to carry out the test limited

its usefulness.

Pentane values are also derived from GLC analysis, Pentane is

formed by thermal decomposition of hydroperoxides. Schol,z a¡d Ptak- 11966) found

that this nethod was sensitive to the detection and quantification of

oxidative changes ín oils. The method minimizes manipulation of the

sample and avoids altering the products of oxid.ation. Scholz (i966)

found that the results correlated well with panel tests of cottonseed

oi1.

Octanoic acid values also estimate the extent of oxidation of an

oi1 by measuring the production of octanoic acid. However, Fioriti

et al. (1,974) found that the correlation with flavour scorîes using a

variety of fats and oils (beef taIIow, lard, soybean oi1, safflower oil

and corn oil) were poor and that the values at the end of the oxidation

period wele not significantly different fron those at the beginning of

the period. This method also proved to be very time-consuning.
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Summary

In summarizing the possible causes of undesirable room odour

from heated RSo the weight of the evidence points toward the poly-

unsaturate content of the oi1 and more specifically toward the

linolenate content as the rnain source of odorous compounds. Frorn

the work with soybean oil it has been shown that various treatments

such as hydrogenation, addition of stabilizing agents, aging and

temperature of heating affect the magnitude and, to some extent, the

quality of the odours. Another possible source of odour is the

tTace of sulfur from isothiocyanate or oxazolidinethione compounds

in the seed. The influence of most of these variables on the odour

of hot RSO has not yet been assessed; therefore few conclusions about

hot RSO odour can be drawn at this tine.
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EXPERIT,ÍENTAL METHODS

Experimental Design

This project was divided into trvo distinct phases.

A. Recognizing that top quality oi1 should be bland under

all conditions of use, a series of laboratory studies were done to

define the scope of the lthotrt odour problen in rapeseed oi1 (RSO)

using both chemical and sensory techniques. In the laboratory

tests of the effect of heating for periods up to 40 minutes were

examined among several oi1 variables; These variables included:

Species - The differences in odourproduced by RSO and other

popular oi1 species were examined.

Varieties - The differences between high and low erucic acid RSO

varieties and between high and low gJ.ucosinolate RSO

varieties r¡/ere assessed.

Hydrogenation - The effects of hydrogenation on odour develop-

ment were exarnined ín several of the RSO varieties.

Cornmercial masking agent - Prelimínary studies were done with

a conmercial masking agent as a possible solution to

the odour problen.

These variables were investigated through a series of separate

experiments using both odour panel evaluations and chenical measure-

rnents in which various oils and heating treatnents rvere evaluated.

Table 8 sumnarizes the specific oils and treatments that were used in

each experiment.

B. A telephone survey of 400 Manitoba households was carried

out to determine the extent of consumer use of RSO and to identify any

flavour or odour problems which nay have been obvious to consumers.
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Materials Used

All rapeseed oi1 materials used in these e4perirnents lvere obtained

directly from the processor. hhile processors varied (Tab1e 9), ar1

oils were finished for the consumer market, i.e. alkali refined,

deodorized and bleached, commercial antioxidants were added.

A mixture of 0.01% butylated hydroxyanisole [BHA) and 0.0].%

butylated hydroxytoluene (BHT) was used by Canada Packers as the

antioxidant It is assurned that the same mixture was the antioxidant

used by the other processors. The RSO and hydrogenated RSO obtained

fron canada Packers and used in experiments 2-4 and 6-8 was known to

have been prepared frorn Zephyr oi1. In experiment.2 the other oil

species were market brands of oi1 purchased from 1ocal grocery stores.

Soybean oil and rnineral oi1 used as reference standards were purchased

on the local narket. All of the oils used in the experiments rn/ere

sealed under nitrogen and stored at 4.5c in refrigerators except for

the oils used in experiment 1. These oils were stored at -40C.

An imitation olive oi1 flavour which is sold as a flavour nasking

agent was obtained fron Polack Frutal Works (PFW). PFW was consulted

for appropriate 1eve1s of addition of their nasking agent but their
infornation l¡/as appropriate only for lipids to be used without heating.

An appropriate level was approximated fron their infornation and from

unilever patents for similar compounds (Feenstra and Keppler, l9zz).

0i1 4eating Method

In experiments 1 through 5 the oils were heated, 400 ml at a ti_me,

in 1 quart pyrex saucepans on a Corningvare #PC351 hot plate. The oils

were heated to 190C15C whích corresponds to comrnonly recommended deep

fat frying temperatures. The oils were held at this temperature for
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Table 9. Processors of Experinental 0i1s,

Processor Experiment

A

B

C

D

1

I

r,2,3,4,6,7, B

.5
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varying lengths of time. Samples r4rere removed at appropriate times

for both sensory and chemical- tests. All of the samples were flushed

with nitrogen, capped and stored at -40C until needed for sensory and

chenical evaluation. In experiments 6 through 8, 5ô ml samples of

oi1 with the appropriate level of masking agent added, weïe heated in

red pyrex glasses on the Corningware #PC351 hot plate to 1g0Ci5C for

10 minutes. The samples were then cooled to 55C and presented to the

sensory panel for evaluation.

Sensory Evaluation

Hvans e.t al. (1971) approached the study of hot soybean oi1 oclour hy heating

a sample of oil in a deep fat fryer in a closed roorn and having the

panelísts simply judge the odour of the room. A roorn which could be

exclusively devoted to oi1 odour evaluation was not available for these

studies; therefore a nethod was devised to preheat samples which couLd

be stored and evaluated in booths in a conventional sensory testing

room,

A 6 to 9 person trained panel evaluated the odour of the oils in

a standard sensory testing room with separate booths, slight positive

atmospheric pressure and controlled light. Fifty milliliters of oil

were prêsented in red pyrex glasses and examined at S[lC, the AOCS

standard temperature for oi1 odour testing (smouse , rg72). To naintain

a constant temperature the red glassês were placed in water baths on

smal1 electric warners in each panel booth (Figure 2). when more than

four samples hrere to be tested several of these arrangemènts were set

up in adjacent booths and panelists rnoved from booth to booth in random

order to evaluate all the ¿1e¿lments.

In the first odour study, the oils were evaluated in relation to
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chemical odour standards rvhich seemed to be similar to the odour

qualities in heated RSO (Table 1(it). These odour standards weïe

selected , arte'r considerable discussion and examination of the oil

along with compounds which wére considered, by the prospective

judges, to be similar to the various components of the oil odour.

I{hen using these standards the panelists were instructed to consider

each odour standard separately and to rate each oi1 in relation to

each st,andard using the method of nagnitude estimation (Table il).

The sensory task in experinents 2 through B was to decide how

strong the overall odour of each sample was in cornparison to the

unheated soybean oil reference. In these studies a semi-structuïed

scale was used to evaluate the odour intensity of the oil- with

unheated soybean oil always used as the bland reference sample

(Table 12). There were no set divisions in the scale except the

begínning and end point, leaving the panelist free to place his mark

anywhere along the Iine. A nunerical value was derived by measuring

the distance in centineters from the bland reference point to the

panelistrs mark. In all tests a coded unheated soybean oil was

incLuded as an internal check on the panelists I performance.

Panelist Selection and Training

A seven to nine member panel consisting of faculty, staff members

and graduate students of the Departnents of Foods and Nutrition and

Plant science were selected to participate in the study on the basis

of their interest and availability. Eighteen initial sessions r^/eïe

designed to acquaint the candidates with the techniques of oi1 odour

evaluation. These sessions were conducted in an air-conditioned

laboratory around a large table to facilitate group discussion.
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Table 10. 0i1 Odour Standards used in Experiment 1.

Odour Quality Chemical Concentration*

buttery diacetyl (Chem.Service Media, 10 ppm
Pa. )

sweet trans-7-hexanol (unidentified 10 ppm
source)

sul furous dirnethyl disulfide (K.& f.
Laboratories )

5 ppm

fishy trinethylarnine (Chem.Service 40 ppm
Media, Pa.)

painty linseed oil (used in absence of S% by volume
a pure chemical)

*411 chemicals were diluted in nineral oi1.
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Table 11. Magnitude Estimation Ballot for 0i1 0dour Evaluation.

Name

Date

MAGNITUDE ESTII{ATION

You have been given a Standard Sample plus Coded Samples. The
task is to rate the intensity of the odour in relation to the intensity
of the Standard. If the sample seems 5 tines as strong give it a score
of 5, if it seems half as strong scorè it as I/2. There is no limit
to the values of the factors or fractions that you can use as scores.
Please rest for 30 seconds before sniffing the next sample.

Standard Sanple Magnitude Estimation Score

buttery

su/eet

su1 furous

fishy

painty
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At this time the various odour qualities of the oil were identified

by the panel. Some of the descriptors used were: buttery, burnt,

sulfurous, sweet, fishy, netallic, beany and painty. These para-

meters were narrowed down to five: buttery, srveet, sulfurous, fishy

and painty. The panelists were in agreement that the "character

impact" of the oi1 was dominated by the painty odour. In subsequent

discussion periods several chemical compounds urere examined to

determine the most appropriate chemical standard for each odour

quality. After the panel had agreed on the odour standards and

their respective concentrations the judging v/as moved to panel booths

lo carry out individual evaluation.

After experirnent 1 was cornpleted usirrg this evaluation technique ,

it was the opinion of the panel and the er<perimenter that the evaluation

technique was too intensive and tedious, and caused too nuch odour

fatigue among the panelists. Therefore a simpler evaluation method

was devised in which the panelists rated the overall strength of the

sample oil in comparison t,o a bLarrd soybean oil reference, using a

semi-structured scale (Table 12). Since the panel was already

trained in odour evaluation a relat,ively short training period was

required to adjust to the new method.

Erperiment 2 was used to assess the panelistsr ability to

discríninate between heated and rrnheated oils and between degrees

the heated oiI odour. To establish confidence in the panelistsl

discrininatory ability, Kendallrs coefficient of concordance was

t,o measure scoring consistency of each panelist and of the panel

a who1e. The coefficient of concordance is a linear function of

aveTage of the coefficients of rank correlation for all pairs of

used

AS

t,he

of
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rankings (Gibbons, 1971). It is a measure of

observers or replications by the same observer

0 and 1. Zero means no agreement and I means

Formulae:

agreement between

which ranges between

perfect agreement.

ft=

11 =

R-

$=

observers or replications

obj ects

ranks

sum of squares of deviations of all ranks around the

average rank

Ë I n,- t'9-ùl'
j", - ú ^

ratio of S to its maximum value

12 s

S

ür

W
k" (ni- n)

Test for significance based on VI may be approximated urirrgt'.
)

X"- k(n-1)t{ with n-1 df .

TabLe 13 shows the coefficient of concordance for each panelist

for 3 replicates of experiment 2. The panelists showed significant

concordance (P< 0.005) with their own scores over all replications.

Table 14 shows the coefficient of concordance among panelists in three

replications of experiment 2. The panelists showed significant

concordance (P< 0.005) among their ot^/n scores in each of the three

replications. fy"f are larger for replications than for panelists

indicating that the panelists were more in agreemênt with each other

on a païticular ð.ay than they were with thernselves on successive days.

Taken toget,her the coefficient of concordance for each panelíst and

for each replicate established confidence in the judges' discriminatory

abirity. However, if only the coefficient of concordance for each

panelist were considered it would be possíbLe for each panelist to rate
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Table 13. Coeffícient of Concordance for each Panelist over Three
Replications for Experiment 2.

Panel is t f (1 1df) *l4l

1

2

J

4

5

6

.689

. /46

.619

.8L4

.7 49

7\)

.794

.804

38.39

47.02

34.05

44.77

4I.20

40.26

43.67

40.s4

44.22

7

I

I

*411 t' values were significant (P <0.005).
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Table 14. Coefficient of Concorda¡rce for each Replication, for all
Panelists, for Ëxperinent 2.

Replications t' (1ldf)*

I

II

III

.73

.70

.67

72.27

6s .30

66.33

*AIIX2 values were significant [P < 0.005).
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the oils in different orders. If the judges were rating the oils in

different orders the coefficient of concordance within a replicate

would not be significant. The erperimenter would then be able to

eliminate judges who were not in agreement with the majority of the

panel until a significant coefficient of concordance is reached.

Chemical Tests

Thiobarbituric acid (TBA) tests were carried out in duplicate

for oi1 samples from all treatnents in experiments 2, 4 and S , The

TBA method was adapted from work pubLished by vyncke (1970). Because

the nethod was originally used with fish some rnodifications were

necessary including: elimination of trichloroacetic acid fl'CA) ;

addition of a solvent; and eLimination of heating to develop maximum

co 1our.

Modified TBA Procedure :

1. Accurately weigh 0.5 gm of oil ínto a 15 n1 screr^r cap

glass tube.

2. Add 5 m1 hexane to each tube and also to one blank tube.

Cap tubes and mix vigourously for 15 seconds.

3. Accurately add 5 ml TBA* solut,ion to each tube. Cap

tightly and shake tubes rvel1.

4. Place tubes in a dark cupboard for 15 hours.

5. Aspirate all of the hexane layer off the top.

6. Pipette sufficíent solution into cuvett,es and read on

a Unicam SP 600 spectrophotorneter at 528 mu using the

"hexane TBA b1ankil to zeïo the instrument.

*TBA solution: dissolve 0.283 gm of TBA reagent in 100 mI

distilled water. Prepare fresh daily.
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TCA was eliminated in the nodified nethod because there was no

protein present in the oils to be precipitated. Hexane was added to

dissolve the oi1 and eliininate problems with emulsion formation. The

heat treatnent was not used because Tarladgis t1964) foirnd that

standing the samples at room temperature for 15 hours achieved comparable

colour developnent.

Consúmer Survey

A questionnaire was öonstructed as an instrument to deterrnine

the extent of use of rapeseed oil by Manitoba consumers and to define

any problems in the use of rapeseed oil which may have been noticed by

these consumeïs.

The questions were divided into six sections (Appendix I).

1. Questions 1 and 2 assessed the frequency and method used

to fry foods, If the respondent used frying as a food

preparation nethod less than once a month the interview

was terminated at this point.

2. Knowledge and opinions about RSO were queried in question

3; e.g.,Where did you hear about RSO? hhat have you

heard about it?

Questions 4 and 5 determined the type and brand of oil or

fat that the respondent used for frying.

Assessment and descriptions of RSO sensory

characteristics were asked in questions 6-11. These

questions were ans\^/ered only by respondents who used RSO.

Economy oríented food shopping behaviour characteristics

were determined in questions 12-14.

Demographic data of respondents and their fanilies were

3.

4.

5.

6.
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gathered in questions 15-19.

fnterviews by telephone were conducted during August I9Z4 by

the author and three trained sunmer students empJ-oyed by the Department

of Foods and Nutrition at the lJníversity of Manitoba. Four hundred

Manitobans were surveyed using this instrument. Since approximately

half of the populat,ion of Manitoba lives in Winnipeg, half the survey

sample was chosen randomly fron the ltrinnipeg telephone directory and

haLf was chosen randomly from the rural Manitoba telephone directory.

In order to qualify for the survey the respondent had to do most of

the cooking for the faniLy, and had to use frying as a method of food

preparation more than once a month. A total of 400 telephone sunveys

were completed.

Statistical Treatrnent

Analysis of variance was used to identify the sources of variation

in all the sensory evaluation tests. Multiple range tests were used to

identify samples and treatments which were judged significantly dífferent

in odour intensity.

In experinent 1, some additional nanipulation of the data had to

be carried out before analysis of variance was possible because a

rnagnitude estination rating technique, which is a rnultiplícative scaIe,

was used. In order to carry out analysis of variance an additive scale

is required, therefore the magnitude estimation scores were transformed

to their 1og values before analysis of variance.

The coefficient of correlation and simple linear regression was

computed to indicate the strength of the linear relationship between the

odour intensity values and the TBA scores in experiments 4 and 5.

In the consumer survey cross-comparisons r.\rere nade to deternine

if there was a relationship between the use of RSO, shopping behaviour
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and denographic characterístics. Also the relationship between

continued use of RSO, and the sensory qualities and demographic

characteristics and the relationship between the reason for first

trying RSO and shopping behaviour were investigated by cross-

comparisons. The significance of these relationships were assessed

by comput,ing the appropriate chi-square Ñ).
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RESULTS

Senso_ry Evaluâtion ôf..Heâted 0i1 Odôurs

The variables examined in the following experiinents were:

0i1 varieties

erucic acid leve1s

glucosinolate 1evels

Processors

Prolonged heating

Hydrogenation

Masking agents

These variables were examined in various combinations within

experirnents;therefore the results of each experínent will be presented

followed by a discussion of the variables across experiments and in

light of the literature.

Comparison of high and low erucic acid oil_s from.th_ree diffgrept

processors (E:periment 1).

The odour profile (Figure 3) demonstrates that all of the para-

meters, buttery, sweet, sulfur, fishy, and painty, Ì,ìrere present in all

the oils.

Figure 3 shows the 1og value of the mean nagnitude of

the difference between each oil and the chemical standard which was

scored at 1. All of the oils were scored less intense than the

standard; therefore when these values were converted to logs they

became minus nurnbers. The lower the ninus number the less odour was

perceived. The differences in odour intensity among the various

parameters is not neaningful in terms of theír relative significance

in the oi1; rather they reflect intensity differences anong the

standards used. This approach to the analysis of oi1 odour enabled the
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judges to describe the qualities in heated RSO odour which nakes it

unpleasant. The fishy, sulfurous, and painty notes were seen by

the judges as the dominating unpleasant characteristics of the

heated oil odour. Analysis of variance of the odour scores

(Tab1e 15) showed that there v/ere no significant differences anong

the oils in the buttery and sweet parameters. High erucic oils

had significantly less intensefishy odour (P <0.01) than low erucic

oils and tended to have less intense sulfur and painty odours (p <0.10)

The mean scores over.a11 processors for high and 1ow erucic oirs for

these odour parameters were:

Low erucic acid

High erucic acid

Although there were

from dífferent processors,

consistently lower over all

were:

no significant differences between oils

the mean scores for processor IIf were

the odour parameters. The rnean scores

Fishy

-2.7r

-2.42

Sulfur Fishy Painty

-2.28 -2.25 -ô.73

Sulfur

-2.II

-2 .37

Painty

-0 .63

-0.83

Buttery Sweet

-0.93 -r.46Processor I

Processor II

Processor III

-1.03

-1.13

-1. 28

-1.49

-2.07

_') 2',7

-2.Lr -0.68

-2.43 -0.79

These scores suggest that techniques used by Processor III

favour the production of RSO which has a lower overall odour intensity.

Further, the significant processor x erucic acid 1eve1 interaction

(P<0.05) in the sulfur parameter was due to a lower odour level in

low erucic acid than hígh erucic acid oils from Processor III.

High judee variabilitv represented by the coefficients of

variation (TabIe 15) 1ed to the
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conclusion that the sensory task was more extensive than desirable.

The judges felt that the unpleasant odou.r eharacters of the oil,
sulfur, fishy, and painty, could be embraced in an overall odour

intensity score which would reduce the three païameteïs to one.

As a result of this decision the sinple semi-structured scale

technique was used for the balance of the experiments.

Comparison of popular oil species [Experiment 2).

The effect of heating on the odour of oils from a variety

of popular oi1 species was evaluated using the odour intensity scale

method, where higher values represent stronger odours. Figure 4

shows that the odour intensity vaiue (oiv) for aLl the oirs except

corn increased when heated to 190c, with RSO and hydrogenated RSO

(HRSO) showing the most increase in odour intensity. rn contrast,

corn oi1 had a high unheated odour that decreased slightly when

heated, substantiated by the significant (p<0.01) oi1 x heating

interaction (Table 16). The oi1 x heating interaction also is

indicative of the greater rate of increase in odour of RSO and soybean

oil as compared to safflower and sunflower oils; this observation is

demonstrated by the different slopes of the lines in Figure 4.

rn erçeriment 2 the judges showed some inconsistency in the

order and magnitude of their judgments and some oils behaved atypi cally,
which caused significant heat treatment x judge, oi1 x judge, and oil x

heat treatnent x judge interactions. In order to e>çlain these inter-

actions the atypical oil, corrr oil, and the nost atypical judges were

consecutively removed and new analysis of variance were calculated after

each removal. The main effects r^/eïe not significantly Ch.anged with

these manipulations, but the interactíons were reduced somewhat. This
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Figure 4. Comparison of odour
species to 190C for

changes after heating popular oi1
10 minutes (Erperimênt 2).
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Table 16. Analysis of Variance for Cornparison of Popular 0i1 Species
(Experirnent 2) .

Sources of Variation MSdf

Replícations

0i 1s

Heating

0i1 x heat

Judges

Experimental error

Replication error

Total

Coefficient of variation (%) 37.66

2.70

68.77 I .08**

1101 . 34 r29 .49**

r04.97

s4.62

8.50

2.66

2

5

1

.5

I

B8

214

5¿5

L2.34**

6.42**

**P <0. 01.
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can be seen by conparing the two graphs in Figure 5 which show the

oil x treatment interaction, e*cluding corn oi1 scores, after the

removal of judge 9 and after the removal of judges 9 and 5. The

order of the unheated oils changed so that there were fewer cross-

overs after the trvo judges were removed but the different rates of

odour increase, which also caused so¡ne interaction, were essentially

unchanged. These interactions, treatment x judge, oil x judge, and

oi1 x treatment x judger wêïe combined into an experimental error

tern and used to test the F values of the main effeets (Table 16).

Note that this is a tnore stringent test of F values than the

replication error term since there are fewer degrees of freedom.

Since the judges showed similar inconsistencies in the order

and magnitude of their scores in experinents 3 to 8, the procedure

of pooling the judge interactions for an error term v/as applied

throughout this series of studies.

Detection threshold. _of heated RSO in mineral oil (Experiment 3).

Data in Figure 6 show that the heated RSO odor intensity

increased as íts concentration in mineral oil increased up to 20% by

volume. Increments beyond 20% gave erratic 0IVts reflecting high

judge variability (Table 17). A comparison of nean intensity vaLues

showed that a 10% dilution of RSO in mineral oil was not statistically

dífferent fron 0, and 20% was not different fron 1A0% as evidenced by

the multiple range test:
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Table 17. Analysis of Variance of Detection Threshold of Heated RSO
in Mineral 0i1 (Experiment 3).

Sources of variation df, I{S

Rep 1 i cations

Dilutions of RSO

Judges

Experirnental error

Replication error

2

10

6

6ö

L52

3.e8

33.27

28.24

( ??

4.58

6.37**

5 . 41**

Total 230

Coefficient of Variation (%) 56.40

**P< 0.01.
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Mean
S cores *

% RSO in
mileial öi1

I.T4

2.0L

3. s0

3.7r

3. 81

3. 91

4.28

4.28

4 .4s

5.20

s.41

0

10

20

4ö

90

30

100

70

50

80

60

*Means connected by a contiTtuous vertíca1 line are not
statistically dífferenú (P< 0.0S).

Comparison of odour changes during prolonged heating of oils

(E:iperinent 4) .

Progressive heating was used to deternine if Zephyr RSO, a

high glucosinolate, 1ow erucic acid species, increased in odour

intensity as heating time was extended. The RSO odour scores

increased to a peak after 10 minutes at 190c, then tended to plateau

(Figure 7). The unheated OIV was significantly lower than the

heated OIV as shown by the multiple range test:
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Mean Heat,
OIV* Treatment5 lover all oils)

1.68 r.¡nheated

3.81 0 min at 190C

4.27 20 min at 190C

4.74 40 min at 19ôC

5.05 10 nin at 190C

*Means connected by continuous vertical line are not
significantly different from each other (P <0.05).

Ten minutes heating at 190C produced the average peak for

the three oils. However Figure 7 shows that the OIV for hydrogenated

RSO continued to incerase to 40 min. Soybean oi1 OIV was also

slightly higher at 4A minutes of heating tine demonstrating that the

OIV peak at 10 minutes was nainly caused by the high odour response

to RSO.

The analysis of variance (Table 18) shows a significant (P<0.01)

difference in OIVis among the three oils. The multiple range test

demonstrates that RSO and hydrogenated RSO were not different from each

other but they were both significantly strongeï than soybean oil:

Mean
OIV* Oils fover all heat treatments)

4.42 RSO

4.L2 Hydrogenated RSO

3.15 Soybean oi1

*Means connected by a continuous vertical line are not signi-
ficantly different from each other (P <0.05).

Hydrogenation tended to reduce the hot oi1 odour but did not

significantly affect the problem.
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Table 18. Analysis of Variance of Odour Changes During Prolonged
Heating of High Glucosinolate 0i1s (Experinent 4).

Sources of Variation df MS

Replications

0i 1s

Heating Times

0i1s x heating

Judges

E:perimental error

Replication error

I
r72

268

24.35

59 .05

r43 .47

9.58

44.77

b. /5

4.r7

8.7

8.77**

2r.31**

7 .42

6.64**

Total 404

Coefficíent of Variation (%) 52.4I

** P <0.01.
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Conpa¡ison of ódóf chánges duting proloriged heatirig óf low

glúöosinolatê RSO (Expêrimênt 5).
Rapeseed oils from low glucosinolate, low erucic acid species

developed strong odours on heating regardless of prior hydrogenation

(Figure B). The differences ín OI\¡rs between RSO and soybean oil were

narginally significant (P<0.05) (Tab1e 19). In fact, only one RSO

(940) was significantly stronger than soybean oi1 as demonstrated by

the multiple range test:

Mearr
OIV*

0i1 (over all heat
treatnents)

940 RSO

1788 RSO

940 HRSO

Soybean oil

1788 HRSO

4.2s

4.1s

3.63

3.43

3. 39

*Means connected by continuous vertical líne are not significantly
different from each other (P<0.05).

The two RSOrs showed a slightly higher OIV than theír hydro-

genated counterparts again suggesting that hydrogenation may effect a

slight improvement in oil odour. Note that at the 40 minute heating

time the hydrogenated RSOfs and soybean oil were judged equal in OIV.

The difference between heated and urrheated oi1 odour was again

confirmed (P<0.01). The OIV tended to peak at 10 minutes heating

at 190C and then it plateaued or dropped from 10 to 40 ninutes.

Assessment of effect of odour nasking compor¡rd at 1135 Þpn on

odo.ur development of heated oil (Experiment 6).

!\rhen the masking compound was added at the suggested 1eve1 (PFW,

personal communication), the OIVrs of the unheated masked samples

(Figure 9) were significantly higher due to fruity, floral odours of the
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Table 19. Analysis of Variance of Comparison of Odour Changes During
Prolonged Heating of Low GLucosinolate Oils (Experinent 5).

Sources of Variation df MS

Repl icat ions

0i ls

Heating times

0i1s x heating

Judges

E>çerimental error

Replication error

4

I6

5

r20

298

L.¿J

14. 81

192.70

3.82

187 . 11

5 .78

2.67

2.56*

33. 30**

0.66

.)z.JJ-^

Total 449

Coefficient of Variation (%) 43.35

*,trrr P <0.05 and <0.01, respectively.
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Figure 9. Assessment of effect
on odour development

of odour nasking compound at 1135
of heated oils [Erperinent 6).
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masking agent [P <0.01) than the unheated samples without the nasking

agent (Table 20). For this reason it was concluded that the concen-

tration of the masking agent was too high. The 0I\¡ of the masked

samples dropped on heating lvhereas the OIV of the samples without

nasking agent increased causing a significant (P<0.01) heat x mask

interaction (Table 20). The fruity, f1ora1 odours were also evident

in the heated, masked oí1s.

Identification of an appropriate leve1 of maskirig agerit in

heated oil (Experiment 7).

Serial dilution appeared to be an effective technique to

establísh the optimun level of nasking agent. With no nasking agent

the usual high odour level of heated RSO was perceived (Figure 10),

but an appropriate concentration (11.35 ppm) of the nasking agent

significantly (P<0.01) decreased this odour (Table 21). At higher

concentrations the odour of the masking agent, which was fruity and

floral, dominated and increased the OIV. No unheated soybean oi1

control was included in this elçeriment as a check on the panelists'

scores, although the RSOfs were evaluated against an unheated soybean

oi1 control.

A¡sessme.nt of effec.t of odour masking compound.at 11.35 ppm

on odour development of heated oi1 (Experiment 8).

Experiment 6 was repeated using 11.35 ppm of the masking agent,

the optimum level indicated by the serial dilution experinent. Figure 11

shows that this low level of nasking agent lvas not obvious in the

unheated oi1; however it did not have any effect on the odour intensity

of the heated oi1s. The analysis of variance for these data (Table 22)

failed to show the interaction which would be expected if oil heated in

the presence of the masking agent behaved atypically. These findings
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Table 20 Analysis of Variance
Compound at 1135 ppn

for Assessment of Effect of Odour lr{asking
(Experiment 6).

Sources of Variation )1ttr MS

Repl ications

0i ls

Heating

0i1 x heat

Masking

Oi1 x mask

Heat x mask

Oilxheatxnask

Judges

Erçerimental emor

Replication error

Total

Coefficient of Variation (%)

2

2

1

2

1

2

1

2

6

66

L66

2s7

9.86

3.49

46.64

3.Õ7

262.94

0. 48

2s7.03

6.57

61.47

6.s3

2.47

ö. s4

7 ,14**

ö.47

44.28**

0.ô7

39.37**

1.or

9.4r**

** P <0 .01.
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Figure 10. Identification of appropriate
heated RSO [E:<periment 7) .
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Tabre 2r. Analysis of variance of rdentification of Appropriate
Level of Masking Agent in Heated 0i1 [Experiment 7).

Sources of Variation MSdf

Repl ications

Dilutions of masking

Judges

Experimental error

Replícation erroT

5

20

58

70.92

28.9s

89.98

L)î

2.4r

6 .90**

27.44**

Total 89

Coefficient of Variation ('ó) 35.40

** P <0 .01.
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Figure 11. Assessment of effect of odour
11.35 ppn on odour development
(Experiment 8).
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Table 22. Analysis of Variance of Effect of
at 11.35 ppn on Odour Development
ment 8).

Odour Masking Conpound
in Heated 0i1 (Experi-

Sources of Variation MSdf

Repl i cations

0i 1s

Heating

0i1 x heat

Masking

0i1 x mask

Heat x mask

Oilxheatxnask

Judges

Experimental error

Replication error

Total

Coefficient of Variation (%)

2

2

1

2

I

2

1

2

5

55

r42

2r5

5r.02

25.52

9.53

493.39

s .08

0.s8

1 .86

0.22

0.40

43.5.5

4.54

2.60

2.r0

708.77**

T.12

0.13

0.4L

0 .05

0 .09

9.60**

** P<0.01.
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appear in direct contradiction with those of the masking agent dilution

test. Contamination of the glassware rnight have been suspected had

the scores for the unheated oils rrot containing the masking agent been

unusually high. Ilowever this was not the case; therefore it appears

that 11.35 ppm of the masking agent was a level of addition insufficient

to mask heated oil odour.

Chemical Tests

Fatty acid analysis.

The fatty acid composition of the oils used in experiment 2

(Table 23) shows that RSO has the highest linolenic acid (C18:3)

content. Soybean oil would be erçected to have similar levels of

línolenic as RSO; however commeröia1 soybean oil had been partially

hydrogenated,reducing the C18:3 fatty acids. The linolenic conteût

of hydrogenated RSO was also reduced. Corn, safflower and sunflower

oils had sinilar levels of linoleic (Cl8:2) and oleic (C18:1) acids.

The main differences in the fatty acid content of RSO species

used in experinents 3 through I are due to hydrogenation (Table 24)

which reduces the proportion of linolenic and linoleic acids and

increases oleic acid.

Table 25 shows that there is very little change in fatty acid

composition of either RSO or soybean oil after the oils were held at

190C for 40 minutes. Extended heating very slightly reduced 18:3

and increased 1B:2 and 18:1 fatty acíds but not significantly as these

dífferences were less than expected between duplicate samples.

TBA tests

Figure 12 shows

10 minutes increased in

oils (P <0.01), heating

that popular oi1 species heated to 190C for

TBA value. A significant difference between

treatments (P <0.01), and a significant oil x
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Table 23. Fatty Acid Conposition of Popular 0i1 Species
(E>rperiment 2) .

No. of
carbons:
No.of
doub 1e
bonds

% Methyl Esters

RSO HRSO

soy-
Bean Corn

Saf-
flower

Surr-
flower

14 :0

16:0

16 :1

18:0

18:1

18:2

1B:3

20:L

22:0

)1 .1

0.1

3,6

0.2

I.7

52.9

2r.6

11.0

3.8

5.0

0.1

s.6

0.5

6.s

75 .3

8.6

1.1

1.5

0.1

0.4

0.1

9.5

0.1

4.1

47 .3

3s .0

3.2

0.2

1I.2

7.7

25.7

60.8

0.4

Ö.1

6.9

0.1

À1

76 .4

7A.r

ô.7

n.2

0.8

7.0

4.6

18.3

69.1

0.5
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Table 24. Fatty Acid Composition of Low Erucic, Low Glucosinolate and
Low Erucic, High Glucosinolate RSO Varieties (Experiment 5)

% methyl esters
No. of
carbons:
No.of
doub le
bonds Zephyr 1 788

HRSO RSO

940

HRSO RSO

Low erucic acid
High glucosinolate

Low erucic acíd
Low glucosinolate

HRSO RSO

14:0

16 :0

16:1

18:0

18:1

L8:2

18:3

20:7

22:0

22:I

0.2

5.6

0.5

6.5

75.3

8.6

1.1

1.5

0.1

0.4

0.1

4.8

0.4

2.6

s9. I

20.5

9.0

7.7

0.2

0.7

0.r

4.4

76.4

64.L

4.4

1.6

4.8

5. /

tr

3.6

1.6

59.1

18.9

8.1

5.(.)

tr

0.1

4.7 4.4

0.3 0 .2

20 .9 r.7

65.2 58.5

3 .5 2.r ,3

L.3 9.5

2.4 2.8

- 0.3

r.3 1.3
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Figure 12. TBA values of ponular oil
at I9ôC (Experiment 2).
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heat interaction (P <0.01) were demonstrated (Table 26). The inter-

action was caused by the different rates of TBA increase, on heating,

for different oils wj-th RSO showing the steepest increase while HRSO

showed the 1east.

In experiments 4 and 5 TBA values increased on prolonged heating

(Figures 13 and L4). There was a significant difference betvreen oils

(P< 0.01). Values for RSO and soybean oil increased substantially

while HRSO increased only sJ.ightly. There was a significant difference

between heating treatments in experiment 5 (P <0.01). The difference

between heating tïeatment was not as significant in experiment 4 (P <0.1Ó) .

However the lower significance is probably due to a significant oil x heat

interaction buried in the error term.

TBA Correlation with Sensory Tests

In experiments 4 and 5 the increase in TBA values showed high

positive correlations with the odour intensity values for each oi1

(Figures 15 and 16). Linear regression lines show that the magnitude

of odour change related to change in TBA was narkedly different for

each oil. The effect of hydrogenati.on is demonstrated by the differ-
4A

ences in fl Gilurr.s 15 and 16) . A large 8 inaicates a dramatic

increase in OIV for a sma1l increase in TBA. Therefore, TBA tests can

be used as predictors of odour increase but each.oil must be considerecl

individually.

Consumer Survey

To qualify for the consuner survey respondents had to be people

who did most of the cooking for the family and they had to use either

pan frying or deep fat frying more than once a month. If either of

these conditions were not met the interview was terminated.

The interviews r.{¡ere no more than 10 minutes long and were
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carried out in August, 1974 between the

Most of the respondents r^rere womèn and

najority did not work outside the home

during working hours.

8t

hours of 1Õ.00 a.m. and 7.00 p.m.

it can be surmised that the

since nost cal1s rvere made

Demographic characteristics of the respondents summarized in

Table 27 show that close to 60% were between 3CJ and 60 yeaïs of age, while

24eo werê younger and 18% were older than this. Ir4ost of the respondents

(72%) were members of families of 4 o'r less while 28% had 5 oï moïe

fanily members. slightly less than half had completed high school

and 2L% had sone post high school training. The sample population

was deliberately distributed evenly between Winnipeg and the remainder

of the Province. Labourers comprised 42% or the sample population,
t'white- collay'rworkers approximately one-fourth of the sample while only

13% we're farmers.

The attitudes of respondents to econotny in food shopping

(Table 28) shows that approximately 67% had some Límit on their food

spending and 84% shopped for bargains and specials sometines or moïe

often.

Almost all of the respondents used pan frying as a cooking

method and most of them pan fried once a week oï more often (Table 29)

Approxinatery 62eo also deep fat fried and one-third of them deep fat

fried at least once a week.

When questioned about their knowledge of RSO, 65% indicated

that they had heard of it (Table 30); however rheir souïces of infor-

mation were mixed. The largest percentage (s0%) did not know where

they had heard of it. The media was the specific information source

for 24% of the responderrts and the most frequently mentioned was the

newspaper. I{hen probed about whether they had heard good or bad
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Table 27. Characteristi cs
RSO Use.

of tr{anitoba Respondents Surveyed about

Characteris tics Response category
% respondents

(n=400 )

Age

Family size

Education

Residence

Occupation of
y/age earner

-< 30
3r-45
46-60
>60

Total

L-2
3-4
¿5

Total

< High school
High school
> High school

Total

Winnipeg
Other Manitoba city
Snall town
Farm

Total

Unskilled labour
Semí-slcilled labour
Skilled labour
Sales or managerial
Professional
Retired, unemployed or

student
Farmer
No answer

100. 0

31 .5
40. B

27 .7

23.s
29 .2
29.3
18.0

100 .0

5L.7
26.8
2r.s

100.0

50.2
8.8

?.9 .5
11 .5

Total

r00.0

2.2
20.5
iB.5
16 .5
9.2

16 .3
72.8
4.0

100.0
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Table 29. Frequency with which Respondents Used Pan and Deep Fat
Frying lt4et,hods (n=400) .

? respondents

Ils e
Once a week

Method Yes No or more L/wk 1/mo.

Pan frying 97.8 2.3

Deep fat
fryíng 61.8 38.2

87 .7

29.6

10 .0

4r.3 29,I
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Table 30. Respondent Knowledge of RSO.

Question Response Category % respondents

Have you heard of RSO?

Where did you hear
about it?

yes

no

newspapeï

radio

TV

friend

more than one

donrt know

other

Total

(n=400 )

65.2

34.8

100 .0

(n=261)

15.3

5.0

3.8

10.8

6.9

29.5

28.7

100 .0

(n=26L)

13.8

1.1

85.1

100.0

souTce

l{hat have
about it?

you heard

Total

good

bad

neither good nor bad

Total
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reports about RSO most indicated that t]ne information had been neither

good nor bad. 0n1y 3 people said they had heard anything negative

about RSO.

Most respondents used liquid vegetable oi1 for both pan frying

and deep fat frying (Table 31). The most frequently used oils were

corn and soybean oil. Rapeseed oil and sunflower oil were both used

by about l)eo of the respondents for pan and deep fat frying. Lard

was the most frequently used (7%) of the solid shortenings for pan frying

with margarine, butter and hydrogenated shortening closely followirrg.

Most of the respondents answered this question by giving a brand name.

When asked if they knew what kind of oil or fat they were using over

half indicated that they knew the species (Table 32), and of those who

answered yes,86% named the correct species.

Table 31 shows that only about 10% were currently using RSO;

however,when popular brands of RSO were identified it was found that

47% had used at least one brand of RSO at some tine (Table 33).

Brand A (Table 33) was mentioned by 68% of the respondents who had used

RSO.

Economy was a prirnary factor influencíng RSO use (Table J4).

Over half of the respondents said they r^rould continue to use P.SO and

approximately half of those cited lower price as the ïeason. Those

respondents who had tried RSO and discontinued using it generally gave

a varíety of non-specific reasons for this purchasing decision.

However, dislilce of sensory features was identified as a reasonbv IS%

of these 71 people.

When queried about sensory properties of the oil (Tables 35 and

36) one fourth of the respondents had noticed some difference in the
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Table 31 Fat Forms Currently Used by Respondents for Frying.

% respondents (n=40{1)

Pan frying Deep fat frying

0i 1s

Corn oi1

Soybean oil
Rapeseed oi1
Sunflower oil
Peanut oí1

Olive oi1

Safflower oil
0ther

Sub -tot al

Shorteníngs and Fats

Lard

Margarine

Butter
Hydrogenated shortening
Bacon fat
Spray-on pan coating
0ther

Sub -tota1

Tot aI *

27 .0

25 .5

11.0

10.r)

1.0

1.0

0.3

4.0

70.ã

7.3

5.8

4,8

4.6

2.5

1.3

0.5
-ß3
!ô6 .4

16.5

77 .5

8.2

7.5

1.8

0.8
r'l ?

2.C
.:

55. r

?,.8

4.6

0.3

0.5

-EZ
b5.5

*Totals differ
indicated more

from those in
than one type

Table 29 because some respondents
of oi1 or fat used.



88

Table 32. I(nowledge of Species of 0i1 being lJsed by Respondents
(n=400).

% respondents (n=400)

Ques tion yes

Do you know what type of
oi1 or fat you are using? 53.5* 46.5

*Correct specíes named by 85,5% of these people.
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Table 33. RSO Use by Respondents.

% respondents

Have used RSO (N=400):

yes

no

Brands of RSO which were
used (N=162):

,,t^ E

s9.5

67 .9

16.7

3.1

3.7

7.4

7.2

Total 100 .0

A

B

C

More than one brand

0ther
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Table 35. Difference BeÛveen RSO and Other 0i1s (n=I62),

Response category
Taste of

fried foods
Odour of kitchen

when frying

Not different

Dífferent

Degree: slightly

somewhat

veTy

74.r

25.9

II.7

9.9

A\

75.9

)Å 1

13. 0

9.9

L,2
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Table 36. Sensory pleasantness of RSO (n=I62)

Response category Taste of
fried foods

Odour of kitchen
when frying

P1e as ant

Neutral

Unple as ant

7Å. ñ

s3.0

13.0

I00 .0

11

70

1B

100 .0

.1

1I

F
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taste and odour of RSO as compared to other oils. Thirteen to nineteen

percent stated that thè taste or odour of RSO was unpleasant. Most of

the respondents (68%) could not describe the room oclour of RSO t 17*

described the odour in terms usually associated with reverted or oxidized

oils (Tab1e 37).

The association of RSO use with demographic characteristics and

economy-oriented shopping behaviour (Tab1e 38) shows that the only

demographic characteristic with which RSO use could be significantly fP<0.ni)

associated was family size (Figure 17). A larger percentage of families

with 5 or moTe members were RSO users at some tine.

In relating continuation of RSO use with sensory quality

characteristics (Tab1e 39), significant dependence (P<n.0I) was

associated with differences in taste, pleasantness of taste, and pleasant-

ness of kitchen odour. Thirty-nine percent of those not continuing use

of RSO noticed some differences in taste (Figure 18) while 24% of those

not continuing use described the taste as unpleasant (Figure 1Çt) and ?R2

described the kitchen odour as unpleasant (Figure 20).

The incídence of continued use of RSO was significantly associated

with the occupation of the wage earner in the family (P<ô.05) (Table 39).

The significant differences were focused within the skilled labour, sales

or manageríal and professíonal classifications (Figure 21J. More skilled

labourers discontinued use while more in the managerial and professional

classifications continued to use RSO.

There was a significant (P <rì.ô5) association between reasons for

trying RSO and economy-oriented shopping behaviour (TabIe 40). Three-

fourths of respondents who had purchased RSO because it was less expensíve

had a limit on their food spending. As well almost three-fourths of

those who purchased RSO by chance had a línit on their food spendíng
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Table 37 . Description of RSO Odour whíle Cooking (n=L62)

Descriptors % responcients

oi ty

Greasy

Hot oil

Fishy

Grassy

Bl and

Strong and unpleasant

No odour

Donrt know

Total

1.8

3.1

6.8

)E

0.6

s.6

9,2

2.5

67 .9

100 .0
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Table 38. Association of RSO Use*
and Shopping Behaviour.

with Demographic Characteristics

Characteristi cs df *2 (¡=400)

Limit on food spending

Shop for bargains and specials

Number in household

Location of residence

Educational leveI

Age group

0ccupatíon

2

2

2

5

2

3

7

O. BB

2.16

I .2L**

¿.5/

I.29

4,IL

8.77

* Users (n=162) vs. Non-users (n=238) .

** P <0.01.
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Figure 17. Assocíation of RSO use with number in household (n=400).

People in
household

I-2
3-4

$+

yes no

(n=L62) (n=238)

RSO use

Ø
+J

C)

o
È,
Ø
o
Fr
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Table 39 Association of Continued
Quality Characteristics,
Characteristics .

Use* of RSO with 0i1 Sensory
Shoppirtg Behaviour and Demographic

Characteristics df *2 (¡=162)

Difference in taste

Difference in kitchen odour

Pleasantness of taste

Pleasantness of odour

Limit on food spending

Shop for bargains and specials

Number in household

Location of residence

Educational leveI

Age group

0ccupation

.)

J

2

2

2

2

2

J

2

J

7

12.?r***

2.16

L7 .q7**x

10 .08***

3. s6

1 .6s

0.51

0.25

L.73

5 .5e

14.53**

*Users (n=91)

**r*)k* P<0.05

vs. Non-users

and < 0.01 ,

(n=71).

respectively.
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Figure 18.

Figure 19.

Association between
in taste (n=I62).

100

continued use of RSO and difference

U)
P
o

g
U)
4)

o\o

very different
somewhat different
sLightly different
not different

yes
(n=91)

no
(n= 71)

Continued use of RSO

Association between continued use of RSO and taste
pleasantness (n=I62).

100

unpleasant

neutral
p 1 eas ant

yes no
(n=91) (n= 71)

Continued use of RSO

a
P
o.Ú

oÊ
u')
c)

o\o
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Figure 20. Association between continued
pleasantness (n=L62).

100

use of RSO and kitchen odour

unpleasant

neutraL
pleasant

Ø
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d
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Continued use of RSO
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Figure 21. Association beÛveen
(7t=762) .

contínued use of RSO and occupation

Ø
+J

(¡).ü

o
Ê,
U)a
F{

ô\o

1

2

J
4
5

6

7

I

Unskilled labour
Semi-skilled labour
Skilled labour
Sales and managerial
Professional
Retired, students tr

unemployed
Farmer
No answer

yes no
(N=91) (n=71)

Continued use of RSO
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Table 40. Association of Reason for Trying* RSO with Shopping
Behaviour.

Characteristi cs *2 (rr=162)df

Limit on food spending 6

Shop for bargains and specials 6

*Reasons for trying RSO:

less expensive (n=98)

Manitoba product (n=7)

chance (n=29)

other (n=28)

L2.9r**

r1.09

**P< 0.05.



L02

(Figure 22). However, only 29% of those rvho purchasecl RSO because

it was a Manitoba product also had a limit on food spending.
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no linit
approximate limit
definite

reason for trying RSO and set limitFigu're 22. Association betv¡een
on spending (n=L62)
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DISCUSS ION

tr4ost of the consumers ínterviewecl had few complaints about RSO

but only 56% continued use after trying it. However nineteen percent

of those who had tried RSO noticed an unpleasant kitchen odour (Table

36). The unpleasant odour \.,ras correlated with consumer purchases.

Twenty-eight percent of those who discontinued RSO use found the

kitchen odour unpleasant (Figure 20). Accordingly definition of the

cause of the unpleasant odour of hot RSO would be worthwhile as one

step toward its elimination.

Corn oil was the most frequently used oil (27%) (Table 31),

yet the sensory panel found that urrheated corn oil had an unusually

strong popcorn-like odour which dissipated slightly when heated

(Figure 4). It seems obvious that although the oclour of corn oil

is strong it is not unpleasant to consumers.

Soybean oi1 was the next most frequently used oil (25.5%)

(Table 31), yet the researchers at Northern Regional Laboratories in

Peoria, I11inois, have been concerned with improving soybean oil odour

for some years (Evans , L97I),

The third most frequently used oi1 was RSO (L1%) (Table 31).

The sensory evaluation panel consistently found that RSO had a stronger

heated odour than heated soybean oil and that the odour increased on

prolonged heating to peak at about 10 minutes at 190C (Figures 4, 7, and B).

Terms used by the sensory evaluatíon panel for the odour parameters

of heated RSO (Table 10) were similar to Evans' (1971) descriptions of

heated soybean oi1 odour and also similar to descriptions used by

Badings (1970) to describe the odour of various lipid autoxidation
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products (Table 3). Some of these same descriptors, fishy, painty

and grassy, were used by consumers (Table 37) to describe the roon

odour of RSO, although most could not describe it.

It would seem likely to expect to find a relationship between

heated oil odour and oxidative change because of the similarity of

descriptors used to indicate oxidative breakdoln products and the

odour of heated RSO and soybean oil. If oxídation explains the

cause of greater odour developnent in heated RSO and soybean oi1

than in other popular oils the higher content of linolenic acid

(C18:3) in these oils could account for it (TabJ.es 23 and 25).

Forss (L972) cites linolenic and linoleic as two of the most important

unsaturated fatty acids in foods from the off-odour standpoint. The

speed with which C18:3 breaks down as compared to C18:2 could explain

the susceptibility of linolenic-contaíning oils to oxidative change.

According to Labuza (I97I) linolenic oxidizes 20-30 times faster and

linoleic 10 times faster than oleic acid.

Differences in fatty acid composition betl^reen varieties may

also partially explain heated odour development. High erucic RSO had

consistently better, i.e. 1oler, odour scores than low erucic RSO for

sulfur, fishy and painty parameters (Figure 3). The lower levels of

CIB:1, CIB:2 and C18:3 in high erucic acid RSO mav account for reduced

odour, (-ey,elopr¡ent ,(Va!sqy,,,,qt., aL. , Lq73) .

The odour intensity values of hydrogenated RSO, although. not

significantly different, weie consistently lower than RSO (Figr-rres 4,

7 and 8). Here again the lower C1B:3 content (Tables 23 and 24) nay

account for the slight improvement in odour.

The increase in TBA values for all the oils on prolonged

heating (Figures 13 and 14) further substantiates th.at
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oxidative changes were taking pJ.ace in the oils. TBA values also

showed a high positive correlation with odour intensity values

(Figures 15 and 16).

Nevertheless some of the findíngs in these studies indicated

that oxidative change provides only an inconplete er?lanation of

heated oil odour development. For exarnple, few changes in fatty

acid patterns r^/ere noted when RSO, hydrogenated RSO and soybean oil

were heated for 40 minutes at 190C (Table 25). The changes in Ct8:3

and C18:2 were no great,er than would be expected between duplicate

sarnples. Therefore, if the odour produced is due to fatty acid

breakdown products, only very minute quantities of the oi1 are

responsible for the dramatic odour increase.

The magnitude of the difference between TBA values for RSO

and hydrogenated RSO (Figures 12, 13 and 14) as compared to the high

OIV's for both RSO forms (Figures 4, 7 and B) further challenges

oxidative change as the single cause of heated RSO odour development.

Nevertheless TBA changes were highly comelated with odour change for

both RSO and hydrogenated RSO (Figures 15 and 16).

The differences between high and low glucosinoLate oils cannot he

e4plaine{. hI,,,-oxid?!ion of, the: fatty acids.: The ,dif.Êerences between the heated

OIVIs for 1ow glucosinolate RSO and soybean oil were less than the

differences between high glucosinolate RSO and soybean oi1 (Figures 7

and B). In fact, heated OIVfs for hydrogenated forms of low gluco-

sinolate RSO were comparable to those for heated soybean oi1 (Table B).

Table 24 shows that these breeding changes do not ctrange the fatty

acid composition. The lower sulfur content of low glucosinolate

rapeseed (Stefansson, personal conmunication) would provide less
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opportunity for sulfur residues in the oil; this may account for the

reduced odour of these oils.

Better processing coupled with the use of lolv sulfur varieties

nay be the key to the reduction of heated RSO odour. It has been

shown by Daun (1975) that processing can reduce the sulfur content of

high glucosinolate oils to 1 ppm (Table 7 ); however the odour threshold

for sulfur compounds has been reported between 0.1 and 0.2 ppm (Stah1,

7973). The low glucosinolate varieties contain 10-f¡ld less sulfur

than the varieties reported by Daun (1975). The use of low gluco-

sinolate varieties may reduce the sulfur content below the odour

threshold. Hydrogenation of Iow glucosinolate varieties reduced the

OIV to equal soybean oil (Figure 8). Further, in the study comparing

oils from different commercial sources, the oil from one processor who

is known to have a rnore modern'pro.cessr,, was consistently lower in all

odour parameters (Figure 3). Therefore, the conbination of 1ow

glucosinolate RSO varieties, partial rhydrogenation and processing hy

the best procedure available, should provide the best potential for

production of a less odourous RSO.
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LIMITAT]ONS

Conclusions from this research have been tenrpered in

recognition of certain limitations imposed by the instruments.

Considerable judge variability was experienced in sensory

panel investigation as demonstrated by high coefficients of

variation which ranged from 27% to 89%, significantly different

0IV's for judges and significant judge interactions exemplified

in experiment 2 (Figure 5 ). Sensory evaluation produces high

variability even under the most stringent of controls because of

hunan variation (Ough and Baker, 7964). There is need for

continuing motivation especially in a study of long duration to

maintain peak perfoflnance (Henderson and Vaisey, 1970). To

successfully maintain motivation, panelists should be informed

of their correct Tesponses. The present study continued 3 tines

per week for 6 months during which panelists \.^/ere usua11y, but

not always, informed of their correct identification of the control

sanple. Further, odour evaluation is sensitive and variabie because

gdg-ur -ad:aplation : is rapid and increases with increasing odour

intensity (Amerine, 1965) .

Since the detection

of RSO by volume (Figure 6

concentration of RSO míght

adaptg,tion. : (Anerine, ,, , 1,965 )

threshold was placed between I0% and 20%

), sensory evaluation using a lower

have resulted in a slower rate of

High and 1ow glucosinolate RSOrs were cotnpared across

erperiments 2, 4 anð 5, by comparing heated OIVis for the RSOIs with

the heated OIVrs of the reference soybean oiI (Figures 2, 7 and 8).

This is a technique not commonly recommended in statistical

methods although some valuable inferences can be derived in this way.
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The TBA test, rvhich is a measure of malonaldehyde thought to

be derived from sorne decomposition product of oxidized unsaturated

fatty acids (Tarladgis et a1.,7962), has been viewed with sone

caution. Some researchers suspect that there are other degradation

products of rBA which absorb at the same wave length (s32 mu) as the

TBA-malonaldehyde complex (Marcuse et al., 7g73; Tarladgis et a1.,

1960, 1962) .

In the consumer survey the order of the questions may have

resulted in some bias. Questíons specific to the sensory quality

of RSO (#7-10) were asked before probing the reasons for continued

or discontínued use (#11) of RSO.
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RECOT,IT,IENDATIONS

The investigations in this study indicate the following

areas for future research.

1. Comparison of the sulfur content and odour increase

on heating of high and low glucosinolate oils from

commercial processors .

2, Future testing of the masking agent in heated RSO

at concentrations between 11.35 ppm and 113.5 ppm.

3. Odour adaptationr:Tnav,i:be.,redüceC,,in,future hot RSO

testing by using a diluted RSO ú0-?.0% by volune

in mineral oi1) and thereby reducing panel

variabi lity.

4. A GLC examination of the odour peaks of hydro-

genated RSO might simplify the identification of

cornpounds related to RSO odour, because some of the

oxidatíve breakdown products were reduced, as

demonstrated by the low TBA values, while the odour

intensity of the oi1 remained high.
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SII}ß4ARY AT1D COTTCLIIS IOTIS

The investigations in this study permit the following conclusions:

1. Sensory panel evaluatíon showed th.at RSO and hydrogenated RSO

were stronger in heated odour intensity than heated soybean

oil which in turn was higher than corn oil, sunflower oil and

safflower oi1.

2. The OIV of RSO and soybean oil increased rvhen heated to 190C

and tended to plateau after about 10 minutes.

3. Hydrogenation tended to reduce heated RSO odour intensity

consistently in three separate experiments al-though the

differences between RSO and hydrogenated RSO were not statis-

tically significant.

4. The unpleasant odour emitted by RSO on heating was described

as sulfurous, fishy, and painty, by the odour evaluation pane1.

5. In a comparison of RSO oi1 from three processors the mean scores

for the oils from one processor were consistently, although not

significantly, lower in all odour paraneters than the oiLs from

the other thro processors.

6. Oxidation of the oils on prolonged heating was evidenced by

increased TBA values of heated oi1s.

7. Hydrogenated RSO did not show the same dramatic íncrease in TBA

values on heating as RSO and soybean oil.

8. High positive correlations were found between TBA values and

OIV values for both unhydrogenated :and;,hy-drogena.ted oils.

9. High erucic RSO varieties were significantly better, i.e. 1ower,

in fishy odours (P <0.01) and tended to be lower in painty odours

(P <0.10) and sulfurous odours (P<0.10) than 1ow erucic RSO

varieties.
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7Õ. Low glucosinolate RSO varieties had OIVis rvhich were lower and

more simiLar Lo soybean oil than high glucosinolate RSO varieties.

11. Fatty acid analysis showed that RSO had the highest content of

linolenic acid followed by soybean oil and hydrogenated RSO.

12. No significant change in fatty acid content was found between

unheated oils and oils held at 1q0C for 40 minutes.

13. When serial dilutíons of a maskíng agent in RSO were heated to

190C for 10 minutes, 11.35 ppm of the nasking agent significantly

(P< 0.01) reduced the odour of heated P.SO. However when this

1eve1 of nasking was tested more extensively no significant

differences between nasked atrd unmasked samples of RSO were

found.

A telephone survey of 400 Manitobans permits the following conclusions:

14. 65% had heard of RSO.

15. 47% had used RSO at some time and 11% were using it cunently.

16. Economy v/as the predominant reason for purchasing RSO.

17. Most RSO users had no complaints ahout it. Ijowever 13-18%

assocíated sone unpleasant sensory characteristics with RSO

use.

18. Twenty-eight percent of the respondents who had discontinued using

RSO described the kitchen odour as unpleasant and 24% descrllled

the taste as urrpleasant (P< 0.01).

19. A larger percent of the families lvith 5 or more members than those

with less than 5 members were P.SO users at some time lP<n.01).

20. tr{ore RSO users in the skilled labour category cliscontinued use of

RSO than those in the managerial or professional category (P< ô.ô1).
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a1LI. Three-fourths of those

cheaper had a limit on

who purchased RSO hecause it was

their food spending (P < l'1.01) .
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APPENDIX I

RAPESEED OIt QUESTIONNAIRE

1. DO YOU PAN FRY FOODS? YES.

HOI,lJ

YES

HOW

OFTEN? ONCE A WEEK OR

LESS THAN ONCE

LESS THAN ONCE

3. ABOUT PEOPLESI EXPERIENCES
HAVE YOTJ EVER HEARD OF SUCH OILS?

FOR:

SHORTENING OTHER

OTL (FAT) rHAT rS?

KIND

USElL

A.

B.

C.

NO FsK #ã

2. DO YOU DEEP FRY FOODS?

WE ARE INTERESTED IN LEART]ING
COOI(ING WITH RAPESEED OIL.

YES

NO

WHAT PRODUCT DO YOU USUALLY

OIL

PAN FRYING?

DEEP FAT FRYING?

DO YOU KNOW WHAT KIND OF

YES

NO

OFTEN? ONCE A WEEK OR

LESS THAN ONCE

LESS THAN ONCE

MORE

A WEEK

A MONTH

MORE

A I\IEEK

A MONTH

CODE

TERMINATE IF NO TO #1 AND 2
OR LESS THAN ONCE A

WHERE DID YOU HEAR ABOUT IT?

WHAT HAVE YOU HEARD ABOUT IT?

N0 I rDE\tTrFY OrL FOR

- 

| RESPONDENT. (see card
provided for oil brand classification)
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5. HAVE YOU EVER USED ANY OF THESE COTHËR) RAPESEED OIL

I\TEST OIL

CO-OP

CAPRI

CINDERELLA

BURNS VEGETABLE OIL

OTHER

BRÂ¡fDS ?

NO

6. DID YOU NOTICE ANY
FRIED IN RAPESEED

DIFFERENCE BETWEEN THE TASTE OF FOODS

OIL AND OTHER COOKING OILS?

NOT DIFFERENT

SLIGHTLY DIFFERENT

SOMEhIHAT DIFFERENT

VERY DIFFERENT

7. WAS THE TASTE PLEASANT OR IJNPLEASANT? PLEASA\IT

NEUTRAL

T]NPLEASANT

8. DID YOI.] NOTICE ANY DIFFERENCE IN THE KITCHEN ODOTIR I^II{ILE YOLI

WERE COOKING BETWEEN RAPESEED OTL AND OTHER COOKING OILS?

NOT DIFFERENT

SLIGHTLY DIFFERENT

SOMEWHAT D]FFERENT

VERY DIFFERENT

OR TJNPLEASA}:IT? PLEASANT

NEUTRAL

IF RESPONDENT
RESPONDENT HAS

USED RAPESEED OIL CONTINL]E TO #6. IF
USED RAPESEED OIL GO TO #13 AND COT,IPLETE

9. I{AS THE ODOUR PLEASANT

UNPLEASANT
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10. CAN YOU DESCRIBE THE.ODOUR OF THE RAPESEED OIL WHITE YOIJ WERE

COOK]NG?

]-1. I IVONDER IF YOU ARE CONTINUING TO USE RAPESEED OIL? YES

Y?

L2. WIY DID YOU FIRST TRY RAPESEED OIL? LESS EXPENSIVE

MANITOBA PRODUCT

CHANCE

OTHER

13. DO YOU USUALLY SET A DEFINITE LIMIT ON YOUR FOOD SPENDING?

DEFINITE LIMIT

APPROX. LIMIT

NO LIMIT

14. DO YOU USUALLY SHOP FOR BARGAINS ATTD SPECIALS? OFTEN

SOMETIMES

SELDOM

15. HOW MANY PEOPLE ARE IN YOUR HOUSEHOLD?

NO

r-2
3-4

5 & OVER
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16. DO YOU LIVE IN WINNIPEG

OTHER N{ANITOBA CTTY

SMALL TOI1ITI

FARM

17, HAVE YOU FINISHED HIGH SCHOOL? YES

SCHOOL?Y FURTHER THAN HIGH

18. WHAT AGE GROUP DO YOU FALL INTO?

WHAT IS THE OCCUPATION OF THE MAIN WAGE

HOUSEHOLD?

19.

UNDER 30

31-45

46-60

OVER 6Ô

EARNER IN YOUR




