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. atability%of canola oils were determined by sensory, instrumental anddf’f

‘1 ‘.'~ ‘“ N
) chemical evaluations.. S ,~ﬂ‘ o lpg T B *“./(,,»;;-'

\ A ABS'I'RACT : \\ |

The efﬁects of various levels of ascorbyl Apalmitate (AP) and of

butylaéed hydroxyanisole/toluene»‘(BHA/BHI) on the storage and heat

.

: ' - e B N T .
Storage stability was assessed using both accelerated and practical

‘storage tests._ In Schaal oven’ tests, chemical and trained panql datagJ

indicated that 200 ppm AP was efféctive in retarding autoxidative.,j,

Y.

. changes .in_ the 'oils., The addition of BHA/BHT, at 100 ppm each

. anola'oil did not improve storage stability. In fluorescent light

tests (7500 lux),‘chemical data for oil samples ‘showed. that 200,ppm AP

was effective in retarding photooxidative changes, however, BHA/BHT was s"

: not. Data froﬁ trained panelists showed that the addition of 200 ppm- AP

to canola oils improved thqy\odor characteristics but not the flavor -

P

characteristics of samples exposed to fluorescent lightr .Resultscfrom

< -

‘ )
practical storage tests are inconcl%?ive. e
1 . . ‘
The heat stabilty of antioxidant treated canola oils was examined

during extended heating (IQ hours/day for up to 10 days), deep fatv o

. o

’ heating (up to 60 min) and shallow pad heating (up to 12 min) VBoth‘AP',)f

T and BHA/BHT vere ineffective tn extending the heat stability of canola

©

oils during extended heating. During deep fat ? 189 .cm /g specific ;

surface) and shallow pan (2 .89 cm /g specific surface) heating, both AP

(200 ppm) and BHA/BHT delayed thermal degradation of canola oils as:,

e measured by chemical parameters.' However. trained panel data indicated

A

v-<that neither AP'nor BHA/BHTgextended'the heat'stability of canOla'oilf?v':

LA v SRR
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1. INTRODUCTION . - - 0 v
.jo v ._;' .
')

‘ :deodorized in® Canada (Statistics Canada, 1986) Thé*demand for canola»f

;'oil is expected to rise on both the domestic and export markets.ﬁ'

Canolaj Oil»ﬁaccOunts"for.'approximately 807 ofi the vsalad loilif"”

Consumer.démands have caused a shift from the use of animal fats ‘to thegl'

-

:Tuse of vegetable fats for frying in the fast food industry (Haumann,f’f
~A3l987) Countries such as dapan, China and the United States have shown“v.
fincreased interest in canola oil. If canola oil is to achieve its full :
"_;potentialvin the marketplace, research on ‘the functional properties ofiﬁf

”canola oil 1s‘essential,->;"

_ci‘he-' func.ti'onal' prope{ties of canola' ,-"oil inc, p‘hysical

-~characteristics and the sensory _attribufes of odor and flavor.- .The »

performance of canola oil as a salad and cooking oil in both consumer
and institutional use has not posed problems with regards to physicali‘

e

.'.characteristics.l However, ‘canola oil quality has been criticized’
~jnbecause ofvthe undesirable odors and flavors which develop during
fu:storage and heating. , Qxidation of linolenic acid (018 3) has beeni'

,implicated as’ the cause -of the:rdevelopment of off odors and flavors"

t /

Eduring storage and heating of canola oil (Vaisey—Genser and Eskin, 1982

‘ Eskin et al., 1986 Tokarska et al., 1986)

ALY E

Antioxidants are added to: fats and oils to. retard the oxidation of

> .

,*fatty acids and thus decrease the development of - off odors and flavors.

»V-Butylated hydroxyanisole (BHA) and butylated hydroxytoluene (BHT) injiu

: combination with citric acid (CA) are - commonly used ‘as antioxidants in_,'vv

a . ) . N ) N : ,".

-



.U

"vegetableloils.— However, research has shown these antioxidants to be of’
little benefit when - added to stored canola oil (Vaisey—Genser andr

.-

Ylimaki 1985 Hawrysh and Shand : 1986 Tokarsk;, é: al.,.. 1986)

¢’ ¢

Investigations fifthe antioxidant activities lof tertiary butyl- b;

hydroquinone (TBHQ) (Hawrysh ‘and - Shand 1986‘ Tokarska et al ‘_-1986-

Hawrysh et al., 1987) and anoxomer f&aisey—censer and Ylimaki 1985) in o

o stored canola oil have shown that both provide antioxidant protection.”ﬂ_7

— s .n
However, TBHQ and anoxomer are not licensed for use as food antioxidantsf

.,in_Canada,

.- NN

There is. a need to. find alternatives to phenolic antioxidants, such'
. )

as BHA and BHT since their effectiveness and safety as additives in
ils are. in question._ Because of current consumer concerna.'

: vegetabl‘-r

o regarding the source of ingredients in’ food products, an additive whichi,

'is derived from physiologically acceptable components may be more

*

o preferable ~to consumers than those obtained from chemical sources, Co

¥

such as BHA and BHT.'. Ascorbyl palmitalt:e (AP) ¥8 an’ ester of ascorbic.‘_‘

. v‘;
. acid

AP ha been shown to pmovide antioxidant protection in various storedg :

e

oi 8 (Cort, 1974) and incheated oi@s (Gwo et al., 1985) Information on.

‘e antioxidant aetivity of AP in canola oil is lacking.-

This investigation was designed to study the antioxidant activity of: -

D

i chemical instrumental and;sensory evaluation methods‘ Comparisons of.

: d palmitic acid both of which are physiologically acceptable.f‘V“h

' AP in cangla oil nnder various storage and heatdng conditions using o

the, stability of AP treated canola oils with that of untreated canola-fr-

oil and with canola oil treated with BHA/BHT + CA were also conducted.‘



.Canola Oil.._

A N PR o .. e

.2, LITERATURE REVIEW ° . , -

4

Canola oil is derived from the seeds of the: rapeseed'species

' N e
Brassica napus or Brassica campestris. In 1980 the term canola” .was

T
. 4

which produce oils- low in erucic acid (C22 1)

N

. T ‘ . ; . : _} ‘4

The'fatty acid compbsition 6f:a Variety-pf vegetable,oile is given_

(18 3) content of canola oil differentiates e from the other oils.» As..

v

well, canola oil has a. higher oleic acld (18 1) content and lower,:

R

linoleic aci (C18 2) than most other vegetable oils."Canolauand"

soybean oils have similar Cl8: 3 contents~ other vegetable olils" contain.f

Al !

only_trace amounts. The physical and sensory characteristics of canola

o Eskin, 1982 Hawrysh and Shand i986 Tokarska et al., 1986), ”,Many
. Lt

g researchers haye studied off odor. and flavor‘development;invcanola_oil;-?l

}at,'
i

:982),

aud‘soybean'oils.are compar?hle’(Vaiseerenser_and ‘Eskin,

Fresh 'canola' oil ‘13 odorless,. bland- and .light colored}‘; ‘During ‘

storage, canola 611 develops off odors and’ flavors (Vaisey-Genser andf:’

L

-workers have investigated the oxidatlon of . soybean oils; hqyever,'few

>~
. g o T

.

'Aa eafly-as 1936"Durkee.auggested'linolenic‘acidT(C18;3)'was,the; -
precursor of compounds responsible for off flavor development in storedi

soybean oil.’ His (Durkee,x1936) findings werejbased»on-the-fact'that”' -

R

: @

. . _~. . ) N . . ) . - . S ey N
¢ o ST e e
! Co U . . ’ . - . ‘ ) G

: adopted by the Canadian rapeseed industry to identify rapeseed varietiesf -

'; in Table 1..~The low palmitic acid (16 0) and the high linolenic acid.f‘

54



. 7). Table l. Fatty acid composition of ¢egetab1e*qileei

011 Type T

>

be . bd . ..be

Fatty Acid,'Canolea Soy ~ Sun " - Saff jCornbeCottoaneanutb_011ve§'"»‘

C . 16:0 3.6 113 6.5 6.57.00.4. 216 109 9.5 -
16 L o2 01 L _ - o6 _ - :
"'18 0 1.6 46 3.9 2.3 2.8 . 2:6 2.3 3.3
C18:1 0 59.2 25,0 19.1 112.0° 26.9 - 18.0 “48.1 . 79.6
18:20 20,1 Sl4 . 69.9  77.6 56.2 . 55.8° 30.8 5.8
| | 18:3 0 1046 7.2 0.1 0.5 2.1 0.4 0.8 0.6
L2000 06 0.2 0.2 0.4 0.6 v.'-_‘.o.z'j_f 1.2 0.3

' 2081 - 1.7 00~ 0 = U003 0.4 0 0.1 Ul 0.3
22:00 . 0.3 6.2 0.2 6.3 0.3 - 2.9 0.1

22:1 - .0.8 '. e 2 0.1, S @l_ s

from present study i R S
adapted from Daun, 1984._ o |
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' soybean oil, COntaining signifidant.quantities of Cl8:3,_developed.off”,¢'

. Sy

- .

r

flavors; whereas low C18 3 vegetable oils, such as[cottOnseed peanut
. -

_and corn, remained relatively stable.. Other theories for the . cause of

off flavors in soybean oil have been postulated (Smouse,-1979 Frankel

1980a, Smouse, 1985) However, it is widely accepted that oxidation of

4

2 This theory is supported by the research of Stone and Hammond (1983),

who reported ‘that the flavor ‘scores of low C18 3 soybean pil were better

'than those of high 018:3 soybean oils. Similarities in the development

Voo

ftoitheir,high.levelsyof'C18;3.

.Eskin et al. (1986) compared the heated odors, of an experimental low,

"C18 :3 (1 6%) canolp-oil with that of 2 high C18 3 (5. SZ and 9 OZ) canola o

w

effrancid odors and flavors in saybean and canola oils may be attributed o

1

' In addition to problems of’ storage stability, canola oil develops a
N
distinct heated odor when heated to frying temperatures (Vaisey—Genser

and Esy&n, 1982 Vaisey-Genser ana Ylimaki 1985;.. Eskin et all 1986).

-

oils., The.odor score‘for the low C18 3 canola oil  was significantly

1

better than those for the high C18 3 canéla oils. This research (Eskin,

odors in canola oil.

(‘r-% - . . EE .
TG | S
Although fresh canola oil is a high quality oil, its quality

Y-

deteriorates-during storage and heating._ The reduct‘ou in quality may ‘

;’be related to. the relatively high: levels of C18: 3 _present in canola oil. "

In an, effort to enhance canola oil stability, oxidation of unsaturated

4

fatty acidsgiespecially C18:3, needs-to be-controlled.

,

L C18f3‘catalyzes the development:of off odors and flavors in soybean oil :

,.

e



'”AutoiidationgfPhotooxidation,and.ThermaifDegradation

M

_process involving' (1) initiation, the formation of free radicals, 2y

: contributes’ to

JhydroneroXide

qa .

© et

L. T ' T . . . BN
. .

‘propagation; free radical chain reaction, and (3) termination, _tﬁé‘

Autoxidation' of unsaturated fatty.'acids prOceedsf via a 3' stage'

B N .

formation of nonradical products (Dugan, 1976 Frankel 1980b Gunstone;ﬁ

and Norris, 1983 Erankel 1985, Nawar, 1985) The mechanism for’the'

!

‘autoxidaﬁizf'process is Outlined in Figure 1, where RH and R represent,

_ the unsaturated fatty acid and fatty acid free radical reapectively.-n'

.f

oo
)

::Durihé'initiation; the production bf free radicals‘may’be.catalyaed_v

"L;.by thermal dissociation, the %fesence of metal catalysts or exposure to

v

,-1ight (Frankel, 1985) L The free radicals fo*med further ,the=

radicals react to form non-radical products.A

s

H " - : : R B v"_‘.'.‘,"_ .
"~ The - autoxidative - process, involves an 'inductions period. ‘when - -

Aformationlfis‘ minimal '(Perkins, 1967-ﬂ Labuza, 1971;

Sherwin,_1§78‘

period‘is fol

< ) ' ' A

.yautoxidative process by reacting with 02 to form peroxyradicals, which S
" can then react with aanother .unsaﬂurated fatty acid 't form ;a-iv'@
hydroperoxide. and’ another free radical. The new .free radical tben_ .f.

’he .chain,ﬁreaetion.v Termination occurs when 2 freej"

985, Warner and Frankel, 1985) The induetion'

' hydroperoxid breakdown products.. Any oil treatmentiwhich could extendx;_'-
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Hydroperoxides, the primary decompostion products of: autoxidation, 5:

o readily breakdown by various pathways, to form a variety of volatile and
non-volaﬁile products. The secondary autoxidation products of oils, .
which contribute off odors and flavors, include carbonyls, aldehydes,'

i ketones and alcohols (Sherwin, 19683 Labuza, 1971 'Vaisey-Genser and

Eskin,' 1982). B Aldehydes ?are' important during initial rancidity o

"v development in vegetable oils, ds” they can be detected organoleptically

at very low levels._ Hexanal a major breakdown product ‘can be detected :

“at '0.150 ppm 1n oil (Labuza, 1971)., o

' Thc,rate of autoxidation of ‘a’ fat or oil is related to its fatty -

P B s e .

.,.acid composition (Labuza, 1971%: Since unsaturated fatty acids oxidize f

. at much faster rates than saturated fatty acids, highly unsaturated

;i\g vegetag&e oils, such as canola oil .will become rancid much faster than‘

e

]

' more saturated oils. Mcthyl linolenate~oxidizes 2 to 4 times faster

: than methyl linoleate, which in turn oxldizes IQ.to 40 times faster than

S

) ‘methyl oleate (Gunstone and Norris, 1983).. S0 ) fl iu% :f. !{ o

T The reactions which occur to formlhydroperoxides during the exposure
‘;'of vegetable oils “to ligbt (photooxidgtégn), are similar but not '
- identical to those which take place durlng autoxidation., Photooxidation

) proceeds at a faster rate than autoxidatlon. and requires the presence

' :. of singlet oxygep (Gunstone, 1986) 3 Singlet oxygen is generated by

-exposure to light in the presence of 8 sensitizer, such as cholorophyll
Jin vegetable oilsm » During photooxidation, singlet oxygen reacts

fldirectly with double bonds to 'form hydroperoxides (Frankel 1985)




‘1§76' Frankel' 1985)4 -The produjts of autoxidation and photooxidationr
"ibiffer in that the autoxidatidn of . methyl oleate yields 4 hydro-_

peroxides, whereas only 2 are formed by photooxidation.. The reverse is‘v

b

"'true for methyl linoleate, while methyl linolenate autoxidation yields 4.S

hydroperoxides but 6 are formed during photooxidation (Gunstone, 1984)

9

' The application of heat to an’ oil ‘as during deep fat frying,

combines the* effects of autoxidation and thermal degradation. : Since

_heating oils to high temperatures accelerates autoxidation, no induction’.'

E period is.detected (Hesg‘ O'Hare, 1950 Erkilla/et al., 1978 Gordon,'

1986); 'ZDuring ‘frying, oxidation, hydrolysis and thermal degradation

”alter\the’functional »sensory and nutritional quality of the fat’

"dh frying are illustrated in Figure 2. o 1._5_, F I
L N ‘ N | )
Th al oxddation of an oil results in the formation of both

LN

'fvolatile and non-volatile decomposition_ products (VDP and NVDP'

/ .

(Stevenson" et al., 1984b) The' changes which ‘occur during deep ‘fat -

o

-

respectively) by nuMerous and complex pathways. During oil heating,fthe'hn

:production of VDB»alters oil odor and flav\r characteristics (Roth and'

. Rock, 1972' Blumenthal et alr 1976 Mounts, 1979) » During frying, VDP

‘can cause changes in the odor - and flavor characteristics of the fried‘
food (Chang et-al. 1978) Creation of NVDP due to thermal oxidation"
5 and polymerization of fatty acids, regults in a variety of physical andgiv
chemical changes in the oil. These include darkening of oil colorﬂ.

increases in viscosity, foaming, free fatty acid content, carbonyl’ 2

. fValue, hydro yl content and saponification value, as well as. decreases

.1n'smoke_poin ,~ifrkins 1967)
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Various factors affect the extent to which oil degradation occurs ‘

P

."during heating. Temperature of heating (Hess and O'Hare, 1950 Evans et

—

al., 1972 Gere, 1982), duration of heating (Bracco et.al., 1981){ fat'f

:ssurface exposed to air (Bracco ‘et al., 1981 Gere, 1982), type_of.fat fg

"(Blumenthal et: al., 1976), degree ‘of fat unsaturation (Permanyerfh'

'..‘r .

‘.Fabregas et al., 1986), heating conditions (continuous vs intermictent i

"”heating) (Perkins and “van Akkerman, 1965 Fritsch et al. 1975; Gere,f

1982), presence or absence of food (Krishnamurthy et al. 1965?‘§erkins .

and van Akkerman, 1§35' Gere, 1982) and amount of food (Thompson and’

: Aust, 1983), affect the degree of degradation in heated fats..

.1.' .

B ‘ 0“
. Numerous compounds have been identified from heated fats: in WhiChTA;

“food was fried (Nawar et al., 1978 Chang et al., 1978) Some'of these-

e compounds have been found to be harmful to the health of animals
) (FirestOne et al.,. 1961 Ohfugi‘ et al., 1973 Izaki et al.; 1984) :

Thompson and Aust (1983) concluded that levels of polymers in frying

3

_oils were high enough to be of toxicological importance.' In deep frying”'

-»operations,'control of " the extent to which oil autoxidation and thermal

degradation occur 1§ of iﬂportance.

’

" An oil treatment which could retard oxidation and inhibit the,-,

N}

'formation of thermal decomnosition products would not only have a health :

benefit but an economir advantage by extending -the uég of a frying fat.

Andres (1984) haa estimated that a 102 increase in the life of frying

oils uould résult in a $500 OOO/year savings to the fasr food industry.. .

."vIn addition, the sensory quadity of the oil and products prepared in the:

wr . 5
oil ‘would be improved. 1 R S R
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The addition of antioxidants to vegetable oils has been investigatedg.’

© . as a means of increasing the autoxidative and theh-: stability of oils.‘!yl

N

A variety of antioxidants available for use . in ve;

v

in Figure 3." Ultimately, ‘the additionzofgantioxi-:

‘able olls are. shownf'
nts to an oil -

'increaaes the lengthiof thejinduction'neriod,(Gunatone;

g 584) .

,Antioxidants 1inhibit autoxidation»~by several modes. of action.

Phenolic antiokidanté, such as butlyated hydroxytoluene (BHT)

-\i
butlyated hydroxyanisole (BHA), have a direct effect on the autoxidative1
”(process by acting as hydrogen donors and forming relatively stable freeiiiﬁ
radicals and nonlradical products (hugan 197§;v§herwin; 1976;_Sherwin,"
'..1978 Frankel 1985).' Thisvshortens the length;of propagation bybdf
enchancing the ternination_atep; antionidant action can_be:deacribed;;
35; . ‘ : . | s v : .

35 B
. R* + AH ————) RH + A" . |
-.where R is the fatty acid free ‘radical and AH is the antioxidant
.v_(Frankel, 1985 Sherwin, 1985)._ Other (ascorbic acid and tocopherola)
antioxidants -are . uaed in. vegetable oils ‘to acavenge oxygen by being::;
preferentially oxidized over the fatty acid (Houlihan and Ho, 1985)
Other compounds, such as citric acid (CA), are added to vegetable oilah

- to chelate metala which catalyze the autoxidative proceaa. A number of.'

' "antioxidanta act as aynergists. When synergiata are uaed, the oxidative

S L

stability achieved is- greater tyhn that of an. equal weight of a hingle»._
Eal

;antioxidant (Dngan, 1976) Synergistic action has been noted betueen

' BHA and BHI (Dziezak ' 1986) and betweenf tocoperols 'and aacorbyl-a-\



oo

C(CHy),

-'Bﬁtyiﬁted.Hydroxyanisolé'-» C v'_“ ﬁutylatedlﬂydrbxytoluéne

g N

E)

el

| -0“29°°H1
HO-C-COOH .
" CH,COOH

. .» » . . . » » o 4,; I . //Q,a i} |
o CHpOGT=(CHy )y Oy
{ ‘Citric Acid . - _ Ascbfbyf Palmitate

{

e Figure 3. Chemical structure of aﬁtioxidanusx
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palmitate (AP) (Pongracz, 1973) Ant oxidant activity is not limited to

"gq S mode of action, some function in a’ combination.of ways-to_give'f'
S e g ' R L N
ceffective a&iioxidativeyproteetion.

v ~

Antioxidant activity in oils has been shown to differ'(Sherwin andolf
.;Luckadoo, 1970) Ahmad etval. (1983) found that AP, TBBQ, propyl‘t
'gallate;‘BHA and BHT had much higher antioxidant activities in crude.f
safflower oil than in a. blend of sunflower and cottonseed oils. The.lf
oxidative stability of TBHQ treated safflower oil was\greater than ;hat
| of TBHQ treated cottonseed or soybean oils (éherwin and Thompson, b967)
Thus, studies of antioxidant activity in different oils are needed.- |

s . . .
s . . PR L 2 . . 2 . Lo . . q .
S e - : . . . - . : . < .
KRR R T e T TmS e e et :_7""‘ R T AU SEP I

Phenolic antioxidants ‘are '-generally. ineffective in preventing‘f"

_ photooxidation due to the reactions which occur?\ Logani et al, (1983%

Noted that BHT enhanced /the\\fh:tooxidation of fatty acids.xt Singlet]»‘:
o gen' quenchers, such " as.. .ca otene, “are effective‘ inhibitingc_
phqtoonidation; tReceutly, Warner ‘and - Frankel (1987) investigated the f

effects of —carotene on the flavor stability of soybean oil exposed to_f"

7535 1ux'for up. to 24 hr.a' At lov levels (5 20 ppm),. —carotene"
ﬁ .

significantly reduced flavor deterioration (Warner and Frankel 1987)

w'

Warner and Frankel (1987) also noted that during storage in the dark 4V_3

7

carotene did not inhibit flavor deterioration ib soybean oil.- Thus,' ;1'

_-~carotene waa regarded as an effectivs singlet oxygen quencher. L SN
i 5 . A‘ ‘ . ‘ . .

During Qmating a d frying antioxidanta may escape from the frying*
9

o medium by volatilization and steam distillation (Fritsch 1981);_;'

Antioxidants may_-form related breskdown products which mightﬂ.be,‘f



g
-

.‘ \

o .

. eff&iVe _ antiOXidants th'e‘ns‘elves ; (warner et' al.,': '1‘986)'

15

decompostipn of phenolic antioxidants, _ such -as BHA BHT and TBHQ, 'i-s: :

"extensive during deep fat frying (Warner et al., 1986)

B B L. - . —

. i
e * A

The_ .

’ Ascorbyl palmita;e (Figure 3) is a fat \solub'le ester ‘of “ascorbic

]

'acid and palmitic acid ‘Ascorbyl palmitate is not found in‘:.

o

Upon hydrolysis AB forms L-ascorbic acid and palm‘iti’c acid both of

which are natural metabolites.. Ascorbyl palmitate functions both as an

4.
- N

oxygen scavenger and an - inhibitor of free radical formation to- hamper _—

r

(Pongracz, 1973 Klaui 19?6)73

- » T L s . . . o

the ) auto:tidative process (Sedlacek 19,75' 'Co'-rt .,"1974). : Ascorbyl-‘

¢

', palnfitate has been shown to. act as a powerful synergist with tocopherols _> E

Food and Drug Regulations in Canada (Health and Welfare, 1-%953)'do .

Lo

not limit the amount of AP which can be incoporated into vegetable oils,

however, at levels greater than 0 OSZ AP oils may-become cloudy.-'

/

(Pongracz, 1973) If clarity is not important,, as in institutional

frying, AB can be used in oils at levels as high as 52 (Cort, 1974)

i°

As early 8 1947 A,P was used to extend° the storage stability of

vegetable'oils. McConnell and Esselen (1947) found that increasing

amounts of AP enhanced the (accelerated storage stability of corn and

cottonseed. oils." ] Pongracz (1973) noted that AP at Aincreasing J‘ .

' concentrations, provided :anreasing protection to sunflower oil stored

at 100 C. : In comparing the effectiveness of 0 22 AP 0. 022 BHA and
£

0 022 propyl gallate in stored (28 C) 'sunflover and rapeseed oils,

VSedlac’ek, (1968) concluded that .AP"was best for 'oil,stabilization. "

Cort

.. LA

A



T o
- .

- (1974) reported that 0 OIZ AP provided a greater increase in shelf 1ife, L
'_'as measured by thin layer oxidation.at 45 C, than did 0 OZZ BHA or 0 OZZ'

‘.‘v'BHT for safflower, sunflower, peanut, corn:and’soybean oils,';Similar'“

results were noted by Ahmad et al. (1983). &

R

PR e T

‘Recent reSearch has-shown that'AP:can'effectivelyiektend the life of

¢

"‘,frying oils._ Gwofet al. (1985) heated a partially hydrogenated

'psoybean-cottonseed oil blend with 0 OZZ AP. and found that the addition o

16

of AP decreased color development, conjugated diene hydroperoxides and}'

?}

"total volatiles.‘ During the frying of French fries, Mancini-Filho etf,

.-

al. (1986) noted that ‘the- daily addition of o 027’ AP to & partially N

”_hydrogenated soybean oil shortening, reduced the production of freeh, e

fatty acids but increased color development. oil darkening~ during

' frying ‘was attributed to non—enzymatic browning (Mancini-Filho et al. o

h 1986). Gwo-et al. (1985) suggested that even after exposure to high-.

-~

'ftemperatures and long frying times, AP still has the potential to beb

'active as an antioxidant. Published information on the efficacy of APf"

T stored or heated canola oil is lacking._g_f EERET SN .
. S . )

Butylated hydroxyanisole and BHT (Figure 3) are 2 of the most -

g commonly used phenolic antioxidants by the food induftry.. Both BHA andi»

'7.BHT are highly soluble in fats and oils-' Butyl ted hydroxyanisole and

‘ ,”BHT inhibit autoxidation by contributing h .rog n from phenolic hydroxyl‘

‘Apgroups (Sherwin, 1985) Currently in Canada the use of BHA or BBT ishl

’_limited to 0. 02% however, if used as a BHA/BHT mixture, the total must‘

v
>

not exceed 0 OZZ (Health and Welfare, 1953)

v



‘The effects of BHA and BHT on vegetable oil storage stability have ;f;
‘been extensively studied-_ Researche;s (Sherwin and Thompson, 1967 '
Sherwin vand Luckadoo, 1970‘ Ahmad et al., 1983 Augustin and Berry, '.h
1983a) have noted that BHA_ when,used alone, was ineffective inv
A retarding autoxidation, as measured' chemicallyﬁ , Butylated hydroxy-'
' toluene 18 slightly more_effective‘in retarding autoxidation than BHA
V(Sherwin and Thompson,,1967 'Ahmad et-al._.l983'.Augustin and Berry,
51983a)' Mixtures of BHR and ‘BHT have .xhibited a synergistic effect{ o
_(Dugan, 1976 Dziezak 1984!‘ ‘How;’er, some workers (Mounts et al.,

leimaki' 1985 Hawrysh and Shand

l197&§;Rhee, 1978 Vaisey Genser apdl

'1986-“Hawrysh.et al.,'1987) haf*fé-und that addition of BHA and BHT

" mixtures: to stored vegetable oils did little to increase stability.v
Mounts et al (1}78) stored soybean ofis, containing CA with and without
BHA/BHT at 60 .C for 8 days. The addition of BHA/BHT did not enhance

flavor stability, however, BHA/BHT improved the stability of soybean ofl

‘&

- -as: measured/by the active oxygen method (Mounts et a1., 1978) In*r

L

contrast Rhee (1978) found that addition qf BHA/BHT to a stored

soybean-cottonseed oil blend gave no improvement in either flavor scores~

or peroxide values. Similar results for stored canola oils Vere o
obtained by Vaisey—Genser and Ylimaki (1985), Hawrysh and Shand (1986)

and Hawrysh et al (1987)

z
L]

The addition of BHA and BHT to oils usedbfor heating and frying has
lbeen relatively ineffective in retarding thermal degradation. In heated
palm olein, BHT afforded greater prbtection than BHA; \however, during
frying both were id:ffective in;-increasing palm ,olein stability
(Augustin and Berry, '1983b). uBoth:BHa;and-BHT‘had no effectron.the

" e ' .
-
- -



".:'(Cowan et al.,_L962 Sherwin, 1978; Ahnad et %;‘;

18

' stability of a’ soybean—cottonseed oil blend used for frying (Rhee,

7E1978) Both Vaisey—Genser ‘and Ylimaki (1985) and Hawrysh (1987) noted'l-w

7Tthat the addition of a mixture of BHA BHT and CA had no. effect on theh

'_odor scores of heated canola oil. However, Tenox-6, a mixture of BHA,_1

"ngHT and CA improved odor scores of soybean oil (Evans et al. 1971).;‘v5

S

Paa

bfAlthough tne effiéaey of Bnafand BHT in protecting vegeg;ble.ails}’?'

'._from autoxidation and thermal degredation is questionable, BHA and BHTE
Jare used to. stabilize vegetable'oils on the market today.f The use of o
" BHA and BHT may be related to the carry over effect which these;‘*

antioxidants provide. 4 Both BHA and BHT have provided antioxidative.

A;protection ’for products fried in oils taining these antioxidants_’

'(Sherwin and Thompson, 19‘7 Augustin and Berry, 1986)

Citric acid (Figure 3) rs added to vegetable oils to ch'late.

'

:proxidative metals such as iron and COpper (Dutton et al., 1948)

m

1965 Moser et al. (1965b),_eva1uated the efficacy of CA in .a° variety of .

'oils. In all cases, CA addition to " oils stored at 60°C for 4 days, .

“significantly improved flavor~scores (Hoser et, al.,n1965b) Citric acid

,'is generally used in combination with antioxldants 1n vegetable oils and'

ik

:_@ss Dziezak 1986)-

s

'~ffhas beeQ\reported act synergistically vith BHA .and BHT in stored oils:"

'Since CA decomposes at frying temperai’urel, CA will not provide any”

}protection ‘once an oil is heated (Frankel, 1980b) The Canadian Food .

“and Drug Regulations do ‘not limit CA use ln fats and oils (Health and»‘

'Welfare, 1953) " Good manufacturing practice is expected.” In a study of:ﬂ,‘

.the efficacy of CA qtn soybean oil Dutton et al. (1949) found thatig

s - - . i; '
BT . v . . 5 Co & I . . o o L
. B . c. [ P - - a7
- . . el ot . N .
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R ‘. 3 , :
'levels above.0,0lzrdid not_enhancevoxidativeistability.

; R ¢ .

In an effort tgL}mprove the shelf—life and thermal stability of fats.

..and oils,‘ antioxidants may be_ added during processing. .Manyl

o

: antioxﬂdants are available for use. in fats and oils, each with_its‘oﬁn T

TR

-
v

level of activity in delaying autoxidation,,photooxidation_and thernalf

’degradation. : AlthOugh"most; vegetable' oilsf contain some natural
o . . . . %

N antioxidants, the levelsﬁpresent are generally not sufficient to provide

o protection from oxidative processes.' There is a need for studies of the

LY

' efficacyézf natural antioxidants in extending canola oil stability.:

e .

'Methods of Evaluating Oil Stability -

To determine antioxidant, efficacy, ‘numerous 'techniques have been

developed for the evaluation of autoxidation and phgtooxidation and the

measurement of the storage sbability of fats and oils.l Ghemical

.
,-

vsensory~and instrumental techniques are used-to determine the extent of o

) autoxidative, photooxidative and thermal degradation in oils.’ ‘éenSOry

evaluations of the odor and flavor characteristics of oils have been

beneficalkand effective invassessing oil quality. e

h )

Accelerated ‘and practicai storage tests are - used to monitor oil

storage conditions gives differing findings (McConnell and Esselen,

1947 Moser et ‘al., 1965b Ragnarsson et al., 1977 Kiritsakis et al-,
1983 Dziedizic and Hudson, 1984), the storage stability of fats and

) oils should be_measured-under a'variety of conditions.

vi

storage stability. Since the assessment of antioxidants under diverSe-’



-T-Vegeta‘bl'e o'ilsf are‘-videly: usedtf'or deep fat‘ ,frying'and"'pan fry‘ing'.: -

‘A recent consumer survey (Sﬁéykewi.ch and Vaisey-GenSer 1982) nc?té‘d‘ﬂiat"’”:

voil was the most popular fat for pan and deep fat frying among western
_'Canadian consumers. Shaykewich and Vaisey-Genser (1982) found that 892"'

" "of the households surveyed pan fried foods and AZZ deep fried foods. :'A-e
. R

o Research on oil degradation during deep fat frying has been reported.l., .

'»(Rock and Roth, »1966 Dgrnseifer et al.,' 1965, Krishnamurthy et al.,.

“,1965 Perkins and vén Akkerman, 1965 Freeman et al- 1973 Blumenthal_ L

"et al. 1976 Yuki ‘and Ishikawa, 1976 FritSch et al., 1975 Bracco et.

s al., 1981 Gere, 1982 ?eé}s and Swoboda, 1983 Stevenson et al. 1984a,

4

' _;_.'Thompson and Aust 198& Fra&el et al., 1985 Gwo- et: sl-, 1985 Yqon et
‘ ol

al., 1985; Mancini—Filho' et al., 1986; Yoon et al, 1987). 3 However,_ o
- Studies’ of the eff%:ts of pan frying on o0il deterioration are lacking.

4§g

Storage and Thermal Stability Tests L

Accelerated storage tests are. often 'used to assess the stsbility of -
"~ a fat or an oil. ‘ The Schaal oven test (Joyner and McIntyre,‘ 1938)’,-'V
-_involves storing oil samp]_es* at 60° to 65° Cc for a specified number of

" days. Four days of s,:;rage at 60 c has been estimated to be %roughly;

L equivalent ‘to 3 months storage st room temperature (Evans et al., 1973)
.t

‘The Schaal oven. test\has been employed to - evaluate the efficscy of,:
g antioxidants in extending the shelf 1ife of vegetable oils (List et sl., L

1972.; Mounts _etal-., -1.978,' »Mounts et al_.., 1981 Min _and _,Wen, 1983.

* Hawrysh and Shand, 1986). -~ = - S S ‘

’ ~ The adverse effects ofglight on oil stabilitf have been well

‘,documented (McConnell and Esselen 1947 Hoser et al., 1965&, Sattsr et

R IS



'"al; 1976 Frankel, 1985 Kiritsakis and Dugan, 1985 \Bavrysh et al-,f-'~

means of accelerating the oxidative process. On the basis of peroxide'

e

«

o ~

'days storage at 60 C ‘The fluorescent light test has been useﬁ to R

.

- measure - ‘the flavor stability of a variety of vegetable oils, with and

without antioxidants (Dupuy et al., 1977 Mounts et al., 1978 Warner et' -

evaluate the efficacy of different packaging (Warner and Mounts, 1984),

.
Loy

- E . . em et

'lzil
A"pfl987) Hoser et al. (19658) developed a fluorescgnt light test as'af fﬁ

“‘.value determinations, Moser et al. (19§5a) found that exposure ofﬂfv

vsoybean oil to 7532 lux of light intensity for- 1 hr was equivalent to 4.¢.

‘,,ai.,_1978 Yoon et al., 1985 Hawrysh and Shand 1986), as. well as to

Practical -storage tests; duripg which oil. is stored = room’

o

vtemperature, under varying' light

L4

RN T

"“'paékaging conditions, vfdf"a"‘

"specified period of time, have also been used to assess the flavor and_ﬁv

oxidative stability of vegetahle oils (Paul and Roylance, 1962 Luckadbo o

.

‘and Berry,. 1983a, Kiritsakis et al. 1983 Hawrysh et al 1937) 'uPaul;rf‘

/}hd Roylance (1962) compared the use of 2, accelerated storage tests, the

/

"h'and Sherwin,<1972 Evans et al., 1973 Morrison et -al.y 1981' Augustini'

Swift Stability’ Test and the measurement of oxygen absorption, withbfl"

storage at room temperature, to evaluate antioxidant efficacy.; They""

P

conditions (at r om temperature), ds. the long time period .involved.l

Storage times of, up to 3 years have been used (Hung and Slinger, 1981)

 The thermal stability of vegetable oils has  been extensively .

™ s

N -~..-r',§._,r;! N

'(Paulv.and vRoylande,v 1962) concluded that only storage aﬁ_'room,rﬁ
;ftemperature gav a. true assessment of the value of an antioxidant in i

'~_1‘~\Qdible oils. “The . major drawback of storing oils under practicalF-f.



R

5;gresearched under deep fat frying and heating conditions. Methods for

"felaborate frying procedures. However, there do not appear‘to be..t

‘, .

' 'VQstandard methods for assessing the thermal stability of vegetable oils.‘
g;yRecently, Snyder et al.'(1986) reported that static heating of small;‘
"quantities of oil at 190 C for 1 hr in the presence of air, provided an-

' ﬂi*accelerated thermal oxidation test._ Evaluations of the room odor, which:

'invevaluation range“{rom*static heating*—innnr—variety*ofrcontainers*”to"—‘*

ltgidevelops during the heating of high C18: 3 oils, have been used to assess»f3”

2 antioxidant efficacy in frying fats (Evans et al., 1971 Evans et al.,lj;'

'1972 Warner et al., 1985 Frankel et al._ 1985) ' However, room odor

~

'tests "have not been adopted by the edible oil industry for’ assessing the*

thermal stability of: oils (Mounts and Warner, L980h

S . - ) - . 'df&‘.
B : ",;h=4 . -.._u .
S EURT I R )zm',-

Evaluations of oil stability are im ortant in ensuring product E

, quality. Accelerated (Schaal oven,- fluorescent light) and shelfau

At

‘ (practical) storage tests are commonly used to assess storage stabilityi;'

and antioxidant efficacy in oils. Evaluation of thermal stability Lpu.bi

‘Y

- important to‘ensure the quality of frying fats and oils, .as well as thatvi
‘of the final cooked product. Since the extent of oil degradation during,

- heating depends on conditions of use, careful interpretation ~"gnd'

"‘-'v', application of result'is necessary.

e

f Chemical and Instrumental Measurements'

(S

Since hydroperoxide dsvelopment in oils is a preliminary step in_ the ;l

~

~ autoxidative process, p'roxide values (PV) can be used as an indicatorﬁ~i

,-'

" of primary oxidation.:fzhe

»degree of autoxidation is deternined by the.f

_ ,amount of iodine a fat chn liberate from pqtassium iodide and is'f:f

LI



'fexpressed as milliequivalents of iodine formed per E’,,

v

_(AOCS 1979 Met’hod Cd 8-53)

- less than 1 meq/kg (Rossell 1986) Peroxides breakdbvn readily
-.v’

b 2 9.

Qw,giisas S

zi_Hawrysh and Shand 1986) However, in studies of @ntioxidant efficacyhfgx

?Frenkel 1976 Mounts et al.,‘ 1978 Vaisey—Gensers'and Yl 'm

' Mounts et al. (1981) and Moulton et al.’(1985) found little agreement:f
. between flavor scores and PV. Sattar et al. (1976) noted a strong

K

: ;relationship between PV‘and flavor scores - for 1ow erucic acid rapeseed :
.corn and soybean oils, exposed tolfluorescent light. ' Sattar‘et-al;"
(1976) reported that the PV at which an oil was unacceptable, differedfr:
‘;for'various\Yegetable oils. For example.,rapeseed oil with a. PV of 12. 9>¥1
!lhad a slight oxidized flavor a@d was still acceptable' however, soybeanfv
‘-oil with a PV -of - 2 was unacCeptable (Sattar et al., 1976). Because
btperoxides .are . very unstable during heatlng. PV are not recommended forf

- measuring frying fat deterioration (Fritsch 1981)

-

-

»

: The thiobarbituric acid (TBA) test iu commonly used to indicate oil =
,guality (Gray, 1985) : The reagent 2- thiobarbituric acid— reacts with_'\
N malonaldehyde, a secondary oxidation product in a fat or oil, to form a .

,reddish-orange pigment. Generally. TBA‘.number 'is-‘determined by.?ur

TV

measuring the absorbance of the reddish—orange pigment at 532 ‘nm (Gray,‘:'

P L

0 1978). chobson ’_é:' _alﬁ‘ (1964) : observed .that ssaturated fand,‘

. ;“'ﬂ“,



e

._monounsaturated aldehydes 'react "withd“TBA"to‘ give a yellow colorf

'pink color absorbing at 532 nm. However, Patton (1974) has questioned

2

"absorbing at 452 nm and that diunsaturated aldehydes react to give a'7’

f;the value of measuring the absorbance at 450 nm,.since this absorbanceV o

'Tmay be produced by the reaction of TBA with aldehydes which are not} e

e

-

t:is more sensitive and reliable than that at 530 nm.

‘necessarily. oxidation products. According to Patton (1974) “the
fabsorbange at 450 nm may not’ be a true assessment of lipid rancidity [

ZfHowever Erdelyi (1983) ‘has suggested that the :ﬁf absorbance»at‘ésoinm-"

.'ﬁt Reporta’of correlations between TBA- values and sensory -scores for”

fﬂvarious oils, have resulted in conflicting conclusions. Eskin and.'

'Afor up to. 16 days, and found that TBA numbers, at 528 nm, showed

-y

measured at both 450 and 532- nm, and flavor scores of hydrogenated

w

Frenkel (1976) evaluated the stability of rapesaed oil stored at 60 C;

'excellent correlations with PV and with odor intensity scores. Fioriti -

ﬁiaet al. (1974) reported poor correlations between TBA numbers,Aast

/o

-fsoybean oil high oleic safflower oil and corn oil stored at 37°C.‘_In';u:

' 'contrast, Fioriti et al (1976) also noted good correlatious between TBA

B
3

o

;iﬁnumbers and flavor scores for the ‘same: oils<stored at 60°C. Fioriti et*

.-al. (1974) concluded that,¥he TBA test is of limited value in measuring

_'532 nm, produced only fair correlations with odor intensity scores for

'lxcanola oil exposed to fluorescent ligl'n:.,va S ,i:]L'g'o' *.b

M
o found that TBA,values were helpful ‘in exmmf;ing olive oil phﬁ‘b

1

.-_p

-

the - rJ:A:tent of oxidized flavors in" fatst Kirigsakis and Dugan (hQBS)i,

v,uoxidstiona? However, Hawrysh and Shand (1986) noted that TBA numbers at o



~
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Conjugated diene hydroperoxides (CD) and conjugated triene hydro-,

. o~ -

peroxides (CT) are fast methods of assessing the degree of.0il oxidationn

’_:(Gray, 1985) ' Unsaturated fatty acid oxidation is associated with ‘an

'"increase in ultraviolht absorption, which when measured at 234 nm

,_,‘(

‘.g indicates the presence of primary oxidation products, Specifically"_

,Aalinoleic‘,acid uhydroperoxides and conjugated dienes;j The"absorbance

f;measured at 268 nm denotes the presence of secondary oxidation products;

“and conjugated trienes (IUPAC 1978) Conjugated diene and CT deter—"

;’ minations have been used to- evaluate both storage and heat stability of '

oils./ However,.both.CD and CT are more commonly used tﬁpgetermine oil

o

5heat stability. 'Augustin and Berry (1983a) measured the CD and CTr

‘ content of antioxidant treated refined bleached and deodorized palmf;_

olein stored ‘at 60 C for up to 68 days._ They noted that CD increased.

. £
_fsteadily during'storage time; however, changes in CT were small.

Changes ocCurring in heated fats and oils are reflected by increases in

'absorbance at 234 and 268 nm (Gere, 1982; Augustin and Berry, 1983b)

.
P} . I : . “h‘ . -

. -

p—Anisidine values '(AV) have been used to‘ indicate secondary

oxidation products, specifically aldehydic EGmpounds (IUPAC 1978) In

. the presence of- acetic acid, p-anisidine reacts with aldehydic compoundsr

-

“in olls to form a yellowish reaction product.' The intensity of the.,f

'yellow color formed depends/not only on the presence of aldehydic

'compounds, but also on their structure (IUPAC '1978) Generally, the AV

~

'offa freshly refined vegetable oil should be below 10 (Roé%Ell 1986)'

.salad oils from undamaged soybeans and their ffhvor scores.‘ Soybean

-

- oils stored at 60 C up to 10 days,‘or exposed to fluorescent light for

s
< /

N List et al. (1974) reported a significant correlation between the AV of



s i : Lo

4 . R H

.'up to 16 hr, showed little change in- av (List et al. ) 1‘974). "In heated e

s

= 'on the first day of heating, followed by small changes orr ‘the second day.

LW,
and subsequent days of heatinge

.’/

Dark color development in oil during heating has been attributed toi'"'

the. absorption of energy from the visible 1ight spectru& by carotenoid

also results in oil. darkening (Stevenson et al., 1984b) Coior develop-

. ment in an oil can be assessed by" measuring oil absorbance at 363 nm:

' .(Gwo et al., 1985) 'fhj‘ g ) L !

d £

‘}”

]

Qpigments present in the oil (Gwo et al., 1985) ' Polymerizstion of NVDPH

'palm olein, Augustin ‘and Berry (l983b) found that AV increased markedly

The free fatty acid (FFA) content of an oil is a measure of the.

extent ‘to which hydrolysis has liberated fatty acids from their ester_

. linkage with the pa;ent glyceride molecule (Rossell 1986) Analynis of

—

- the percentage _of FFA has been suggested as the method:: of chuice for

/ ,

determining frying fat deterioration (Zabik 1962' StEVenson et ‘sl.,,“

Q‘h

,-19848) Others (Fritsch 1981 Croon et al. 1986) have concluded thatﬂ

.FFA analysis is a poor measure of rfing fat deterioration. .

g “

Y )

. The smoke point of an oil is the temperature at which a fat vill

. -

9a-48) Canadian Government specifications require that frying oils

have a smoke pointMabougdzﬁb C (Vaisey-Genser and Eskin, 1982) In- the

' begin to give off a continuous wisp of smoke (AOCS 1979. Method Ce

fFederal Republic of Germany, an oil with a snoke point below 170‘0 is-

. considered unsuitable for consumptio (Billek et al., 1978) ' Snok"“"

V-

point determinations are used as an index of frying oil deterioration.'

C



2;?

e ;—; . Stevenson et al. (1984a) noted a_correlation]of -0.90 betﬁéénﬁthe smoke

‘point of a slightly hydrogenatad. canola oil and hours of frying.’

— . 1

Oil viscosity, an index of dts flow properties, varies amongﬁ".
different vegetable oils (Vaisey Genser and Eskin,_1982)~ During.

1
'heating, 'oil viscosity incréases as  a resulg of polymerization. L

‘ - .

Viscosity measurements of canola. and soybean oils have shown excellent

s .

-correlations with hourslof frying (Stevenson et al., l984a)."'

\ ‘ . . »l .

1

T

RS

‘The detection>iand'.quantification. of .oil volatiles by_‘gas' liquid

: chromatography (éLC) is one'of the'more recently developed methods of
:'} evaluating .flavor ~and okidative, staoilitywzof loils'\kMin;,'l981).
Researchers iScnolzband‘Ptak 1966 Evans et al., 1969 Fioriti et al.,‘
1§7ﬁiilWarnerf et al., 1974; Dupuy et al. 1916 Dupuy et aI., 1977;
'Jackson and Qiacherio:1977}‘Waltking and Zmachinski,'l9?7; Williams and

Applewhite, 1977fbMorrison et'al; 1981' Warner;and Frankel 1985) have

Yy -~

.. used GLC ‘to assess the oxidative state of an oil and ‘have found good )

'r...j;

correlations between~flavor's-’:es -and- specific volatiles.v Scholz and

o]

Ptak (1966), Evans et al. (1969@Fioriti et al. - (19710), Warner et al.

&
(1974), Hbrrison et al (1981) and Warner and Frankel (1985) noted good

-~

’correlations between pentane, as measured by ~GLC, ‘and flavor scores. .

t,

Fl

‘.' ' Dupuy et al (1977) -found that trans—Z trans -4 decadienal gave the- most

) | sensitive and accurate correlations. .with flavor scores. Studies
. correlating total volatiles with flavor scores have also reported good ‘

.. results (Dupuy et al., l976; dackson and Giacherio 1977; Waltking and:

“

Zmachinski, 1977; Williams and Applevhite, 1977). S |



The use of GLC for evaluations of the efficacy of antioxidants ini’

I 'improving_svhe _flavor and oxidative stability -of"o 1 has been:J

viBVestigated. Warnerhet al. (1978) found that the addition of CA and

-

| TBHQ reduced the amount of hexanal and pentanal formed in soybean oilj}

: stored for up to 16‘days at 60°C. Good correlations between hexanal anﬂ
,pentanal and flavor scores of soybean oil wére obtained (Warner et al,,';'j
1978) ﬁhwever,'gith the addition of antioxidants to cottonseed andf
peanut oils, correlations between pentanal and flavor seores could not

be established (Warner et al. 1978). Morrison et al. (1981),“ __a-“

© -

! A B
o study of the correlation of GLC: volatiles (pentane) and flavor intensity .
‘scores of antioxidant treated sunflower oils,k reported jr)aorrelation;"

coefficient of O. 65. In canola oil stored at room temperatuii for up to"

16 weeks, Tokarska et al (1986) concluded that the addition 'TBHQ, at -

levels as low as 100 ppm, had a substantial effect in retarding

oxidative changes as measured by GLC.

_ Chemical_kand ‘physical Fmeasurements _are useful.vin 'assessingfloil‘
. stability-during storagenand‘heating{ ‘Thevcomnlexity'of‘oxidative“andfli
' thermal decompostion reactions in oils necessitates the use of a varietyy ”
 of tests, each of which monitors one or more of the changes which occur;h'”

Some of the currently available chemical methods of assessing oil

‘ quality have yet to be employed to monitor changea in canola oil.4 Thusi‘

physico-chemical evaluations of canola oll stability during storage andg;?f

3

heating are warranted.

4 .-
&

v o . ! . ‘. . -

h Sensory Evaluation '

Sensory evaluation of the odor and flavor quality of vegetable oils B

R



‘f |

is considered to be the ultimate method of assessing oil quality (Warner..,-i

R

5 ‘29

and’ Frankel, ,1985) " Since’ chemical and instrumental procedures,t asfg

outlined earlier, lack the ability to integrate taste and smell into ana.'v

overali impression, sensory panels are required to evaluate oil quality-'

4

analytical tool to evaluate the senSOry quality of " oils (IFT 1981)

(Warner, 1985) f A highly trained descriptive panel can ‘be used as an.7

S SR

Basic 'éensdry' principleS' require ' that 'testing: be dOnev,under ’

controlled .condiEions A(Larmond ' 1977)- Quiet,' comfortable,‘ and odor

L free surroundings, where’ panelists ‘can make independent judgements, ave

——

. conditions shOuld alSo be controlled (Mounts and Warner, 1980)

' miniumun. requirements' (ASTM 1968) Temperature, humidity and’ light .

R " The selection and training of pa el members is critical to their

performance as. an analytieaf tool Cross et al. (1978) outlined paneli_:'.

selection and training techniques, for the sensory analysis of meat‘

quality, which have been applied to the selection and trainrng of panels

for the evaluation of oiI quality (Hawrysh et al., 1987) Cross et al.

(1978) identified -3 objectives of training (1) to familiarize theij;‘

N

panelist with test procedures, (2) to improve a panelist 8 abili;y to -

St
"E '

r\recognize and identify sensory attributes vand (3)-‘tor improve” a'

panelist s sensitivity and memory. ' During training panelé@%@ should~.

. A B
L. . “ - .' . - 5_ P e a

The most efficient ‘use of a sensory panel can be(obtained by

‘evaluating the maximum number of samples at each sess‘ (Mounts and

Warner, 1980).' Moser et al. (1950) noted that pane_ sts thought that

,}evaluate samples of varying‘juality or intensity (Warner, 19%’% 1_1[‘



v‘the evaluation of 6 oil samples at a session resulted in fatigue, but,

; up to 10 samples per session have been evaluated (Fioriti et al. 1974)

In 1950 Moser et al described a method for evaluating the sensory
;f:characteristics of edible oils,_the basic principles of which are still‘r
;in use today., Since odors and flavorsicaane more readily.detected in a.
vvarm;sample, Hoser etfalsl(léso)-proposed;angoil}temperaturelotISSfCafor”:'
ev:1uations'.Researchers have‘used oil'sample'temperatures.ranging‘tromd
.‘ 50 C to 60 C for sensory assessments (Fioriti et al. 1974 Waltking and
| Zmachinski,‘1977,’Morrison-etval.' 1981 Warner and’ Frankel 1985)
: Generally, oil evaluations are made vithout dilution (Evans, 1955)
"Recently Stone and . Hammond - (1983) proposed a. method of evaluating oils
v.’as emulsions».:ﬂowevgr,_the results obtained using emulsions differed‘

from those:for oils.t”After storage'of soybean oil for 5 days at 55 C

flavor scores for oils were significantly more intense than those for,'

emulsions (Stone.and Hammond 1983); Preliminary oil evaluationsﬂwere
_conducted in the Department of Foods and Nutrition, University of
Alberta, using Stone and Hammonds' (1983) emulsion method for oil

-assessment. ' Panelists found that tasting emulsions was ' mo. more

.

- . ———

: palatable than tasting oils.

The sensory characteristics of concern in oils are the oversll odor

R

-'and flavor intensity and the strength of individual odor‘ and. flavor ~"
’vvnotes. : Descriptive analysis is employed to assess the‘ sensory
'hcharacteristics of oil., Descriptive analysis rquires the use_ of a

rating scale for quantification. TVo variations of a 10-point category



RN
o

. scale have been adopted by the American Oil Chemists Society (AOCS) for-

the sensory evaluation of oils (Warner,.1985) However,wa variety of

'fdifferent scales are used by oil'researchers.
The AOCS flavor quality sca!e requires panelists to “score an Qil
ﬂsample on:a ﬂ0~point scsle whefe 10-b1and or excellent 5=poor with raw,

reverted, rubbery, wdfermelon, or bitter flavors, and 1=repulsive. This

T scale requires a very well trained panel, as all panelists must use the'

' :3'1’. .

same descriptors for specific notes or meaningless»scores will be

obtained (Warner, 1985). Perhaps the difficulty with the AOCS flavor

_quality scalé/is that it uses a linear scale for non—linear attributes.

& at it uses a linear scale for non-lir

This scale 15 Fot commonly used for research purposes.

The AOCS intensity scale is more commonly used.v The AOCS intensity

scale involves rating the overall odor or flavor intensity of an oil

- @

o sample on'! a 10—point scale, where lO-bland and l-extreme‘ as well as

;rating the strength of individual odor or flavor notes as’ either weak

A’moderate or strong (Warner, 1985) In some instances researchers

o

"‘.(Hawrysh and Shand 1986 Hawrysh et al., 1987) have converted the weak

to strong verbal scale, for rating odor and flavor note strength to a’’

. 4 point numerical scale, where O-not present and 3-strong. Other

_scales, such as a. semi—structured line scale (Eskin and Frenkel 1975

-

» Dobbs et’ al., 1978 Vaisey-Genser and Ylimaki 1985), a 9-point "off .f

flsvor’ scale (Fi riti et al., 1974), a 7-point intensity scale (Phole

‘et a1,11964), 6-point rancidity scale (Scholz and Ptak 1966) and a

: Srpoint,rancidity scale.(Jarvi et al., 1971; Morrison et al.,'198L),_p:

f.have beenvused to assess~oilﬂquality;._‘

2



Nl

: ? Although the practice of using trained analytical taste panels for _ﬁlfﬂ
L - : o AR
gvthe evaluation of hedonics (like/dislike,* unpleasantness) is not :

< considered to ‘be appropriate (Pangborn, 1980), oil researchers have used 'ﬂ":

v 2
. -L

trained panels for the evaluation of oil pleasantness.: Bluuenthal et

- ;'al (1976) and Waltking and’Zmachinski (1977) employed trained panels,to

' evaluate odor and flavor strength on-a 9-point intensity scale, as we11
as to assess the pleasantness of the sample on a 9—point scale ranging '

1.from 1=very pleasant S-neutral to 9~very unpleasant. o

I )

v . } : .‘.'.‘ ..lrt‘

Evaluations of individual odor and flavor notes ‘are important to the -

Fh

overall assessment of oil quality, as oils under different conditions

develop -a variety of odor and ‘lavor notes. After 4 days of stotage at
A £
60 C Moser et al.: (1965b) found that crambe oil was more painty than
; . ‘-
. soybean, mustard or’ rapeseed oils. Moser et al. Cl965a) noted that

e Lo "

exposure of soybean, cottonseed and safflower oils tq fluorescent light, P

resulted in the development of a pronounced grassy flavor‘ HaWrysh et f.s;?

(1987) reported that the addition of either a combination -of BHA,

. BHT and CA or TBHQ to'canola oil, stored at room temperature for up to

~ ik}

16 weeks, resulted in higher grassy and fishy odor and flavor intensi%y

. T .
values than those obtained for a control without antioxidant» »t‘gf' §,
. . . . . o v e i

Sensory evaluation is used as an analytical tool in assessing the

oxidative state of an oil. Sensory panels integrate the odor snd flawor

g

characterisé;cs of oil to monitor the changes which occur during storage
. ’ “ '-_ ' ‘
and heating. Supported by chemical data, sensory analyses is the final

judgement oil quality (Jackson,,1981) : Trained panel evaluathns of
-

antioxidant treated canola oils are. limited and more research is needed.y

o .




3% EXPERIMENTAL METHODS = -

: éxperimental;geéign'and Statistical;Analysisy‘

v o
PR

~

‘}‘ents were carried;eut 3 to evaiuate storage stability

: ' , A
and 3 to evaluate thermal stability of aﬁt&oxidant“treated canola oil N
. o, ST, . P

_ B LA .
-Table 2 summarizes the experiments cbndncted;{[Evaluations of oil.
: ; {;: - ¢ e . ) . ~

&

k-

quality included sensory, chemical and physical measurements- _

A stripeplot experimental -design. (Villiken and Johnson, 1984),’[

[od
:

involving tre;tments and storage/heating..was used for eaﬂh'experiment,
Data for all measurements were subjected to the analyses of variance:
j outlined by Milliken and Johnson (1984) Sources of variation consisted'
' ‘of treatments (n-S for chemicar and instrumental tests, n-6 for sensory
rtests), storage or heating times (n-3 ‘4 or- 5); replications (n-2 or’ 8) t
,and for taste panel data, panelists (n-7 or 8) : Student-Newman-Keuls |
.Multiple Range test (bteele and Torrie. 1980) was used to identify

. significant differences among treatment means." . -‘_‘ _..‘y

Within each experiment correlation analyses were performed to assess

the relationships’ between appropriate sensory (odor and,_flavor.

intensity) and chemical/instrUmental data. ) .f:';' . o o~
. . R

" Materials Usedmﬁpr'the Study

L%

Fresh fuliy refined bleached deodorized canola oil containing no:

~antioxidants. was obtained in three lots from Canbra Foods, Lethbridge -
' - ‘;i- ) e . .



. o

———

. Storage® ... . .-

- Heating - - o CL

Table é.jfsghmgry of laboratory experiments . = . e )

gl T Storage or . Total .
~ Exps : ons. .00 or : e
*pe§§?f?t Replicgtions_,“.7_ Heating Times  -Experimental.
: _ SN .. . Samples.

v

‘-

S .. »
A O

Schaal Ovéq. = 3 5-0;’4{v8,<T2, 16 days = = 75

. Fluorescent ~ 3. 0,-8, 16, 24 hours - ' 60.
' Storage r TS S e e

.‘ . ' » ’ N - “» -"«’.‘(

Practicélf 3
Storage -° - "

Extended . 3. 1, 2.5, S“HEysxf

55
Heating 2 " 10 days . =

Deep Fat . 3~ . 0, 20, 40, 60 minutes’ - 60 ./
. Heating . ‘ - S : ce

Shallow Pan - 3 0, 6,°12 minutes - 45

-
P

'\\\ _."All eéxperiments involved 5 oil treatments (T1-T5) as listed-

N

in Table 3.



Alberta;f'The phenolic"antioridants;7butylated hydroxyanisole (fHA)'and;

"j-‘butylated hydroxytoluene (BHT) and citric acid (CA), as monoglyceride f

citrate (ZOZ citric acid), were obtained from Griffith <Labs,‘

N

.Scarborough Ontario;v - Ascorbyl palmitate. (AP) was: obtained ~from

'hHoffman-LaRoche, Etobicoke, Ontario.» Polyvinyl chloride (PVC) bottles.i

‘-for practical oll storage studies were obtained from Proctor and Gamble'f

A

‘inc., Toronto,,Ontario, , 301.' R . NS : S

o Antioxidant Incorporation
H—'F"For'each‘replicate.of-each storage and heating experiment ‘a séparate
batchbof,each oil treatment vas mixed'except where'otherwise nqted;-:For

each replication the order of mixing of oil treatments was randomizedsls.

S

. For’ each experiment canola oil was subjected to each of 5 treatments o
">(T1-T5) outlined in Table 3,f Butylated hydroxyanisoleK‘BHT and CA were‘
‘added to the oil neat which is typical of : ‘current industrial practice;

T;Because of solubility problems, AP was added to the oil as - -a SZ solutionl

bin ethanol.r A 102 solution in ethanol is recommended by Hoffman—LaRoche"_'

: (Hoffman-LaRoche, 1985),‘ however AP precipitated after 1k hr at room_i_ y

"temperature., The amounts of antioxidant treated oils prepared'varied '

/
L=

among experiments, depending on requirements and will be detailed later. R

oy

S ) oo . ) . ) R -

For each treatment, the oil was heated to 80° C and ‘the - antioxidants

ot

' ‘were incorporated., The oil was held at 80 C and stirned on_ a hotplateg'

: (Fisher 310T Stirring Hotplate) for 30 min. 7. The oil ~was theniﬂ

Py

transferred to a hotplate at room temperature and stirred for an



-

Table 3. Canola oil treatments.
S L. . o v .‘

at ’
!

L @"T.reé'tmént_Ninnber;"

' Canola 0il Treatment - |-

Tl -

T2

T4

T5°

.16

_'noﬁant_ioxidanf - _cm"t't'rol ' ‘
BHA/BHT (100 ppm each)
o .:CA.(SOIIppNﬁ';)v_ -

T3 5 . AP'(100 ppm)
~ AP(200 ppm)

P

AP (200 ‘ppm)
~ CA (50 ppm)
. .Hidden Comtrol . =~ ' -

(for sensory analyses only)

.:#‘, ,

o
-

L



'additional 30fmin.’.The}oil uaséportionedieitheriinto beakers’ for
l‘immediat'e use, or into 500 or 1000 mllamber glas‘s bo‘ttlles,» flushed with

fnitrogen and - either held overnight at 5 c. for use the following day or:l'

immediately frozen ( 25 C) forllater use. o

During mixing, reference.samples of fresh canola oil were removed'
. "\ . : .

- for éensory and chemical use. These were placed in 20 ml vials, flushed]f

. with nitrogen and frozen at: —25°C for later ‘ugew At the designated
?‘storage and heating times (Table 2) samples were placed in - appropriate

glass vials or botgles‘aflushed with nitrogen and held ( 25° C)

v
7
')

All glassware ysed was washed with alcoholic potasaium hydroxide,

dilute hydrochlordc jacid "and glass distilled - water to preVent.,

| contamination (Morrison et al. 1981)3 )

f o o 3 PN R . X . | . t N '
Accelerated Storage e ..”' R e ' :
) . B e ’.\‘ ) o . o L ] ] . . ‘ . . -
Canola oil treatments)for the 2 accelerated storage tests,,Schaal

+

oven storage anw fluorescent light storage, were mixed in 1000 g

batches as described and held over night.

5.&

oven test, 4 samples of each : oil treatment (68 g)

1/ . .9:'7. . 1

"were placed in 1qo ml pyrex beakers, covered loosely with aluminum foll
. lids and held in a forced air oven at 65° C for up to 16 days.: 01l :‘

'samples were removed .at 0 4 8 12 and 16 days.

. : . : 0
i o N |



'13acrossfoilitreatment byitime combinations;‘p'

".“at_room temperature. Sample94wereﬂremoved at_O, 8, 16 and 26.hr.;“

" Practical Storage -

Three‘I-replicstes _IOf _'the" Schsal "open test ﬁere"lcompleted

vt.38fa7

‘simultaneously, by randomly assigning each shelf in the oVen'to-ll,

;replicete..', The placement of samples on the shelves was‘ rahdomizgd' o

P

For fluorescent,light storage, 3 samples (68 g) of each oil

4

. itreatment were placed in 150 X 15 mm plastic petri dishes and exposed to

light (7532 + 750 lux) from daylight fluorescent tubes for up to 24 hr

' e

.« Three replications of.the ‘experiment were completedion:COnsecutiye.f;'

= . : oo e

el

‘days. The placement of samples'under the 1lights was7randomiied:scrbss -

't_foil treatment by time combinations.

I

v

- . o P
S U :

Canola oil treatments for practical storsge were stored in 1000 ml.,;m'

ltotal-"of 6 batches, 2 per. replication) : The first oil mix of each

replicate wss designated for 5 months storage. the second for 10 months.

‘ storage; Each of 2 PVC bottles was. filled vith 900 g of csnola oil.

v o

Oil treatments were subjected to fluorescent light (1400 + 107 lux)

s _aturd (23°C).‘ Appropriate samples uere tenoved to represent O'time.3

uthVC bottles for up to 10 months. For’storage in PVC bottles, esch oili

'treatment was mixed in. two 1000 g batches for each of 3 replicsti&ns (a'v

‘.f\ f'\( T
' _Yu{ 12 hr/day for either 5 or 10 months during stdrsge st room tenper-u



: ‘
4

Three replicates of the practical storage experiment were completed :

39

~simultaneously. Each replication was randomly assigned to a section of'-

-the'storage shelf.' Oil treatment by time cOmbinations were randomized“

v

1.within a replication for placement.l ’ t“ N ('m' S

%
B

| HeatinggStudies R -

S

Prior to the commencement of the heating experiments, all household"'

»

electric stove elements to bi used were monitoreﬂ to ensure that

-comparable heating rates were achieved. Mercury thermometers; which hadg

I

been standardized against an ASTM thermometer, were used to monitor q$1

temperatures for the extended and deep fat heating experiments. ,Oil

~

' treatments for extended heating were. prepared the day prior to- the

beginning of each replicate and held either at- 5 C or. room temperature .

overnight. For deep fat- and shallow Pan heating experiments, oil -

. §: .
treatments were prepared the day prior Lo ‘the beginning ‘of each

T.,
replicate and held at S’C overnight. #

“Extended Heating' 1:'-:"‘ o » o B '-‘\'

For extended heating, each oil treatment was ' mixed in two 1000 g

'fbatches.per replication. A total of. 3 or . 4 samples (450 g) of each oil“

w0

on household electric atove elements. The surface of the oil exposed to

i

'_treatment was portioned into 1000 ml heavy duty'pyrex beakers and heated L

v'air was 85. cm2 and the oil specific surface was 0 189 ca /g, which ‘was

&

_similar to that uaed'by Gwo et'al. (1985) Each oil treatmentvwas

individually heated to 180 C and held at 185 + 5°C for 10 hr per day for

’

_:up to - 10 days.- Oil temperatures during heating were recorded every]



»hour;- Samples -were takeﬂ for evaluation at 1 2‘5"5 and lO‘days.~ At

within a replication.> S ,f ot

~ Deep Fat Heating o SR .‘gg'i

h;40_px:

the end of’ each daily 10 hr period, the beakers of oil were removed from‘ '

-

b
the elements, allowed to’ cool 1 hr and covered with aluminum foil.d

‘ Overnight storage of oils was at room temperature.

| 'k’Ijhree' replications of  the ]_.,_ 2.5 .and ‘5_ : da'ys* ,heaQing and 2

'replications of 10 days heating were completed. 'Replicates vere'

completed consecutively with. some overlap so that heating times within a‘_‘

- -

replication had a common start or common end point. .‘For assignment to

heating elements, oil treatment by time @omhinations‘uere randomized

—l

i . h ’ : f‘
N ,' t:‘.’”’ . . v

Each oil treatment for deep fat h?ating was mixed in 2 batches (10003‘

g) per. replication, with half of mix'l designated for 0 min and the

'ivother for 20 ‘min.. Mix 2 was used for 40 and 60 min of heating. Four

0
FaR]

. ! : . / .

: completed in l day in 2 ”heating runs?

\1.
s

samples (450 g) of each treatment were held in 1000 ml heavy duty pyrex.’

beakers (specific suuiace 0. 189 cm /g) and heated on'household‘electric

iy /
'ra,l ;

FA

ﬁ>

‘ -every 10 min. Samples were: removed for evaluation at 0, 20 40 and . 60

s

mm at, 185 + s°c. S

stove elements. Eﬁc canola oil sample was individually heated to 185 C e

and hEld at. 185 + 5°C for up to 60 min.a Ofi-temperatures were recorded: :

Three replicates werp completed on consecutive dsys¢ Oil treatment~

0

to heating elements.: A tdtal of 20 treatment by time combinstionl were

-~

-_f_g;,n?g'«'l'o elei.nents.' .y» e

'5by time combinations vere randomized within a. repliéﬂtion fo assignmenti



~Shallow'?anrheating

- For shallow pan heating, each oil treatment was mixed in one 1500 g o

' were indivdually heated in 1 of 3 stainless steel frying pans on 1 of 3

=

-

specific surface was 2 89 em /g.' 0il temperature was monitored with a;
Bqﬁley 3 Digital Thermometer (Model BAT 8). For each oil ‘treatment by

ftime combination within a replication, 3 heating trials, of 150 g each

on. each of 3 heating elements, were: necessary to obtain the oil (450 g)

4

batch per replication- Samples (150/3) of each canola oil treatm!if =

o household stove elements, to 185 C and held at 185 + 5°C for 0, 6 and 12'

hun.~ The- surface of the oil exposed to.: air was 433. 7 cm2 and the oil‘

_required for analysis. The -3 heating trials for each treatment by time”

v
o

represent one replication. R T I

e

Shallow pan heating was replicated 3 times. Each replication’ﬁas .
ycompleted over 3 days with 5 randomly selected oil treatment by time

"combinations being completed each day (a total of 15 heating trials per'

the day prior to the firat day of heating for fhat replication..‘

'-combination were completed consecutively witﬂ ‘the oii’ from each mixed to .-

. day) Replications were completed consecutively, with oil being mixed



‘Objective Measurements
. X 3 . . B
v\“-"

: The initial chemical properties defined for the fresh canola oils'

were iodine value (IV), peroxide value (PV), and fatty acid composition.

]

Samples exposed to. storage conditions (accelerated Pnd practical) were

subjected ta analysis of PV, conjugated diene and conjugated triene

( L
hydroperoxides (OD :{d CT, respectively) and thiobarbituic acid values-

'QTBA).'i Chemical a alysis of samples exposed to heating conditions ‘f?

.

(extended deep fat, and shallow pan) included determinations of PV CD
CT p—anisidine value (AV), color, and free fatty acids (FFA) -Stored
r.anu heated oil samples, representing each oil ‘treatment from each

'-1replicate,_were analyzed-in duplicate.'-f N
Iodine Value o

Iodine values were determined by the Wijs method (IUPAC 1978)

oil sample (0 2 gg wss wei‘hed into a 250 ‘ml Erlenmeyer flask to which

.t 15 ml carbon*tgt' ;Zflf ;aud 25 ml Wijs solution were addedr The

flask was" stored i'? “y;ark for 1 hr. The excess ha10gen wasfrf 3

«%

s

-i determined by addition “of dvml potassium iodide aqueous solution (100
g/l) and 150 ml- distilled water, which wasqfollowed by ritration of the
liberated iodine with a standsrdized sodium thiosulphate solution (0. 1 -
': N). The IV which is the number of grams of halogen sbsorbed by 100 g

' of the oil, was expressed as the weight 05 Ln iodine._\ ,

N AURRA



e

. Peroxide Value - s‘f" g : —,--"f'. v@;j S fl,;

! Peroxide values were determined using AOCS Official Method cd- 8 53

a3 e

(AOCS 1979) An oil" sample (5 g)<was weighed into a 250 ml Erlenmeyer"

'fflask dissolved in -30 ml glacial acetic acid-chloroform mixture (3 2

’.. ~

f'_v/v) and ‘then treated with 0 S ml saturated potassium iodide. :'Thé, T

‘solution wasggllowed to . stand with occasional shaking for: exactly 1 min .

'l/,,and then 30 ml water -was added.5 The 1iberated iodine was, titrated with;
o

sodium thiosulphate solution (0 01—0 005 N) in the presence of a starchi_v:‘

'v‘ indicator- 'solution - (1Z) Peroxide [ values were - expressed as

milliequivalents of peroxide per 1000 g- of sample._r

\Fatty Acid Composition

o The fatty acid composition of the fresh oils was '’ determined after'

transesterifi’ation with boron trifluoride methanol reagent (Morrison'

-

'and Smith »1964) A Varian Vista 3700 gas liquid chromatograph N

' equipped with a. flame ionization detector and Hewlett Packard 335

chromatography data system,¢was used )The samples were injected into a

30 meter (ID 0. 25 mm) fused silica caplllary column (Supelco Inc ) Thef-l

,,, R . -

gy gas chromatograph was operated with a J\ltrogenﬂcarrier gas at a flow‘

rate of 1 ml/min. Detector flow rates for'the'gases were: 30vml/min fof‘r'

hydrogen arid 300 ml/min fer compressed alr.” The injector and detector o

~y >

- temperatures were 220 C. The column oven temperature was held at 180 C

o

for one min, then increased to 220 c at a rate of 5 C/min and held atfg

1

N this temperature for 20 min."CompOunds were identified by comparing

their retention times with those of known standards.--

! —



Conjugated Dienes and Trienes e e ‘; J-";f"

Conjugated diene and conjugated triene hydroperoxide contents of the

bi'samples were determined using the IUPAC method (IUPAC 1978) An oil

?

AN

: sample (0 100 g) was weighed into .a 10 ml volumetric flask and diluted

: transferred to a test tube, diluted to 10 ml with hexanes and mixed

Y

briefly.. The absorbance of the solution in quartz cells was measured
using a Unicam SP 1800 ultraviolet specxrophotometer at 234 and 268 oo’

to represent CD and CT contents, respectively‘

 Thiobarbituic Acid Value - IR '.»‘*7 S

Thiobarbituic acid values were determined by the procedure described

by Fioriti et al. (1974) and modified by Erdelyi (1983)., The oil sample -

4(0 12 g) was- diss slved: in 2 .ml 50% (v/v) absolute alcohol

ST

2 2, A trimethylpentane in 25 x 150 T culture tubes with teflon caps.

'”. To this solution 5. 0 ‘ml trimethylpentane and 3 0 ml thiobarbituric acid

.

;ﬁu{hhhnj

o L

to.the'mark'with hexanes. A sample (0 1 to l ml) of this was."'f:

solution (O 33 8 TBA in 10 ml distilled Waner and 90 ml isopropyl

f_ alcohol) were added. The capped tubes were shaken vigorously for 30 sec

and incubated in a water bath at 60 (o for 1 hr. The absorbance of the -

- . —

e e
with a Unicam SP 1800 ultraviolet spectroﬁhotometer. R _
) ) Dav o @ . E : “ o (

p-Anisidine Value»;""

T .' a : 4 : . B R
'b bv

p-Anisidine values were determined using the IUPAC method (IUPAC i

O

1978) _An oil sample (0 5 to 4. 0 g) was weighed into a 25 ml- volumetric 'j,{f
flask and diluted to the mark with iso-octane.g The absorbance of this f; p;

v‘.solution, measured a: 350 nm using a Unicam SP 1800 ultraviolet

,.._

»

: solution (against an equivalent blank) was read at both 452 and 532 nm_i S

T




tbe talcu%aqﬂun o the AV-{ Samples (5 ml) of the oil solution and _h

:.‘1?

ﬁ%O'octanelye?e then pipetted into separate test tubes,_l ml of;"

" v,

p—anisidine solution was added to’ each tube and the tubes were mixed..f"

<. L e ———

ol

After exactly 10 min the absorbance of the oil/p-anisidine solution wasf

"i measured at 350 nm with the iso-octane/p—anisidine solution as a blank'

in ‘the reference cell- ffﬁf:?ﬁ

e

Color ' : _ __;l{

Color was determined by the method described by Gwo et al‘ (LQ@S;.
X C 4 : . ; '.,. -

- An oill sample (0 100 + 0 005 g) was weighed into a 10 ml volumetric

'flask and diluted to the mark with hexanes. After the oil was'

'completely dissolved, the absorbance was read againat a hexane blank atv

363 nmvusing a<Unicam Sp 1800 ultraviolet.spectrophotometer;

\. A . _," . ._.. . . . , e g ]

)

‘fFree Fatty Acids _j,:‘

Free fatty acids were determined using the methgg described by Kev

'and Woyewbda (1978), An oil sample (1 00 or 20 g) -was weighed into a
! e _a,,g o

250 ml Evlenmeyer flaak to which 75 mk‘ o%ﬁ chloroform/Z-propanol[,

: i e ;F . :
methanol (2 2 1 v/v/v) solution and 4 dr pB&of meta-creaol purple

J..

indicator were added. The/solution was then titrated with standardized_

. il . !-:‘,y}r
:aodium hydroxide solution (0 05 Na;’ “The ZFFA were expressed:aa/f“
o N R Lo S S i i
» S U .
;equivalenta of oleic acid. ' v;;ﬁiwi'a%




~ Instrumental

¢

Instrumental analyses of th§ heated oil sﬂmples,:umeasured7:in,

T ncluded determinations of viscosity and smoke point. i

R tY
"I

Viscosity

Vi§cosity was measdred using a Brookfield qiﬁcometer (Model RVTD)_'*":

{\with the UL sample adapter at 25°C-- An oiﬁ sample (16 ml) was placedfixfj"

i

) into the UL sample adapter,'which was then attached to the’ viscometerf B

P [

vand the viscosity wBS‘measured‘ The speed at which the viscosity was

e

| 'measured varief from 10'to 50 RPM for extended heating.ﬂ The viscosityg;;;ﬁ*

.- Tt f,\

Mof samples from 1 and 2 S days of heating were measured at 50 RPM' 5}f~.'
l S !

.
J

days at 20 RPM; and 10 days at 10 RPM. For deep fat and shallow panf

W7 Lo _7...-.

) heating viscosity was measured at a speed of 100 RPM. ?

Smoke Point o R ;g‘*p l'v i ':f'/ _;‘”gvf"

Semmranime

Smoke points were determined according to the standard method

e I m

(Official Method Cd 9a—¢87"f_'he AOCS (AOCS 1979), z‘braas Cleveland S

open flash cup, ASTM designation D92- 33 “was filled‘yith oil to thef_.'

i

fflling line and placed on a- Fisher/Cleveland Flash point Open tester. a..

beam of light from a lOOW daylight bulb was directed across the centre .

(

fff the cgg.l The oil sample«vas heated rapidly»to<within 60 c of the‘ff.u

v lr .'.'

- expected smoke point as’ determined during preIiminary work. The samplet*l

' was then heated at a rate of 5 to 6'C per min.‘ The smoke point was the*{f}'<

' 7temperature at which the oil sample gave og{ a thib continuous atream of;f"

.bluish smoke.‘



L

3o

Papel Selection and Training .

ato:IQ-bland), which is‘fhevofficial.method'of the AOCS

'bottles.

Sem e

p 4 . Y

(accelerat:d and practical) and heating (deep fat and Shallowf.pan)}3

R

Seven . or. - 8. trained ;Lnelists - evaluated “the . odor ' and  flavor -

. 'characterisﬁics of the :canola'- oil .samplesl'subjectedjito.'storage;“

Panelists evaluated the odor and flavor intensity of -each oil sample.and o

the stréngth of individual odor and flavor notes._ VSamplesAfrom»theJ

' heatingiexperiments'was'followed.by,samples stored for.10 months in 'PVC

n

oy

LI Co :
T N

Panelists were é%reened by a procedure described by Cross et a1.

[ LR v

’ 'aggtlerated';Storage- studies werelﬂevaluated »first, followed by those' '

- stored fﬁf'5lm§nth9 in'?VC bottles. The evaluation of samples from the"

(1978) 'Eighteen students and staff in the Department of Foods and<

"range of different oil types, flavored oils (buttery, grassy, lemony,v

'fishy), and oxidized oils. Fourteen panelists were selected for'

training on ‘the basis of their ability to correctly identify the odd

ST sample greater than 60Z of the time, their interest and availability

. Nutrition, University of Alberta, participated in the screening process“v

’ which consisted of a series of 12 ttiangle tests. Samples represented a -

Training sessions were. held 3 to 4 times per week for 7 weeks. The

first sessiOn introduced panelists to sensory evaluation and acquainted

them,with the evaluation procedure. Odor and flavor i tensity of the-”

oil samples ‘were evaluated using a ten point intensity 8¢

I

& (l-extreme.

arner, 1985).



‘ For the next 5 training sessions panelists evaluated odor and flavor T

intensity and described the odor and flavor notes present in the oil._n‘

samples.; A: range of oxﬁdizéz oil samples,las well as ssmples with odor

—_—————

-.‘ .
and flavor characteristics of oxidized oils, such as- grassy and fishy, -

o was, evaluated. After each séSsion, ﬁisults were recorded by the panel

leader ‘and- discusseﬂ with the panelists.-‘ This discussion developed. f_4"

1"3&"gconsistency among, ' panelistS' in ‘evaluating - oil intensity and 5iﬂ'at

T T T I S PO T e
_acquainted panelists with the notes -in the"samples. - (w
Loy . " .o :

" After becoming familiar with the concept of oil odor and flavor ah

notes, panelists evaluated ‘the strength of the notes in the oils asif5‘

eitheruweak moderane od st;ong (Warner{ 1985) A list of odor andgb

flavor notes, compiled from the licerature and -the panel wss given tof

.': each panelist to assist in note identification. This list is presented;

“in Appendix 1. Several sessions were held in which a series of oxidized5

oil samples were evaluatedk\ Round table discussions were held to ensure,_

S : that panglists used the ‘same descriptors for specific notes.

o

]

.i Aiteﬁ 12 training sessions, the finai scorecsrd for the evalustion i‘};

| of stored canols oils was introduced (Appendix 2) Although the mostl"

b1 K ,‘ . o

' frequently used notes for oxidized oll sauples were listed on the_"

scorecard, spatgwwas provided for additionni notes. Panelists evaluated -

n v
‘/

- the strength of the notes on a 6 point scale (O-none to 5-very\str0ng),v_;dju

as. paneiists frequently used a range of 6' different descriptors tof

".

describe the note gtrength. s 7} R \.' ' _'»"f:hb'f”-s;}fﬂ-f“

» S BN o

L.

oo vihroughout‘qgaining paﬁelis:ggup:é:gthﬁjé'ftepﬁ]cgn¢1a*b1iiggn§;g;;,eg
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¥ ‘.,;:- n-':- S

~as a‘reference.} ‘The reference was: considered bland and equivalent to a nﬁg'
. .', v N N 3

10 on the 10 point intensity scale.' During the first 3 weeks of %@ K
training panelists evaluated from 2 to 4 oil samplqu ﬁ%?ing the fourthl_

# week this was increassd to 5 samples.-v‘:., e '4“*51 Qb B
e v . T el

" During training panelists developed a procedure for the evaluation

of oil samples. The procedure used is Iven in Appendix 3. The odor of . .

all samples was evaluated first by shaking the sample vial bringing it}
-~
)

to the nose, . removing the cap and taking 3 4 short sniffs.w-A recovery:ﬂ
period of 30 sec was required between _sat les. The evaluation of the.
flavor of each sample was proceeded.by clearing the palate with IZ lemon
-.water (55 C), unsalted soda crackers and plain water (55 C) The flavor‘
.of all samples was evaluated by taking 3*m1 of oil into the mou@h.’

(approximately 1/2 of the amount in the vial) and holding it in the"

-

'i mouth for 15 sec,_exhaling through the nose several times.~ Panelists.l' N
were:- instructed not to swallow oil samples. After expectorafihg'the oil'
sample, panelists wiped their lips with a napkin to remove residual oilg S

before clearing the palate.f Again a 30 sec recovery period was"

utilized. The odor and flavor of the oil samples were eValuated

independently of each other. S ‘ S

~ . -
. [

- ' : : o Sy :
After the fourth week of training, panel performance ‘was: evaluated;

'vusing the procedure described by Cross et al. (1978) The evaluation

" consisted of 4 replications of 6 treatments which were representAtive of‘:-"

oy

those anticipated in the actual study. Odor and flavor intensity data Y
: were analysed by a one-way analysis of variance._ IndividualaP—values~'J

“{ for each characteristic were combined and used as an indication of a-



.

_panelist s performance. ;) A high F—value indicated that K@panelist was

‘consistent in making repeated evaluat:i‘jns and was able to . discriminate
N L [N :

‘between the samples. On the basis of F-values, 2. panelists were dropped

' “from the panel. Individual F—values and panelis{-means were also
TR & . : A

.examined. . One’ panelist had a. very high F-value for flavor and a: very G
'vflow F—value for odon as compared to the other panelists.. As well, all :'”‘

R

'sample means for flavor 'for this panelist were much higher than the ,q

remainder -of the panel therefore this person was dropped fﬁbm the B
-l panel.; A fourth panelist‘was dropped due to illness. o i

During the sixth’weeh of training the remaining ten panelists'
evaluated samples similar to tho;e anticipated in the study. The number

.. ‘g

‘-of samples evaluated per session was increased fro 5 to 7 and 2 1;;u

P

"I

reference samples were given.. Panelists were instructed to rate the
‘,first reference sample, then to evaluate the next 3 or k samples after
which they were to assess the second reference sample.; Timing for the

‘.'evaluation of the second reference Sample depended upon the strength of

» first 3=samples.; ,
v/"‘

. L - . K ‘e
? ’

'555; A second panel evaluation was conducted a described earlier,, The
vi evaluation consisted of 4, replications of 7 treatments typicui of those _i~
fanticipated in the actual study.f Odor and flavor intensity scores and

-/ N

: note strength data were analysed as described by Cross et al. (1978)

= vftotal of~8 panelists were selected to participate in the study. f T_fﬂ ':f?x}

(IR

Prior to the evaluation of heated samples, 2 additional ueeks of
. . G

training were provideg to solicit from the panel descriptors of the odor

_ _7%W Sl
g A
S




R Y A e : ' : o G e
andvflhvor*notes"or heated canola oils. Oil samplesvsimilar to -those

LS

to be evaluated in the actual study were employed._-The scorecard fﬁ%! o
5 . ‘!§ AR Cn

ﬁwn in App dix 4.

'J_ .

AR

Sample Presentation-

-fanel _séssionsf'were held either"daily or twice fdaily ‘in ‘an g d',

B ] ‘
'atmospherically controlled sensory panel room . equipped with individual

' .booths and red lights. Each panelist received a toual of 7 samples per

_session to evaluate, 6 study samples and . a hidden reference, ag’ well as

.,2 reference samples.' The order of sample presentation was randomized

. o , .
vfor'eachtpanelist.. Each panelist evaluated oil samples from each

ltreatment once per replicate for a total of 3 times per treatment. The. -

“ﬁhoil samples (6 mls) were served warm in 20 al glass vials with screw capﬁ'
”'lids. ifteen min prior to evaluation samples were warmed to- 55°C, as';
'per AOCS standards (Warner, 1985), in Corningware' double bpiler systema;

'on Salton"l hotraya assembled 1n each booth. Panelists evaluated thef»‘

i

odor of all samples "and then the flavor._ _Ihe instructioms for

evaluation appear in Appendix 3.

Studies in the literature (Mounta et-al., 1978 Mounts et al. L981. A
Ahmad et al.,‘1983) and recommendations from industry (Hoffman-LaRoche,”'

‘1985) did not indicate that ethanol w0u1d be detected by trained"‘w

’:panelists._ However, following 2 panel sesSions, it became evident that»

. b 4



g

Vsp !

the trained panel ‘'was - able to detect the minute quantities of ethanol.: =

M @
Sl

! 7

-

present in samples treated with AP As -a- result, it was necessary to

correchanel scores for the presence of . ethanol.' To do this, ethanol .

NEEE 2

\

was added to reference oil in amounts identical to that used in thel.‘“ ‘

-s'

- study (4 and 6 g ethanol/lOOO g oil). Ethanol—oil samples were prepared» ,

v , -‘.’.;a : . : :
x :

following _the;~ same procedure used for anti%xi.dant incorporation.(

e Y

. o,
Panelists evaluated thé ethanol-oil samples '3 times.v ' Mean intensity

i scores and odor and flavor intensity values for each panelist were used~

- .as individual correction factors. A correction faefor\was applied to'

the following samples.. :
Schaal Oven Storage - 0 4 days
Fluorescent Light Storage - 0, 8 16‘ ‘24 hours - - . .

Practical Storage - 0 S 1’0 months- ' % ’

)

’

When two sessions were held on the same day, panelists'-were -

frequested to leave 2 hours between sessions. Panelists were asked to_"

¢

_g.refrain ﬁrom eating, drinking or smoking for at least 1 hr prior to -

- evaluati’on. As a mo vational tool small treats were given to the‘ B

~

"7;panelists at each s

i"'received a small honorarium.

PO

. Odor aud«,Flavor Notes, Data Handling

—V—‘

.(\

Odor and flavor intensity vslues (OIV and FIV respectively) for all,

At the end of the study panelists also;'f-

"‘oil notes for each treatment by time combia{ation ‘were calculated ssi__._‘".*b

'."means aeross replicates. For OIV or FIV to be considered important to

a0

" the. evaluaédcn of an oil sample, ZSZ of the panel had to report itah-.,.

presence (Mot;nts, 1979) _

B L T



4. .RESULTS.AND DISMUSSION '

) S ce : o ‘ .
throughout the discussion Tl refers to the untreated canola oil

nh,control TZ, ‘to canola oil created with BHA/BHT + CA' T3, to canola oil

A,treated with 100 ppm AP T4, to canola oil treated with 209,ppm AP T5

to canola oil treated with 200 ppm- AP + CA; and T6, to_the_hidden. -

N

,control used for sensory analyses. The exact cdmposition.of each -

o CooN

L

treatment‘cantbe found in Table 3; page”36{.

\

The’ fresh canola oil used for all experiments ‘was’ of good initial

qu%}ity with IV between 119 and 117 and reasonably low PV (Table 4)
1.

The _Canadian» Processed Products 1Regulations (Canada Agricultural
tProducts.Standards<Act, 1955) for canola oil require that fresh

refined bleached and . deodorized‘:;nola oil. have an IV (Wijs)’of not
iless than 110 and not more than 126, and a PV of less than 2 0 meq/kg.

7

The canola oil standard (Section 43, Schedule 11, Processed Product

; ‘Regulations, _Canada Agricultural Products Standards Act, 1955) also

requires that canola oil contain less than 22 erucic acid (C22 l) The

gfresh candla oil used in all experiments had a C22:1 content of less'

than .115 The~}inolenic_ acid (018:3) content of the canolaﬁoil; was;

)

.between 101 amd llZ. »The,Cl8'3 content of:canola'oil can rahge"ffbm 72
to 111 (Vaiser-Genser and Eskin; 1982) The low autoxidative and flavor

stability of‘canola oil is. due to the presence of polyunsaturated fatty

e

acids, mainly C18 3.

:_:.‘.»( :

.
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T, T2 ‘and T3.

: Accelerated'Storagei

.chhaal Oven Test - o ]: e o C - fif

’

Means and standard errors for chemical analyses of oils . subjected to

-~

551.:

accelerated storage, at 65 C for up to 16 gfys,‘are presented ‘in Tableh~

5. Data for PV at 0 days storage indicate that a11 initial oil :

: treatments were of good quality, with PV below 1 meq/kg. During storage

. [ -~

for up to 8 days the PV for both Tl and T2 increased dramatically but T2 :

e

N was significantly lower than Tl At this same time, the PV for the AP

__treated olls increased,only~slightly-and theﬁPV.for T3, T4 and_TS were. )

lower (P<0,001) than;those of - T1 and "“T2." After lﬁ days, the'PV for %l

'_and T2 were.similar and significantiy higherithan‘that of T3, which in ",'

turn was significantly higher than those for T4 and TS (oils with 200 :

‘Ppm AP) though th’

16 days, T4 and T5 sti

uAfter Avdays'o - torage,fthe PV tor the‘untreated and BHA/BﬁT
treated canola oi’t'ini§Eased from below 0 33 meq/kg (fresh oil) ‘to 7.9

b

ﬁand 6 2" meq/kg, qwﬁpeetively.*“ These vaIUes exceed ‘that cited in thek

- - -
o T ey

'V for oils with 200 ppm AP increased markedly at:

'were lower (P<0 001) than those for

: Canadian canola oil standards (Secfion%43 Schedule 11, Processed '

,.,;1

i?roduct Regulatiots, Canada Agricultural Products Standatds Act, 1955y

&

‘, whichorequire a’ BV below 2 0 meq/kg for'high quafity canola oil. Levels

L]

'of peroxides similar to those obtained in the present study, were.

3?ﬁreported by Vaisey—Genser and Ylimaki (1985) ‘ﬂﬂﬂ Hawrysh and Shand‘

(1986) for untreated and BHA/BHT treated canola d?ls exposed to 4 days

I

: of oven storage. , Following 8 days‘{of storage, the,@ﬁ&ls containing -

.- PR . N S L
) - ~ . . . . - ) . N
R 5 : . ._’? '



: ' . N . L ' ; >d ° n.v .-
.- BT < ->uuoo&.0u aoo 0vm puw ~o Ov& u- -uconnntuu quo erouy unol‘ -cueou-uuuv u=~u-<=Q
N ﬁ d“l" ’..
ua *60°0>d I*. unouuuuav »~un-u«ua=n«n uon e Q21391 :oulou v qu-:- ‘mo3 suws ann uiyIta ncqot»vuaa
K . : .cnui W uoho:u ‘Paepurlg
) - B . . AT N . .a.«u.Uuannu £ uo yowa 33d’ ~V -:oquncunyouov 930 uo-uo>n e n:ﬂd&h
ot et ewe1070 06700 ) 96700 o - 20T L g0t st T et
E v ¥se10°0 2660 160 .“#.o 7 %01 e90°1 AR
€0°0 06°0 06°0 . 26°0- 16°0 z20°t .8 (wu g97)
" . 10°0 °76°0 : 76°0 ~€6°0 %6°0 96'0 » sauaTIL
. 10°0 " 06°0. 6870 16°0 60 68°0 0, paiednfuo)
. «ev80°0 J9L°s BRTN BUY e Gt et Cer T
veu90°0 «.3..\ St HANE AL S 9 21
s¥350°0 A g8’y I NS WLNN 08°S . .8 e (eu g y)
: . ers€0°0 AR gy S 361w o85°" YRt v Sr oo ssusig
- ) - €0°'0 S0°% .90y oo..c : T80 - ~%0°y 0 vu..nu:?ou.
. T . 2 ’ o B
. 59681 - unoq“m—v ana~ | X4 un-om 0z £66°12 91
- JU9 o qrr . sea el g8T°61 4 .
: , .uS.m > u.&.”n : SZTY T nno 61 -.:”.: 8 o . -
309°2 Yok am [ .%‘.52 11 38 ellST L] (e zeg)
, A9 4 91°2 3, NN z -6 MUT 48 4 0 Tvel -
“ n_m st .no—.ﬂ . nm.f ~.o.o~ -o..n....od - - 91
vnuo.a : ann.n I 3 91 mo (A0S mﬁ.f Tl
. anN 8 aon.n T ama 8. -nn 4] o{E 81 g
: ,nom.n 4....26 o .n.o.m. { - g08°11 ML A2 e - (ou' . 76%)
. . UL 260°¢ < %609 q00°9 ql®8°$ 0. : _<n..«.
I 08670 St L9681 Q182 §99°9¢ RIS 91
T LA J9'€ I L 0 AN L2182 «52762 il : :
. wwwbC°0 . .o.:; una.— } L1 aoo Lr glo-ot 8 w(31/bam)
vsv0€0 Il K . 568°0 ume 0 pn~ 9 6L L anfes
, T0°0 - 0. R NN 0 8270 820 JE€°0 -0 apI%013g
. (se) vo '+ oy e (z1) v3 + Sau (skep)
. - W3S (vdd oo2) ‘(edd goz) ~ * (mdd 001) - (v2 wdd po1) 1013U0y sy v
z - oy Ay IHE/VHE paiwaaaun a8r3035 1831
y Jusmavall 130 ¥youw) . _ .
) - . e .u wo 1e ouM..ou- vuu:o:uun Suinoi10}
. ‘ ‘ ‘g olqey

B_..\‘. . - ’ i

._uc-v:o::.- noyaa vc.....ﬁ.; .:o :o:-u jo -uu:q:q :u_ﬂcsu 10] $3011a pavpuras pue ~n=war.

N i




‘i, which were similar.- Perhaps AP addition to canola oils increased the

L

X ' v
which the rate.of increase slowed markedly. This finding supports the

"above 2 meq/kg._

-

.

t
.

-

In this experiment; TBA numbers, measured at both 452 nm (TBAl) and-.'

. N

(T3 T4 and TS) were significantly higher than those for Tl and’ T2

57
leither 100 or- 200 ° ppm AP had PV below 2 meq/kg, which is typical ofi"'
good quality'oils.‘ Oils treated with 200 pPpm. AP were still off

7y.relative1y good quality following 12 dayf of stdrage with PV slightly <

i532 nm (TBAZ), CD and CT were determined as measures of secondary"

1,;oxidation products. At 0 days, the TBAl numbers for the AP treated oilsv ;d

amount of saturated and monounsaturated aldehydes present. Since

o <
studies comparing the TBAl numbers of %P BHA/BHT and untreated canola

B,

higher than those for the AP treated oils. At 12 days, the TBAl numbers

-~ .
were significghtly lower than those for Tl T2 and T3.-

»

s

During Schaal oJ@n tests, the TBAl numbers for untreated and BHA/BHT

-

'\

treatments during Schaal oven tests. : Reports on the changes in TBAL'

.

" numbers of AP treated canola oils during Schaal oven tests are lacking.

PR 4

B oils are lacking, the reason fota this result is not readily apparent.":
; After 4 days differences among t\e oil treatments were as expected.v At"

l[_4 and 8 days, TBAl numbers for Tl and T2 were: similar and significantlyr

- for Tl TZ‘and T3 were similar and significantly greater than those for

- "T4 and TS.' The ‘TBAL numbers for T4 and. TS increased at 16 days but they ‘

.-b‘

treated canola oils increased rapidly up to 8 days of storage, after_'

'75m«results of Hawrysh (1987) whd noted similar trends for comparﬂbleAA



~ contained similar amounts of diunsaturated aldehydes. At b and 8 days,

eincreased and only ‘differed significantly from Tl.

'storage. Erdelyi (1983) suggested thf

- ;'reliability (Pattgn, 1974).,_.

»[the TBAZ values for the AP treated oils were IOWer (PKO 001) than that

lto that for Tl and T2.. The TBA2 numbers for oils treated with 200 ppm

AP remained low at. lé‘days- At 16 days, TBAZ numbers for TA and TS

L . vlﬂ’

,

jpattern similar ‘to ‘that for TBAl numbers The TBAZ numbers for
vuntreated and BHA/BHT treated canola oils increased rapidly up to 8<asys

:of storage and then 1eveled off during subsequent storage. Similar

v

' ;findings were noted by' Vaisey-Genser and Ylimaki (1985) and Hawrysh

o :for T2 which was lower than that for Tlp, After ﬂZ days,'the TBAZ ff ;

fnumber for T3 (oil with 100 ppm AP) increased markedly and wasﬁhimilar ‘i-f

The changes in TBAZ numbers of Tl and T2 during storage followed a

(1987)- : Literature on the effects of AP on diunsaturated aldehydes _;"

’

'"development (as measured by TBAZ) in stored oils is unava:l.lable-‘;~

In the present study, both TBAI and TBAZ numbers were sensit&ve to

changes in the oxidative state of the oils exposed to Schaal oven

(1974) has criticized the ‘use of TBAl nunbers, as. aldehydes othet than“df
. those produced by lipid oxidation may react to yield an absorhance;;

maximum at’ 450 nm (TBAI) i Thiobarbituric acid vslues should be compared’f-'

1 3
o

lwith other chemical and . sensory evaluation results to estsblish theirn'

ft values were more sensitive '

.than’ TBAZ numbers for measuring~oxidativefrancidity. However, Pattonf,j:



-

fcomparable oils treated with AP. At 12 days, the CD value for T3.'f

fAt each storage time throughout the 16 days, CD values f7

h.tended to be ség%}ar and significantly higher than the’;ﬁw

fj‘higher (P<0 001) than that for T4. At 1€'days,.CD values for oils

,”'59 |

.increased and was significantly higher ‘than that for TS, which was also;’

'icontaining %go ppm AP increased but . remained significantly lower than7

h‘oxidation products, trends similar to those seen for PV would bev

lthat for canola oil with 100 ppm AP.

Since the'CD'content'of an'oil indicates the preSence of primary_

¢

expected.f Careful examtnation of the'ﬂata for the AP treated oils,

¢ ey

.

“indicates that where:large increases in PV occur, the CD. values alSo
L~ B

increase. However, similarities between the increases in PV and CD for‘

(R
I

Il and T2“§re ‘not readilly apparent. Angustin and Berry (1983a) noted

e

;that trend5 for PV and CD were not always similar.’ In studies of.the S

Schaal oven stability of BHA treated palm olein, Augustin and Berry; '

’,(1983a) found that CD values increased smoothly over a 10 week period

'while PV increased, then decreased and then increased again. A'similar

t:w

’/

trend in PV for stored BHA treated palm olein was found by Fritsch et

kS

J

al. K1975) They (Fritsch et al. 1975 Augustin and Berry, 1983a)._

peroxides rather than retarding oxidation._ The analyses of Cb would not'

he subject to such fluctuations. Reports of CD values for stored canola

4
#q q@}s, with or without antioxidants, are 1acking.-

A



| Initial CT values tor allltreatngnts were similar.i During storaget

v'of up to 8 days, ‘CT yaiues;tor Tl and Tﬁ increased gquually, while:t

those for '1‘3—T5 remained rela’&ive-ly stable-, ‘& 12 and 16 days, CT"' o

‘l values for Tl and T2 were similar and ig;nificantly higher than thoseihfg_
: for ‘the AP treated oils.' After 1° days,,the;CT value forvthe,Té.was?V'

P

'significantly lower than that for 15, which was lower (P<0.00l) than =
that for T3. At 16 days, CT values for T4 and ‘TS were similar ‘and’

B signiflc’antly ]_-ower .tha_n t;ha‘t for T3 -

The CT cgntent of an oil denotes the presence of secondary oxidation 2
'products (._I.UPA__C 1978) In the present study, increases in CT during | __e

vstorage were relatively small-. Augustin and Berry (19833) also obtained.

.only small 1ncreases in the CT values of stored palm olein.; Reportsf §pr N

cT y_a‘lues of stored canola .oil aref unavailable.' i ;‘;’;'v.v-‘

E 1‘«». i PRRTS
AP to canola oil retarded autoxidative degradat:lon duting sté,rage a::,‘..

65° C. Results from chemical analyses 'éhow a rapid adeteriorauion {n the

—

'quality of the untreated contgl and the BHA[BH'I‘ treatdd canola dila.'_“'

S Canola oils treated with eith% 100 or 200 pﬁh AP remained soable 'up to“_;l.n_ ‘

... 5 .
- oA

8 days of storage. After 8 days,,the qual"ity of t,,he 100 ppm AP t’reated{xij.

oils. deteriorated rapidl«y, as indicated by marked increases 1n PV 'FBA;"‘: |
| R [
, numbers and CD values; Increases in CT values were agparent but were‘ e

E not as 'marked. ' This rapid degradation of oil qualit;y indicates the end -

' ; ;of the inductiou period. Figure 4 clearly uluntrates the 1nduction E

period for canola%:eatments on the basj.s of BV. Both canola oils,.','" |

ftteated'with 200 ppw—AP (T4 and TS) remained stable for 12 days.if':g

g



s 404 o

Co T1 ]
uTI- untreated control : A
O T2- BHA/BHT + CA " '

/72

' 30'—”’0T4 zéf,ppgw«ﬂz; s S )
. v Lt k) . : . T3
1 ATs- 200pbmAP+CA S o

1

20 4

Peroxide Value (meq/kg) -~

oagg 8t65C

Figure 4 The. effect of ant10x1dants on the

Pv of canola oil stored at 65 C.
]



@h_;“. . . - : ¢
v o B

3 o

ifollbwing which there'was afrapid'deterioration'iu"qualityz Moreover,

‘ the quality of the - oils treated with 200 ppm AP wasi§ignificant1y better

: than that of the‘ other treatments. _

7
<

Sensory:.fevalu-ation data fo.r' canola oils :stored‘ at ' for up to 16

days are presented in Table 6. At 0 days, np significant differences ‘

‘ among either odor or. flavor intensity scores'were found indicating that

;

' initial oil treatments were of similar sensofy quality. :

SR

At 4 days,ofn Egrage, the - odor intensit Score*for-TB (oil'with 100”

- ppm AP) was significantly lower than that f T6 (the hidden control),

R while those for other treatments were . similar to T6. o In contrast, S

'Hawrysh (1987) found that after 4 days of storage at 65 C, odor scores

for untreated canola oil and canols oil treated with BHA/BHT Adropped to

. 6.8 and 7 2 respectivel'i and were significantly lover than a hidden:

9

f.control. A comparable drop in the odor scores of similar oll treatments;-

was ‘not seen in the current study. This may be a result of contrast

”effect, where the quality of one ssmple affects the score given to the

“next sample (Larmond 1978) In this study, AP was incorporated intogy ¥
ﬁcanola oil using ethanol -as a carrier._ The presence of ethanol in T3~T5 '
1 may have caused the odor intensity of Tl snd TZ to be rated hi

"?normally expected, ‘as these treatments did not contain ethanol.

: er than

:Usually

.-'.~contrast effect is equalizad by randomizatigg of the order of sample vvf

.

'jpresentation for each panelist. However, in the current study, it would

fbe difficult to equaliZe contrast effect -as the number of aamples which

c2

»

may have caused a contrast effect exceeded those which would not. e -‘ﬁ
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i_‘N:?:f:Q:g of

[}

At 8 days,_odor scores for Tl and T2 dropped and were,loverf’lv}

'i(P<O 001) than those for T3-5 however, only T3 and T4 were similar toﬂ

i;;ié At each time period after 12 days, all stored oils had odor scores-':

B that were 1ower (P<0 001) than the hidden controlg‘ At 12 days, odori"'“

T

I "

“'t_scores for Tl and T2 drOpped dramatically and were much lower than thoae

<1,hscores fpr T& and T5 (200 ppm AE) differed and .both were significantlyﬂlix

iiyhigher than that of T3 (100 ppm AP) At 16 days, the scores for T4 and‘;,»4

b

}cﬂTS dropped hut were similar and higher (P(O 001) thah odor scores for_,

fTZ and T3 ‘which were similar and higher than that of Tl.»

-effect,gpreviously discussed. S

‘.

After 4 dayi of storage, ‘he flavor intensity score for Tl did notv

””jdiffer from T6 hovever, flavor scores. for the antioxidant treated oilsi~' g
“'QEZ—IS) were lower (P{O 01) than that of T6.‘ Hawrysh and Shand (1986)
’,reported that after Q days of storage at 65 C flavor»scoreS'forjg;l

,'untreated canola oil and canola 011 treated with BHA/BHT dropped to 6 1

‘- ‘
Y

yand$6 4 respectively, and both were significantly lower than that for aff

l

Achidden control. ‘ In the present study,’ a comparable drop in flavor,a

‘scores for Tl and T2 was not ohseryed-- This may be due to contraatgﬂ R

W
. Vi e
2 g : . Yy o

At;each time following 8 days, the flavor scores for all stored oils

'j,were&lower (P<0 001) than those for thé‘hidden control._ At 8 days, thef'

.J -‘I~ K

_Ffor TS-TS which were similar. After 12 days, the flavor scores for tHeluf

e

AP treated oils were higher than those/ﬁ§r T1 and TZ. with that for Ta%ﬁti

J

P y
B

.x v ™ . %

being thé highest. At 16 days, scores for AP treated oils were similarfﬁi'

'"h

I

and significantly htgher than that for Tl but the soores fpr T2 and T3

.. (4 RN a L




- obtained to further characterize the sensory quality of the stored oils. 35ﬂ;

| to 16 days, are given in Appendix 6.’ Initfally, all oil treatments were "

Odor"and flavor' descriptionsf (notes): andn‘notev intensities were

S oo

Odor intensity values (OIY

%

ﬁor canola oils, stored at 65 C for/up to 16 '
" oy

days, are presented in :dix 5. Initially, all oil ﬁreatments were .

<

' similar to the hidden control as indicated by the absence of odor notes

:'at,O days ofjstorage. After 8 days, panelists reported the presence of :

- P

painty odor notes. Painty notes are indicative of oil deterioration
: Ca

during storage (Mounts et al., 1981) .Thezeffect of'antioridantsvonvi D

painty odor development in oil samples is shown in Figure 5. Att8 days,d

painty OIV for Tl and T2 increased markedly to 1evels representative of

-~.

moderate and‘ slight ratings,‘ respectively, on aw 6-point Jscale where<

7. nr-_
A5

O-not present and 5-very strong._cThroughout further storage, painty o1V j"'

uMpresence of AP (100 or ZQp ppm) inhibited painty odor development.

However, at 12 days, paihty OIV in T3 (100 ppm AP) increased to a level

» indicative ‘of . slight, while those for T4 and TS (200 ppm’AP) remained

low. At 16 days, painty odors increased in T3 to moderate levels, and
: A
)

»;iﬁ‘ra and.TS, to—levels’repesentative ofnslightq ;

L : )
cel /

. ‘-' /7 . ‘\‘
similar to the hidden control. At each storage time, grassy FIV. for oil

3

treated with 200 ppm AP and CA (TS), were consistently higher than those j';l

obtained’for other treatments. Panelists noted the presence of painty n
;e ;
flavors following 8 days of storage. " The- effect of antioxidants on

'painty flavor development in canola oils is illustrated in Figure 6.

B

Lo T - : . .

n\Tl and T2 increased only slightly. During storage up to 8 days, the S

B

_Elavor intensity'values (FIV)ffor.canola,oils,ﬁstored at 65°C fdr{up”’,,'



. v::r D Thuntreated control
| 'l T2- BHA/BHT +CA

B8 T3-100 ppm AP ok
B Ta-200ppmar

Wl Ts-200 PP AP + ca’

Odor lntensityVolue B

Flguré S. The efrect of anthldants on pamtg odor , B
: development 1’n canola oﬂ stored at 65’ not o

’



. D T Uhtreated control '
B T2-BHA/BHT + CA B B

if*fi:f-‘;; T3- &ppmAP 4

Z T4-200 ppm AP

M 75-200 ppm AP+ CA

F]ovo? Intensity Value

Flgure 6. The effect of antioxidants,on pamtg ﬂavor
development in canola oil. stored at 65°C.



.
e

’The pattern of painty flavor development in the oils was similar to that '

' e

- for painty odor development. Psinty FIV increased markedly An T1. ‘and T2

',/

' at 8 days, and in T3 ar 12 days' howevar, only . slight increases in FIV.'f

were obtained for these treatments during further storage.- The presence

of 200 ppm AP delayed the development of painty flavors during storage.

-

s/

-: The odor and flavor notes obtained in the present 3tudy were.>"

: indicative of the deterioration in oil qualfty that occurs during Schaal.

-oven storage. »Researchers (Cowan et aLx,vl970' Mounts et al., 1979'p_~

Mounts et al., 1981) studying the Sthaal oven stability of soybean oil,l

P,

'reported that painty odors and filvors developed after 8 days. Paintyv,ﬁ

<

’_odors and flavors in oils indicate that severe flavor deterioration hasu

~“oCcurred (Mounts et al., 1981) 3.\:h | R 4

NG

' -

Sensory evaluation results show" trends similar ‘to those found for,

'vthe chemical analyses following 4 days of storage. At 8 days, odor ‘and

.vflavor scores for . the AP treated oils uere no more than 2 points lower

*

than that of the hidden control and contained low: levels of painty

v

notes. . In contrast, odor and flavor scores for ‘the untreated control
and the BHA/BHT tres‘-’ted canola oil: were approximatel’y 4 or 5 points'

Vlower, respectively, than the hidden control.u These oils (Tl and . T2)-

-

‘.contained relatively high amounts of paint) notes  at 8 days._ Similar

decreases in odor and flavor intensity acores for comparable treatments'

‘were noted by Hawrysh and Shand (1986) At 12 days, there was a

. decrease An the odor and flavor quality of the oil treated with 100 ppm .if

'AP. The odor scores of the oils treated vith 200 ppm AP remsined fairly:

‘.stable up to 12.days. At ‘16 days, odor scores for oils trested with 200 .



ppm Ai; dronpéd .but*the‘y'ser.—e' hignér -.t'han -:l{asés of cﬁe.f"o'ché’rv :rea:menté’.
'During storage, the flavor scores of the Qils containing 200 Ppm AP .
htended to. show a gradual decrease, but remained higher than those for
vthe control and” the BHA/BHT treated oils. Thesevodor and flavorvscoresv
,3for'200’ppmlnr;treated oils (at'londays) verefindicative'ofiairatingvor,:_
:nslightly Tintense: on a-ilb-point scale,. where 10-bland and"laextreme.“
. Hovever,‘odor and flavor scores for the untreated and’ BHA/BHT treated *
oils were representative of moderate to strong intensity.; Informationn-‘;
'from trained panel evaluations" of AP treated canola oils is lacking

The results of sensory and chemical analyses show that 200 ppm AP

a f

:retarded canola oil autoxidation during Schaal oven tests. Data
indicate that the addition of 200 ppm AP to canola oil was more'
effective than 100 ppm: AP in promoting oxidative stability. McConnell
and Esselen " (1947) ‘and - Pongracz (1973) also reported that the
.incorporation of increasing amounts of AP into vegetable oils resulted

'in increased protection from autoxidation. S R

‘The addition of CA to caniola oil containing zb'o ppm Aéidia not
improve. autoxidative stability compared to oils treated with AP alone.;-‘l
Chemical data for T4 and T5 were similar at each time during ‘storage~—
‘Odor and flavor intensity scores for oils treated wi!h both ‘AP and CA
(T5) tended to he.slightly-lowervthan that”tor T4d(200 ppm;AP-alone).

o .

Chemical and sensory data ‘for the Schaal oven test show that T2
(BHA/BHT and CA) was - ineffectiVe in .extending ‘canola,.oil-'oxidative._

'bstability.,_Few differences were found between data for the untreatedmf



>0

S “control and'the BBA/BHT‘treated canola'oils. Generally, at 16 days,t..

o there were no differences between the chemical or. sensory data of the"

'treated canola oils was similar to that of the untreated control,”

control and the BHA/BHT treated canola oils.o' These findings support_

the research of Vaisey—Genser and Ylimaki (1985) and Hawrysh and Shand-”‘

(1986) who also reported that BHA/BHT Was ineffective in}extending the‘;ivw

R

Schaal oven stability of canola oil and that ‘the stability of BHA/BHTJ731

(Hawrysh and Shand, 1986). Others (Rhee, 1978; Mounts et al. 1978)',

have shown that the combination of BHA and BHT is ineffective inf

e
o extending ‘the storage stability of either soybean oil or a soybean—

cottonseed oil blend..‘

v

Fluoresaent Light Storage)

Means andf standard errors for ch';mJt

o

subjected to fluorescent light exposure are presented in Table 7. At 0,

el

and contained low quantities of peroxides. At each storage timeu

throughout ‘the 24 hr period PV for all treatments increased but ‘the PV . X

for AP treated oils ‘were similar and significadtly lower than those for

ata for PV indicate that . all oil treatments vere°of good quality'

":nalyses vof canola-foils;

: the untreated control and oil treated with BHA/BHT. After 8 hr, the PV :

for all treatments were above 2 meq/kg, the PV- cited in the canola oild'

standard (Section 43 Schedule II Procnssed Product Regulations, Canadaf

N

Agricultural Products Standards Act, 1955) for a high quality oil.'»

Hawrysh (1987), studying the efficacy of antioxidants in canola oils,:;

reported PV of 8.3, and 7. 6 meq/kg for untreated and BHA/BHT treated""J

'oils, respectively,'following 24 hr of exposure to fluorescent light

(7532 lux) .Beroxide vvalues obtained 1n the present study for
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\4 RN

S .fthe TBAl numbers of AP treated cadola oi‘ls are unsvailable. i

_}tthan those for'El and T2 with that for rs beins the lowe'df

".those found by Hawrysh (1987), although ty initial PV for samples io‘

'-1““~-.formation in canola oil exposed to’ fluorescent 1ight is lacking-

PR AR .
Lo .
B2 ISR
c o v .

o -Asimilar treatments and times,' were approxmtely 1 7‘ times higher than_"'""

S "both stud es were similar.. Literature on the effects of AP on peroxide

At 0 hr, TBAl numbers for AP ttmted oils were significantly higher"

e

: :_»T3 and ’I& which were the 'same and significantly lower than the TBAl

T

- nmnbers "or’ ‘1‘1 JM.TZ. As storage time was extende3 the TBAl numbers' .

than those for the untreated control and oil treated with BHA/BHT.. At 8' .
hr, no differences were found amon&&eatments for TBAl numbers. : After. .v »
‘*-)-16 hr,_the TBAl numbers ‘for r1 and T2 were similar and higher (<0, 01)15;7
_v:-:than those for the 200@bpm AP treated oils, of which ’1‘5 was the lowest. B

e At 24 hr, the TBAl number for ’I‘S was significantly lower than those of

¥

Ta

N

N

e noted by Havrysh (1987) during flubrescent 1ight storage. Reportg on-‘i'.f'f'

T [N

S

.-n,

\,Initially, t.here wepe no significant differ'ences in TBAZ numbers due'

.‘A._ (o

to-- treatment._ However, at 8 hr, the TBAZ numbers for all, of the AF

‘;;treated 0113 were similaraand differed (p<o 05) from thac for 11. After

.*._‘;16 hr, the TBAZ numbers for the AP treated. oilsf were lower (P<0 601)

g

. Ac"za‘hr,

" the TBA2 values for T4 dnd rs vere similar and lower (p<o,001) than that '53

i '.-l.m

-for all treatmer{ts-intreased.. The yeatest increase in the TBAI nmnbers,::v_";”.
\.:T;.of Tl and T2 occurred during the first «8 hr.g However, the‘;rBAl. 'numbersf.'.‘_'j.,
o .-:'lj'for the AP treated oils increased gradually. . The TBAl values for Tl add';:'
'1;2 ihct;eased to 11 63 and 11 36 respectively, during the 24 hr of-: E

B :».:storage.; Similar TBAl numbers for comparable caaola oil treatments weref'




T om

e

~

(P(O 001) than

ST

: for T3.4 In addition the TBAZ numbers for T and rz weé‘! higher ‘

those for the AP treated oils, vith that for Tl

significantly higher than that for T2.>¢The TBAZ data for all oil

¢

tf%atments dncreased gradually as storaga time increased.- During

- h‘»
storage the TBAZ

"(.A

and 3. 8 respectiveiy.v Hawrysh (1987),‘studying the TBA2 numbers of

. T:‘similar canola oil treatments during fluorescent light tésts, reported

increases by a-

] BHA/BHT treated

n

" ‘ o . -~
factor of 6 0 for untreated canola oils and 8 S for
. : : TN
canola oils. . Information on diunsaturated aldehyde
3 BN . ‘ .

development (as measured by TBAZ) in AP tresced solls- 1s lacking..

*

\ .
ETNY
L . s
E . N @

The determination of TBAl and TBA2 numbers was relatively sensitive

; .tQ, changes in

PR

) fluorescent light.' As previously discussed,,TBk valués should be

the Jphotooxidative, stAte of“thef oils' exposed

€~ g

compared to other ch;mical\-andf_;ensory evaluation data to establish

.
-

Conjugated

S

fluorescent ligh

; R O S , \ _.' 4
' their reliability. L N T ST 53' . R PEERER

. -‘0" : . . - .

diene values for al oil Vtreatments exposed to -

t, were similar at’ each storage time up ‘to: 16 hr. At 24 :

” ° ',

. hr CD values for the AP treated oils uere significaﬁtly lower than

s

ﬁh those for Tl and T2 which were the sane. The CD values for all

\

treatments incre
3 .
CD formation in

,..‘_‘-4'

.- N ¢ ",o--‘.c, o -’
S

_4\77‘;f7v'v;,;11_-73‘

ers for for Tl and T2 idcreased by a- factor of 4 5 1f

» \" : _*;. :

ased graduelly as storagc tine was exteﬁdod.w Reports of

oils exposed to fluorescent light are unavailable.

¢
B
.
N

Tals o : - o

At 0 hr, slight but significant differences in CT values of the oils

-were. obtainﬁd.

"lep T3 andPTS.

At O hr, the CT valua for T2 was’ greater than those for s

!‘ Co e ,-..,\'.

At each storage time during further exposure t0"d



o _fluorescent light, no adifferences in the CT of the

o fluorescent light is needed.

v scores ﬁor all of t‘he oil treatments ,exposed to’ 16 hr of fluorescant

“.vlover than that for 1'6 but higher (P«Loel)«:hag those for n 'I’2"and

samples were

On the basis of EV Moser et: al (1965a) reported that the exposure

Aof soybean oil to 1 hr of fluorescent light (7532 lux) is equal to 4.1

e_- {.

o

'vb.found. Information regarding the development of CT in oils exposed to N

idays of Schaal oven storage. However, in the present study, PV obtainedfi o
~ for: oils after 4 days of Schaal storage were similar to those found.';"

. Efollowing.-16 hr of fluorescent light- 'exposure. More lresearch 18.;; =
b'necessary before conclusions regarding possible similarities between, i':‘v'

i,fluorescent light exposure and oven storage can be made for canola oils.' o

. € . ’ S R
Means and standar;_.'_ r sensor} data for oils stored under

L

e

. those rfor Tl T2 and T3 were signi’fieantly lower than that of T6.; Odq,‘r, s

‘ol

light were similar‘ and significantly lower than t‘hat for the hidden@y

/]

. i #‘:‘3-
"f,control.: After 24 hr, odor scores for both Tlt and TS were significantly :

T3 whicﬂi were s.imilar. S *_-‘.-‘ EEDERET

B

t,-e-!

o fluorescent light appear in Table 8.. At O hr, the odor scores for the"’ -
,_;'1exposed oils were similar to that of the hidden control., Following 8

"ﬂphr, the odor scores for T4 and ;5 wef’e similar to that for T6 wﬂi‘le;._"

: ;o

: ’E‘ti..

) ':;, L ; . ) ‘.._ _’_ ‘ “- . R :‘ A : -‘ g ."_ . ' E3 . . :..-: : ',:? - S e
N '-"11":’;1:;-1'511'1)'-’, f_ flavor scorE‘s of the ' treated o oiels were
R significantly lower than that for th hi.d\ien control, ' however,{ i

,’,ﬁj-differences were slight. This finding may be due to the presence@f.‘.'_"‘-';‘.:-"‘7-’

'»vethano% in T3 5. : At each subsequent fluorescent light exposure time, :

e
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flavor scores for all oil treatments were similag and significantly

lower than that for the hidden control. | " S 'j; -
e As the length of fluorescent light exposure increased, the odor and v
e "fla._VQr intenslty "scOres '.»-for'ﬂ 'a11 treatments ‘ dropped levels
PE oo ‘ i ’ o
L L represen,t-ati mild ‘to slight intensity. Generally, the greatest
v .--‘vdecrea’se'- ' and flavorascores Occurred between 0 and 8 he of

I exposure,:,‘ : he r%e ,pf decrease slowed.. Similar trends weré

noted in 1 data report’e‘d by Hawrysh (13%7) for canola oils o

exposed to vflu t;a:scent. light.- Reports on,&th

ity of fAP .'

' rreated canola gils "e‘xposed to f,luorﬁscent light are

.

‘; N L ”

s . e M o ) A . BRI

L. e R RN
R 2 B

\Mor intensity values for canola oils subjected to fluorescent light °

(7532 1ux) for Gp to 24 hr, are’ preseﬂ%p 1o Appendix 7. At 8 hr,j;'i_A -

e

rancid odors were present in Tl and T2. : The addition of AP to canola j‘,

L

oil delayed rancid odor *devélopment up to 8 hr._' Rancgi odprs we :

aa',

presj}?t in all samples exposed to fﬁpresceht light for 16 hr... After 8 G

' n "'. .

!'- '-"b.

hr of sure and, %nger, & gariety of other odox; notes which included
"'t. o X R L v.dl',
. vsour, acid, fruity, lemony and bitter, developed in Tl, '1‘2 end T3.; oo
- . . . / T Fa
\ Following 16 hr, similar odor notes were also detect;j f in Tlo and '1‘5. '

, "following 24 hr oi fv eac ]’-ught eyaosure.i Grauy, pxtnty ud e

B "ffrancid flavors were: noted in oils after 8. hr._ Generally, .the addition

".".'of either BE&/BB’I’ or AP to canola oil did not delay the dovelopment of

r"

;_fishy, grassy, painty or rancid £lsvora'. '

Loe X




' Literature on, the development of - specific odor and flavor notes in;
- ._f;f

W-Researchers (Moser et al., 1965a, 196Sb Warner et al. 1978) have' ff"

h'reported the presence of a" pronounced grassy flavor, as well as rancid o
“and fruity notes in a number of oils exposed to. fluorescent light. fInp‘i'

.the present study, grassy,:painty and rancid FIV increased to levels,‘*7

-

:_representative of very slight-'} "fi; L

R Tt el - T s, : R
’, Generally, _ the:'.cheddcal data indicate : that - .AE- inhibited‘;'
\ : e

photooxidative degra ation' of canola oil during fluorescent lightlx

‘u;esposure. The incorp ration of 200 ppm AP in canola oil resulted in -

(lover PV TBAl and TB\Z numbers,'and CD values following 24 hr of'”5
: s. . : .

'exposure to fluorescent light qhan were found in either the untreated‘;f
_contrpl or the BHA/BHT treated”oils.h Trained panel data indicate thath%;
“200 ppm AP improved the odor characteristics, but had only a- slight)and

a

oL ‘,{generally nonsignificant effect. on. the flavor characteristics of canoladffﬂ
f? .pj'-'oil subjected to fluorescent. light.f . In contraét,”“McConnell aanl“?d
_ Esselesen’ (1947) go;d that 0. ozz to o- loz AP inhibited off. flavor - .
| éi‘ivdevelopment in corn and cottonseedwoils exposed to fluorescent light.' ..;jli

The addition of CA to canola oil treated vith 200 pp&JﬂP did not

o ‘ﬁ'; henhance the photooxidative stability of canola oil as: indicated PV

~g*f'*: TBAZ CD CT and trained panel evaluations.{ The addition of CA to AP

'f' treated caaola oil tnhibited the devrlopment of unsaturated d:»:"

R ~.', 'fh-ﬂ*,w

o monounsaturated aldehydes (as measured hy TBAI) during 24 hr of e;pOSure u}l
' to f}uorescent light.~ Citric acid chelates metals which catalyze the-r'.

formation of free radicgsh Since photooxidation does not involve free

-~ . B . f
L N -~
[
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be expected to enhance oil stability under these donditiona.;' S xé_
PR IO S W Fp e PRI . S e o
R ‘~-w\-;-;;;ﬁ=7‘.$ ﬁfﬁfi'"ﬁﬂ;}i“;,,f:i =y .'}Jij;ﬁf”;ﬂ'”

R ‘.

' y»=¢ha incorporation cof BHA/BQT into canola? oila subjected vto

':fluorescent light was ineffective in retarding photooxidation._ At eachf
..“we T S Lo , f
"storage period throughout the 24 ht of exposure, no differencea werej

-r‘ ,..zr.

il and the untreated control'nf~

rfound between the BHA/BHT treated canola :

for PV TBAl and CD. The TBAZ number for the BHA/BHT treated oil wasf'..:

”?
,.q

' only 1ower than that of the dntreated control at 2& hr.: In an earlier

-

: ’;7‘_studg, Hawryah f1987) found that the addition of BHA/BHT to canola oilf_f

Ll ';

-?I'QEQ was - ineffective fn"sretarding photooxidation._ Mounts et al. (1978) .

glnot, improve th flavor stability ,éf'

) reported that"BHA/BHT d '

s

. unhydrogenated soybean oil (8 3% linolenate)ﬁqg&posed to fluoreacent' .
: light. but did improve the flavor stabilit%ﬁbf dg_hydrogenated soybean gsV}

i_‘.ix oils (3 32 and 0 4Z linolenate) : ;f vl;. %ﬁ ‘».ﬁ‘ ¥"3:iul“h ' é

Correlations for Accelerated Storage RO : g'l,:Q{[a g _1- __;; BRI

Pearson correlation coefficients for the sensory and chemlcal data?f@fl
.. ’ “ B . =

[N from both accelerated storage tests are preaented in Tablq 9. . Allﬁf:f;

‘ I . . N .

coefficients show highly significant relatlomships between aensory andlfffi
fichemdcal data.. Leporiere (1976) auggested {hat correlation coefficients; v

dere poor 1 r(O 253 fatr if r ia betveen o 26'and Q,so, good 15,: 1.l’°“

”**f',between o 51 and o~7s and excellent if r>0 76 irrespective of -1gn

LR

In the present‘atudy, lou nunbers indicate.i creasing strength for odor ?:¥;

] . e
and flavor 11tensity scorea% Por che-icai Aata, high uuabers donote




Table %' Pearson correlatién moeﬁficients \r) between sensory - :
evaluation data and chemical;data for acdblerated storage

Tl 'J - tests.’

Schaal Oven .'1 "  . Fluo;pscent Light
_Storage (N=75) Co Sto§ ge (N=60)

odbr L FlaVor ; . Odorf?j:, _Fiavot .
- Scores . ., S;Qres;f.ui. ‘ Scoreéggg. Scores, -

Vs,
gry..

Pefoxide Vaiuesa,  46;9;***"'"fO488**#V- o -O;Siﬁ**
.:TBAl (452 nm)  -0.78%kk 0.76%%K ."';0491***'
3 TBAZ (532 nm) o 1-Q§32*§*’ﬂ S0.78Rkx -0. 784k

CD (234 mm) | -0.94%kk . -0ugBksx 0. 74***

CT (268 nm) . - -0.BARkkk  —0.80%xk | 0.4l

R iE e
“Significant at P<0.001.- -




. L o R ',,g . Lo . . - :
' 0 . N

80

All correlation coefficients determined for 3§ta from Schaal ovendri_,

1'.'1tests were excellent . Correfations for reaults from;che fluorescentf

) Lnffof the PV (data not shown) did not: improve révaluesﬂv

,/t; 1htenuity scores for,Schaal oven storage.\ J8cobeon et al- (L964) found_;f?ﬂ

G "ﬁ:'nono-unaaturated aldehyden (aa neunred by TBA].).

=~test were fair. :'H

0

B 7ﬁand sensory data, and»that between TBA2 " and flavor‘gcdres, which were' )

a0 ‘f«?

'-good. Correlations for CT and sensory data from mhe £iuotegcent light

: . o : o
Recently, in a: related evaluation of canola oil stability, Hawrysh

7

‘

‘d/'

\

e
gl o

: J' ' R . . . . S . R ‘,, .. s Lh a

:-';correla.ion coefficients for TBAI 'and TBAZ numbers with odor and fIavor“"'. 3

P

B

v ‘;defined relationshiy via&h flavor scores, hpwever, the reciptocal of the'-."- v

”‘..'_-':abaorbance at 432 nn (TBAl) did not. Jacob-on et af. (1966) nugguted'.

Tt

'ff1948 Hawrysh 1987) have noted that correlations between eensory datag o

tdetermined for sensory data and PV. : However; in the present atudy;u

“.'were simllar to those for TBAZ._; Hawryah (1987) also noted similar;x

v"light test were generally excellent, with the exception of those for CDydl. -

e

'(1987), reported similar correlation coefficients between PV and odor.5”~~
. ' .- -u, e B
'and flavor scores for Schaal oven storage. Researchers (Dutoon et al. 5

'-and the logarithms of PV yield slightly ‘higher R values than. those;'hi

-‘;correlations between odor and flavor intensi&y scores;ﬂith the logarithmn_fﬁ'

f For the Schaal oven test, correlation coeffipients for TBAI nunbers;fﬂib

i !that the reciprocal of the absorbance at 53§ nn (TBAZ) ahewed a ucllf".w7

”'»_v."v_lthat dienala (as neasured N ‘.by 'IBAZ) were i“\ejoi. factor in thcf»“"‘f;’"v"‘-j



i numbers and sensory scores, “to be higher than those for TBA% numbers.'f__

4 ,d'

However, in the present study and that of Hawrysh (1987), coeffici‘gts c'f!

P
obtained for TBAI and. TBA2 were similar.

LA

o i

CorreIation coefficients for TBAl_ obtained from the fluorescent

light ‘test (Table 9), were higher than those for TBA2 ‘ Hawrysh (1987)

R

B noted slightly lower coefficients between TBA values and sensory data,;

than those obtained in the current study.~ However, Hawrysh (1987) also

found that coefficients for TBAl numbers were slightly higher than those
for TBAZ. Studies reporting correlations for panelist assessments of

odor and flavor intensity with CD and CT are lacking.

Practical-storagef

Means and standard @rrors for che'ical analyses of anola}oil‘stored

in PVC bottles for up to 10 monf

time, PV for T4 and TS5 - were signig'

K

treatments. However, Aall PV at 0 time were below 1 meq/kg. AFreah,oil

N X ’
] - it N

‘ (~
lower than values for other samples, no significant differences due to

antioxidant treatment 7ére.found at 5 and LO months« S :';7-7?-'

Initially, tae 1

B&l uumbers for the AP treated oils were"'higher

,s; are pres nted. in Table 10- At 0“”'

ntly lo_er than those for other ’

tﬁﬁ " should have a PV below 1 meq/kg (Roseell 1986);; During each storage a

. Lo an e
. Tne S QW e
- R v

‘{P!D 1) than tho e nbt Tl and . 12.4 Similar results for TBAI at 0 time

.-'time, PV for all treatments increased._ Although the PV for T5 were,ﬁ i
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For each storage time .bhroughout the 10 months, no. significant
PR \" . [

ff'83 -

: differences among oil treatments were found for either TBA2 or CD.

" to practical storage are givenfi

S

)

’Conjugated triene values for the oil treatments ‘were similar at 0 and 5 =

months. At 10 months, CT values for T4 ~and T5 were similar and lowerj"

-(p<Q.95),than Sh&t ‘for T2. .

.'-, . . Tmel o

Means and standard errors for sensory analyses of samples subjected

[

ahle 11. 'At‘O time, odor and flavor

scdresffor all oils indicated‘that they'were'of similar gbod’dualiti. '

.

g Hodever, at 5 and 10 months, odor scores for stored 0ils were similar

: and significantly lower than that for'the hidden control. At 5 months,‘

T

J&-

f"flavor scores for all stored oi]s were significantly lower than that for _

-jthe hidden. com:roljl and those for T3 and T5 were significantly lower'

.-s;'&.u‘w R “a

"than that for»TZ. At 10 months, the flavor scores for all storede5

_ samples were lower (P<O 001) than that for the hidden control however,l

i

’ that for T2 was significantly lower than those fbr the other stored

>

-oils, whibh were, similar.

\ \ N . - : . : . . » “'.ﬁ

-

The large‘atandard*errors obtained for'the_chemical~analysesf(Table?

' 10) show that large variations were present in the samples. ‘Data for.o

- PV, and odor and flavor intensity scores for each replicate (Table 12)

'illustrate the exteﬁt of variability among replicates for the samples.

Similar patterns were found ‘for other chemical data across replicates.'

ﬂData for PV at”10 months are especially interesting. ’The low PV (6 76:“

. meq/kg) for Tl is unexpected and ° no reason for this finding is readily: 'fl

L

) apparent. Odor and flavor intensity scores for samples uith low PV (Tl

rRep"l{'Tér.Rep‘l;‘TS, pr,z) tended to-be_highervthangthose obtained for '
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Hawrysh 1987) have also noted peculiar data for oils stored for long< -

~

"Jperiods of time.: Evans et al. (1973) reported erratic PV during long

Ocher researchers (Evans et al., 1973 Hung and Slinger, 1981- RTI

b']oterm storage at 38 C of soybean oil bottled with Nz in the headspace.~

t.' e

}:The erratic values were—attributed to poor seals on.- the bottles, whichfk

’:qussibly resulted in air leakage ‘into’ the headspace (Evans et al.“.f

: catalyzes oil degradation-» If 02 in the heaﬂspace is depleted oil

. on a bottle would permit the exchange of headspace gases with the -

o

— —— s

-3

) . .1

/ 3 )

the cap on each bottle of oil -was: tightly closed by hand Thus, no

reasons for the erratic values in the current study are readily
T s y L /”"

apparent., Perhaps poor seals on some PVC bottles may account for the,j‘

v

b.l1973)/ In &he present study, particular care was taken to ensure - that -

S e
variable resulta- During autoxidation and photooxidation, available 02,‘

X - SR

d’_autoxidation and photooxidation may be inhibited. However, a poor ~geal

atmosphere and 02 would be available for . oil gxidation. » \lv
/ ‘ .

*

Odor intensity values for oils subjected to practical storage are

-

presented-in Appendin 9.; Grassy odors vere found in T2 after 10 months‘i

./’

of storage, but were not prominent in othervtrestments.; At both S andff

e : !

110 onths, painty odors were’ detected in ‘T2 and T3 .' Rancid odors were :

glherally noted in all samples stored for S and 10 months.

et . . LY . . . PR
o . . -, . T . P

.

Flavor intensity values for oils (Appendix 10) show that grassy,i'

. <

= psinty and rancid flavors were present in all stored samples.' Both OIV

~.and FIV'.for "other _notes, such as =stale,, fruity, sour, bittdri'and

3 . . . %
AN

.,



‘~.;gj;:;:
- rubbery, tended to be greater for oils treated with AP than those for N
. R . " SR _ '“jﬂﬂi

2 the untreated control and BHA/BHT treated oils. ‘ﬁfr - e ", T 'fL
Generally, data obtained for the chemical and sensorm.analyses of

. -
,;’. B

canola qils stored in PVC bottles for up to 10 months indicate that the

addition of either AP or BHA/BHT to canola oil was of little benefit in

extending storage stability. " Hovever, due to the variability in the.-zaﬂﬁ
data obtained conelusions cannot be made reganding the efficacy of

either AP or BHA/BHT in canola oil stored under practical conditions.:' t';-l]

. ST - o ‘,‘. - ﬁ?‘ ;
- S . : : R d., B Vo e
ﬂéeting Studies T (_ R e -
s e : T : o .
. Extended Heating O __ RS : e - ¢ | . | s '»," B .ﬁ.‘

Means and Standard errors for chemicaI and instrumental analyses of

Lot

: canola oil sub;gcted to extended heating at 185 C are presented in‘a'

—-

Tables 13 and 14.- At eaeh heating tine throughout the 10 days ofhy&,
. heating, ‘no’ differences in the PV of oils (Table 13) due f% treatment'l :
were-found.- Peroxide valuea increased to a maximum at 2 .5 days and then\l o
| decreased “as heating time was lengthened. ; Since hydroperoxidea_ '
(decompose rapidly when exposed to heat (Cray, 1978‘ Fritaeh et al.,dt'
1981), the low PV are as expected. 0wo et al. (1985) reportqaﬁPV"
between 1. 0 and 3 5, meq/kg for partially hydrogenated soybean oils, with
' and vithout AP, heated 10 to 11 hr/day for up to 10 days. Peled et al-'f‘v7
(1975) noted low PV (between 1 0. and 6 0 neq/kgx for cottonseed oil
heated at’ 180°C for up to 6 hr._ Lov PV vere also found fot paln oleinifii
heated at 185 c 4 hr/day for 2 days (Augultin and Berry, 1983b)..fh1

\;}Peroxide values are not generally used as a- measure of frying fdt:f';j

- . | B s ' . . . _- . IR L .
.



. a . . ) e - A , E ) ! t e .u
i o : M . .‘.‘v ‘ : mo ovm ae mucweumwuu 1710 maocmu Fuowe moucouuuuav u:m)«uacwam
. M ¥
..“.mo OVm e ucoumuuﬂv hauzmuawﬂcw«m uoc muw umuuua :oaaou e mcﬁum;lvzou awes ucu :«;uﬁz cmoram
. , R Y S . e g ..:mwe w:u uo uouuu vunvcmumu

4 ¢

Awoumuﬂaawu Z 30 Y2

5 13d 3] mcoﬁuwcﬁeuauuv y 3o wwwmuw>m a1e sKep QI

103 m:mua .Amwumuaﬂaou n Jo ;umo uwa ) mcoﬁumcasuouwv 930 sa8eiaae aze m»mv S pue ¢ 1 uou mcmwrA
i . ..... S, ‘ i : e K ) _ y ‘ U c .
, 76170 L6701 om,oﬁ_ 18°01 18101 . ._m«.oﬂﬂ ot
oet0 . L8 A O o1’ 8 - 81'8  _ 710°8 .8 (wu 89Z)
- RS Y+ IR 4 A 96 L CTAL S 6ETL S.o9gr9 672 CELER SR AN
T . 0100, 86°S “81°9 _Nd.o » mawo Sty A wmumm=ﬁ=ou_
6670 T S8ty T L TR A LT N NN .,mn.qq. R S
, JrUro 08ty 9172y ogeey THCA 74 2 L T (u qna
. 65'0° UgesTE v OwtEE o 08°0F €97 1E eI LT % s2uaTq
50 98°02 -98%1T 68t 1T, L1z I (20 2 poie8nfudy
. . ; i ..n. 6 ) ¢ i ..o . . R . . , e -
SRS DOm muﬂ   .9¢0.¢¢~ -+ q867 781 o gsLrest SRINN {5 {2 SN ) : 4
AT -1 33 SR Whts1T - - 60612 86 LIT LoeterzT ¢ 10t0TT. o S L T .
S U3 €Lt et sE 0Tt g€ 91z €le6iz. ST A antep
S 1 A 687651 607691 61691, §1°€91 A Sy ouTprstuv-d
o  4ﬁmm..qofo .._mmmd_ y ey 9ElT et L2E 1 ot Ty
BTSRRI ) & o0'z 4 oorte - ¢ S671 © 661 Wz .S S (8w/baw) O
8070 gvez. . c1str . vl o9sez Lsetr S99 L8t antep -
S S.o . 8ET KRk AR A A B AAR "8 T 1 apyxo1ag
_J _,.ww_wv__,uﬂmavu<o +. _u_quv. D) L (Z1) VO + (1) . (skep) . PR .
;e civ . (uwdd goz) -+ (wdd. 002) (udd op1). - '(®2 wdd g01)  T0IIVOD amy] 7
T ay. oo oAy SRR\ AN IHg/vag - vuummuucm ‘Butiesy TSy
| . . mr ) 4&\& . ) . UCGEUWUHH.AMO .Q.H.OEM.,.U |
A o o A T Ao cg1) wcuumus papua1IXd wCaso-0u
oo ©‘auepyxoyaue INOYITA pue yirm .m«o maocmv uo wumaamcm amoaawnu 103.510119 vuuvcmum ‘pue ﬂmcmvz .md.wanmm
o = S - : . :
o - R e .. s o S L - L
ot ..0 . ,.. ,\\.(\‘ - M o . B , . o . - e ' ase ..
. T “ ; . N | .o . . lv i \ . °
L] ...4 \ \W’ . - , - E .



uou h:@wa .amouNU«aaou m u

< Biarid

mo ovm um ucouuum«v »ﬁucnUﬁu«cmam uoc uum umu
Anuamuauauu z

o: mdwu uua nv suoy

CEI rosuou K: w:ﬁuwﬁw

mm m_u cu;u«:.mcmuz n

wo :umo uum mv mco«uncﬁuuuuuv 9 uo mum~uu>m axe: m&mv o1
um:«suouuv 6 uo wawmuv>w uu- m»mw n pue w z ..‘uom mcnaZnu

Euuuuv w uo mowmuw>m le. 's&ep QL .

- .

uOu mnmwa _.,mum whﬁv G- pue g ‘1 uOu mcwwzuj
- : S0 sueaw au2 uo.uOMuu paepuels
L , NI . e 1.
. ..' a.. ks o . S X v - ‘ B o T B A .v,.‘,.h. . n R A ;
L0098 . twr0T9 o ousmm.v,, e 8tLeS L. TS et
9861 -.0°g6T v . STBET. - 97701 B 67681 S
6:201 . .0 £°§0T . .0 B80T o E780T 6°901 T . x..rvuﬁwauv_
8L - JREE O 7 S 1 cn4, m mn e Tt RS SR * nauamoumq>
gt OUELL e STU ,u; Coreer . lsteer ot L
4 £0°€81 QL1081 ;..wo.dwd. 0" 181 S TR P S o v
g TR . PRI - . q;. . :
DR A 11 SRS . 07267 L0061 o l0tEel stz .. ()
Lt n0T. S ,.o.oow S L*woz o on o E0E0T R {114 1 .%58.305
Co . AT N RN R L e
0%6°0 560 .. - 8160~ .- TEB'O "1 .-SW6'0 . 01 : .
Z05°0 - g26t0 . =880 . 06970 SR A g
) £€2°0 L o.01zre - LS§TTO .- gvzro | v s£2°0 $'z S
‘0 . T80°0° ogotot . 80070 'Zgoro - §L0°0. -1 TRy vax
egste . 16§70 26570 .,.u._ £85°0 1 . €i5°0
S 9EeT0 - nET0. lovzrg T om0 2eL0
- qed01 m v nqo# 0 ”vb,, R R S0 52010
®6c0-0 ~ Toworo. - mho 0 “ono°o, 0%0°0° 220102
Amav vo i L) Anav (L) VO 4 (L) _waunv S
- (umdd’ oouu .;Aaaa.ooﬁv Aaaa oodv (®2 wdd. ooﬂv _Fyoasmey U ABEL. 0 -
PRI\ : dv a:m\<:m ~Ppaie’ajuq Suyieay o, - 359
; W . wcurmwoua Huo.nﬂottu . - - . N
— «.._.\"-v.%. - . .o ) - . - R :
: T o *(2,581) wcﬁuqu; nuucauxu mcﬂaoﬁﬂou

wxamwu g ,u:osuu: v:u ;u«:

ma«o.mao:mu uo wquﬂmca amuusmsu100qm>cn 03 §30113 uu«v:mu

ucavaxc«u:m
puz. SUBIK .wﬂ a1qu]




temperstures and low values are obtained;“»In oil research 1ow PV are

ysual?y indicative of a fresh oil' thus the low PV of heated oils could

" be misleading if taken out of context..ufo*}-j";g'v;/57:

e _‘.'r. B

B S
N S
o o R ) S T e car sl '
-~ 3 : LN oy . . .o
’ - KRR B . T . . . --‘ K

At aach of the heating times up to S days,;no differences in AV were
v N o ..

) found among treatments (Table 13) After 10 days,'the AV for the

-

A :

' untreated control was higher (P(O 05) than those for the antioxidanc~':‘

.,
<,

17 treated oils. 1‘Aldehydic compounds, secondary oxidation products formed PR

A -

7; from the breakdown of peroxides, are-measured by the KV test. Anisidine\

Tw

- finding. Data for the AV of ofls snbjected to - extended heating

.‘c

values for the samples were high after 1 day of heating and continued ‘to

R /.)

increase during heating up to 5 days. Hoveuer, after 10 days, AV

declined and differences between‘the control and the antioxidant treated

-‘,.

samples were, detegmined. 'No reason is readily ayparent for this

. : . . P L, - e
‘ B .

cqnditions are lacking. :.'[_‘t o S ;F j_‘,_; . :

geach of the heating times, during the 10 day period.. In contrast, Gwo'.i

.et al. (1985) found that the addition of 200 ppm AP to partially

A hydrogenated soybean oil decreased CD deve10pment after 10 days of

’

N 4

alues “for canola oils were approximately 4 0 ‘and 0 90 respectively

~

S,

N : ) : - BN 4
! There were no significant differences in CD and/CT (Table 13) at'

N ‘ Y

heating. In the present storage studigq\ initial (0 time) CD and/CTv‘

(see Tabl4é‘i’and 7, pages 56 and 71, respectively) Conjugated dieneg'

.~ and CT values for canola oils increased rapidly during the first day of’n -

BRSNS

heating, thqnughout subsequent heating, the rate of increase slowed.

For rice bran oil and palm olein, CD)values increased rapidly during the

,



"a%g§s¢ddr a1l oil samples increased and no significant %"'
A()“!{e &

ety o
dﬁﬂ&otidantftreatment were determined.; In contrast,

fi !
hﬂarved that 200 ppm AP reduced color development in
P

gyﬂraienated soybean oil, hested at 180°C 10 to 11 hr/day [,jl

P .
1 N (.-l 3

pgk dor lm.daggﬁgfmpdently, hancini-Filho et al. (1986) reported that the
, .

3‘,_.
ﬁ". daily additf

hydrogedgge’g:ﬁw'
. \_ - A,:-."~ N

AP increhsed color deve10pment in a partially

.'., s qu \-f\ _'.1
an oilﬂggertening in whic French fries were fried for*

'.e.") {
. resent study, the- addition of either AP or’ BHA/BHT tofﬁ'

ﬁlittle @ffeét on color development. RO _';~\'7;Q e

3 ,cb - - | i
ating time throughout the 10 dsys, ‘the’ percentages of FFA~f‘

in all oil treatments vere similar and all incressed to a maximum ofx

) 7approx1mateiy\o 90: at’ 10 days- The addition of either AP or BHA/BHT :oﬂ”
D B BRI
,‘canola oil had little e ect n FFA formation during extended heating._};?j

KP
,, X

'TiIn contrast, Hancini-Filho et (1986) not‘. that the dsily additiond“

[

of 200 ppm. AP retarded FPA. deveQOpment in a partially hydrogenstedj-_,

soybean oil shortening used to fry French fries pver a 6 day period.- ",“'f*

L

o, '




Folloving 5 daya.of heating, smoke points for antioxidant treated'

R control. At 10 days, the smoke points for all treatments were similar,."

ﬁ“f»\ﬂ'(l70 C), conjunction with a concentration of petroleum ether'

,'/".

.frying fats (Billek et al. 1978) e

L

»wheated for up to 10 days. As expeCted, oil viscosity increased. as

‘8 .

increases in viscosity for cottonseed oil heated for. up to 6 hr.

v i

o ,_" . \
e _\\viscosity\for a 1ight1y hydr genated'canola-oil~used for frying French

—_—

i

fries for up to 75 hr over“a 10 day period

N e . Lo ;

I e .# . K . ,,‘_ . .

' In the present study, the relatively large increases in color and
y

”’a viscosity measurements, as heating tlme Jas extended indicate that

-

ibﬁinsoluble oxidized fatty acids of 0 70% or greater, has been reeommendedf‘

heating time was prolonged. Peled et al. (1976)'fepor:edaiafge

ngever, Stevenson et al. (1984a) observed only small increases in_.

_polymerization was . a major factor in~ the oil degradation which occurred

'du?ing extended heatinga_ Increases 1n color and viscosity have been

attributed to the polymerization which occurs when a fat or oil is o

4-heated'(Fritsch et %13 1981 Stevenson et al., 1984b)

The addition of AP to canola oil subjected to extended heating was

LI

.'1neffective in rstnrding the;sgl %}g;adation under these extreme heating

: conditions. This finding i€ in contrast to results reported by Gwo . et

oils (T2—T5) were significantly higher than that for the untreated :,f

however,‘those for quand T2 were belou-l70’C. This temperaturei )
:by the German Society for Fat Research as. a basis for‘discarding usedf"

?”Kntioiidant”treatmentdhad no effect on theiviscosity‘of:canola oilS,.,'



B ‘foil. Gwo et al. (1985) suggested that the addition of 200 ppm AP to

"frying oils and fats may inhibit thermal degradation. However,

" to a partially hydrogenated soybean oil shortening usbd for frying, i

Ve - : . o e “ . : B By A

.

(1985) for a similar study using a. partially hydrogenated soybean.

o

_/

-

_ .Mancini—Filho et al. (1986) recently noted that the daily addi‘;\on of AP'('

~

resulted in greater deteriorasion thar[ that whﬁ:h occurred'A in untreated

S - '

control_samples. IR A

»

The incorporation of BHA/BHT into canolao oil subjected to extended’

conclusions uere drawn by Rhee- (1978)~, wh‘o- added BHA/BHT to "a%'“

-:"soybean-cottonseed oil blend which was used for . frying French fries

L during a total of - 10 hr of ‘heating&

. -

foods, due to carry-over effects. The carry-through properties‘of sn'f
antioxidant are important to’ its use 1n frying fats. Before conclusions
As to the efficacy of AP in enbancing the extended heat stability of . |
Vcanola oil can be made, studies on the carry-through properties of AP _‘ :
: o " R [
" are ,required. T A
S [7b’\—?’$ B

v PR K S . Co
. _.(" [ l_ . . . ©
IR . .

In addition to the potential to enhance the heat stability of oi,l’s‘,n,‘ o

antioxidants may also improve”the stability of the- resultant 'ftiﬁ;-_

L Deep Fat Heat ing

o canola oils subjec.ted to deep fat heating for up to 60 min are given in.b

“:vere heated to. 185°C and immediately cooled. -’.11

Means and standard errors for chemical and instrumental analyses for"

»

Tables 15 and 16. At 0 min, data for each trestnent are for oils vhich’ L

£

. _heating was also ineffective ia enhancing thermal stability. Similari Ll
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Initially (o min), pv (Tahle 15) for ra and TS were - similar “and-

18 significantly lower than those for T

similar.i After AO_min \;he PV for Tl was lo$ar (P<0 05) than that for

s

g T2 but neither Tl nor T2 differed from thosedfor the AP treateg oils.

than those for TZ\and “IS. Data for PV:at O-min, indicate that.200 ppm

<’

o

96

\

et (p<o 001) ttran those for.gl *rz, and f. At 20 min, the bV f‘r Tld‘ -

: vIA and TS which were'

Atr60 min, the PV for/fb;vﬁﬁ and(T4 were similar and significantly 1ower"

I Y
AP significantly 1owered the amount of peroxides present in canola oils - -

“~

'.?heated to 185°C and cooled._ At each subsequent heating time, PV for the o

)

untreated control tended to be lower than those for tﬁE“antioxidant

- o o .

treated oils. Fritsch 61981) noted that peroxides may Increase after a

sample i§ taken from a heated fat, before it is analyzed‘, Since‘

peroxides ‘are very unstable when exposed to heat the use of PV as a
- measure of heated oil qualityvis not recommended. - i \\Th_r%&_

e . . . : . y

,' te o . . ' . : . 3

At 0 min, “the AV (Table 15) for the untreated control was higherh

(P(O 01) than those for the antioxidant treated oils,

similar. After 20 min, the AV for T1 was significantly higher'(P<0 001)

,hich were .

than that for T3 which in. turn was higher than the AV of T5.' At &0

min, the AV for TS ‘was lower (P(O 001) than those for T2 and T4, which

A

were similar and 1ower than thgt for T3, which in turn was lower than

_ ,that for Tl. After 60'min, thedAV for TZ and TS were similar and'lower

1’“"(?(0 001) than those fdr T3 and Té, which were lower than t?at for Tl.f

As expected AV increased as heating time was lengthened.u- S

..{
3
)
o

’ At each time throughout the entire heating period all antioxidant'

: treatgg oils contained significantly ‘lower amounts of aldehydes (as .‘




\easured bY AV) than> the untwated control: s Gene!.‘%ll}'. - ihﬁ
| incorporation of .either BHA/BHi (T2) or: ZJO»PPN AP, +. CA (TS) 1n eanola w\c
..voils reSulted in similar aﬁd s&ificantly lower .amounts of alde‘ﬁydes o

- . 7

o o
; than did other antioxidant treatments.,_ This supports the finding of B
‘-_Hawrysh (1987), who reported that BHA/BHT inhibited the development of

« B 2 -

o
- aldehydes in canola oils suhjected to deep fat heating conditions.. No

-

: M

- reports. on aldehyde dﬁNeIOPment in AP tteated oila subjected Yo heata L
have been found. B P "

. i / o -Q e, V T :‘

: : s - - v

Conjugated diene valués at 0 min dete’ ‘similar for..all treatments. T
v \ \-.. .o N ’_%

:  However, after 20 min, the €D’ value for 1‘1 uas higher (P<0 01) than iy

those fot '1.‘2 C'l’l; and 15, which were Similar.“ At 40 min, the CD valug S
. for TS was’ significancly 1ower than that for T1 and T3 which were . \

; - 7 R . SN
; : N BN
X similar. After 60 min, CD values for T2 and TS were the lowest, _

-

followed by those for T3 and Tlo with the- CD value for Tl being thegj7 ‘
highest.. Although diffe‘rences in CD among - oil treatménts were;v : ?
9’ significant, the differences were relatively small." Following 60 min of': o
4 e
»nt t'reated oils were lower in JCD than the»
untreated Oil.. The addi ion of either BHA/BHT (’1'2) or 200‘):)pm AP + Cl
(TS) ‘to canola oil resulted in lower anounts of CD than were preaent in
the‘ other an‘:ioxidant treated oils (T3 and Tlo) Si,milar (04)] values ware._'. '

- heating, all anti'xi‘

»

noted by Hawryah (1987) for untre,ated and’ Bl{A/BHT treated canola oila

subjected to deep fat heating.A Studles of CD in heated AP treated»'_i:.‘

»

canola oils are unavailable.

o

' Conjugated trien& valuea for all oil treatments vere aimiLar at 0

: min.» At. 20 min, -CT values for T4 and 15 were Qignifﬁ\cﬂxtly lower than =

S s



~ -

.
e

that for Tl. After 40 min, CT. values for T2 T4 and TS were similar'flln

, % e
Cl and lower (P(O OOLD than thgse for Tl and T3. At 60 min, TZ and TS had,.'

L .)

V'which were lower than that for TL." As ueating time was extended, only*"'

:-1' CT values that were similar and lower (P<ﬂ 01) than those for T3 and T4 _fj

small increases in CT were determined.. Generally,_the BHA/BHT (T2) and,w

. the ZOD ppi AF'+ CA (T5) treated oils showed the smallest increases in':s

"lCT during heating.. Hawrysh (1987) also reported small increases in thef,f,h

'.vCT values of canola oils subjected to deep fat heating. Inﬁormation on '3

wilg. o,

he formation of CT in AP treated canola oils subJected to heat is-f“;fg

lacking‘ ' - H_ : : ‘ SRR

v

e For each time during the 60 min of heating, no’ differences amonéﬂoil :

c e

treatments were found for color‘mgasurements (Table 16) An increase in

heating time from 0 to- 60 min 'resulted in only slight darkening in oil

olor.; This finding supports the research of Hawrysh (1987), who found".'

"only slight increaSes in oil .color for untreated BHA/BHT and TBHQ“

treated canola oils subjected to deep fat heating. - _
N . . R . . ga . ) ) : . . i "‘ I,,'_

FIn
PO
o {

At each heating time, ZFFA (Table 16) for T2 and TS were similar and o

- higher (P(O 001) than those for Tl T3'and T4;- The presence of .50 ppmﬁ“

CA in T2 and TS may account for the: higher ZFFA obtained for these

treatments.; The measurement of FFA does not distinguish between acidityfg

‘_7contributed by FFA and that supplied by q@her acidic compounds, and the l

addition of acidic compounds,‘such as CA to fats and oils, will

i

'period, the ~FFA content of all treatments increased slightly, however,f;h

‘the differences due to treatment appear to result from the presence of

-

"f contribute apparent FFA. (Sherwin,v 1972) During the 60 min heating'“



.
-

‘ZTICA and not antioxidant8-< The%f effects of,CA\bn ZFFA were not observed

+ in- samples exposed no extended heating (Table 13 page 88) as CA

« -

'-idecomposes when exposed to. high temperaturts for an extended time. '“':-e'.

For each heating time up to 40 min,'smoke pointa (Table 16) for allhi!f:

”_-;'l-:oil ;geatments were similar. At 60 min, the smoke point for T3 was _'

— -

‘-similar to’ those for T4 and T5, but was: significantly higher than those
[vfor Tl and T2, which were also comparable to TA and TS.. As expected,_-

'”smoke points dropped as’ heating time ‘was extended. Following 60 min of

deep fat heating, the smoke points of all oil samples were ‘much’ higher

;';than the temperature (170 C) recommended by the German Society for Fatnf

Research (Billek et al., 1978) as a basis for discarding -used fats.

No differences in sample viscosity (Table 16) due ‘to antioxidant.f“

3

| ntreatment were found at each ttme t roughout the 60 min. - Generally,.
f“ only slight increases in oil viscosity were found as heating time was"'

;'.extended. In a related study, Hawrysh (1987) also reported only slight*'n

increases in viscosity during 60 ‘min of deep fat heating of canola oils._nf

P I N
T o . : L=
» 2 e

In this study, chemical and . instrumental data collected during deep»

fat heating (with conditions similar to those used in the home) indicate .

&that both BHA/BHT and 206\ppm AP decreased the thermal degradation of7i-"ﬂ
_heated canola odls. Data for AV CD and CT indicate that the addition“faf

.:of either BHA/BBT or 200 ppm AP to canola oil, decreased the forﬁiiionff
'1:of aldehydes, conjugated diene and conjugated triene hydroperoxidea:

v"during deep{‘ fat heating. | Hovever,_the Y ion of either sm\/ss'r or ke -

”fto canola oil tended to have little effect on color, smoke point ands

-

e



LW

viscosity- ‘ In the present study, ‘the - small"indreases 154 colorv-and:

oy

- loqjx

”viscosity data, for all oil treatments, as heating time was extended,e.

indicate that polymerization may not have been a major factor in the- ofl

.

o were of fairly good qualitY-- v :‘ T

foooo Data for the. sensory analyses of canola eil subjected to deep fatb

-

degradation which occurred during simulated homei‘tyle deep fat heating.

1_These findings. indicate that after 60 min of deep fat heating, all oiis'

;hheating for up to 60 .min are presented in Table 17. At each heating

o 'period odor scores’ ffor. all: oil treatments were, ‘similar Qand,:

significantly lower than that of the hidden control. The flaVor'scores

v
v

‘Vhidde

_for AEF of the heated oils were significantly lower than those for the'

Controls. At 0 40 and 60 min, flavor scores for all’ heated oill"

~”samp1es were similar. After 20 min, the flavor score £or T2 was higher4

(P<0. 001) than “that for T1; however, both were comparable in flavor to '1”'

I3, T4 and_TS. Following 60 . min of heating, odor and fla '

‘ indicative of mild to'moderate intensities,-f .g"
- o A —_— o
”~

fat heating are- presented in Appendices 11 and 12, respectively-

i

Throughout sensory testing, T6 (the hidden control) was 'considered'}‘

.

S s

:20 min of heeting.' At 60'min, fishy oIV for T2 and Td -dropped while;,w

°

'bthose for other treatments either remained stable or increased slightly.

‘ e Heated and painty odors were noted in all treatments and their intensity
’ : AN
. increased as heating'time,was extended., Rancid odors developed “in Tl

o 4 e
[ . L

r scores were

Od r and flavor intensity‘values for canola oil subjected to deepV.v

-bland.- Generally, fishy odors were present in all’ heated samples a.ft:ex:‘j

.- and T4 following 20 min and"were also‘present in other samples after 40
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5treatment occur rapidly during initial heating.f Odor and fla”

mina_ Fishy, heated;-painty and rancid flavors were detected throughout

heating.v At O min, painty OIV and FIV for T4 and T5 tended to be lower

‘->than for other oil samples.' But, the addition of either BHA/BHT or AP

vto canola oil did not inhibit the development of fishy, heated painty ,1f'

and rancid odors and flavors in oils during further heating. e

Sensory data (Table 17) show that the chadges due to deep fat heat

.intensity scores for all oil samples at 0 min were significantly lower!

Ve

’than that for the hidden control. Further heating of the oils for up to

.60 min, resulted in small decreases in intensity scores. The addition

'of either BHA/BHT or AP to canola oil was ineffective in delaying the

,development of prominent odor and flavor notes.i Generally, data from .

r

» trained panelists indicate that BHA/BHT and AP did not improve the '

’sensory quality of,. canola oils during deep fat heating at 185 C.vl

4

. . . v

In the presght study, AP and BHA/BHT were relatively ineffective in

",enhancing the sensory quality of canola oll heated under deep fat

' onditions. - This finding supports the research of Vaisey-Genser and ‘

‘Ylimaki (1985) who reported that BHA/BHT treated canola oils,‘ when
Oy

heated had heated oil odors gomparable in intensity to that for

untreated canola oils. Similar obsqrvations were. made by Hawrysh

(1987). In contrast,_Mounts (1979) concldled that . BHA/BHT improved the

':room_odor‘scores‘of heated soybean oils, Research .on . the sensory

qua¥ity ofiheated:AP'treated canola'oils is needed. ’



e

C— Deep fat frying is a popular method of food preparation in the home-
A consumer survey (Shaykewich and Vaiaey-Genser, 1982) has shown that, S -

in western Canada, 402 of households deep fry and that oil is the most -Ql

common fat used for this purpose-“ During deep fat heating "of oils,

’ number of reactions occur which alter the physical chemical and senaory |

e

properties of oils. In the present study, AP was added to canola oil in

jgan attempt-to decrease the changes which occur when canola oil is heated'”

?

under deep tat frying conditions used in the home.A Data: indicate that:

i‘{f.

| while AP was effective in reducing oil changes measured by phyaico-'

o chemical methods, AP was ineffective in enhancing the odor and flavo;

v,stability-of canolg ‘olls subjected to home-type deep fat heatingd

“a Fl

conditions. S w,,a - SR p_ _., _..}
Shallow Pan Heating R “- S o : : C T

¢

Data for chemical and instrumental analysee 6f canola oils subjected'> ;

to shallow pan meating are presented in Tables 18 aud 19. At 0 min,"'

‘immediately co 1ed.

. lower thamrthat for T3.~ At each subsequent time, o differences in PVj

due to ant‘ xidant treatment vere fouud._ The greatest'incre?se.in;theg i

> data’ for each treatment are. for oils which were heated to 185 C andi. n-“

. ‘PV of all treatments occurred between 0 and 6 min of heating., The PV";

‘those for TZ-TS increased alightly as heating time . increaaed‘

12 min, vas slightly lower than that obtained at 6 min'jigj3

. from 6 to 12_min. The decrease in the v of Tl during heating frpm 6 to;i::;k
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12 min may be due to the degradation of peroxides, as peroxides ‘are very |

5

unstable when exposed to- heat (Fritsch 1981)

- *
= o

'-(P<0 0l) thazﬁthat for Tl. At 6 min, the AV for TI was significantly

t : [

Cgreater than those for T2 T3, T4 and TS which were similar. At 12
7amin the AV for T5 was lower (P<0 05) than that for Tl. As expected AV

'increased as heating time whs extended.. Data for AV show a very rapid

development. Q'Fldehydes in all oil treatments during shallow pan
; N

heating. Simllar increases in the AV of antioxidant treated canola oils

o, At . O min, AV (Table 18) for T3 Tﬁ'and'T54were similar and lower‘ -

Esubjected to shallow pan heating were noted by Hawrysh (1987) In the -

current study, the presence of BHA/BHT in canola oil . did not decrease
' -the\ﬁevelopment of aldehydes. This finding agrees with that of Hawrysh
1(1987), who also noted ‘that . BHA/BHT was ineffecoive in inhibiting

' aldehyderdevelopment in canola oils during shallow gan heaqing. ’

_ The initial (0 min) ‘CD - and CT values (Table 18) for the AP treated

-

ki oils were similar and significantly lower than those for Tl and T2. At
N~ :

6 min, there were no differences in either CD or CcT values.f However, .at
12 min, the Cu/and CT values for T1 were significantly higher than those

for T2—T5 which were simirsr., Following 12 min of shallow pan heating,

data from CT and CD analyses indicate that BHA7BHT and AP had .a

'significant but slight effect on- decreasing the? development fof
‘ -conjugated diene and triene hydroperoxides in canola oils- :In part,

Ithis finding agrees with the conclusions of Hawrysh (1987), who reported

differences similar to those’ found in tkﬁrpresent study between the CD

..values of BHA/BQT treated and untreated canola oils snbjected to shallow

Tow
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_ pan heating.].In contrast'to the present study’, Hawrysh (1987) noﬁed“no_i’u
.differences between'» h cr _values ‘of- the_-same oilx treatments;

)f_Information on’ CD and CE development in AP: treated cnnola oila subjectedg}

‘to shallow pan heating is unavailable. , [ a V=r ' _ap:, .

X

At each heating time, no differences among oil treatments were found
B

for color and” viscosity (Table 19) ' As heating time was extended COIO{\

intensity and viscosity increased slightly Small increases ‘in color o

and viscosity indicate that only a- 1imited amount of polymerization p

occurred during sh llow pan heating. Reports on the viscosity and color »

—

of AP treated:canola oilsyafter-shallow paniheating'are lacking.

y . : . o
At 0 min, the percentagés of FFA (Table 19) in. T2 and TS wereﬁ

similar and significantly higher than those for Tl( 3 and Té. '6h7' g

f; min, the FFA content “of TZ and TS was similar ‘to those for Tl\and Tﬁ
e ’ 6

‘ but higher (P<0 05) than that for T3‘ After 12 mig, the FFA contemv of
- B , : go
7 T2 and TS was - similar to that: for T4, but ﬁigher than those for T

113. As dicussed previously, the presence of CA in T2 and T5 .'obably

’ . . . } P ot
accounts for,the-high apparent YFFA. . S fg? , -v,'g '

singFdr a

The smoke points (Table 19) of all oils were

However, at 6 min, smoke points for T3~TS wet@

33y

chose for Tl and T2. 'At 12~m1n, the snoke'popnt»o
.similar ‘and remained higher than that for Tl. ?4
: shallow pan heating, the smoke point for each of thewoil treatments wal'ff
‘above 170°C, vhich is the temperature used as 8 criteria for discaaﬁings- B
T' used frying fats in Germany (Billek et ala.‘;9l§) Similar decreasea in e

s




s
~

'factors_discussed earlier.

.’"ithe smoke points_gf.canola oils subjected to shallow pan heating were

e '

reported by Hawrysh (1987)

‘108

In this _study, chemical and instrumental data collected during :

sshallov pan heating of canola oils,'at 185 C for 12 min, indicate that'
- the addition of either BHA/BHT or AP to canola oil had. a slight but

‘ significant effect in improving the thermal stability of tb; oil.

Generally, data for: AV CD CT and smoke points, indicate that additions

_of either BHA/BHT -or AP increased the thermal stability of canola oil..

Data for PV and 7FFA are difficult to interpret due to the intrinsic

Data for.the senSOry'analyses*of canola ofl subjected to shallow pan

o

'odor scores for all of the heated oils (Tl—TS) were significantly 1ower

. N !r

was- higher (P<0 001) than that for Tl. & After 6 and 12 min, odor scores

. ' 3
: _heating ‘are shown in Table 20. At each time during shallow pan heating,

than that of the hidden control (T6) At O min, the odor score for TS'A

for all heated oils (Tl-TS) were similar. At O min, flavor'scores-forb

A

all of the heatéa oils (Tl—TS) Were similar, and those for T4 and TS5

were the same as T6. At each subsequent heating time, flavor scores ﬁgrf

all of the heated oll samples (T1—T5) were significantly lower than that _

: - of the hidden control. At 6 min, flavor scores for T2 and TS were

.similar.to those of T3 and T\, but higher (P<0 001) than that for Tl.

At 12 oin, flavor scores for all heated oils were similar. Following.12
&

'min ! odor and flavor scores were characteristic of slightly intense on a

10-point ecale, vhérc,107bland and'l-extreme,,
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v Odor intensity values for canola oils subjected to shallow pan
‘ L L
‘.heating are presented in Appendix 13- Fishy odors were present in Tl S

1'fg B ‘following 6 min and they were noticeable in T3-T5 at 12 min of heating..

‘Fishy ‘odors were not found in T2- throughout heating. At O min, heated

odors were noted in Tl_and T2. At 6 and 12-min, heated odors-were
- detected in,allvheatedqoil samples;rhowever;-heated'OIV for ‘M andvTS _//T
weré 1ower’than those‘for other treatments..'?aintyiodors‘developed in | B

T1-T3 at.Olmin. After:6'and 12 min; painty'odorgiwere present in allh.. '
heated oils, however, T4 and T5 had lower OIV for painty notes than did
lthe'other 6il treatments. Rancid odors dev%loped in T1 and T5 following

6 mins At 12 min, rancid odors were detected in all heated oils.:_

| .

Flavor in!ensity values for canola oils exposed to shallow pan
_ heating ‘are. presented in Appendix 14. Fishy flavors developed in Tl and
T4 after 12 min of heating, but were not apparent in other treatments._e

At 0 min, heated flavors were present in Tl and T2 and developed in- the L

,4other treatments after additional‘heating.~ Painty flavo;: were noted in
;TI—TB’at Olmin- At 6 and: 12 min, painty flavors were detected in all
heated oils. Rancid flavors were present at 0 min in‘TS, and at 6 and .

]

lﬁgmin in T1, T2, T4 and TS.‘ These FIV support panelists‘ OIV for oils

'_subjected to shallow pan heating. L . ?: . . o

¢ . .
;; :'” Sensory data (Table 20) generally show few differences between the
'l} _Uﬂ ;?htioxidant treated canola oils and the untreated canola oil. VThe
é%%> fiﬁiéiitlgh bf 200 ppm AP to canola oil did improve flavbr scores at 0 min;

e " .
e

owever, differences in oil samples due to antioxidant treatment vere

E -not found during further heating.v The-greatest decreaae~in-odorpand,'l

R

~ S ) S '
. . AN . L Sy -
Y R f . o e T . . - o
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1~f1avor intensity‘scores of the oil sampl -as’™ compared to the hidden

v
control, occurred during thz\initial hea ing to 185°C. Small decrease?

kin odor and flavor inten ity scores of the oils were determineda,";
foi}owing 6 and 12 min of heating. Hovever, the addition of, 200 ppm AP"f
to canola oil ‘tended to delay the development of heated and painty odor

.and g}avor notes- The presence of BHA/BHT in canola oil inhibited the o
e » L

. deve10pment of fishy odor ‘notes. during shallow pan heating.

]

Generally, “the. Sensory quality of canola oil was  not influenced byr"
" »
,the antioxidant treatments investigated in the present shallow pan .
. Y

heating study.‘ Reports in the literature on the effects of AP on the‘f‘

- ..se sory quality of oils subjected to shallow pan heating are lacking.; o
Ilii!..,. - : ‘ : . 7 »* :

Y . : . ) . R N T " j
°

o Pan frying is a pOpular method of food preparation in both household
1'and institutional settings._ As pre@lously discussed,» much research"j
i (Fritsch et al.,1975; Blumenthal et al., 1976 .Nawar, 1978 BraCCo;

1931: Gere; 1982{7Thompson,and Aust, 1983) has been reported on the

thermal degradation of oils heated under "deep frying conditions.l

: Information on the thermal degradation which occurs when an oil or fat:'””

.is-subjected to shallow pan heating,is'limited.-‘

TN

-%
]

1

Q; Shallou pan heating conditions {nvolve a much higher specific‘
surface than that which 13 found in déep fat heating., The oil surface -
| ‘ rea uhich is exposed ‘to air ig"a major factor in the thernal itqtility{ i
~ . of a fat or oil (Rock and Roth l96k° Bracco et: al., 1981. Gere, 1982)'-)fv;
- :Ih the present study, the thermal degrdaation of the oil aamples uhich”,y:

.occurred during 12 din of qhallow pan heating (2 89 cn /g specific»"}t_



. ‘r{,,-‘; .-

,‘:subjected to both deep fat and shallow pan heating..~

'trained panel analyses indicate that neither BHA/BHT nor' AP improved the

‘fsensory.quality of canola oils subjected to‘shallow panuheatingm »

(£>0: 76). (Leporiere, 1976). ~ 'f R R

fand flavor scores. . '.‘ - " : D g , L ~-;g'

oz

'fsurfAce) was generally greater than that whichttook place during 60 min LT

"fOf deep fat heating (0 189 cmz/g specific surface) Similar conclusions

Ao =

'were ndted bv Hawrysh (1987) for antioxidant n:eated canola oils g .

v e

Generally, the results of chemical analyses show that AP and BHA/BHT

v

'improved canola oil stability during shallow pan heating.v.. However,_'f'd

Y

Correlations for Deep Fat and Shallow Pan Heating o

Pearson correlation coeffici§nts obtained to assess the relationship-vq

-fbetween sensory and chemical data from- deep fat and shallow pan heating

"

are presentedfin Table 21, For deep fat heating, correlations between

gfodor scorea-and'PVr AV'fCD,gCT'.COlor. smoke point and viscosity and

between flavor scores and AV CD}'and cr are. significant.r‘All,;

'coefficients for shallow pan heating .are. slgnificant.v Although a number.

of correlations are significant none qan be. classiffed as excellent

! .
S VR

'\

T’e majority of the coefficients obtained from—dee fat Je'ting were ;-ﬂ

¢

) below 0 SO, except those for odor,scores and AV "CDh, -and CT.

,7correlation coefficient between 0 26 and O SG is considered to be fair -

oo
(Leporiere, 1976) For deep fat heating.' the correlations between

chemical data and -odor scores were higher than those for chemical data

P : - . o /"‘ !
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" Table 21; :Pearsoq correlation coefficients (r) between sensory
evaluation data .and’ chemical data for deep fat and

'shallow pan heating.

R

,.Deep.Fat L

Heating (N=60)

o Shallow Pan-f
- Heating (N=45) .

Test - .

odor , - - Flavor
. 'Scores: Scores

Odon

}1

j.chgés -

Flavor

L Scores

"~Peroxide Value o ;0.29*A“‘,;z 0{11','

B Anisidine Value‘~ ~0.608%%  Z0.37H%
L‘CD (234_nm)_ vf E %O;GO*#*'fi ;o;ax*f* T 4

U CT(268 nm) . . -0.57Ak  -0.35%k .

Color = = .~ R0.43%Rx =022
%FFA . - . =008 = -0.03

' ‘Smoke Point - 0.32%  0.19

ki

'<ITViécp#ityti k".iq_0;34*§ _(_56.23_fv

: -o 67***
-o. 71***1

-

ouank

C0.66%%

s

”;o;ed***' S

T

0.6 TRER

< 0.63%k%

~0.69%k%

0394k

‘ _0_70*** . .

_0.50%kk.

‘o.eqékfe'-l“$'

. * Kk #**

N |
- L / -
NS

Significant at p<o 05, P<0.01, and P<0:001, respectively. .
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‘édrrelatibn ecoefficients' obtained. for"shallow'fpan:’heatingx,were‘

‘generally good with the fexception of those for XFFA. Differences

—

" between coefficlents for odor.scores- and. those for flavor scores vere -

: psma}ls

Reports in ‘the- literatu‘e -on correlations between sensory and

nlghemical'data foé!heated fgts are limited. Dobbs et al (19783 reported

e

good correlations betwe" TBA numbers (as measured at 528 nm) and odor

"scores for heated rap : _roil. In the present study, good correlations

were obtained between AV and odor scores. Since determinations of both,

TBA ghmbers and AV measure the presence aldehydes, similarities between

the correlations of "TBA numberg angyodor scores and that for AV and odor:

FU

scores may existf

“;ﬁgd'



5. SUMMARY AND CONCLUSTONS-

Canola oil was subjected to 5 treatments,‘an untreated control (Tl),
' canola oil treated withL}BA/BHT + CA (TZ), canola oil treated with 100

ppm AP (T3), c;hola oil treated ‘with' 200 ppm AP (T4), and canola oil

., treated with 200 ppm AP + CA (TS) ﬂ&mhg exact composition of each e

"-treatment is given in Table 3, page. 36. Each canola oil treatment was.
”subjected to 3 storage experiments (Schaal oven, fluorescent light and

practical storage) and 3 heating experiments (extended deep fat and-. .

shallow pan heating). ‘The- ef cts of treatment on. the storage and heat ;Hifh<.

'stability of canola oil were stud\EJ’EEing chemical and instrumental

__measurements and sensory evaluations by a trained panel )

”The,results frdm chemical and'sensOry*analyses indic

effective ind retarding autoxidation of canola oils subjected 1toi"

‘faccelerated storage at 65 c. for up to 16 days (Schaal oven test)

.Folloving 16 days of storage, data for canola oil containing 200 ppm AP

.. (T4 and TS) for rv TBAl TBAZ cD- and CT were significantly lover than

4 'v .

’ﬂhose for untreated canola oil caboﬂx*oils treatedkwith.BHA/BHT and

;icanola oil treated with IQQ ppm AP,

Z:Trained panel odor and - flavor

for Tl ~T3. The addition of 200 ppm AP to canola oil delayed end

-

.decreased the development of painty odors and flavors during Schaal oven ,""7

: storage. 'pats indicate that 100 ppm AP vas effective in extending the

)stability of canole‘oils stored at " 65°C for u§>to 8‘§;ys. Increesing

mﬁ”the concentration'ﬁikAP in caaola oils lengthened'khe induction Period.g uu:id

-

.
s
ST Ay

e that AP was .

E intensity scores for T4 and T5 tended to be higher (P<0 001) thsn those




"l

L)

The additon of CA to canola oil containing 200 ppm AP did not improve.

- s . .

autoxifgtive~stability during storage at 65°C.

v

' »:The commonly used combination of BHA/BBT was ineffective'fin'

>
|

;extending the storage stability of canola ofl during Schaal oven tests;f:-

'Chemical data for canola oil treated with BHA/BHT (TZ) were similar to:

( .
that for the untreated control (Tl) Trained panel data indicatgdythat;

the addition of‘BHA/BHT to canola oil had a alight but generally
nonsignificant effect on- odor and flavor intensity scores, as compared
to the untreated control.

L
,

Results*from the accelerated'storage test inxwhich oils were ekpoéed,

.to fluorescent light 61\32 lux) at 25 C for up to 24 hr, indicate that

s 200 ppm AP had ‘a slight but significant effect on extending the photo-if

oxidative stability of canola olls. Data for PV, TBAL, TBAZ and -

e,

B qindicate that the addition of AP (100 or 200 ppm) improved the photo—u

- oxidative stability of canola oil as compared to bOth\‘EE? untreated o

' control and oil treated with BHA/BHT~ The addition of 200 ppm AP tendeddv

to. retard photooxidation as compafed to 100 ppm AP, although differences,-"

B were nqt always significant.‘“ The incorporation of 200 ppm AP into ‘

: canola 'oil improved‘ odor scores following -24 hr. of"exposure _;5”

/

»fluoreacent light, but had no effect ‘on flavor scores.ajAscorbyl'

hpalmitate (200 ppm) also delayed fhe development of - rancid odors’ 1n“*'-

' ‘canola oil.during fluorescent light exposurea‘ The addition ofuCAftovv

'canola oil containing-—ZOO nppm AP decreased the development of mono-»'

-‘. -

UUnsaturated aldehydes (as indicated by lower TBAl numbers) during thef

-flyorescent‘light test;'however, CA addition had no effect,on»other.l

=~

T~ e




Gl e
chemical and sensory parameters examined. fAs-vith Schaal oven Storage;5;'

o the addition of BHA/BHT generally did not enhance the pbotooxidative

4

o stability_of canola'gil..

: Data obtained from the storage of canola oil in PVC bottles at . room =

'temperature uader fluoreacent light (1400 1ux) for. 12 hr/day (practical

storage),indieate that the addition of either BHA/BHT or AP to canola'?
,oil had little effect on chemical and sensory data. Considering the_’ih
‘large variability in the data, conclusions regarding the effectv of -

' either AP or BHA/BHT ‘on the storage stability of canola oil under

\ .
\ ..

-practical conditions cannot be made. Further research on the practical \~”

5 -

o storage stability of AP treated canola :oilf isu;necessary--beforev

§ions can be drawn. Investigations into the cause of the erratic .
; ! . " N . ‘

» values .ohfa: ned in the present study would be benefical to. further’
. N\ e
’of antioxidant activity in oils during practical storage- :

o ‘{

'f_,Studie‘

‘f‘Compar‘ ons of the stability of- AB treated canola oils stored in a“_:l"'

‘variety of/gackages, under different lighting conditions would help oili"

i producers choose approprfnte containers for canola odls.

Y P
L. e R

In the present study, comparisons were not poasible between the .

quality of canola oils obtained from nccelerated teats with that of oil'

»

_acquired from prﬁctical storage experiuentl., There ie evidence that

'suggests that the changes vhich occur during acceleratv‘
1 are not indicativé of those which take place during practical stdrage‘
Vi;'(Ragnaraaon et afb 1977 Kiritsakis et al., 1983 Dziedizic and Hudson,f'*

u_1986) Research designed to compare the quality of canola oill exposede”

.\)‘

.to different storage conditions is needed.

e ) . Lo IR T T

S




: f Data obtained from extended heating ‘10 hr/day for up to 10 days) of

e

! canola oil indicate that neither AP nor BHA/BHT was effective in

- %

10 days of extended heating wOuld not be suitable for use . as a fryingh

8

"lenhancing the thermal stability of canola oil.' The oils obtained afteri”'

"__medium. The extreme heating conditions used in this sgpdy can be used'j

;as an: indication of the heat stability of vegetable oils.» Research on"h

'the use of AP treated canola oiis subjected to extended frying con-

: ditions is necessary to fully eyaluate the efficacy of AP in: improving-‘

'i”the heat stability of canola oils ‘used for deep fat frying. Studies ofkf

vthe carrybthrough properties for foods fried in ‘AP treated canola oils:'

are justified as . AP has been reported to provide carry-over protection‘

"for potato chips fried in AP, treated cottenseed oils (Cort, 1974)

-1

a

Generally, results of chemical nalyses for deep fat heating (up to

x60 min) and shallow pan heating (up to 12 min) of canola oils, indicate .

_that AP and BHA/BHT enhanced the thermal stability of canola oils. :

 Results from 'deep. fat heating, following 60 min, for AV D and cr for”~"

BHA/BHT and AP treated canola oils were significantly 1ower than those'

for “the untreated controls_ Data from >shallow 'pan heating followed;

. . B - KX

';'similar trends-v Sensory data for both deep fat and ahallow pan heating,
'following 60 and 12 min, respectively, indicated no differences in gdor_
'and flavor intensity scores due to antioxidant treatment- During

»shallow.pan4 eating, the addition of 200‘ppm AP delayed the development.

VT‘

of;heated an painty odors and flavors in canola oila. -The oils»

obtained foll, wing 60 and 12 min of deep fat and shallow pan heating,

respectively, were of relatively ‘good ‘quality,l although someg oil:;ﬁ

"~ 4 . . L ) oL e

degradationrwas”apparent(



.’l

. pm AP is incorporated. "

o synergism.;

' Data collected in the present studies on the storage and heat

R

119

stability of AP treated canola oils, - indicate that the addit:lon of 200 _ . o

. ppm AP to canola oil may be benefica~1 in improving oil s‘tability.

¥

IRy

Results from accelerated storage and deep fat and shallow pan heating '

experiménts show significant improvements in canola oil quality when 200

?
Y

7 Further research on canola oil stability under a variety of storage,

r.\
- .

 heating and frying conditions is necessary to ensure consumers and’

'evaluation of" antioxidants, such as AP is essential in this regard-

Alternate methods oﬁ incorporating AQ" into oils should be- investigated,

“)U ,,

ras ethanoI was found to be an uﬁsuitable car.rier. Research examining

4

 the efficacy of greater concentrations of AP than were used in. the

"f

o .

:‘oils is * necessary to: fully evaluate the efficacy of AP in extending
canola oi’teat stability. Studies on the synergistic ef?ects of AP ssnd
_tocopherols in canola oil may be warranted 'as it has been suggested

' (Pongracz, 1973 Klaui 1976) that these compounds display very powerful

; , , DR s e

~

'characteristics of canola oil are required-v 'I'he relationsh:[p between

o

s -‘:GLC and sensory evaluat‘ion data obtained from antioxidant treatsd canola

e

; present study is essential -as increasing concentrations of AP have been

».‘1947 Pongracz, 1973 Cort, 1974) : Research on the carty-thtough'

:"_uébé,‘ of ~GLC methods to. evaluate the*"flsvor”f-»"'

producers of high quality canola oil and canola oil producf.s. .Th‘e"

'_ reported to increase stability in other oils (McConnell and’ Esselsen, o

'properties of AP in products which are prepared in AP trested canola o
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" Appendix 1. Descriptive terms provided to -assist panelists in the

evaluation of the odor and flavor characteristics of

- '

) _ oxidized canola oils.
.
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’ Appehdix 3. Instructions given to trained paneliits for the evaluation
R .of canola oils. :

: zvn.untbn 'mocizom FOR 'OILS," “ '

PLEASE EVALUATE 'I.'HE SANPLES IN THE ORDER IND]‘CATED ‘_
‘ ‘ RETASTE AS NEEDED
.l.. Rinse .'our nouth uich uarer.
2.. Evaluate ODOR of all ‘:amplea. "

wa)v hake sample vial.

b) Bring sample vial to nose, remove cap and sniff ustng short
snlffa (3-4). o ‘

£) Recap vial. S ‘ o
" RECORD INTENSITY AND ODOR DESCRIPTION ‘ o

¢

.
..

d() Hait at leasc 30 sec. before evaluating r.he next sample.
"3 Evaluate the !-'LAVOR of all samples.
' a) 'I\ake a bite of cracker.

b) Rinae with water. DO NOT SHALLOH HATER.
_~Ha1t 30 sec before prc;ceeding.

¢) Take 3 ml “of oil into y’our nouth (Approx. l/2 che amounr. An;
each.vial).
Hold' in your mouth for lS aec.. exhallng through your noae
several times. - ; R -
] Ndl‘ SHALLOH OIL. o Sy

\" " RecomD nm:usmr AND mwon nzscnmon

WAIT BEFORE RINSING ‘1‘0 EVALUA‘I'E NOTES IP DESIRED :
- d) Hipe your 11.ps uith a napkin.

e) 'Rinse your mouth wlth lenon vater. swishing che water around
in your mouth. . ”

DO NOT SUALLOH VATER. ‘
£) 'Hipe your lipc with a napkin.-~ S

bg') Take a blte of a crnéker. _ ,
h) R:lnae youe muth with yaqg,r. ﬂdahing 1: ar
DO NOT SWALLOW UAna..,‘._ . ¥

1)'.wa1t at least 30 seconds before tuting che next uupla.
L cmrrmm AT 3c._ o . ‘ e o

**!X‘I'RA HATER AVAILA!L! IN COlN!R

-t
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