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Frying stability of canola oil in presence of pumpkin
seed and olive oils
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Frying performance of canola oil (CO) was investigated in the presence of 5, 10, and 15% levels of virgin

olive oil (VOO) and pumpkin seed oil (PSO) during frying of potatoes at 1808C. Acid value, carbonyl

value, total polar compounds content, and total tocopherols content of the oil samples were determined

during the frying process. VOO and PSO addition improved the frying stability of the CO. Frying

performance of theCO increasedmore in the presence of PSO than in the presence of the VOO.The PSO

levels higher than 5% exerted pro-oxidant effects, indicating the necessity of investigation at lower

levels. The better antioxidative effect of PSO was attributed to its probably different phenolic

composition.

Keywords: Canola oil / Frying stability / Natural antioxidant / Pumpkin seed oil / Virgin olive oil

Received: November 26, 2009/ Revised: April 26, 2010/ Accepted: May 9, 2010

DOI: 10.1002/ejlt.200900257

1 Introduction

Frying is one of the most popular methods of processing of

foods in which a foodstuff is submerged in heated oil exposed

to atmospheric oxygen, moisture from the foodstuff, and high

temperature with simultaneous heat and mass transfer [1].

The nutritive value of fried food increases due to the oil

absorption, since frying oils are rich in vitamin E and unsa-

turated fatty acids [2]. The oil also causes desired sensory

characteristics, golden brown color, and crispiness of the

food product which is fried; therefore, the frying oil quality

is of great importance with regard to the quality of fried

food [1].

Under frying conditions, oxidation, hydrolysis, and ther-

mal degradations are relatively rapid without detectable

induction period [3]. Degradation of the oil during frying

results in the formation of volatile and nonvolatile com-

pounds, which naturally influence the sensory and

nutritional properties of the oil and fried food beside intro-

ducing toxic substances to them [4]. To overcome the

stability problems of frying oils, synthetic antioxidants, such

as butylated hydroxyanisole (BHA), butylated hydroxyto-

luene (BHT), and tert-butyl hydroquinone (TBHQ) have

been used as food additives. But recent studies have provided

evidence for their role as carcinogens [5]. Due to the

safety concerns and also the increased level of consumer

awareness toward their nutritional values and health

effects, there has been an increasing trend in adding suitable

harmless natural antioxidants as alternatives to the synthetic

ones.

Non-glyceride fraction of vegetable oils contains variable

compositions of tocols and unique components that not only

contribute to their oxidative stability but also provide dietary

antioxidants [6]. Virgin olive oil (VOO) and pumpkin seed oil

(PSO) are the products consumed as unrefined, and thus are

rich in naturally occurring antioxidants which are removed

during the refining process of most other vegetable oils. The

VOO has good resistance to the deterioration at elevated

temperatures due to the presence of natural antioxidants such

as tocopherols, sterols, and polyphenolic compounds [7].

This oil is unique both because of the richness in monounsa-

turated fatty acids and containing significant amounts of

health-promoting micronutrients [8]. The PSO is used wide-

spread as salad oil giving a very agreeable taste. Palmitic,
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stearic, oleic, and linoleic acids make up about 98% of total

amount of its fatty acids [9]. Very low levels of linolenic acid

and other highly unsaturated fatty acids provide the PSOwith

a high oxidative stability for storage or industrial purposes

and low free radical production in human diets. The content

of vitamin E, especially g-tocopherol, in the PSO is very high

[10]. There are some health benefits reported for the PSO,

especially in preventing the growth and reducing the size of

prostate gland. Also, there is an evidence for the PSO in

retarding the progression of hypertension, mitigating hyper-

cholesterolemia and arthritis, reducing the bladder and ure-

thral pressure, and alleviating diabetes by promoting

hypoglycemic activity [11].

The aim of this study was to evaluate the effect of the PSO

on the frying stability of canola oil (CO) compared with that

of the VOO.

2 Materials and methods

2.1 Materials

Dried pumpkin seeds (C. pepo subsp. pepo var. Styriaca) were

obtained from the crops grown in Tabriz, Iran. They were

stored in sealed polyethylene plastic vessels at 48C until

analysis and oil extraction. The VOO with no added anti-

oxidants in glass bottles was purchased from a local shop.

Refined, bleached, and deodorized CO with no added anti-

oxidants was supplied by Ghoncheh (Sari, Iran) and mixed

with different percentages (5, 10, and 15) of the VOO and

PSO. Fatty acid methyl ester (FAME) standards and all

chemicals and solvents of analytical reagent grade were pur-

chased from Merck (Darmstadt, Germany) and Sigma–

Aldrich (St. Louis, MO).

2.2 Oil extraction

After initial cleaning to remove impurities, dried pumpkin

seeds were ground to a fine powder using a grinder (Toos

Shekan, Iran). The powder was extracted with n-hexane (1:4

w/v) by agitation in the shaker at ambient temperature in the

dark for 36 h. The solvent was evaporated in vacuo at 408C to

dryness. Oil was stored in the sealed bottle under a nitrogen

atmosphere and light protected until analysis and using in

frying experiment.

2.3 Frying process

Potatoes were peeled and sliced into 6 cm � 1 cm � 1 cm

pieces. They were rinsed with cold water and dried with a

towel prior to being submerged into the oil. Experiments were

carried out using a 2.5 L capacity domestic deep-fat fryer

equipped with a removable stainless steel wire basket and a

thermostat. The ratio of potato to oil was constant during

total frying operation. Potatoes were fried at 180 � 58C for

5 min; break time between two successive frying was 15 min.

To avoid temperature losses in the oil during frying, small

amounts of potatoes (40 g) were fried each time. Frying

sessions lasted continuously for 8 h/day. Thirty milliliter of

oil sample from each fryer was withdrawn at 4 h intervals

and after cooling to room temperature, flushed with nitrogen

and stored at�188C until analysis. No fresh oil was added for

replacement of the oil removed during sampling. After each

frying session, the fryer was switched off and the oil left at

room temperature until the next session. Fryers were

switched on 20 min before beginning of frying each day to

heat oil up to the desired frying temperature. Each frying

experiment was carried out in duplicate.

2.4 Fatty acid composition

The fatty acid composition of the oil samples was determined

by injecting the FAMEs into a gas–liquid chromatograph

(Hewlett-Packard, Santa Clarita, USA) equipped with a

flame ionization detector and a BPX 70 capillary column

(60 m � 0.22 mm i.d., 0.2 mm film thickness), using helium

as the carrier gas at a flow rate of 0.7 mL/min. The FAMEs

were prepared by shaking of a solution of oil in hexane (0.3 g

in 7 mL) with 7 mL of 2 N methanolic potassium hydroxide.

The solution was kept at 50–558C for 15 min. After shaking,

the solution was allowed to settle for 5 min. The upper

layer was collected for GC analysis after mixing with anhy-

drous natrium sulfate and filtering. The oven temperature was

maintained at 1988C and those of the injector and detector at

280 and 2508C, respectively. Analysis was done in duplicate

and data was reported as relative area percentages.

2.5 Acid value (AV)

Acid value were measured by a titration method defined in

American Oil Chemists’ Society’s Official Methods Cd 3d–

63 [12].

2.6 Peroxide value (PV)

Peroxide value was determined with the spectrophotometric

method of the International Dairy Federation as described by

Shantha and Decker [13] (thiocyanate method).

2.7 Iodine value (IV)

Iodine value was determined according to the AOACOfficial

Methods 920.158 (Hanus method) [14].

2.8 Total phenolics (TP) content

The determination of TP content was done spectrophoto-

metrically using Folin–Ciocalteau’s reagent as described by

Capannesi et al. [15]. A calibration curve of gallic acid in

methanol was performed in a concentration range of 0.04–

0.40 mg/mL.
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2.9 Total tocopherols (TT) content

The TT content was determined according to the colorimet-

ric method described by Wong et al. [16].

2.10 Carbonyl value (CV)

The CV of the oils was measured according to the method

developed by Endo et al. [17]. using 2-propanol and 2,4-

decadienal as solvent and standard, respectively [18].

2.11 Total polar compounds (TPC) content

TheTPC content was determined according to the economical

micro method described by Schulte [19] with a slight modifi-

cation on removing the solvent from the eluate: The solventwas

evaporated in a vacuum oven at 408C for 25 min rather than by

compressed air or nitrogen. This made it possible to determine

the TPC content of more samples in shorter times.

2.12 Statistical analysis

All experiments and measurements were carried out in trip-

licate, and data were subjected to analysis of variance

(ANOVA). ANOVA and regression analyses were performed

according to MStatC and SlideWrite software. Significant

differences between means were determined by Duncan’s

multiple range tests; p values less than 0.05 were considered

statistically significant.

3 Results and discussion

The fatty acid composition and some chemical characteristics

of the oils and blends examined in this study are summarized

in Table 1. The CO and VOO were characterized with the

high levels of oleic acid (�62%) and the PSO stood out for its

high levels of oleic (38.4%) and linoleic (39.8%) acids. A high

amount of linolenic acid (7.3%) was detected in the CO

which this makes it more susceptible to the oxidative

deterioration. The PSO had the highest level of saturated

fatty acids (SFA, 19.4%), followed by the VOO (15.6%) and

CO (7.6%). Because of the higher level of oleic acid, the CO

and VOO showed significantly higher amounts of monoun-

saturated fatty acids (MUFA) compared to the PSO (�63 vs.

�40%). On the contrary, the PSO (40.5%) contained poly-

unsaturated fatty acids (PUFA) significantly higher than

those of the CO (26.8%) and VOO (21.1%). These differ-

ences in the fatty acid composition of the oils studied were

reflected in their significantly different amounts of the IVs

(109, 89.4, and 104.4 g/100 g for the CO, VOO, and PSO,

respectively) and PUFA/SFA ratios (3.51, 1.35, and 2.09 for

the CO, VOO, and PSO, respectively). The PUFA/SFA ratio

(also known as polyene index) is usually taken as a measure of

the extent of polyunsaturation of an oil and, obviously, of its

tendency to undergo autoxidation [20]. As can be seen in

Table 1, the blending of the CO with the VOO and PSO led

to slight decreases in its PUFA/SFA ratio, especially in the

CO/VOO blends.

The AV (mg KOH/g oil) and PV (meq O2/kg oil) of the

oils ranged from 0.20 to 0.78 and from 0.51 to 10.85,

respectively. The CO had the highest initial quality

(AV ¼ 0.2 and PV ¼ 0.51), followed by the VOO

(AV ¼ 0.36 and PV ¼ 6.89) and PSO (AV ¼ 0.78 and

PV ¼ 10.85). Despite the significantly lower initial qualities

of the VOO and PSO, the AV and PV of the CO blends

indicated no considerable changes and were around the

acceptable limits. The TT and TP contents (mg/kg) of the

CO, VOO, and PSO were 714.2 and 44.3, 584.5 and 25.7,

Table 2. The acid value (AV, mg KOH/g oil) of the CO as affected by the VOO and PSO during frying at 1808C

Time

(h) CO

CO/VOO CO/PSO

95:5 90:10 85:15 95:5 90:10 85:15

0 0.20 � 0.00 m E 0.20 � 0.00 l DE 0.21 � 0.00 l CD 0.22 � 0.01 l C 0.22 � 0.01 k C 0.25 � 0.00 k B 0.28 � 0.01 l A

4 0.37 � 0.00 l B 0.33 � 0.01 k C 0.34 � 0.01 k C 0.30 � 0.00 k D 0.29 � 0.01 j D 0.26 � 0.01 k E 0.39 � 0.01 k A

8 0.52 � 0.02 k A 0.35 � 0.01 k D 0.35 � 0.03 k D 0.31 � 0.01 k E 0.34 � 0.03 j DE 0.41 � 0.03 j C 0.47 � 0.01 j B

12 0.66 � 0.01 j A 0.47 � 0.01 j BC 0.45 � 0.01 j CD 0.42 � 0.01 j D 0.48 � 0.03 i BC 0.46 � 0.04 j CD 0.50 � 0.01 ij B

16 0.80 � 0.01 i A 0.62 � 0.03 i B 0.63 � 0.06 i B 0.52 � 0.03 i C 0.51 � 0.03 i C 0.54 � 0.01 i C 0.53 � 0.02 i C

20 1.02 � 0.02 h A 0.77 � 0.02 h B 0.79 � 0.01 h B 0.74 � 0.03 h B 0.70 � 0.02 h B 0.77 � 0.13 h B 0.78 � 0.04 h B

24 1.34 � 0.00 g A 1.01 � 0.03 g C 1.01 � 0.04 g C 1.10 � 0.01 g B 0.90 � 0.03 g D 0.94 � 0.01 g D 1.04 � 0.01 g C

28 1.78 � 0.02 f A 1.28 � 0.04 f B 1.29 � 0.01 f B 1.23 � 0.01 f C 1.13 � 0.02 f E 1.19 � 0.04 f D 1.31 � 0.02 f B

32 2.20 � 0.04 e A 1.62 � 0.04 e C 1.66 � 0.01 e C 1.76 � 0.02 e B 1.37 � 0.02 e E 1.40 � 0.04 e DE 1.44 � 0.03 e D

36 2.56 � 0.03 d A 2.03 � 0.06 d C 2.08 � 0.01 d BC 2.14 � 0.02 d B 1.76 � 0.03 d D 1.70 � 0.02 d D 1.91 � 0.06 d C

40 2.73 � 0.10 c A 2.59 � 0.05 c B 2.66 � 0.02 c AB 2.72 � 0.02 c A 2.26 � 0.05 c D 2.22 � 0.01 c D 2.46 � 0.04 c C

44 3.79 � 0.03 b A 2.96 � 0.04 b B 3.01 � 0.05 b B 3.04 � 0.03 b B 2.61 � 0.03 b D 2.68 � 0.02 b D 2.82 � 0.00 b C

48 4.63 � 0.03 a A 3.97 � 0.05 a C 4.02 � 0.01 a C 4.22 � 0.01 a B 3.52 � 0.07 a E 3.60 � 0.03 a E 3.80 � 0.04 a D

Means � SD within a column with the same lowercase letters are not significantly different at p<0.05.

Means � SD within a row with the same uppercase letters are not significantly different at p<0.05.
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and 882.3 and 66.3, respectively. Due to the small contri-

butions of the VOO and PSO, there was no much change in

the TT and TP contents of the CO blends.

Table 2 shows the AV of the CO as affected by the VOO

and PSO over a 48 h frying at 1808C. AV increases due to the

progressive hydrolytic reactions between oil and moisture

from foods during frying process [21]. High AV is not

accepted in any commercial product because of the strong

off-flavor caused by the degradation products of the free fatty

acids during deep-fat frying. Thus, AV as a measure of total

free fatty acids present in frying oils has been used to study the

hydrolytic degradations of the fried oils [22]. Our results in

the present study indicated that the AV increased in the all oil

samples during the frying process. The highest increase

amount (4.43 U from initial) was observed for the CO with

no added oils. Blending of the CO resulted in the lower

increases of the AV at the end of the frying process. The

COs containing the 5, 10, and 15%of the PSOunderwent the

AV increases (3.30, 3.35, and 3.52 U, respectively) lower

than those of the VOO (3.77, 3.81, and 4.00 U, respectively).

As can be seen, the CO/PSO (95:5) blend had the highest

resistance to the production of hydrolytic compounds. Also,

the hydrolytic stability of the CO decreased as the contri-

bution of the VOO and PSO increased.

As can be seen in Table 3, the CV of the CO increased

from 5.32 to 49.45 mmol/g after 40 h frying and then

decreased significantly. This has been attributed to the

decomposition of carbonyl compounds during the prolonged

heating period and the formation of new compounds that

were not detectable by the CV assay [23]. Such a trend

was observed for the blends containing the VOO as well,

whereas the CV of all the CO/PSO blends increased almost

linearly and more mildly till the end of the frying process.

This indicates the higher stability of the PSO blends

against the unsuitable sensory variations during the frying

process. As can be seen in Table 3, the least rate of the CV
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Figure 1. The time required to reach a TPC content of 24% (t24) for

the CO as affected by the VOO and PSO during frying at 1808C.
Means W standard errors (SE) with the same lowercase letters are

not significantly different at p<0.05.
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variations in the PSOblends was found in theCO/PSO (95:5)

blend.

The TPC content is considered to be one of the most

useful analytical criteria for comparing the quality of frying

fats and oils, and specific TPC-based cutoff points have been

established for discarding them [24]. In many European

countries, frying fats and oils containing 24–27% of the

TPC content have been recommended to be discarded

[25]. The TPC contents of all the oil samples studied

increased linearly although the rate of increases was signifi-

cantly different among them. Assuming that the limit of

acceptance for the TPC content is 24%, the time required

to reach this limit was calculated as a measure of frying

stability (t24). A higher t24 value means more stability over

the frying process. As can be seen in Fig. 1, there were no

significant differences among the t24 values of the CO and

COs containing the VOO. Furthermore, the CO/PSO blends

and especially the CO containing 5% of the PSO showed

much more considerable frying stability.

The percentage of TT retention after 48 h frying at 1808C
is shown in Fig. 2. Tocopherols are important biological

antioxidants which has been associated with the reduction

of heart disease, delay of Alzheimer’s disease, and prevention

of cancer. They have widely been used as antioxidants for

frying fats and oils, margarines, fried snacks and so on [26].

The frying process decreased the TT content of all the tested

oils in a time-dependent manner. The lowest percentages of

TT retention were found in the CO and its blends with the

VOO, while the PSO significantly caused slower rates of

reduction in the TT content of the corresponding blends.

4 Conclusions

Monitoring of the different parameters during frying of

CO at 1808C revealed that the stability of the CO increased

more in the presence of the PSO than in the presence of the

VOO. This shows that the blending of less stable oils with the

PSO can improve their antioxidative potential. Meanwhile,

the PSO demonstrated in vitro and in vivo to be able to

increase the antioxidant strength and health-promoting effect

of diets. The PSO levels higher than 5% mostly exerted the

pro-oxidant effects, indicating the necessity of the stability

investigations on its lower levels.

It was interesting to find that the better frying perform-

ance of the PSO blends was in spite of the fact that there were

no considerable differences among the PUFA/SFA ratios and

TP and TT contents of all the blends (Table 1). This can be

attributed to the differences in their tocopherols and especi-

ally phenolic compositions. Therefore, there is still a lot to

know about the antioxidative effects of the PSO. In addition,

further studies are required to fully understand the role of

PSO in the oil stability and its oxidation behavior because

many other pro-oxidative (e.g., protochlorophyll and proto-

phaeophytin) and antioxidative substances (e.g., polyphenols

and certain sterols) are possibly present. In addition, it would

be of interest to extract the unsaponifiable matter of the PSO

and to examine the most powerful antioxidative com-

ponent(s) in it.
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