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Abstract

Frying stability of two virgin (VSO) and refined (RSO) sesame oils was compared with that of a refined olive oil (ROO).
The oils used to fry potato stripes at 180 °C and conjugated dienes (CDV), total carbonyls (CV), and thermo-oxidative
and hydrolytic polar components monitored over time. The rate of change in CDV (mmol I'* h™') was significantly lower
for ROO (0.72) than for VSO (1.00) and RSO (1.84). The change in CV for ROO (2.31 umol g* h™) was significantly
much faster than those for RSO (1.89) and VSO (1.17). Based on the thermo-oxidative polar components, the calculated
frying times for VSO, RSO, and ROO were in the order of 32.1, 13.9, and 15.4 h. However, VSO contained significantly
the highest contents of hydrolytic polar components over time and RSO exhibited more resistance than ROO on this basis.
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1. Introduction

Frying is one of the most conventional methods of food preparation
with annual commercial values of over billions of dollars in
the world. During the process, frying oil exposed to elevated
temperatures, atmospheric oxygen, and the moisture released
from the food, which being fried. Such a condition results in
several deteriorative chemical reactions, including oxidation in the
presence of oxygen, hydrolytic alterations due to food moisture,
and thermal polymerization at high temperatures [1]. These could
lead to the formation of a wide range of undesirable compounds
influencing the sensory properties, toxicity, and nutritional quality
of fried foods.

Initial quality and chemical composition of frying oils remarkably
affect the reactions occurring during oil deterioration [2]. High-
quality frying oils have been reported to initially have free fatty
acids less than 0.1% (or an acid value, AV, of ~0.2 mg g'), peroxide
values (PV) ranging from 0.5 to 1.0 meq kg—1, and smoke points
above 200°C [3]. Fatty acids as the major components of frying
media should be on a specified composition. Polyunsaturated fatty
acids (PUFA) are rapidly peroxidized and largely lower the shelf
life of fried products. To avoid polymerization, several countries
have set limits as low as 2% for linoleic acid. Monounsaturated
fatty acids (MUFA, primarily oleic acid), which are considered
to be beneficial from a health standpoint, show high oxidative
stability and provide a light taste. Saturated fatty acids (SFA,
mainly palmitic and stearic) are stable towards peroxidation

and polymerization. However, high SFA levels should avoided
because they adversely affect the sensory attributes (e.g., waxy
mouth-feel and dry surface) of fried foods [4]. Apart from the fatty
acid composition, tocopherols and phenolic compounds, which
are indigenous minor components found extensively in vegetable
oils, have been shown to exert an important contribution to the
protection of frying oils against thermo-oxidative degradations [4].

Olive oil is considered one of the best candidates for frying
purposes [5]. This is due to possessing a prominent and well-
balanced chemical composition, being associated with its fatty acid
composition constituted primarily of oleic acid (55-83%) as well as
significant amounts of some tocopherols and phenolic compounds
with powerful antioxidant activity and health-promoting effects
[6]. From a commercial point of view, olive oils categorized as
extra virgin, virgin, refined, and just olive oil [7]. Extra virgin and
virgin olive oils made directly from olive fruits with no chemical
treatments. Those virgins with high levels of lipid hydroperoxides,
acidity, and off-flavors, which called as lampante, are needed to be
refined. Refined olive oils, which are relatively less expensive but
lack of any flavor, could be flavored by adding certain quantity of
the virgins, being commercially categorized as olive oil. Literature
review shows a limited number of comparative studies on the
thermo-oxidative stability of different commercial categories
of olive oil. Considering the number of polymeric triglycerides
generated over heating of a number of virgin and refined vegetable
oils at 170°C, virgin oils were shown to be of better oxidative
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stability than the corresponding refined oils [8]. In a study on the
emission of low molecular weight aldehydes from the oils heated
at 180°C and 240°C, there was found very similar results for the
extra virgin and refined olive oils [9]. There was observed no
significant difference between the different commercial categories
of olive oil fried at 170°C by monitoring a range of oxidation
products [10].

Sesame oil is another super stable oil, which is highly resistant
to peroxidation despite its relatively high unsaturation degree.
The exceptional stability of sesame oils attributed to the presence
of sesame seed lignans (e.g., sesamin, sesamolin, and sesamol),
tocopherols, and some Millard reaction products [11,12]. Sesame
oil can be produced from unroasted or roasted sesame seeds, which
the latter have been reported to contain higher contents of sesamol.
In fact, sesamol is formed by thermal hydrolysis of sesamolin, and
the rate of this conversion increases at elevated temperatures and
longer durations of roasting process [13]. Cold-pressed or virgin
and refined sesame oils are two common commercial types of
sesame oil, which both are consumed as salad dressing due to
their high degree of unsaturation [14]. Regardless of some reports
dealing with sesame oils blended with other oil sources in order
to improve thermo-oxidative and/or frying stability of the final
product, literature review shows no individual study on the frying
stability of virgin or refined sesame oils. Hence, the aim of this
study was to evaluate the frying stability of virgin and refined
sesame oils as compared to a commercial refined olive oil.

1. Materials and Methods

2.1. Materials

Virgin (VSO) and refined (RSO) sesame oils from unroasted
sesame seeds with no added antioxidants supplied by Datis (Yazd,
Iran) and kept at —18°C until analysis. Refined olive oil (ROO)
purchased from a local shop. The standards of fatty acid methyl
esters (FAME) and all chemicals and solvents used in experiments
were of analytical reagent grade and purchased from Merck
(Darmstadt, Germany) and Sigma-Aldrich (St. Louis, MO).

2.2. Fatty Acid Composition

To prepare FAME, 0.3 g of the oil samples was dissolved in 7 ml
of hexane, followed by vigorous shacking of the solution with 2
ml of 7 N methanolic potassium hydroxide (KOH) at 50°C for 10
min. FAME were identified using an HP-5890 gas chromatograph
(Hewlett-Packard, CA, USA) equipped with a CP-FIL 88 (Supelco,
Inc., Bellefonte, PA) capillary column of fused silica (60 m x 0.22
mm [.D., 0.2 pm film) and a flame ionization detector (FID).
Nitrogen used as carrier gas with a flow rate of 0.75 ml min™'. The
oven temperature maintained at 198°C, and those of injector and
detector at 250°C.

2.3. Peroxide Value (PV)

Depending on the extent of peroxidation, 0.01-0.30 g of the oils
were mixed in a disposable glass tube with 9.8 ml of chloroform—
methanol (7:3 v/v) and vortexed for 2-4 s. Ammonium thiocyanate
solution (50 ml, 30% w/v) was added and the sample was vortexed

for 2-4 s. Fifty ml of iron (II) chloride solution ([0.4-g barium
chloride dehydrate dissolved in 50-ml H20] +[0.5- g FeSO,. 7TH,O
dissolved in 50-ml H,O] + [2-ml 10 M HCI, with the precipitate,
barium sulfate, filtered off to produce a clear solution]) were added,
and the sample was vortexed for 2-4 s. After a 5-min incubation at
room temperature, the absorbance read at 500 nm against a blank
containing all the reagents except the sample. Results expressed in
meq of oxygen per kg of oil [15].

2.4. Acid Value (AV)

The oil samples (10 g) dissolved in 50 ml of previously neutralized
chloroform-ethanol (50:50 v/v) were titrated with a solution of 0.1
N KOH in ethanol as the standard reagent to a phenolphthalein
endpoint. AV was the mg of KOH consumed to neutralize the free
fatty acids present in 1g of oil [16].

2.5. Total Tocopherols (TT) Content

A calibration curve of a-tocopherol in toluene (0 - 240 pg/ml)
was prepared. Five ml of toluene added to 100 = 10 mg of the
oil sample in a 10-ml volumetric flask. Three and one- half ml of
2,2"-bipyridine (0.07% w/v in 95% aqueous ethanol) and 0.5 ml of
FeCl13.6H20 (0.2% w/v in 95% aqueous ethanol) were successively
added. The solution made up to 10 ml with 95% aqueous ethanol.
After standing for 1 min, the absorption at 520nm read using a
blank solution as a reference, prepared as above but omitting the
oil. All the operations during color development carried out under
subdued light. Results expressed in mg of a-tocopherol per/kg of
oil [17].

2.6. Total Phenolic (TP) Content

A calibration curve of Gallic acid (0.04-0.40 mg/ml) in methanol
was prepared. One ml of a standard solution of Gallic acid, 6 ml
of methanol, 2.5 ml of the Folin-Ciocalteau reagent, and 5 ml of
7.5% Na,CO, were added to a 50-ml volumetric flask and reached
the final volume with distilled water. The solutions maintained
overnight and the absorbance read at 765 nm. To measure TP, 2.5 g
of oil was diluted with 2.5 ml of n-hexane and extracted three times
by 5- min centrifugations (5000 rpm) with CH30H: H20 (80:20
v/v). The extract added to 2.5 ml of Folin-Ciocalteau reagent and 5
ml of 7.5% Na,CO, in a 50-ml volumetric flask reaching the final
volume with distilled water. Results expressed in mg of Gallic acid
per kg of oil [18].

2.7. Smoke Point

Smoke point of the oils measured every 8 hours according to
AOCS Official Method Cc 9a-48 [16]. About 15g of the oils placed
in an aluminum plate and heated in a constantly increasing rate of
temperature. A thermometer measured the temperature at which
bluish smoke started to appear.

2.8. Oxidative Stability Index (OSI)

A Met Rohm Rancimat model 743 (Herisau, Switzerland) set for
3-g oil samples at 120 °C and at an airflow rate of 15 1 h™' used to
measure OSI.
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2.9. Frying Process

Potato stripes (7.0 % 0.5 x 0.3 cm) were prepared and immersed in
water until use. Twenty- gram batches of potato stripes fried in 2 1
of oil. Frying temperature fixed at 180°C using a bench-top deep
fryer (Tefal model 1250, France) and a digital thermometer. Each
batch fried for 5 min, followed by standing the oil for 15 min.
This repeated for 8hrs per day during four consecutive days. At
the end of each 4hrs, about 20 g of the frying oil was filtered into a
screw- cap vial and promptly stored in the dark at —18°C until use.
The oil was not replenished during the frying process. The process
conducted in duplicate [19].

2.10. Conjugated Diene Value (CDV)

CDV measured Spectrophotometrically at 234 nm and read against
HPLC grade hexane as blank. The oil samples diluted to 1:600
with hexane. An extinction coefficient of 29000-mol -1 utilized
to quantify the concentration of conjugated diene hydro peroxides
formed during oxidation [20].

2.11. Carbonyl Value (CV)

The oil samples (0.04-1.0 g) diluted to 10 ml by distilled
2-propanol. One ml of the solution was introduced into a 15-ml
test tube containing 1 ml of 2,4-dinitrophenylhydrazine (DNPH)
solution (50 mg of DNPH in 100 ml of 2-propanol containing
3.5 ml of 37% HCI) as an indicator and 8 ml of %2 KOH. After
centrifugation (2000xg, 5 min), absorbance of the upper layer was
read at 420 nm. 2,4-Decadienal was used as standard [21].

2.12. Polar Compounds Analysis

Total polar compounds (TPC % w/w) content of the oils was
determined according to an economical micro-method [22]. Five
main alteration components of the polar fractions, including
free fatty acids (FFA), diglycerides (DG), oxidized triglyceride
monomers (0xTGM), triglyceride dimers (TGD), and triglyceride

polymers (TGP), separated by high-performance size- exclusion
chromatography (HPSEC) [1]. Isolated polar fractions analyzed in
a GPC-SEC chromatograph (Knauer, Berlin, Germany) with a 20-
pl sample loop. A 2300 refractive index detector and two Nucleogel
GPC columns (Macherey-Nagel, Duren, Germany) with 100- and
500- A pore size connected in series operated at 40°C. The columns
were 300 x 7.7 mm L.D., packed with a macro-porous, highly
cross-linked and spherical polystyrene/divinylbenzene copolymer
(5um particle size). HPLC-grade tetrahydrofuran (THF) used as
mobile phase with a flow of 1 ml min'. Sample concentration was
10 mg ml! in THF.

2.13. Statistical Analysis

All experiments and measurements carried out in triplicate, and
data subjected to analysis of variance (ANOVA). ANOVA and
regression analysis performed according to the Minitab and Excel
software. Significant differences between means determined by
Duncan’s multiple range tests. P values less than 0.05 considered
statistically significant.

3. Results and Discussion

3.1. Characterization of the Oils

Fatty acid composition of VSO, RSO, and ROO was in agreement
with those usually reported for sesame and olive oils (Table).
The oils were of statistically the same amount of SFA (mainly
palmitic, C16:0, and stearic, C18:0, acids). ROO was constituted
of almost twice amount of MUFA (mainly oleic acid, C18:1) than
the sesame oils. Instead, the sesame oils of roughly the same
content of PUFA (mainly linoleic acid, C18:2) were considerably
more polyunsaturated than ROO. With respect to the relative
rate of oxidation reported for linoleic, oleic, and stearic acids as
1200:100:1, ROO was definitely to have the most oxidative stable
fatty acid composition [23].

Parameter | vso RSO | ROO
Fatty acids

14:0 0.1£0.1° - 0.1+00a
16:0 10.7£0.1" 11.2+03" 120+02a
16:1 02+0.0° 0.1£0.0" 1.1£0.1°
18:0 56+0.1° 51+03° 42+02°
18:1 40.6+0.1° 39.3+0.1°¢ 742+0.6°
18:2 417+0.1 42.8+0.6° 65+0.1°
18:3 03+00" 04+00° 0.7£0.0°
20:0 05+0.0° 05+00° 0.4+0.0°
20:1 02+0.0° 02+00° 02+0.0°
22:0 0.1£0.0° 0.1+00° 0.1£0.0°
SFA 17.0+£02° 17.0+ 0.7 169+03°
MUFA 409+0.1° 39.7+0.1° 79.9+05¢
PUFA 421+01° 433+0.6° 72+02°
PV 0.75+0.04" 0.5340.09°" 10.15+£035°
AV 1.01 £0.06 ° 0.69 +0.02 0.72+0.02"
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TT content 335+9° 31420 270+2¢
TP content 216+10* 152+£10° 58+3¢
OSI 11.2+£0.0° 11.0£0.1° 22.7+0.1a

Means + SD (standard deviation) within a row with the same lowercase letters are not significantly different at
p <0.05. SFA: saturated fatty acids (%); MUFA: monounsaturated fatty acids (%); PUFA: polyunsaturated fatty
acids (%); PV: peroxide value (meq O2 per kg oil); AV: acid value (mg KOH per g oil); TT: total tocopherols
(mg a-tocopherol per kg oil); TP: total phenolic compounds (mg gallic acid per kg oil); OSI: oxidative stability

index (h).

Table: Fatty Acid Composition (%) and Initial Quality Parameters of the Virgin Sesame (VSO), Refined Sesame (RSO), and

Refined Olive (ROO) Oils

The sesame oils had acceptable PVs (Table) in the range
recommended (0.5 — 1.0 meq kg') for high-quality frying oils but
the quite higher value for ROO was in the permitted range (~10 meq
kg™ for ROOs) promulgated by the International Olive Oil Council
(I0OC) [3]. Olive oils have been postulated to be comprised
of certain components that interfere with the conventional PV
measurement, so that even freshly expressed olive oils have PVs
of ~10 meq kg™', or higher values under dry climatic conditions [7].
The AV of VSO was significantly higher than those of RSO and
ROO, which were statistically the same. The value for high-quality
frying oils and refined olive oils should not exceed ~0.2 mg g™ and
~0.6 mg g', respectively [3,7].

The highest contents of total tocopherols and phenolic compounds
found in VSO, followed by in RSO and ROO (Table). Conventional
refining processes normally cause significant decreases in the
contents of TT and TP [24,25]. a- and y-Tocopherols are recognized
as predominant homologues (~95%) in olive and sesame oils,
respectively [7]. The antioxidant activity of tocopherols decreases
in the order of § >y > B > a in fats and oils, while in vivo, that
is vitamin E activity, decreases in the order of @ > >y >3 .
Hydroxycinnamic acids and hydroxytyrosol are known as the main
phenolic compounds of the minor fraction of olive oil chemical
composition [26,27]. Sesamin is the major lignin in sesame oil,
which in turn transformed into sesamol, episesamin, and sesaminol
during refining processes and/or at high temperatures [14,28].

A B

As can be seen in Table, ROO exhibited an OSI of about two folds
those of the sesame oils. This is likely due to the more contribution of
the fatty acid compositions than the antioxidative minor components
to resist against thermal oxidation under the harsh conditions
normally occurring in Rancimat. OSI may essentially not provide a
correct estimation of frying stability of an oil, resulting from some
inherent differences in the reaction environments established during
frying processes and Rancimat test [29].

3.2. Frying Stability

3.2.1. Changes in CDV, CV, and TPC

All the oils studied showed linear trends of change (R* > 0.97) in
CDV, CV, and TPC with frying time (32 h at 180°C) (Figure 1).
CDV represents the oxidizability of lipid systems containing
methylene-interrupted dienes, which become conjugated during
peroxidation [30]. Regardless of the slight differences in the initial
values, the rate of change in CDV was significantly lower for ROO
(0.72 mmol I"' h™") than for VSO (1.00 mmol I'! h™') and RSO (1.84
mmol I"'h™") (Figure 1A). This can be due to the very much lower
level of PUFA in ROO than in the sesame oils (Table), which makes
it less prone to produce conjugated diene hydrperoxides. The better
resistance of VSO than RSO to the formation of these oxidation
products naturally arises from the greater antioxidant potency of the
former (Table). Traditional deodorization of sesame oils has been
reported to remove sesamol almost completely and more than 85%
of sesamolin and related isomers of sesaminol, leading to markedly
reduced oxidative stability of the final product [31].
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Despite CDV, which stands for conjugated diene hydroperoxides
as primary oxidation products, CV represents a wide variety of
secondary oxidation products known as aldehydes and ketones. Its
level in frying oils is of extreme importance because carbonyls
often cause rancidity and off-flavor, and reduce nutritional value
of fried foods [21]. While there was no significant differences
among the initial values, ROO revealed the highest susceptibility
to secondary oxidation, so that the change in CV for it (2.31 umol
g h") was significantly much faster than those for RSO (1.89
pmol g h'') and VSO (1.17 pumol g h'), respectively (Figure
1B). This indicates well the greater quantitative and/or qualitative
contribution of the predominant antioxidant fractions in the
sesame oils (y-tocopherol and lignans) than in ROO (a-tocopherol,
hydroxycinnamic acids and hydroxytyrosol) to prevent carbonyls
formed.

A B

TPC is one of the most well known and reliable indicators for the
extent of chemical deterioration in frying oils. It represents a range
of polar components (see below) which are considered to be toxic
to human health [32]. With respect to the rates of change in TPC
(Figure 1C), VSO was still of better quality than RSO (0.70 vs.
1.02 % h') but there was no much difference between the refined
oils in inhibiting the production of polar compounds.

3.2.2. Changes in the Polar Components

Figure 2 shows the changes in the contents of thermo-oxidative
(oxTGM, TGD, and TGP) and hydrolytic (DG and FFA)
polar components during the frying process. These two sets of
components differ not only in polarity or molecular weight but also
in nutritional impact, and therefore, it is of crucial importance to
specify their distribution for any frying medium over the process

[1].
C
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Figure 2: Changes in the Contents of (A) Oxidized Triglyceride Monomers, oxTGM, (B) Triglyceride Dimers, TGD, (C) Triglyceride
Polymers, TGP, (D) TGD+TGP, TGDP, (E) Free Fatty Acids, FFA, and (F) Diglycerides, DG, of the Virgin Sesame (VSO), Refined
Sesame (RSO), and Refined Olive (ROO) Oils during the Frying Process at 180° C.
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VSO showed extraordinarily the highest potency in inhibiting the
creation of thermo-oxidative polar components during the frying
process (Figure 2A, 2B, 2C). Apart from the antioxidant capacity
of the tocopherol and phenolic fractions, sesame oils have been
shown to include significant amounts of AS5- and A7-avenasterols
capable of an anti-polymerization effect during prolonged heating
at high temperatures [33,34]. Considering oxTGM as a measure
of total oxidation, encompassing both oxygenated primary and
secondary oxidation products, ROO was of slightly weaker strength
than RSO to inhibit oxidation in total (Figure 2A) [35]. The refined
oils behaved almost similarly with respect to the contents of TGP
(Figure 2C) but ROO was significantly the better frying oil from
TGD point of view (Figure 2B). TGD and TGP, which are oxTGMs
linked together preferentially through oxygenated linkages, are
very complex and structurally not fully recognized. Nowadays,
their summation (TGDP) and a cutoff point of 10% based on it
have absorbed much attention on a health ground [36]. All the oils
presented linear trends of change (R? > 0.96) in TGDP with frying
time (Figure 2D). Based on 10% TGDP, the maximum frying time
for VSO calculated to be 32.1 h, which was considerably higher
than the statistically different values for RSO (13.9 h) and ROO
(15.4 h).

Hydrolytic polar components are also of crucial importance
because they are likely to exert pro-oxidant effects and lower
increasingly the oxidative stability of frying oils. Monitoring
the contents of FFA and DG appeared quite different frying
performances for the oils studied (Figure 2E, 2F). VSO contained
significantly the highest contents of FFA and DG during the frying
process and RSO exhibited more resistance than ROO to hydrolytic
alterations. As can be seen in Figure 2E, besides the much smaller
quantities compared to DG, FFA showed no given change pattern
over time, making it less reliable than DG to determine hydrolysis
rate during frying. Higher volatility of FFA than DG causes them
to be lost more easily at elevated temperatures [1]. The more is
the content of FFA as well as the tendency to their formation, the
lower smoke point for an oil will be. The oils with lower smoke
points (especially < 200°C) are less useful for frying operations
because they are more prone to the emission of potentially toxic
volatile organic compounds [37]. The fresh VSO had a smoke
point of 182° C, which was drastically lower than those of the
fresh RSO (231°C) and ROO (208°C). As shown in Figure 3, the
smoke points of VSO, RSO, and ROO significantly decreased and
reached a plateau (~161°C, ~206°C, and ~190°C, respectively)
after 8h of the frying process.

280 T
240 1
200
160

120 |

Smoke point (°C)

80 |

a0 |

mVSOo
= RSO
ROO

16
Time (hour)

24 32

Figure 3: Changes in the smoke points of the virgin sesame (VSO), refined sesame (RSO), and refined olive (ROO) oils during the
frying process at 180°C. Means + SD (standard deviation) for each oil over time with the same lowercase letters are not significantly
different at P < 0.05. Means + SD in each time point with the same uppercase letters are not significantly different at P < 0.05

4. Conclusions

The present study indicated that relatively less expensive sesame
oils with naturally more unsaturated fatty acid compositions could
be of equal or even better frying stability relative to olive oils.
This demonstrates the remarkable contribution of sesame oils’
minor fraction to stabilize the final product. From the thermo-
oxidative alterations standpoint, the virgin sesame oil was

shown to be dramatically more stable than the refined olive oil
but, hydrolytically, it was not of necessary frying quality due to
containing considerable amount of the volatiles decreasing smoke
point. A light deodorization process in a way that the minor anti-
oxidative fraction is not be affected significantly might simply
eliminate such a deficiency. This, of course, will require a separate
study to optimize the operational parameters governing the process.
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