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Thermal Stability of Frying Oils
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He effects of grape seed phenolic compounds on quality characteristics of

a blend of sunflower: cottonseed oil during deep-fat frying (at 180 °C)
of potato chips for 4h/day for 5 days in five systems were determined
in this study. The systems used were a blend of sunflower: cotion seed
oils (L:1 vA) without antioxidant (control), with 200 ppm butylated
hydroxytoluene (BHT), and 200, 400 and 800 ppm grape seed
polyphenols. Analysis was carried out daily after frying to follow up
the deterioration the occurred in the oil. Oil samples were analyzed for
peroxide value, thiobarbituric acid (TBA) acidity, iodine value, polar
content, polymer content, viscosity, ultravilot absorption { ':“ at 232
and 268 nm.), color and oxidized fatty acid content. Generaﬂly, the
blends with 800 ppm grape seed polyphenols gave the least increase in
these attributes compared to other three concentrations. Phenolic
compounds were found at concentrations 930 ppm (as caffeic acid) in
grape seed. Polyphenols of grape seed were fractionated by high
performance liquid chromatography (HPLC). Five compounds weie
separated and were identified as gallic acid, catechin, epicatechin, anaic
acid and procyanidin.

Keywords: Grape seed phenolic compounds {GSPC); Antioxidant activiiy ;
Lipid oxidation; Deep- fat frying.

Frying of food is a wery popular way of cooking at home and in fast food
restaurants. However, factors such as price, stability, and nutritive value must be
considered (Bastida and Sanchez-Muniz, 2002). The debate on deep-fat frying on
commercial establishments is primarily focused on the point at which any oil -
used for frying should be discarded ( Bastida and Sanhez-Muniz, 2002).

Frying oil, used continuously or repeatedly at high temperatures, is subjected
to a series of degradation reactions, thermal oxidation and hydrolysis due to the
presence of moisture in the foods, and formation of a variety of decomposition
compounds { XU et al., 2000; Gertz and Kochhar 2001 a). This decomposition
results in poor performance of frying oil and off-flavor formation and may
influence nutritional quality and food safety ( Gertz and Kochhar 2001 b). Some
of these compounds may also be harmful to human health (Abde! Rahman 2001).
The breakdown products from oxidation of fat may play a role in various
diseases, such as injtiating events of the coronary heart disease { Eder and $Stangl,
2000).
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Lipid oxidation is one of the major deteriorative reactions in frying oils and
fried foods, and often results in a significant loss of quality. It is well established
that lipid oxidation leads to changes in functional, sensory, and nutritive values
as well as in the safety of fried foods (Jaswir et af ., 2000). For these reasons,
antioxidants are added to fats, oils, and foods containing fats, With the awareness
concerning the use of commercial synthetic antioxidants in the food system such
as butylated hydroxyanisol (BHA), butylated hydroxytcluene (BHT), propyl
gallate (PG), and tert- butyihydroquinone (TBHQ) and their negative health
effects as implicated in the promotion of carcinogenesis (Ito ef al, 1986).
Considerable attention has been given to the application of natural antioxidants
in foods, because of their potential nutritional and therapeutic effects (Halliwell
et al.,1995). Currently fruits, vegetables, spices, nuts, sceds, leaves, roots, and
barks are being investigated as potential sources of natural antioxidants { Amarowicz;
et al., 2000). Many food manufacturers have shown considerable interest in the
use of natural sources of antioxidants during the last few years (Irwandi et al., 2000).

Grape { Vitis vinifera ) is one of the world’s largest fruit crops, which
approximates an annual production of 58 million metric tons { FAO, 1997).
Phenolics in grapes and red wines have been reported to inhibit human low
density lipoportein {LDL) oxidation in vitro ( Jayaprakasha et al., 2001).

Grape seeds are rich source of monomeric phenolic compounds, such as
catechins, epicatechin and epicatechin gallate and these compounds act as
antimutagenic and antiviral agents { Kaga et af ., 1999 and Saito et o/ ., 1998). There
are reports of the possible use of the grape phenolics in preventing
atherosclerosis (Kovac and Pekic , 1999). Recognition of such health benefits of
catechins and procyanidins has led to the use of grape seed extract as a dietary
supplement {Jayaprakasha ef al., 2001). Phenolic compounds extracted from twelve
different vanieties of grapes, showed antioxidant activity toward LDL oxidation in
vitro { Mayer et af ., 1997).

Grapes are a major source of phenolic compounds among different fruits and
vegetables (Macheix et af ., 1990). Phenolic compounds have been found at
concentrations as high as 260 - 920 mg/kg in grapes and 1.800-3.200 mg / L in
wines (Gamez -meza et al ., 1999). The present study was performed to optimize
the use of grape seed phenolic compounds as antioxidant in stabilizing sunflower
and cotton seed oils during deep-fat frying of potato chips.

Material and Methods

1-Source of vils
Sunflower and cottonseed cils were obtained from Cairo Oils and Soap
Company, El - Badrachin, Giza, Egypt.

2- Source of Potatoes
The potatoes were obtained from the tocal market in Egypt.
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3- Source of red grape
Red grape El-fuomi- variety (Vitis vinifera) was obtained from the Jocal
market, season 2001.

4- Solvents
All solvent in this study were of analytical grade (Merck).

5- Commercial antioxidant
Butylated hydroxytoluene (BHT) was supplied by Eastman Chemical Co.

6- Standard phenols compounds for HPLC analysis
Gallic acid, catechin, epicatechin, tannic acid and procyanidin were obtained
from Koch- light laboratories Ltd. Colubrook, Buckingham, Shira, England.

7- Preparation of potatoes
The potatoes were washed, peeled and sliced to chips 2 mm thick using a
manual chips slicer,

8- Extraction of Polyphenolic compound
Crushed red grape seed ( Vitis vinifera (20 g ) was extracted overnight with
200 ml methano!l at room temperature according to the method described by
Duch and Yen (1997). The extracts was filtered, and the residue was re-
extracted under the same conditions and the combined filtrates were
evaporated to 5 ml in a rotary evaporator at 40° C. The extract were
evaporated to dryness and kept at -4° C untill analysis.

9. Determination of total phenolic compounds

The total phenolic compounds in red grape seed were determined
spectrophotometrically using Folin-Ciocalteau reagent according to the method
described by Duch and Yen (1995). The metanolic extracts (0.1ml) of sampie in
a volumetric flask were diluted with glass-distilled water (15 ml). Folin -
Ciocalteau reagent (5 ml) was added and the content of the flask mied
thoroughly. After 3 min., sodium carbonate (NayCos) solution { 10 mi | 10% W/ )
was added and finally quantified to 100 ml glass-distilled water and then the
mixture was allowed to stand for 30 min. with intermmittent shaking. Tho btz
color was measured with a UV-Vis Spectrophotometer. The concentration ¢f
total phenolic compounds in samples, mg/ Kg of dry product, were determined
as caffeic acid.

10-Qualitative and quantitative determination of phenolic compounds with high
performance liquid chromatography ( HPLC)
A Hewlett—Packard series 1, 100 liguid chromatographic sysiern (waldbronn,

Germany) ( loop 20 t4f ) equipped with a diode array detector and a lichrosorb

RP 18 column { 4.0 mm id x 250 mm; partical size 5 m ) ( Merck, Darmstadt)

was used. Elution was performed at a flow rate of 1.0 ml / min with Mobi! phase
of waterfacetic acid { 982, V/V, solvent A) and methanol/acetonitril (50:50,
V/V, solvent B), starting with 5% B and increasing B to levels of 30% at 25 min .,
40% at 35 min., 52 % at 40 min., 70 % at 50 min ; 100 % at 55 min., and kept at
this stage for 5 min . A re-equilibration time of 1 min. was then required. Quantitation
was achieved at 280 nm by internal standard method Evangelisti, et al {1997).
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1 -Preparation of vils
System 1 : Sunflower and cotton seed oils ( control).
System 2 : Control + 200 ppm BHT.
System 3 : Control + 200 ppm grape seed phenolic compound (GSPC).
System 4 : Control + 400 ppm (GSPC).
Systemn 5 : Control + 800 ppm (GSPC).

12-Frying process

Sunflower: cottonseed oil blends (1:1 V/V) with or without antioxidant
(control) and other systems were used for frying potato chips as follows: Two
kg. of il was placed in an aluminum frying container with 35 cm. diameter and
20 cm. high, oil was heated at 180°C + 5° C for 4 hr / day for 5 days. After frying
of potatoe chips and at the end of each day, samples of oils were withdrawn and
stored in brown bottles at 20° C until analysis.

13-Physico-chemical properties of frying oils

Color, refractive index (RI), viscosity (V),ultravilot absorpation (El% at 232
and 268mm.), acidity, peroxide value(PV),Thiobarbituric acid (TBA) valug,,
iodine value (IV) and oxidized fatty acid (OFA) content were determined
according to the methods described by A.O.A.C. (2000), Polar and non polar
components in oil were measured by column chromatography according to the
method described by Waltking and Wessels (1981),polymer content was
analyzed according to the method of peled et al (1975), and oxidative stability
(OXS) by rancimat method at 100 °C + 2 %C were determined according to the
method of Evangelisti et af (1997).

i 4-Statistical analysis

Statistical analysis involved used of the statistical analysis systems (SAS ,
1985) software Package. Analysis of variance was performed by ANOVA
procedures. Significant differences between means were determind by Duncan’s
Multiple Range testes .

Results and Discussion

Total phenolic compounds content
The concentrations of total phenols of grape seed as determined by the Folin-
Ciocalteu method was 950 ppm of dry product as caffeic acid.

HPLC analysis of polvpheols extracted from grape seed

Table (1) shows the chemical composition of polyphenols of grape seed
determined with, HPLC analysis. It could be noticed that procyanidin was the
major phenolic compounds present in grape seed, followed by gallic acid, catechin,
epicatechin and tannic acid.
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TABLE 1. Chemical composition of polyphenols of grape seed .

Name %
Gallic acid 10.30
Catechin 22.50
Epicatechin 9.70
Tannic acid 4.50
Procyanidin 53.00

These results are in good agreement with those reported by Jayaprakasha et
al. (2001) and, Kaga et al. (1999).

Characteristics of fresh oils used in frying experiments

The initial physico-chemical characteristics of fresh sunflower: cotton seed
oils used in this study are given in table (2), The fresh sunflower: cotton seed oils
were of good quality, as evidenced by their initial low peroxide value of 0.6
meqg/kg oil, acidity 0f 0.12 % and iodine value of 120 gl,/100g oil. This is mainly
due to the type of oil as sunflower: cofton seed oils relate to semi-drving oils
which have iodine value ranging between 90-130. Besides sunflower: cotton
seed oils contain a high percent of unsaturated fatty acids (about 90%). The
stability of oils was 10.5 hr by Ranctmat. These results are in agreement with the
Egyptian standard Organization, (1993).

Antioxidant activity of grape seed phenolic compounds

The antioxadant activity of phenolic compounds extracted from the red zrane
seed were assessed by the Rancimat method. This method assigned the inducticn
period for the onset of oxidative rancidity in sunflower: cottonseed oils at 154 °C
+ 0.2 °C. The longer the induction period the stronger the antioxidant activit
which was tested in triplicates using different GSPC concentrations of 200, 400
and 800 ppm. Table (3).

In the present study, model systems comprising of sunflower: cottonseed
oils boosted with phenolic compounds were designed to assess their stability.
Another experiment was performed where sunflower: cottonseed oils were
boosted with BHT (200 ppm) in order to compare the antioxidant efficiency
of the phenolic compounds under study with the most commonly used
synthetic antioxidant material. The induction period for the system containing
phenolic compounds increased with the increase in the phenolic compound’s
concentration. However, there were no significant differences in the
induction period for the svstems 2 and 3, conversely systems 4 and 5
exhibited remarkable antioxidant effect compared with the other systems. It is
worth nothing that GSPC at 800 ppm was superior to BHT in retarding
sunflower: cottonseed oils oxidative rancidity. Therefore, it could be
suggested to add GSPC to increase the shelf hfe of edible oils.
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TARBLE 2. Charasteristics of fresh sunflower : cotton seed (I:1 V/V) oil blend .

Characteristics of the oil Value
Refractive index at 25° C 1.4721
Viscosity (Centipoise) 44.00
Color Red 2.00

Yellow 35.00
E' at232 nm 0.75
E'™ at 268 nm 0.09
Acid value (% as oleic acid) 0.12
Peroxide value (imeq./’kg oil) (.60
Induction period {hr} 10.50
TBA value at 532 nm 0.001
[odine value (Hanus) 120.00
Polar content (%) 0.50
Polymer content (%) 0.01
Fatty acid composition (%)
Ci.0 1.32
CM -0 4.80
Cis .0 5.30
C;g ) 2.30
Ciz 25,50
Cis .2 65.30
Cis .3 9.50

TABLE 3. Effect of grape seed phenolic compounds on sunflower : cotton seed
(1:1 V/V)oil blend oxidative rancidity .

System Induction period {hr)°
Sunflower : cottonseed oil biend {Control) 10.50°
Control + BHT (200 ppm) 12.30°
Control + GSPC (200 ppm) 12.5¢°
Control + GSPC (400 ppm) 15.30°
Control + GSPC (800 ppm) 21.50°

Induction period refers to the time (k) at the break point of the two extrapolated
straight parts of the curve obtained by Rancimat apparatus.
L.S.D=220atp. 0.05

Changes in characteristics of sunflower: cottonseed oil blend during frying

The changes in quality parameters of sunflower: cotton seed oils used for
intertnitient frying of potato chips in the presence and absence of antioxidants
are given in. Table {4).

Changes in peroxide value
The changes in PV during frying are presented in Table (4). The results of
this study showed that in system I (control), the formation of peroxides seemed
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th

to increase rapidly from the beginming untill the 5" day of frying. Sunflower:
cottonseed oils with the addition of antioxidants (systems 2,3,4.5) had
significantly lower PV than those of the control, throughout the duration of the
study. System 2 (200 ppm BHT) and system 3 (200 ppm GSPC) were not
significantly different from each other . However, the PV of system 5 (800 ppm
GSPC) was significantly lower than the PV of systems 2 and 3 In general, the
oxidative stability was in the order GSPC (800 ppm ) > GSPC (400 ppm)>

GSPC (200 ppm } = BHT (200 ppm) > control {Perkins, 1967).

Changes in TBA value

The changes in TBA values during frying are presented in Table (4). TBA
values of all systems increased progressively with the frying time . The TBA test
has been widely used as an objective measure of secondary oxidation products of
oils . It relates to the level of malonaldehyde formed during oxidation of lipids .1t
was assumed that accumulation of these products during consecutive days of
frying affected the oil quality and were responsible for the development of rancid
odors and off flavor of the oil {Gordon, 1990). The control (system 1)
consistently had the highest TBA values among the five systems throughout the
5 days of frying. The increase in TBA values for systems 2,3,4 and 5, were in the
following order: BHT (200 ppm } =GSPC (200 ppm } > GSPC (400 ppm ) >
GSPC (800 ppm ) .

The effectiveness of GSPC as lipid antioxidants has been attributed mainly
their ability to remain stable at high temperature (Jaswir et af .,2000 } . GSPC
contain galhic acid, catechin, epieatechin, tanmic acid and, procyanidin as thuu
primary phenclic antioxidants that react with lipid or hydroxy} radicals ani
covert them into stable products (Namiki ,} 990 and Gordon ,1990 )

Changes in acidity

The changes in acidity during frying are presented in Table (4) Acidity is a
measure of the acidic components in the oil. Generally, the determination of the
acidity by titration does not differentiate between acids formed by oxidation and
those formed by hydrolysis {Sherwin,1968). It was nevertheless measured,
because frec acids contribute to the development of off-falvors and off-odors in
the product. The increase in the level of acidity in oil systems with antioxidants
was in the order of: GSPC (800 ppm) <GSPC({400ppm) <GSPC(200ppm) =BHT
(200ppm), < control the higher acidity of the control oil system compared to
systems with antioxidants i1s due to the presence of the phenolic antioxidants that
act by inhibiting oxidation reactions but have no direct effect on hydrolytic
reactions Cuvelier ef al., (1994).
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{$007) Z-1'ON ‘7€ 1S pooy 1457

TABLE 4. Physico-Chenical chaages of Sunflower : Cottonseed (1:1 v/v) ollblend during deep-fat frying .

Systems P:’r:lxidc acid | lodine | TBA . sity Color Polar | Polymer| E1%at | EN%at Oxicnmdﬂ
b ue | value |Number| Value R y [|compoowrs| content | 232nm | 268nm | Fatty acid

oyt control — © 0.60 012 | 12000 | 000t | 750 | 200 |3500] 050 | 001 .75 0.09 0.12
J 430 030 | 160c | o030 | 1200 | 450 [3500| g0 | 23 0.06 C.40 £.50
120 1900 | 072 | 11000 | o080 | 3400 |1250{35.00]| 1550 | 450 1.80 0:50 105
20‘ 2020 | osc | 10000 | o0se | e0o0 {18oc 3500 2070 | 7.20 1.95 0.90 160
System 2 (@HT200ppmy 0] 061 | 011 | 12000 | 0001 | 730 | 200 [3500] 0se | 00t | 073 | o8 913
4 400 | oz | t7oo | o027 | om0 | 350 |3500| soc | 210 0.90 0.21 049
12 1750 | 065 | 11100 | o75 | 2800 |1130[3500) 1430 | 400 130 0239 100
200 2800 | os0 | 10100 | 09 | 4800 |1ssc|3500| 1800 | ss0 163 0.52 140
System 3 [grape saed 0| 0.60 012 | 12000 | o001 | 780 ) 200 |3500] 050 | 001 072 0.08 03
polyphenots 200ppm} 4 | .95 027 | 1s00 | 025 | 1020 | 350 {3500 8950 { 200 0.89 0.20 048
12| 1732 | os0 | rwea | 073 { 2800 {14.00|3500 1400 [ 380 1.25 6.35 1.00
200 2801 | o073 | tocco | oes | 4700 |t500]3s500| 1782 | 6.90 160 053 1 40
{systom 2 (rape secd 0} 080 041 | 12em | oom 750 {200 |3500| os0 § o001 | o072 0.08 013
Polyphanols 400ppm) 4| 300 615 | 1eoo | 013 500 | 300 3800 701 | 120 0.79 0.13 0.35
120 1520 | ©ae9 | tisoo | 030 | 2300 | 900 |3500{ 1230 | 210 1.00 0.21 0.80
200 2003 | o060 | 10500 | 045 | 4000 |1200]3500| 1500 | 450 120 0.34 0.99

System 5 (grpe soed 0 0.60 011 . 120 "f] i 0061 150 200 | ;;EJE _650 O.bT# 0‘.72 -f.J ”E! 013 o
Pulyphenal: 5C0ppa} 41 20t 01§ oiie gz bosee | sen fasoa| 3 0.50 075 G 1o ¢.20
' 12 w40 arn | Bz 500 beso bascol 7c0 | 1s0 0.85 045 G35
a0l 1230 | ca0 575 | 2900 |02 {3800 j0o0 | 230 0.9z 0.20 047
I_'I!.,S'Q.cs 0'.49_.245 N 310 o5 o | 2 & | w Jf " is | oo | o4 | ous 012

Ll
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Changes in iodine value

Changes in IV during 5 days of frying in all systems are given in Table (4).
IV is a measure of overall unsaturation and is widely used to characterize oils
and fats. Thus, a decrease in IV is consistent with the decreasing number of
double bonds in oil as it becomes oxidized Coppen, (1989). A significantly
larger change in 1V in the control (system2) compared to the other systems
indicated that the rate of oxidation of unsaturated fatty acids was reduced in the
presence of antioxidants. The changes in IV also confirm that GSPC (800 ppm)
was more effective in protecting oxidation of unsaturated fatty acid than GSPC
(400 and 200 ppm} and BHT{200 ppm).

Changes in Polymer content

The changes in polymer content of all systems is presented in Table (4). It is
well known that as oxidation of oil exposed to frying temperatures proceeds, the
polymer content increases. Increases in polymer content are due to formation of
higher molecular wieght substance by polymerization (Yoon et al .,1985). The
results showed that the polymer content of all systems increased slowly after the
5 days of frying. It was noted thalt the rate of polymer formation was faster in the
oil system without antioxidants than in oil systems with antioxidants. The
polymer content in systems 2 and 3 were not significantly different from each
other. Within oil systems with antioxidants, systems 4 and 5 showed
significantly lower formation of polymers than systems 2 and 3. System 5
showed significantly less formation of polymers compared to the other systems.
Therefore, the GSPC (800 ppm) had the strongest effect in retarding formation of
polymers during {rying, followed by GSPC(400 and 200 ppm), synthetic
antioxidants (BHT, 200 ppm), and the control.

Changes tn viscosity

The changes in viscosity of all systems are presented in Table (4). The
observed increases in viscosity were due to polymerization, which resulted in
formation of higher molecular weight compounds, i.e., Carbon-to-carbon and
carbon-to-oxygen-to-carbon bridges between fatty acids {(Gray, 1978). The
control had a consistently higher level of viscosity during frying, and other
systems showed less increase in viscosity.

Changes in color

The changes in color of all systems are presented in Table (4). The color of
oil systems increased significantly throughout the 5 days of frying. The color of
frying oil darkens during frying as a result of oxidation and formation of brown
pigments from the potato chips (Gray,1978). The resuits showed that system 3
{GSPC 800 ppm) was significantly darkened at a rate less rapid than the other
systems.
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The changes in E '” at 232 and 268 nm
fem
The changes in E'” at 232 and 268 nm throughout the 5 days of frying are
lem
shown in Table (4). Oxidation of polyunsaturated fatty acids is accompanied by
increased ultraviolet absorption. Unlike the peroxide value, E'™ at 232 nm
lem
which also measures the degree of primary oxidation, shows a trend of
increasing diene content with progress in frying times for all systems. The oil
systems with antioxidants showed significantly less formation of conjugated
dienes compared to the system without antioxidants (control). The E' a1 232 nm
lem
of the oils after 5 days of frying was lowest 1 system 5. System 4 showed
significantly less formation of conjugated diene, followed by systems 2 and 3.
The E'™ ar 268 nm, which is an indicator of the formation of conjugated triene,
lem
increased significanily across the 5 days of frying in all systems. The changes in
E!'* at 268 nm paralleled the changes in E'™ at 232 nm. According to peled et al.
lem fem
(1975), besides dienes, trienes could from polymers during frying. These results,
like those for peroxide values and E'™ at 232, indicate that the stabilizing effect
lem

of antioxidants on sunflower and cotion seed oils was in the order of: GSPC (800
ppm)> GSPC{400ppm)>GSPC(200ppm)= BHT (200ppm)}.

Ghanges inpolar components

The changes in polar components during 5 days of frying in all systems are
given in Table (4). The results showed that the polar components of all systems
increased after the 3 days of frying. The rate of polar components was faster in
the oil system without antioxidants than in oil systems with antioxidants.
Systems 4 and 5 showed significantly lower formation of polar components than
systems 2 and 3. System 5 showed significantly least formation of polar
components compared to the other systems.

Changes in oxidized fatty acids

The changes in OXF of all systems are presented in Table (4). The results
showed that system | (control} had a consistently higher level of OXF during
frying. The increase in OXF for the other systems were BHT (200ppm) =GSPC
(200 ppm} > GSPC (400 ppm) > GSPC (800ppm).

Tt could be concluded from the resulis of this study that the addition of grape
sced phenolic compounds to frying oils offers a good protection against
oxidation especially are a level of (800 ppm). GSPC also proved to be superior to
BHT especially at 800 ppm. level The higher advantage of using GSPC is that
they have no health hazard effects.
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