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antioxidants in sunflower oil

Combined use of antioxidants is highly effective in preventing oxidation. In this study,
combined effects of ethanolic extracts of turmeric (T) and potato peel (PP), a-tocopherol
(a), B-carotene (B), ascorbyl palmitate (AP), citric acid (C) and lecithin (L) were evaluated
in sunflower oil. The antioxidant activities of these substances were evaluated individually
and with binary and ternary combinations with different concentrations. The combined
effect of AP (1000 ppm) and T (5000 ppm) was strong when all oxidative evaluation
analysis were considered: lowering peroxide value by 3.5-fold, almost doubling the
induction time and having the highest protection factor percentage (94.95%). AP in
blends was found efficient in terms of protecting sunflower oil against oxidation and
was not present in non-efficient mixtures. L followed it regarding efficiency. In the
mixtures consisted of AP-L-PP (83.7% protection factor (PF)) and AP-L-T (19.6% PF),
namely in the presence of identical concentrations of PP and T, superior PF for the
mixture containing PP was determined, which was thought to be based on the higher
hydrophilicity of PP. C and a in mixtures were not effective enough to retard the oxidation.
Combinations of PP-L-B (-23.8%) and T-L-a (-19.5%) showed negative relationships.
The results also demonstrated concentration-dependency of the antioxidants in terms
of antioxidant efficiency. Our findings about the efficient interactions between different
natural compounds could provide information to develop natural plant-based antioxidant
mixtures with greater effectiveness than their single use in retarding oil oxidation.
Keywords: FEthanolic extracts; Natural antioxidants; Potato peel; Sunflower oil;
Antioxidant efficiency; Turmeric

1. INTRODUCTION

Antioxidants used in oils increase quality by inhibiting oxidation and assis-
tance to extend shelf life. The use of synthetic antioxidants as food additives
is common in the food industry. However, despite their high stability, synthetic
antioxidants are being questioned due to their possible negative effects on
human health [1]. In addition, the high volatility of synthetic antioxidants caus-
es their quantity to decrease during heat treatment. Most of natural additives
have been reported to have more antioxidant activity and thermal stability in
edible oils than synthetic ones [2, 3].

The oxidation process is a complex mechanism and sometimes more than
one antioxidant may be required to provide complete protection. Therefore,
more successful results can be obtained by using combinations of antioxi-
dants with synergistic effect [4-6]. The affirmative effect caused by the fortifi-
cation of each other during the oxidation of antioxidants is called “synergism”.
When the two antioxidants are combined, the effect of synergism happened
is statistically greater than the sum of the individual effects of the two.
a-Tocopherol is known to increase the antioxidant effect by sheltering caro-
tene and ascorbic acid. Phenolic compounds act as stabilizers of tocopher-
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ols. Stabilised tocopherols keep the carotenoids and
make them reusable [7].

B-carotene as a remarkable chain-breaker antioxi-
dant [8] increases shelf life of foods rich in unsat-
urated fatty acids depending on concentration [9].
Tocopherols have been divulged to be more effec-
tive when used with other antioxidants [5]. Pedriel-
li and Skibsted [10] reported that the regeneration
of tocopheroxyl radicals to tocopherols by pheno-
lic groups in the synergy mechanism depends on
the flavonoid concentration. Furthermore, the rate
of penetration of non-covalently linked polyphenols
into the lipid phase depends on the regeneration
rate of carotene. The O - H bond in phenolic com-
pound demonstrates the importance of kinetic ef-
fects for antioxidant synergism of carotenoids and
polyphenols [11].

Turmeric, one of the most studied spices, has a
polyphenolic compound named as curcumin with
bitter taste [12]. Water-soluble peptide turmerin and
lipid-soluble curcumin have been isolated in turmer-
ic and it has been reported that these compounds
show strong antioxidant effects which is even more
successful than vitamin E and as effective as butyl-
ated hydroxy toluene (BHT) in preventing oxidation
[13]. Although there are many studies indicating that
turmeric has high antioxidant effect, there are not
enough studies examining its effectiveness in oil par-
ticularly combined use with other antioxidants. For
this reason, in this study, it was aimed to get an idea
about the efficacy of curcumin alone and together
with other antioxidants in sunflower oil.

Potato peel is a valueless waste that occurs in large
quantities after processing and recently there is an
increasing interest in the use of this waste to produce
food additives or nutritional supplements [14]. The
overpowering phenolic compounds of PP are chloro-
genic, gallic and caffeic acids [15]. These are strong
sources of natural antioxidants that prohibit oxidation
of vegetable oils [16-18]. Potato peel is known to im-
prove nutritional quality while reducing lipid peroxida-
tion of lamb meat [19], minced mackerel [20], biscuits
[21] and soybean oil [22, 23]. In addition, potato peel
extract has been reported to be six times more effec-
tive than BHA and BHT [24].

Lecithin contains both hydrophilic and hydrophobic
groups in its molecular structure and is an additive
with antioxidant activity used in industry due to its
emulsifying feature. This antioxidant effect is due to
the phospholipids that make up lecithins. Phospho-
lipids, being a synergistic antioxidant, have the po-
tential to improve the antioxidant properties of phe-
nolic compounds. The capacity of phospholipids
to convert tocopheryl radicals to tocopherols in the
presence of L-ascorbic acid depends on the reducing
potential of the surrounding phenolic compounds in
the medium [25].

Ascorbyl palmitate is accepted as a natural antiox-
idant as it can be hydrolysed to palmitic acid and

ascorbic acid in the body. The use of ascorbyl palmi-
tate with other antioxidants stabilises vegetable frying
oils [26].

Citric acid, when used with antioxidants, is a com-
mon and effective chelating agent that enhances its
effects and has a wide range of applications. Citric
acid and rosemary extract (especially when com-
bined with ascorbyl palmitate) are known to show
extra antioxidant effect, but antagonism in mixtures
including a-tocopherol [27].

Hence, in this study all aforenamed ingredients [nat-
ural antioxidants (a-tocopherol (a), B-carotene (f3),
plant-based extracts (turmeric (T) and potato peel
(PP)) and some compounds of natural origin (ascor-
byl palmitate (AP), citric acid (C) and lecithin (L))] were
added into sunflower oil (SO) with different concen-
trations and combinations. SO was preferred due to
its very common usage worldwide. The effectiveness
of these compounds was evaluated by the peroxide
(PV), para-anisidine (p-AV), TOTOX and oxidative sta-
bility index values.

2. MATERIALS AND METHODS

2.1. MATERIALS

A fresh lot of refined SO with no additives was ob-
tained directly from a vegetable oil refinery compa-
ny located in Konya (Turkey). Turmeric powder was
purchased from a local market. Sunflower lechitin (E
322) was procured from Alfasol (Turkey). The potato
peels used in this study were the wastes of a catering
company located in the city of Konya, Turkiye. a-To-
copherol (E 307), anhydrous granular citric acid and
B-carotene (E 160) were purchased from Alfasol (Tur-
key). Ascorbyl palmitate (E 304) obtained from Arkem
Chemistry (Turkey). All the chemicals and solvents
(analytical grade) were purchased from Merck, USA.
Water was purified with a Mili-Q-system (Milipore,
Bedford, MA, USA) for Rancimat test.

2.2 METHODS

2.2.1 Preparation of turmeric and potato peel
extracts

Turmeric powder was mixed with ethanol (= 97%,
v/v; at 1:10 (g/mL) ratio and kept in ultrasonic water
bath (Bandelin RK 100H, 35 kHz, Germany) for 1
hour. The mixture was filtered through Whatman No
1 filter paper. The filtrate was evaporated under vac-
uum in a rotary evaporator (Heidolph, Hei-Vap Core,
Germany) at 50°C until the alcohol was removed
[28]. The extraction yield was 40 g/kg turmeric pow-
der.

Potato tubers were washed in a local catering
company and peeled manually by using a peel-
er knife, then transferred to laboratory immediate-
ly. The potato peels were washed and then dried
in an oven (Nuve, Turkey) dried at 70°C for 24 h.
The dried peels were ground into powder in a cof-
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fee grinder (Premier, PRG 259, South Korea). Potato
peel powder was mixed with ethanol (= 97%, Vv/v;
at a ratio of 1:10 (g/mL) and stirred in a water bath
at 50°C for 6 hours. The supernatant was collected
by filtering through Whatman No 1 filter paper. The
ethanol contained in the filtrate was removed on a
rotary evaporator at 45°C [29]. The extraction yield
was 1.2 g/kg potato peel.

2.2.2 Sample Preparation

The mixtures selected according to preliminary
PVs were added to 120 g of oil sample. Additives
and extracts were homogenously dissolved in oil
by stirring at 700 rpm for 30 second with the ho-
mogenizer (Witeg, WiseTis HG15D, Germany) and
incubated for 20 s in the ultrasonic water bath (Ban-
delin, RK100H, Germany) to eliminate air bubbles.
All samples containing antioxidant mixtures were
stored in tightly closed containers at room tempera-
ture and protected against light and air. Concentra-
tions of natural additives and extracts were deter-
mined according to the values reported in literature,
and concentrations not previously used in literature
were also included in the study [7, 25, 27, 30-33].
The abbreviations of additives and their concentra-
tions are shown in Table I.

In the beginning of the study, for pre-elimination, an-
tioxidants were added into oil single or binary and
ternary combinations. The Schaal oven test was
applied to all samples to expedite the formation of
hydroperoxide [34]. 12 g of oil sample was weighed
into each petri dish and the analysis took 6 days at
65+1°C. (Nuve, Turkey). PVs were measured on the
day 0,3 and 6. The samples with the lowest PVs were
selected for further experiments which were carried
out with different concentrations of the compounds.
The single addition of all the antioxidant compounds
used in the study were not as much effective as their
binary and ternary mixtures. We continued to work
with combinations of these compounds that provide
superior oxidative stability detected in terms of PVs.
The PVs of the samples were determined also ini-
tially before subjected to the oven test (presented
in Figure 1 as day 0). The research continued with
examples having PVs below 20 (Table II).

2.2.3 Determination of oxidative stability

PV was measured in 3-days intervals by using the
method of AOCS [35]. As a result of the peroxide
analysis, 28 samples (details are given below the fig-
ures) with the lowest PVs were determined and the
study continued with these samples. Formation of
secondary oxidation products was determined by
p-AV according to AOCS [34]. The total oxidation
(TOTOX) capacity was acquired by a calculation using
the PV determined on the first day of oven test and
p-AV results as in Eq 1[36]:

TOTOX = 2PV + p-AV (Eq 1)

Table | - Concentrations of antioxidants used at the first stage

of the study

Additives
(abbreviations)

Concentrations (ppm)

Turmeric extract (T)

7500, 6500, 5000, 3500, 2166.6, 1750

Potato peel extract (PP)

7500, 6500, 5000, 3500, 2166.6

Ascorbyl palmitate (AP)

2000, 1500, 1000, 666.6, 500, 166.6

Lecithin (L) 750, 650, 400, 325, 216.6, 150, 133.3
a-Tocopherol (a) 1500, 1200, 800, 400, 133.3
B-Carotene ( B) 1000, 750, 450, 225, 200, 150, 100, 66.6
Citric acid (C) 1000, 750, 450, 225, 200, 66.6

Table Il - Twenty seven mixtures selected to be used in
subsequent analysis

Mixtures Concentrations (ppm)
T-C T(6500) C(225)
PP-L PP(3500) L(650)
PP-C PP(6500) C(200)
L-a L(650) a(400)
L-B/1 L(650) 3(200)
L-p/2 L(325) (100)
T-L T(1750) L(325)
B-C B(225) C(225)
L-C L(1750) C(325)
T-AP/1 T(6500) AP(500)
T-AP/2 T(5000) AP(1000)
PP-AP/1 PP(6500) AP(500)
PP-AP/2 PP(5000) AP(1000)
AP-L AP(1000) L(400)
AP-L-T AP(666.6) L(133.3) T(2166.6)
AP-L-PP/1 AP(666.6) L(133.3) PP(2166.6)
AP-L- PP /2 AP(666.6) L(216.6) PP(2166.6)
T-AP-PP T(2166.6) AP(166.6) P(2166.6)
AP-C-L AP(666.6) C(66.6) L(216.6)
AP-C-B AP(666.6) C(66.6) B(150)
AP-L-a AP(666.5) L(216.6) 0(133.3)
AP-L-8 AP(666.5) L(216.6) B(150)
T-C-L T(2166.6) C(66.6) L(216.6)
T-PP-L T(2166.6) PP(2166.6) L(216.6)
T-L-a T(2166.6) L(216.6) 0(133.3)
PP-L-8 PP(2166.6) L(216.6) B(150)
PP-C-8 PP(2166.6) C(66.6) B(150)

T: Turmeric extract, PP: Potato peel extract, AP: Ascorbyl palmitate,
L: Lecithin, a: a-tocopherol, {: B-carotene, C: Citric acid.
The numbers in parentheses specify concentrations in "ppm".

2.2.4. Determination of the Induction period (IP by
Rancimat test)

The induction period of the samples stored at room
temperature protected from light and air for three
months was analysed by Metrohm Rancimat 892
(Herisau, Switzerland) in accordance with the I1SO
6886 procedure. Samples (3 g + 0.1 g in each reac-
tion tube) were oxidised at a temperature of 110°C
under a 20 L/h air flow. During the analysis, the con-
ductivity of the water was continuously measured in
a measuring apparatus containing 60 mL of ultra-dis-
tilled water (Merck Millipore, Direct-Q3UV, Germany).
Volatile oxidative products were collected in this ap-
paratus [37, 38].
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2.2.5 Calculation of protection factor (PF, %)
The induction period results were used to calculate
the PF as percentage. The equation is shown in Eq 2:

(P, —1P,)
1P

c

where IP, and IP, represent the IP (h) at 110°C of
oil with antioxidant blends and control sample, se-
quentially. A positive value denotes a protective effect
between the used antioxidants, while a negative value
stands for negative interaction among them [39].

% PF = x 100 (Eq 2)

2.2.6 Statistical analysis

Each analysis was done in triplicate and data reported
as meanzstandard deviation (SD). The results were
analysed using one-way analysis of variance ANOVA.
Statistical analysis for functional properties were per-
formed using SPSS (Statistical Programme for Social
Sciences, SPSS Corporation, Chicago, IL, USA). The
confidence limit used in this study was 95% (p<0.05).

3. RESULTS AND DISCUSSION

3.1. EVALUATION OF PV, P-AV, TOTOX AND
INDUCTION TIME

At the beginning of the study on day 1st, PP-L-{3,
PP-C-8, B-C, T-PP-L mixtures, showed clearly higher
PVs compared to other mixtures (Fig. 1). The binary
mixtures of AP with T exhibited low PVs. Although L
(650 ppm) = B (200 ppm) (L-B/1) and L (650 ppm) —
B (400 ppm) (L-a) mixtures initially showed low PVs,
looking at the 3rd and 6th days of analysis results they
couldn’t stop the rapid progress of PVs and exhibited
higher values compared to other mixtures. Eventually,
T-AP/1, T-AP/2, PP-AP/1, PP-AP/2, T-AP-PP were
the mixtures which exhibited the greatest stability in
terms of PVs on the 6th day of analysis. Upadhyay
and Mishra [32] demonstrated the synergistic rela-
tionship between rosemary and sage extracts and
AP which provided better stabilization than TBHQ.
Similarly, the powerful antioxidant effect of AP con-
taining mixtures was observed in the present study. C
showed a slight antioxidative effect against the oxida-
tive stability of SO, while a showed prooxidative effect
(results not reported) as reported in the study of Hras
et al. [27]. In fact, only three of the selected mixtures
contain a.

Similarly, from the mixtures containing a, three mix-
tures were eliminated in terms of preventing oxidation
in the first stage, L-a showed prooxidative effects in
the later stages, the AP-L-a mixture exhibited a mod-
est antioxidant effect. Results agree with the findings
of Hras et al. [27]; as they reported a considerable
and a slight antioxidative effects of AP and CA, re-
spectively. The authors also reported about the pro-
oxidative effect of a. Pop [40] showed efficient stabi-
lisation of fish oil microencapsuls by a ternary use of
tocopherols derivatives, lecithin and ascorbyl palmi-

tate. Bodoira et al. [33] determined the antioxidant
activity of tocopherols in chia oil (in the range of 50-
800 ppm) and reported that when the a was used at
800 ppm level, it possessed the lowest antioxidant
activity. Similarly, according to our findings, a in con-
centrations ranging from 133.3-1500 ppm was not
effective enough to retard the oxidation.

As a result of the peroxide analysis carried out on the
3rd and 6th days, T-AP, PP-AP, T-AP-PP mixtures
were clearly differentiated from others by exhibiting
strong antioxidant activity. T-L-a, T-PP-L, T-C-L, PP-
L-B samples showed high PVs (above 37 meq 02/
kg). However, PVs were calculated as 31 meq O2/kg
in SO with no antioxidants. It was clear that L (216.6
ppm) and the combination of T and PP (2166 ppm
each), when used only at certain concentrations,
showed antagonist effect. In addition, the absence
of AP in these mixtures was also noticeable. Hras
et al. [27] debated that merely C decreased PV and
p-AV, even though CA alone has antioxidant activity,
this effect was greater when combined with another
antioxidant. However, in this study the antioxidative
efficiency of C was not evident among the other ad-
ditives.

TOTOX results were consistent with the PV results
mentioned above (Fig. 3). Samples with low PVs
showed low TOTOX values, too. In terms of p-AV, the
combined use of AP and natural extracts each (PP-T)
resulted in low TOTOX values just like the PVs. How-
ever, some mixtures that did not stand out in terms of
PVs that were found to give affirmative p-AV results
(Fig. 2). The T-L-a mixture, which gave undesirable
results in terms of PVs, contradictorily provided low
p-AVs. While this mixture could not prevent the for-
mation of peroxyl radicals that appeared in the initial
phase of oxidation, it was able to prevent second-
ary oxidation products that could have toxic effects.
Doert et al. [25] explained that the combination of a
and L enabled the regeneration of tocopherols. Al-
though samples containing a mixture of L-B and L-T
had low PV on day 0 of the study, the formation of
hydroperoxides increased rapidly on the day 3 and 6
measurements. However, it was observed that these
samples started to maintain their stability during the
propagation phase of oxidation and did not allow fur-
ther rancidity. In a study examining the synergistic ef-
fect of L and a’s in various oils, it was reported that L
delayed the oxidation of monounsaturated fatty acids
in the absence of a’s. In addition, for linoleic acid rich
oils such as sunflower, soybean and rapeseed, while
the IP increased with the L concentration, the PV de-
creased [5].

The mixtures which gave positive results for both PV
and p-AVs consisted of AP (500 ppm) — T (6500 ppm)
and AP (1000 ppm) — T (56000 ppm). AP-L-B added
oil sample also followed a stable course and showed
lower PVs than that of control, and this sample also
showed low p-AVs.

AP (1000 ppm) — T (5000 ppm) (T-AP/2) and AP
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(1000 ppm) - PP (5000 ppm) (PP-AP/2) which led
to one of the lowest PV on the 6th day, confirmed
this positive effect with longer IPs. Combination of
AP (666.6 ppm) — L (133.3 ppm) - PP (2166.6 ppm)
(AP-L-PP/1), which was one of the mixtures providing
the lowest PVs at the beginning (on day 0), demon-
strated its effectiveness again with high IP values. In
the absence of &- and y-tocopherols, L was shown
to delay the oxidation of monounsaturated acids but
not of polyunsaturated fatty acids. So, the antioxidant
activity of L was not effective for SO as a linoleic rich
oil and contains a predominantly [5].

The induction time of SO in the presence of antioxi-
dants were between 2.97 to 7.60 h at 110°C. Gen-
erally, the results for the TOTOX and Rancimat IP val-
ues (Fig. 4) were compatible, and both showed that
AP combined with T or PP with given concentrations
(T-AP/2, PP-AP/2 and AP-L-PP/1) resulted in great-
er stability in the SO. Oxidative protection resulting
from the addition of AP together with plant extracts
in vegetable oils has been reported in literature [41-
43]. Negative interactions between the compounds
in mixtures PP-C-3, PP-L-B, T-L-a, T-C-L and PP-C
were evident, as they produced a lower induction
time compared to that of the control sample which
contained no antioxidant. Definite concentrations of
the compounds were remarkable in these antagonis-
tic mixtures.

3.2 ANTIOXIDANT EFFICIENCY AS PROTECTION
FACTOR (PF) OF THE MIXTURES

The percentages of the PF are given in Table IIl.
T-AP/2, PP-AP/2 and AP-L-PP/2 showed the highest
percentage which were the mixtures showing best an-
tioxidant effect in terms of induction time results. The
antioxidative effect in improving the oxidative stability
of SO for the combination of rosemary extract and AP
were reported before [5]. This effect was explained by
the help of AP in regeneration of oxidised antioxidant
compounds in the extract [44]. It was also noteworthy
that AP was not present in the antagonistic mixtures.
Regarding the addition of single antioxidant, the low-
est PV value was found in the oil sample containing
AP (25 meq O,/kg), followed by the sample contain-
ing PP (40.9 meq O,/kg). T showed the highest PV
value (127 meq O,/kg) (values not shown). The high-
est antioxidant efficiency of AP was observed when
used with T. The fact that PP was more effective than
T can be explained by polar paradox. Polar antioxi-
dants are more effective than non-polar homologues
in bulk oil, while non-polar antioxidants are more ef-
fective in oil-in-water emulsions and liposomes [45].
Polar antioxidants have a higher affinity capacity at
the oil-air interface where oxidation is vigorous in
bulk oils. However, the polarity of oil is higher than
air. The high efficacy of hydrophilic components in
oils is thought to be due to the minor components in
the ail (such as phospholipids, free fatty acids, mono-
glycerides) affecting the micelle structures formed by

the minor components [46]. These minor compounds
in oils have a water phase effect and can easily have
a prooxidant character. Thus, the medium acts as
a water-in-oil emulsion and hydrophilic antioxidants
can conduct on these minor compounds to stabilise
the oil. Phenolic compounds (especially caffeic acid)
present in potato peels have water soluble charac-
teristics [24]. With the known powerful antioxidant
activity of curcumin, a lipophilic component, turmeric
has become very important. The antioxidant mech-
anism of curcumin is on account of the separation
of an H atom from the phenolic group [13]. Becker
et al. [30] synergy of hydrophilic antioxidants in the
phenolic structure had a higher performance in bulk
lipid systems. The antioxidant activity observed in oil
depends on the polarity of antioxidants. Solubility was
also cited as an important factor on the activity of an-
tioxidant compounds.

The compounds of the five given mixtures (PP-C-f3,
PP-L-B, T-L-a, T-C-L and PP-C), which provided the
lowest induction times, exhibited negative effects. A
low protection but no negative effect was detected
for the combination T-PP-L. However, there was a
negative interaction between T-L-a. This confirms the
negative effect of a. Prooxidant effects were observed
as a result of the increase of free radicals in vegetable
oils containing tocopherol as an antioxidant. Tocoph-
erol used in various concentrations in the range of
100-1000 ppm showed prooxidant activity in soy-
bean oil [47]. Huang et al. [48] reported maximum
antioxidant activity of a at concentrations less than
100 ppm and higher concentrations show prooxidant
activity. Banias et al. [49] reported that a and plant ex-
tracts showed antagonism. In the study of Hras et al.
[27], when rosemary extract used with C and AP an-
tioxidative effect increased, antagonism occurred in
combinations containing a. In the literature, it is also

Table lll - Protection factor (%) calculated for the binary and
ternary mixtures of the antioxidants used in the assay

) Protection . Protection
Mixtures factor (%) Mixtures factor (%)
T-C 16.42 AP-L-T 19.59
PP-L 68.43 AP-L-PP/1 83.66
PP-C -7.10 AP-L-PP /2 62.45
L-a 54.75 T-AP-PP 55.52
L-B/1 12.75 AP-C-L 32.68
L-p/2 11.12 AP-C-B 12.23
T-L 42.26 AP-L-a 27.89
g-C 1.71 AP-L- 34.47
L-C 13.26 T-C-L -3.25
T-AP/1 24.38 T-PP-L 16.51
T-AP/2 94.95 T-L-a -19.50
PP-AP/1 57.40 PP-L-B -23.78
PP-AP/2 79.64 PP-C-B -4.62
AP-L 41.32

SO: Sunflower oil without antioxidant, T: Turmeric extract, PP Potato
peel extract, AP: Ascorbyl palmitate, L. Lecithin, a: a-tocopherol,
B: B-carotene, C: Citric acid. See Table Il for the concentrations.
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possible to come across examples in which the posi-
tive antioxidative effects of tocopherols. The direct in-
teractions between a and 3 in addition to the possible
regeneration of a by Centella asiatica extract in the
emulsion systems was demonstrated by Thoo et al.
[50]. Sacha inchi oil showed a synergistic antioxidant
effect with polyphenols, a, AP and C [51]. Murakami
et al. [52] also observed the synergistic antioxidant
effects of a and ascorbic acid with polyphenolic com-
pounds. An antioxidant interaction was also reported
by Marinova et al. [53] for the use of combinations of
a and myricetin, which was concentration dependent
for a but not for myricetin. The significant antioxida-
tive contribution of AP:a combination (50:50) in chia
oil was observed by Bodoira et al. [33] with a synergy
percentage of 141%. Protective effect of combined
use of AP and a was observed in our study only in
the presence of L (216.6 ppm, AP-L-a) though high
percentage of protection was not obtained (27.9%).
Judde et al. [5] suggested that the high linoleic acid
content of SO was also effective in the failure of leci-
thin to provide a high antioxidant effect. On the other
hand, they proposed that the partial antioxidant prop-
erties of L were correlated not only to their synergism
with tocopherols but also to an antiradical effect
which was based on the amino-alcohol groups found
in some phospholipids.

The antagonism observed in bulk oils, was also ex-
plained by Becker et al. [30] that antioxidants formed
intermediates which may be chain-carrying. Metals
found in extracts can also be effective in antagonism.
The antagonism determined between ascorbic acid
- lettuce extract [54] and ascorbic acid - malt root-
les extract [55] was partially attributed to the iron in
the extracts. Additionally, the prooxidant effect of 150
ppm B (PP-L-B, -23.8%) can be seen from the protec-
tion percentages of the ternary mixtures containing
PP and L (T-PP-L 16.5% and AP-L-PP/2 62.45%).
When the mixtures AP-L-PP/1 (83.7% PF) and AP-
L-T (19.6% PF) compared, which means in the pres-
ence of identical concentrations of PP and T, different
percentages of protection with a prominently higher
ratio in favour of PP in blends was determined. The
hydrophilic nature of PP could play a role in here.
Mixtures containing several different amounts of the
same substance used at the beginning of the study
showed different antioxidant activity. In addition, (PP-
AP/1, PP-AP/2), (T-AP/1, T-AP/2) and (L-B/1, L-B/2)
mixtures are the mixtures consisting of the same
component but containing these components in dif-
ferent amounts. Significant differences were found
between their antioxidant effects. This showed us
that the effects of the mixtures were dose depen-
dent. Thoo et al. [560] correlated the interactions
between antioxidant compounds to the bioactive
compounds involved and their ratios in the mixture.
Dose dependency of synergism was shown for com-
binations of almond skin polyphenols and antioxidant
vitamins [56].

4. CONCLUSION

It was found that the binary and ternary mixtures of the
antioxidants were more effective than their use alone.
Based on low peroxide and TOTOX values along
with long induction periods, AP-T, AP-PP, AP-T-PP
mixtures were clearly differentiated from the others.
Additionally, combination of AP (666.6 ppm)-L (133.3
ppm)-PP (2166.6 ppm), which was one of the mix-
tures providing the lowest PVs at the beginning and
demonstrated its effectiveness again with high IP val-
ues. These samples also showed the highest protec-
tion percentages (94.95% for T and AP combination).
AP (1000 ppm) and T (5000 ppm) was best combina-
tion when all oxidative evaluation analysis were con-
sidered, lowering PV by 3.5 fold and almost doubling
the induction time. AP was the most effective in terms
of antioxidant efficiency in blends and was not pres-
ent in the negatively interacted mixtures. C did not ex-
hibit satisfactory efficiency in blends. a when included
in mixtures was also not effective enough to retard
the oxidation. Negative relationships between PP-L-3
and T-L-a were evident. Definite concentrations of the
compounds were remarkable in these mixtures. The
observed results are indicative of concentration de-
pendency on antioxidative efficiency in combined use.
In the mixtures consisted of AP-L-PP (83.7% synergy)
and AP-L-T (19.6% synergy), namely in the presence
of identical concentrations of PP and T, superior per-
centages of protection for PP were determined, which
was thought to be based on the higher hydrophilicity
of PP. Given the results described above, the use of
AP with natural ethanolic extracts of PP and T was
found promising in providing oxidative stability of bulk
edible oils. In the future, further investigations should
be undertaken to determine optimum rates and agita-
tion conditions for industrial applications.
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