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Abstract: The effect on induction period and tocopherol conhtafter y-irradiation on
samples of olive oil and seed oils (sunflower angbsan) was determined. In seed oil
samples 0, 100, 200 and 300 ppmddbcopherol were added before irradiation with 1, 2
and 3kGy. The results of induction period showedt,ttafter irradiation, all samples
presented a significant decreased in resistanaxittation. However, this decrease was
minimized whend-tocopherol was added. Irradiation significantlycidased the level of
tocopherols.d-Tocopherol appeared more sensitive in irradiagwacess tharo- and
y-tocopherol. The addition ob-tocopherol significantly reduced, in most casd® t
depletion of the other tocopherols.
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1. Introduction

lonizing radiations are used for the treatment @frious food products. However, only
electromagnetic waves (visible light, x-rayssays, ultraviolet light, infrared light, etc) amdectrons
can be used in food process, while neutrons, dengeand-rays cause extensive damage to food [1].
The irradiation extends the storage life of food anproves the safety via the reduction of pathagen
and spoilage micro-organisms [2]. The ionizing aidn has the ability to start a high number of
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chemical changes in gas, liquid and solid phaséofi. With the exposure in irradiation initially
ionization of water takes place followed by thedarction of free radicals and peroxides [3]. Many
intermediate products are formed and react eadr othwith other components of the system [1]. The
reactions of these intermediate products with tigeedients of food are numerous. Each group of food
ingredients such as carbohydrates, proteins aner oitrogen containing compounds, fats and oils,
vitamins, enzymes and coloring compounds can me#letcertain intermediate products and form new
intermediate products, many of which have high dbahmactivity [3-5]. The reactions of oxidation,
free radical forming and reduction belong to trasegory.

Stevenson [6] proved that irradiation does not hrapercussions in the general nutritional value of
foods and the oxidative changes caused are sitail#nose observed with the use of conventional
techniques of food treatment. Nevertheless, a coation of irradiation and other methods of
treatment, such as cooking, can lead to accelgratiidative destruction of foods [7]. The storade o
irradiated lipid food, in the presence of oxygerceaderates the autoxidation [8]. It has been prdfead
irradiation accelerates the oxidation of unsatuardadty acids and cholesterol during frozen storaige
foods [9-10]. In lipids, many of the reactions mefde to those of the peroxidation from molecular
oxygen, but special reactions can also take pla@s@xclusively to ionizing radiation [1].

Vitamin E is the most labile in irradiation froml dht soluble vitamins [11-13]. Irradiation
decreasedr-tocopherol levels during irradiation of variousw#ts of meat [11-13]. The addition of
tocopherols (in animal feed) leaded to the provectf phospholipids and cholesterol by breaking the
chain of oxidation in meat fat [14]. Moreover, iepented the loss of water detention, color anebfla
of food during storage.

As determined by Fuster et al. [15], triacylglydercan be used as a model system (which provides
the natural complexity of fatty distribution). Siyvegetable oil can be used to determine the edfiect
irradiation on lipids without interference of otlfeod ingredients (proteins, carbohydrates, etc.).

In this work, we tried to determine the effectyafradiation on oxidative condition and tocopherol
content of lipids using various vegetable oils asdet systems. The oxidative condition before and
after irradiation of seed oil samples with additmind-tocopherol was also determinédTocopherol
was selected since, to our knowledge, there wepgemous reports on the effect of irradiation batt
tocopherol. Additionallyd-tocopherol was not expected [16, 17] to show ad&nt action higher
than itsa-homolog during irradiation since the process wasied out at room temperature.

2. Results and Discussion

The results of induction period (Table 1) showedt tinradiation caused a significant (P < 0.05)
decrease in resistance to oxidation of all samp\esexpected, olive oil samples presented a longer
period of induction. After irradiation with 3 KGythe lowest decrease was observed in olive oil
samples (9.6 %) and the highest in soybean 0i2(3). The oxidative stability of olive oil is retat to
some extent to the presence atocopherol [18]. Kiritsakis and Min [19] reportddat olive oil
contains up to 150 mg/kartocopherol. However, the stability of olive oildd not be explained only
on the basis of tocopherol action. It is known ttegt olive mesocarp contains phenolic compounds,
which are present in the olive oil and considerabbtyrease the stability against oxidation of thle oi
[19]. To these compoundsi-tocopherol and of course the fatty acid compasitip8] should be
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attributed the lowest decrease (Table 2)aetocopherol in olive oil after irradiation (68.3 %)
contrast to the other two oils. These results agrite those of Zhu et al. [20] who reported that
depletion ofa-tocopherol (during protection of low density lipofeins against oxidation) was delayed
after addition of certain flavonoids which regernedathe vitamin.

In all cases, the addition &ftocopherol significantly (P < 0.05) increased ih@uction period (at
the same irradiation dose) of soybean and sunflovile(Table 1). Particularly, the increase of
induction period was up to 28.9 % and 34.8 % atGd/Kor sunflower and soybean oil, respectively.
Additionally, the reduction of induction period, rthg the progress of the irradiation, appeared
proportional to the level of addition @tocopherol. Specifically, the reduction of indwacti period
after 3 KGy dose of irradiation of soybean oil wemm 34.2 % (control) to 21.4 % (300 ppm ®f
tocopherol) and sunflower oil from 25.8 % (contrtd) 18.0 % (300 ppm od-tocopherol). These
results are in line with those reported by Bourgewmid Czornomaz [16] and Von Pongracz et al. [17]
who reported that the antioxidant activity of tohepols isd>y>0>f in a temperature between 80 and
120°C anda >y > > 3 in a temperature between 20 and®80 During the determination of the
induction period (Rancimat method) where the temmijpee was set at A, d-tocopherol increased
the induction period by acting as antioxidant witgher activity.

As shown in Table 2, irradiation decreased thelle¥@éocopherols. This decrease was significant
(P < 0.05) in all samples. The highest decrease-tmcopherol was shown in soybean oil without
additionald-tocopherol (up to 92.6 %@-Tocopherol showed even higher decrease (up to%3.4nd
appeared more sensitive in irradiation process ¢thstopherol, while/-tocopherol appeared the most
resistant (up to 92.3 % of reduction). Howeveshibuld be stated that in samples with low tocoghero
concentration the depletion was complete (Table&iritz and Thayer [11] who reported a decrease
in a- and y-tocopherol (30 and 15 %, respectively) after iimtdn of fresh chicken breasts.
Additionally, Lakritz and Thayer [12] reported acdease (6 %) ir-tocopherol but no significant
changes iny-tocopherol after irradiation. In the study of Likret al. [13],a-tocopherol decreased
significantly in meat irradiated with 0-9.4 kGy&fC. On the contrary, Galvin et al. [7], who studied
the retention ofi-tocopherol and lipid oxidation after irradiatio”.§ and 4.0 kGy) in cooked minced
chicken (fed with a diet supplemented witkstocopheryl acetate), reported no affect of irraidiaon
the a-tocopherol content. Concerning the lipid stabjlithe same authors indicated that oxidation
(measured by thiobarbituric acid-reacting substane&d cholesterol oxidation products) was
accelerated during storage but was possible ta@abhtwhen chicken diet was supplemented with of
a-tocopheryl acetate. It appears that there is @agydeement between various authors on the percentage
of tocopherol depletion as a consequence of irtiadiawhich can be attributed to the different
experimental conditions and samples. The resultaiofvork are also difficult to be compared witle th
aforementioned studies since it was conducted umtiéerent experimental conditions (room
temperature) and on different samples (vegetaldg oi

The mechanism of the antioxidant action of tocoplseis thoroughly described by many authors
[21-22]. Extensive studies have also been repantethe synergistic behavior of tocopherols androthe
vitamins [2, 15, 23-25] and flavonoids [20, 26]kNand Noguchi [27] reported thattocopherol acts
as an antioxidant not only by itself but also inladmoration with other antioxidants. The additioh o
100, 200 or 300 ppmd-tocopherol in seed oil samples, and hence theifisignt increase of the
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coantioxidant §-tocopherol) concentration, reduced the depletibmllbtocopherols (Table 2) after
irradiation with 1, 2 and 3KGya-Tocopherol depletion was reduced by 15.4 % an& 8. (for
soybean and sunflower oil, respectivelyjpocopherol by 19.2 % (for soybean oil) alrtbcopherol by

5.2 % and 12.8 % (for soybean and sunflower odlpeetively). These results can explain why the drop
of induction period of all oils was reduced whetocopherol was added. The results are in agreement
with those of Zhu et al. [20] who demonstrated tHat oxidation did not occur substantially until a-
tocopherol was depleted.

In conclusion, the present study demonstrated that effect of irradiation on the oxidative
condition of oils was minimized whe&tocopherol was added. At the same time the toaophe
content was reduced considerably. The additiod-toicopherol can reduce, in most cases, the loss of
a- and y- tocopherols and hence retain the nutritional e@atf lipid foods. From a nutritional
perspective, the protection attocopherol, which possesses over 80 % of bioldgcévity of all
tocopherols, is important since this vitamin isi@egral component of biological membranes, where i
acts as a highly effective chain-breaking antiortdand inhibits phospholipids and cholesterol
oxidation [14]. Further investigation on the eff@gtirradiation on tocopherol content and induction
period of lipid foods using higher doses abwtbcopherol concentrations should be carried out in
combination to the mechanism of action of variaeopherols.

3. Experimental Section

Three different vegetable oils were used, namelyeobil, sunflower oil and soybean oil (all
purchased from Elais s.a, Athens, Greece). In sweil and soybean oil samples 0, 100, 200 or
300 ppm ofd-tocopherol (Sigma Chemicals Company Ltd., St. EpWiSA) were added (Table 2)
before irradiation takes place. Each determinati@as also carried out on a sample of seed oil
(Control) (with or without addition a¥-tocopherol) not subjected to irradiation.

3.1 Irradiation

Oils were placed in sealed screw capped glass (Batsn in length, i.d. 2 cm) and then irradiated
with doses of 1, 2, and 3 kGy, at room temperatus@g as gamma sour&o (Theratron 1000 for
radiotherapy applications, MDS Nordion, Ottawa, &#a). The irradiation was carried out at
Department of Oncology and Radiotherapy of I.K.A.G. Genimatas Oncology Hospital (Athens,
Greece). The irradiated samples and unirradiatattals were stored, with nitrogen induced, at 220
for approximately 1 day before induction period amcbpherol content determination.

3.2 Rancimat method

The determination was carried out using the methestribed by Lalas and Dourtoglou [28]. Two
and a half grams of oil were accurately weighed the reaction vessel of the Rancimat 679 (Metrhom
LTD, Herisau, Switzerland). The conditions wereae0°C and 15 liter/h.
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Table 1. Induction period (96C and 15 L/h) of vegetable oils with and withou&diation.

Qil Addedd-tocopherol (ppm)  Control Irradiated 1KGy Irradich2K Gy Irradiated 3KGy
_ 0 149.7% 143.2° 139.8° 135.3¢
Olive
(1.5) (0.3) (1.9) (0.4)
0 31.0°% 29.9% 28.9% 20.49,
(0.2) (0.3) (0.2) (0.2)
100 31.7%; 30.9% 30.0% 23.2%
0.6 0.3 0.4 0.3
Soybean (0.6) ( )b ( )C ( )d
200 32.9 32.4°% 31.7% 25.19%
(0.2) (0.2) (0.2) (0.2)
300 35.05 33.2% 32.8% 27.5%
(0.2) (0.2) (0.3) (0.4)
0 23.3% 22.0% 21.3% 17.3%
(0.6) (0.2) (0.2) (0.3)
100 25.0% 22.9% 21.9% 19.0%
(0.5) (0.2) (0.4) (0.3)
Sunflower b . d
200 26.3¢ 24.0°% 23.3% 20.29%
(0.6) (0.2) (0.2) (0.3)
300 27.7% 25.8% 24.8% 22.3%,
(0.3) (0.2) (0.3) (0.4)

*Values are mean and standard deviation (in paesigh of triplicate determinations. Means of eawtividual tocopherol

within each row with different superscripts arengigantly (P < 0.05) different. Means of each widual tocopherol for

each oil within each column with different substsipre significantly (P < 0.05) different.
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Table 2. Tocopherol content (ppm) of vegetable oils betord after irradiation.

Added a-tocopherol y-tocopherol d-tocopherol
o]] &-tocopherol
(opm) Control 1KGy 2KGy 3KGy Control 1KGy 2KGy 3KGy Coolr 1KGy 2KGy 3KGy
Olive o 151.7*  100.2° 82.1° 48.1° 9.92 3.1° 0.0° 0.0° 4.6° 1.0° 0.0° 0.0°
(11.5) (4.8) (0.5) (0.4) (1.2) (0.1) (0.0) (0.0 (0.4) (0.1) (0.0 (0.0)
o 127.0% 71.7°%  32.3%  9.4% 512.3% 237.6°, 108.5% 39.7%  293.0% 117.2°% 57.3%  20.2%
(2.0) (1.5) (1.9) (0.2) (18.2)  (2.2) (1.5) (1.5) (10.8)  (1.7) (6.5) (0.6)
_ 100 129.0% 82.3%  41.2%  13.7%  516.3% 289.2°% 130.0% 68.4%  390.7% 156.3% 90.7%  39.2%
g (1.0) (0.4) (0.7) (0.4) (1.2) (2.5) (1.7) (1.2) (2.1) (1.5) (1.5) (1.1)
3 200 128.3% 98.9°%  53.6%  20.1% 511.7%, 331.3% 164.7% 101.2% 470.0°% 197.4% 117.3%¢ 42.3%
(1.5) (0.4) (2.4) (0.3) (3.8) (1.1) (1.5) (1.1) (18.0)  (2.1) (7.5) (1.1)
200 130.7% 102.7% 67.0%  29.8%  511.0% 399.7°%, 194.3%, 137.6%5, 601.3%, 216.2% 202.3% 72.3%
(2.1) (0.8) (1.0 (1.0) (7.0 (1.5) (3.8) (1.1) (1.1) (1.1) (2.5) (0.6)
o 530.3% 287.3°% 1935% 62.1%  12.0%  3.6% 0.9% 0.0% 8.8% 2.1% 0.0% 0.0%
(8.1) (2.0 (5.6) (0.9) (0.1) (0.3) (0.2) (0.0 (0.7) (0.2) (0.0 (0.0)
. 100 527.7%  340.1°% 221.0% 95.2%  11.7%  5.1% 1.2% 0.0% 106.0% 41.5%  20.7%  8.5%
3 (3.2) (4.3) (3.0 (0.7) (0.3) (0.4) (0.1) (0.0 (1.7) (1.3) (0.6) (0.5)
E 200 534.0°% 399.2°% 263.0% 137.1% 11.9%, = 7.4% 1.5% 0.0% 206.0°c 76.2%  43.7%  24.4%
(7.8) (3.7) (6.1) (1.2) (0.2) (0.4) (0.1) (0.0 (5.3) (1.1) (3.5) (1.9)
200 537.3%  448.8, 299.7% 162.4% 12.0%  9.3% 1.7% 0.0% 304.3%, 116.0°%, 63.7%  39.1%

(2.5) (3.4) (0.7) (1.2) (0.2) (0.3) (0.2) (0.0) (4.9) (2.0) (3.5) (1.9)
Values are mean and standard deviation (in parsis)hef triplicate determinations. Means of eadhviidual tocopherol within each row with differesiiperscripts are significantly
(P < 0.05) different. Means of each individual tplkerol for each oil within each column with diffatesubscripts are significantly (P < 0.05) differen
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3.3 Tocopherols

The determination was carried out using the mettextribed by Lalas and Tsaknis [29]. An HPLC
pump, Waters 600E (Millipore Corporation, Waterg@hatography Division, Massachusetts, USA),
equipped with a Waters-Porasil column (125 A, 1um, 3.9x300 mm) and a Waters 486 Tunable
Absorbance Detector was used.

3.4 Satistical analysis

Results are displayed as means of triplicate détetions and standard deviation (in parenthesis).
Statistical significance of the differences betweeran values was assessed by ANOVA test.
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