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Oxidation parameters of sunflower, maize, walnut, palm, and palm kernel oils have been defined by Tsepalov's graphical
and DPPH methods. The influence of the oil natural antioxidants and the degree of unsaturation of fatty acids on the oxidation
rate has been showed. The methods can be used to predict the oil oxidation stability in the course of storage.
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THE STATEMENT OF THE PROBLEM

Many food products deteriorate during stora-
ge for their lipids interacting with oxygen. The
oil and fat products are very important foodstuff,
as they are a major source of energy for the hu-
man body.

The oxidation rate of oil and fat products de-
pends on the structure of radicals of fatty acids
that make up the triglycerides, the temperature
conditions, the presence of catalysts and inhibi-
tors of oxidation, and the action of light and ra-
diation. The oxidation results in forming activa-
ted derivatives of molecular oxygen or reactive
oxygen intermediates which are involved in free
radical oxidation reactions, including lipid per-
oxidation that adversely affects the stability of
products during their storage.

For improving the stability of oil and fat pro-
ducts it is necessary to study the activity and
mechanism of action of natural antioxidants (to-
copherols) containing in these products.

The antioxidants belong to the biologically ac-
tive substances that bind excessive free radicals and
prevent the accelerated oxidation of lipids and the
formation of unwanted oxidation products [1].
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There are direct and indirect methods for the
identification of oil and fat oxidation products,
e.g., chemiluminescence, gasometry, micro-calor-
imetry, determination of peroxide and acid num-
bers, model reactions of antioxidant interaction
with radicals generated in various ways, as well as
«electronic nose» and «electronic tongue» intel-
ligent systems [2—5].

The aim of this research is to determine antioxi-
dant activity and resistance to oxidation for some
vegetable oils (sunflower, maize, walnut, palm,
and palm kernel) by the DPPH (2,2-diphenyl-1-
picrylhydrazyl) method and the Tsepalov graphi-
cal technique for forecasting the oxidative stabil-
ity of oil and fat products during their storage.

THE RESEARCH RESULTS AND DISCUSSION

Lipid oxidation is a chain free-radical process
consisting of three stages [2, 6, and 7]:
1) Initiation:
RH + O, — R- + OH;
2) Propagation:
R- +0, — ROO-
ROO-+ RH — ROOH + R
3) Termination:
R-+R-— RR
R-+ ROO-— ROOR
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ROO-+ROO-—- ROOR+ O,

At the first phase of initiation, a free radical ap-
pears from lipid substrate under the action of ini-
tiator, with branching of chains being a result of
the radical decay of hydroperoxides, the only pri-
mary products of oxidation.

In the presence of inhibitor in oil, the hydroper-
oxides can interact with it thereby slowing down
or pausing for a while the further oxidation:

ROO:- + InH — ROOH +In;
ROO- + In- — molecular products.

For measuring the content of tocopherols that
are natural inhibitors of chain processes, the high-
resolution liquid chromatography method was
used [8] (Table 1).

The data shows that the highest content of to-
copherols have been found in the samples of re-
fined maize oil. The lowest content of tocopherols
are reported for the palm oil. The total concentra-
tion of tocopherols in the pressed sunflower oil
does not exceed 95 mg %, with 90 % being a-to-
copherol. The content of y- and §-isomers in the
studied samples is insignificant, as it ranges from
5.6 % in the pressed peanut oil to 8.5 %, in the maize
oil and depends on the natural features of oils.

The kinetics of oil oxidation was studied with
free access of light and air (spontaneous oxida-
tion) at 22 + 2 °C by the accumulation of hydro-
peroxides therein and the change in peroxide
number (PN) using the standard method [9].

According to the results of experiments (Fig. 1),
the most stable among the oils of tropical origin
are the palm and palm kernel oils: their PN is 2.36
and 3.23 mmol '/,0/kg, respectively. This can be

explained by a low initial PN in the oils, within
an induction period of oxidation. Similar results
were obtained for the maize oil: with a low initial
PN it was revealed a high stability on the 60th
day of oxidation. The sunflower and walnut oils
are oxidized in a similar way: an induction period
within 30 days and a rapid accumulation of lipid
hydroperoxides, at the end of oxidation.

The oxidation indicators of oils having been de-
fined, the Tsepalov graphical method can be used
to calculate the kinetic parameters of oxidation.

According to the theory of chain radical proc-
esses involving oxidation inhibitors the oxidation
rate equation is as follows [10]:

k- [RH]

S R 1

w PR W, (1)

where k. is constant of the rate of chain breaking

(constant of rate of interaction of peroxide radicals

with natural antioxidants); / is inhibition factor

(number of free radicals «dying» on one molecule

of inhibitor); [/nH] is concentration of antioxidant

(inhibitor); W, is initiation rate; &, is constant of
chain expansion; [ RH] is product concentration.

The inhibitor concentration changes with time

according to the formula

[ lnH), = - (I, = W8, (2)

Where [/nH], t is inhibitor concentration at time
t; [[nH], is initial inhibitor concentration (at the
beginning of the process).

Induction period 1 is an important parameter
of the chain process. The higher is the constant of
chain breaking and the lower is the rate of build-

Table 1
Tocopherol Content in the OQil Samples
Isomers, % of total content Total content, mg%,
Oil sample Total co;tcnt, (according to Codex
mg 7 o B v+ Alimentarius)
Sunflower pressed 95 91.5 8.5 — 40.3—102.1
Walnut pressed 109 46.4 48.0 5.6 56.0—113.0
Maize refined deodorized 655 49.1 42.4 8.5 31.4—347.2
Palm 10 73.7 26.3 — 13.0—45.3
Palm kernel 56 27 73 — 28.9—130.1
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Fig. 1. Dynamics of spontaneous oxidation of oils
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up of chains, the longer is the induction period.
Practically, the induction period is the guaran-
teed shelf life of fat-and-oil products.

The induction period t (time) during which
the chains are broken on inhibitor molecules is
equal to:

T=f' [lnH]o/ ‘/Vi?

provided [lnH],=0and ¢ = 1.

Based on the kinetic curves (Fig.1) the induc-
tion period was determined by approximation of
tangent lines in the initial area for each sample.

For each moment within the induction period
the value of In (1/(1 — ¢/1)) was computed and
PN — In (1/(1 - t/1)) dependence was built
(Fig. 2).

The parameter k ,/k,, (the ratio of constants of
expanding and breaking of chains within the in-

3)
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duction period) is calculated as tgo where a is
angle of slope of PN — In (1/(1 — ¢/7)). curve. The
results are showed in Table 2.

The palm and palm kernel oils have the best
parameters: k ,/k; is equal to 1.84 Ta 2.66, respec-
tively. This means that the rate of breaking of
oxidation chain on inhibitor molecules exceeds
the rate of expanding. The initiation rate during
spontaneous oxidation of oils is determined by
their composition in terms of fat acids (all other
factors held equal), primarily, mono- and polyun-
saturated acids [8]. As the content of saturated
fatty acids in the glycerol structure increases, the
initiation rate Wi slows down.

Since the initiation rate for linoleic acid is hi-
gher about ten times than that for oleic one [4, 7],
the initiation rate for the oils having a higher
content of polyunsaturated fatty acids should be
higher, and, consequently, the induction period
should be shorter. It has been reported for the
oxidation of saturated tropical oils.

The activity of natural antioxidants was measu-
red by the method with stable chromogen radical
DPPH (2,2-diphenyl-1-picrylhydrazyl) [11—14].
To prepare the working solutions, 96 % methyl al-
cohol was used; initial concentration of DPPN in
the reaction mixture was 7 - 10~ mole/l. The dis-
coloration of DPPN solutions after introducing
oils was determined by spectrophotometric me-
thod, at a wavelength of 515 nm. The reaction
took place without access of light, in 10 mm thick
quartz cuvettes, with a-tocopherol as reference
substance. The DPPH radical dissolved in meth-
anol reacts with antioxidant sample according to
the scheme: DPPHe++AH= DPPH-H +A.

As a result of DPPH deoxidation by antioxi-
dant from the sample, the purple blue DPPH dis-
colors, with the reaction controlled by changing
optical density. The measurements were made each
15 minutes during 1 hour.

The antioxidant activity of the samples was
calculated by the formula:

AA=T1— (A, ~A)/A]x100%, (4
where A is absorption of the sample with DPPH
ISSN 2409-9066. Sci. innov. 2015, 11(4)
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solution, A is absorption of the sample with
methanol solution, and A is absorption of DPPH
solution in methanol.

The antioxidant activity of oil samples was
determined using the calibration curve showed
in Fig. 3.

The results are expressed through value of EC50
parameter that is antioxidant concentration at
which 50 % inhibition of DPPH radical takes
place. The results are given in Table 3.

According to the data of reaction with DPPH,
the most stable to oxidation processes is refined
maize oil. This can be explained by a high content
of natural antioxidants (tocopherol isomers) that
act as inhibitors of oxidation. Tropical oils char-
acterized by a low content of natural antioxidants
are oxidized rapidly at the early stages of reac-
ting with DPPH, which is clearly seen from the
comparison: the palm oil containing 10 mg % toco-
pherol deteriorates faster than the palm kernel oil
containing 56 mg % tocopherols. The sunflower oil
and the maize one differ insignificantly in terms
of oxidation rate at the initial stages. This can be
explained by both similar extraction method (pres-
sing) and similar inhibitor contents.

CONCLUSIONS

The kinetic parameters of oxidation for several
oils have been computed by the Tsepalov graphi-
cal method. The tocopherol isomers in vegetable
oils have been established to compete with the
fatty acids during the oxidation in the course of
storage of the oils.

The antioxidant activity of oil natural antioxi-
dants has been estimated using the DPPH radi-
cal method. The results correlate well with the
content of tocopherols and indicate their domi-
nant role in the total activity with respect to this
radical.
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LT, Paosiescvka, O.I1. Menvnux

Hanionanpanii yHiBepcuTeT XapyoBUX TexXHOJOTiH, Kuis

KIHETUYHI XAPAKTEPUCTUKU
[MPUPOTHUX AHTUOKCUIAHTIB
POCJIMHHUX OJII

IIpoBeneno Bu3HAYEHHS TIOKA3HUKIB OKHUCHIOBAHOCTI CO-
HSIIITHUKOBOI, KYKYPY/I35THOI, TOPiXOBOI, TAJIbMOBOI Ta TTAJTbMOSI-
1ipoBoi omifi rpadiuaM MeTozioM [emmaoBa Tametomom DPPH.
[Toxazano BIIMB TPUPOAHNX AHTHOKCHAAHTIB OJIiH Ta CTYTICHS
HEHACUYEHOCT] JKUPHUX KUCJIOT Ha MIBUJKICTD ITPOIECY OKUC-
HeHHst. MeTozin MoKy Th Gy TH BUKOPHCTaHI 3 METOIO [IPOTHO3Y -
BaHHsI OKMCHIOBAJIBHOI cTabiIbHOCTI OJIil TIpy 36epiraHHi.

Kniouoesi cnoea: onii, okucHeHHs, rpadiuHnii MeTOJ
Iemanosa, kinetnyuni napamerpu, metox DPPH, anTuoxcu-
JIAaHTHA aKTUBHICTb.

HU.I. Paosuesckas, O.I1. Menvnux
Harmonanbubiii yHUBEPCUTET MUIIEBBIX TeXHOIOTHIT, KrieB

KMHETUYECKUE XAPAKTEPUCTUKN
[MPUPOAHBIX AHTUOKCUIAHTOB
PACTUTEJIBHBIX MACEJI

OrmnpezesieHb TOKA3aTeIN OKUCISIEMOCTH TIO/ICOJIHEYHOTO,
KYKYPY3HOTO, NIaJIbMOBOTO, TTaJIbMOSIIPOBOIO Macesl U Macja
rperkoro opexa rpaddeckum metozioM Ilenanosa u MetTonom
DPPH. Ilokazano Biusiiye MpupOIHbIX AHTHOKCUIAHTOB pac-
TUTEJIBHBIX MACeJ U CTENEHN HEHACHIIIEHHOCTH JKUPHBIX KUC-
JIOT Ha CKOPOCTh TPOIEcca OKUCTEHHsT. MeTobl MOTYT OBITh
UCIIOJIb30BAHBI /ISl IIPOTHO3UPOBAHUS OKHMCJIUTENBHOH CTa-
OGUIIBHOCTU PACTUTEILHBIX MACEJI IPU XPAHEHUH.

Knwouesvie cnosa: pacTuTesbHbIE Macja, OKWCJIEHNE,
rpaduaeckuit merosn IlemanoBa, KMHETUYECKUE TTAPAMETPBHI,
meton, DPPH, anTtnokcumanTHast ak THBHOCTb.
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