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INTRODUCTION

The deficiency of iodine in food is one of the major
problems of the world community, which is reflected in
documents of the U.N.O. and in the governmental
enactments of many countries [1–6].

About 13% of the world’s population suffers from
an iodine deficiency and 85% of the people living in the
Republic of Moldavia are subject to the risk of develop-
ment of iodine-deficient disorders (IDDs), as evidenced
by the data of research conducted by specialists of
UNICEF.

Taking into consideration that the creation of forti-
fied foodstuffs is an urgent trend in eliminating the defi-
ciency of iodine in food [11–17], we have developed
technology for obtaining iodine-fortified sunflower oil
and also investigated all its organoleptic and physico-
chemical indices.

To decrease the intensity of possible oxidative trans-
formations and to increase the shelf life of the investi-
gated oil, the task was posed to obtain iodine-fortified
oil with increased antioxidant properties at the expense
of incorporating into its composition natural antioxi-
dants, namely, antioxidative spice plant components.

THE THEORETICAL ANALYSIS

Despite the fact that synthetic antioxidants are
widely distributed in the world with the view of stabi-
lizing vegetable oils, there are a number of works that
testify to the inexpediency of their application [18, 19].
Taking into consideration the need for natural antioxi-
dants, we have tried to use spice plants for this purpose.

The capability of antioxidants to hamper the oxida-
tion process is determined by the fact that their compo-
sition includes weakly bound mobile hydrogen or func-
tional groups that actively react with molecular oxygen

or with free radicals that form in the oxidation process
[20]. This condition is fulfilled in the case of phenols
and aromatic amines [21, 22].

A new group of antioxidants that belong composi-
tionally to aromatic diketones has recently been
revealed [23]. The antioxidative action of this group of
compounds is determined by the presence of a weekly
bound hydrogen atom in the second position [24]. The
literature lacks for data about the energy of the detach-
ment of this hydrogen atom. Another requirement
imposed on antioxidants is their high lipophility [25, 26].

The solubility of these components was investigated
using the data of the literature with a view to determine
the optimal conditions of their extraction (Table 1).

EXPERIMENTAL

The scheme shows the technological scheme for
producing the iodine-fortified stabilized sunflower oil
at the expense of spice plant extracts.

It was ascertained that the quantity of spice plants
equal to 0.4–0.6 g/100 g is optimal for the iodine-forti-
fied sunflower oil for achieving stable and minimal
degrees of oxidation. Consequently, this concentration
of the antioxidant permits the possible oxidative influ-
ence of iodine to be eliminated and allows the shelf life
of the iodine-fortified sunflower oil to be prolonged.

The oxidative stability of the obtained iodine-forti-
fied oils with spice plant extracts was investigated
according to the value of the accumulation of primary
and secondary oxidation products in the compared oil
samples over 12 months at a temperature of 4–6

 

°

 

C.

The content of primary oxidation products was
estimated  using  the peroxide values [28] and the
quantity of hydroperoxides. Monohydroperoxides were
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detected by a spectral method of analysis (

 

λ 

 

= 510 nm)
according to the procedure of Shanta and Decker [29].

The formation and intensity of the accumulation of
the secondary oxidation products in the investigated
oils were characterized by the 

 

p

 

-anisidine [30] and
tiobarbituric [31] values.

The reliability of the experimental data was esti-
mated by methods of mathematical statistics with find-
ing an average interval value from three parallel exper-
iments at a confidence probability of 95% [32].

RESULTS AND DISCUSSION

Oxidative and hydrolytic decomposition is observed
in the process of storing vegetable oils. The presence
and depth of the process of oil oxidation and hydrolysis
is characterized by the content of free fatty acids in oils,
i.e., the acid value (AV).

The growth of the acid value or intensity in the for-
mation of free fatty acids in the compared oils has a lin-
ear character (Fig. 1).

The presence of free fatty acids in fresh samples that
did not undergo the storage process can be explained by
the fact that fatty acids are normal intermediate metab-
olites of the adipose tissue.

The acid values of the sunflower oil samples without
iodine and spice plant extracts and those of the oil sam-
ples with the iodine content of 1 

 

µ

 

g I/ml do not essentially
differ after 12 months of storage, averaging 0.316 mg
KOH/g of oil. It should be noted that the acid value of
these two investigated samples approached the limit of
the admissible values (0.35 mg KOH/g of oil) stipu-
lated by the GOST 1129-93 standard for sunflower oil.

Consequently, as has already been shown [33–35],
molecular iodine incorporated into the composition of
sunflower oil with the view of increasing its biological
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The scheme presents the main technological processes of producing stabilized iodine-fortified sunflower oil.

 

Table 1.

 

  The solubility of antioxidative spice plant components

The name of the component
Solubility, g/100g

in water in alcohol in ethers

 

β

 

-carotene nonsoluble easily soluble easily soluble

Quercetin 0.006 0.029 1.419

Caffeic acid soluble easily soluble easily soluble

Ferule acid soluble easily soluble easily soluble

Terpenes:
carvone
A-pinene

1.32
nonsoluble

easily soluble
easily soluble

easily solubl
easily soluble

Ascorbic acid 33.3 easily soluble nonsoluble
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value is fixed by the double bonds of oil fatty acids with
the formation of stable 

 

π

 

 complexes.
The 

 

π

 

-complexes formed between iodine and the
double bonds of triglyceride fatty acids slow down the
processes of oxidation and hydrolysis that take place in
the investigated oils in the course of storage.

When comparing the acid values of the oil group
with the iodine content of 1 

 

µ

 

g I/ml and with the spice
plant extracts, one can note that free fatty acids accu-
mulate to a lesser extent in a sample containing a pars-
ley extract as an antioxidative component and that the
acid values are within the range of 0.215–0.291 mg
KOH/g of oil. Meanwhile, the acid value of a sample
with a fennel extract already amounted to 0.294 mg
KOH/g of oil after 12 months of storage. This being the
case, the acid value remained within the limits of the
above-indicated GOST standard in all the samples
investigated.

According to the theory of N.N. Semenov, the oxi-
dation of oil must be considered as a chain reaction that
develops through the formation and conversion of free
radicals. The essence of the chain reaction mechanism
is that chain reactions appear and develop through the
formation and inactivation of free radicals. Free radi-
cals are fatty acid molecules. One of the atoms of which
has a free valence; therefore, they are chemically active
and easily attach oxygen. Moreover, they attach oxygen
to the place of the free valence of a radical with the for-
mation of peroxides, rather than to the double bonds of
fatty acids (as the theory of Bakh–Engler states). The
formed free peroxide radical is subsequently a leading
component in the oxidation chain, since all the remain-
ing oxidation products are formed through it.

The presence and quantity of peroxides and hydrop-
eroxides in vegetable oils are known to determine the
level of the oil storage stability. Table 2 shows the

dynamics of the accumulation of these compounds in
the compared oil samples during storage.

As the presented data show, the summary rate of
oxidative reactions that lead to the formation of perox-
ides and hydroperoxides in the course of storage for
12 months is lower for the group of stable oils with
the iodine concentration of 1 

 

µ

 

g I/ml and with extracts
of spice plant components (it varies from 7.8 to
9.2 mEq/kg of oil for peroxides and from 0.071 to
0.116 mM for hydroperoxides) than in the initial oil
(from 8.4 to 9.9 mEq/kg of oil for peroxides and from
0.079 to 0.128 mM for hydroperoxides).

When comparing the oil samples without and with
the iodine content (1 

 

µ

 

g I/ml), one should note that the
degree of the accumulation of the primary oxidation
products in these oils does not depend on the presence
of iodine in the composition of the investigated oil or is
within the same limits, varying from 8.4 mEq/kg of oil
before storage to approximately 10.0 mEq/kg after
12 months of storage and from 0.079 to 0.128–0.129 mM
for peroxides and hydroperoxides, respectively.

Figure 2 visually illustrates the intensity of the pro-
cesses of the formation of the primary oxidation prod-
ucts (peroxides and hydroperoxides) in the investigated
oils depending on the duration of storage.

The shelf life of the oil samples is plotted on the
abscissa. The height of each column corresponds to the
quantitative expression of the peroxide accumulation
for a concrete sample at a given index of shelf life.

As one can note from Fig. 2, the dependence
between the content of peroxides and the shelf life has
an autoaccelerated character. The growth of the perox-
ide accumulation takes place at the first stage, and, at
the second stage, the accumulation has a constant
value. The duration of the first stage characterizes the
persistence of the oxidized system, which is apparently
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Fig. 1.

 

 The change in the AV of the compared oil samples in the course of storage. I—oil without iodine and spice plant extracts;
II—oil with an iodine content (1 

 

µ

 

g I/ml); and III, IV, V, and VI—oils with an iodine content (1 

 

µ

 

g I/ml) and with spice plant extracts
(parsley, fennel, thyme, and lovage, respectively).
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determined by the properties of the system itself and
also by the presence of various spice plant components
that slow down the processes of oxidative oil destruc-
tion.

Since the samples from the oil group with an iodine
content (1 

 

µ

 

g I/ml) and with spice plant extracts differ
from the oil samples without and with an iodine content
(1 

 

µ

 

g I/ml) only by containing the antioxidative spice
plant components, the difference in the time necessary
to achieve a constant value of the peroxide accumula-
tion in the investigated samples is determined to a
greater extent by this factor. It is probable that a greater
part of the antioxidative spice plant components con-
tained in the oils with spice plant extracts is spent
within 6 months of storage, after which these samples

are oxidized analogously to the oil samples without
spice plant extracts.

It was ascertained based on the obtained results that
the increase in the shelf life of the oil group with the
iodine content (1 

 

µ

 

g I/ml) and with the spice plant
extracts was achieved due to the lower rate of the accu-
mulation of peroxides and hydroperoxides in the inves-
tigated oils in the first months of storage.

Peroxide and hydroperoxide compounds are known
to be unstable. They decompose in the storage process
with the formation of the secondary products of vegeta-
ble oil oxidation, more stable carbonyl compounds—
aldehydes, ketones, and their derivatives with carbonic
chains of various lengths.
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Fig. 2.

 

 The dynamics of the accumulation of peroxides and hydroperoxides in the compared oil samples during storage. I—oil with-
out iodine and spice plant extracts; II—oil with an iodine content (1 

 

µ

 

g I/ml); and III, IV, V, and VI—oils with an iodine content
(1 

 

µ

 

g I/ml) and with spice plant extracts (parsley, fennel, thyme, and lovage, respectively).

 

Table 2.  

 

The dynamics of the accumulation of peroxides and hydroperoxides in the compared oil samples

Shelf 
life, 

months

Oil without iodine 
and spice plant 

extracts

Oil with an iodine 
content 

(1 

 

µ

 

g I/ml)

Oil with an iodine 
content 

(1 

 

µ

 

g I/ml) and 
parsley extract

Oil with an iodine 
content 

(1 

 

µ

 

g I/ml) and 
fennel extract

Oil with an iodine 
content 

(1 

 

µ

 

g I/ml) and 
thyme extract

Oil with an iodine 
content 

(1 

 

µ

 

g I/ml) and 
lovage extract

Perox-
ides, 

mEq/kg 
of oil

Hydrop-
erox-
ides, 
mM

Perox-
ides, 

mEq/kg 
of oil

Hydrop-
erox-
ides, 
mM

Perox-
ides, 

mEq/kg 
of oil

Hydrop-
erox-
ides, 
mM

Perox-
ides, 

mEq/kg 
of oil

Hydrop-
erox-
ides, 
mM

Perox-
ides, 

mEq/kg 
of oil

Hydrop-
erox-
ides, 
mM

Perox-
ides, 

mEq/kg 
of oil

Hydrop-
erox-
ides, 
mM

0 8.4 

 

± 
0.1

 

0.079 

 

±

 

0.004
8.4 

 

± 
0.1

 

0.079 

 

± 

 

0.003
7.8 

 

± 
0.2

 

0.071 

 

± 

 

0.004
8.1 

 

± 
0.1

 

0.073 

 

± 

 

0.003
8.1 

 

± 
0.1

 

0.074 

 

± 

 

0.005
8.1 

 

± 
0.1

 

0.072 

 

± 

 

0.003

2 8.6 

 

± 
0.2

 

0.085 

 

± 

 

0.003
8.6 

 

± 
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0.084 

 

± 

 

0.006
8.1 

 

± 
0.2
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± 

 

0.003
8.4 

 

± 
0.1
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± 

 

0.005
8.4 

 

± 
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± 
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± 
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± 

 

0.004
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± 

 

0.004
8.5 

 

± 
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± 

 

0.006
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± 
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0.089 

 

± 

 

0.004
8.7 

 

± 
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0.088 

 

± 

 

0.008
8.5 
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0.091 
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0.005

6 9.3 

 

± 
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0.005
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± 
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± 
0.1
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± 
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± 
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12 9.9 

 

± 

 

0.2
0.128 

 

± 

 

0.007
10.0 

 

± 

 

0.1
0.129 

 

± 

 

0.003
9.1 

 

± 

 

0.2
0.113 

 

± 

 

0.003
9.2 

 

± 

 

0.2
0.116 

 

± 

 

0.004
9.3 

 

± 
0.2

0.115 ± 
0.006

9.2 ± 
0.1

0.114 ± 
0.006
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If peroxides and hydroperoxides do not exert an
influence on the change in the organoleptic indices of
oils, aldehydes and ketones that form at the following
stages of oxidation are carriers of an unpleasant taste
and smell of oxidized vegetable oil.

Figure 3 shows the kinetics of the change in the
intensity of the accumulation of such aldehydes as 2,4-
decadienal and 2-octenal in the compared vegetable
oils, which is expressed by the amount of the p-anisi-
dine value.

It was ascertained that the quantity of aldehydes that
accumulated in the first four months of storage did not

essentially differ for all the investigated samples from
the corresponding indices of the compared samples,
varying from 0.5123 to 0.5492 c. u. (in fresh samples)
and from 0.9331 to 0.9714 c. u. (after four months of
storage). It is probable that the processes of the forma-
tion and accumulation of the secondary oxidation prod-
ucts (aldehydes) in the vegetable oil samples did not
take place intensively in the first months of their stor-
age, which is likely to be determined by the properties
of the system itself.

The incorporation of the spice plant extracts in the
composition of the oils with the iodine content of
1 µg I/ml exerts an effective influence on the processes
of stabilization of the investigated oils. Thus, the p-ani-
sidine value of the oil without iodine and spice plant
extracts came to 1.4216 c. u. after 12 months of its stor-
age, and this value of the oils with the iodine content
and spice plant extracts decreased and varied from
1.2786 to 1.2834 c. u.

When comparing the antioxidative properties of the
spice plant extracts (parsley, fennel, thyme, and lovage)
incorporated into the oil samples, one should note that
the antioxidative components of the parsley and lovage
extracts exert the greatest influence on inhibiting the
processes of oil oxidation (Fig. 4).

This regularity is also traced for the acid and perox-
ide values of the corresponding oil samples. The greater
stability of the oils with the parsley and lovage spice
plant extracts can be explained by the more effective
stabilizing action of the antioxidative components of
these spice plants.

CONCLUSIONS

1. The technology has been developed for obtaining
iodine-fortified oil with antioxidative properties that
are due to the antioxidative spice plant components
contained in this oil. The stable iodine-fortified oil with
the prophylactic action can be used as a salad dressing
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with the view of imparting a pleasant specific aroma of
spice plants to various cold courses and snacks.

2. The processes have been studied of the formation
and accumulation of the primary oxidation products in
the investigated oil samples. The following has been
ascertained:

—The accumulation of free fatty acids in the oil
group with the iodine content (1 µg I/ml) and with spice
plant extracts runs less intensively after 12 months of
storage, being within the range of 0.291–0.294 mg
KOH/g of oil; meanwhile, the acid value of the oil sam-
ple without iodine came to 0.315 mg KOH/g of oil.

—The summary rate of the oxidative reactions that
lead to the formation of peroxides and hydroperoxides
during storage is lower for the stable oil group with the
iodine content (1 µg I/ml) than for the oil without the
iodine and spice plant extracts and the oil group with
the iodine content (1 µg I/ml) and without the spice
plant extracts.

3. The incorporation of the spice plant extracts into
the composition of the oils with the iodine content
(1 µg I/ml) exerts an effective influence on the pro-
cesses of stabilization of the investigated oils; i.e., it
inhibits the intensity of the accumulation of the second-
ary oxidation products in the compared oil samples.
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ş t,

ă
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12. Food Standards Australia New Zealand. 2004a. Initial
Assessment Report - Proposal P230 Iodine Fortification,
Canberra: FSANZ.

13. Honein, M.A., Paulozzi, L.J, Mathews, T.J et al., Impact of
Iodine Fortification of the US Food Supply on the Occur-
rence of Neural Tube Defects, JAMA 285:2981–2986,
2006.

14. Liu, S., West, R., Randell, E., Longerich, L., O’Connor,
K. S., Scott, H., Crowley, M., Lam, A., Prabhakaran, V.,
McCourt, C., A Comprehensive Evaluation of Food For-
tification with Iodine, BMC Pregnancy and Childbirth
4:20, 2006.

15. Ray, J G., Iodine Food Fortification in Canada, Nutrition
Review 62:S35, 2006.

16. Stanley, F., Eastman, C, Mann, J., Binns, C., The Effec-
tiveness of Mandatory Fortification as a Public Health
Strategy to Increase Nutrient Intakes with Reference to
Iodine and Folate, 2005, p. 24.

17. Winger, R.J., Koening, J., Je Lee, S. Wham and House,
D.A., Technological Issues with Iodine Fortification of
Foods, Final Report for New Zealand Food Safety
Authority, 2005.

18. Budagyan, F.E. and Smirnova, L.I., The Influence of
Phenol Antioxidants on Assimilability of Melted Pig Fat,
Voprosy pitaniya, 2005, vol. 21, no 2, pp. 47–50.

19. Bukhman, N.D., The Influence of Antioxidant on Nutri-
tive Value of Fat, Voprosy Pitaniya, 2006, vol. 21, no 1,
pp. 68–72.

20. Faria, J.A.F., A Gas Chromatographic Reactor for Mea-
suring the Effectiveness of Antioxidants for Polyunsatu-
rated Lipids, J. Amer. Oil Chem. Soc., 2005, vol. 59,
no 12, pp. 533–535.

21. Lillard, D.A., Chemical Changes Involved in the Oxida-
tion of Lipids in Foods, in Lipids as a Source of Flavour,
Washington, 2005, pp. 68–80.

22. Denisov, E.T., Konstanty skorosti gomologicheskikh
zhidkofaznykh reaktsii (Rate Constants of Homologous
Liquid-Phase Reactions), Moscow: Nauka, 1995, p. 711.

23. Gagarina, A.B., Pisarenko, L.M., and Emanuel, N.M.,
Kinetic Characteristic of Inhibiting Action of 2-Phe-
nyldandione-1,3 in Chain Oxidation Process, Dokl.
AN SSSR, 1987, vol. 212, no 3, pp. 653–656.

24. Moiseev, V.V. and Poluektov, I.T., 2-Aryldandiones-1,3:
a New Class of Radical-Active Compounds, Uspekhi
Khimii, 1994, vol. 48, no 3, pp. 471–491.

25. Cornell, D.G., Nielbiss, E.D., and Pallansch, M.J., Parti-
tion Coefficients of Some Antioxidants in Butter Oil–
Water Model Systems, J. Dairy Sci, 2007, vol. 53, no 11,
pp. 529–535.

26. Effectiveness in Intermediate Moisture Content Model
Systems, J. Food. Sci., 2006, vol. 39, no 3, pp. 479–483.

27. Spravochnik po rastvorimosti (Solubility Reference
Book), Moscow-Leningrad: AN SSSR, 1967, vol. 1,
p. 1870.

28. GOST 26593-85: Method for Determining Peroxide
Value of Edible Oils and Fats.

29. Shanta, N.C. and Decker, E.A., Rapid, Sensitive, Iron-
Based Spectrophotometric Methods for Determination
of Peroxides Values of Food Lipids, J. AOAC, 1994, 77,
pp. 421–424.



SURFACE ENGINEERING AND APPLIED ELECTROCHEMISTRY      Vol. 44      No. 5      2008

THE INFLUENCE OF NATURAL ANTIOXIDANTS ON THE OXIDATIVE STABILITY 421

30. IUPAC, Standard Methods for the Analysis of Oils, Fats
and Derivatives., Method Number 2.504, 7th ed., Deter-
mination of the p-Anisidine Value (p-A/V.), Blackwell
Scientific Publications, Boston, MA and Oxford, UK,
1987.

31. Bird, R.P. and Draper, H.H., Comparative Studies on
Different Methods of Malonaldehyde Determination,
Methods Enzymol., 1984, 105, pp. 184–191.

32. Snedecor, G.W. and Cochran, C.W., Statistical methods,
Ames, IA, 8th ed., Iowa State University Press, 1989,
pp. 343–438.

33. Popovici, C., Haritonov, S., Deseatnicov, O., Sturza, R.,
Study of the Incorporation of Iodine in Vegetal Oils,

Journal of the University of Chemical Technology and
Metallurgy, Bulgaria: UCTM, 2006, vol. 41, no 4,
pp. 449–456, ISSN 1311-7629.

34. Deseatnicov, O., Sturza, R., Haritonov, S., Popovici, C.,
Issledovanie fizico-himicheskih svoistv obogashen-
nogo iodom podsolnechnogo masla, Elektron. Obrab.
Mater., 2006, no 4, pp. 73–78, ISSN 0013-5739.

35. Sturza, R., Deseatnicov, O., Popovici, C., Brevet de inve-
n ie. Procedeu de ob inere a uleiului de fioarea-soarelui
cu valoare biologic  sporit . Nr. Hot rârii de acordare
5111 din 2007.04.12, Nr. depozit: a 2006 0186.

36. STAS 1129- 93, Ulei de fioarea soarelui. Condi ii tehnice.

t, t,
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