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Abstract: The seeds of camelina (Camelina sativa L.) are a valuable source of glyceride oil, which
contains about 30% of essential omega-3 fatty acid (alpha-linolenic acid, 18:3). On the one hand, this
high content of linolenic acid is healthy and hence preferable, but on the other hand, highly
unsaturated oils are easily deteriorated. The stabilization of such oils with respect to their oxidative
changes is a significant problem in fat technology and is directly related to the quality of food,
pharmaceutical and cosmetic products. Therefore, the aim of this work was to evaluate the effect of
ascorbyl palmitate in various concentrations (0.1-2.0 mM) as an additional antioxidant in camelina
seed oil during its autoxidation, by determination of oil induction periods and other oxidative kinetic
parameters. The results revealed that the added ascorbyl palmitate caused decrease in oxidation rate,
but in terms of oil stability and induction period opposite effects were observed depending on its
concentration. Thus, at low levels (0.1-0.2 mM) ascorbyl palmitate had a prooxidant effect and the
induction period decreased, no effect was observed in its presence of 1.0 mM, whereas 2.0 mM
ensured high level of oxidative stability. Effects of rosmarinic acid as individual antioxidant and as
mixture with ascorbyl palmitate were evaluated as well.

Keywords: Camelina sativa L.; seed oil; oxidative stability; omega-3 fatty acids; antioxidants; ascorbyl
palmitate; rosmarinic acid

1. Introduction

Climatic changes severely impact the crop production in Europe and impose the search for new
stress tolerant plant with good qualities for human, animal or technical use. Plant breeding goals vary
accordingly the market and farmers needs and selection of this crops has led to registration of
varieties with contrasting characteristics of the grain and oil [1].

The oil extracted from Camelina sativa seeds contains more than 50% polyunsaturated fatty acids
of which 35-40% are alpha-linolenic acid (18:3), an essential omega-3 fatty acid [2]. Camelina oil is a
potentially important functional food ingredient providing beneficial essential fatty acids without the
instability problems typical for highly unsaturated oils [3]. However, camelina is still grown as a non-
food crop in some regions of Europa and North America and has a limited use as a food oil.
Glucosinolates and erucic acid (13-22:1) are the major obstacles for consumption of camelina as a
nutritionally complete food product due to their effects on the thyroid gland and the cardiovascular
system [4]. The erucic acid at high levels is considered responsible for increasing of fat deposits in
heart muscle, and adrenals of rodents as well as impairing growth [5]. This fact has led to the
challenge of developing new varieties with low erucic acid by analogy with canola oil.
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More than 3000 units of scientific literature on camelina have been analyzed [6] in the context of
detailed review recognizing its current and potential future uses. As a rich source of omega-3 fatty
acids, phytosterols, especially (3-sitosterol, tocopherols and carotenoids the oil from camelina seeds
has attracted attention from a nutritional perspective. The seeds of oil crops usually are rich source
of phenolic compounds but the most polar of them remain in the cake after oil extraction [6,7].
Applications can be grouped depending on whether they relate to the camelina seeds, oil or cake
(pomace after oil extraction) and include, but are not limited to, animal feed, functional food and diet
supplements, cosmetic additives, bio-lubricants, adhesives, polymers, biofuels and compost. Very
interesting is the application of camelina oil as a co-solvent in supercritical fluid extraction methods
for extraction of easily degradable compounds as carotenoids [8]. Regardless of the application, it is
necessary to ensure and increase as much as possible the oxidative stability of the oil.

Deterioration of oil quality leads not only to the loss of its organoleptic properties, but also to
decrease in the biological activity, i.e. to the destruction of essential fatty acids, fat-soluble vitamins
and to formation of physiologically harmful substances. For that reason, stabilization of oils with
respect to their oxidative changes is an important problem in fat technology and has a direct bearing
on the quality of food, pharmaceutical or cosmetic products [9,10]. The stability of plant oils depends
on their native antioxidants, the most spread/common of which are tocopherols, on one hand, and
the fatty acids composition, on the other. Synthetic or natural antioxidants can also be added to the
lipid systems.

Ascorbyl palmitate (AscPH) is considered a “synthetic” antioxidant and as a fatty acid ester of
ascorbic acid is often used in fat-containing foods. However, it is regarded as “natural” antioxidant
because is fully hydrolyzed to ascorbic acid and palmitate [11]. As additive E 304 (i) no maximum
levels are specified and it shall be used in accordance with good manufacturing practice.

Thus, the aim of study was to test the potential of such popular antioxidant as ascorbyl palmitate
to stabilize a highly unsaturated oil as camelina seed oil, investigating the main kinetic parameters
of oxidation as well as after addition of a second antioxidant.

2. Materials and Methods
2.1. Samples and Reagents

The camelina (Camelina sativa L.), variety Lenka, was cultivated at the experimental field of the
Agricultural University — Plovdiv, Bulgaria (4208 49.05™" N/ 24048 42.46™" E). Spring sowing and
standard technology were used with minimal cultural practices and low input of nutrients before
sowing — only 30 kg/ha active substance of nitrogen. No additional pesticides were applied. The
vegetation was short (from end of March to beginning of June) and a good phytosanitary condition
of the crop was maintained till the end. The seeds were harvested at full maturity, dried in a dark
place at room temperature, then milled and the oil was extracted as describe below in 2.2. Solvents
of HPLC grade were used for extraction and preparative thin layer chromatography (TLC) whereas
only iso-octane was of spectroscopic grade. Reagents for transmethylation and oxidative stability
investigations were of analytical grade (Merck, Sigma-Aldrich). Reference mixture of fatty acids
methyl esters (FAME), ascorbyl palmitate and rosmarinic acid were from Sigma-Aldrich Co. (St.
Louis, MO, USA).

2.2. Oil Content of the Seeds

Portions of 30 g (precisely weighed) milled seeds of camelina were extracted in Soxhlet
apparatus with n-hexane for 8 h. Then the solvent was distilled in rotary evaporator and the residue
was weighted to calculate the oil content as follows:

Oil content, % = (m il / M seeds) X 100,
where m was the mass [g], respectively of the residue (oil) and the initial sample (camelina seeds).
Three parallel determinations were done. The oil was kept at -20°C until analyses.
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2.3. Analysis of Fatty Acids Composition

After transesterification of oil with 1% methanolic sulfuric acid the resulting fatty acids methyl
esters were firstly purified by preparative TLC [12], and then were analyzed by gas chromatography.
A Shimadzu GC 2030 chromatograph equipped with a flame ionization detector and Simplicity Wax
capillary column (30 m x 0.32 mm x 0.25 pum, Supelco) was used for the purpose, under the following
conditions: a temperature program from 170°C to 260°C at 2°C/min and 5 min held at the final
temperature, injector and detector temperatures of 260°C and 280°C, respectively, nitrogen as a
carrier gas at a flow rate of 0.6 mL/min, split 1:50. The peaks identification was according to retention
times compared to that of the reference FAME mixture. The results are presented as relative %.

2.4. Determination of Conjugated Dines and Trienes Content

The content of conjugated dienes and trienes was evaluated by their absorbance at 232 nm and
268 nm, respectively, of 1 % solution of oil in iso-octane measured in 1 cm quartz cuvette by Cecil
Series 8000 UV/VIS spectrophotometer with reference of pure solvent. The results are presented as
K232 and K268, respectively.

2.5. Determination of Peroxide Value, Induction Period and Other Oxidation Kinetic Parameters

Peroxide value (PV, expressed as meqv O2/kg oil) was estimated by modified iodometric method
[13]. The induction period (IP) was evaluated by the following procedure: 2 g oil were oxidized in a
glass vessel at 100°C by blowing a stream of air and the oil oxidation kinetics was monitored. Aliquots
were taken in fixed time intervals and the degree of oxidation was estimated by iodometric
determination of the primary products (hydroperoxides) as peroxide value. The induction period (IP,
hours) was determined by method of tangents to both parts of the kinetic curves. Oxidation rates (R)
were found by the tangents to the linear part of the kinetic curves. The protection factor (PF) was
determined as ratio between the induction periods in presence (IPa) and in absence (IPc) of the
antioxidant as follows: PF = IPa/IPc. The inhibition degree (ID) as a measure of antioxidant reactivity,
i.e. the possibility of antioxidants to change the initial oxidation rate and to take part in side reactions
of the oxidation process, was calculated as ID = Rc/Ra, where Rc and Ra were the oxidation rates,
respectively, without and in the presence of the antioxidant.

3. Results and Discussion

The camelina seeds had oil content of 32.5 + 1.7%. Camelina oil is among the several oils rich in
alpha-linolenic acid (18:3 w-3) like perilla (Perilla frutescens L.) [14], flaxseed (Linum usitatissimum L.)
[15], purslane (Portulaca oleracea L.) [16] and rosehip (Rosa canina L.) [17] seed oils thus being a
valuable source of the essential omega-3 fatty acid.

3.1. Fatty Acid Composition

The camelina oil used for these experiments contained 31 % alpha-linolenic acid, almost 20 %
linoleic acid (18:2 w-6), 17 % oleic acid (18:1 w-9), 15 % 20:1 and other 13 fatty acids below 6% (Figure
1). Such a significant amount of unsaturated fatty acids, 89.3% in total, is beneficial for health, but, on
the other hand, produces an oil susceptible to oxidation and, as a result, causes easy deterioration of
the quality.
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Figure 1. Fatty acids composition of oil from camelina seeds.

3.2. Oxidative Stability
3.2.1. Current State of the Oil Stability

The oxidation of oils is a complex process with multi-step mechanism. Conjugated dienes and
trienes are among the primary products of oxidation and their amounts enable fast and easy
estimation of initial oil quality. The values of 2.1 for conjugated dienes and 0.6 for conjugated trienes
(Table 1) reveal camelina oil in good quality suitable for subsequent investigation of its oxidative
stability.

Table 1. Conjugated dienes and trienes in seed oil of Camelina sativa L.

Camelina seed oil Mean + SD
Conj. Dienes (K232) 2.2 +0.1%
Conj. Trienes (Koss) 0.6 £0.01

* Mean value of 3 measurements + standard deviation.

3.2.2. Kinetics of Lipid Autoxidation and Inhibition Effect of Antioxidants

Figure 2 presents kinetics of lipid peroxides (LOOH, the primary oxidation products)
accumulation during bulk phase autoxidation of the oil. The respective kinetic parameters obtained
after processing the curves are presented in Table 2.
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Figure 2. Kinetics of lipid hydroperoxides accumulation during autoxidation at 100°C of camelina seed oil before
(control, C) and after addition of ascorbyl palmitate at concentrations 0.1 mM, 0.2 mM, 1.0 mM and 2.0 mM
(curves 1-4), 0.2 mM rosmarinic acid individually (curve 5) and in equimolar binary mixture with ascorbyl

palmitate (curve 6).

Naturally occurring tocopherols (650-950 mg/kg) contained in the camelina oil ensure some
oxidative stability. In general, polyunsaturated oils are difficult for stabilization since the
concentrations of their native antioxidants are optimal and usually fortification with additional
amounts of tocopherols is ineffective. Whereas the addition of phenolic compounds to plant oils has
limited effectiveness, the synergists which reinforce the antioxidant activity of native phenols
(tocopherols) are recommended. The presence of ascorbyl palmitate in oral supplements contributes
to the vitamin C (ascorbic acid) content and helps protection of fat-soluble antioxidants in the
supplements [18].

Table 2. Kinetic parameters characterizing camelina seed oil before and after addition of ascorbyl palmitate
(AscPH) and rosmarinic acid (RA).

Sample Abbrev. IPa, h PF R, 107 Ms? ID

Control sample C 20+ 2% - 1.15+0.05 -
Samples enriched with:

0.1 mM AscPH 1 15.6+1.5 0.8 1.30+0.05 0.88

0.2 mM AscPH 2 16.0+1.5 0.8 1.24 +0.06 0.93

1.0 mM AscPH 3 205+15 1.0 0.69 +0.03 1.67

2.0 mM AscPH 4 28+2 14 0.31 +0.02 3.71

0.2 mM RA 5 24+2 1.2 1.60 = 0.05 0.72

AscPH:RA (1:1) 6 18+2 0.9 1.40 +0.05 0.82

* Mean value of 3 measurements + standard deviation.

In this work, addition of ascorbyl palmitate to camelina seed oil reduced or did not change
significantly the oxidation rate (R, Table 2). However, in terms of oil stability and induction period
IPa, opposite effects were observed depending on its concentration, namely at low levels of 0.1-0.2
mM, a prooxidant effect of AscPH was achieved (Figure 2, curves 1 and 2) and the induction period
(IPa) decreased by 4-5 hours compared to the control sample (IPc). No change in the value of the
factor PF was observed in presence of 1.0 mM AscPH but 2.0 mM ensured high level of oxidative
stability of the oil and the highest inhibition degree ID, reducing the oxidation rate 3-fold. As a co-
antioxidant regenerating tocopherols molecules, the effect of ascorbate or its lipid-soluble esters is
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highly concentration-dependent but the substrate factor and the experimental conditions are also
very important.

Abramovic and Abram [19] studied the protective effect of 0.2% rosemary extract on the
oxidative stability of Camelina sativa oil by periodic determination of its peroxide value as well as
the induction time measured by Rancimat test (110°C) during storage at room temperature. The
presence of added extract extended the induction period of freshly obtained camelina oil by 60%. In
our study 0.2 mM (~0.01%) rosmarinic acid ensured 20% raise of IPa. On one hand, rosmarinic acid
prolonged the induction period thus increasing the protection factor PF of the oil, but, on the other
hand, it decreased the inhibition degree ID, a parameter closely related to the degree of an antioxidant
participation in side reactions (Table 2).

The kinetic curves 5 and 6 in Figure 2 and the results in Table 2 revealed that the activity of
rosmarinic acid significantly decreased in presence of equimolar concentration of 0.2 mM ascorbyl
palmitate. Thus, it could be concluded that there was a lack of cooperative effect of both antioxidants.
Their effect as a binary mixture (Figure 2, curve 6) was significantly lower than that of the sum of
their individual IPa: IPmix < IPra + IPascPH.

4. Conclusions

The effect of ascorbyl palmitate as a co-antioxidant regenerating naturally occurring tocopherols
is highly concentration-dependent. At low levels of 0.1-0.2 mM a prooxidant effect is observed and
induction period IPa decreases by 4-5 hours compared to the control sample. The 1.0 mM ascorbyl
palmitate has no effect but 2.0 mM ensures high level of oil oxidative stability. Also, 0.2 mM
rosmarinic acid ensures 20% raise of IPa. On one hand, rosmarinic acid prolongs the induction period
and increases the protection factor PF of the oil, but, on the other hand, it decreases the inhibition
degree ID which parameter is closely related to the degree of participation of the antioxidant in side
reactions. Its activity significantly decreases in presence of equimolar concentration of 0.2 mM
ascorbyl palmitate. The results obtained show that there is a lack of cooperative effect between the
two antioxidants and even antagonism can be observed.
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Abbreviations

The following abbreviations are used in this manuscript:

AscPH Ascorbyl palmitate

RA Rosmarinic acid

IPa Induction period

PF Protection factor

R Initial rate of oxidation
ID Inhibition degree
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