
INTRODUCTION

In recent years the interest in plant origin supplements has
increased (Brielman et al., 2006; Naczk and Shahidi, 2006)
and efforts have been dedicated to research for finding new
sources of antioxidants that could work as effectively as
synthetic ones (Michiels et al., 2012).

Horseradish (Armoracia rusticana L.) and lovage
(Levisticum officinale L.) are perennial plants in the
Brassicaceae and Umbelliferae families respectively, and
are cultivated in temperate climate zones. In Europe horse-
radish roots and leaves traditionally have been used for the
treatment of gout, kidney stones, asthma and infectious dis-
eases. Horseradish roots are well known for their culinary
value imparted by their particularly pungent flavour
(Raghavan, 2000). Even before vitamin C had been discov-
ered, horseradish was used to treat scurvy (Raghavan,
2000). Horseradish, like other plants of the Brassicaceae

family, contains phenolic compounds (Govere et al., 2007),
volatile sulfur compounds (Kloucek et al., 2012), and also
enzymes like peroxidase (Mokdad et al., 2009) and
myrosinase (Belitz et al., 2009).

Regarding lovage, all parts of the plant (seeds, leaves, stems
and roots) are strongly aromatic with a characteristic earthy,
celery-like flavour and smell (Szebeni-Galambosi et al.,
1992). Romans used lovage as a medicinal plant to reduce
fever and treat dental diseases. Europeans traditionally used
it as a digestive stimulant and for the treatment of skin and
gynecological problems (Raghavan, 2000).

No detailed investigations are available about biologically
active compounds in horseradish and lovage, but their medi-
cal properties show that they contain active substances,
which could also be used for food quality improvement.
The efficiency of rosemary, oregano, and green tea extracts
for lipid stabilisation have been investigated quite exten-
sively (Bhale et al., 2007; Pawar et al., 2012). Scientists
also search for new sources of plants, including medicinal
plants. Experiments have been performed on asparagus (Pa-
war et al., 2012), black currants (Mieriòa et al., 2011), chry-
santhemum (Pukalskas et al., 2010) and evening primroses
(Niklava et al., 2001). In our previous study the efficiency
of lovage and horseradish extracts in different concentra-
tions in oil under medium temperature was tested in acceler-
ated storage conditions (Tomsone et al., 2015). In that study
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it was shown that of the tested extracts (0.25, 0.5, 1, and
1.5% by weight), 0.25 and 0.5% added extract was low to
inhibit the formation of peroxide and hydroperoxides, as
well as the formation of free fatty acids. The most effective
extracts were those of lovage stems (1% by weight), horse-
radish leaves (1%) and lovage leaves (1%), and a concentra-
tion of 1% was found to be the best concentration for the
stabilisation of rapeseed oil. There was no additional posi-
tive effect of adding 1.5% extract to the oil.

The aim of this study was to evaluate the effectiveness of
lovage leaf and stem and horseradish leaf extracts in im-
proving stability of unrefined rapeseed oil by extending its
shelf life under conditions typical of a household environ-
ment.

MATERIALS AND METHODS

Plant material. All samples were grown in Latvia and har-
vested in September 2012. Horseradish (Armoracia

rusticana L.) leaves were collected at the Pûre Horticultural
Research Centre collection field (latitude 57° 03’ N; longi-
tude 22° 91’ E) and the lovage (Levisticum officinale L.)
stems and leaves were grown in Jelgava, Latvia (latitude
56° 39’ N; longitude 23° 44’ E).

Herb extracts. The extraction of herbs was carried out as
described by Tomsone et al. (2015). After the extraction,
the ethanol solvent (96% vol) was completely evaporated
and samples were stored at a temperature of +5 ± 1°C.

Rapeseed oil with extracts. Crude canola oil produced at
Iecavnieks Ltd (Latvia) was used in the experiments. Ini-
tially the oil peroxide value was not higher than 6–9
microequivalents of active oxygen in a kilogram of oil
(meq O2 kg-1) and the acid value ranged from 1.27 to 1.32
milligrams of potassium hydroxide (KOH) in a gram of oil
(mg KOH g-1).

The Latvia Republic Regulation of the Cabinet of Ministers
No. 461 (2014) states that in unrefined cold pressed rape-
seed oil the peroxide value may not exceed 15 meq O2 kg-1,
and acid value — 4 mg KOH g-1 oil (Anonymous, 2014).

The concentration of added lovage leaf and stem extracts
and horseradish leaf extract to the oil was 1%. As a control,
crude rapeseed oil with no additives (control sample) was
analysed. The efficiency of natural antioxidants was com-
pared with the oil sample containing 100 mg kg-1 (0.01%)
of butylated hydroxytoluene (BHT), which is the allowed
synthetic antioxidant for oils (EU regulation EKR 1333,
2008).

Crude rapeseed oil with added extract was placed in a coni-
cal glass flask sealed with a cork and was stirred with a
magnetic stirrer (4.0 × magnets 0.5 cm) for 30 min in the
dark at room temperature (20 ± 1 °C). Twenty-one conical
flasks were prepared with each type of extract. Prepared oil
samples were stored in glass bottles (50 mL) with HDPE
corks (diameter 2.4 cm, material thickness 2 mm) and kept
for 24 weeks at a temperature of 22 ± 2 °C in the dark and

light/dark conditions. The experiments were performed
from February 17 (light hours 9 h 41 min) till August 4
(light hours 16 h 01 min). In each step of the experiment
three new bottles of oil for each extract type were tested.
Sample codes used in this study are as follows: C, control
sample without extract; O_LL, sample with lovage leaf ex-
tract 1% by weight; O_LS, sample with lovage stem extract
1% by weight; O_HL, sample with horseradish leaf extract
1% by weight; O_BHT, sample with BHT 0.01%.

Chemicals. 2,2-diphenyl-1-picrylhydraziyl (DPPHÿ) was
purchased from Sigma-Aldrich (Switzerland). All other
chemicals used in the research were obtained from Acros
Organic (USA).

Determination of peroxide value. Peroxide value repre-
sents amounts of primary reaction products of lipid oxida-
tion, which can be measured by their ability to liberate io-
dine from potassium iodide. Peroxide value of rapeseed oil
samples was determined by the standard method LVS EN
ISO 3960:2010 (2010).

Determination of acid value. The acid value indicates the
proportion of free fatty acid present in oil or fat, defined as
the value of milligrams of caustic potassium required to
neutralise the acid in 1 g of the sample. The acid value of
crude rapeseed oil samples was determined by the method
LVS EN ISO 660:2009 (2009).

Determination of antiradical activity of oil. The anti-
radical activity of oil was measured by the DPPHÿ free radi-
cal scavenging method (Ha et al., 2012). Oil samples (0.15
mL) were dissolved in 3.75 mL of isooctane. Then 1 mL of
solution was mixed with 3 mL of a freshly prepared solu-
tion of 0.1 mM DPPHÿ solution in isooctane. After storage
for 30 minutes in the dark, absorption at wavelength 509
nm was estimated using a JENWAY 6300 spectrophoto-
meter (Baroworld Scientifid Ltd., UK). The following for-
mula (1) was used for calculating the oil antiradical activity.

ARA
A A

A

control sample

control

,% �

�

� 100 (1)

where
Acontrol – absorption of control sample (isooctane with
DPPHÿ), Asample – absorption of analysed sample.

Statistical analysis. Experimental results were means of
three measurements and were analysed by Microsoft Excel
2010 and SPSS 17.00. Analysis of variance (ANOVA) and
the Tukey test were used to determine significant differ-
ences among the samples.

RESULTS

Based on the results of previous experiments (Tomsone et

al., 2015), at 22 °C temperature, the efficiency of lovage
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leaf and stem and horseradish leaf extract in 1% concentra-
tion in oil was tested.

Peroxide value. As shown in Figure 1A, in light/dark con-
ditions in the control sample and in the sample with BHT,
the peroxide value was lower than in oil samples with plant
extracts. In the oil with lovage stem extract the peroxide
value was lower. Although the oil samples reached the max-
imum peroxide value (permitted by Latvian legislation)
within the first 10 weeks, the experiment was continued to
observe the dynamics of the peroxide value during the oxi-
dation process of the analysed samples.

Starting from the 10th week of storage in the oil with BHT,
the peroxide value was significantly (p < 0.05) lower than
in the control sample and oil samples with plant extracts. At
the end of the experiment, in oil samples with added plant
extracts the peroxide value was 14–28% higher than in the
oil with BHT and 9–22% higher than in the control sample.

After four weeks, comparing oil samples stored at room
temperature in the dark (Fig. 1B) significant differences
were not detected between the samples analysed. But later,
significant (p < 0.05) differences between samples were ob-
served. After 12 weeks of storage, the highest peroxide

value was observed in the control sample (22.33 meq active
O2 kg-1 oil), while the lowest was found in the oil sample
with the lovage stem extract (15.73 meq active O2 kg-1 oil).

During the entire experiment in the oil samples with lovage
stem extract the peroxide value was the lowest among ana-
lysed oil samples and at the end of the experiment, in oil
with the lovage stem extract, the peroxide value was signifi-
cantly lower (36%) compared to the control sample and
lower (25%) than in the oil sample with the commercial an-
tioxidant (BHT).

During the experiment, all the samples that were stored in
the dark tended to have a lower peroxide value than in sam-
ples stored in light/dark conditions. At the end of the exper-
iment the peroxide value in samples stored in the dark was
twice as low than in samples stored in the light/dark condi-
tions.

Acid value. The formation of free fatty acids in the
light/dark conditions was effectively prevented by BHT,
and after 24 weeks of storage in the light the oil sample acid
value was 2.86 mg KOH g -1 oil (Fig. 2A). Starting with the
16th week of storage till the end of the experiment, the acid
value was the lowest in oil with BHT. Among oil samples

Fig. 1. Dynamics of peroxide value of rapeseed
oil with horseradish and lovage extracts Sample
codes used are the following: C, control oil sam-
ple without extract; O_LL, oil sample with lovage
leaf extract 1% by weight; O_LS, oil sample with
lovage stem extract 1% by weight; O_HL, oil
sample with horseradish leaf extract 1% by
weight; O_BHT, oil sample with BHT 0.01%.

Fig. 2. Dynamics of acid value of rapeseed oil
with horseradish and lovage extracts. Sample
codes used are the following: C, control oil sam-
ple without extract; O_LL, oil sample with lovage
leaf extract 1% by weight; O_LS, oil sample with
lovage stem extract 1% by weight; O_HL, oil
sample with horseradish leaf extract 1% by
weight; O_BHT, oil sample with BHT 0.01%.
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with added extracts a similar trend regarding the peroxide
value was observed, and the most effective inhibitor of for-
mation of free fatty acids after 24 weeks of storage in the
light/dark was by the lovage stem extract. At the end of the
experiment, in the oil samples with plant extracts the acid
value was 4–9% higher than in the oil with BHT and 1–7%
higher than in the control sample.

In oil samples stored in the dark, the acid value increased
more slowly than in the light/dark conditions. Among the
analysed oil samples the acid value was the highest in the
control sample during the entire experiment; in all the oil
samples with added plant extracts the acid value was signif-
icantly (p < 0.05) lower. After 24 weeks, the highest acid
value was in the control sample (2.54 mg KOH g -1 oil),
while the lowest was in the oil sample with lovage stem ex-
tract (2.32 mg KOH g-1 oil) (Fig. 2B). Among the oil sam-
ples with added plant extracts in the middle of the experi-
ment differences in the acid value were the most noticeable,
but after 24 weeks of storage the differences were not sig-
nificant (p < 0.05). At the end of the experiment, in the oil
samples with plant extracts the acid value was 5–9% lower
than in the oil samples with BHT and 3–7% lower than in
the control sample.

During the experiment, the acid value in all samples stored
in the dark was lower than in samples stored in the
light/dark conditions, and at the end of the experiment the
acid value in the samples stored in the dark was 28–30%
lower than in the same samples stored in the light/dark con-
ditions

Antioxidant activity of the added extracts in the oil.
Scavenging activity (SA) of DPPH radical after 24 weeks of
storage in the control oil sample in the light/dark conditions
reduced from 82.83% to 49.45%, while in oil with horserad-
ish leaf extract the activity remained at 62.67 %, which was
higher than in the oil sample with synthetic antioxidant
(60.05 %) (Fig. 3A). Starting with the 8th week of storage
and till the end of the experiment, the SA of the control
sample was the lowest. At the end of the experiment, in oil
samples with horseradish leaf extract and lovage stem ex-

tract, the SA was 4–6% higher than in oil with BHT and
23–26% higher than in the control sample.

When stored in the dark at room temperature, the SA of oil
samples decreased more slowly (Fig. 3B) than in light/dark
conditions. After 24 weeks, SA was 59.69% in control sam-
ples and 67.06% oil with horseradish leaf extract. Also,
when stored in the dark, starting with the 8th week of stor-
age and till the end of the experiment, the SA of the control
sample was the lowest. At the end of the experiment, in the
oil samples with horseradish leaf extract and lovage stem
extract, the SA was 2–5% higher than in oil with BHT and
(8–12%) higher than in the control sample.

In unrefined rapeseed oil without added antioxidants stored
for 24 weeks in the dark, the SA was higher than in the con-
trol sample stored in light/dark conditions. Similarly as for
the other analysed parameters, during the entire experiment,
the SA was better in all samples when the samples were
stored in the dark, compared to samples stored in light/dark
conditions. And at the end of the experiment. the SA in
samples stored in the dark was 6–16% higher than in sam-
ples stored in the light/dark conditions.

DISCUSSION

The activity of natural antioxidants can be affected by vari-
ous factors, such as by the food system to which the antioxi-
dant is added. Therefore, in order to verify the effectiveness
of the extract to stabilise lipids, oil was used as a food
model. Different methods are used to evaluate the stability
of lipid products, such as storage at room temperature (dark
and light) and accelerated storage conditions. In the current
study, changes in oil samples during storage in light/dark
conditions and in the dark at room temperature were tested.

Peroxide value. The peroxide value describes peroxide and
hydroperoxide concentration during the first stage of lipid
oxidation. An analysis of the peroxide value is one of the
most widely used methods for determining the oxidation de-
gree of oils and fats (Gertz et al., 2000). In rapeseed oil with
added plant extracts in light/dark conditions, biologically
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Fig. 3. Dynamics of DPPH radical scaveng-
ing activity (SA) of rapeseed oil with horse-
radish and lovage extracts. Sample codes
used are the following: C, control oil sample
without extract; O_LL, oil sample with lov-
age leaf extract 1% by weight; O_LS, oil
sample with lovage stem extract 1% by
weight; O_HL, oil sample with horseradish
leaf extract 1% by weight; O_BHT, oil sam-
ple with BHT 0.01%.



active compounds that can absorb light (for example chloro-
phyll) can have negative effects, due to properties as a
sensitiser of photo-oxidation. In oil exposed to light, the ex-
tracts started to act as prooxidants and promoted the forma-
tion of peroxide in unrefined rapeseed oil, due to the pres-
ence of a singlet oxygen formation agent — for example
chlorophyll. In the available literature, almost no informa-
tion on the effectiveness of plant extracts to reduce oil oxi-
dation in light conditions is found. The findings of other au-
thors (Kim et al., 2012) show that in oil/water emulsions
with added chlorophyll stored in the dark, the quantity of
hydroperoxides did not change significantly, but in the light
it increased due to action of chlorophyll as a prooxidant.
Unrefined rapeseed oil with lovage stem extract 1% had the
lowest peroxide value and also the colour was markedly
more yellow and less green compared to the other samples
with added extracts. This indicates that the oil sample con-
tained less chlorophyll, and thus the oil retained greater sta-
bility when exposed to light. The results also confirmed the
ability of BHT to inhibit the oxidation of crude rapeseed oil
stored in light/dark conditions at room temperature. How-
ever, in dark conditions, BHT did not tend to inhibit oxida-
tion. This suggests that the added herbal extracts were able
to inhibit the oxidation of crude rapeseed oil stored in the
dark more effectively compared to BHT. Similar results
were obtained in medium temperature accelerated storage
conditions in the dark (Tomsone et al., 2015). Pukalskas et

al. (2010) also reported that BHT added to rapeseed oil and
kept at 80 °C did not prevent oxidation significantly (p <
0.05).

The oil samples with plant extracts stored in the dark
reached the maximum peroxide value permitted by Latvian
legislation (MKN Nr. 461 2014) during the period from 8 to
12 weeks of storage. In both control samples stored in the
dark and light/dark conditions, the maximum allowed per-
oxide value was reached during the period from 4 to 8
weeks of storage. It indicated that the added extract retarded
oxidation of the oil.

Acid value. During the storage of oil for 24 weeks in the
dark and light/dark conditions, the acid value permitted in
the Latvian legislation (4 mg KOH g–1 oil; MKN Nr. 461
2014) was not reached, suggesting that after 24 weeks of
storage at room temperature there was a minimal amount of
free fatty acids in crude rapeseed oil. During storage in
light/dark conditions, the acid value increased more quickly
compared to dark storage conditions of oil samples. In the
previous experiments regarding the effectiveness of these
extracts during accelerated storage conditions, the acid
value increased steadily in all samples (Tomsone et al.,
2015). Also, in peanut and sunflower oil samples with the
added natural antioxidants stored for 40 days, the acid value
increased slightly (Miguel et al., 2005).

Antioxidant activity of the added extracts in the oil. The
nonpolar solvent isooctane was used in the present
antiradical activity assessment. The extracts added to the oil
were rich in polar compounds, therefore in these experi-
ments it is possible that the activity of the added compounds

could not be seen. Unrefined rapeseed oil already contains
compounds that are able to scavenge DPPH radicals. One of
the most important scavenging compounds are tocopherols,
found in most cold-pressed, fruit and nut oils, which act as a
natural antioxidants and synergists (Rodrigues et al., 2015).
The presence of these compounds may explain the high
DPPH radical SA in the control sample at the beginning of
the experiment.

The SA of the oil samples with added plant extracts stored
in the light at room temperature was higher compared with
the control. However, the addition of plant extracts did not
sufficiently prevent the formation of peroxides and the free
fatty acids. This might be due to the presence of chlorophyll
present in the extracts. In further experiments it is necessary
to develop a method for the separation of chlorophyll before
adding oil.

Compared with the control sample, the SA in unrefined
rapeseed oil with horseradish leaf and lovage stem extracts
was higher. A similar tendency was observed in previous
experiments (Tomsone et al., 2015) on the dynamics of the
SA in accelerated storage conditions.

Among the analysed extracts, lovage stem extract was
found to be the most effective oil oxidation inhibitor, but
horseradish leaf extract was the most effective DPPH radi-
cal scavanger.

CONCLUSIONS

Oil samples with the added plant extracts (1%) stored in the
dark had significantly (p < 0.05) lower oxidisation than in
the control and in the oil with synthetic antioxidant BHT.
After 24 weeks of storage, the lowest peroxide value was
observed in oil with lovage stem extract. After 24 weeks,
both in the light/dark and in the dark conditions stored oil
with 1% horseradish leaf extract and 1% lovage stem ex-
tract showed significantly higher DPPHÿ scavenging activ-
ity than in oil with BHT and in the control.

Among the analysed extracts, lovage stem extract was the
most effective oil oxidation inhibitor, while horseradish leaf
extract was the most effective DPPH radical scavenger.
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MÂRRUTKU (AMORICA RUSTICANA L) LAPU, LUPSTÂJU (LEVISTICUM OFFICINALE L.) LAPU UN KÂTU EKSTRAKTU
EFEKTIVITÂTE RAPÐU EÏÏAS STABILIZÇÐANÂ

Ðajâ pçtîjumâ tika izvçrtçta mârrutku lapu, lupstâju lapu un kâtu ekstraktu efektivitâte rapðu eïïas stabilizçðanâ uzglabâðanas laikâ. Augu
ekstrakti tika pievienoti nerafinçtai rapðu eïïai 1% (no svara) koncentrâcijâ, kas tika izvçlçta, balstoties uz iepriekðçjo eksperimentu
rezultâtiem, pçtot iespçjas pievienot augu ekstraktus daþâdâs koncentrâcijas, lai pagarinâtu eïïas derîguma termiòu. Kâ kontrole tika
analizçta rapðu eïïa bez pievienota ekstrakta un salîdzinâðanai vienam eïïas paraugam tika pievienots butilhidroksitoluols (BHT) maksimâli
pieïaujamâ koncentrâcijâ. Ekstraktu efektivitâte eïïâ tika pârbaudîta tumsas un gaismas/tumsas ciklâ (diena/nakts reþîmâ). Visiem
paraugiem noteica peroksîda skaitli, skâbes skaitli un DPPH antiradikâlo aktivitâti. Tumsâ uzglabâtie eïïas paraugi ar pievienotajiem augu
ekstraktiem oksidçjâs bûtiski (p < 0,05) lçnâk nekâ kontroles paraugs un paraugs ar BHT. Pçc 24 uzglabâðanas nedçïâm zemâkais peroksîda
skaitlis bija paraugam ar lupstâju kâtu ekstraktu. Gaismas/tumsas apstâkïos pievienotie ekstrakti paâtrinâja oksidâcijas procesu eïïâ, jo
ekstrakti satur savienojumus, kas varçtu absorbçt gaismu (piemçram, hlorofils). Starp analizçtajiem ekstraktiem lupstâju kâtu ekstrakts bija
visefektîvâkais eïïas oksidâcijas inhibitors, bet mârrutku lapu ekstrakts izrâdîjâs visefektîvâkais DPPH radikâïu neitralizçtâjs.
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