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The primary cause of lipid oxidation is the ac-
tion of free radicals, which initiate degradation 
of unsaturated fat. Various synthetic antioxidants 
have been approved and routinely used as food 
protectants. However, increasing public demand 
for the replacement of synthetic antioxidants by 
natural ones has initiated intense research activity 
that resulted in the screening of a wide variety of 
plant extracts and stimulated efforts to discover ef-
fective preservatives for a wide range of foodstuffs 
[1-7]. Medicinal plants contains many types of ef-
fective antioxidants, mostly phenolic acids, fla-
vonoids and carotenoids [8-12]. Compounds with 
antioxidant activity may behave as prooxidants 
under certain conditions or in high concentra-
tions. Prooxidant activity can accelerate oxidative 
damage to different compounds [13-19]. Potential 
antioxidant should therefore be tested for prooxi-
dant activity as well. 

The objective of this study was to measure the 
antioxidant and prooxidant activities of selected 
plant extracts by Rancimat assay and to determine 
optimal doses of these extracts for use in sunflower 
and rapeseed oil.

MATERIALS AND METHODS

Four selected plants - marigold (Calendula offi-
cinalis L. - petals), basil (Ocimum basilicum L. 
- leaves), self-heal (Prunella vulgaris L. - leaves 
and flowers) and wool mullein (Verbascum den-
siflorum L. - flowers) were dried in a ventilated 
oven at (30 ± 2) °C. Dried plants were ground 
(max. particle size 1 mm) and 2 g were extracted 
by one-step extraction with 100 ml of 60% ethanol 
at 60 °C for 1 h in a whirling thermostate (MLW, 
Baureime, Germany). After cooling, the extracts 
were filtered through filter paper (Filtrak No. 390, 
Spezialpapierfabrik, Niederschlag, Germany). 
The solvent was evaporated in a vacuum rotary 
evaporator to the volume 25 ml. All extracts were 
exam ined for the antioxidant activity using the in-
dividual methods. The measurements were done 
in triplicates.

Sunflower oil (peroxide number 0.56 mmol.kg-1, 
free fatty acids 0.057%) and rapeseed oil (peroxide 
number 0.53 mmol.kg-1, free fatty acids 0.046%) 
were the products of Palma-Tumys (Bratislava, Slo-
vakia). The 2,2’-diphenyl-1-picrylhydrazyl radical 
(DPPH) was purchased from Aldrich (Steinheim, 
Germany). For measurements, the stock solution 

Antioxidant activity of some herbal extracts 
in rapeseed and sunflower oils

MAGDA MÁRIÁSSYOVÁ

Summary
Antioxidant and prooxidant properties of natural antioxidant concentrates with high contents of flavonoids, caro-
tenoids and phenolic acids were studied. Antioxidant concentrates from marigold (Calendula officinalis L.), basil 
(Ocimum basilicum L.), self-heal (Prunella vulgaris L.) and wool mullein (Verbascum densiflorum L.) were added to 
sunflower and rapeseed oil, respectively, at concentrations ranging from 2 mg.kg-1 to 200 mg.kg-1 oil. The Rancimat 
assay was used for the optimization of antioxidant doses of individual plant concentrates. The most effective antioxi-
dant in both sunflower and rapeseed oil was the marigold concentrate (optimal dose was 10 mg.kg-1 and 30 mg.kg-1, 
respectively). Basil concentrate possessed an antioxidative effect comparable with the antioxidative effect of marigold 
concentrate - the optimal dose was 2 mg.kg-1.

Keywords
plant extracts; vegetable oils; antioxidant; Rancimat assay

Magda Máriássyová, VÚP Food Research Institute, Biocentrum, Kostolná 7, SK-900 01 Modra, Slovakia.
E-mail: mariassyova@vup.sk



 Antioxidant activity of some herbal extracts in rapeseed and sunflower oils

 105

against blank at 515 nm using spectrophotometer 
UV-1601 (Shimadzu, Tokyo, Japan). The plant 
extract was added into the cuvette containing the 
DPPH solution. After stirring, the decrease in ab-
sorbance was measured immediately at 1 s inter-
vals during 600 s. The antiradical activity of indi-
vidual extracts under the steady-state conditions 
was expressed as the percentage of inhibition of 
DPPH using the equation:

DPPH [%] = [c(DPPH)t / c(DPPH)0] × 100

Spectrophotometric determination of flavonoids
The total flavonoid content was determined by 

the method of Chang et al. [24] based on the prin-
ciple that aluminium chloride forms acid-resistant 
complexes with the C-4 keto group and either the 
C-3 or the C-5 hydroxyl group of flavones and fla-
vonols. Quercetin was used as the reference flavo-
noid for making calibration curve. The absorbance 
was measured at 415 nm. Results were expressed 
as quercetin equivalents (mg.l-1).

Spectrophotometric determination of carotenoids
The total carotenoid content was determined 

spectrophotometrically by the Britton method 
at λmax 445 nm [25]. Carotenoid content was cal-
culated as mg of β-carotene per liter using the 
extinction coefficient  = 2620 (determined 
by dissolution of known quantities of β-carotene 
standard).

HPLC determination of rosmarinic acid 
The rosmarinic acid in antioxidant concen-

trates was determined by HPLC with UV/VIS 
detector at 325 and 294 nm (LC 10 ADVP pump 
with gradient FCV 10 ALVP, detector UV-VIS SP 
10 AVVP, Shimadzu, Tokyo, Japan). Rosmarinic 
acid was separated on Reprosil 100 C18 column, 
5 μm, 250 × 4 mm (Watrex, San Francisco, USA), 
flow rate 0.5 ml.min-1; mobile phase A: 0.1% tri-
fluoracetic acid, B: acetonitrile, gradient: 0–5 min 
10% B, 5–20 min 35% B, 20–40 min 70% B, 
40–41 min 90% B, 41–42 min 50% B, 42–43 min 
25% B, 43–44 min 5% B, 45 min 100% A.

RESULTS AND DISCUSSION

Characteristics of the concentrates used are 
summarised in Tab. 1. The highest antiradical ac-
tivity exhibited balm and self-heal concentrates. 
These concentrates contain mainly rosmarinic and 
caffeic acid [1-3, 10, 26, 27] as active substances. 
The concentrate from basil contains flavonoids 
and carotenoids in addition to fenolic acids [9-11, 

of 0.025 g.l-1 DPPH in methanol was used. The Fo-
lin-Ciocalteu agent was from Merck (Darmstadt, 
Germany). Tannic acid from Aldrich (Steinheim, 
Germany) was used as 0.03% aqueous solution. 
Quercetin, β-carotene and BHT were purchased 
from Sigma (Steinheim, Germany).

Evaluation of the oxidation stability
The oxidation stability of oils was determined 

using the Rancimat assay (Metrohm 743 Ranci-
mat instrument, Herisau, Switzerland) according 
to Verleyen [20]. Rapeseed or sunflower oil were 
used as the lipid substrate to evaluate ability of 
the extracts to inhibit lipid oxidation. 10–100 μl 
of plant extract were added to 3 g of oil. The ex-
periment was carried out at 100 °C with air flow 
20 l.h-1. The volatile acids formed by oxidation 
were carried by the effluent air and trapped in 
vessels containing 50 ml of redistilled water. The 
conductivity in these vessels was measured and re-
corded continuously. The induction period (IP) is 
the time elapsed until the inflection point of the 
conductivity vs. time curve recorded by the Ranci-
mat. The inhibitory activity was expressed as pro-
tection factor (PF - the ratio of induction periods 
determined in the presence or absence of antioxi-
dant) used for optimization of antioxidant addition 
and as the induction period (IP) used as indicator 
of stability during storage of oils. The values are 
averages of measurements done in triplicate, the 
standard deviation was also determined.

Evaluation of antioxidant activity 
by phosphomolybdenum method

The total antioxidant activity was evaluated by 
the method of Prieto [21]. An aliquot of 0.1 ml of 
sample solution was combined with 1 ml of reagent 
(0.6 M sulphuric acid, 28 mM sodium phosphate 
and 4 mM ammonium molybdate). The tubes were 
capped and incubated in a water bath at 80 °C for 
90 min. After cooling the sample to room temper-
ature, the absorbance of the aqueous solution was 
measured at 700 nm against blank using spectro-
photometer UV-1601 (Shimadzu, Tokyo, Japan). 
Reductive power of compounds (RPAA) expressed 
as quantity of ascorbic acid necessary to achieve 
the same effect in μg.ml-1 was calculated using the 
equation:

RPAA = (A705nm – 0.0011) / 0.00236

Evaluation of antiradical activity by DPPH radical
The procedure of Brand-Williams [22, 23] was 

adapted as follows: 3.9 ml of the DPPH solution in 
methanol (0.025 g.l-1) were transferred into 1 cm 
cuvette and the absorbance value A0 was measured 
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26]. Phytochemical studies indicate that Prunel-
la vulgaris further contains oleanolic, betulinic, 
ursolic acids, triterpenoids, flavonoids and other 
active compounds [28]. The highest reduction ac-
tivity exhibited concentrates of wool mullein and 
marigold, which contain mainly flavonoids and 
carotenoids [4, 8, 29-32]. 

The highest protection effect in sunflower 
oil was exhibited by the basil concentrate at the 
dose of 2 mg.kg-1 (Tab. 2). Increase of the dose 
led to the decrease of the protection factor. The 
optimum dose of concentrates was 15 mg.kg-1 
for the self-heal, 10 mg.kg-1 for the marigold and 
30 mg.kg-1 for wool mullein. All concentrates ex-
hibited prooxidant effect at doses higher than 
30 mg.kg-1. For the synthetic antioxidant BHT 
a dose of 60 mg.kg-1 was necessary to achieve the 
maximal protection effect.

By addition of basil concentrate at a dose 
of 2 mg.kg-1 to rapeseed oil a protection factor 
of 1.41 was achieved. Higher doses had smaller 
antioxidant, sometimes even prooxidant effects. 
The optimum doses of other concentrates were 
30 mg.kg-1. The highest protection factor exhib-
ited the marigold concentrate (PF 1.43), followed 
by self-heal (PF 1.36). The lowest protection fac-
tor was achieved by addition of wool mullein con-
centrate (PF 1.26), in spite of its highest reduction 
power (Tab. 3).

From the above results it follows that, based on 
the reduction and antiradical properties of indivi-
dual concentrates and their composition (Tab. 1), 
it is not possible to determine application doses of 
the individual concentrates. The possible reason of 
this fact may be the synergic effects of individual 
active compounds.

Tab. 1. Characterization of plant extracts.

Plant
RPKA DPPH rosmarinic acid flavonoids carotenoids

[μg.ml-1] [% inhibition] [mg.l-1] [mg.l-1] [mg.l-1]
basil 763 85.12 252 106 77
wool mullein 2550 48.92 – 568 62
self-heal 650 72.60 48 67 25
calendula 2502 58.19 – 287 415

Tab. 2. Protection factor of sunflower oil.

Dose
[mg.kg-1 oil] 

Protection factor (PF)
BHT basil self-heal calendula wool mullein

  2 1.00 1.34 1.04 1.27 1.01
  5 1.03 1.31 1.14 1.32 1.04
10 1.05 1.26 1.27 1.46 1.08
15 1.10 1.11 1.32 1.41 1.13
20 1.14 1.01 1.24 1.38 1.16
30 1.19 0.94 1.18 1.25 1.18
40 1.25 0.89 1.11 1.17 1.12
60 1.33 0.75 1.11 1.12 1.05

100 1.27 0.63 1.09 1.08 0.88
200 1.22 0.54 0.92 0.95 0.78

Tab. 3. Protection factor of rapeseed oil.

Dose
[mg.kg-1 oil]

Protection factor (PF)
BHT basil self-heal calendula wool mullein

  2 1.00 1.41 1.05 1.10 1.04
  5 1.02 1.36 1.17 1.19 1.07
10 1.05 1.33 1.24 1.24 1.12
15 1.08 1.24 1.28 1.31 1.17
20 1.13 1.15 1.33 1.38 1.22
30 1.17 1.08 1.36 1.43 1.26
40 1.23 1.03 1.29 1.40 1.25
60 1.29 0.97 1.21 1.32 1.18

100 1.32 0.91 1.14 1.13 1.09
200 1.26 0.89 1.08 0.97 1.01
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In the rapeseed oil a BHT dose of 100 mg.kg-1 
was necessary to achieve stabilisation effect com-
parable to any plant concentrate. The protection 
factor greater than 1 indicates that the concentrate 
inhibits oxidative rancidity.

Optimal doses of the individual concen-
trates and of BHT were added to the oils and the 
sta bility of oils was monitored during storage at 
(20 ± 3) °C in the dark. The highest protection ef-
fect during storage of sunflower oil exhibited the 
marigold concentrate. Basil and self-heal concen-
trates exhibited comparable stabilisation effect in 
sunflower oil after 10 weeks of storage (Fig. 1). 
The effect of BHT was lower by 45% compared to 
that of marigold concentrate, which was the best 
preservative tested.

In the case of rapeseed oil, the highest stability 
during storage was observed for samples contain-
ing marigold concentrate, as well as in the case of 
sunflower oil. Toward the end of the storage pe-
riod, wool mullein concentrate was more effective 
than self-heal concentrate, in spite of the fact, that 
the former had lower initial stabilisation influence 
(Fig. 2).

The addition of marigold concentrate to 
rapeseed and sunflower oil extended the induc-
tion period of their oxidation. The induction pe-
riod for rapeseed oil was (16.01 ± 0.17) h and 
(6.14 ± 0.12) h for sunflower oil. In the control ex-
periment, this induction period was (6.54 ± 0.12) h 
for rapeseed oil and (1.06 ± 0.03) h for sunflower 
oil after 10 weeks of storage.

Fig. 1. Dependence of induction periode (IP) on storage time - sunflower oil.
Addition of extracts: basil - 2 mg.kg-1, self-heal - 15 mg.kg-1, marigold - 10 mg.kg-1, wool mullein - 30 mg.kg-1.

Fig. 2. Dependence of induction periode (IP) on storage time - rapeseed oil.
Addition of extracts: basil - 2 mg.kg-1, self-heal - 30 mg.kg-1, marigold - 30 mg.kg-1, wool mullein - 30 mg.kg-1.
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CONCLUSION

Influence of plant concentrates on the stability 
of sunflower and rapeseed oils  during storage by 
the Rancimat assay was examined. The best protec-
tion effect during storage of both oils was shown by 
the marigold concentrate. In the sunflower oil the 
optimum dose was found to be 10 mg.kg-1, whereas 
in rapeseed oil a dose of 30 mg.kg-1 was necessary. 
These doses are lower than the necessary doses of 
the synthetic antioxidant BHT. Thus the studied 
natural concentrates can be recommended as suit-
able substitutes for synthetic antioxidants.
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