J Am Oil Chem Soc (2010) 87:1481-1487
DOI 10.1007/s11746-010-1640-8

ORIGINAL PAPER

Phytochemical Content and Antioxidant Properties of Seeds

of Unconventional Oil Plants

Malgorzata Nogala-Kalucka - Magdalena Rudzinska -
Ryszard Zadernowski + Aleksander Siger -
Inga Krzyzostaniak

Received: 10 December 2009/ Revised: 1 July 2010/ Accepted: 2 July 2010/ Published online: 22 July 2010

© AOCS 2010

Abstract The lipophilic and hydrophilic antioxidants
were evaluated in eight plants: safflower (Carthamus
tinctorius), viper’s bugloss (Echium vulgare), quince
(Cydonia vulgaris), evening primrose (Oenothera biennis),
rose mosqueta (Rosa affinis rubiginosa), black seed
(Nigella sativa), sea buckthorn (Hippophae rhamnoides)
and borage (Borago officinales). The highest amounts of
tocopherols were contained in seeds of borage and sea
buckthorn (66.9 mg/100 g and 45.9 mg/100 g, respec-
tively). The sea buckthorn seed lipids had the highest
amount of total sterols (10.4 mg/g of lipids). The pre-
dominant form was campesterol. Sitosterol was the major
sterol in the lipids of other tested seeds. The content of
phenolic compounds ranged from 736.5 mg/100 g dry
matter (d.m.) (evening primrose) to 74.8 mg/100 g d.m.
(safflower). The highest antioxidant activity, expressed
in % scavenged DPPH: free radicals, was observed for
evening primrose (91.2%), while the lowest for safflower
(36.2%). The correlation coefficient between the level of
phenolic compounds and antioxidant activity was 0.53.
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Introduction

In recent years, much attention has been focused on
exploring different plants as alternative sources of func-
tional compounds [1]. Recent epidemiological studies have
suggested that increased consumption of whole grains,
legumes, fruits, and vegetables is inversely associated with
the risk of chronic diseases [2]. This association may be
attributed to natural antioxidants such as tocopherols,
polyphenols and phytosterols, which prevent free radical
damage [3, 4]. Increasing interest has been observed in
safflower, viper’s bugloss, quince, evening primrose, rosa
mosqueta, black seeds, sea buckthorn and borage seeds as
objects of research because of their antioxidant and anti-
carcinogenic potential and ability to avert or ameliorate
degenerative ailments [1, 5-7].

Safflower (Carthamus tinctorius L.) is an important type
of oil crop because of the high fat content (27-32%) in the
seeds and seed oil being rich in linoleic acid (70-87%).
Moreover, safflower seed oil is also a rich source of vita-
min E. Recently, safflower seed oil has gained interest as
an excellent health care product, because it is effective in
the treatment of hyperlipemia, coronary heart disease and it
can enhance microcirculation [8]. Past and modern day
herbalists recommend viper’s bugloss (Echium vulgare L.)
for a wide range of medical applications, including treat-
ment of colds, coughs, fevers, headache, water retention,
kidney stones, inflammation, pain, as well as promotion of
wound healing, treatment of reddened skin and boils, and
melancholia [50]. Nectar produced by flowers of this plant
has been reported as a good source of wild honey [9].
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Several studies have indicated that quince (Cydonia
vulgaris) is an excellent natural source of phenolic acids
and flavonoids, which are considered potent antioxidants.
Quince fruit is recognized as an important dietary source
of health promoting compounds, due to its antioxidant,
antimicrobial and antiulcerative properties [10, 11]. Sea
buckthorn (Hippophae rhamnoides L.) is a temperate,
hardy bush that grows wild in Central Asia and Europe and
produces nutritious and delicious berries. The soft tissue of
the berries contains 3—-5% fat, whereas fat content of the
seeds is 12—-13%. Sea buckthorn berries are an excellent
source of phytochemicals such as ascorbic acid, tocophe-
rols, unsaturated fatty acid (PUFA), phenols, and carote-
noids [12-15]. Berries have been used for the treatment of
radiation damage, burns, oral inflammation, and gastric
ulcers [16]. Other claimed positive health effects include
reduction of plasma cholesterol level, inhibition of platelet
aggregation, and regulation of immune function [17].

The seeds of borage (Borago officinalis L.) and evening
primrose (Oenothera biennis L.) plants are good sources of
the essential fatty acid (EFA) y-linolenic acid (18:3, n-6).
Evening primrose seeds contain from 10 to 17% fat, and
y-linolenic acid may constitute up to 10% of the fatty acids
(FA) [18]. The content of fat in borage seeds, containing up
to 25% v-linolenic acid, ranges from 17 to 25% [19].
Although this FA is quite prone to oxidation, the oil in
these seeds resists oxidation. This suggests that these ole-
aginous seeds must contain some potent antioxidants [20].
Lu and Foo [21] and Shahidi et al. [22] demonstrated that
the antioxidant activity in evening primrose may be due
to the presence of phenolic compounds. Blasinska and
Troszynska [23] reported that phenolics extracted from
evening primrose seeds may protect lipids from oxidation
caused by free radicals. Therefore, meals after extraction of
oils may be potential sources of natural food antioxidants.

Black seed or black cumin (Nigella sativa) is an
important medicinal herb. In many Arabian, Asian and
African countries, black seed oil is used as a natural rem-
edy for a wide range of diseases, including various aller-
gies. Moreover, black seed oil proved to be an effective
adjuvant for the treatment of allergic diseases [24]. The
plant’s mechanism of action is still largely unknown. Seeds
of black cumin are used as a spice in cooking and in a wide
range of traditional medicinal uses. The seed volatile oil
and its main active constituent, thymoquinone, are exten-
sively reported to exhibit a protective effect against many
diseases due to its high antioxidant activity [25, 26]. The
antioxidant effects of tocols and rosa mosqueta (Rosa
affinis rubiginosa, a rose hip growing in the Andes) shell
extract added to antioxidant-stripped canola oil (TCO)
have been evaluated. Polar compound formation, degra-
dation of tocols and carotenoid pigments have been stud-
ied. The addition of Rosa mosqueta shell extract (rose hip
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seed oil) provided great stability to TCO, with a low polar
compound formation and a high retention of a-tocopherol
compared with other TCO samples, which suggested the
protective action of minor components present in the
extract [27].

Although most of the above mentioned fruits have been
investigated for their nutritional and medicinal properties,
no research has been conducted on the phytochemical
profiles of their seeds.

Therefore, the objective of the present research was to
evaluate the composition of tocochromanol, sterol and
phenolic compounds in seed oils from eight plants. The
information obtained from this study can be used to eval-
uate the potential use of these berry seed oils in food
products and to confirm product authenticity.

Materials and Methods
Material

Seeds of eight plants were selected for analyses: safflower
(Carthamus tinctorius), viper’s bugloss (Echium vulgare),
quince (Cydonia vulgaris), evening primrose (Oenothera
biennis), rose mosqueta (Rosa affinis rubiginosa), black
seed (Nigella sativa), sea buckthorn (Hippophae rhamno-
ides) and borage (Borago officinales). The seeds were
supplied by the Department of Plant Raw Materials Pro-
cessing and Chemistry, the Warmia—Mazurian University
of Olsztyn, Poland.

Determination of Water Content

Water (moisture) in a sample was measured gravimetri-
cally as recommended in the Current Protocols in Food
Analytical Chemistry [28].

Extraction and Measurement of Total Lipids

The measurement of total lipids content in seeds is typi-
cally made by Soxhlet extraction. Gravimetric determina-
tion of total lipids content was determined by multiple
continuous sample extraction with n-hexane (for 2 h).
Extraction was performed using an automatic Soxhlet
Biichi Extraction System B-811 (Biichi Labortechnik AG,
Flawil, Switzerland).

Tocochromanol Contents

In order to determine tocopherol content, samples of seeds
(2 g) were saponified using 60% KOH (2 ml), ethanol
(20 ml) and pyrogallol (0.5 g). The saponification was
carried out at the ethanol boiling point temperature (78 °C)
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for 30 min. After saponifications, unsaponifiable sub-
stances were extracted using 50 ml n-hexane/ethyl acetate
(90:10 v/v). Tocopherols and tocotrienols were qualita-
tively and quantitatively identified using liquid chroma-
tography HPLC (Waters 600 Asc. Milford, MA, USA) [29,
30]. A LiChrosorb Si60 column (250 x 4.6 mm; 5 pum)
and an LiChrospher Si60 precolumn was used. The mobile
phase consisted of n-hexane and 1,4-dioxane (97:3 v/v) ata
flow rate of 1.5 ml/min. The fluorometric detector (Waters
474 Asc. Milford, MA, USA) worked at excitation
(A =290 nm) and emission (A = 330 nm) for toco-
chromanols and PC-8 [31, 32]. Standards of o-, -, y- and
o-tocopherol and tocotrienol (99%) were purchased from
Merck (Darmstadt, Germany).

Sterol Contents

The GC method described by Rudzinska et al. [33] was
applied for sterol determinations. Following this method,
lipids were extracted from 1 g of ground seeds using Folch
solution (solution containing chloroform and methanol 2:1
v/v). Next, 500 pg of 5-a-cholestane were added to the
extracted fat as an internal standard. The sample was then
saponified using methanolic 1 M KOH at room tempera-
ture for 18 h. The unsaponified fraction was extracted
using diethyl ether. Plant sterols were analyzed as TMS
derivatives using a Hewlett-Packard 6890 gas chromato-
graph and a DBS5 column (30 m x 0.32 mm x 0.25 pm,
J, W Scientific). Injector and detector temperature was
310 &£ 1 °C, and samples were injected in split mode
(1: 25). The analyses were performed at a constant tem-
perature of 290 £ 1 °C at a constant helium flow of
1.6 ml/min. Phytosterols were identified based on their
retention times according to the standards.

Methanol Extracts of Phenolic Compounds

All samples were defatted using an automatic Soxhlet
Biichi Extraction System B-811 (Biichi Labortechnik AG,
Flawil, Switzerland).

The extraction with n-hexane was carried out for 2 h. To
obtain rapeseed phenols, each sample was extracted three
times with 80% methanol. The samples were mixed with
the solvent (1:3), shaken for 30 min, filtered through
anhydrous sodium sulfate, and vacuum-evaporated. The
residue was dissolved in 80% methanol.

Total Phenolic Contents

The content of total phenolic compounds in methanol
extracts was determined by the Folin—Ciocalteu method.
An aliquot (0.025 ml) of the methanolic extract was placed
in a volumetric flask (10 ml). Water (5 ml) and Folin—

Ciocalteu reagent (0.5 ml) were added. After 3 min, satu-
rated sodium carbonate (1 ml) was added. The flask was
filled with water up to 10 ml. After 1 h, the solution
absorbance was measured at A, 725 nm against a reagent
blank using a UV-Vis spectrophotometer SP 8001
(Metertech Inc. Taipei, Taiwan). Total phenolic content
was determined after preparation of a standard curve and
on that basis total phenolic compounds were measured as
caffeic acid equivalents (CAE).

Antioxidant Activity Determination

The method consisted of spectrophotometric measurement
of the intensity of the color change in solution depending
on the amount of DPPH-. The reaction was initiated by
mixing 1 ml of the methanolic extract with 3 ml methanol
and then adding 1 ml of DPPH:(0.012 g/100 ml). Absor-
bance at A, of 517 nm (UV-Vis spectrophotometer SP
8001, Metertech Inc.) was checked at 0, 0.5, and at every
0.5 min until the reaction reached a stable state. This pla-
teau was reached within 15 min. The activity of the extract
in scavenging DPPH- was calculated as follows:

% DPPH - scavenging

| Absorbance of control — Absorbance of sample 100
N Absorbance of control

Statistical Analysis

Results are presented as the mean = standard deviation
from three replicates of each experiment. A P-value <0.05
was used to denote significant differences between mean
values determined by the analysis of variance (ANOVA)
with the assistance of Statistica 7.0 (StatSoft, Inc., Tulsa,
OK) software.

Results and Discussion

Tested seeds may constitute raw materials for the produc-
tion of oils due to their high fat contents (over 20%), with
the exception of sea buckthorn (12.1% fat) (Table 1). The
highest amount of the lipid was found for Rosa mosqueta
(52.0%), followed by borage (35.6%) and evening prim-
rose (30.0%). The water content in quince seeds was
15.6%, while in the other seeds it did not exceed 9.0%
(Table 1).

Fat-soluble substances, such as tocochromanols, sterols
and phenolic compounds, exhibit antioxidant action and
influence oil stability. In the tested plant material the
presence of four tocopherol homologs (a-, -, y-, 0-T) was
recorded, while tocotrienols were not detected (Table 2).
The highest amounts of total tocopherols were contained
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Table 1 Water and total lipid contents in sampled seeds

Sample Water content (%)  Total lipid contents (%)
Viper’s bugloss 7.97° £ 0.06 27.40° £ 0.10

Borage 8.02° £+ 0.09 35.58" + 0.09

Sea buckthorn 7.00° + 0.01 12.12* £ 0.23

Black seed 6.94° + 0.04 23.03° £ 0.75

Rose mosqueta 6.72* £+ 0.02 51.95¢ £ 0.15

Evening primrose 8.02° £ 0.01 30.00° £+ 0.30

Quince 15.61° £ 0.02 25.27° £ 0.34
Safflower 8.90" £ 0.06 26.47% £ 0.17

o = 0.05

Values denoted by different letters in a column differ statistically
different at the significance level

in seeds of borage (66.9 mg/100 g), sea buckthorn
(45.9 mg/100 g) and viper’s bugloss (20.2 mg/100 g). In
the other seeds their level did not exceed 16.0 mg/100 g.

Individual tocopherol homologs differ in their antioxi-
dant potential and biological activity of vitamin E. The best
antioxidant properties were found for 6-T, followed by y-,
f- and o-T, whereas the highest activity of vitamin E was
exhibited by a-tocopherol [34]. Among tested plants in this
work the highest amount of J-T was recorded in seeds of
borage (61.8 mg/100 g). The presence of this homolog was
not detected in seeds of black seed, quince or safflower.
Seeds of sea buckthorn and quince were rich sources of «-T
(27.5 mg/100 g and 16.0 mg/100 g, respectively). f-T was
found in slight amounts (up to 2.5 mg/100 g), while the
highest content of y-T was found for seeds of viper’s
bugloss (19.10 mg/100 g). Literature data confirm that oil
from seeds and fruits of sea buckthorn is a rich source of
lipophilic vitamins, particularly vitamin E [35], while oil
from borage is rich in 6-T [36]. Content of a-tocopherol in oil
from sea buckthorn seeds ranges from 121 to 223 mg/100 g
[37], while that of J-T in borage oil ranges from 115 to
140 mg/100 g, respectively [36].

Phytosterols are of a great interest due to their anti-
oxidant activity and impact on health. They are key

components of the unsaponifiable matter of plant oils and
fats. The sterol profiles of lipids in analyzed seeds are
shown in Table 3. The sea buckthorn seed lipids had the
highest amount of total sterols (10.4 mg/g of lipids) fol-
lowed by viper’s bugloss at 7.4 mg/g, evening primrose
(7.1 mg/g) and borage (5.1 mg/g). Safflower and quince
seed lipids contained 3.5 and 3.6 mg of phytosterolsin 1 g
of oils, respectively. The smallest amounts of phytosterols
were detected in seed lipids of rose mosqueta (2.4 mg/g)
and black seed (1.0 mg/g). The contribution of the most
prevalent sterol, ff-sitosterol, to the total sterol content in
each seed was the highest in seed lipids of rose mosqueta
(82%), evening primrose (79%), quince (73%) and sea
buckthorn (56%). Compared to the other seeds, contribu-
tion of f3-sitosterol, to the total sterol content in borage and
viper’s bugloss seed lipids were lower at 31 and 19%,
respectively. Sterol fractions of the tested seeds consisted
also of campesterol (3—41%), avenasterol (9-30%) and
stigmasterol (1-6%). Small amounts of A7-stigmasterol,
campestanol, cycloartenol, 24-methylenecycloartanol and
citrostadienol were also detected (Table 3). Phytosterol
plant extracts, and specifically those rich in f-sitosterol,
might significantly reduce LDL cholesterol levels. Studies
have shown that people with a diet high in f-sitosterol, at
the levels of 60-130 mg/day, have lower incidence of
prostate cancer. Phytosterols also appear to play a role in
modulating immune function and inflammation as a result
of its effects on the production of inflammatory cytokines
[38]. Moreover, Yoshida and Niki [39] reported antioxidant
effects of the phytosterols f-sitosterol, stigmasterol, and
campesterol against lipid peroxidation.

A wide spectrum of physiological effects of berries and
berry products of sea buckthorn has been shown [40]. The
sterol content and composition showed little variation
between subspecies and collection sites [14]. In this
research, sea buckthorn had the highest levels of total
phytosterols, which is important for its utilization in
functional food and natural medicines.

Viper’s bugloss is reported to contain toxic secondary
metabolites [41], therefore an excessive or prolonged use

Table 2 Tocochromanol

contents in sampled seeds Sample Tocopherol content (mg/100 g d.m.) ;Fn(:;l] é%czp(l;j;(.))ls
o-T p-T y-T 0-T
Viper’s bugloss 0.61° £0.06 0.05°+0.01 19.10°+0.37 0.42* £0.02 20.18 £ 0.29
Borage 0.06* = 0.01  0.05*+ 001 5.00°+ 001 61.78 4+ 1.04 66.882 &+ 1.07
Sea buckthorn 27555 £ 0.11  2.49% 4+ 0.04 14299+ 0.08 1.57° £ 0.04 4590 + 0.03
Black seed 0.46° £0.06  0.19°+ 0.01  9.56° & 0.03 - 10.21° £ 0.05
o = 0.05 Rose mosqueta 0.99° £+ 0.02  0.07*+ 001 1422+ 024 037+ 0.03 15.66° + 0.23
Values denoted by different Evening primrose  3.87% + 0.16 0.14%° £ 0.03  9.80° £ 0.55 0.25 £ 0.01 14.07° + 0.69
letters in a column differ Quince 16.03" £ 0.17 0.15%° £ 0.04 0.32° £ 0.03 - 16.49¢ + 0.22
statistically different at the Safflower 457°+0.13 0.1+ 001  0.08" + 0.01 - 476" + 0.14

significance level
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of this plant should be avoided, even if its content of the
toxic compounds is low. However, in this work, seed lipids
of viper’s bugloss had the highest levels of avenasterol.
White and Armstrong [42] demonstrated that avenasterol,
which is found in high levels in oats, may have valuable
antioxidant activity. Additional studies have confirmed that
avenasterol and other phytosterols that contain an ethyli-
dene group possess antioxidant and antipolymerization
properties, especially valuable during frying [43]. Whether
these antioxidant properties have any significance to
human health remains to be seen.

The sterol fraction of evening primrose is comprised of
90% f-sitosterol, with the remainder being 4-methyl sterols
(citrostadienol, 5%; obtusifoliol, 1%; gramisterol, 1.5%)
[18]. The lowest level of phytosterols was detected in lipids
from black seed (Table 3). The content of total phytosterols
in Tunisian and Iranian Nigella seed ranged from 2.58 mg/g
to 2.81 mg/g [44], but in German seeds it was 3.66.mg/g
[45]. Such variation in sterol content among species and
varieties may be related to the variations of cultivated
regions, storage conditions, maturity stage and also geo-
graphical and climatic differences.

Antioxidant activity of phenolic acids and their deriva-
tives depend on the number of hydroxy groups in the mol-
ecule [46]. Phenolic compounds as antioxidants may exhibit
multifaceted functions, e.g., by a direct reaction with free
radicals, scavenging of free radicals or chelation of pro-
oxidant metals. Table 4 presents total contents of phenolic
compounds and antioxidant activity of methanol extracts
obtained from tested seeds. Total contents of phenolic
compounds were given as a caffeic acid equivalent, while
antioxidant activity was determined in relation to scaveng-
ing of DPPH radicals. The highest total phenolic content
was recorded for evening primrose (736.5 mg/100 g dry
matter (d.m.)). In the other seeds, the content of phenolic
compounds ranged from 140.5 (rosa mosqueta) to 74.8 mg/
100 g d.m. (safflower). According to investigations con-
ducted by Kraczek et al. [47], the main phenolic acids
contained in evening primrose include gallic, caffeic,
p-hydroxybenzoic, vanillic, ferulic and salicylic acids.
Protocatechinic, p-coumaric, pyrocatechinic, o-coumaric,
syringic and 2-hydroxy-4-methoxybenzoic acids were
found in smaller amounts.

Since phenolic compounds are natural antioxidants,
their content in analyzed seeds affected their antioxidant
activity. The highest antioxidant activity, expressed in %
scavenged DPPH free radicals, was observed for evening
primrose (91.2%), while the lowest for safflower (36.2%).
The correlation coefficient between the level of phenolic
compounds and antioxidant activity was 0.53. Conforti
et al. [48] reported a low correlation between antioxidant
activity and contents of phenolic compounds (R* = 0.24).
The lack of high correlation between total phenolic content

Table 3 Phytosterol contents in sampled seeds

Total

Phytosterol content (mg/g fat)

Sample

- - - phytosterol
A7-Stigmasterol Campestanol Cycloartenol 24methylene- Citrostadienol

Avenasterol

Sitosterol

Stigmasterol

Brassicasterol Campesterol

(mg/g fat)

Cycloartenol

7.44% + 0.07
5.119 £+ 0.08
10.428 & 0.09

0.26" £ 0.06 0.15* +0.07 0.15* £ 0.07

2.18" £ 0.09 0.44° + 0.04

1.28" + 0.05

0.18¢ £ 0.01 1.37° £ 0.05
0.14° &+ 0.01 1.58% + 0.05

2.63° £ 0.08
2.11¢ £+ 0.09

0.07 £ 0.01

Viper’s bugloss

Borage

0.67° = 0.01 0.92° &+ 0.04 0.42° £ 0.01

1.83%2 + 0.05 0.33* £+ 0.05

0.33° &+ 0.04 0.08*° + 0.02 5.83" + 0.09

Sea buckthorn
Black seed

1.00* + 0.02
2.44° £ 0.08
7.07° + 0.09
3.56° £ 0.07
3.48° + 0.06

0.04* £ 0.02 0.48" 4 0.05 0.30° & 0.04
0.15% 4 0.02 0.08"" £ 0.02 2.00° 4 0.08

0.17* £ 0.01

0.21* £ 0.01

Rose mosqueta

0.67° 4+ 0.02  0.10° £ 0.02 5.57% & 0.078 0.73° £ 0.01

0.32° + 0.03

Evening primrose

0.204 +£ 0.02 2.60° + 0.06 0.44° + 0.01

Quince

0.19 £ 0.02

0.64% + 0.01 0.71° £ 0.05

0.29° + 0.02 0.19% £ 0.02 1.45° + 0.05

Values denoted by different letters in a column differ statistically different at the significance level

Safflower
o = 0.05
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Table 4 Total phenolic contents and antioxidant activity in sampled

seeds

Sample

Total phenolic
compounds
(mg/100 g d.m.)

Antioxidant activity
(% scavenging DPPH)

Viper’s bugloss 122.60° £ 0.93 69.52° £ 0.90
Borage 130.40" £ 0.97 79.35° 4+ 0.59
Sea buckthorn 115.76% & 0.99 87.59" + 0.91
Black seed 108.14° + 0.87 73.59¢ + 0.78
Rose mosqueta 140.50% &+ 1.25 67.93° + 0.93
Evening primrose 736.47" £+ 0.98 91.23% 4+ 0.56
Quince 104.35 &+ 0.92 64.25° 4+ 0.63
Safflower 74.78* + 1.93 36.16* 4+ 0.39
o = 0.05

Values denoted by different letters in a column differ statistically
different at the significance level

and antioxidant activity may be caused by the nonspecific
assay such as Folin—Ciocalteu reagent used in our study.
The total phenolic contents assay has several disadvantages
including low specificity for phenols, lack of relevance to
biological oxidative processes, and interferences. It mea-
sures reducing capacity of phenols or other reducing agents
present in samples (e.g., alanine, cysteine, fructose, gly-
cine, sucrose, tryptophan, xanthine) that can react with the
FC reagent [49]. Moreover, Schmidt et al. [50] did not
show this relationship for extract of evening primrose flour.
They also found that antioxidant properties of plant
extracts are first of all affected by the composition of
phenolic compounds, but not their amounts.

Conclusions

The role of natural antioxidants in disease prevention and
treatment has gained interest by the health community.
Among the plants analyzed in this study, rich sources of
biologically active compounds was borage, sea buckthorn,
viper’s bugloss and evening primrose. Borage seeds were
exceptional in terms of high contents of tocopherols. Sea
buckthorn was exceptional for the high levels of tocophe-
rols and phytosterols, while evening primrose and viper’s
bugloss were high in phenolic compounds and phytoster-
ols, respectively.
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