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All parts of the sea buckthorn (Hippophae rhamnoides L.) plant are considered to contain large
amounts of compounds that are believed to have beneficial health effects. Till now, different parts
of sea buckthorn plant have been used for the treatment of diseases in traditional medicine in
various countries. Nevertheless, sea buckthorn parts would be a good raw material not only for
medicinal properties but also for food products with functional properties; therefore, the aim of the
research was to determine the concentration of different phenolic compounds and antioxidant ac-
tivity in various sea buckthorn parts. The study was conducted on parts of female and male sea
buckthorn bushes. Phenolic compounds (total phenols, total flavonoids and condensed tannins)
and antioxidative activity (ferric reducing antioxidant power (FRAP) free radical scavenging activ-
ity (using 2.2-diphenyl-1-picrylhydrazyl, DPPH)) in ethanolic extracts of leaves, shoots, flowers,
and berries were determined using various spectrophotometric methods. The study showed that
concentration of phenolic compounds differed among parts of sea buckthorn plant and among
gender. Leaves of female plants proved to be the most valuable, as they contained the highest to-
tal phenol concentration (165.76 mg/g) and antioxidant activity (220.97 mg/g for FRAP and 43.76
mg/g for DPPH), while lowest values were found in young shoots of male plants (84.94 mg/g,
94.24 mg/g and 24.63 mg/g, respectively). The significant differences in chemical composition
and biological activity of sea buckthorn leaves, shoots, berries, and buds indicate a need for de-
tailed studies of their extracts, specific fractions and compounds during a whole vegetative sea-
son.
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INTRODUCTION

Sea buckthorn (Hippophae rhamnoides L.) is a thorny
shrub, native to Europe and Asia (Saggu et al., 2007).
Berries of sea buckthorn have been much studied and their
chemical composition and positive qualities are well docu-
mented. This has led to the outcome that mainly berries of
this particular plant are used as a raw material for food pro-
cessing (Guliyev et al., 2004) in jams, beverages, candies,
etc. Nevertheless all parts of sea buckthorn plant have been
considered valuable, as they contain large amounts of dif-
ferent bioactive substances, including a wide range of
polyphenols, tocopherols, carotenoids, fatty acids, sterols,
vitamins, minerals, etc. (Saggu et al., 2007; Jain et al.,
2008; Kumar et al., 2011). Till now, different parts of sea
buckthorn (other than berries) have been used in traditional
medicine for the treatment of diseases, such as flu, colitis
and enterocolitis, also cardiovascular illnesses, mucosal in-
juries, dermatological, and digestion disorders (Guliyev et
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al., 2004; Kumar et al., 2011). These therapeutic effects
mostly are related to the high amount of compounds pos-
sessing antioxidant activity (Saggu et al., 2007; Kumar et
al., 2011). This is in accordance with many reports that
have reported a positive correlation between daily intake of
fruit, vegetables and other products of plant origin and
health improvement (Michel et al., 2012).

Therefore, in recent years there is a growing interest and de-
mand for natural substances, mainly phenolics derived from
plants, which exhibit this property and could be used as
food components or pharmaceuticals (Uttara et al., 2009;
Wannes et al., 2010). Aromatic and medicinal plants are a
good source of natural antioxidants, because of large
amounts of secondary metabolites, such as polyphenols and
essential oils (Wannes et al., 2010), which are produced by
plants for normal growth and development (Kondakova et
al., 2009) to defend against plant pathogens, UV stress or to
attract pollinators (Michel et al., 2012).
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However, only some studies have conducted analyses of
phenolic compounds and their activity in sea buckthorn
leaves and shoots, and no information can be found regard-
ing concentrations in flowers, green berries, and regarding
effects of gender and harvest time on these qualities. There-
fore, the aim of the research was to determine the concen-
trations of various phenolic compounds and antioxidant ac-
tivity in various sea buckthorn parts.

MATERIALS AND METHODS

Plant material. Sea buckthorn material was collected in
2011, in Dobele, Latvia. Flowers of male plants were har-
vested at time of pollination (late April), while leaves,
shoots, unripe berries of female plants and leaves, shoots of
male plants after 7 weeks of blossoming (middle of June).
Equal amounts (100 + 0.1 g) of every sea buckthorn part
were dried by liophilisation (FreeZone, Labconco, USA) at
-50 + 2 °C under 0.056 mBar pressure for 16 h.

Extraction procedure. Dried parts of sea buckthorn were
pulverised in a laboratory mill (Knifetec 1095, Foss, Swe-
den). Extraction was performed in three steps. First, 40 ml
80% ethanol was added to 1 g of the sample, shaken for
1 min, placed in the ultrasonic bath (Sonorex RK 510 H,
Bandelin electronic GmbH & Co. KG, Germany) for 15 min
at 50 °C and centrifuged (Eppendorf Centrifuge 5804R,
Eppendorf AG, Germany) at 10 000 g for 10 min at 4 °C.
Clear supernatant was separated from sediments and placed
in an 100 ml flask. The second step was performed by tak-
ing the sediments, adding 30 ml 80% ethanol and repeating
the above described procedure. Thirdly, when 20 ml 80%
ethanol was added to sediments obtained from the second
extraction step. When all of the supernatant was collected,
the flask was filled to 100 ml, mixed well and centrifuged
(10 000 g, 10 min at 4 °C).

The concentration of obtained ethanolic extracts was 0.01
g/ml, and due to high concentration of bioactive substances,
prior to analyses it was diluted 100 times for total phenol
assay, 10 or 25 times for total flavonoid analyses, 30 times
for ferric reducing antioxidant power assay, 10 times for
free radical scavenging activity and two times for con-
densed tannin analyses.

Analyses of phenolic compounds

Total phenol cocentration. The total phenol concentration
was determined according to Singleton et al. (1999). Folin-
Ciocalteu reagent (FCR) was prepared from Folin-Ciocalteu
stock solution (10 ml) and water (90 ml). The sea buckthorn
extract (I ml) was added to FCR (5 ml) and Na,COj; solu-
tion (4 ml), mixed and kept for 1 h in the dark. The absorp-
tion was measured at 765 nm using a spectrophotometer
(UV - 1650 PC, Shimadzu, Japan). Results were expressed
as mg gallic acid equivalents per 1 g of dry matter (mg
GAE/g DM).

Total flavonoid concentration. Total flavonoid concentra-
tion was determined using a spectrophotometric method
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previously described by Kumar et al. (2011) and Upadhyay
et al. (2010). The extract (1 ml) was mixed with water
(2 ml), 5% NaNO, (0.15 ml) and left to react for 6 minutes.
Then 10% AICl; (0.15 ml) solution was added, mixed and
allowed to react for another 6 minutes Then 4% NaOH
(2.0 ml) was added to the mixture, shaken and left for 15
minutes The absorption was read at 510 nm. Results were
expressed as mg rutin equivalents per 1 g of dry matter
(mg RUE/g DM).

Condensed tannin concentration. Condensed tannin concen-
tration was determined by a method described by Michel et
al. (2012). Sea buckthorn part extract (0.2 ml) was added to
4% vanillin--ethanolic solution (2.4 ml) and concentrated
HCI (1.2 ml) and allowed to stand for 15 min. The absorp-
tion was detected at 500 nm by a spectrophotometer. Re-
sults were expressed as mg catechin equivalents per 1 g of
dry matter (mg CE/g DM).

Antioxidant activity

DPPH free radical scavenging assay. The free radical scav-
enging activity was determined according to Brand-Wil-

liams et al. (1995) using 2.2-diphenyl-1-picrylhydrazyl
(DPPH) reagent prepared by mixing with methanol to reach
absorption about 0.9 at wavelength of 515 nm. The extract
(0.131 ml) was mixed with DPPH solution (2.9 ml) and left
to stand for 30 min in a dark place. The absorption of sam-
ples was read at 515 nm using a spectrophotometer. Results
were expressed in mg Trolox equivalents per 1 g of dry
matter (mg TE/g DM).

Ferric reducing antioxidant power assay. Reducing antioxi-
dant power evaluation was carried out by a spectrophoto-
metric method described by Benzie and Strain (1996) and
Kumar et al. (2011). Before analysis, fresh ferric reducing
antioxidant power (FRAP) reagent was prepared by mixing
300 mM acetate buffer (pH 3.6), 10 mM 2.4,6- Tripyridyl-
s-Triazine made in 40 mM HCI and 20 mM FeCl;-6H,0 in
the ratio of 10 : 1 : 1 (v/v/v), respectively, and then warmed
at 37 °C in a water bath. Each extract (0.210 ml) was added
to FRAP reagent (3.8 ml) and allowed to stand for 10 min
in the dark. The absorption was detected at wavelength
593 nm. Results were expressed in mg Trolox equivalents
per 1 g of dry matter (mg TE/g DM).

Statistical analysis. Data were analysed using SPSS Statis-
tics 17.0 software. The results were expressed as means *
standard deviations for at least three experimental measure-
ments. One-way analysis of variance (ANOVA), Duncan
multiple range test and Pearson correlation tests were used.
Significance was set at P ~0.05. The Pearson correlation
test was performed to determine relationships between
chemical parameters.

RESULTS

There were significant differences (P < 0.05) in the concen-
trations of total phenols, total flavonoids and condensed
tannins among parts of sea buckthorn plant (Table 1).
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Table 1

PHENOL CONTENT IN VARIOUS SEA BUCKTHORN PARTS

Plant Part Total phenol |Total flavonoid |Condensed tan-
gender concentration, | concentration, | nin concentra-
mg GAE/g DM |mg RUE/g DM tion,

mg RUE/g DM

Female Leaves 16576 +2.52% 4776 +043° 132+0.28°
Shoots 119.63+3.67° 79.57+0.75° 2247+0.12°

Green berries  89.34 +1.32¢ 39.04+0.83¢ 23.29+049%

Male Leaves 12378 +2.53 % 3647+027° 1.03x0.16°
Shoots 84.94+£091° 47.01+1.69° 11.00+0.52¢

Flowers 120.16 £0.92¢ 81.72+0.76* 18.94+0.73 ¢

Different letters in a column show significant differences between samples
within each analysed parameter at P ~0.05. Results are expressed as mean
+ standard deviation (n = 4). GAE, gallic acid equivalent; RUE, rutin
equivalent; CAE, catechin equivalent; DM, dry matter.

The leaves of female and male plants were the best sources
of total phenols (165.76 mg/g DW and 123.78 mg/g DW,
respectively). The concentration of total flavonoids had the
highest level in male flowers (81.72 mg/g DW) and the low-
est in male leaves (36.47 mg/g DW). The shoots and green
berries of female sea buckthorn plant contained the highest
concentrations of condensed tannins, reaching 22.47 and
23.29 mg/g DW which was about 20 times higher than in
leaves of both genders.

Similar to phenolic compounds, also antioxidant activity
significantly differed (P ~0.05) between sea buckthorn
leaves, shoots, green berries, and flowers. The activity de-
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termined by the FRAP method (Fig. 1) showed higher
values than those by DPPH radical assay (Fig. 2).

The highest antioxidant activity by both methods was ob-
served in leaves of female plants (220.97 mg/g DW for
FRAP and 43.76 mg/g DW for DPPH assay), followed by
male leaves, female and male shoots.

Pearson correlation coefficients were strong and significant
between total phenol and FRAP (r = 0.945), and between
total phenols and DPPH (r = 0.883).

DISCUSSION

As sea buckthorn leaves and shoots are considered to have a
great potential in food processing due to biologically active
substances (Shunguang et al., 2003), and especially if col-
lected in summer (as for herbal medicine) when shoots are
still green, tender and non-woody. Together with the leaves
and shoots, also small green berries were picked. Male
flowers were harvested in the middle of spring, because at
that time they are rich in pollen, which is thought to contain
high amount of bioactive substances.

Although all parts of sea buckthorn plant are considered to
contain high levels of hydrophilic (polyphenols, chloro-
phyll, vitamin C) and lipophilic (carotenoids, tocopherols,
vitamin E) compounds (Jain et al., 2008; Saggu and Kumar,
2008; Kumar et al., 2011), only leaves have gained great in-
terest during the last decades.

13141d

£ Fig. 1. Ferric reducing antioxidant power
50 - - 50 (FRAP) and total phenol concentration of
sea buckthorn parts. Different letters show
0 0 significant differences between samples
leaves ‘ shoots ‘ green berries leaves ‘ shoots ‘ flowers within each analysed parameter at P ~0.05.
Results are expressed as mean + standard de-
femmle male viation (n = 4). TE, trolox equivalent; GAE,
[ Total phenol content —s— FRAP gallic acid equivalent; DM, dry matter.
007 437 0
250 -
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Lo
g 150
g 100 Fig. 2. F dical i ivi
ig. 2. Free radical scavenging activity
50 - (DPPH) and total phenol concentration of
sea buckthorn parts. Different letters show
0 0 significant differences between samples
leaves ‘ shoots ‘ green berries leaves ‘ shoots ‘ flowers within each analysed parameter at P ~0.05.
Results are expressed as mean + standard de-
fermle nale viation (n = 4). TE, trolox equivalent; GAE,
[ Total phenol content —=— DPPH
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gallic acid equivalent; DM, dry matter.
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In our study, the highest values for total phenol, total fla-
vonoid and condensed tannin concentration were observed
in leaves of female plants — 165.76 mg/g, 47.76 mg/g and
1.32 mg/g, respectively. These values are lower than those
reported by Upadhyay et al. (2010) for sea buckthorn leaf
samples collected in the North-West Himalayas: 56.28 mg/g
total phenols and only 20.76 mg/g total flavonoids. How-
ever, the values in our study were lower than in leaves col-
lected from west Pamirs where flavonoid content varied
from 31 to 123.8 mg/g (Singh, 2006). Michel et al. (2012)
in their research found that leaves extracted by ethanol (as
in our study) contain 65 mg/g total phenols and even
13 mg/g condensed tannins, but the authors used different
extraction methods, solvents, and solvent-to-sample ratios,
and even small differences can significantly affect the final
value. In contrat to the study by Upadhyay et al. (2010),
where autumn leaves were studied, we used leaves collected
in the beginning of summer. Therefore, seasonal variation
should be taken into consideration together with plant age,
genetic, agronomic and storage variations. According to
Kondakova et al. (2009), fruits of berry plants grown in a
colder climate and under a shorter vegetation period have
higher levels of phenolic compounds. These differences,
governed by geographical region, probably also occur for
other plant parts.

Phenolic compounds (flavonoids, phenolic acids, and tan-
nins) are considered to be the major plant compounds pos-
sessing antioxidant activity (Upadhyay et al., 2010). There-
fore, for better characterisation of sea buckthorn leaves,
shoots, berries and flowers, two commonly applied antioxi-
dant activity testing methods were used: ferric reducing an-
tioxidant power and free radical scavenging activity
(DPPH). The findings in the current study show that sea
buckthorn leaves of both gender shrubs contained the high-
est amount of total phenols and also possessed the highest
antioxidant activity. This was also indicated by Pearson cor-
relation analysis, by a strong and significant relationships
between total phenol concentration and FRAP/ DPPH activ-
ity in all tested sea buckthorn samples.

The study showed that different parts of sea buckhorn are
rich in phenolic compounds and exhibit antioxidant activity,
and that the most valuable part with regard to total phenol
content and antioxidant activity is leaves from female tree,
and the less valuable — shoots from male trees. There are
differences in chemical composition and activity of various
sea buckthorn parts, and more detailed investigation of their
extracts, specific fractions and compounds and their activity
during the whole vegetative season is needed.
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FENOLSAVIENOJUMU SATURS DAZADAS SMILTSERKgl,(U AUGA DALAS

Raksta aplikots fenolsavienojumu saturs dazadas smiltseérkSku auga dalas un to antioksidativa aktivitate. Ka petijjuma objekts izveletas
sieviSko un viriSko augu lapas, jaunie dzinumi, zalas ogas, kas ievaktas jinija vidi, un ziedi, kas ievakti aprila beigas. Paraugiem analizéts
kopgjo fenolu, kopéjo flavonoidu un kondenséto taninu saturs, ka arl antioksidativa aktivitate ar FRAP (ferric reducing antioxidant power)
un DPPH (2.2-diphenyl-1-picrylhydrazyl) metodi. Vertigaka auga dala izradijas sieviSka auga lapas, kuram konstatéts augstakais kop&jo
fenolu saturs un antioksidativa aktivitate, lietojot abas metodes, savukart vismazakie minétie raditaji bija jaunajiem dzinumiem no viri§ka
auga. Rezultati norada uz butiskam atSkiribam smiltsérksku auga dalu kimiskaja sastava un biologiskaja aktivitaté, tade]l nepiecieSami
padzilinati pétijumi par ekstraktiem, to frakcijam vai atseviskiem savienojumiem un to izmainam visa vegetacijas sezona.

Proc. Latvian Acad. Sci., Section B, Vol. 67 (2013), No. 4/5. 415



