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Background: A systematic mapping of the phytochemical composition of different sea buckthorn (Hippophae
rhamnoides L.) fruit subspecies is still lacking. No data relating to the fatty acid composition of main lipid fractions
from the berries of ssp. carpatica (Romania) have been previously reported.

Results: The fatty acid composition of the total lipids (oils) and the major lipid fractions (PL, polar lipids; FFA, free
fatty acids; TAG, triacylglycerols and SE, sterol esters) of the oils extracted from different parts of six sea buckthorn
berry subspecies (ssp. carpatica) cultivated in Romania were investigated using the gas chromatography-mass
spectrometry (GC-MS). The dominating fatty acids in pulp/peel and whole berry oils were palmitic (23-40%), oleic
(20-53%) and palmitoleic (11-27%). In contrast to the pulp oils, seed oils had higher amount of polyunsaturated
fatty acids (PUFAs) (65-72%). The fatty acid compositions of TAGs were very close to the compositions of
corresponding seed and pulp oils. The major fatty acids in PLs of berry pulp/peel oils were oleic (20-40%), palmitic
(17-27%), palmitoleic (10-22%) and linoleic (109%-20%) acids, whereas in seeds PLs, PUFAs prevailed. Comparing with
the other lipid fractions the SEs had the highest contents of saturated fatty acids (SFAs). The fatty acid profiles of
the FFA fractions were relatively similar to those of TAGs.

Conclusions: All parts of the analyzed sea buckthorn berry cultivars (ssp. carpatica) exhibited higher oil content
then the other European or Asiatic sea buckthorn subspecies. Moreover, the pulp/peel oils of ssp. carpatica were
found to contain high levels of oleic acid and slightly lower amounts of linoleic and a-linolenic acids. The studied
cultivars of sea buckthorn from Romania have proven to be potential sources of valuable oils.
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Background

Sea buckthorn (SB) (Hippophae rhamnoides L. Elaeag-
naceae) is a bush or a small tree, of the Elaeagnaceae
family, naturally distributed in Eurasia. The classification
of genus Hippophae is still unclear. The most common
species (sp.), H. rhamnoides, was classified in several
subspecies (ssp.), including ssp. carpatica, which is na-
tive in Romania [1]. Over the last decades the SB was
domesticated in many countries from Asia, North and
South America and Europe, not only for its soil and
water conservation ability but also for its yellow-orange
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berries with an acidic and astringent taste and a high nu-
tritional value. SB berries are rich in a variety of phyto-
chemicals with physiological properties such as vitamins
(B, C, E and K), flavonoids, carotenoids, tocopherols and
many volatile compounds (i.e., aliphatic esters, alcohols
and hydrocarbons [2-4]. Significant amounts of inositols
and methylinositols were found in SB berries, which are
supposed to contribute to health benefits of SB fruits
and derivatives [5]. SB fruit membranes are rich in caro-
tenolipoprotein complexes with 61% phospholipids and
39% galactolipids, as structural components [6]. In vitro
and clinical studies show that the SB fruits have positive
effect in the treatment of type 1 diabetic patients im-
proving the glucose and lipid metabolism [7], possess
high anti-oxidant, hemostatic and anti-inflammatory
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effects [8,9] and help prevent cardiovascular disease and
cancer [10,11].

In last years SB pulp and seed oils have become popu-
lar food supplements playing important role in cancer
therapy [9]. Several studies have indicated that these
berry oils possess important immunostimulant, anti-
ulcer and cholesterol-lowering effects, and may also be
used in treatment of various skin diseases [12-15].

Both the seeds and soft parts (pulp/peel) of berries
show high amounts of oil. The contents of bioactive
lipophilic compounds, (i.e., phytosterols (up to 23 g/kg
in seed oil and up to 29 g/kg in pulp/peel oil), tocopher-
ols and tocotrienols (up to 2.9 g/kg in seed oil and up to
1.8 g/kg in pulp oil) and carotenoids (up to 3.5 g/kg in
pulp oil) are generally high in the extracted seed and
pulp/peel oils [2,16,17]. The existing studies reported
different chemical compositions for SB seed and pulp/
peel oils which vary widely depending on the subspecies,
harvesting time of the fruits and the many other climatic
and geographical conditions. Whereas the seed oil con-
tains high amounts of unsaturated fatty acids, with
linoleic (C18:21-6) (30-40%) and a-linolenic (C18:3#1-3)
(20-35%) acid as the dominating fatty acids, the pulp/
peel oil is rich in palmitoleic (C16:11-7) (16-54%) and
palmitic acids (C16:0) (17-47%) being more saturated
[16,18,19]. The TAGs and PLs are the major lipid frac-
tions in both of SB seed and pulp/peel oils [17].

A systematic mapping of the phytochemical compos-
ition of different SB fruits subspecies is still lacking. Ssp.

Page 2 of 12

carpatica is the most cultivated sea buckthorn ssp. in
Romania. No data relating to the fatty acid composition
of main lipid fractions from this berry ssp. have been
previously reported. The purpose of the present study
was to characterize the fatty acid composition of the
total lipids (oils) and the major lipid fractions (PLs,
FFAs, TAGs and SEs) of the oils extracted from different
fruit parts of six SB subspecies (ssp. carpatica) cultivated
in Romania.

Results and discussion

Oil content of the SB materials

The oil content of seeds, soft parts and whole berries
(based on fresh weight, fw.) of different SB cultivars
(ssp. carpatica) are presented in Figure 1-A. The oil
amounts of the analyzed berry parts varied widely: 45—
84 g kg - in whole berries, 45- 88 g kg - in pulp/peel
and 106-135 g kg '~ in seeds. The average oil content
in seeds of the studied SB ssp. (123 g kg ) was signifi-
cantly higher (p <0.05) than in soft parts (60 g kg ) and
whole berries (62 g kg ), respectively (Figure 1-B).
These results are similar with the oil contents of ssp.
mongolica, and higher than those reported for ssp. sinen-
sis (97 g kg ! seeds, fw. and 41 g kg * berry, fw.) [16].
Yang et al. [17] determined the following amounts of oils
for ssp. rhamnoides: 11% (f.w.) in seeds, 3% (f.w.) in soft
parts and 3.5% (fw.) in whole berries, respectively.
Gutierrez et al. [18] concluded that the drying methods
of SB berry parts could affect the oil extraction yield.
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These authors reported significant differences between
the total oil content of air-dried berry pulp (cultivar In-
dian-summer) and freeze-dried pulp (36% vs. 16%
(weight/weight, w/w)), whereas the total lipid recovery
from air-dried seeds and freeze-dried seeds were similar
(11% and 12% (w/w)).

Fatty acid composition in oil of pulp/peel, seeds and
whole berries

The fatty acid compositions of pulp/peel, seeds and
whole berries oils of six SB berry cultivars (ssp. carpa-
tica) are listed in Tables 1 and 2. Due to the dominance
of the pulp and peels in SB fruit, the composition of the
oil from the whole berry resembled that of the pulp/peel
oil.

The fatty acid levels of the seed and berry pulp/peel
oil varied widely.

The dominating fatty acids in berry pulp/peel oils were
palmitic (16:0) (23-40%), oleic (18:1n-9) (20-53%) and
palmitoleic (16:1n-7) (11-27%). Small or trace amounts
of vaccenic (18:1n-7), linoleic(18:2n-6), a-linolenic
(18:3n-3), stearic (18:0), myristic (14:0), pentadecanoic
(15:0), cis-7 hexadecenoic (16:1n-9), margaric (17:0) and
two long chain fatty acids, arachidic (20:0) and eicose-
noic (20:1n-9) acids were observed in all analyzed soft
part oils. In two cultivars, C1 and C2, the proportions of
oleic acid (32.76% for C1 and 53.08% for C2) exceeded
that of the palmitoleic acid (19.53% for C1 and 11.05%
for C2). From these results can be concluded that
MUFAs were the dominant fatty acid classes (53-70%),
followed by SFAs (26-41%) and PUFAs (3-7%) (Table 2).
The PUFA/SFA ratios were close to zero, with a signi-
ficantly high value (0.17) (p<0.05) in pulp/peel oil of
C6. Statistically significant differences (p<0.05) were
observed between n-6/n-3 ratios of analyzed berry pulp/
peel oils, with the highest value in cultivar C4 (7.67) and
the lowest in C6 (1.09), respectively (Table 2).

Similar amounts of palmitic (in cv. Indian-summer
and H. rhamnoides (India)), vaccenic (in cv. Indian-sum-
mer and ssp. sinensis) and o-linolenic (in cv. Indian-
summer, H. rhamnoides (India) and H. salcifolia) acids
were recently reported by different authors for berry
pulp oil. Higher proportions of palmitoleic acid and
much lower levels of oleic acid were characteristic of the
Finnish, Chinese and Canadian soft part SB oils, except-
ing species H. tibetana which presented similar percen-
tages of (18:1n-9) with those of results from the present
study [2,17,18].

Seed oils consisted mainly of linoleic, a-linolenic, oleic,
palmitic and stearic acids, with minor or trace amounts
of vaccenic, palmitoleic, arachidic, eicosenoic, myristic,
pentadecanoic and margaric acids (Table 1). A notable
feature of the berry seed oils was the extremely low
level of palmitoleic acid (0.1-0.5%). The relatively high
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deviations were observed in the proportions of oleic (13-
21%) and linoleic (33-43%) acids. In contrast to the pulp
oils, seed oils had higher amounts of PUFAs (65-72%)
and lower proportions of MUFAs (16-21.5%) and SFAs
(11-16%), respectively (Table 2). These oils, character-
ized by high ratios of PUFAs/SFAs, with an extremely
significant high value (p <0.05) for cultivar C2 (6.25),
are susceptible to oxidative damage due to their high
a-linolenic acid content (28-33%). Statistically signifi-
cant variations (p < 0.05) were observed between n-6/n-3
ratios of analysed six seed oils, with all the values close to
1 (Table 2). This phenomenon could be explained by the
ratio of linoleic to a-linolenic acid (close to 1:1), which is
different from the main vegetable oils [20,21]. Generally
the proportions of unsaturated fatty acids from seed oils
obtained in this study were in accordance with those
reported by Yang and Kallio [17] and Yang et al. [22] for
ssp. sinensis and rhamnoides. The concentration of o-
linolenic was found slightly higher in air- and freeze- dried
SB seed oils (~ 37% and ~ 39%, respectively) of cv. Indian-
summer than in the corresponding oils from the present
work [18].

The high amount of palmitoleic acid, unusual for a
vegetable oil, distinguishes the berry pulp/peel oils from
the seed oils of SB. This valuable fatty acid, which is an
important component of skin fat, has attracted an in-
creasing interest due to its hypocholesterolemic and
hypoglyceridemic activities [2].

Comparing the average proportions (average of six cul-
tivars) of the fatty acid classes from the oils of different
parts of berries, the seed oil contained significantly lower
proportions of SFAs and MUFAs (p<0.05), and signifi-
cantly higher amount of PUFAs (p<0.05), than the
whole berry and pulp/peel oils (Figure 2).

Fatty acid composition in individual lipid fractions of oils
from pulp/peel and seeds

The fatty acid compositions of the main lipid classes
(PLs, FFAs, TAGs and SEs) from pulp/peel and seed oils
are presented in Tables 3, 4, 5 and 6.

Fatty acid composition of TAGs

The fatty acid compositions of TAGs (Figure 3) were
very close to the compositions of corresponding seed
and pulp oils, with the same dominating fatty acid
classes (Table 1; Figure 4 (a), (b) and (c)).

Fatty acid composition of PLs

The dominating fatty acids in descending order in berry
pulp/peel oils were oleic (20-40%), palmitic (17-27%),
palmitoleic (10-22%), linoleic (10%-20%) and o-linolenic
(4-9%) acids (Table 3). In all PL fractions extremely sig-
nificant differences (p<0.05), were observed between
the proportions of fatty acid classes, with the MUFAs as
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Table 1 Fatty acid composition (weight % of total fatty acids) of oils from whole berries, pulp/peel and seeds of

different cultivars of H. rhamnoides L. (ssp. carpatica) fruits

Sea buckthorn cultivars (ssp. carpatica)

Fatty acid (& c2 c3 c4 cs5 cé6
Whole berries

C14:0 0.22+0.05 061+0.10 0.59+0.10 0.25+0.05 0.37+0.03 0.33+0.05
C15:.0 r 0.05+0.02 0.04+0.02 0.03+001 0.03+0.02 0.04+0.01
c16.0 35.11+0.80 20.80+ 061 36.16+0.84 37.33+£0.87 37.21+£0.89 33.32+0.64
C16:1n-9 0.02+001 0.14+0.02 0.04+0.02 0.02+0.01 0.02+0.01 0.03+£0.02
c1e:1n-7 19.80+0.55 9.63+0.38 24.64+0.46 23.70+£0.65 23754075 19.65+0.60
C17:0 0.03+0.02 0.03+0.02 0.02+0.01 0.02+0.01 0.02+0.01 tr

180 141+0.17 286+0.14 094+0.10 096+0.12 0.82+0.08 127+0.10
C181n-9 3047+0.73 45.90+0.80 22.29+0.62 2393+0.73 24.85+0.65 28394091
C181n-7 6.78+0.20 4554030 6.23+£0.20 6.58+0.22 576+0.22 537+£017
C182n-6 3.05+0.13 10.87+0.38 6.24+0.25 5.17+0.20 457+023 760+0.25
C18:3n-3 290+0.14 4.17+0.15 267013 1.86+0.14 241+0.19 3.86+0.16
C20.0 0.17+0.05 023+0.04 0.12+002 012+003 0.14+003 013+003
C20:1n-9 0.06+0.02 0.15+0.02 0.03+001 0.02+0.01 0.05+0.02 tr

Pulp/peel
C14:0 0.23+0.03 0.59+0.06 046 +0.04 0.29+0.05 042 +0.05 040+ 0.04
C15:.0 r 0.04+0.02 0.03+0.02 0.03+002 0.03+0.01 0.04+0.02
c16.0 34.62+0.88 23.17+063 39.11+£091 3876+ 1.11 39.22+£1.22 3768+1.12
C16:1n-9 0.04+0.02 0.16+£0.04 0.02+001 0.01+001 0.02+0.01 0.03+£0.02
cie:1n-7 19.53+£0.67 11.05+044 26.70+0.58 25.74+0.96 26.19+0.71 24.90+0.90
C17:0 0.03+0.02 0.02+0.01 0.02+0.01 0.02+0.01 0.03+£0.02 0.02+0.01
180 1.25+0.15 2534007 0.84+0.06 0.77+0.08 0.61+0.07 0.87+0.08
C181n-9 32.76+0.94 53.08+1.12 20.81+0.69 22.75+0.75 2441 +£0.74 23.10+£0.82
C181n-7 641+£0.29 534+0.16 6.41+0.20 6.85+0.25 572+018 6.31+£0.19
C182n-6 406+0.16 225+0.10 457+0.18 415+0.16 2.57£0.09 341£0.10
C183n-3 0.84+0.08 1.33+0.07 0.90+0.05 0.54+0.04 0.63+£0.04 3.14£0.11
C20.0 0.17+0.03 024+0.04 0.10+0.02 0.07+0.02 0124003 0.10+0.03
C20:1n-9 0.06+0.03 020+0.05 0.03+001 tr 0.05+0.02 r
Seeds

C14:0 0.10£0.02 0.09+0.03 0.24+0.03 0.15+£0.03 0.12+£0.02 0.09+0.01
C15:0 0.11+£0.03 tr 030£0.04 tr 0.12£0.03 tr

c16.0 9.12+0.38 7.14+0.26 1244 +£044 943+033 10.29+0.31 8.06+0.28
C16:1n-9 nd nd nd nd nd nd

cie:1n-7 053+0.07 0.16+£0.03 0.36+0.03 043+0.06 033+£004 0.19£0.03
C17:0 0.03+0.01 0.03+£0.02 tr 0.05£0.01 0.03£0.01 tr

180 3.03+007 3.84+0.08 291+0.09 3.68+0.11 3.10+0.10 298+0.08
C181n-9 13.57+053 1489+ 041 16.74 £0.66 1549+ 0.51 16.30+0.60 20.09+0.71
C181n-7 228+0.11 1.38+0.08 148+0.10 222+0.10 229+0.11 1.27+007
C182n-6 4235+095 42.12+1.13 33.72+098 36.98+0.82 34414104 3893+1.17
C183n-3 2850+055 29.78+0.62 31.81+0.72 30.98+0.70 3260+0.80 28.13+£067
C20.0 037+0.04 041+0.04 021+0.04 0494003 035+0.04 026+0.04
C20:1n-9 tr 0.16+0.03 tr 0.10+0.02 0.06+0.02 r

Values are mean + SD of three samples of each fruit part, analyzed individually in triplicate; C1- C6, sea buckthorn (ssp. carpatica) cultivars.

C14:0, myristic; C15:0, pentadecanoic; C16:0, palmitic; C16:1n-9, cis-7 hexadecenoic; C16:1n-7, palmitoleic; C17:0, margaric; C18:0, stearic; C18:1n-9, oleic; C18:1n-7,

vaccenic; C18:2n-6, linoleic; C18:3n-3, a-linolenic; C20:0, arachidic; C20:1n-9, eicosenoic acids.
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Table 2 Fatty acid composition (weight % of total fatty acids) of oils from different parts of sea buckthorn fruits

(ssp. carpatica)

Sea buckthorn cultivars (ssp. carpatica)

Fatty acid classes 1 c2 c c4 cs5 c6
Whole berries
3 SFAs 36.94+ 1093 2458+0935 37.87+109° 3872+1.09 3859+ 1.065, 35.09+0837
S MUFAs 571215120 6037+152,° 532241315 5426+ 1625 5443+ 1655 5345 +1.705
S PUFAs 595+0.27¢ 15.05+0.532 8.91+0.38° 7.03+0.34¢ 6.98+042%¢ 1146+041°
PUFAs/SFAs 0.16 061° 0.24° 0.18“ 0.18 033"
n-6/n-3 1.05° 261° 2.34° 279 1.90° 1.97
Pulp/peel
S SFAs 3630+1.118 26.59+0.835 4056+ 1.06, 3095+ 1298 4041 140}, 39.11+ 13080
S MUFAs 5880+ 1952 69.83+ 1812 5396+ 149 5536+ 1972 56.39+ 1665 5434+1932
S PUFAs 490+ 0.24¢ 358+0.17¢ 547+0.23° 469 +0.20¢ 320+0.13¢ 6.56+0212
PUFAs/SFAs 0.13% 0.13%° 0.13%® 0.12°¢ 0.08° 0.17°
n-6/n-3 483° 1.70¢ 5.05° 7.67° 4.11° 1.09°
Seed
S SFAs 12.77 + 0552 11.51+043¢ 158940642 137940512 1400+051° 113940418
S MUFAs 1638+0719 1659+ 0555 1858+0.793 18.24+ 0695 1899+0.773 2155+0813
3 PUFAs 70.84 +1.502° 7190+ 1.752 65.53+ 1.705 67.97 +1.523°¢ 67.01 +1.845% 67.06+ 1.845¢
PUFAs/SFAs 5.55° 6.25° 4120 4,931 4.79% 5.89°
n-6/n-3 1.49° 1.41° 1.06° 1.19¢ 1.06° 1.38°

C1- C6, sea buckthorn (ssp. carpatica) cultivars.

Values are mean + SD of three samples of each fruit part, analyzed individually in triplicate. Means in the same row followed by different superscript letters
indicate significant differences (p <0.05) among cultivars (C1-C5); means in the same column followed by different subscript letters indicate significant differences
(p < 0.05) between fatty acid classes of each cultivar; SFAs, saturated fatty acids; MUFAs, monounsaturated fatty acids; PUFAs, polyunsaturated fatty acids.

the major fatty acids (Table 5). All the values of PUFA/
SFA ratios were close to 1, varying between 0.67 (for
C4) and 1.36 (for C2), respectively. Comparing the
pulp/peel lipid fractions from the studied cultivars, PLs
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Figure 2 Comparison of the fatty acid classes compositions (as
% of total fatty acids) from the oils of different parts of sea
buckthorn fruits (ssp. carpatica).

presented the highest values (p<0.05) for PUFA/SFA
ratios. The n-6/n-3 ratios varied between 1.4 (in Cl)
and 4.1 (in C3) (Table 5). Recent studies have shown
that a balanced intake of dietary PUFA and SFA (ranged
between 1.0 and 1.5) can contribute to reduce cardio-
vascular diseases [23,24]. The glycerophospholipids from
pulp/peel oils of subspecies sinensis, rhamnoides and
mongolica presented greater amounts of the 18:2n-6
(25.7%, 24.2% and 32.1%, respectively) and 18:3n-3 (15.4%,
12.9% and 10%, respectively) fatty acids than those of cor-
responding PLs from the present study [16,17]. The
phospholipid fractions from SB pulp oils of cv. Indian-
summer exhibited much higher amounts of palmitoleic
(22.7-25%) and lower amounts of oleic (1.4-2.4%) acids
than coresponding samples of this work [18].

In seeds PLs, PUFAs were present in a significantly
greater proportion (p<0.05), than SFAs and MUFAs
(Tables 4 and 6). The oleic and linoleic acid contents
(Table 4) were comparable with the values reported for
the seeds of Asian and European SB berries [16-18].
Small variations of n-6/n-3 ratios were observed for the
seed oils PLs, the values (Table 6) being close to the
recommended essential fatty acid balance, reported in
literature [25]. As shown in Figure 4 (a) and (c) the aver-
age value of MUFAs was significantly higher, in the berry
pulp/peel oil PL than in the seed oil PL (53.5% vs 17.9%,



Table 3 Fatty acid composition (weight % of total fatty acids) of individual lipid classes from pulp/peel oils of different cultivars (C1-C6) of sea buckthorn

fruits (ssp. carpatica)

Fatty acids (weight % of total fatty acids; mean + SD, n=3)

Species C14:0 C15:0 C16:0 C16:1n-9 C16:1n-7 C17:0 c18:0 C18:1n-9 C18:1n-7 C18:2n-6 C18:3n-3 C20:0 C20:1n-9

(&

PL 0.36+0.03 nd 2448 +0.82 nd 14.57 +£042 nd 134+004 3413+085 621+020 1082+045 754+025 055+0.04 nd
FFA 1.25+0.10 nd 32.09+0.80 nd 17.70+£048 nd 1820+£060  1880+0.57  394+0.11 582+022 220+0.10 nd nd
TAG 026+004 003+002 3898+1.10 0.12+003 21.16+052  0.06+0.02 098+0.10 2898+0.75 6.13+025 269+0.11 049+004 011+£002 0024001

SE 1.35+£0.12 nd 2753+090  0.90+0.04 152+£009 052+006  3885+1.11 2024+056  027+0.05 6.19+025 094+004 1.70+£008 nd

2

PL 034+0.04 nd 17.52+0.58 nd 10.34+0.38 nd 1.13+£004 3957+080 518+0.19 1709+060 883+0.28 tr nd
FFA 1.50+0.10 nd 33.98+0.89 nd 14.83+042 nd 1726+058  2255+040 3.60+0.14 460+018  1.68+006 nd nd
TAG 057+004  002+001 2439+0.78 032+003 1381046 tr 204+0.12  4883+090 575+0.18 252+010 148+0.12 013+£002 0.15+0.02

SE 1.65+0.09 nd 27.77+063  060+0.04 1124001 042+004  3652+084 2282+078 032+004 660+028 068+0.10 1.50+007 nd

ca

PL 0.55+0.05 nd 23.97+048 nd 21.00+0.58 nd 140+£015  2055+055 771+030 1945+070 472+0.18 064+0.04 nd
FFA 1.32+0.08 nd 3552+0.95 nd 16.20+0.62 nd 1820+053  1884+050 320+0.12 482+015 1.90+006 nd nd
TAG 0.38+0.04 tr 4006+£1.18 008+002 26311072 004+002 083+006  1981+040 6.70+0.15 484+£014 063+007 016+£002 008+002

SE 142+0.08 nd 2653+052  082+0.03 142+£019  050+005 3989+1.15 1660+042 0.82+0.06 860+028 120+005 220+0.10 nd

c4

PL 0.72+0.05 nd 2722+0.72 nd 19.90+0.58 nd 088+005 2324+062 808+025 1474+048 475+0.16 048+0.04 nd
FFA 1.88+£0.08 nd 3642 +0.80 nd 16.72+0.68 nd 1685+062  1815+045 3.12+0.13 438+£016 248+0.12 nd nd
TAG 0.28+0.04 tr 4045+£1.12 003+£002 2564+072 002001 082+004 21.17+043 703+028 396+0.15 046+004 0.14+002 tr

SE 0.88+0.06 nd 2922+0.72  030+0.04 090+008 020+004 3318+072 2544+070 120%005 520+020 160+005  1.88+0.09 nd

cs5

PL 0.26+0.03 nd 20.27+0.57 nd 22.12+0.80 nd 348+0.14 27224060 731+025 1421+£032 460+020 052+003 nd
FFA 1.72+£0.10 nd 30.54+0381 nd 14.65+046 nd 1690+065 2370+082 420+0.16 589+0.19 240+0.10 nd nd
TAG 0.30+0.04 tr 3919+091  006+002 2420+052  0.02+001 094+010 2494+071  653+022 293+0.11 062+006 020+003  0.08+0.02

SE 220+0.09 nd 2642+052  0.70+0.03 140£0.11 070+004  4005+092 1960+£054  048+0.06 580+020 1.00+£005  1.65+005 nd

cé

PL 045+0.05 nd 21.75+057 nd 22.07+0.60 nd 1214009 25834075 733+030 1510+030 591+0.19 036+0.03 nd
FFA 1.68+0.08 nd 33.09+061 nd 15.60+042 nd 1564+045  21.78+048 4.10+0.15 595+0.15  217+0.10 nd nd
TAG 042+004 005+002 3697+113 008+003 2559+£092  0.03+001 096+009 2482+065 666+028 353+0.14 068+005 0.13+002 0.10£003

SE 1.20+£0.06 nd 2420+ 061 1.10+£0.03 130£0.12  088+003 3980+088 2234+066 0.82+0.05 570018  078+007 1.88+007 nd

PL- polar lipids, FFA- free fatty acids, TAG- triacylglycerols, SE- sterol esters.
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Table 4 Fatty acid composition (weight % of total fatty acids) of individual lipid classes from seed oils of different cultivars (C1-C6) of sea buckthorn fruits
(ssp. carpatica)

Fatty acids (weight % of total fatty acids; mean + SD, n=3)

Species C14:0 C15:0 C16:0 C16:1n-9 C16:1n-7 C17:0 C18:0 C18:1n-9 C18:1n-7 C18:2n-6 C18:3n-3 C20:0 C20:1n-9

1

PL 016002 013+£003 1721+£064 nd 0.26+0.04 tr 630+£020 1423+£057 432+015 4548+122 11.09+045 0.82+0.04 tr
FFA 046+0.04 tr 2533+0.80 nd 041+0.02 tr 9.13+028 1798+062 456+0.14  3034+090 11.79+£040 tr nd
TAG 009+£002  0.14x002 8.19+0.25 nd 055002  004+002 251016 1794+066 227009  4365+1.12  2422+£082 029+003 0.10+0.02
SE 056005 005002  2459+062 nd 022+003 039+£004 2936x077 1337£043 178+008  1805+0.50 794+022  368+012 nd

2

PL 006+002 006+£003 1633+042 nd 0.09+0.02 tr 693+028 1456+040 341£015 4698+123 1031+038 096+004 030+0.03
FFA 1.20£008 030+002 2632+062 nd 020+003 030+004 11.20£038 1620+048 3.10+0.12 2778+085 1220+040 1.20+005 nd
TAG 006+003  009+0.02 563+0.18 nd 0.16+0.03 tr 232+016  1356+054  1.25+£005 4402+1.10 3268+095 0.12+003 0.12+0.03
SE 025003  0.02+001 26.20+082 nd 030+£004 042+005 2840x072 1227+050 165+006  1755+0.68 874+030  420+0.18 nd

a

PL 015002 010£003 1869+0.52 nd 015002  0.14x003 864+032 1272+052 405016 4090+095 1333+042 099+006 0.15+0.2
FFA 160+£008 020£002 2580+0.76 nd 030+£003 060£006 1510044 1520£039 198+005 2580+085 1252+052  090+007 nd
TAG tr tr 799+0.28 nd 0.19+£0.02 tr 355020 1772+068 184+006 3605+1.10 31.77£088 060+£005 028+0.04
SE 062+003 004+002 2520+0.78 nd 028+003 026+003 31.68+088 1082+040 142+006  1680+0.65 728+028  560+0.20 nd

c4

PL 0.12+003 006+002 1729+050 nd 021+003  0.11x002 6.95+0.25 1261+038  462+0.17 4308120 1385052 1.10£006 tr
FFA 1.10£006 015003  27.58+060 nd 015002 025+£005 1480+038 1285+042 285+0.10 27.10+x090 1220+040 097+007 nd
TAG 006+002  0.12+003 8.76+0.30 nd 041004  0.04x002 310010  1555+055 228+0.12 3684+1.18 3226+080 047+006 0.11+003
SE 042+£003  0.02£0.01 2720%0.72 nd 0.18+£002 035004 30.13£1.00 1125£032 160+007 16.15+0.60 690+020  580+0.15 nd

(&)

PL 0.11+£0.02 tr 20.62+0.80 nd 009+003 0.10£0.02 716+022  1233+052  446+020 4086+125 1304038 122+008 tr

FFA 093+004 023+£003  2009+0.78 nd tr tr 1226040 1337044  296+012  2953+£1.00 1955£062 1.09+0.06 nd
TAG 0.07+0.03 tr 882+032 nd 041005  0.02£001 273009 1575050  240+0.10 3528+1.10 3403112 041+004 007+002
SE 0.50+£0.03 tr 23.80+0.84 nd 020004 030+£004 3280+£098 1230£048 190+006 1585045 690+025 545+0.20 nd

c6

PL 0.10+£002 008+002 2023+054 nd 0.14+003  023+003 694+0.18 1530+£039 391x016 4154122 1051+042 1.02+005 tr
FFA 144+£006  028+004 2464+078 nd 041006  050+£005 1441038 1401£039 267+012 2612+095 1400+060  1.53+006 nd
TAG 005002  0.12+003 7.24+030 nd 029+003  0.05%001 286+012  1861+052 1.77£007 3970+1.12 2885%£090 031+003 0.16+0.03
SE 0.30+0.04 tr 2520+082 nd 028+003 040+006 31.80£1.10 1280+042 130+006  17.20+0.50 580+020  492+0.18 nd

PL- polar lipids, FFA- free fatty acids, TAG- triacylglycerols, SE- sterol esters.
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Table 5 Fatty acid composition (weight % of total fatty
acids) of individual lipid classes from pulp/peel oils of
different cultivars of sea buckthorn fruits (ssp. carpatica)
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Table 6 Fatty acid composition (weight % of total fatty
acids) of individual lipid classes from seed oils of
different cultivars of sea buckthorn fruits (ssp. carpatica)

Fatty acids (weight % of total fatty acids)

Fatty acids (weight % of total fatty acids)

Species > SFA >~ MUFA S>TPUFA  PUFA/ n-6/  Species > SFA >~ MUFA S>TPUFA  PUFA/ n-6/
SFA n-3 SFA n-3
@ (&
PL 26730935 549141472 1836+0705 069, 1444 PL 2462+093° 188140765 5657+1675 230, 410,
FFA 5154+ 1505 4044+1.167 802+032; 016 265, FFA 349241128 2295+0785  42.13+1307 121 257,
TAG  4041+130° 5641+1561  318+0.15 008, 549, TAG 112640505 2087+079%, 6787+194% 603, 1804
SE 69.94+£2273  2293+074°  713+029 010, 659, SE 5863+1620 1537+0545 2599+072% 044y 227.
2 2
PL 1899+0665 5509+137f 2592+088° 136, 1.93. PL 2434+079° 183640605 5729+1615 235, 456,
FFA  5274+1572 4098+096°  628+0245 012, 274, FFA  4052+119% 1950+063° 3998+1252 099, 228,
TAG  27.15+097° 6886+159%  399+022 015, 171, TAG 822+0425 1508+0650 7670+2052 933, 1354
SE 67861670 2486+097%  728+038, 011, 971, SE 5049+1812 142240605 2629+0985 0444 201,
G a
PL 2656+0725 4926+1437 2418+0.885 091, 412 PL 2870+098° 1707+0725 5423+1373 189, 307,
FFA  5504+1567 3824+124° 6720215 012, 2544 FFA  4420+143% 1748+0475 3832+137° 087, 206,
TAG  4156+132° 529741312 547+021S 013, 767, TAG  1214+0535 2003+£080° 6783+198 559, 1.134
SE 70541902 1966+0705  980+0335 014, 717, SE 6340+ 1943 12524049 2408+0933 0385 231,
c4 c4
PL 202940865 5121+1452 1949+0645 067, 3.0, PL 2563+088° 1744+0585, 5693+172%5 222, 3.1,
FFA 55.15+1.505 37.99+1 26@ 6.86+028;  0.12, 1.77. FFA 4485+1.19; 1585+0545 3930+1 ASOE 088. 222,
TAG  4170+£123% 5387+145%  443+019 011, 852, TAG 125540535 1835+£074° 6910+198 551, 114
SE 6536+ 1633 27.84+087° 680+025; 010, 325 SE 6392+1957 1303+0415  23.05+0805 0364 234,
5 cs
PL 2453+0775 5665+1652 1882+0525 077, 309 PL 2022+114° 1688+0755 5390+163% 184, 3.3,
FFA 4916+ 1565 4255+ 1 A44E 829+029 017, 2454 FFA 3460£131 E 163240565 4908+ 1628 142, 1.51¢
TAG  4064+109° 5581+1422  355+0.175 009, 477, TAG 120540495 1863+067° 693242222 575, 104q
SE 710241622 2218+074° 6.80+0.25¢ 0.10¢ 5.80, SE 6285+209% 144040585  2275+0705 0364 230,
€3] (€3
PL 237740745 5522+1652 210140495 088, 256, PL 2860+084° 1935+058;  5205+1643 182, 395,
FFA 50411143 4147+1050  812+0255 016 275 FFA  4280+137) 1708+0575 4012+155° 094, 187,
TAG 385541312 5725+1912 42040195 011, 522, TAG  1062+0515 2083+0652 6855+2022 646, 138
SE 6796+165 2556+0862  648+025 010, 731, SE 6262+2203 1438+0515 230040705 0374 297,

Values are mean + SD of three samples, analyzed individually in triplicate
Means in the same row followed by different superscript letters indicate
significant differences (p < 0.05) among fatty acid classes; means in the same
column followed by different subscript letters indicate significant differences
(p <0.05) among lipid classes of each cultivar.

PL, polar lipids; FFA, free fatty acids; TAG, triacylglycerols; SE, steryl esters; SFA,
saturated fatty acids; MUFA, monounsaturated fatty acids; PUFA,
polyunsaturated fatty acids.

p<0.001) and vice versa for PUFAs (21.3% vs 54.9%,
p <0.001).

Fatty acid composition of SEs

The major fatty acids in ascending order in all berry soft
part oils were linoleic (5-9%), oleic (16-26%), palmitic
(24-30%), and stearic (33-41%). The relatively high values

Values are mean + SD of three samples, analyzed individually in triplicate
Means in the same row followed by different superscript letters indicate
significant differences (p < 0.05) among fatty acid classes; means in the same
column followed by different subscript letters indicate significant differences
(p <0.05) among lipid classes of each cultivar.

PL, polar lipids; FFA, free fatty acids; TAG, triacylglycerols; SE, steryl esters; SFA,
saturated fatty acids; MUFA, monounsaturated fatty acids; PUFA,
polyunsaturated fatty acids.

of n-6/n-3 ratios of the berry pulp/peel oils SEs closely
resembled those of the berry pulp/peel oil TAGs, except-
ing cultivars C2 and C4 (see Table 5). Comparing with
the other lipid fractions from these oils, the SEs had the
highest content of SFAs (p < 0.05). This class of fatty acids
were also predominant in seed oil SEs due to their high
content of palmitic and stearic acids (Tables 4 and 6).
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Peaks of acids: (1) myristic (14:0), (2) pentadecanoic (13:0), (3) palmitic (16:0), (4)
cis-7 hexadecenoic (16:1n-9), (5) palmitoleic (16:1n-7), (6) margaric (17:0), (7)
stearic (18:0), (8) oleic (18:1n-9), (9) vaccenic (18:1n-7), (10)1inoleic (18:2n-6), (11)

o-linolenic (18:3n-3), (12) arachidic 20:0), (13) eicosenoic (20:1n-9).
Figure 3 GC-MS chromatogram of FAMEs from the TAGs of pulp/peel (a) and seeds (b) of sea buckthorn berries (ssp. carpatica).

It is interesting to note that the arachidic acid levels
were around of 2% in pulp/peel oils SEs and between 3%
and 6% in seed oils SEs.

The long chain saturated fatty acids, with more than
20 carbons, are major structural components of plant
cuticular lipids [26].

Average proportions of MUFAs and SFAs were signifi-
cantly higher in pulp/peel oils SEs than in seed oils
SEs (p<0.01) and vice versa for PUFAs (p<0.001) (see
Figure 4 (a), (b) and (c)).

The levels of SFAs from studied SB oils SEs were com-
parable to those reported for other berry SE fractions
[27,28].

Fatty acid composition of FFA

The fatty acid profiles of the FFA fractions of pulp/peel
and seed oils were relatively similar to those of TAGs
excepting the proportions for stearic acid (in berry pulp/
peel oils) and for palmitic, stearic and a-linolenic acids
(in seed oils), respectively (Tables 3 and 4). Generally,
the SFAs were the most representative in all analysed
cultivars, followed by MUFAs in pulp/peel and PUFAs

in seed oils FFAs, respectively (Tables 5 and 6). Low
levels of free fatty acids (2-4%) have been reported for
oils from air- and freeze- dried SB (cultivar Indian- Sum-
mer) seeds and pulps by Gutierrez et al. [18], with the
similar fatty acid profiles to those of neutral lipids. The
quality of the vegetable oils depends on their lipid pro-
file. A high proportion of the free fatty acids offers an
unacceptable flavour to the oils [29]. Differences be-
tween the fatty acid profiles of the studied lipid fractions
could be due to the different phases of biosynthesis and
accumulation of TAGs, SEs, PLs and fatty acids. In the
first stage PLs and SEs are synthesized with the SFAs as
dominating fatty acid classes in their composition. The
TAGs proportion, with high unsaturated fatty acid con-
tent, increases in the second phase of biosynthesis
[28,30,31].

Conclusions

This study provides valuable information about the fatty
acid composition of the major lipid fractions (PLs, FFAs,
TAGs and SEs) in the oils extracted from different berry
parts of six SB subspecies (ssp. carpatica).
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Figure 4 The average proportions of fatty acid classes (3a- % of MUFAs, 3b- % of SFAs, 3c- % of PUFAs) in lipid fractions from pulp/
peel and seeds of sea buckthorn berries (ssp. carpatica).

J

Comparing with the other European or Asiatic SB sub-
species, all berry parts of the analyzed cultivars exhibited
higher oil content. Moreover, the pulp/peel oils of ssp.
carpatica were found to contain high levels of oleic acid
and slightly lower amounts of linoleic and a-linolenic acids.

The PLs presented the highest PUFA/SFA ratios be-
tween the analysed pulp/peel lipid fractions (from 0.67
to 1.36), values which were close to the recommended
PUFA/SFA intake of nutrition scientists (1-1.5).

The seed oils could be considered excellent sources of
PUFAs due to their high contents of linoleic and a-
linolenic acids which in human body are precursors of
other long-chain n-3 and n-6 fatty acids.

The data obtained in the present work are useful to
identify suitable SB cultivars when organizing the berry
breeding programs and also provides important informa-
tion for food and pharmaceutical industry.

Methods

Samples and chemicals

Berries of SB (Hippophae rhamnoides L., ssp. carpatica, cvs.
Auras (Cl), Serpenta (C2), Tiberiu (C3), Victoria (C4),
Ovidiu (C5) and Silvia (C6)) were collected from the experi-
mental field of the Fruit Research Station- Bacau, Romania.
The fruits were collected during June to November of 2011
at the stage of commercial maturity and were stored in poly-
ethylene bags at -20°C until analysis.

Seeds were isolated manually from the fruits just be-
fore analysis at the laboratory.

Standards of fatty acid methyl esters (37component
FAME Mix, SUPELCO, catalog No: 47885-U) were pur-
chased from Supelco (Bellefonte, PA, USA). All reagents,
chemicals of analytical or HPLC purity and polar
lipid standards were purchased from Sigma-Aldrich
(St. Louis, MO, USA). The thin layer chromatography
(TLC) plates (silica gel 60 Fysq, 20 x 20 cm) were pur-
chased from Merck (Darmstadt, Germany).

Lipid extraction

The oils of the whole berries, pulp/peel and seeds were
extracted from 5 g of samples using a methanol/chloro-
form extraction procedure [17,32]. The sample was
homogenized in methanol (50 mL) for 1 min with a
high-power homogeniser (MICCRA D-9, Germany),
chloroform (100 mL) was added, and homogenization
was continued for a further 2 min. The mixture was fil-
tered and the solid residue resuspended in chloroform:
methanol (2:1, v/v, 150 mL) and homogenized for an-
other 3 min. The mixture was filtered again and washed
with 150 mL chloroform: methanol (2:1, v/v). The fil-
trates were combined and cleaned with 0.88% potassium
chloride water solution and methanol: water (1:1, v/v)
solution. The bottom layer containing the purified lipids
was filtered before the solvent was removed on a rotary
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evaporator. The lipid samples were transferred to vials
with 4 mL chloroform (stock solution), and stored at
-18°C until they were analyzed.

Fatty acid composition

Fatty acid methyl esters (FAMEs) were obtained from
lipids using acid-catalysed transesterification procedure
described by Christie [33].

For total FAME analysis, 0.2 mL of each oil extract
(stock solution) was dissolved in 1 ml toluene and then
methylated with 1% sulfuric acid in methanol (2 ml),
using a 15 mL screw-cap Pyrex culture tube at 80°Cfor
2 h. After cooling to room temperature, 5 ml of water
(with 5%NaCl) and 2 mL hexane were added. The hex-
ane layer was collected and concentrated before the
FAMEs were applied to TLC plates. The loaded TLC
plates were developed in a mixture of petroleum ether:
diethyl ether: acetic acid (85:15:1, v/v/v), sprayed with 2,
7’-dichlorofluoroscein/methanol (0.1% w/v) and viewed
under UV light (254 nm) [34]. The corresponding FAME
band was scraped and eluted with chloroform. The
eluent was removed with a gentle nitrogen stream. The
FAMEs were dissolved in 1 mL hexane and placed into a
gas chromatography (GC) vial. The vial was capped and
placed at —18°C until GC analysis.

The lipid classes (PLs, FFAs, TAGs and SEs) were
separated also by TLC. For fractionation, 0.2 ml of each
oil (stock solution) was applied on the TLC plates, de-
veloped and viewed under UV light as above. The
polar lipids remained at the origin of the plates (the
first band). The other major lipid class bands from
TLC plates, were identified using commercial standards
(which were run in parallel with the samples) and then
scraped from the plates. The bands for PLs and FFAs
were eluted with methanol: chloroform (1:1, v/v), and
the upper two major bands corresponding to TAGs and
SE respectively, were eluted with chloroform. After the
chloroform was evaporated under a nitrogen stream, the
lipid classes were methylated (20 min at reflux for PLs
and 2 h at reflux for the other lipid fractions). The ex-
traction of the corresponding FAMEs in hexane was
done as described above.

Analysis of FAMEs by GC

The FAMEs were determined by gas chromatography-
mass spectrometry (GC-MS), using a PerkinElmer Clarus
600 T GC-MS (PerkinElmer, Inc., Shelton, U.S.A.) equ-
ipped with a SUPELCOWAX 10 column (60 m x
025 mm id, 025 pm film thickness; Supelco Inc.,
Bellefonte, PA). The initial oven temperature was 140°C,
increased to 220°C with a rate of 7°C/min and then held at
this temperature for 23 min. Flow rate of the carrier gas
He and the split ratio were 0.8 ml/min and 1:24, respect-
ively. The injector temperature was 210°C. The positive
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ion electron impact (EI) mass spectra was recorded at an
ionization energy of 70 eV and a trap current of 100 pA
with a source temperature of 150°C. The mass scans were
performed within the range of m/z: 22-395 at a rate of
0.14 scan/s with an intermediate time of 0.02 s between
the scans. The injection volume was 0.5 pl. Identification
of FAMEs was done comparing their retention times with
those of known standards (37component FAME Mix,
SUPELCO # 47885-U) and the resulting mass spectra to
the ones from our database (NIST MS Search 2.0).

Statistical analyses

All the extractions and GC-MS analysis were made in
triplicate. Dates were expressed as mean + S.D. Statis-
tical differences among samples were estimated using
Student’s t-test and ANOVA (Tukey’s Multiple Compari-
son Test; GraphPad Prism Version 4.0, Graph Pad Soft-
ware Inc., San Diego CA). P<0.05 was accepted to be
statistical significant.
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