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Abstract

There is an increasing interest in the usage of chromatographic methods on the analysis of chemical compounds present inHippophae
al com-
hin-layer
f detection
t and its
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rhamnoidesL. In this paper, the chromatographic techniques applied for the determination, separation and identification of chemic
pounds ofH. rhamnoidesL. are reviewed. We examined the existing chromatographic methods based on separations by paper and t
chromatography, gas chromatography, high-performance liquid chromatography and capillary electrophoresis and also methods o
by ultraviolet absorption, fluorescence, refractive index, electrochemical and mass spectrometry. Biological properties of the plan
pharmacological effects and use in traditional medicine have also been reviewed.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

Hippophae rhamnoidesL. (sea buckthorn) is a hardy bush,
which is belonged to theElaeagnaceaefamily and naturally

hepato-protective and immunumodulatory properties[3]. Be-
cause of these effects,H. rhamnoidesL. containing bioactive
c turn
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u ch as
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try (HPLC–MS) and capillary electrophoresis (CE). These
first three methods were used for quantitation of chemical
compounds in plant material. The advantages of recent hy-
phenated techniques are rapid initial screening of crude plant
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ompounds is often used in traditional medicine. This in
as necessitated the development of new methods for
sis and quantitative measurement of bioactive compo
f H. rhamnoidesL.

The methods for determination of chemical compou
f H. rhamnoidesL. include preliminary chromatograph
eparation, gas chromatography (GC), high-performanc
id chromatography (HPLC), hyphenated techniques su
C–mass spectrometry (GC–MS), HPLC–mass spectr
distributed over Asia and Europe[1]. Various organs ofH.
rhamnoidesL., especially berries, were used in traditional
medicines, mainly in Tibetian, Mongolian, Chinese and Mid-
dle Asian[2,3]. The berries have been used as a raw material
for foods and medicines for decades in China and Russia
[2–4]. Recently, the nutritional importance ofH. rhamnoides
L. berries has been increased in North America and Europe
[5–9]. Berry products ofH. rhamnoidesL. are among popular
foods in the United States, Canada, Finland, Germany, and
some other European countries[5,7–10]. Industrial utiliza-
tions and having different biological activities of the berries
and other parts ofH. rhamnoidesL. caused to increase the
necessity of compositional information for selecting the best
raw materials for food and drug industries[2].

Hippophae rhamnoidesL. contains a series of chemi-
cal compounds including carotenoids, tocopherols, sterols,
flavonoids, lipids, ascorbic acid, tanins, etc. These com-
pounds are of interest not only from the chemical point
of view, but also because many of them possess biological
and therapeutic activity including antioxidant, antitumoral,

extract, and providing preliminary information on the conte
and the nature of constituents in the matrix.

In the present paper, the analytical methods curre
available to investigate the analysis of chemical compou
present inH. rhamnoidesL. are reviewed. In addition, proper
ties of the plant, areas where it grows, and its use in traditio
medicine, and its pharmacological effects have been bri
reviewed.

2. Biological properties ofHippophae rhamnoidesL.

Hippophae rhamnoides, also known as sea buckthorn,
a member of theElaeagnaceaefamily. Hippophae rham-
noidesL. is a medium sized deciduous tree or large sh
with 2.5–6 m in height. The main trunk has a thick and rou
bark. The young branches are smooth, grey and light
coloured with needle shaped thorns. The leaves grow e
in alternate or in clusters. Each leaf is elongate-oblanceo
or elongate-spathulate with green upper surface and sil
-

leaf is still in bud condition[11]. The flowers of a plant ofH.
rhamnoidesL. are either male or female, but only one sex is
to be found on any one plant so both male and female plan
must be grown if seed is required, and seeds are pollinat
by the wind. The plant is not self-fertile[12]. The fruit is a
narrow-elliptic or oval, yellowish orange berry with its exter-
nal surface covered with silvery dust particles and it is sou
in taste[11]. It flowers in April, and the fruits are collected
through August to October. The pith of the stem can also b
used in medicine.
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Hippophae rhamnoidesis a perennial plant native to Eu-
ropean countries such as Britain, Italy and Spain, and coun-
tries in Asia such as Russia, India, Tibet[1] and Turkey
[13], and Canadian states like Saskatchewan and British
Columbia[14]. Hippophae rhamnoidesL. is found grow-
ing more on riversides of mountains and foothills, sandy and
gravel grounds at an elevation of 3300–4500 m above sea
level [11].

3. Use in traditional medicine and pharmacological
effects

3.1. Use in traditional medicine

Different parts ofH. rhamnoidesL. have been used for the
treatment of diseases in traditional medicine in various coun-
tries in the world.Hippophae rhamnoidesL. grown widely
in northern and southwestern China, is a traditional herbal
medicine, which has long been used for relieving cough, aid-
ing digestion, invigorating blood circulation and alleviating
pain since ancient time[15].

The extracts ofH. rhamnoidesL. branches and leaves are
used to treat colitis and enterocolitis in humans and animals
in Mongolia [16]. Branches and leaves are also used in the
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[27]. Also, its berry oil is reported to treat skin disease[28]
and thrombosis[29].

Oil extracts are used externally in dermatologic diseases
such as eczema, psoriasis, lupus erythematosus, and chronic
dermatoses[30,31]. In ophthalmology, they are used in the
treatment of keratitis, trachoma, injuries or burns of eye lid,
conjunctivitis[32].

3.2. Pharmacological effects

3.2.1. Antimicrobial and antitumoral effects
A few studies show thatH. rhamnoidesL. has antimi-

crobial and antitumoral effects. Phenolic compounds ofH.
rhamnoidesL. berry inhibit the growth of Gram-negative
bacteria[33]. Antitumor effects of fruit juice and seed oil
[34], and prevention of aminopyrine plus nitrite induced tu-
mor production in rats by juice ofH. rhamnoidesL. [35] have
been reported.

3.2.2. Antiulcerogenic effect
Curative and preventive effects ofH. rhamnoidesL.

against experimental gastric ulcers in rats have been reported
by various studies. Suleyman et al. have demonstrated the
antiulcerogenic effects of a hexane extract fromH. rham-
noidesfruits on indomethacin- and stress-induced ulcer mod-
e
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reatment of diarrhea[17]. Leaves are used in gastrointest
nd dermatologic disorders[16] and have been applied
ompress form in rheumatoid arthritis in the Middle A
18].

Flowers ofH. rhamnoidesL. are used as skin softener
ajikistan[19].

For its hemostatic and antiinflammatory effects, fruit
he plant are added to prescriptions in pulmonary[20–22],
astrointestinal, cardiac, blood and metabolic disor

21,23] in Indian and Tibetian medicine.
After reviewing the ancient literature Li and Guo[24]

oint out that sea buckthorn is a mild drug with the c
cteristic effects such as lowering fever, diminishing infl
ation, counteracting toxicity and abscesses, treating c
nd colds, keeping warm, easing respiration, clearing spu
aving mildly laxative effect, treating tumors, especially

he stomach and the esophagus, and treating different
f gynecological diseases in Tibetian medicine.

Oil extracts obtained from fruits are used in liver d
ases, inflammatory processes, absorption disorders
astrointestinal system, and are applied externally in he
hage[25]. Juice, syrup, and oil of the fruits have been u
s pain killer, to heal wounds, in ulcer and other diseas

he stomach, disantheria, cancer, and as a metabolism
lator in traditional medicine[18,26]. The freshly presse

uice is used in the treatment of colds, febrile conditions,
xhaustion[2].

Oil from fruits and seeds is used in the treatmen
czema, lupus erythematosus, chronic wounds that ar
cult to heal, inflammatory diseases, erosion of the ce
teri, in the treatment of burns and frozen parts of the b
ls[36] and on ethanol-induced gastric lesion[37]. Reduction
n water-immersion and reserpine-induced ulcer models
he index of pylorus ligation-induced gastric ulcer, and
cceleration of the healing process of acetic acid-ind
astric ulcer by oils of CO2-extract from the seeds a
ulp of Hippophae rhamnoidesL. have also been report

38].

.2.3. Dermatological effects
Beneficial effect ofH. rhamnoidesL. in dermatologica

isorders is known. Of the 4 months oral supplementa
f pulp and seed oils in patients with atopic dermatitis,
rovement in dermatitis was followed only in pulp oil su
lemented group[39].

.2.4. Effects on platelet aggregation
Total flavones ofH. rhamnoidesL. fruit have prolonge

hrombotic occlusion time in a mouse femoral artery thr
osis model by the photochemical reaction between i
enously injected rose bengal and green light irradia
40]. In the same study, total flavones have inhibited in v
latelet aggregation induced by collagen in a concentr
ependent manner, in contrast, they did not affect agg

ion induced by arachidonic acid and adenosine diphosp
40].

A small-scale preliminary cross-over study has also b
onducted to investigate the effects of supercritical C2-
xtractedH. rhamnoidesL. berry oil on some risk facto
f cardiovascular disease[41]. A clear decrease in the rate
denosine-5′-diphosphate-induced platelet aggregation
aximum aggregation byH. rhamnoidesL. berry oil was
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found [41]. These findings point out the possible beneficial
effects ofH. rhamnoidesL. berry oil in cardiovascular dis-
eases by inhibiting the blood clotting.

3.2.5. Effects on blood lipids
The supplementation ofH. rhamnoidesL. juice increased

plasma high density lipoprotein-cholesterol and triacylglyc-
erol concentrations by 20% and 17%, respectively, in healthy
male volunteers[42]. In addition,H. rhamnoidesL. juice
supplementation resulted in a moderate decrease in the sus-
ceptibility of low density lipoprotein to oxidation in these
subjects[42].

3.2.6. Electrophysiological effects
The effects ofH. rhamnoidesL. on action potential of my-

ocardial cells have been tested in culture by Wu et al.[43].
Total flavones (100 mg/L) decreased the duration of repolar-
ization period in both cultured rat myocardial cells and guinea
pig papillary muscles. The slope of phase 4 of depolarization
in cultured rat myocardial cells was also decreased, and the
contractile force in guinea pig papillary muscles was weak-
ened. On the other hand, arrhythmias evoked by strophantin
G in guinea pig papillary muscles were suppressed by total
flavones[43].
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rat brain to exert its antioxidant effect[48]. Hexane extract of
H. rhamnoidesL. has also prevented the depletion of the most
abundant thiol, glutathione[49], in gastric tissue of ethanol
administered rats[37]. Various in vitro and in vivo studies
clearly demonstrate thatH. rhamnoidesL. has antioxidant
activity.

3.2.8. Effects on liver injury
The effects ofH. rhamnoidesL. oils have also been tested

on experimental injury and clinical diseases of the liver. Pro-
tection by seed oil against hepatic injury induced by CCl4,
ethyl alcohol and acetaminophen has been studied in mice
[50]. This oil has markedly inhibited malondialdehyde for-
mation of liver induced by CCl4, acetaminophen and ethyl
alcohol. It decreased serum glutamic pyruvic transaminase
levels induced by CCl4 and acetaminophen. In addition, the
oil prevented the depletion of glutathione in damaged liver in-
duced by acetaminophen[50]. Clinical effects of oil on liver
fibrosis have also been tested recently by Gao et al.[51].
The oil treatment has also notably shortened the duration for
normalization of aminotransferases[51]. The results of these
studies suggest that seed oil ofH. rhamnoidesL. may also
be a useful for prevention and treatment of liver diseases.

3.2.9. Radioprotective effects
ole

b oel
e ren-
d ated
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.2.7. Antioxidant effects
Antioxidant effect of various extracts ofH. rhamnoide

. has been studied in vitro. Gao et al.[44] have shown tha
he crude extract ofH. rhamnoidesL. fruits containing both
ydrophilic and lipophilic antioxidants has higher inhibit
ffect in both 2,2-azobis(2,4-dimethylvaleronitrile) (AMV
nd ascorbate-iron induced lipid peroxidation. The aqu
nd ascorbate-free extracts have demonstrated highe
ition in the AMVN assay, but lower inhibition in ascorba

ron induced peroxidation, than the lipophilic extra
nterestingly, capacity to scavenge radicals of the crud
ract, like the phenolic and ascorbate extracts, has decr
ignificantly with increased maturation of the fruit[44].

The production of free radicals by chromium and the a
ty of alcoholic leaf and fruit extracts ofH. rhamnoidesL.
o inhibit the oxidative damage induced by chromium (
ave been investigated in vitro. Alcoholic extracts of lea
nd fruits of this plant were found to inhibit chromium (V

nduced free radical production, apoptosis, DNA fragme
ion and restored the antioxidant status of cells. In addi
hese extracts were also able to arrest the chromium-ind
nhibition of lymphocyte proliferation[45]. Antioxidant ef-
ect of H. rhamnoidesL. on chromium induced oxidativ
tress was also studied in vivo by Geetha et al.[46]. They
ave demonstrated that the leaf extract of this plant pro

he male albino rats from the chromium induced oxida
njury in serum significantly[46]. Hexane extract ofH. rham-
oidesL. fruits has shown to inhibit nicotine-induced oxid

ive stress in erythrocytes in rat[47]. However, it could no
revent nicotine-induced oxidative stress in the brain of t
ats, probably because it could not have been diffused t
Protection against whole body lethal irradiation by wh
erries ofH. rhamnoidesL., has been reported in mice. G
t al. [52] has demonstrated that alcoholic extract have
ered 82% survival as compared to no survival in irradi
ontrol. Furthermore, it has inhibited Fenton reaction
adiation mediated generation of hydroxyl radicals in v
nd superoxide anion mediated nitroblue tetrazolium re

ion and FeSO4 mediated lipid peroxidation in liver[52].
Administration of alcoholic extract 30 min before irra

tion has increased the number of surviving crypts in
ejunum and villi cellularity in comparison to the irradiat
ontrol in mice[53]. It has also reduced the incidence
poptotic bodies in the crypts in a time dependent manne

ncreased cellularity in the crypts and villi (84 h post irrad
ion) as compared to control. Caspase-3 activity has also
ound significantly lower in the mice administered alcoh
xtract before irradiation as compared to irradiated con
hese results in gastrointestinal mucosa suggest that r

ion in the radiation induced loss of cellularity of crypts a
illi and also decrease in frequency of apoptosis could
ontributed to the protection of mice treated with alcoh
xtract before irradiation[53]. To understand the mechani
f radioprotection, the effects of alcoholic extract chrom
rganization have been studied. This extract has indu
trong compaction of chromatin as was evident from
f tail and appearance of intensely stained circular bo

n Comet assay, single cell gel electrophoresis. This c
ave made the nuclei resistant even to a radiation do
000 Gy[54]. The alcoholic extract has also inhibited ra
tion and tertiary butyl hydroperoxide induced DNA str
reaks in a dose dependent manner in that study. The r
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of these studies suggest that the ability of alcoholic extract of
H. rhamnoidesL. to protect DNA could mainly be attributed
to direct modulation of chromatin organization, and the role
of its free radical scavenging activity may be limited in this
radioprotective effect.

4. Chromatographic methods

Chromatography is a powerful analytical method suitable
for the separation and quantitative determination of a consid-
erable number of compounds, even from complicated matrix.
Analytical methods used for the determination, separation
and identification of chemical compounds fromH. rham-
noidesL. include paper chromatography (PC), thin-layer
chromatography (TLC), GC, HPLC, HPLC–MS, GC–MS,
and CE. The first four methods were especially used for quan-
titation of chemical compounds present in plant material.
However, recent hyphenated techniques allow rapid initial
screening of crude plant extracts providing preliminary in-
formation on the content and the nature of constituents in the
matrix. These recent techniques provide a good method for
identification of new compounds and assure avoidance of un-
necessary isolation of common compounds of minor interest
[55].
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In another study, quercetin 3-�-d-glucopyranoside,
isorhamnetin 3-�-d-glucofuranoside-6-�-d-glucopyrano-
side, and quercetin 3-galactoglucosides were isolated from
methanol extract by using CC and preparative PC[60].

Purve et al.[61] have also studied phenolic compounds
of the fruit of theH. rhamnoidesL. Methanol extract af-
ter removing lipophilic compounds was applied to a LH-20
sephadex column and eight flavonoids were obtained subse-
quently by using preparative paper chromatography (solvent
systems 15%-acetic acid,n-butanol–acetic acid–water 4:1:5
and 3:1:1) TheRf values of these compounds in BAW systems
(4:1:5) were: quercetin 3-�-d-rutinoside (0.76), quercetin
(0.64), quercetin 7-O-rhamnoside (0.55), isorhamnetin 3-O-
rutinoside (0.45), and isorhamnetin 3-�-d-glucoside (0.60).
However,Rf values of quercetin 3-O-methyl ether, isorham-
netin and kaempferol were not provided[61].

Eight flavonoids from the ethanol extracts ofH. rham-
noidesL. fruits were determined by two-dimensional pa-
per chromatography in which the same solvent systems[58]
used [62]. Rf values in systems I and II: isorhamnetin,
0.05, 0.79; isorhamnetin 3-O-�-d-glucopyranosil-(6-1)-O-
�-l-rhamnopyranoside (narcissin), 0.33, 0.53; isorham-
netin 3-O-�-d-glucopyranoside, 0.47, 0.46; rutin, 0.57,
0.35; and isorhamnetin 3-O-�-d-glucopyranoside-7-O-�-l-
rhamnoside, 0.28, 0.62. These compounds were identified by
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In this present review, the analytical methods curre
vailable for the analysis of chemical compounds inH. rham-
oidesL. are summarized.

.1. Paper chromatography

The paper chromatography is one of the first chrom
raphic methods used for the analysis of natural prod
his technique can be used for isolating known and unkn
ubstances; identifying pure substances and mixtures; p
ests of single substances and mixtures; checking of isol
nd determination procedures, and quantitative determ

ion of numerous substances.
PC was commonly used in 1970s for the separation

etermination of compounds isolated from plants. This t
ique was also applied to analysis of flavonoids presentH.
hamnoidesL. PC can provide valuable information about
ype of flavonoids by using special spray reagents[56,57].
owever, this method provides less information comp
ith HPLC– or GC–MS.
Quercetin, kaempferol, isorhamnetin, myricetin, and

ic acid were isolated from ether fraction of methanol ext
f H. rhamnoidesL. leaves by using polyamide and silica
olumn chromatography (CC) and PC [(solvent system
5% acetic acid and (II)n-butanol–acetic acid–water (BA
:1:5)] [58].

Rasputina et al.[59] have obtained two polyphenolic co
ounds from ethyl acetate extract ofH. rhomnaidesL. leaves
f values determined by PC were 0.84 and 0.64 for isorh
etin and kaempferol 3-O-�-d-glucoside, respectively (so
ent system, BAW 4:1:2).
omparing UV and IR spectrums, NMR spectrums of T
erivatives, and acidic hydrolysis products with authe
amples[62].

.2. Thin-layer chromatography

Thin-layer chromatography has frequently been use
he separation and the quantitative or semi-quantitative
sis of natural compounds. It can also be used to co

solation in column chromatography and identity of the c
ounds. TLC has some advantages such as rapidity, eas
nd cheapness. This method does not require complex i
ental equipment and it is more sensitive than PC. How

his method provides less information compared with HP
r GC–MS.

High-performance TLC (HPTLC) is an instrumentaliz
uantitative method allowing greater separation efficie

aster separations, and improved detection limits. It is
ied out on layers composed of particles with a smaller
icle diameter, compared to conventional TLC. Quantita
PTLC using a densitometric scanner can produce re

hat are comparable with GC and column liquid chromato
hy (HPLC) when optimally performed[63]. Although TLC,
C, and HPLC are highly complementary, TLC has ad

ages in many respects including simplicity of operation
vailability of many sensitive and selective reagents for
ection and confirmation without interference of the mo
hase, and the ability to repeat detection and quantific
t any time with changed parameters[63].

TLC on alumina plates was used for separation
otal carotenoids from the hexane extracts ofH. rham-
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noides L. fruits [64]. Developing systems were consist-
ing of petroleum ether–acetone (96:4) and petroleum
ether–benzene–methanol (60:10:1) mixtures. Nine
carotenoids were determined and five of these (�-, �-
carotenes, lycopene, polycislicopine and zeaxanthine) were
identified.�-Sitosterin was also isolated from unsaponified
fractions of the hexane extract by TLC on silica gel plates
(hexane–ethyl acetate, 9:1 and 6:4) in the same study[64].

Total lipid extract isolated fromH. rhamnoidesL. fruits
was separated by TLC on silica gel plates[65]. Develop-
ment was performed with solvent system hexane–diethyl
ether–acetic acid (90:15:4). Neutral lipids (acylglycerols
and sterols) and carotenoids were separated, and po-
lar lipids (phospholipids and galactolipids) remained at
the baseline. The polar lipid extract was separated fur-
ther by HPTLC on silica gel plates. Mobile phase was
n-propanol:chloroform:methanol:methyl acetate:0.25%
aqueous potassium chloride (8.3:8.3:2.7:10:3, by volume).
Lipid bands were visualized by spraying the layers with
an aqueous solution containing 3% copper acetate and 8%
phosphoric acid and scanned at 366 nm using a scanning
photodensitometer. The identification of a phospholipid band
was made by comparing with theRf values of standards.
The ratio of the integration area of each phospholipid
band compared with that of the external standard (SM),
t pro-
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The preparative separation of isorhamnetin, kaempferol
and quercetin from crude flavone aglycones ofH. rhamnoides
L. has been achieved by a multidimensional counter-current
chromatographic system[75]. The system was set for the first
time with two sets of high-speed counter-current chromatog-
raphy instruments. Two-phase solvent system composed of
chloroform–methanol–water (4:3:2, v/v/v) was employed.
The sample solution was prepared by dissolving the crude
flavone aglycons in above solvent system used for the sepa-
ration. The efficiency of the preparative separation was con-
trolled by RP-HPLC using a C18 column and isocratic mobile
phase [methanol–0.04% H3 PO4 (50:50, v/v)]. The effluent
was monitored at 254 nm.

4.4. Gas chromatography

Gas chromatography is one of the most efficient chromato-
graphic techniques for separating volatile mixtures. A variety
of columns with different properties are available. However,
capillary columns with dimethyl polysiloxane (methyl sili-
cone), non-polar and Carbowax 20 M polar phases are com-
monly used[76]. Nevertheless, the fused-silica capillary GC
columns are mostly preferred. The use of these columns with
improved surface provide inertness, thermal stability and a
good resolution[77,78]. In capillary GC, the peak resolu-
t tion
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d na-
ogether with a calibration curve derived from the ap
riate standard, was used for quantitative evaluation.
oncentrations of individual polar lipids were estimated
g/g carotenolipoprotein complexes (CLPs), which w
hosphatidylcholine (338.5), phosphatidylglyserol (88
hosphatidylethanolamine (657.2), digaloctosylacylg
rol (554.1) and monogalactosyldiacylglycerol (82

65].

.3. High-speed counter current chromatography

The conventional methods, such as TLC, column c
atography and HPLC, are tedious and usually require

iple steps[66,67]. Counter-current chromatography (CC
s describing modern liquid–liquid chromatography, with
olid support, requiring two immiscible phases[68]. In most
f the reported variants of CCC, one phase remain statio
hile the second phase is passed through the stationar
ent phase. The principle of separation involves the part
f a solute between the two phases[69].

High-speed counter-current chromatography (HSCC
useful method for rapid chromatographic purification

loying highly efficient fractionation by a hybrid techniq
f liquid–liquid counter-current distribution and liquid ch
atography, in conjunction with the use of centrifugal fo
here is no solid support matrix at the HSCCC. Theref

t eliminates irreversible adsorptive loss of samples onto
olid support matrix used in the conventional column c
atography and HPLC. Consequently, the method is ide

he preparative separation of several natural products[70–74]
uch as flavonoids.
ion is expressed in terms of column efficiency, separa
nd retention factors[79], those are primarily affected b

he polarity of the stationary phase, column length, in
al diameter and film thickness[80–82]. With the adven
f high-resolution capillary GC using fused-silica colum
eparation of complex mixtures of plant extracts was bec
ossible. Moreover, fused-silica columns are highly app
le in practical work due to their flexibility and simplicity
andling and easy connection to GC and mass spectrom

83].
Identification based on direct comparison of reten

imes with standards or precise knowledge of retention
ices, e.g. Kovats’ retention indices[76,84–86]. However

dentification based only GC retention data and Kovats’ re
ion indices are not sufficient. Therefore, nowadays the c
ination of gas chromatography and mass spectrome

he electron impact mode (GC–EI-MS) is a well-establis
echnique for the routine analysis of plant extracts. This t
ique offers the possibility to gain additional information
ass spectra.
For flavonoids, GC–MS is a very useful tool for the an

is of complex mixtures. However, sometimes identifica
s limited when a single chromatographic peak formed
everal compounds, which makes difficult to interpret
ecorded mass spectra. There are several possibilities to
his problem. One of them is MS–MS (tandem mass s
rometry), which, when coupled with GC, allows to differ
iate each component of such complex peaks. Moreove
resence of minor constituents can also be confirmed[87,88].

Gas chromatography coupled with mass spectrom
etection (GC–MS) is one of the most widely utilized a
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lytical techniques. The explosion of applications stems from
the excellent qualitative information obtained by high sensi-
tivity inherent with mass spectrometric detection. The great
majority of GC–MS applications utilize capillary GC with
quadropole MS detection and electron ionization (EI)[89].

In recent years, capillary GC with mass spectrometry (MS)
detection has become a primary analytical tool for qualitative
and quantitative analysis of complex mixtures. Because of
the wide range of applications, the analytical requirements
have motivated a variety of chromatographic and detection
developments. GC has been the method of choice in fatty
acid analysis for about half of a century. Within a few years
after the first separations of individual volatile fatty acids
performed by James and Martin[90], GC had become widely
adopted as a highly applicable tool in micro-scale analytical
work in a number of research areas of fatty acids.

The general principle of sample preparation have been
comprehensively covered in the previous reviews, including
the selection of solvents, their properties and modes of ex-
traction of lipids[91,92], and the purification and separation
of lipid classes by solid phase extraction (SPE) and thin-layer
chromatography[93,94]. On the analysis of lipids (fatty acids
and sterols) and volatile compounds isolated from different
parts ofH. rhamnoidesL. GC and GC–MS have been com-
monly used.
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Yang and Kallio[96] investigated fatty acid composition
of lipids of seeds and whole berries ofH. rhamnoidesL. Sam-
ple preparation included solvent extraction using a mixture of
chloroform–methanol, washing with a salt solution of lipids
[97], the purification and separation of lipid groups by solid
phase extraction.

Total oil, TAG and glyserophospholipid (GPL) fractions
transesterified by sodium methoxide and fatty acid methyl
esters were analyzed by GC-FID. FAMEs were identified by
comparison with a standard mixture of known composition
and the fatty acid composition was expressed as a weight
percentage of the total fatty acids.

Yang and Kallio[98] studied fatty acid composition TAG
and GPL from seed and berries in different origin. Lipids
were isolated as described by Christie[97]. TAG and GPL
were separated and transesterified by sodium methoxide for
GC analysis of FAMEs. Quantification of each fatty acid was
carried out using methyl nonadecanoate as the internal stan-
dard without the application of any correctional factors for
different fatty acids.

The combination of linoleic and�-linolenic acids con-
stituted about 70% of the total fatty acids of seed TAG and
60% of seed GPL. Oleic acid (18:1n-9) (typically 15–20%)
and palmitic acid (16:0) (8–13%) were the other major fatty
acids in seed TAG and GPL. In whole berries, linoleic and
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The fatty acid compositions of triglycerols inH. rham-
oidesL. oil obtained by extraction from dried fruit wi
etroleum ether were analyzed by Muraveva et al.[95]. Fatty
cids methyl ethers (FAMEs) for GC analysis were obta
y MeOH/acetylchloride. FAMEs were analyzed by GC-F
ith glass column. Identification of fatty acids was carried
y comparing retention time (Rt) with the standards. Qua

ification of fatty acids was performed using miristinic a
s an internal standard and it has been reported that pa
leic and palmitoleic acids were predominantly present

Pintea et al.[65] determined the fatty acid compositio
f total and individual polar lipids separated from carote

ipoproten complexes ofH. rhamnoidesL. fruits. The pola
ipid fractions were separated by HPTLC. Identity of lip
as confirmed by co-chromatography with a standard

ure of polar lipids. The individual polar lipids were sapo
ed, transesterified and methyl esters of the fatty acids
nalyzed by GC-FID. The 17:0 acid was used as inte
tandard.

The identification of the fatty acid methyl esters w
etermined from the retention times (Rt) compared to stan
ards, whilst quantification was made by area integratio
omposite sample, containing all fatty acids, was subm
o GC–MS in order to confirm the identifications made
t comparisons. The main fatty acids in polar lipids w
leic 18:1 (33.9%), palmitic 16:0 (31.9), palmitoleic 1
9c) (23.0%) and linoleic 18:2 (9c, 12c) (5.2%). The mi
cids: miristic 14:0 (0.56%), stearic18:0 (1.45%), linole
8:3 (9c, 12c, 15c) (2.86%), arachidonic 20.0 (0.27%),
9c) (0.23%), behenic 22:0 (0.31%) and 22:1 acids (
0.27%).
-linolenic acids comprised around 20–25% in TAG,
5–40% in GPL. Oleic acid was commonly present 10–

n both TAG and GPL of whole berries. A striking feature
he whole berry oil was the high proportion of palmitic (ty
ally 25–30% in TAG, 15–20% in GPL) and palmitoleic ac
around 25% in TAG, 15–20% in GPL), the latter being
ost absent in seed oil. FAME was identified by compar
ith a standard mixture of known composition[97].
Sterols in seeds, pulp/peel fractions, and whole be

f H. rhamnoidesL. were analyzed as TMS derivatives
C–MS[99]. Lipids were saponified before the addition

holesterol palmitate as an internal standard. In order to
ate the sterols from unsaponifiables, they were applied
ilica Sep-Pak Cartridge and were derivatized by incuba

n a mixture of N,O-bis(trimethylsilyl)trifluoroacetamid
BSTFA) and trimethylchlorosilane (TMCS). The TM
erivatives of sterols were analyzed by GC–MS w
ositive ion electronimpact mode. Sterols were ident
y comparing the mass spectra and retention times

hose of reference compounds: campesterol (campe
n-3�-ol), sitosterol (stigmast-5-en-3�-ol), stigmastano
5�-stigmastan-3�-ol), �-amyrin (5�-urs-12-en-3�-ol),
nd �-amyrin (5�-olean-12-en-3�-ol) or the mass spect
ublished in the literature. The list of sterols isolated

dentified fromH. rhamnoidesL. is given inTable 1.
The sterol TMS derivatives were analyzed with gas c

atograph equipped with a flame ionization detector (F
he same column and GC parameters were used as
C–MS analysis (Table 2). The quantification of sterol com
ounds was carried out with a cholesterol internal stan
nd calculated by applying the detector response of sitos
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Table 1
Sterols and triterpenes identified in seeds and pulp/peel ofHippophae rhamnoidesL. [99]

Identified compound Occurrence Identified compound Occurrence

Campest-5-en-3�-ol (campesterol) Seeds, pulp/peel 9,19-cylco-5�,9�-lanost-24 en-3�ol (cycloartenol) Seeds, pulp/peel
Stigmastadienol Seeds, pulp/peel 4�,14�-dimethyl-9�,19-cycloergost-24(241)-en-3�-ol Seeds, pulp/peel
Stigmast-5-en-3�-ol (sitosterol) Seeds, pulp/peel 5�-urs-12-en-3�-ol seeds, (�-amyrin) Pulp/peel
5�-Stigmastan-3�-ol (stigmastanol) Seeds, pulp/peel stigmasta-7,24(241)-dien-3�-ol Seeds, pulp/peel
24(Z)-stigmasta-5,24(241)-dien-3�-ol

(isofucosterol)
Seeds, pulp/peel 4�,14�,241-trimethylergosta-8,24(241)-dien-3�-ol Seeds, pulp/peel

Stigmast-8-en-3�-ol Pulp/peel 24-Methyl-5�-cycloart-24(241) en-3�-ol (24 methylenecycloar tanol) Seeds, pulp/peel
4a,14a-Dimethyl-5a-ergosta-8,24(241)-

dien-3�-ol (obtusifoliol)
Seeds, pulp/peel 24(Z)-4�-methyl-5�-stigmasta-7,24(241)-dien-3�-ol (citrostadienol) Seeds, pulp/peel

Stigmasta-5,24(25)-dien-3�-ol Seeds Friedelan-3-olc Pulp/peel
Stigmasta-(8,24)-dien-3�-ol Pulp/peel Friedelan-3-olc Pulp/peel
Stigmast-7-en-3�-ol Seeds, pulp/peel

Tian et al.[100] analyzed volatile composition of leaves
from 14 populations ofH. rhamnoidesssp.yunnanensisand
H. rhamnoidesssp. by GC–MS. Sample preparation was
carried out by the filtration of dichloromethane extract of
dried leaves. The compounds were identified by matching
their mass spectral fragmentation patterns with those stored
in the spectrometer database. 44 compounds were detected,
40 of them were identified by their mass spectra fragmen-
tation patterns. The main compounds include tetracosane
(10–40%), hexadecanoic acid (<0.1–11%), octadecatrienol
(5–27%), tetracosene (3–11%), eicosanol (<0.1–13%) and
others (Table 2).

Cakir [101] has reported the essential oil and fatty acid
composition of the fruits ofH. rhamnoidesL. The volatiles
from fruit were extracted by CHCI3. Lipids from mesocarps
and seeds were extracted withn-hexane. Fatty acids, before
saponification, were isolated by TLC andtrans-esterified.
FAMEs were analyzed by GC fused silica capillary col-

Table 2
The methods used in the GC determination of fatty acids and volatile compounds inHippophae rhamnoidesL.

Samples Derivatization Column Identification/quantitation Reference

Oil of fruit Acetylchloride/CH3OH 10% polyethylene glycol succinat on chromatone
N-AW–HMDS, 2.4 m, glass column

FAMEs standards, retention
time, internal standard
(miristinic acid)

[95]

T 25 mm

O 0.32 m
n

T 0.32 m
n

T 0.32 m
n

S 0.25
n

C (30 m×
illary c

C .32 mm
illary c

L .53 mm
illary c

umn. Quantification of volatiles and FAMEs were obtained
from GC peak area integrations using an electronic integra-
tor. Analyses of volatile components were carried out with
GC–MS. The identification of the volatile compounds was
based on GC retention indices and FAMRs were determined
from the retention times compared to standards. Volatile
constituents of fruitH. rhamnoidesL. were determined as
aliphatic esters, aliphatic alcohols, aliphatic hydrocarbons
and acids.

Table 2lists GC systems used for detection of fatty acids
sterols and volatiles inH. rhamnoidesL.

4.5. High-performance liquid chromatography

High-performance liquid chromatography is the most
powerful and the most frequently used technique for natu-
ral compounds (izoflavones, saponins, carotenoids, sesquiter-
pene lactons)[102–105]and also flavonoids analysis[106].
otal and polar lipids BF3/MeOH BP× 70 (30 m×
column

il, TAG and GPL NaMeO NB 351 (25 m×
capillary colum

AG and GPL NaOMe NB 351 (25 m×
capillary colum

AC and GPL NaOMe NB 351 (25 m×
capillary colum

terols N,O-Bis(trimethylsilyl)tri-
fluoroacetamide (BSTFA)
and trimethylchlorosilane
(TMCS)

DB-1710 (30 m×
capillary colum

H2CI2 extract HP-INNOWax
fused-silica cap

HCI3 extract SE-52 (25 m× 0
fused-silica cap

ipids 0.5 M MeOH/NaOH
BF3/MeOH

DB-1 (30 m× 0
fused-silica cap
i.d., 0.25�m), capillary Retention time, internal
standard, GC–MS

[65]

m i.d., 0.2�m) silica FAMEs standards [96]

m i.d., 0.2�m) silica Internal standard (methyl
nonadecanoate)

[98]

m i.d., 0.2�m), silica FAMEs standards, internal
standard (methyl
nonadecanoate)

[143]

mm i.d., 0.25�m), Retention time, internal
standard, GC–MS of TMS
derivatives

[99]

0.25 mm i.d., 0.25�m)
olumn

GC–MS [100]

i.d., 0.15�m),
olumn

Retention time, retention
indices, GC–MS

[101]

i.d., 0.25�m),
olumn
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It has also been used extensively for determination of both
aglycones and glycosides.

HPLC offers significant advantages in terms of simplic-
ity, speed, cost (depending on detection method), sensitivity,
specificity, precision and sample preservation.

HPLC was first used for the determination of flavonoids in
1976[107]. This technique has the advantages of simultane-
ous separation and quantification of the flavonoid compounds
without preliminary derivatization[108,109]. However, due
to the lack of standard compounds for many flavonoid glyco-
sides and their great numbers, it has become an accepted
practice to hydrolyze the glycosides into aglycones be-
fore HPLC analysis. For flavonoids, high-performance liq-
uid chromatography with ultra-violet detection (HPLC–UV)
is a very convenient approach and has been used for the de-
termination of the total flavonoids in the dried plant extracts
[110]. The weakness of the detection method, HPLC–UV, is
its non-specificity leading to the possibility of sample matrix
interference[106].

The use of diode array detection (DAD) (which enables
the collection of on-line spectra and simultaneous quantifica-
tion by several wavelengths) has become especially common
[111–115]. Recently, coulometric electrode array detection
has been shown to be a promising technique for flavonoid
analysis. Coulometric array detection enables increased se-
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Flavonoids have two characteristic absorption bands in
the UV–vis region, Band I (arise from B-ring) and Band
II (from A-ring) with a maximum in the 300–550 nm and
240–285 nm range, respectively. UV spectra of flavones and
flavonols have a Band II peak at around 240–280 nm and a
Band I peak around 300–380 nm[56]. Detection of flavonoids
in food analysis is performed usually by UV–vis with diode
array detection. Flavones, flavonols, and flavonol glycosides
were usually detected at wavelengths such as 270 nm[129],
365 nm[130] and 370 nm[131], although detection at 280
and 350 nm was also used[132]. Problems caused by dif-
ferences in the wavelengths for maximum UV absorption by
individual flavonoids can be solved by using DAD.

Flavonoids and phenolic acids ofH. rhamnoidesL. berries
were studied by HPLC–DAD methods[133]. In that study,
the pretreatment cleanup procedure for HPLC analysis was
adapted from Ḧakkinen et al.[134]. The solvent gradient
elution program used is given inTable 3. The flow rate
was 0,5 ml min−1 and injection volume 20�L. Retention
times and UV–vis spectra of the peaks were compared with
those of the standards. Quercetin andp-coumaric acid were
used as secondary standards for flavonoids (kaempferol and
myricetin) and phenolic acids (ferulic,p-hydroxybenzoic,
gallic and ellagic acids), respectively. Quercetin (87.3%),p-
coumaric acid (2.8%), ferulic acid (3.1%),p-hydroxybenzoic
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ectivity and sensitivity for the HPLC analysis of phenolic a
avonoid compounds based on differences of their vol
etric properties[116–118].
More recently, hyphenated techniques coupling HP

ith different spectroscopic detection methods have
eveloped. The use of on-line detection and identifica
ystems allowing chemical screening of plant extracts
number of phytochemicals is a promising breakthro

n the determination and structural analyses of na
roducts.

HPLC–MS and capillary electrophoresis methods h
lso been employed to determine phenolic compo
resent in foods[119–122]. Most of the different classes
avonoids and their metabolites are separated by reve
hase HPLC.

Elution systems are usually binary: (system A) with
queous acidified polar solvent such as aqueous acetic
hosphoric acid, or formic acid and (system B) a less

ar organic solvent such as methanol or acetonitrile, pos
cidified. Less frequently, runs are isocratic or tertiary,
ven quaternary systems have been reported[123,124]. De-
ails about the solvent systems and HPLC column have
eviewed by Merken and Beecher[106].

.5.1. UV detection
HPLC–UV detection was employed to determine var

hemical compounds (flavonoids, vitamin C, tocopherol
. rhamnoidesL. Flavonoids are of interest because of th
pparent health-promoting effects as antioxidants[45,125]
nd anticarcinogen[126–128]. Therefore, there is an increa

ng interest in analyzing flavonols of this plant.
,

cid (2.4%), and ellagic acid (4.4%) were detected in b
f H. rhamnoides. Phenolic compounds in berries were
ressed as the percentages of the total content of all
ounds.

Rosch et al.[135] have investigated the phenolic com
ition of juice ofH. rhamnoidesL. fruits by HPLC–DAD and
lectrochemical detection (ECD). In this approach, acid
rolysis[136] was carried out during extraction of foods
onvert the various flavonoid glycosides into their respe
glycones.

A chromatographic separation of hydrolyzed and filte
uices was made using reversed phase HPLC. This a
he determination of phenolic acids and flavonoids wi
ne analytical run. The detection was performed by a D
t 280 and 350 nm. Injection volume was 20�L of standard
olution or filtered juice[135].

Flavonols ofH. rhamnoidesL. juice eluting at times be
ween 35 and 65 min were measured at a waveleng
50 nm and the structures of the flavonols were ident
y comparing with authenthic reference substances (Fig. 1).
hey have been shown to be the predominating poly
ols inH. rhamnoidesL. berries[133]. Major components o

uice were 3-O-rutinoside, 3-O-glucoside and 3-O-glucoside
-O-rhamnoside of isorhamnetin. Isorhamnetin and isorh
etin 7-O-rhamnoside were minor flavonoids. Furtherm

ar smaller concentrations were of quercetin 3-O-rutinoside
nd 3-O-glycoside. Quercetin and kaempferol were de
ined following hydrolysis ofH. rhamnoidesL. juices.
Vitamin C was determined with HPLC–DAD in berries
. rhamnoidesL. of different origins[137]. Sample prepa

ation includes diluting of juice with purified water, additi
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Table 3
HPLC of chemical compounds ofHippophae rhamnoidesL.

Food Analyte Sample preparation Stationary phase Guard Mobile phase Detector Reference

Berries Flavonoids
phenolic acids

Filtration, hydrolyzed with 1.2 M
HCI/MeOH by refluxing, filtered

ODS-Hypersil (100× 4 mm,
3.5�m)

a (A) 50 mM ammonium dihydrogen phosphate, pH 2.6; (B)
0.2 mMortho-phosphoric acid, pH 1.5; (C) 20% solvent A
in 80% acetonitrile; gradient: 100% A, 0–5 min; 4% C/96%
A 5–15 min; 8% C/92% A,15–25 min; 8% C/92% B,
25–25.01 min; 20% C/80% B, 25.01–45 min; 30% C/70%
B, 45–50 min; 40% C/60% B, 50–55 min; 80% C/20% B,
55–60 min; 80% C/20% B, 50–65 min; 100 A, 65–70 min;
100 A, 70–75 min

DAD [133]

Flavonol
aglycones

Extracted and hydrolyzed, filtered LiChroCART RP C18

(125× 3 mm, 5�m)
b (A) 1% formic acid; (B) acetonitrile; gradient: 10–13% B in

A, 0–10 min; 13–70% B in A, 10–25 min; 70% B in A,
25–29 min; 70–10% B in A, 29–30 min; 10% B in A,
30–35 min

DAD,
220–450 nm,
HPLC-MS

[136]

Zeaxanthin
esters

Extracted with methanol/ethyl
acetate/light petroleum (1:1:1), filtered

YMC analytical C30

(250× 4.6 mm, 5�m)
c (A) CH3OH/tert-butyl methyl ether/H2O (81:15:4); (B)

CH3OH/tert-butyl methyl ether/H2O (6:90:4); isocratic:
100% A 10 min; gradient: 50% B 40 min; 100% 50 min;
100 A 55 min; isocratic: 100% A 55–60 min

DAD, 450 nm,
HPLC-(APCI) MS

[155]

Juices Flavonols Filtration, hydrolyzed with 1.2 M
HCI/MeOH by refluxing, filtered

Fluofix 120E (250× 4.6 mm,
5�m)

d (A) Water/phosphoric acid (99.5:0.5); (B)
acetonitrile/water/phosphoric acid (50:49.5:0.5); gradient:
0% B 5 min, 0–25% B 40 min, 25–80% B 20 min, 80–100%
B 5 min, 0% B 5 min

DAD, 280 and
350 nm ECD

[135]

Phenolic acids Filtered, extracted with hexane,
extracted HCI/ethylacetate pH 2

ECD

Flavan-3-ols Filtered over a Sephadex LH-20 column ECD
Ascorbic acid Diluted, filtered and dissolved in 5%

meta-phosphoric acid
(A) Water/phosphoric acid (99.5:0.5); isocratic: 100% A ECD

LiChrospher 100 RP-18 0.5% KHPO water solutions (containing 0.1% DAD, 254 nm [137]
Ascorbic acid Diluted with purified water, added
 9
1
–
3
0
7

reducing agent and filtered
2 4

dithiothreitol)
Organic acids Juice separated, aqueous layer utilized,

organic acids isolated from sugars
Bio-Rad HPX-87H
(300× 7.8 mm column

e (A) 0.02N sulfuric acid; isocratic: 100% A RID [142]

Monomeric
sugars

Water’s Carbohydrate
analysis column
(300× 3.9 mm)

f (A) 85% acetonitrile/water; isocratic: 100% A RID

Seeds and
pulp/peel

Tocopherols,
tocotrienols

Extracted, filtered, purified LiChroCART 250-4
Superspher Si 60

g Gradient: 92% hexane/8% diisopropyl ether, 0–5 min; 92%
hexane/8% diisopropyl ether to 83% hexane/17 diisopropyl
ether, 5–30 min; 83% hexane/17 diisopropyl ether,
30–35 min

FD [143]

(a) RP-18 (5�m, 10 mm× 4 mm) guard column; (b) LiChroCART (5�m, 4 mm× 4 mm, Purospher RP-18e) guard column; (c) C30-reversed phase material including a (10 mm× 4 mm i.d.); (d) Fluofix 120E
(250 mm× 4.6 mm, 5�m) guard column; (e) Brownlee Polypore H 10�m guard column (30 mm× 4.6 mm); (f) Water’s�Bondapak NH2 (20 mm× 3.9 mm) analysis column; (g) Merck LiChroCART 4-4,
Lichrospher Si 60 guard column.
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Fig. 1. Typical HPLC–DAD (absorbance, 350 nm) plot of filtered sea
buckthorn juice. Peaks: (1) quercetin 3-O-rutinoside, (2) quercetin 3-O-
glucoside, (3) isorhamnetin 3-O-glucoside-7-O-rhamnoside, (4) isorham-
netin 3-O-rutinoside, (5) isorhamnetin 3-O-glucoside, (6) isorhamnetin 7-
O-rhamnoside, (7) isorhamnetin, and (x) unidentified flavonol glycosides.
Reprinted with permission from[135]. Copyright 2003 American Chemical
Society.

of dithiothreitol (DTT) as a reducing agent and filtering of
sample solution. The vitamin C concentration in the sample
solution, and, thus, in the juice was determined according to
the absorption peak area at 254 nm, using an external standa
method.

4.5.2. Electrochemical detection
Electrochemical detection is a particularly useful method

for determination of electroactive compounds, such as phe
nols, with better sensitivity than UV detection for HPLC
applications[138–140]. The phytochemicals, which contain
phenolic groups (phenolic acids, flavonoids), are generally
electroactive and can be detected by ECD.

Rosch et al.[135]have used HPLC–ECD method (Table 3)
for the determination of very low amounts of phenolic com-
pounds with a catechol or pyrogallol structure in juice of
H. rhamnoidesL. Gallic acid (3,4,5-trihydroxybenzoic acid)
and protocatechuic acid (3,4-dihydroxybenzoic acid) were
identified by comparing the retention times of standards. The
identity of gallic and protocatechuic acids was confirmed
by HPLC–DAD investigation, after removing lipophilic sub-
stances and flavonoids from juice, by comparing with the
retention times of standards. Detection was performed at 28
and 350 nm. Gallic acid was previously found only in the
leaves ofH. rhamnoidesL. [141].

chin
a
T par-
i ver a
s
w n in
T

d
a by

the dilution of filtrated juice with metaphosphoric acid (5%
in deionized water). The elution was performed isocratically
(100% water–phosphoric acid 99.5:0.5, v/v). All other con-
ditions are given inTable 3.

Table 3lists several modern HPLC methods for detection
of phenolic compounds (flavonols, phenolic acids, flavonol-
3-ols, tocopherols and ascorbic acid) inH. rhamnoidesL.

4.5.3. Fluorescence detection
Detection based on fluorescence is generally more sensi-

tive than UV absorption. Fluorescence is measured against
a nearly zero background, whereas UV absorption is deter-
mined from decreases in the incident light source. It should
be noted that the number of compounds that are naturally
fluorescent is quite limited. However, fluorescence detection
can provide better selectivity in addition to better sensitivity
compared to UV detection.

Kallio et al. [143] reported a HPLC method for anal-
ysis of tocopherols and tocotrienols inH. rhamnoidesL.
berries. Lipids were extracted using a methanol–chloroform
extraction procedure from seeds and the soft parts (pulp
and peel) isolated from freeze-dried berries. Lipids were
washed up with salt solution for the purification. Purified
lipid fraction was filtered and solvent was removed. Toco-
pherols and tocotrienols were analyzed with a normal phase
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Rosch et al. indicated also the occurrence of (+)-cate
nd (−)-epicatechin by HPLC–ECD chromatogram[135].
he identity of these flavan-3-ols was confirmed by com

son of the UV spectra after the juice was cleaned up o
mall column filled with Sephadex LH-20[142]. Detection
as performed at 500 mV. All other conditions are give
able 3.

Ascorbic acid in juiceH. rhamnoidesL. was determine
lso by HPLC–ECD[135]. Sample preparation was made
rd

-

0

HPLC-fluorescence detector. The excitation wavelength
295 nm, and the emission wavelength was 330 nm. The id
tification of individual peaks was carried out by co-injectio
with standard compounds. The quantification was carr
out with internal standard tocol and corrected with sp
cific correction factors determined by analysis of stand
compounds. All the four tocopherol isomers (�-, �-, �-, �-
tocopherols) and�-tocotrienol were found in seeds.�- and
�-tocopherols were the two major isomers, representing
ically 40–50% and 20–40%, respectively, of the total toc
pherols and tocotrienols. The proportions of each of the o
isomers were typically 5–10%.

4.5.4. Refractive index detection
HPLC with refractive index (RI) detection is a powe

ful technique for fast and reliable HPLC results when an
lyzing non-UV absorbing substances, such as carbohydr
and lipids. Beveridge et al.[144] have studied neutral sug
ars and organic acids in juice of berries fromH. rhamnoides
L. by HPLC–RI method. In that paper, aqueous layer s
arated from berry juices was analysed. Aqueous layer s
ple was passed through ion-exchange resin to isolate th
ganic acids from the sugars. Organic acids were separ
isocratically and detected by a Water’s 410 refractive ind
detector. Chromatographic control and quantification w
achieved by a Waters Millinium System. Five compone
(oxalic, citric, tartaric, malic and quinic acids) were detect
in the organic acid fraction obtained from the anion-exchan
resin. Neutral, monosaccarides were also separated isoc
cally and detected as mentioned above. Juice of berries
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tains glucose and fructose as the major sugars detected by
HPLC.

4.5.5. Mass spectrometry
HPLC coupled to mass spectrometry (MS) has been used

in several studies to identify natural compounds from bio-
logical samples[145–149]. Much effort has been devoted
to developing HPLC–MS methods with mainly atmospheric
pressure ionization interfaces (APCI) or electrospray ioniza-
tion interfaces (ESI)[150–152].

HPLC–electrospray ionization (ESI)-MS offers advan-
tages in terms of sensitivity and capacity for the analysis
of large, thermally labile and highly polar compounds[153].

Häkkinen and Auriola[136] applied high-performance
liquid chromatography–electrospray ionization-mass spec-
trometry (HPLC–ESI-MS) for separation and identification
of flavonol aglycones and glycosides inHippophae rham-
noidesL. berries. All mass spectrometry data were acquired
in the positive ionization mode. The sample preparation pro-
cedures for aglicon include hydrolysis, filtration followed by
solvent evaporation and sample dilution. On the other hand,
sample preparation of flavonoid glycosides include thaw-
ing and homogenizing the berries, diluting, centrifuging, and
evaporating to dryness.

In Häkkinen and Auriola’s[136] research, quercetin was
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detection around 500 fmol for individual carotenoids[150].
HPLC–MS provides information on carotenoid molecular
mass, and fragmentation patterns allow determination of the
carotenoid structure.

Dachtler et al.[154] have reported that, using HPLC–MS
with atmospheric pressure chemical ionization, the lutein
stereoisomers can be distinguished from zeaxanthin
stereoisomers in the upper picogram range within one chro-
matographic run.

Weeler and Breithaupt[155] have reported that liquid
chromatography–atmospheric pressure chemical ionization
mass spectrometry [LC–(APCI)MS] method allows to iden-
tify zeaxanthin esters of a standard mixture and ofH. rham-
noidesL. extracts. Sample preparation includes extraction
with slightly polar plus non-polar solvent, filtering, drying
with anhydrous sodium sulfate and evaporation. Saponifica-
tion of zeaxanthin esters was carried out with methanolic
KOH. These esters were quantified on the basis of their re-
spective molecular masses using zeaxanthin for calibration.
However, total zeaxanthin was determined after saponifica-
tion of aliquots of the extracts. The zeaxanthin esters are
separated using HPLC method with a diode array detector
(450 nm) with C30 column. Detection limit was 0.4�g/ml.

For identification, the standard mixture of zeaxanthin es-
ters andH. rhamnoidesL. extracts were analyzed using
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dentified with both ESI-MS and DAD inH. rhamnoide
. berries. Quercetin eluted at 19.9 min in the HPLC–D
ystem and at 18.3 min in the HPLC–MS system. A
pectrum ofm/z303.3 ion resulted in a fragmentation sp
rum MS–MS in which the main ions matched with
ragmentation spectrum of quercetin. Using HPLC–ESI
echniques, kaempferol was also identified (retention t
9.9 min;m/z287).

Total ion chromatograms (TICs) and full scan sou
nduced dissociation (SID) chromatogram, as well as

S–MS and MS3 spectra, were used to identify glycoside
erries.

Two glycosides deoxyhexose–hexoses and hexo
eoxyhexose (m/z611) of quercetin were identified by usi
PLC–ESI-MS (retention times, 12.3 and 14.3 min). To c
rm the data obtained using the HPLC–ESI-MS proced
ractions of the glycosides from berries were separated
rolyzed, silylated, and the sugars present in glycosides
nalyzed using gas chromatography–mass spectrome

he GC–MS analysis of both fractions ofm/z 611, glucos
nd rhamnose were identified.

Electrospray ionization technique provides informa
n the structure of the aglycones and glycosides wit

ime-consuming, pre-purification or derivatization steps.
PLC–ESI-MS technique is highly valuable in the iden
ation of flavonol aglycones and glycosides fromH. rham-
oidesL. berry.

HPLC–MS technique was applied also for analysi
arotenoids inH. rhamnoidesL. berry. HPLC–MS system
ave a number of advantages over UV detection: sa
uantity required for analysis is very small, with limits
C–(APCI)MS in the positive mode. The quasimolecular
[M+ H]+) was clearly detectable. The fragmentation p
ay was dominated by the loss of one ([M+ H− FA]+) or

wo ([M+ H− 2FA]+) fatty acids. In the case of zeaxant
onoesters, this led to the formation ofm/z551.4, whereas d
sters formedm/z533.4, the “backbone” of zeaxanthin. Ze
nthin, zeaxanthin dipalmitat, and�-cryptoxanthin palmita
ere identified in the fruit extract ofH. rhamnoidesL. In that
tudy, zeaxanthin ester patterns as well as the concent
f free (native) and total (after saponification) zeaxanth
. rhamnoidesL. were reported[155].

.6. Capillary electrophoresis

Capillary electrophoresis is a relatively new separa
echnique compared to other chromatographic methods
s GC and HPLC. The theory of CE has been discuss
etail in several studies[156–158].

Since first described in its modern format by Jorgen
nd Lukcas in 1981[159,160], CE has been developed in
everal modes, such as capillary zone electrophoresis (
r micellar electrokinetic chromatography (MEKC). CZE

he basic mode of CE techniques.
CE has gained widespread interest as a favourable

ique for the determination of natural compounds in bio
cal matrices such as plants[161]. Basically, separation b
E is a result of differences in electrophoretic mobilitie
harged species in an electric field in small diameter c
aries.

The most attractive advantages of CE are rapidity
igh-resolution of separation with sample volumes in
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nanoliter range. Borate buffers with pH 8–11 and a con-
centration range of 25–200 mM are commonly used. Borate
can form complexes with ortho-dihydroxyl groups on the
flavonoid nucleus and with vicinalcis-dihydroxyl groups of
sugar, and therefore makes the separation easy[162]. The in-
fluence of structure and buffer composition on electrophoretic
behavior of flavonoids has been discussed in several studies
[163–166].

Charged species are separated from each other in the capil-
lary, and all neutral species migrate at the same speed. Since
most of the flavonoids are weak acids, alkaline buffers are
used to ensure that the phenolic moiety is charged for elec-
trophoretic separation.

The instrumentation format of CE is similar to HPLC.
Therefore, most detection methods used in HPLC can be
adapted to monitor CE separations. The various modes of
detection in CE are present and include fluorescence, UV ab-
sorbance, and electrochemical detection. The detection limits
(ranging from single molecule to 10−5 M), detection scheme
complexity and the particular applications dictate the selec-
tion of detection methodology in CE[167].

4.6.1. UV detection
As mentioned above, the instrumentation format of CE is
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Fig. 2. Chromatogram of mixture of methanol extract of the whole plant
of Hippophae rhamnoides: (1) kampferol; (2) isorhamnetin; (3) quercetin.
Analytical conditions: borate, 20 mM; pH, 10.0; DM-�-CD, 5 mg ml−1; volt-
age 15 kV; temperature 25◦C; and UV detection wavelength, 270 nm. From
[168].

Vaher and Koel[169] described the CZE method for sep-
aration of poliphenolic compounds extracted from berries
of H. rhamnoidesby supercritical fluid extraction with car-
bon dioxide modified with different alcohols. CE separations
were performed using an electropherograph with an UV de-
tector. The separation was monitored at 240 nm and applied
voltage was 18 kV. An uncoated capillary with dimensions of
75 cm× 50�m was used. Before use, the capillary was rinsed
with 1 M sodium hydroxide solution, methanol, and sepa-
ration medium. Effects of electrolytic solutions (disodium
hydrogen phosphate, sodium dihydrogen phosphate, ammo-
nium acetate and borate) and of concentrations on separation
efficiency were studied. The optimum separation of poliphe-
nolic compounds (resveratrol, catechin and quercetin) carried
out in the pH 9.4 with 25 mM disodium tetraborate buffer.
Identification of analytes is made by comparison with stan-
dard[169].

4.6.2. Electrochemical detection
A high-performance capillary electrophoresis with

electrochemical detection (CE–ECD) was developed for the
determination of the bioactive flavonoids inH. rhamnoides
L. [170]. DriedH. rhamnoidesL. fruit and seed residues were
extracted with anhydrous ethanol and H3BO3–Na2B4O7
buffer (running buffer) (1:1), filtered and injected directly
t
i elec-
t ral
f ning
b and
t wed
g his
q olic
e f
e etin
w
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imilar to HPLC-therefore most detection methods use
PLC can be adapted to monitor CE separations.
Yue et al.[168] have developed a fast capillary zone e

rophoresis method, for the determination of three flavon
quercetin, kaempferol and isorhamnetin) in the meth
xtract fromH. rhamnoidesL. fruits with UV detection a
70 nm. In this method, dimethyl-�-cyclodextrin (DM-�-
D) was used as modifier. Separation capillary was an

reated fused silica capillary with a total length of 35 cm
n effective length of 30 cm (50�m i.d., 365�m o.d.).

The effects of several CE parameters on the resoluti
avonols were studied. The effect of borate buffers (20 m
ith different pH on migration behavior was studied. T
H 10.0 was then selected as the reference pH for furthe

imization. Flavonoids as phenol types are weak acids
Ka value of 9.0–10.0, therefore, these compounds wi
onstantly ionized in higher pH, and migration times
esolution will increase with increasing pH values. Influe
f organic solvents (methanol, acetone and isopropan
nhance the separation was also studied. However, th
lytical times were still longer because the electroosm
ow (EOF) decreased with the addition of organic mo
ers. The effect of DM-�-CD concentration on the migr
ion time was determined. The contents of three flavon
n H. rhamnoidesL. berry were successfully determined
.5 min (Fig. 2), with satisfactory repeatability and reco
ry. The detection limits were 0.83�g ml−1 for quercetin
.83�g ml−1 for kaempferol and 1.65�g ml−1 for isorham-
etin [168]. The results demonstrated that the proposed
ethod is very suitable for the fast determination of flavon

ompounds in the extract of the fruits ofH. rhamnoidesL.
o the CE–ECD. The fused-silica capillary (75 cm× 25�m
.d.) was used for the separation. Samples injected
rokinetically, applying 14 kV for 8 s. The effect of seve
actors such as the activity and concentration of run
uffer, the separation voltage, the applied potential
he injection time were investigated. The method sho
ood selectivity, sensitivity and reproducibility. Thus, t
uantitative method is useful for the analysis of ethan
xtracts fromH. rhamnoidesL. The detection limits o
picatechin, catechin, rutin, kaempferol and querc
ere 2.5× 10−7, 1.3× 10−7, 3.1× 10−7, 4.3× 10−7, and
.9× 10−7 mg L−1, respectively.
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Table 4
Natural compounds isolated and identified fromHippophae rhamnoidesL.
by chromatographic methods

Substance Sample References

Flavonols
Quercetin Leaves [58]

Fruit [61,75,133]

Quercetin 3-galactoside Leaves [60]
Quercetin 3-O-�-d-glucopyranoside

(isoquercetin)
Leaves [60]

Quercetin 3-methyl ether Leaves [61]

Quercetin 3-O-rutinoside Fruit [61,62]
Juice [135]

Quercetin 3-O-glucoside Juice [135]
Quercetin-7-O-rhamnoside Fruit [61]

Kaempferol Leaves [58,75]
Fruit [61]

Kaempferol 3-O-�-d-glucopiranoside
(astragalin)

Leaves [59,60]

Isorhamnetin (3,5,7,4-tetrahydroxy-3-
methoxyflavon)

Leaves [58,59]

Fruit [62,75]
Juice [135]

Isorhamnetin 3-O-�-d-glucopyranosil-
(6-1)-O-�-l-rhamnopyranoside
(narcissin)

Fruit [62]

Isorhamnetin 3-O-�-d-glucopyranoside Fruit [61,62]

Isorhamnetin 3-O-�-d-glucopyranoside-
7-O-�-l-rhamnoside

Fruit [62]

Leaves [59]
Juice [135]

Isorhamnetin
3-O-glucoside-7-O-rhamnoside

Juice [62,135]

Isorhamnetin 3-O-rutinoside Fruit [61]
Juice [135]

Isorhamnetin 3-O-glucoside Juice [135]
Fruit [61]

Isorhamnetin 7-O-rhamnoside Fruit [61]
Juice [135]

Isorhamnetin 3-O-galactoside Fruit [61]

Myricetin Leaves [58]
Fruit [133]

Flavon-3-ols
(+)-Catechin Juice [135]
(−)-Epicatechin Juice [135]

Phenolic acids
Gallic acid (3,4,5-trihydroxybenzoic

acid)
Leaves [58]

Juice [135]

Protecatechuic acid
(3,4-dihydroxybenzoic acid)

Juice [135]

p-Coumaric acid Berries [133]
Ferulic acid Berries [133]
p-Hydroxybenzoic acid Berries [133]
Ellagic acid Berries [133]

Tocopherols
�-Tocopherol Seeds [143]
�-Tocopherol Seeds [143]

Table 4 (Continued)

Substance Sample References

�-Tocopherol Seeds [143]
�-Tocopherol Seeds [143]

Carotenoids
�-Carotene Fruit [64]
�-Carotene Fruit [64]
�-Carotene Fruit [64]
Lycopene Fruit [64]
Zeaxanthin Fruit [64,155]
Zeaxantin dipalmitat Fruit [155]
�-Cryptoxanthin palmitat Fruit [155]

Organic acids
Oxalic acid Juice [144]
Citric acid Juice [144]
Tartaric acid Juice [144]
Malic acid Juice [144]
Quinic acid Juice [144]
Ascorbic acid Fruit [137,144]

Lipids
Phosphatidylcholine Fruit [65]
Phosphatidylglycerol Fruit [65]
Phosphatidylethanolamine Fruit [65]
Digalactosyldiacylglycerol Fruit [65]
Monogalactosylacylglycerol Fruit [65]

Fatty acids Oil [95,100]
Fruit [65,98,101]
Seeds [96,98]

Sterols Fruit [99]

Volatile compounds
Aliphatic esters Fruit [101]
Aliphatic alcohols Fruit [101]

Leaves [100]

Aliphatic hydrocarbons Fruit [101]
Leaves [100]

Aliphatic aldehyde Leaves [100]

Monosaccarides
Glucose Juice [144]
Fructose Juice [144]

Natural compounds isolated and identified fromH. rham-
noidesL. by chromatographic methods are listed inTable 4.

5. Conclusion

Hippophae rhamnoidesL. is a widely used plant in
traditional medicine for various clinical conditions. Antiul-
cerogenic effect, in vitro and in vivo antioxidant effects,
radioprotective effects, beneficial effects on experimental
injury and clinical diseases of the liver, inhibition of platelet
aggregation are among the pharmacological affectsH.
rhamnoidesL. reported.

Hippophae rhamnoidesL. has some biologically impor-
tant compounds. Thus, there is an increasing interest for the
analysis of chemical compounds present in this plant. How-
ever, there is no a single method that can be recommended
as routine procedure for the analysis of complex mixtures.
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Therefore, a variety of analytical methods have been used for
the analysis of chemical compounds ofH. rhamnoidesL. All
methods presented have various advantages and limitations.

Simple chromatographic methods (PC, TLC, TLC–
densitometry) can be used to control isolation in open column
chromatography and/or separation of compounds present in
the extracts. However, compared with HPLC– or GC–MS
these chromatographic methods provide less information.

HPLC with DAD–UV detection is the method of choice,
since it is equally suited to the quantitative measurement of
flavonoids (aglycones and glycosides) and requires minimal
sample preparation. Detection using fluorescence may help in
certain cases. For well-described matrices on where there are
many known flavonoids present, HPLC–ECD is suitable. For
studies where the flavonoids in the sample are not known
a priori methods based on mass spectrometry are recom-
mended.

The HPLC–ESI-MS technique is highly valuable in the
identification of flavonol aglycones and glycosides from
berry extracts. This ionization technique requires very little
sample work up and provides information on the structure of
the aglycones and glycosides without time-consuming pre-
purification or derivatization steps. HPLC–electrospray ion-
ization (ESI)-MS offers advantages in terms of sensitivity
and capacity for the analysis of large, thermally labile and
h
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[11] Traditional Tibetian Healing Inc., http://store.yahoo.com/
tibetansupplements/hiprhaml.html, access date March 29, 2004.

[12] Tibetian medical encyclopedia,http://www.doctorgarma.com/rst/
hippophaerhamnoides/, access date March 29, 2004.

[13] P.H. Davis, Flora of Turkey and the East Aegean Islands, Edinburgh
University Press, Edinburgh, 1972.
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Capillary electrophoresis has been proven to be a

ul technique for analyzing natural compounds, such
avonoids. The amount of the sample required for the an
is is very small, and the other advantage of the CE is its
unning cost. CE is also a powerful separation method
henolic compounds particularly when it is combined w
lectrochemical and UV detection.

Modern GC separations are converging towards the
ination of high speed and high resolution. This techniq
roved to be applicable on complex lipidic samples and
ertainly be extended to other matrices.

A multidimensional counter-current chromatograp
ystem is a successful method for the preparative sepa
f flavonol aglycones ofH. rhamnoides.
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