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ABSTRACT

Six different extraction methods weretested to establish an efficient method
for extracting flavonoids from sea buckthorn (H. rhamnoides L. ssp.
rhamnoides) berries. Twelve flavonoids were studied and HPL C was used
to quantitate recovery. The content of total HPL C flavonoids was higher in
acetone/petroleum ether extracts compared to other extraction methods.
Acetone/petroleum ether extraction optimised recovery of quercetin
derivative (1), isorhamnetin 3,7-diglucoside, isorhamnetin rhamnodi-
glucoside, isorhamnetin 3-glucoside 7-rhamnoside, isorhamnetin-glucoside
(3), quercetin derivative (3) and dicoumaroy! isoquercitrin compared to the
other extraction methods. Acetone/petroleum ether, hexane, methanol and
ethanol as extraction solvents gave similar concentration for five other
compounds, while propanol/hexane and chloroform/methanol were not
found to be useful extraction solventsdueto very low extraction efficiency.
These results indicate that the extraction of flavonoid compounds of sea
buckthorn berries is maximized using acetone/petroleum ether extraction
method. © 2011 Trade Sciencelnc. - INDIA
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INTRODUCTION

Fruit of sea buckthorn (Hippophae rhamnoides
L.) isastorehouse of anti-oxidantsand other potentialy
bioactive substances. Theberriescontain ascorbicacid
(30-2750 mg 100 g1), tocopherols(50-250 mg 100 g
! of oil) and carotenoids (1-120 mg 100 g ). Sea
buckthorn a so produces awide variety of flavonoids
(168-859 mg 100g?) particularly flavonol glycosides
of isorhamnetin, quercetin and keempferol, together with
high concentrationsof condensed tanning*4.

Accurate determnation of theleve sof flavonoidsis
limited by their extractability, which isdetermined by

thestructureand solubility of thecompoundsof interest
and by the chemical and physical characteristicsof the
plant tissue. It isestimated that approximately 30 % of
theerrorsinandyticad measurementsare caused by the
sampl e preparation®. When anal ysing seabuckthorn
berries, theberry oilsmust beremoved fromthesample.
If the berry oilsand other lipophilic compounds are not
removed, they are co-extracted with more polar
compounds such as phenalics, but theextract formsa
two phasesystemswhich limitsrecovery of theandytes
of interest. Several solvents, such as acetone,
chloroform, ethanal, ethyl acetate, hexane, methanal,
propanol, water and their combinationshave been used
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to extract phenolicsfrom sea buckthorn berries, but
the efficiency of extraction hasnot been comparedi>¢
191, Becauseof large variability in methodsand results
reported, thisstudy was established to optimize phenalic
extraction from seabuckthorn berries.

EXPERIMENTAL

Sudyfied

TheFinnish seabuckthorn cultivars Terhi, Tytti and
Tarmo used in this study descended from wild sea
buckthorns originating in the Baltic Sea region in
Finland*Y. The saplingsweregrown at the study field
in a coastal area in Merikarvia, western Finland
(61°52'N, 21°30'E), seeexperimentd design of thefidd
in2, Berry sampleswerecollected from seabuckthorn
bushesat theend of the growing season, in 2006. Fresh
berrieswere stored at -20°C.

Samplepreparation

Seedswere separated fromtheicy berriesby smadl
forceps. Berries (80 berries) were then freeze-dried
and crushed with liquid nitrogeninamortar. On average
36 mg of powder from freeze-dried powder was
extracted using each extraction solventsand protocol .

Chemical analyses

Six different solvent sysemsweretested for phenolic
extraction from seabuckthorn berries. Four replicate
analyseswerecarried out on each extract. In addition,
a recovery test was carried out for the acetone/
petroleum ether extraction method to evaluate whether
the concentration of phenolic compounds decreased
during theextraction.

Prepar ation of plant extracts

The solventssystemswere: 1) hexanel) methanol
[11) ethanol 1V) agueous acetone/petroleum ether V)
propanol/hexane (2:1; v/v) V1) chloroform/methanol
(2:1; viv).

Solvent systemsl, I1, I11, V, and VI. The berries
werehomogenizedwiththeglassrod (usingit asapestie)
for 5 minutesin 600 pl of solvent. Samples were then
centrifuged at 11 500 g for 3 minutes. The extract was
collected, and theresi dueswerere-extracted two more
times (1x5 minand 1x5s) in 600 ul of solvent.
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Removal of berry ail

Solvent systemsl, V, and V1. Theentireextract, a
homogenous solution, wasused for HPLC to determine
whether nonpolar solventsextract flavonoidsin addition
tolipids.

Flavonoid extraction

Solvent systemsl, V, and VI. Theresidues were
air dried and homogenized with the glassrod for 5
minutesin 600 ul of methanol and centrifuged at 11 500
g for 3 minutes. The extract was collected, and the
residues werere-extracted two moretimes (1x5min
and 1x5 s) with 600 ul of methanol.

Solvent systemsl, 11, 111, V, and VI: al extracts
were combined, and sol vent was evaporated of f under
nitrogen. For analyseswith high performanceliquid
chromatography (HPLC), theres duewasre-dissolved
in 600 ul of methanol.

Aqueousacetone/petroleum ether extraction

Solvent system I V. The berrieswere homogenized
with glassrod for 5 minutesin 600 ul of acetone/water
(3:1; v/v). Sampleswerethen centrifuged asmentioned
earlier. Theextract wascollected, and theres dueswere
re-extracted two moretimes (1x5 minand 2x5 s) 600
ul of acetone/water. All extracts were combined, and
acetone was evaporated under nitrogen. The sea
buckthorn oil wasremoved from theextract by washing
the samplethreetimeswith 600 ul of petroleum ether
(it was removed and used for HPLC to determine
whether nonpolar solventsextract flavonoidsin addition
tolipids). For analyseswith high-performanceliquid
chromatography (HPL C), the sampleswere dissolved
in 500 pl of methanol and water up to 1.5 ml.

Recovery test for aqueous acetone / petroleum
ether extraction method

The berries, (freeze-dried and powdered, four
replicates, 30 mg each) were homogenized with glass
rod for 5 minutesin 600 pul of acetone/water (3:1; v/v).
The sample was then centrifuged at 11 500 g for 3
minutes. The extract was collected, and the residues
werere-extracted threemoretimes (1x5 minand 2x5
) 600 ul of acetone/water. All extracts were combined,
and acetonewas evaporated off under nitrogen. The
sea buckthorn oil was removed from the residue by
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washingthreetimeswith 600 ul of petroleum ether, which

was removed by pipette and therest was evaporated

under nitrogen. The extract wasdissolved in water up
to1.0ml.

(1) Forthe(HPLC) control, 180 ul of extract was re-

dissolved in 500 ul of methanol and water up to
1.5ml.
For recovery testsanother 180 pl of extract was
re-dissolvedin450 pl of acetone and homogenized
with glassrod for 5 minutes. Sample was then
centrifuged at 11 500 g for 3 minutes. Theextract
was collected, and theresidueswerere-extracted
three moretimes (1x5 minand 2x5 s) 600 ul of
acetone/water (3:1; v/v). All extracts were
combined, and acetonewas evaporated off under
nitrogen. Theseabuckthorn berry oil wasremoved
fromtheextract by washing thesamplethreetimes
with 600 ul of petroleum ether, which was removed
by pipette and the rest was evaporated under
nitrogen. For andyseswith high-performanceliquid
chromatography (HPLC), the samples were
dissolved in 500 ul of methanol and water up to
1.5ml.

The concentrations of flavonoidsin recovery tests

(2) werecomparedto flavonoidsin (HPLC) control (1).

2

HPL C analyses

Theflavonoidswereandyzed by HPLC. Thesystem
used wasan Hewl ett-Packard (Avonda e, Pennsylvania)
instrument with a quaternary pump (HP 1050), an
autosampler (HP 1050), and a photo diode array
detector (HP 1040A) controlled by HP Chem Station
Software. A 3-um HPHypersil ODS column (60x4.6
mm ID) was used. The gradient elution systems
consisted of agueous 1.5 % tetrahydrofuran and 0.25%
o-phosphoricacid (=A) and 100% methanol (=B). The
sampleswere eluted asfollows: 0-5min 100%A; 5-
10 min 85% A, 15% B; 10-20 min 70% A, 30% B;
20-30min 65%A, 35% B; 30-50 min 50%A, 50% B;
50-55 min 100% B; 55-60 min 100%A. Theflow rate
was 2 ml/min. Theinjection volumewas 20 ul. The
injector and column temperature were 22 and 30°C,
respectivey. Theflavonoidswereidentified using their
retention timesand the UV-spectraand HPLC-M S(see
Heinaaho et al., in press). For HPLC-MS eluent A
contained 0.25% of acetic acid instead of o-phosphoric
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acid, and a3-um HP Hypersil ODS column (100 x 2.1
mm ID) was used. Other conditionswere asreported
in Julkunen-Tiitto and Sorsa®3.

The HPLC runs were monitored at 320 nm.
Andyzed secondary metaboliteswerequantified against
commercia standards. quercetin 3-galactoside (Roth,
Karlsruhe, Germany) for isorhamnetin derivativesand
quercetinderivatives.

Satistical analyses

Thedatafrom thisexperiment wasanayzed using
appropriatemodelsof andysisof variance (ANOVA).
To meet therequirementsof ANOVA, if thechemical
datawere not normally distributed, they werelog- or
squareroat-transformed. Themultiplecomparisonswith
extraction methods were made using Bonferroni
correction test. The ANOVASs were analyzed with
SPSS 16.0.1 for Windows (SPSS Inc., Chicago, IL,
USA, 2007).

RESULTSAND DISCUSSION

Inthisstudy, the berries of seabuckthorn cultivar
Tytti were used to comparesix methodsfor extraction
of berry flavonoids. The concentrations of twelve
compounds were compared using HPLC with UV
detection.

The concentration of total HPLC flavonoidswas
highest in acetone extracts that were delipified with
petroleum ether. Thismethod of extraction wasmore
effective than extraction with hexane (P<0.01),
propanol/hexane or chloroform/methanol extraction
solvents (P<0.001) (Figure 1). The concentrations of
six out of twelve individual compounds [such as
quercetin derivative (1), isorhamnetin 3.7-diglucoside,

Total (HPLC) flavonoids

magg-1d.wi.

o

Figurel: Thesumof total (HPL C) flavonoidswith six different
extraction methods. The barsdenote means of + standard
deviation (SD). Thebarswith sameletter shasno statistical
differencebetween each other

e, BIOCHEMISTRY

Hn Tndéan g%wumé



86

Efficient extraction of flavonoids of sea buckthorn berries

Regular Poper ===

Quercetin derivative 1

BCAIJ, 5(2) 2011

Isorhamnetin rhamnodiglucoside

E S
o o
i -
=] (=]
E E
Quercetin 2-glucoside
£ 086 b b b b b £ 03
o 04 o 02
o a =
o 0.2 o 01
g 0 g o
"% N - Y . . N
IR A A A AT L P R R
& & ¢ £ O & & & F L& o
lsorhamnetin-glucoside 3 Dicoumaroyl isoquercitrin
" a :
T o B ab g ¥ 004
T 15 = < 0.03
L d - 0.02
= 05 o 0.01
E 0 E : S S
@ & & @ R £ ; - g
LS & & . @ﬁp Q’-S\é\ Q{’& & 06'7‘@
F o ¢ @ & F# & <
Quercetin 3-glucoside 7-rhamnoside
5 a ab a
0.25 : -
2 T 3 o0 R
2 015 @ 01
s ol oo
Ly 0 o 0
= E - 9 - 4 -
+_§© "S‘@Q Q’S' ég(@ o@ﬁ‘p O\:\R?
¥ F @ ¢ ¢ ¢
E £ 6
= o 4
@ =2
z 2 0
& &
z 2 g % ; :
‘29*' $@ Q,ﬁ ‘;JQ Q\D o K
Rhamnetin derivative 2
: ] b b b
i M 3 om0
- = = 0.08
- 0.06
- 0.04 < 0.04
o 002 a O
g 0 E

A N
& &£ &F .@@ Q@é“ “@\
& €

+
& & &

&~
=

Figure?2: Theconcentrationsof flavonoidswith six different extraction methods. The bar sdenote means of + standard
deviation (SD). Thebar swith sameletter shaveno statistical difference between each other. I n casesof quercetin 3-glucoside
7-rhamnosideand dicoumar oyl isoquer citrin, thebar swithout letter shavehad too few resultsfor bonferroni correction test
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isorhamnetin rhamnodiglucoside, isorhamnetin 3-
glucoside 7-rhamnoside, quercetin derivative 3,
(P<0.001) and dicoumaroyl isoquercitrin (P=0.001)]
were higher in the acetone/petroleum ether extracts
compared to the other extraction solvents (Figure 2).
For isorhamnetin-glucosi de 3 methanol and ethanol
were as effective as was acetone/petroleum ether.
However, itsconcentration washigher inthese solvents
compared to propanol/hexane and chloroform/
methanol extraction solvents(P<0.001). For other five,
guercetin 3-glucoside 7-rhamnoside, quercetin 3-
glucoside, isorhamnetin-glucoside 2, isorhamnetin 3-
glucosdeor rhamnetin derivative 2, hexane, methanol
and ethanol were as effective as acetone/petroleum
ether (P>0.05).

The other extraction methods, such aschloroform/
methanol or propanol/hexane, removed high
concentrationsof flavonoidsinto an oil-rich fraction.
For exampl e, the concentration of isorhamnetin 3-
glucoside 7-rhamnosidein propanol/hexane berry ail
fraction was21 + 2 %, and in chloroform/methanol
berry ail fraction 60 + 1 % of the concentration of
same flavonoidsin acetone/petroleum ether extract.
On the other hand petroleum ether berry oil fraction
had only 0.6+ 0.04 % of isorhamnetin 3-glucoside 7-
rhamnoside, and 0.8 + 0.18 % of isorhamnetin 3-
glucoside, and hexane ail fraction 0.5 %, of the
concentration of acetone/petroleum ether extract. It
hasbeen earlier found that oil extraction with hexane
decreased the concentrations of phenolic compounds
by 30-40 %4, It has been isolated sea buckthorn
oilsa so successfully using chlorof orm/methanal, but
inthisstudy did not analyze phenolic compounds™®®.
Our resultsindicate that in addition to removing sea
buckthorn lipids, chloroform/methanol and propanol/
hexane extract significant amountsof flavonoids, too.
Petroleum ether removes only a small amount of
flavonoids and isfound to be suitable sol vent for oil
removallel,

Hakkinen' extracted flavonoid glycosidesfrom
sea buckthorn berriesin 50 % methanol /water (v/v).
We found methanol, hexane or ethanol extracted
phenolics, but the seabuckthorn berry oil wasdifficult
to removefrom the sample. After evaporation under
nitrogen therewasasmall drop of berry oil |eftinthe
samplevid, makingit difficult to preparethesamplefor
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TABLE 1 : Recovery test for acetone/petroleum ether
extraction method

Compound group Recovery (%)

Quercetin derivative 1 922+6
Isorhamnetin 3,7-diglucoside 93+9
| sorhamnetin rhamnodiglucoside 90+ 5

Quercetin 3-glucoside 7-rhamnoside 81+4
Quercetin 3-glucoside 91+4
I sorhamnetin 3-glucoside 7-rhamnoside 92+5
| sorhamnetin-glucoside 2 101+3
I sorhamnetin 3-glucoside 91+5
| sorhamnetin-glucoside 3 89+5

HPLC.

Recovery of phenolic compounds should bemore
than 70 %, to ensure reasonable estimation of
phenolic content*517, |n our experiment, therecovery
of compoundswas determined using the oil-purified
flavonoid extracts of the berries and measures
recovery of individual flavonoids after acetone/
petroleum ether extraction and HPL C-analyses.
Therewas marked variation in recovery-% among
different compounds (TABLE 1). Quercetin 3-
glucoside 7-rhamnoside and isorhamnetin-glucoside
3 had the lowest recoveries (81 + 4 % and 89 + 5
%), respectively. Other compounds had more than
90 % recoveriesindicating that the concentration of
phenolics do not reduce significantly during the
acetone/petroleum ether extract.

In conclusion, wetested Six extraction methodsto
find an accurate method to and yse the concentrations
of flavonoidsin seabuckthorn berries Theconcentration
of total HPL C flavonoids was highest when acetone
wasused to extract flavonoids, and theextracted materid
wasthen defatted by extraction with petroleum ether.
With individual compounds, seven out of twelve
compoundsgavethehighest concentrationsof phenolics
in the acetone/petroleum ether extract. With five
compounds the concentrations did not differ from
hexane, methanol or ethanol extracts. It wasdifficult to
removeseabuckthorn berry oil from thesamplewithout
loosing theflavonoids. Theoil wasleftinthesample
with hexane, methanol and ethanol extracts, which made
HPLC andysisdifficult. However, thisproblemwasnot
faced using acetonewith petroleum ether to defat the
samplesasthe extraction solvent.
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