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Article

Supercritical Fluid Extraction and Chromatographic Analysis
(HRGC-FID and HRGC-MS) of Lupinus spp. Alkaloids

PUniversidad de Concepcion, Facultad de Farmacia, Casilla 237, Concepcidn, Chile

Os extratos de alcalides de Lupinus spp., obtidos por métodos convencionais (maceragéo/
sonicagdo — extragdo em fase solida; macerag&o/soni cagdo —extragéo liquido-liquido) e por SFE
(extragdo com fluido supercritico) usando CO, e CO, modificado (CO,/MeOH, COo/EtOH,
CO,/iPrOH e CO,/H,0) foram analisados por CGAR-DIC (cromatografiagasosa de altaresol ugio
com detector deionizagdo de chama) e CGAR-EM (cromatografiagasosade altaresolugdo acoplada
aespectrometria de massas). As andlises quantitativas por CGAR-DIC foram feitas pelo método
do padrdo interno, para a quantificagdo de lupanina, multiflorina e um alcal6ide derivado da
esparteina. CGAR-EM permitiu a identificac8o dos constituintes quimicos (al cal Gides e outras
substancias) destes extratos.

The akaloid extracts from Lupinus spp., obtained by conventional methods (maceration/soni-
cation - solid phase extraction; maceration/sonication - liquid-liquid extraction) and SFE (supercritical
fluid extraction) using CO, and modified CO, (CO,/MeOH, CO,/EtOH, CO,/iPrOH and CO»/
H,0) were analysed by HRGC-FID (high resol ution gas chromatography - flame ionization detec-
tor) and HRGC-MS (high resolution gas chromatography - mass spectrometry). The HRGC-FID
quantitative analyseswere performed with aninternal standard method for quantification of lupanine,
multiflorineand aspartein-like alkal oid. HRGC-M S allowed identification of the chemical constitu-
ents (alkaloids and other compounds) from these extracts.
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chromatography (HRGC)

I ntroduction

Lupinus spp. has been investigated in several countries
as a potential alimentary source due to its relatively high
protein and oil content (35 - 40% and 8 - 12%, respec-
tively), high productivity and low cost. Although lupine
protein levels are similar or larger than that of the soya
bean, the main problem is the quinolizidine alkaloids,
which are known to provide a bitter taste and toxicity to
the seeds. An usual procedure for the elimination of these
alkaloidsiswashing the seeds with flowing water; despite
simple, thismethod requireslarge volumes of water for the
commercial scale Lupinus processingl-3.

SFE (supercritical fluid extraction) is a valuable
method both for industrial scale food processing and also
for analytical scale studies, as an alternative extraction

* e-mail: flancas@iqsc.sc.usp.br

method to reduce the use of liquid solvents (mainly or-
ganic solvents). However, analytical scale SFE of polar
compoundsis still underexplored, mainly due to the low
diffusibility and low polarity of supercritical CO,. Some
moderately polar natural products such as alkaloids and
flavonoids have been extracted by SFE# 5,

Inthiswork, the extraction of Lupinus spp. alkaloids
by SFE is compared with conventional methods (mac-
eration/sonication - solid phase extraction, and macera-
tion/sonication - liquid-liquid extraction). The extracts
were analysed by HRGC-FID (high resolution gas chro-
matography - flame ionisation detector), for the quanti-
fication of lupanine, multiflorine and a spartein-like al-
kaloid. HRGC-MSS (high resol ution gas chromatography
coupled with mass spectrometry) analysis allowed the
identification of the chemical constituents (alkaloidsand
other compounds) from the extracts obtained by differ-
ent methods from Lupinus samples obtained from mar-
ketsin S&o Paulo, SP.
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Experimental

Materials
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Analytical reagent grade ethanol, ethanol, isopropanoal,
dichloromethane and acetone were purchased from Merck,
Darmstadt, Germany. The carbon dioxide and nitrogen gas
were supplied by White Martins, Rio de Janeiro, Brazil.

Sanples

Seeds of Lupinus mutabilis, L. albus and L. sp.
(Leguminosae- Papilonaceae) were collected in Chile by

1) volumn adjusted to 25,0 mL

2) + NaOH (pH > 11)
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oneof theauthors(D. von B.). Commercia lupine samples
were bought from local marketsin S&o Paulo, SP, Brazil.
The samplesweredried (ca. 40°C), powdered and ground

(70- 100 mesh).

Sanmpleextraction: conventional method (macer ation/sonication)

Extraction was performed as schematically represented
inFigure 1. Each samplewas extracted in triplicate, and the
extractswere anaysed by HRGC-FID and HRGC-MS. The
yield of each extraction was determined after drying (room
temperature, under nitrogen flux, followed by drying in a
vacuum oven at room temperature) until constant weight.

powder

1.0 g lupine seeds

1) agitation

2) ultra-sound extraction

(2 min.)

3) centrifugation (2500 rpm,

40 mir )

supernatant

aliquot - 20 mL

residue

SPE procedure

CH,CI,

alkaloids sample

HRGC-FID and
HRGC-MS
analysis

1) preconcentration
(Extrelut-20)
2) elution - 4 x 25 mL

3) solvent evaporation

LLE procedure

alkaloids sample

HRGC-FID and
HRGC-MS
analysis

1) 3x10 mL CH,CI,
2) solvent evaporation

Figure 1. Schematic drawing of the conventional extraction procedure and clean-up for Lupinus samples.
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Sanpleextraction: SFE

Supercritical fluid extractions were performed on an
analytical scale “home-made” system, previously de-
scribed® . Powdered Lupinus samples (0.5 g each) were
extracted for approximately 20 minutesin adynamic mode,
using as extraction fluids pure CO, or CO, modified with
different solvents, asindicated in Table 1.

Table 1. Conditions of the fluid mixtures used in SFE experiments.
SFE fluid mixture (v:v)

Pressure / atm Temperature /°C

Co, 80.0 40.0
CO,/ 10% MeOH 80.0 60.0
CO,/ 15% MeOH 80.0 60.0
CO,/ 10% EtOH 80.0 60.0
CO,/ 10% ipOH 80.0 60.0
CO,/5 % H,0 90.0 70.0

Sequential mode extractions were done firstly with
pure CO,, followed by extraction of the same Lupinus
sample using CO, modified with 10% EtOH. Tempera-
ture and pressure conditions of each step were asreported
inTable 1.
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All the extracts were collected in analytical grade
CH,CI, (Merck, Darmstadt, Germany) contained in atest
tube, in an ice bath. The solvent was removed at room
temperature, under nitrogen flux, followed by dryingina
vacuum oven at room temperature until constant weight.
Whenever possible, extractions were made in triplicate
(seeremarksin Tables 2 and 3). Residues were dissolved
inanalytical grade methanol (Merck, Darmstadt, Germany)
prior to HRGC analysis.

Cleanup

Clean up was done by percolating the extract (obtained
by conventional extraction or SFE), solubilizedin 5.0 mL
analytical grade methanol, through a glass Pasteur-type
pipette containing 0.5 g silicagel 60, 70 - 230 mesh (Merck,
Darmstadt, Germany) and 0.5 g active charcoa (Reagen,
Rio de Janeiro, Brazil).

Extracts obtained by SFE using aqueous mixtures have
been submitted to SPE (solid phase extraction), using
Sep-Pak C-18 cartridges (Waters), preconditioned with 8.0
mL methanol followed with 8.0 mL H,0. The extract was

Table 2. Yield for total extracts from Lupinus samples obtained by conventional and SFE extraction methods (expressed in mg of akaloid /g

plant material).

Extraction method

Brazilian commercial Lupinus sample - seeds

Conventional (solid phase preconcentration)
Conventional (liquid-liquid extraction)”

SFE CO,"

SFE CO,/10% MeOH (with clean-up)”

SFE CO,/10% MeOH (without clean-up)”
SFE CO,/15% MeOH (with clean-up)*

SFE CO,/15% MeOH (without clean-up)*
SFE CO,/10% EtOH (with clean up)*

SFE CO,/10% EtOH (without clean up)*
SFE (sequential mode) CO, , CO,/10% EtOH *
SFE CO,/10% ipOH (with clean-up)”

SFE CO,/10% ipOH (without clean-up) *
SFE CO,/5% H,0 *

Brazilian commercial Lupinus sample - seeds peel

SFE CO,/ 10% EtOH *
SFE CO,/ 5% H,0 *

Chilean Lupinus sp. seeds sample

SFE CO,/10% EtOH *
SFE CO,/ 5% H,0 *

Chilean Lupinus albus seeds sample

SFE CO,/10% EtOH *
SFE CO,/5% H,0 *

Chilean Lupinus mutabilis seeds sample

SFE CO,/10% EtOH **
SFE CO,/5% H,0 **

(x + sd) % s.d.
(0.23 + 0.01) 4.35
(0.29 + 0.01) 3.45
(2.69 + 0.90) 33.46
(4.29 + 0.56) 13.05
(17.44 + 1.72) 9.86
(0.34 + 0.03) 8.82
(4.39 + 0.32) 7.29
(2.62 + 0.14) 5.33
(13.85 + 3.23) 23.32
(7.98 + 0.87) 10.90
(8.11 + 0.48) 5.92
(13.16 + 0.44) 3.34
(0.86 + 0.16) 18.60
(16.42 + 3.90) 23.78
(0.29 + 0.03) 10.34
(16.07 + 2.19) 13.63
(1.06 + 0.02) 1.97
(9.99 + 1.26) 12.61
(1.00 + 0.10) 10.00
(39.78 + 5.86) 14.73
(1.88 + 0.09) 4.95

* n= 3; **n= 2; s.d. = standard deviation; % s.d. = relative standard deviation
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Table 3. Content of alkaloids in Lupinus samples (expressed in mg of alkaloid /g plant material).
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Extraction Method Lupanine

Multiflorine

spartein derivative (3)

Brazilian commercial Lupinus sample - seeds

Conventional (SPE)*
Conventional (LLE)*
SFE COy*

SFE CO,/10% MeOH
(with clean-up)*

SFE CO,/10% MeOH
(without clean-up)*
SFE CO,/15% MeOH
(with clean-up)*

SFE CO,/15%MeOH
(without clean-up)*
SFE CO,/10% EtOH
(with clean up)*

SFE CO,/10% EtOH
(without clean up)*
SFE (sequential mode)
CO,. CO,/10% EtOH *
SFE CO,/10% ipOH
(with clean-up)*

SFE CO,/10% ip,OH
(without clean up)*
SFE CO,/5% H,0 *

(1.77 x 101 + 9.51 x 10°3)
9.47x 102 + 1.83 x 103
(9.84 x 104 + 2.90 x 1075)
(1.05 x 1073 + 3.99 x 1076)
(1.31 x 102 + 1.40 x 10°%)
(5.03 x 103 + 4.70 x 10%)
(2.68 x 102 + 6.70 x 10%)
(2.99 x 1073 + 3.10 x 10°%)
(1.20 x 102 + 1.94 x 1073)
(1.01 x 102 + 2.60 x 10°%)

(2.91 x 103 + 1.90 x 10°%)
(9.46 x 1073 + 5,51 x 10°%)

(1.30 x 101 + 6.10 x 10°3)

7.63 x 105 + 2.94 x 106
#
#
#
#
#
4.60 x 106 + 547 x 1077
#
1.44 x 105+ 1.08 x 106
6.41 x 106 + 2.48 x 107

#
4.50 x 107+ 1.03 x 108

523 x 105 + 1.23 x 106

Chilean Lupinus sp. seeds sample

SFE CO,/ 10% EtOH*
SFE CO,/ 5% H,0 *

(1.00 x 101 + 7.05 x 10°2)
(3.48 x 101 + 4.40 x 10°2)

1.92 x 105 + 4.88 x 106
6.60 x 105 + 1.13 x 10-5

Chilean Lupinus albus seeds sample

SFE CO,/ 10% EtOH *
SFE CO,/ 5% H,0 *

(143 x 101 + 4.21 x 10°2)
(4.92 x 101 + 6.51 x 10°2)

5.31 x 105 + 2.57 x 106
9.75 x 105 + 2.31 x 106

Chilean Lupinus mutabilis seeds sample

SFE CO,/ 10% EtOH ** (7.93 x 102 + 1.51 x 10'3)

3.32 x 104 + 1.62 x 105

#
#

(9.45 x 1077+ 1.96 x 10°3)
#

(6.65 x 103 + 8.14 x 10'1)
#

(5.03 x 1073 + 6.60 x 10°%)

(1.20 x 105 + 2.74 x 1073)

(1.34 x 103 + 1.89 x 10°3)

(5.76 x 104 + 3.63 x 10%)

#
(2.91 x 105+ 2.68 x 104

#

(1.38 x 101 + 3.65 x 10°2)
#

(1.44 x 103+ 5.95 x 10°2)
#

(9.80 x 102 + 1.77 x 10'3)

SFE CO,/ 5% H,0 **

(2.82 x 101 + 3.89 x 102)

5.75 x 104 + 2.61 x 105 #

*n=3; **n=2; # not detected

percolated through the cartridge and eluted with methanol,
acetone, ethyl acetate and chloroform, successively (8.0 mL
each). These fractionswere coll ected and combined for to-
tal yield determination and chromatographic analysis.

Some samples were not submitted to the clean up step
and were directly analyzed by HRGC,; they are indicated
inTable 3.

Chromatographicanalyss

HRGC-M S analyseswere performed using aHP 5970
mass sel ective detector (Hewlett - Packard, USA), (El,
70¢eV), coupled to aHP 5890 GC. The column used was
a 95% methyl, 5% phenylpolysiloxane, LM-5 (50 m x
0.25 mm x 0.65 mm) supplied by L & M (S&o Carlos,
Brazil). Samples were injected using the split mode
(1:30), with injector temperature and HRGC-M S inter-
face temperature both at 300°C. The column tempera-
ture was programmed to risefrom 170 °C (3.5 min), at
6 °C min-1,to 300 °C (held during 20 min). Helium was
used as carrier gas, at the average linear velocity of 35

cm sec'l; MS datawere processed using aCPU HP 7946
/ HP 9000-300. Tentative identifications were made by
comparison of the obtained spectra with literature
data’-8.

TheHRGC-FID anayseswere performed onaHP 5890
GC, using the same column and the same temperature pro-
gram as used for the HRGC-M S analysis. Detector (FID)
temperature was 320 °C, split (1:30), injector temperature
was 280 °C, datawere obtained on HP 3396 A integrator.
Hydrogen was used asthe carrier gas, at an average linear
velocity of 40 cm sec’l. All quantitative analyses were
made by the internal standard method, using caffeine as
an analytical standard. The Lupinus extracts were diluted
to 1.0 mL in methanol, and 0.3 mL of acaffeine standard
solution (1 mg mL-1) was added to the sample, which was
analyzed by HRGC-FID. For each akaloid quantified a
corresponding calibration curve was prepared (injections
in triplicate for each concentration), and linearity for in-
ternal standard quantification was checked within therange
of 0.05—0.50 mg caffeinemL"1.
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Resultsand Discussion

Extraction methods

Theyieldsfor each extraction procedure were deter-
mined using both Brazilian commercial and Chilean
samples (Table 2). The conventional extraction gave a
similar yield, both by Extrelut preconcentration and lig-
uid-liquid extraction (Figure 1). Most of the SFE proce-
dures gave better yields than the conventional method.
Some of the SFE experiments showed a large standard
deviation, due to some specific problems of some fluid
mixtures. For example, water extracted polar compounds,
which plugged the system due to the production of foam.
Another problem was the trapping of CO, extracts: losses
of extracts dueto plugging (iceformationinthe extrem-
ity of restrictor) are inherent to extract collection in sol-
vents (the process herein adopted). Thetime required for
SFE was 20 minutesfor each extraction whilefor conven-
tional methods the total time was several hours for the
complete procedure.

N © N
N N
o)

Multiflorine

Lupanine
1
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Chemical composition of theextracts

HRGC-M Sanaysisof theextracts obtained from acom-
mercia Lupinus sample allowed tentative identification of
three aka oids, by comparison with literature data’: lupanine
(1), multiflorine (2) and aspartein derivative (3). Many other
compoundswereidentified asakaloids, but amore detailed
tentativeidentification wasnot possible. The main feature of
these unidentified alkaloidswas apeak at m/z=58, whichis
found in several lupane-type alkaoids’. Some extracts also
contained other compounds, mainly fatty acids and long
chain hydrocarbons, which wereidentified by their MS pro-
files®. The CO,/H,O mixture required sightly stronger con-
ditions, since the critical constants of H,O are significantly
higher than those of organic solvents!%. SFE using CO, modi-
fied with 5% H,O wasthe most selective condition for alka-
loid extraction; however, the critical conditions of this mix-
ture(Pc=89.1am, Tc=69.1°C; caculated according to the
literature!l), requireardatively high temperaturefor the usual
working conditions with natural products. SFE using CO,
modified with 10% methanol showed the best yield with a

oo

Sparteine like alka
3

Table 4. Compounds and respective MS data (El, 70 eV) found in the extracts of a commercial Lupinus sample.

(a) extract obtained by SFE using CO, modified with 5% H,O

Peak Tentative Main fragments, m/z (%)
identification
1 lupanine 136 (100), 55 (71), 149 (49), 98 (36), 150 (35), 97 (32)
2 lupane type alkaloid 58 (100), 73 (34), 55 (31), 69 (29), 205 (25), 96 (22)
3 multiflorin 55 (100), 69 (64), 73 (60), 134 (52), 57 (32), 83 (32)
4 ftalate (contaminant) 149 (100)

(b) extract obtained by SFE using CO, modified with 10% methanol

Peak Tentative Main fragments, m/z (%)

identification
1 carboxilic acid 57 (100), 73 (31), 58 (21), 69 (17), 55 (17), 77 (15)
2 fatty acid ester 55 (100), 69, (74), 74 (70), 87 (37), 59 (33), 67 (32)
3 fatty acid ester 74 (100), 87 (56), 55 (24), 75 (18), 57 (68), 69 (40), 71 (33)
4 carboxilic acid 73 (100), 60 (93), 55 (68), 57 (68), 69 (40), 71 (33)
5 unidentified
6 hydrocarbon 55 (100), 69 (57), 74 (54), 83 (38), 87 (33), 67 (33)
7 hydrocarbon 55 (100), 69 (60), 83 (42), 67 (35), 57 (35), 56 (32)
8 unidentified
9 fatty acid 79 (100), 55 (61), 67 (48), 93 (42), 108 (40), 80 (29)
10 lupanine 136 (100), 55 (68), 74 (43), 69 (42), 149 (33), 97 (33)
11 unidentified
12 hydrocarbon 55 (100), 69 (54), 67 (54), 57 (44), 81 (40), 98 (36)
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Figure 2. TIC-HRGC-MS (El, 70eV) of extracts obtained by SFE using CO, modified with 5% H,O (a) and SFE using CO, modified with 10%

methanol (b).

lower temperature (Pc = 73.7 atm, Tc = 60.0 °C). Figure 2
(peaks key on Table 3) showsthe TIC-HRGC-M S profile of
thesetwo extracts.

Quartitativeanalyss
Quantitative analyses were made for the main akaoids.
Lupaninewasfoundin al of the Lupinusextracts. Theregres-

sonequationsfor theandytica curveswerey=0.0359 + 0.6647
X (r=0.999) for lupanine(1), y=- 0.0236 + 0.1126 x (r=0.999)
for multiflorine (2) and y=0.06203 + 0.02893 x (r= 0.968 ) for
the spartein derivative (3). The average percentage standard
error for the pesk areas for replicate injections was less than
5%, showing good reproducibility. The content of each aka-
loidin al Lupinusextractsisshownin Table 3.
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The sum of the alkaloid content in the extract obtained
by SFE using CO,, modified with 10% ethanol and not sub-
mitted to clean-up before HRGC-FID was the greater of all
extraction methods. Unfortunately EtOH usualy showsprob-
lemsin reproducibility asa SFE modifier, since commercia
ethanol hasasignificant (for SFE) variationinwater content.

Utilization of isopropanol as a modifier showed no
significant improvement in extraction process (yield or
selectivity), so thissolvent should be considered only asa
third option in the choice of modifiers, dueto its cost and
the difficulty of removing residual solvent from extracts.

Conclusions

The present resultsindicate that SFE can be used asan
alternative to conventional methods for extraction of al-
kaloidsfrom Lupinus. It isfaster and had greater total yields
for the extracts, and methanol was shown to be the best
modifier for Lupinus extraction. Lupanin was the most
abundant alkaloid in al the extracts (SFE and conven-
tional method) from the samples studied. The utilization
of water asamodifier may be auseful tool for the extrac-
tion of polar alkaloids, but only for qualitative analysis
for the alkaloids herein analyzed.
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