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Abstract

A novel method utilizing high-performance liquid chromatography (HPLC) with evaporative light scattering detection (ELSD) and electro-
spray ionisation mass spectrometry (ESI-MS) was developed for the analysis of soyasaponins, a divers group of triterpenic compounds with
one or two sugar side chains, occurring in soy. Group A soyasaponins in different degrees of acetylation, as well as group B soyasaponins
in both their 2,3-dihydro-2,5-dihydroxy-6-methyH4pyran-4-one (DDMP)-conjugated and non-conjugated forms could be separated and
quantified using authentic soyasaponin standards, in one single run. The method was tested by the determination of the soyasaponin conten
and composition of eight soygerm samples of different origin. Differences in the composition and the degree of acetylation of the group A
soyasaponins were observed among these samples. The group B soyasaponins showed much less variability and they were mainly present i
their DDMP-conjugated form.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction pyran-4-one (DDMP) at C-283]. According to Kudou et
al’s findings[4], the latter is the genuine form of group
Saponins form a diverse group of amphiphilic molecules B saponins in soybeans, but conditions applied during pro-
and are found widespread over the plant kingdom. Soybeancessing can easily result in loss of DDMP, and formation
(Glycine maxt. Merill) and soy-based food products are ma- of the non-DDMP counterparts. Group E soyasaponins are
jor dietary sources of saponifis2]. Soyasaponins, whichare the least abundant of the three, and they are considered to
triterpenoid glycosides, are divided into three major groups, be photo-oxidation products of group B soyasapotfis
based on differences in substitution of the C-22 and C-23 The C-3 sugar chain is similar for group A, B, and E soy-
position of the aglycone (or soyasapogenol): group A, B asaponins; it starts with a glucuronyl residue, followed by
and E soyasaponindgble ). Group A soyasaponins have a galactosyl or arabinosyl residue, and in most cases fol-
a glycosyl chain attached to the C-3 and the C-22 position lowed by a glucosyl or rhamnosy! resid{&7]. The C-22
of the aglycone. Group B soyasaponins carry only one gly- side chain of group A soyasaponins consists of two sugar
cosyl chain (connected to the C-3 position), and they can residues, starting with an arabinosyl. The terminal sugar moi-
be conjugated to 2,3-dihydro-2,5-dihydroxy-6-methid-4 ety is a xylosyl or glucosyl residue, which can be acety-
lated at three or four positions, respectively. It is believed

* Corresponding author. Tel.: +31 317 48 22 34; fax: +31 317 48 48 93. that in soybean group A soyasaponins are fully acetylated
E-mail addressjean-paul.vincken@wur.nl (J.-P. Vincken). [5,8].
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Table 1
Structures of known soyasaponins and their calculated molecular weight; the retention times of the various soyasaponins in the chromatogcawithobtai
the method applied in this study are indicated as well

HoH A " NeH,0H B < NoH,0H E CH,

A: soyasapogenol A; B: soyasapogenol B; E: soyasapogenol E; D: DDMP conjugated to soyasapogenol B

Name Structurd Mwb RTC
Aa glc(1—2)gal(1—2)glcUA(1— 3)A(22«1)ara(3—1)xyl(2,3,4-tri-O-acetyl) 1364 52.0
Ab glc(1—2)gal(1—2)glcUA(1— 3)A(22<«1)ara(3Z1)glc(2,3,4,6-tetrd>-acetyl) 1436 54.0
Ac rha(l—2)gal(1—2)glcUA(1— 3)A(22«1)ara(3-1)glc(2,3,4,6-tetra>-acetyl) 1420 55.3
Ad glc(1—2)ara(t> 2)glcUA(1— 3)A(22«1)ara(3Z-1)glc(2,3,4,6-tetrd>-acetyl) 1390 56.1
Ae gal(1—2)glcUA(1— 3)A (22« 1)ara(F—1)xyl(2,3,4-tri-O-acetyl) 1202 56.7
Af gal(1—2)glcUA(1— 3)A (22« 1)ara(31)glc(2,3,4,6-tetrdd-acetyl) 1274 59.5
Ag ara(-2)glcUA(1—3)A(22«1)ara(3-1)xyl(2,3,4-tri-O-acetyl) 1172 64.5
Ah ara(1~2)glcUA(1—3)A(22«1)ara(3-1)glc(2,3,4,6-tetradd-acetyl) 1244 65.1
Ba glc(1->2)gal(1—~2)glcUA(1—3)B 958 57.0
Bb rha(t>2)gal(1—2)glcUA(1—3)B 942 58.1
Bc rha(3~2)ara(t>2)glcUA(1—3)B 912 61.1
Bb/ gal(1—2)glcUA(1—3)B 796 60.7
BC ara(l>2)glcUA(1—3)B 766 n.dd
Bd glc(1—~2)gal(1~2)glcUA(1—3)E 956 60.1
Be rha(1-2)gal(1—2)glcUA(1—3)E 940 61.5
ag glc(1—2)gal(3—2)glcUA(1—3)B(22—2')DDMP 1084 68.5
Bg rha(12)gal(1—2)glcUA(1—3)B(22—2')DDMP 1068 71.0
Ba rha(t>2)ara(3>2)glcUA(1—3)B(22—2')DDMP 1038 n.d.
Y9 gal(1~2)glcUA(1—3)B(22—2')DDMP 922 n.d.
ya ara(1>2)glcUA(1—3)B(22—2')DDMP 892 n.d.

2 glc, B-p-glucopyranosyl; galB-p-galactopyranosyl; glcUAB-p-glucoronopyranosyl; aray-L-arabinopyranosyl; rhay-L-rhamnopyranosyl; xylB-p-
xylopyranosyl; forA, B andE, see above.

b MW: molecular weight.

¢ RT: retention time (min).

d n.d.: not detected.

Soyasaponins are considered as important bioactive com-the total saponin content has been determined with very low
ponents contributing to the beneficial health effects of accuracy by colorimetrifl9] and biological methods (such
soy consumption. Biological effects of especially group B as the haemolytic activity of the saponins towards erythro-
soyasaponins have been reported extensively, and includecytes[20]). Recently, Gurfunkel and Rg@1] developed a
immunostimulatory, anti-viral, hypocholesterolaemic, hep- rapid and accurate densitometric method using TLC for the
atoprotective, haemolytic and antitumourigenic activities quantification of total soyasaponins.

[9-16]. The group A soyasaponins are considered to be re- Many of the methods developed so far include a treat-
sponsible for the astringent and bitter taste of soy-based foodment prior to quantitative analysis to reduce the complexity
products, mainly because of the presence of the acetyl groupof the soyasaponin mixture originally present in soybeans,
[17]. The exact mechanisms behind the biological properties and hence to simplify the separation of the individual com-
of soyasaponins are yet to be revealed, due to the absence gfonents. Acid hydrolysis converts the saponins into their cor-
purified test compounds and limited information on the con- responding sapogenols, which are subsequently quantified
tents and the compositions of soyasaponins in soybean andy liquid chromatography22] or gas chromatography af-
soy-based products. ter derivatisation to trimethylsilyl ethef23]. Gu et al. pro-

Quantification of individual soyasaponins has always been posed an alkaline treatment, which converts the group A
a difficult issue, partly due to the difficulties in isolating au- soyasaponins into their non-acetylated forms and deconju-
thentic standards and the structural complexity of this group gates DDMP saponins, facilitating separation by liquid chro-
of phytochemicals. Moreover, the covalent bonds connect- matography. Other authors include a pre-separation in group
ing the acetyl, and particularly the DDMP groups, to the A and B saponin$24,25], or focus only on one of the two
saponin molecule are relatively weak, even under relatively groups[26]. All these methods, although accurate, are often
mild extraction conditions, which makes it difficult to ob- laborious and do not reflect the exact composition of the na-
tain the saponins in their native forfth2,18] Historically, tive soyasaponin mixture. Until now, no methods have been
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reported which determine the native soyasaponin composi-powder with a mortar and pestle to ca. 0.75 mm particle size.
tion in soybeans, including the different acetylated forms of One gram of powder was subsequently extracted with 100 mL
group A soyasaponins, and the DDMP-conjugated and non-hexane for 6 h under reflux conditions for defatting and air-
conjugated forms of group B soyasaponins. dried afterwards. In order to assess the effect of the hexane

Reverse-phase high-performance liquid chromatography extraction on soyasaponin content, sample A was analysed
(RP-HPLC) seems to be the most powerful tool for separa- with and without hexane extraction and the soyasaponin con-
tion of soyasaponins. However, absence of a chromophore intent was compared. One hundred milligrams of the defatted
triterpene saponins hampers detection with ultraviolet light, powder was then extracted with 100 mL of 70% (v/v) aque-
except for the DDMP-conjugated saponins which have an UV ous ethanol in an Erlenmeyer by shaking at 150 rpm for 3h
absorption maximum around 295 nm. A good alternative is at room temperature. The efficiency of this extraction was
evaporative light scattering detection (ELSD), whichis based assessed after comparing the soyasaponin content of sam-
on mass detection by light scattering after evaporation of the ple A extracted with, respectively, 100 and 200 mL of 70%
mobile phase. ELSD has already been used successfully for(v/v) aqueous ethanol. After filtration over a paper filter (type
the detection and quantification of ginseng sapof2@s28] 597Y%; Schleicher & Schuell, Ghent, Belgium), 50 of a
and soyasapogeno[g2,29] but not for the detection of all 1000 mg/L ethanol stock solution of the internal standard,
soyasaponins. equilenin (Fluka, Bornem, Belgium), was added to the aque-

Soy hypocotyls exhibit the largest variation in soyasaponin ous ethanol extract. After evaporation under vacuum a€37
species compared to the other parts of the soybean, as thepf the ethanol, the aqueous phase was applied on a SBpPak
are the main source of group A soyasaponins and containPlus tC18 cartridge (Waters, Etten-Leur, The Netherlands).
both DDMP-conjugated and non-DDMP-conjugated group The cartridges were preconditioned with 10 mL methanol,
B soyasaponinf25]. In this paper, the soyasaponin compo- followed by 10 mL water. After sample application, the car-
sition of the hypocotyls of eight different soybean varieties tridges were washed with 10 mL of water and eluted with
is determined using a novel method to analyse and quantify 10 mL of methanol. The flow was maintained at approxi-
all soyasaponins, including the relatively unstable (partially) mately 2 mL/min. The methanol eluate was air-dried under
acetylated and DDMP-conjugated ones, in a single run by a stream of air, resolubilized in 1 mL of 50% (v/v) aqueous
RP-HPLC with ELSD. ethanol, and stored at20°C for HPLC analysis. In order to
evaluate potential losses of soyasaponins during the SPE step,
the washing water was resubjected to SPE, and analysed. We
also verified whether all soyasaponins were recovered from
the SPE column after elution with 10 mL of methanol by ap-
plying a second aliquot of 10 mL of methanol, and analysing
this for their presence. These two experiments were per-
formed in triplicate on sample A. Furthermore, 109 of

Hypocotyls of eight different industrial soybean samples purified standards of soyasaponins Ab @ug(correspond-
(Table 2 were analysed in this study. Prior to isolation of the ing to the lowest amounts that were included in the standard
hypocotyls, the soybeans were subjected to a hot-air heatcurve) were subjected to this extraction procedure in order to
treatment as follows: 20min at 12C for samples A-D; trace potential losses of possibly labile acetylated or DDMP-
30min at 60°C for samples G and H; mild drying with not ~ conjugated saponin species, respectively.
specified conditions for samples E and F. The hypocotyls
samples were provided by Acatris Holding (Giessen, The 2.2. Chromatographic analysis of soyasaponins
Netherlands). The hypocotyls were ground manually to a fine

A Spectra HPLC system (Thermo Separations, Amers-

Table 2 foort, The Netherlands), consisting of an autosampler, a gra-
Soygerms tested in this study, and their geographical origin and year of dient pump and an AS3000 (Thermo Separations) diode ar-
harvest ray detector was used. The eluate of the diode array de-
tector was split (5:95), using a splitter, so thatpddmin
was delivered to an electrospray ionisation mass spectrome-

2. Experimental

2.1. Extraction of soyasaponins from soybean
hypocotyls

Sample Variety Geographical origin Year of harvest

A HP204 USA lowa or Michigan, USA 2002

B FTE-24-40 Vinton, lowa, USA 2002 ter (ESI-MS) and the rest to an ELS detector. Sample sep-

c SI2398 USA  lowa, USA 2002 aration was carried out with an Aquasil RP C18 column

D NO”Shng'p:;'”g lowa, USA 2002 (150 mmx 4.6 mm, 3um) (Thermo Hypersil, Amersfoort,
var . The Netherlands) with a solvent system consisting of 0.001%

E Unknown North-east China 2002 ) L . o

E Unknown North-east China 2002 (viv) acetic acid in water (A) and 0.001% (v/v) acetic a}md in

G Unknown Mato Grosso, Goias, Minas2003 acetonitrile (B). Twenty microlitres of sample was injected

Gerais, Brazil and the flow rate was 1 mL/min and the elution program
H Unknown Mato Grosso, Goias, Minas2003

Gerais, Brazil

was as follows: 8- 10 min, 10% B (isocratic); 18> 30 min,
10— 30% B (linear gradient); 36> 80 min, 30— 40% B
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(linear gradient); 88~ 90 min, 40— 100% B (linear gra- Pure soyasaponins Ab, Biag andyg with a purity >96%, as
dient); 90— 110 min, 100% B (isocratic); 116 120 min, determined by RP-HPLC and full scan MS, were obtained.
10% B (isocratic).

A Sedex 55 ELSD system (Sedere, Alfortville, France) 2.5. Quantification of the soyasaponins
was used. The nebulizer temperature of the ELSD system
was set at 40C, the gas pressure at 2.3 bar, and the gainwas The concentration of the internal standard was.§0
12. Data acquisition was performed using ChromQuest 4.1 equilenin for 100 mg of sample. Nominal peak areas were

(Thermo Separations) software. calculated by dividing the absolute area of the individual
soyasaponin peaks by the area of the equilenin peak.
2.3. Mass spectroscopic analysis of soyasaponins Authentic standards for saponins Ab, Blg andBg were

used for calibration of the ELSD system. Dilution series of the
An LCQ ion-trap mass spectrometer (Finnigan MAT 95, soyasaponin standards of a concentration ranging from 0.1
San Jose, USA) was used in the positive mode with a sprayto 1.5 mg/mL in 50% (v/v) aqueous ethanol were analysed.
voltage of 5.5kV, a capillary voltage of 15V, and a capillary Calibration curves were calculated by linear regression of
temperature of 200C. A full scan mass spectrum over an the double logarithmic plots of the nominal peak area versus
m/z (mass to charge ratio) range of 150—1500 was obtained.the amount of soyasaponin injected. These calibration curves
The mass spectra were recorded and analysed with the use ofvere used to calculate the amount of soyasaponins presentin
Xcalibur® software (Thermo, Amersfoort, The Netherlands). the original sample. The calibration curve for soyasaponin Ab
was used for the quantification (partially) acetylated and non-
2.4. Isolation of soyasaponin standards from soy acetylated group A soyasaponins; the one for soyasaponin Bb
hypocotyls for the non-DDMP-conjugated group B and E soyasaponins.
For soyasaponinag andpg, individual calibration curves
The starting material for the isolation of original soya- were constructed.
saponin standards was from the same origin as sample
A. A detailed description of the purification method will 2.6. Reproducibility of the method
be provided elsewhere. Briefly, 10g of defatted soygerm

powder (see Sectioh 1) was suspended in 1 L of 70% (v/v) Toinvestigate the accuracy of the method, five replicates of
aqueous ethanol and shaken at@5and 150rpm for 3h.  sample A were extracted and analysed independently within
After removal of the ethanol by vacuum drying at °%D), 24 hto evaluate intra-day variation. The sample was extracted
the aqueous extract was applied on a Supelpak XAD-2 and analysed over five separate days over a 2-week period to
(Supelco, Bellefonte, PA, USA) column (210 ma26 mm), evaluate the inter-day variation. One extracted sample was in-

which had been conditioned with 200 mL of 96% (v/v) jectedfivetimesto evaluate the intra-sample variation. For the
aqueous ethanol, followed by 200 mL demineralised water, determination of the different coefficients of variance, only
at a flow rate of 5mL/min. After washing with 300mL the most abundant soyasaponins in the sample were taken
demineralised water, the column was eluted with 200 mL into account, i.e. differently acetylated soyasaponin Ab and
of 96% (v/v) aqueous ethanol. One hundred milligrams soyasaponins Ba, Bb, Beg andvyg.

of the vacuum-dried (at 3CC) eluate, containing mainly

isoflavones and soyasaponins, was redissolved in 5mL of

50% (v/v) aqueous methanol and applied on a Source 153. Results and discussion

RPC (Amersham Biosciences, Uppsala, Sweden) column

(600 mmx 26 mm). The column was eluted with a solvent 3.1. Separation of soyasaponins by HPLC

system consisting of water with 0.0001% (v/v) acetic acid

(A) and acetonitrile with 0.0001% (v/v) acetic acid (B). A typical chromatogram obtained upon analysis of a 70%
The flow rate was 20 mL/min and the following gradient (v/v) ethanol extract derived from soygerm material is pre-
was applied: 8> 10 min, 10% B (isocratic); 16> 45 min, sented inFig. 1, in which the traces of the ELSD response
10— 25% B (linear gradient); 45> 120 min, 25— 35% and the UV signal at 295 nm are shown. The ELS detector
B (linear gradient); 126> 130 min, 35— 100% B (linear produced a stable baseline, which did not shift during gradi-
gradient); 136- 150 min, 100% B (isocratic). Eluting peaks ent elution. Roughly, the chromatogram could be divided in
were detected using an UV detector at 205 nm and fractionstwo parts: a region of 15-35min and one of 37—71 min, in
corresponding to the peaks in the chromatogram were which isoflavones and soyasaponins eluted, respectively.
collected. After removing the acetonitrile by vacuum drying, Isoflavones, which were co-extracted with the soya-
the sample was freeze-dried. The freeze-dried powder wassaponins, have UV absorption maxima between 248 and
redissolved in 50% (v/v) agueous methanol reapplied on the259 nm [30], but still showed a relatively high signal at
Source 15 RPC column and eluted in the same way as the295 nm; they also had an ELSD response. Interpretation of the
crude extract. Again peaks were collected and the fractionsmass spectra (no further data shown) revealed that the gly-
were dried as described for the crude extract (see above)cosyl conjugatesniz of [M+H]* =417, 447 and 433; RT
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Fig. 1. Representative separation profile of soygerm components using RP-HPLC combined with ELS and UV detection. The gradient of acetonitrile used
during elution is indicated by the hatched area. Solid line: ELSD signal; dotted line: UV signal at 295 nm.

(retention time)=17.5, 17.8 and 19.5min) eluted first, fol- Based on the peaks in the chromatogram recorded at 295 nm,
lowed by malonylated glycosidesyzof [M + H] * =503, 533 it was possible to identify peaks of DDMP-conjugated soya-
and 519; RT =18.6,19.1 and 20.5 min), acetylated glycosidessaponins in the ELSD chromatogram. Genuine soyasaponins
(m/z of [M+H]*" =459, 489 and 475; RT=24.3, 24.8 and were efficiently detected using ELSD and appeared as sep-
30.0 min), and finally the aglyconesz of [M +H] * = 255, arate peaksHig. 2) of which the exact retention times are
285 and 271; RT=34.1, 34.7 and 40.5min). This order of indicated inTable 1 The peaks were identified by th#zra-
elution of the different isoflavone forms is consistent with tio of their molecular ions [M + H], as well as their sodium
earlier reported methods using RP-HPLC for the analysis of adducts [M + Nal, found in the mass spectra of the peaks.
soy isoflavone$30,31] As the focus of this method was set All of the soyasaponins that are described until present, ex-
on detection and quantification soyasaponins, no further ef-cept for soyasaponins Bca, vyg andvya, were detected
forts were made to optimize the separation of isoflavones. in at least one of the different samples analysed. Soyas-
The compounds of interest in this study, soyasaponins, aponins Ad, Ag, Ah and Bbwere not present in any of
absorb UV light poorly. The only soyasaponins that could the samples in sufficient amounts to be detected accurately
be detected at 295 nm were DDMP-conjugate) (1), as (signal/noise (S/N) <3) by ELSD and were, therefore, not

they show an UV absorption maximum around 295[i3in quantified.
" (A) 1 (B)
10 1.0
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Fig. 2. RP-HPLC elution profiles of soyasaponins of sample A (A) and sample E (B) recorded by the ELS detector. The following prefixes indicate partially
acetylated forms of soyasaponins Aa and Ah;, asonoacetyl; ag diacetyl; ag, triacetyl. The fully acetylated forms, Aa and Ab, are indicated without a
prefix. Amounts of compounds corresponding to the peaks are preseritaioléns
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Table 3
Theoretical and observed number of differently acetylated forms of soyasaponins Aa and Ab, their observed molecular weight (MW) and reteinttbe times
chromatogram

Mother compound Species Theoretical number of Detected number of Retention time (min) MW of [M + HT
positional isomers positional isomers

Aa Triacetyl 1 1 52.0 1364.1
Diacetyl 3 3 43.8,44.1,46.1 1323.1
Monoacetyl 3 3 39.2, 40.0, 40.6 1281.1
Non-acetylated 1 1 375 1239.5

Ab Tetra-acetyl 1 1 54.0 1436.1
Triacetyl 4 3 45.7,46.2,47.5 1395.1
Diacetyl 6 1 43.8 1353.1
Monoacetyl 4 2 37.8,38.2 1311.5
Non-acetylated 1 1 34.0 1269.5

Soyasaponins with different degree of acetylation were efficients ranged from 0.9975 to 0.9998. The slopegere
well separated on the Aquasil RP C18 column. Soyasaponinsl.657, 1.557, 1.590 and 1.597, and the response faators
Aa and Ab, as well as (some of) their partially acetylated were 3.617, 4.712, 3.444 and 3.456 for soyasaponin Ab, Bb,
forms, were observed. Partially acetylated forms of the other ag andpg, respectively. For equilenity was 1.713 ana
group A soyasaponins were not found, possibly because ofwas 10.655. The slopes were quiet similar for all the com-
their low abundance in the samples. The retention times of pounds tested, suggesting that this parameter is not correlated
the various acetylated soyasaponin species are summarizetb the molecular structure of the tested compounds. The ob-
in Table 3 Theoretically, incomplete acetylation of the ter- served differences could be due to small differences in purity
minal glycosyl residue of the C-22 sugar chain can lead to of the compounds. The values for the slopes in this study
different positional isomers. The number of isomers dependswere on average 20% higher than those reported earlier for
on the number of positions available for acetylation; i.e. four ginsenosidef28]. The values for the response factors varied
if the terminal sugar is a glucosyl residue (as in soyasaponinmore.
Ab), three if it is a xylosyl residue (as in soyasaponin Aa). Calibration curves for soyasaponig andpg, which dif-
The observed number of peaks representing different specieder very little in chemical structure and molecular weight,
of partially acetylated forms corresponded to the theoreti- were identical. Based on this and the overall similarity in
cally possible number for the partially acetylated forms of ELSD responses of the soyasaponin standards, the soyas-
soyasaponin Aa. For the partially acetylated forms of soyas- aponins for which no authentic standards were available
aponin Ab, however, only 7 of the theoretically 15 peaks were were quantified using the calibration curves of the avail-
observed. This might be explained by co-elution of species able standard compound closest in chemical structure and
with the same number of acetylated positions, or differences molecular weight. The detection limits for quantification of
in abundance of the different isomers, causing only certain
species to be detected. Determination of the precise position
of deacetylation is not possible by mass spectroscopy and
was not further pursued.

The internal standard equilenin (MW =266.3), a steroid
compound, eluted at retention time of 65.2 min, separately
from the soyasaponins.

10! E

Nominal Peak Area
=

3.2. Quantification of soyasaponins

Authentic standards for soyasaponins Ab, Bf,andBg
with a purity of >95% were used for the calibration of the
ELSD response. The concentration of each standard was cho-
sen in such a way that the ELSD signals covered the range oo o
between the minimum and maximum response for the used Amount injected (1g)
set of detector parameters. The ELS detector response is
given byy= an? [32], wherey is the peak arean the sam- Fig. 3. Calibration curves for the different standards used in this study. Inset
ple amounta the response factor, arithe slope. Plots of shows the relationship of response factors of the different standards and

K | tin double | ithmi their molecular weight (MW). The response factors are calculated from the
peak area versus sample amount in double fogarithmic CO'regression of the calibration curve#)(Equilenin; @) soyasaponin Ab;

ordinatgs were linear for t_he four soya§aponins, as well as () soyasaponin Ba:) soyasaponimg; (V) soyasaponifg. Error bars
for equilenin Fig. 3). The linear regression correlation co- indicate SD (=2 for the soyasaponin standards; 4 for equilenin).

10" 4
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soyasaponins in the original samples were 0.025, 0.016 andrable 4
0.023 mg/lOO mg soygerm for respectively group A, group Coefficients of variance (%) for the intra-sample, intra- and inter-day of the
B, and DDMP-conjugated soyasaponins, based on the crite-MoSt 2Pundant soyasaponins in samfe A

rion that the signal to noise ratio should be >3, for quantifi- Component Intra sample Intra-day Inter-day
cation purposes. Monoacetyl Ab 3.1 6.2 9.3
For soyasaponinsg andBg, calibration curves based on  Diacetyl Ab 3.7 54 9.6
. . Triacetyl Ab 1.0 3.4 5.4
UV detection were made, as they contain the chromophoreTetra_acetyl Ab 12 36 45
DDMP, which absorbs UV light well. The molar extinction g, 3.0 a1 73
coefficient at a wavelength of 295 ni) (vas determined as  Bb 0.3 1.9 75
4851 M1 cm~1 for soyasaponing and 4286 M1 cm~1 for Be 2.2 6.4 9.0
soyasaponig. These values correspond well to the extinc- %9 2.6 5.2 6.6
tion coefficients at 292 nm, reported by Hu et[ab] (4838 Ezu"enm ?153 ‘;g i%

and 4504 M1 cm™1, respectively). — _ _
2 The coefficients of variance are determined as: (SD/medr9)0.
3.3. Validation of the method
sis. Shiraiwa et al[6] investigated the variation in soya-

No difference in soyasaponin content between sam- saponin composition and content of soygerms among 457
ples with and without hexane pretreatment was observeddifferent soybean varieties, measuring the fully acetylated
(p>0.21,n=3). This indicated that no soyasaponins were group A soyasaponins and non-DDMP-conjugated group B
lost with the hexane defatting step, and that no chemical and E soyasaponins. They reported values ranging 0.62—6.16,
degradation of labile soyasaponins occurred. When 100 mg0.36-3.14 and 0.26—2.75mg/100 mg dry weight for total,
of sample A was extracted with 200mL of 70% (v/v) group A, and group B soyasaponin content, respectively. The
aqueous ethanol, the same amount of the individual soy-values obtained in our study fall within this range. Other val-
asaponins was obtained as when only half of this volume ues reported for soygerms are 1.707 and 3.040 mg/100 mg
was usedg > 0.16,n=3); this indicated that 100 mL is suffi-  for, respectively, group A and group B soyasaporB3]
cient to have a maximal extraction efficiency. Soyasaponins and 2.877 mg/100 mg for only group B soyasaponizfy.
could neither be detected in the washing water after solid The total soyasaponin content of each sample in our study
phase extraction, nor in the second 10 mL methanol elu- consisted on average of 563.5% group A, 42.5-6.5%
tion. When the purified soyasaponin standards were subjectedyroup B and 0.7 0.1% group E soyasaponins.
to the SPE procedure, neither loss of DDMP-conjugated  The main variation observed among the different samples
soyasaponins nor of acetylated soyasaponin species wasvas the composition of the group A soyasaponins, which
observed (of, respectively, soyasaponpg and Ab), in- only occur in soy hypocotylR24]. In particular, the concen-
dicating that the soyasaponins were quantitatively recov- trations of the predominant soyasaponins Aa and Ab were
ered during SPE extraction. The overall recovery of the highly variable, depending on the soybean origin. Shiraiwa
internal standard, equilenin, which was added prior to ex- etal.[6] defined three predominant types of soybean varieties,
traction with 70% (v/v) aqueous ethanol, was determined based on the composition of group A soyasaponins: varieties
as 97.7% f=20). All together, these results showed that with only soyasaponin Aa, only Ab, and varieties where both
practically no soyasaponins were lost during the extraction species are present. In our study, two types were prevailing:
protocol. four varieties contained only soyasaponin Ab (samples A-D)

Analytical accuracy of the method was determined by re- and four contained both Aa and Ab (samples E—H). The ratio
peated analysis of sample A. The calculated coefficients of of Aa to Ab was variable; in samples E and F, Ab was more
variance for the most abundant soyasaponins in this sampleabundant than Aa, whereas this was the opposite for sam-
are presented ifiable 4 The intra-sample, intra- and inter- ples G and H. The difference between these two types can be
day variation was less then 3.7, 6.4 and 9.6%, respectively;seen clearly irFig. 4, representing a total mass spectrum for

for equilenin, this was 1.3, 3.9 and 7.0%, respectively. samples A and E; only the peaks for the group A saponins
and their partially acetylated formsyz> 1200) differ obvi-

3.4. Analysis and quantification of soyasaponins in the ously. Soyasaponin Ae was only found in the samples where

samples also soyasaponin Aa was present. The only difference be-

tween these two soyasaponins is the terminal glucosyl residue
The results of the analysis of the different soygerm sam- of the C-3 side chain of Aa, which is absent in Ae. Soya-
ples are summarized iffable 5 The total soyasaponin  saponin Ae is thought to be the precursor of Aa in biosyn-
content varied between 3430.2mg/100mg (sample D) thesis, and depending on the expression level of the glucosyl
and 4.4+ 0.3mg/100 mg dry weight soygerm (sample H). transferase these soyasaponin species are likely to coexist.
The total group A soyasaponins varied from +£B.1 to The differences in the composition of group A soyasaponins
2.8+ 0.2mg/100 mg, and total group B soyasaponins from among varieties is considered to be genetically determined
1.2+ 0.1to 2.0+ 0.1 mg/100 mg on dry weight soygerm ba- [34].



192 K. Decroos et al. / J. Chromatogr. A 1072 (2005) 185-193

Table 5
Concentrations of soyasaponins in soygerms from different varieties (mg/100 mg dry weight of the sdygerms)
Component Sample
A B C D E F G H
Aa
Triacetyl nd. n.d. nd. nd. 092+0.01 0.90+ 0.02 057+ 0.01 Q744+0.02
Diacetyl nd. nd. nd. nd. 0.26+0.02 0.27+ 0.03 022+0.1 026+ 0.02
Monoacetyl nd. nd. nd. nd. 016+0.01 0.16+ 0.02 Q095+0.004 011+0.02
Non-acetylated  ul. nd. nd. nd. 0.057+0.009 0.086+ 0.005 014+0.04 013+0.01
Ab
Tetra-acetyl 4+0.1 16+0.1 15+0.1 13+0.1 058+0.01 0.64+ 0.01 11+0.1 12+0.1
Triacetyl Q34+0.02 Q37+ 0.04 0324+0.04 022+ 0.04 0144+0.01 0.16+ 0.01 027+0.01 028+ 0.04
Diacetyl Q061+0.006 0059+0.003 0047+0.003 0040+0.003 0026+0.006 0.025+ 0.003 0050+0.002 0051+0.009
Monoacetyl 00414+0.006 1€ 0.040+£0.009 tr tr. 0.064+ 0.011 0059+ 0.020 0056+ 0.020
Non-acetylated @47+0.005 tr 0.048+0.006 tr tr. 0.056+ 0.019 tr tr.
Ac 0.085+0.006 0072+0.004 0071+0.005 0059+0.003 0077+0.004 0.067+ 0.008 0049+0.003 0051+ 0.004
Ae nd. nd. nd. nd. 0.068+0.004 0.075+ 0.007 0038+ 0.004 0056+ 0.003
Af 0.032+0.004 0031+0.006 0029+0.002 ftr 0.040+0.011 0.037+ 0.008 tr 0.033+0.002
Ba 0070+ 0.006 0087+0.003 0088+0.002 0050+0.003 00824+0.003 0.073 0.001 00924+ 0.001 00874 0.006
Bb 0.20+0.01 020+0.01 025+0.01 023+0.01 025+0.01 0.23+ 0.01 030+0.01 Q017+0.02
Bd tr. tr. tr. tr. tr. 0.013+ 0.002 tr tr.
Be 00154+0.003 0018+0.002 0026+0.001 0022+0.002 0023+0.002 0.022+ 0.002 0028+0.001 0030+ 0.002
DDMP Ba Q) 0.38+0.02 Q30+ 0.01 0554+ 0.01 Q37+ 0.02 034+0.01 0.35+ 0.02 Q36+ 0.01 Q37+0.02
DDMP Bb (Bg) 0.82+0.01 060+0.02 11+0.1 11+0.1 085+0.02 0.82+ 0.05 084+0.02 085+0.03
Total 35+0.1 34+0.1 41+0.2 33+0.2 37+0.1 3.9+ 0.3 42+0.1 44+0.3

@ Data are presented as meaSD (h=2).
b nh.d.: not detected.
¢ tr.: traces, below detection limit of ELS detector.

In the samples containing soyasaponin Ab and not Aa it could not be concluded whether the presence of partially
(sample A-D), 2H-4% of the group A soyasaponins ap- acetylated group A soyasaponins is the result of deacetylation
peared not fully acetylated; for the samples containing both during sample preparation, or incomplete acetylation dur-
soyasaponins Aa and Ab, this wasB2% (27+ 6% on av- ing biosynthesis. Quantitative data on the content of partially
erage over all the samples). It has been suggested that paracetylated group A saponins are not available in literature for
tially acetylated forms of the group A soyasaponins may be comparison.
result of soybean processiiig]. However, the germs that The composition of the group B and E soyasaponins and
were analysed in this study did not undergo any processingDDMP-conjugated soyasaponins did not vary much among
but a short dry heat treatment with hot air, and the extrac- the differentvarieties. As can be seen frbig. 4(m/z< 1200)
tion conditions applied were very mild. Still, a considerable andTable 5 the same species were present in all the varieties
amount of partially acetylated soyasaponins Ab and Aa were analysed, and concentrations were independent of the soyas-
observed in the samples. From the data obtained in this studyaponin A profile. This was also reported by Shiraiwa g&l.
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Fig. 4. Mass spectrum{z 800-1500) in positive mode of sample A (A) and sample E (B).
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However, in that study no data about the proportion of native

DDMP conjugates were presented. DDMP-conjugated soya-
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