
Abstract
!

The complexity of samplematrices, coexistence of
multiple forms of bioactive phytochemicals, and
their interaction of with other cellular compo-
nents pose a significant challenge for optimized
extraction and accurate estimation of bioactive
phytochemicals in foods and dietary supple-
ments. This article discusses the significance of
optimizing extraction procedures for accurate as-
say of phytochemicals from different matrices us-
ing bioactive isoflavones as model substrate be-
cause isoflavones are known to exist in nature as
free aglycones or as conjugateswith sugars and/or
acids. The wide structural diversity and polarities
of free and conjugated isoflavones makes opti-
mum extraction and accurate quantification of
isoflavones a challenging task. This paper reviews
variables, extraction solvent composition (aque-
ous-organic solvents mixtures at different acidifi-

cation levels), physical extraction techniques
(Soxhlet, stirring, ultrasonic, microwave, pressur-
ized, supercritical-fluid, high-speed counter-cur-
rent chromatography), and parameters (tempera-
ture, pressure, number of cycles, solid-solvent ra-
tio) that influence quantitative extraction of iso-
flavones from different matrices. In addition, this
review covers a brief overview of structures,
sources, bioactivities, separation, and detection
used for isoflavones analysis. Optimum extraction
efficiencies of isoflavones were obtained with
EtOH:H2O:DMSO (70:25:5, v/v/v) as the extrac-
tion solvent and acidification of extraction sol-
vent favored partial degradation of conjugated
forms to their corresponding aglycones. Accurate
quantification of isoflavones in foods, plants, and
dietary supplements will allow researchers and
regulators to provide more precise guidelines on
dietary intake and safety levels necessary to
achieve optimum health.
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Introduction
!

The importance of bioactive phytochemicals in
human health and nutrition is well documented
in peer-reviewed scientific literature [1–3]. A
wide range of plant products in their natural and
processed forms are used for the treatment of a
multitude of diseases [4–6]. The procedure for
the assay of bioactive phytochemicals from plant
matrices generally comprises of four steps: 1)
sample preparation, 2) analytical separation, 3)
detection, and 4) data collection and processing
[7]. Significant advancements have been made in
the final three steps; however only limited prog-
ress has been made in the first sample prepara-
tion step. Sample preparation is often considered
as a rate-limiting step and roughly accounts for
approximately 30% of the analytical error [8]. This
sample preparation step is often not well opti-
mized and frequently considered as a means to
Sample… Planta Med 2009; 75: 704–710
an end by a large number of analysts [7,8]. Sam-
ple preparation in itself encompasses multiple
steps such as grinding, sieving, extraction, pre-
concentration, filtration, and derivatization.
There have been excellent reviews on analytical
separation and analysis of flavonoids in recent
years [9–12]. This review focuses on the influence
of sample preparation on extraction of bioactive
isoflavones from different matrices. It depicts the
wide variation in the methodologies used for ex-
tracting isoflavones by different research groups.
Isoflavones were selected as a model substrate
because they exhibit a wide range in polarities
and they are known to exist in multiple forms,
aglycones aswell as in conjugated formswith sug-
ars and acids. Determination of the accurate con-
centration of total isoflavones content in plants
and food matrices is hindered as purified stan-
dards of multiple forms of isoflavones are either
unavailable or very expensive. In addition, a brief



Fig. 1 Chemical structures of different isoflavones
extracted and identified from soybeans extract.
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discussion on different sources, bioactivities, biosynthesis, and
HPLC separation has also been included to provide an overview
of current ongoing research in the area of isoflavones.
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Isoflavones: Structure, Sources, and Bioactivities
!

Isoflavones are diphenolic phytochemicals that naturally occur in
members of the legume family Fabaceae [13]. Isoflavones are
oxygen heterocycles containing a 3-phenylchroman skeleton that
is hydroxylated at 4′ and 7 positions [14] (l" Fig. 1). In isoflavones
the B ring is substituted on the third carbon atom of the pyrone
ring as compared to position 2 in flavones. Isoflavones are bio-
synthesized from the general phenylpropanoid pathway which
produces all flavonoid compounds in higher plants [15].
Soybean is the best known natural source of isoflavones [16].
Other natural sources of isoflavones are chickpeas, various beans
and sprouts, red clover, fruits (currants, raisins, prunes, cranber-
ries, yellow honeydew, osage orange, strawberries), nuts (hazel-
nut, chestnut, coconut, peanut), sesame seeds, vegetables (aspar-
agus, potatoe, aubergine, broccoli sprout, corn, turnip, tomato),
and cereals [17–21]. Isoflavones commonly exist in free (agly-
cone) and conjugated forms (acetyl, malonyl, glycosylated). Soy
and red clover are the two richest natural sources of isoflavones.
In both the isoflavones are predominantly present as glycosides
and malonylated glycoside conjugates such as 7-O-β-D-glucoside
and 6′′-O-malonylglucoside of daidzein and genistein in soy and
7-O-β-D-glucoside and 6′′-O-malonylglucoside of formononetin
and biochanin A in red clover. Based on the substitution pattern
of carbons 5 and 6, three aglycone forms of isoflavones com-
monly found in soybeans are daidzein, genistein, and glycitein.
The structures of some free and conjugated forms of isoflavones
are presented in l" Fig. 1.
Isoflavones are chemically similar in structure to the female hor-
mone estrogen [21] and are believed to provide protection
against osteoporosis, cardiovascular disease, and certain types of
cancers [22–27]. There are several reports suggesting that regular
consumption of isoflavones reduces the incidence of hot flashes
and other menopausal symptoms [5,25–27]. In Japan, where iso-
flavones consumption is higher than in many other countries in
the West, the incidences of many of the diseases listed above are
much lower. A recent review by Branca and Lorenzetti [28] sug-
gested that consumption of 50–110mg of isoflavones aglycon per
day for 6–12 months improves mineral bone density.
Isoflavones Extraction and Analysis
!

The data presented in l" Table 1 illustrate the wide range of sol-
vent mixtures and physical techniques that have been published
in peer-reviewed journals for the extraction of isoflavones from
different plant matrices. The most frequent techniques used for
extraction include, Soxhlet extraction, ultrasonic-assisted extrac-
tion, pressurized liquid extraction (PLE), microwave assisted ex-
traction (MAE), supercritical fluid extraction (SFE), stirring, and
mechanical shaking. The extraction time used by different re-
searchers varied between 20min and 6 hours. In most soybean
publications, extractions have been carried out directly without
defatting. However a few researchers have defatted soybean prior
to isoflavone extraction. The choice of extraction solvents varied
drastically, including a wide range of aqueous dilutions of aceto-
nitrile (ACN), ethanol (EtOH), andmethanol (MeOH) with varying
acidity.
Luthria DL, Natarajan SS. Influence of Sample… Planta Med 2009; 75: 704–710



Table 1 Summary of the recent procedures used for the extraction of isoflavones from different plant matrices.

Serial # Extraction procedure Best Solvent Pub. year Reference

1 2 g of different food samples were extracted with four different acidified solvents: 53% ACN,
53%MeOH, 53%EtOHand53%acetone. Themixturewas stirred at room temperature for2 h.

53% ACN 2002 [54]

2 Freeze-dried soybeans were extracted with pressurized liquid extractor (PLE) with different
proportions of (30–80%) aqueous EtOH andMeOH solvent mixtures at different tempera-
tures, pressures, solid-to-solvent ratios. Optimizations of PLE conditions are described.

70% EtOH 2002 [55]

3 Soymeal was extracted with acidified ACN (84%) by shaking sample for 2 h at room temper-
ature.

84% ACN 2004 [56]

4 Comparison of four different sample preparation (extraction and hydrolysis) procedures with
three different solvents (80% EtOH, 80% acidified EtOH, and 80%MeOH) was carried out at
various temperature (60–100°C) for different time intervals (30–240min).

80% EtOH con-
taining 1MHCl

2004 [27]

5 The authors developed a process for extracting and purifying isoflavones from defatted soy-
bean flakes using superheated water at elevated pressures using simulation optimization ap-
proach known as “steepest ascent”. An experimental design was adopted to optimize extrac-
tion conditions for isoflavones. The optimum conditions were determined as 110°C and 641
psig (4520 kPa) over 2.3 h of extraction.

superheated water 2004 [57]

6 A non-ionic surfactant oligo(ethylene glycol) monoalkyl ether (Genapol X-080) was used for
the extraction of daidzein from Puerariae Radix.

5% Genapol
(X-080, w/v)

2005 [30]

7 Comparison of different extraction conditions (extraction time, temperature, pressure,
cycles, solvents) and techniques (PLE, PLE + sonication, sonication, and Soxhlet).

90%MeOH 2004,
2005

[58,59]

8 Groundmanokin soybeans (2 g)were extractedwith 12mLof six different extraction solvents
(83% ACN, 83% acidified ACN, 80%MeOH, 80% acidified MeOH, 58% ACN, and 58% acidified
ACN). Extractions of isoflavones were carried out at RT for 2 h.

58% ACN 2005 [29]

9 Defatted soy sampleswere extractedwith 80%ACN, 80%MeOHand80%EtOHby stirring and
sonicating samples. The authors suggest replicate extractions are essential for optimum ex-
traction. Significant decrease in isoflavones yields were obtained with one extraction cycle.

similar yields with
all 3 solvents

2005 [60]

10 Theauthors used ultrasound-assistedextraction procedure. The extractionprotocol consisted
of extracting 0.25 g of the freeze-dried sample with 25mL of 50% EtOH at 60 °C in an ultra-
sonic bath for 20min.

50% EtOH 2007 [35]

11 The authors used n-butanol/water, two phase solvent system for the extraction of isoflavones
from the stem of Pueraria lobata (Willd.) followed by alumina column purification and recrys-
tallization.

1 :1 (v/v)
n-butanol :water

2007 [41]

12 The authors systematically compared three commonly used extraction solvents or solvent
mixtures (acetonitrile :water 58 :42, % v/v; ethanol :water 70 :30, % v/v; methanol :water
90 :10, % v/v) and identified increased extraction efficiencies with dimethyl sulfoxide :etha-
nol :water (5 :70 :25, % v/v/v). In addition, authors carried out comparison between six com-
monly used extraction techniques [shaking, vortexing, sonication, stirring, Soxhlet and pres-
surized liquid extraction (PLE)] and found that PLE provided optimum efficiency recoveries.

dimethyl sulfoxide:
ethanol :water
(5 :70 :25, %v/v/v)

2007 [34]

13 The authors compared extraction yields of isoflavones from soybean cake by solvent and
supercritical carbon dioxide and studied the conversion of isoflavone glucosides to the bio-
logically active aglycone by employing β-glucosidase.

supercritical carbon
dioxide

2008 [42]
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Influence of physical techniques and extraction
conditions (solvent composition, surfactant addition,
solid-to-solvent ratio, time, particle size, and tem-
perature) on assays of isoflavones
Lin and Giusti described the influence of solvent polarity and
acidity on extraction efficiency of isoflavones from soybeans
[29]. The authors carried out extractions with six different sol-
vent systems that were a combination of three polarities and
two acidity levels (83% ACN, 83% acidified ACN, 80% MeOH, 80%
acidified MeOH, 58% ACN, and 58% acidified ACN). Acidified sol-
vents were prepared by mixing 2mL of 0.1 N HCl with 12mL of
solvent. The authors showed that solvents of high polarity (Syn-
der polarity index, P′ = 6.7–7.4) provided higher yields of isofla-
vones extracted from soybeans. Acidification of the solvent fa-
vored transformation of conjugated isoflavones to their respec-
tive aglycones. The use of acidic solvents should be avoided if
the purpose of the study is the quantification and evaluation of
bioactivity and bioavailability of different forms of conjugated
isoflavones. Among the six solvent systems investigated in their
study, the authors observed that 58% acetonitrile without acidifi-
Luthria DL, Natarajan SS. Influence of Sample… Planta Med 2009; 75: 704–710
cation provided the highest yield of isoflavones without modifi-
cation of their conjugated structures.
He et al. used a non-ionic surfactant oligo(ethylene glycol) mono-
alkyl ether (Genapol X-080) for the extraction of daidzein from
Puerariae Radix, a traditional Chinese herb used as an antimicro-
bial, pain reducing, and appetite-inducing agent [30]. The optimi-
zation of extraction of daidzein from Puerariae Radix was carried
out using an ultrasonic extraction technique. The authors showed
that micelle-mediated extraction with a non-ionic surfactant
could be beneficial for solubilization, purification, and precon-
centration of active ingredients from herbal supplements. The
authors compared the influence of eight different solvents [5%
Genapol, methanol, acetic ether, ethanol, 50% methanol, dichlor-
methane:methanol (1 :4, v/v), cyclohexane and n-hexane] on ex-
traction efficiency of daidzein from Puerariae Radix. In addition,
they also investigated the influence of the liquid-to-solid ratio,
time, and physical techniques (ultrasonic extraction versus shake
flask extraction) on isoflavone extractions. Optimum extraction
of daidzein was obtained with 5% Genapol X-080 with 25:1
(mL/g) liquid-to-solid ratio using ultrasonic assisted extraction
for 45min.
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Recently, Lee and Lin compared ultrasonic and pressurized sol-
vent extraction for the determination of three isoflavones (puer-
arin, daidzin, and daidzein) in Puerariae Radix [31]. The pow-
dered sample was mixed with 95% ethanol using a magnetic stir-
rer for 5min. The slurry was subjected to ultrasonic irradiation at
different powers 20, 40, 60, and 80 MJ. The authors also exam-
ined extraction efficiencies as a function of the particle size of
the sample and determined that extraction of isoflavones in-
creased with decreasing particle size. A better yield of isofla-
vones was obtained with the ultrasonic method as compared to
PLE. The extraction conditions for PLE were: solvent: 95% EtOH;
extraction volume: 10mL; temperature: 60, 80, 100°C; static
time: 10min; purge time: 60 s; static cycle: 1; pressure 1400 psi.
The main drawback of this study was that different mean particle
sizes (135–158 µm for PLE and 12–33 µm for ultrasonic-assisted
extraction) were used for extraction. It is well documented in
the literature that particle size influences extraction efficiency
[32,33].
Luthria et al. examined the influence of solvent composition and
physical techniques on the extraction of isoflavones from soy-
beans [34]. This detailed systematic study was undertaken to in-
vestigate the wide variations in extraction solvents and tech-
niques reported in peer-reviewed publications (l" Table 1). They
compared extraction of eight different solvent mixtures [ACN:
H2O, 58 :42, v/v; ACN:H2O:DMSO, 58:37:5, v/v/v; EtOH:H2O,
70:30, v/v; EtOH:H2O:DMSO, 70:25:5, v/v/v; MeOH:H2O,
90:10, v/v; H2O, and 5% Genapol X-080 (w/v)] for extraction of
isoflavones from ground soybeans using a PLE technique with
the following parameters: extraction cell volume (11mL); tem-
perature 100°C; static time 7min; flush volume 75%. Optimum
extraction efficiencies of isoflavones were obtained with EtOH:
H2O:DMSO (70:25:5, v/v/v) as the extraction solvent. Only
83.7% of the total isoflavones were extracted with MeOH:H2O
(90:10, v/v). Intermediate extraction yields (30.5% to 69.3%) of
isoflavones were obtained with other three solvents (ACN:H2O,
58:42, v/v; ACN:H2O:DMSO, 58:37:5, v/v/v; EtOH:H2O,
70:30, v/v) and the lowest yields (13.6–18.2%) were obtained
with 100% water and 5% Genapol X-080.
Rostagno et al. developed a rapid method for the assay of isofla-
vones from soy beverages blended with fruit juices [35]. The au-
thors evaluated the influence of solvents (MeOH and EtOH), sam-
ple-to-solvent ratio (5 :1 to 0.2 :1), temperature (10–60°C), and
extraction time (5–30min). The optimized procedure consisted
of extracting samples with ethanol in ultrasonic mixing at 45°C
for the duration of 20min with a sample-to-solvent ratio of
0.2 :1 (v/v). The same group also optimized MAE of isoflavones
using a microwave extractor ETHOS 1600. Extractions were per-
formed in a batch at 500W using magnetic stirring at 50% of
nominal power [36]. The authors compared extraction efficien-
cies of isoflavones with different solvents (MeOH, EtOH, 30–70%
in water and water), temperature (50–150°C), sample size (0.1–
1.0 g), and time (5–30min). The optimum extraction conditions
were obtained with 0.5 g of sample using 50% EtOH as extraction
solvent with extraction time and temperature of 20min and 50°
C, respectively.

Application of solid-phase extraction (SPE) for
enrichment or purification of isoflavones
SPE is a rapid, cost-efficient sample preparation technique used
either for partial purification or enrichment of analyte concentra-
tion. This technique usually eliminates interferences and undesir-
ablematrix components. SPE hasmainly replaced classical liquid-
liquid extractions which require large quantities of organic sol-
vents and are not environmentally friendly. In SPE, solids are par-
titioned between a mobile phase and a stationary phase that has
a greater affinity for the analytes of interest. SPE cartridges with
several different stationary phases are commercially available.
Rostagno et al. developed an SPE procedure for concentration
and clean-up of soy isoflavones extract [37]. The authors com-
pared eight different SPE cartridges from various suppliers (Bond
Elut C-18, Varian; Bond Elut ENV, Varian; Discovery DSC-18, Su-
pelco; Strata C-18E, Phenomenex; Strata SDB‑L, Phenomenex;
Strata X, Phenomenex; LiChorlut EN, Merck; Oasis HLB, Waters)
containing a wide spectrum of sorbents (octadecyl silica, sty-
rene-divinylbenzene, modified divinylbenzene, ethylvinylben-
zene and styrene divinylbenzene, and divinyl-benzene-co-N-vi-
nylpyrrolidone). Optimum retention and recovery was achieved
with the Strata X cartridge (modified divinylbenzene, 200mg
solid phase) procured from Phenomenex.

Utilization of high speed countercurrent chroma-
tography (HSCCC) for isoflavones extraction
HSCCC is developed from countercurrent chromatography (CCC),
a separation technique based on liquid-liquid partition has also
been used for isolation and purification of isoflavones from dif-
ferent plant matrices [38–40]. Compared to conventional chro-
matographic separation, irreversible absorptive loss on to solid
support is prevented by the use of HSCCC. Isoflavones purifica-
tion using HSCCC was achieved using two-phase solvent system
comprising of hexane:ethyl acetate:n-butanol :methanol :acetic
acid :water in 1:2 :1:1:5:1 (v/v) proportion by Du et al. [38].
These authors were able to separate isoflavones with over 90%
purity from soybean. In another study, Cao et al. utilized HSCCC
for the separation and purification of puerarin and related isofla-
vones from the crude extract of Pueraria lobata using ethyl ace-
tate:n-butanol :water (2 :1:3, v/v) [39]. In a recent study, Ye et
al. carried out preparative isolation and purification of three ro-
teinoids and a single 4′,5′-dimethoxy-6,6-dimethyl pyranoisofla-
vone was achieved using a biphasic solvent system composed of
n-hexane:ethyl acetate:methanol :water (1 :0.8 :1:0.6, v/v)
from the seeds of Millenttia pachycarpa [40].
Xu and He developed a new process for the extraction of isofla-
vones from the stems of Pueraria lobata using a two-phase sol-
vent system (n-butanol :water), alumina column purification,
and recrystallization [41]. The authors evaluated the effect of sol-
vent type and determined that a two-phase solvent system [n-
butanol :water (1 :1, v/v)] provided maximum yields of diadzein
as well as total isoflavones, compared to the common single-
phase extraction solvents. The process developed by the authors
is economically feasible and can be utilized for commercial scale
extraction of isoflavones and daidzein.

Application of supercritical fluid extraction for
analysis of isoflavones
Kao et al. compared the extraction of isoflavones from soybean
cake with ethanol :water (1 :1, v/v) and supercritical carbon di-
oxide with 1.6mL of ethanol :water (70:30, v/v) as modifier
[42]. The authors observed that maximum yield of malonyldaid-
zin, malonylglycitin, andmalonylgenistinwere generated at 60°C
and 350 bar. However, when the extractions were performed at
80°C with 350 bar pressure, the yield of acetyl glucosides (acetyl-
daidzin, acetylglycitin, and acetylgenistin) and aglycones (daid-
zein, glycitein, and genistein) was significantly increased. The
yields of the total isoflavones obtained with supercritical carbon
Luthria DL, Natarajan SS. Influence of Sample… Planta Med 2009; 75: 704–710
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dioxide were lower than those for low pressure solvent proce-
dures. In another recently published study, Zuo et al. evaluated
the influence of modifier composition in terms of methanol con-
tent in water, particle size, temperature, pressure, CO2 flow rate
on isoflavones recovery from soybean [43]. The optimum isofla-
vones yield was obtained at 40°C with 500 bar pressure using
CO2 flow rate of 9.8 kg/h containing a modifier 7.8 mass % of
80% (v/v) aqueous methanol.

Extraction of isoflavones from culture media and
biological fluids
Ksycinska et al. developed a method for the determination of
genistein and its four newly identified derivatives in culture me-
dia using liquid-liquid extraction [44]. The extraction procedure
involved centrifugation of the cell suspension followed by trans-
fer of 0.5mL of the supernatant in a 10-mL of glass tube contain-
ing either 3mL of tert-butyl methyl ether or 4mL of hexane:n-
propanol (90:10, v/v) or 4mL of n-hexane:n-propanol :acetic ac-
id (95:5:1, v/v/v). The mixtures were shaken (10min) and cen-
trifuged for 10min. After freezing the tube at − 70°C for 15min,
the organic layer was transferred to glass tube and evaporated
to dryness at 45°C. The residue was redissolved in the mobile
phase, filtered, and analyzed by HPLC.
A high throughput quantification of isoflavones in urine and se-
rum samples using liquid chromatography/tendem mass spec-
trometry was recently described by Grace et al. [45]. This method
used sample extraction and analysis in 96-well plates. Initially
the biological samples are hydrolyzed with purified β-glucoroni-
dase/aryl sulfatase from Helix pomatia. Aglycones were extracted
from the hydrolysate via solid phase extraction on 96-well Stra-
ta-X plates using a robotic liquid handling system. Prior to SPE,
methanol was added to each sample and the plates were condi-
tioned with methanol followed by 30% methanol before loading
samples on to the plate. The plates were washed with 40% meth-
anol before eluting aglycones with acetonitrile:methanol (1 :1, v/
v). The analysis time was reduced to 10min using column
switching. This methodology is well suited for assaying large
number of samples.

Separation and detection of isoflavones
The HPLC separation of different classes of isoflavonoids from
soybeans samples was presented in a recent publication by Lin
and Giusti [29]. The reverse phase HPLC separation was carried
out on a C18 column with acidified aqueous acetonitrile as the
mobile phase using a gradient elution. Isoflavones have charac-
teristic UV absorption spectrum with two absorption maxima in
the ranges 245 to 275 nm and 300 to 330 nm. The second band at
the higher wavelength has a weaker relative intensity [21]. The
identification of soy isoflavone aglycones and their conjugates
(glycosides, glycoside acetylates and glycosides malonates) along
with their MS fragmentations are discussed in detail in recent
publications by Wu et al. [21], Otieno et al. [46], and Maul et al.
[47]. A review on identification and quantification of isoflavones
in biological fluids was published byWilkinson et al. [48]. The au-
thors compared the methods described in the literature and dis-
cussed the advantages and disadvantages associated with each
method. The authors suggested the following order of sensitivity
for the assay of isoflavones: radioimmunoassay > liquid chroma-
tography-mass spectrometry (LC‑MS) = HPLC-multichannel elec-
trochemical detection (Coularray) > GC‑MS-single ion monitor-
ing > HPLC-ultraviolet (UV) diode array > HPLC-single channel
electrochemical detection (ED). HPLC and LC‑MS are the two
Luthria DL, Natarajan SS. Influence of Sample… Planta Med 2009; 75: 704–710
most commonly utilized methods but the best sensitivity was re-
ported with radioimmunoassay (0.002 pmol). In another review,
Wu et al. discussed separation and detection by different proce-
dures such as gas chromatography, HPLC, and capillary electro-
phoresis (CE) coupled with various detection methods such as
UV, ED, fluorescence, mass spectrometry (MS), and nuclear mag-
netic resonance spectrometry (NMR) and non-chromatographic
immunoassay methods [21]. Similar reviews of different detec-
tion methods for isoflavones were also published by Grynkiewicz
et al. [49], and Vacek et al. [50]. A sensitive method for simultane-
ous quantification of puerarin and daidzein in rat plasma using
HPLC with post-column modification and fluorescence detection
was recently published by Zhai et al. [51]. This method required a
linear gradient of 0.5% aqueous acetic acid and 0.5% acetic acid in
acetonitrile. Addition of acetic acid allowed better separation but
resulted in suppression of fluorescence signal as puerarin and
daidzein have native fluorescence at pH 8.0 and 9.0. Improved
sensitivity by over 500-fold for both analytes was obtained with
post-columnmodificationwith alkaline (pH 9.0) ammonium ace-
tate buffer. In a separate study, Careri et al. optimized extraction
of isoflavone aglycones by 15min ultrasonic irradiation of 0.1 g of
finally ground soybean mixed with 2mL acetoniltrile:water
(80:20, v/v). The mixture was then subjected to microwave-as-
sisted acidic hydrolysis at 600W by adding 1mL of 12M HCl
[52]. In another current publication Lv et al. discuss a single-step
method for the purification of puerarin from Radix Puerariae us-
ing an n-octylamine-modified poly(methacrylate-co-dimetha-
crylate) monolith column. This column has potential for prepara-
tive-scale purification of puerarin as 12mg per 2mL loading re-
sulted in 95% purity with a recovery yield of 69% [53].
Conclusions
!

The results summarized in this review illustrate the significance
of different extraction parameters (physical technique, solvent
composition, temperature, particle size, pressure, solid-to-sol-
vent ratio, and number of extraction cycles) on the quantitative
extraction of isoflavones from different food matrices. Extraction
efficiences increased with the addition of small volumes of di-
methyl sulfoxide and optimum yields of isoflavones were ob-
tained with EtOH:H2O:DMSO (70:25:5, v/v/v) as the extraction
solvent. Acidification of extraction solvent favored partial degra-
dation of conjugated forms to their corresponding aglycones. In
addition, understanding acid and/or base treatments during
sample preparation will influence conjugation patterns of isofla-
vones, which in turn impacts their solubility, bioavailability, and
bioactivity. Utilization of green solvents as well as optimization
of extraction procedures will significantly reduce chemical waste
generated during extraction, thereby decreasing the operation
and production costs. The process for optimization of an extrac-
tion procedure will depend on the type of analyte, its chemical
form, the goal of the research project, and the composition of
the sample matrix. This mini-review also illustrates that sample
preparation methodology plays a vital role in accurate quantifi-
cation. Accurate quantification of isoflavones and other bioactive
compounds in foods, dietary supplements, and botanicals will al-
low researchers to accurately evaluate their role as it relates to
human health and nutrition. Thus sample preparation that is
often overlooked or considered as a trivial step and poorly de-
scribed in the materials and methods section plays a vital role in
accurately evaluating the role of phytochemicals. It is essential for
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researchers, authors, and the editorial board members to check if
the details regarding sample preparation procedures are prop-
erly documented in order to reproduce results published in
peer-reviewed journals.
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