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An investigation was performed on the profile and the content of isoflavones in the concentrate of aqueous
Defatted Soy Flour (DSF) extract obtained by nanofiltration. The effect of thermal treatments on these
isoflavones was also evaluated according to a Central Composite Design (CCD 2k) with varying temperatures
(70 to 90 °C) and times (15 to 45 min). Through nanofiltration it was possible to concentrate β-glucosides and
malonyl glucosides (pb0.05) in aqueous DSF extract but it was not possible to concentrate aglycones
(pN0.05). The thermal treatments applied on the concentrate showed that the malonyl glucosides were
influenced by temperature (pb0.05), while the β-glucosides were influenced not only by temperature but
also by the time of interaction of the factors investigated (pb0.05). Moreover, there was no alteration in the
contents (pN0.05) of aglycone or total isoflavones.
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1. Introduction

Membrane separation processes such as nanofiltration (NF) have
been investigated in relation to the concentration of bioactive
compounds present in aqueous vegetal extracts (Cassini, Tessaro,
Marczak, & Pertile, 2010). One of the reasons for employing these
processes is the low temperatures involved, in contrast to most
conventional concentration procedures such as evaporation. The use
of low temperature is important tomaintain the functional properties of
bioactive compounds like the isoflavones present in soybeans (Góes-
Favoni, Beléia, Carrão-Panizzi, & Mandarino, 2004). Furthermore, NF is
an attractive alternative method of concentration since it does not
require the use of organic solvents, which are generally used in the
extraction of these compounds (Mello, Petrus, & Hubinger, 2010; Xu,
Lamb, Layton, & Kumar, 2004). However, NF requires the use of
solutions with low lipid contents. According to Saboya and Maubois
(2000) and Cuartas-Uribe, Alcaina-Miranda, Soriano-Costa, and Bespia
(2007), fat globules tend to accumulate on the membrane surface, thus
forming a gel layer, decreasing the permeate flux and resulting in the
fouling of the membrane. The importance of removing lipids from the
feed was noted by Noordman, Kooiker, Bel, Dekker, and Wesselingh
(2003) in the concentration of functional compounds obtained from an
aqueous soy flour extract.

Isoflavones are phytoestrogens (Adlercreutz & Mazur, 1997; Góes-
Favoni, Carrão-Panizzi, & Beléia, 2010; Lee & Lee, 2009; Ríaz, 1999) that
present the following chemical forms: malonyl glucosides (malonyl
genistin, malonyl daidzin and malonyl glycitin); β-glucosides (genistin,
daidzin andglycitin); acetyl glucosides (acetyl genistin, acetyl daidzinand
acetyl glycitin); and aglycones (genistein, daidzein and glycitein)
(Genovese, Barbosa, Pinto, & Lajolo, 2007; Ranilla, Genovese, & Lajolo,
2009). These forms have been widely investigated for their beneficial
effects on human health (Adlercreutz &Mazur, 1997; Barnes et al., 2006;
Chang, 2002). Variations in soybean processing influence the profiles and
contents of isoflavones. Wang and Murphy (1994) reported that 98% of
the isoflavones in soybeans or in soy products occur as β-glucosides,
acetyl glucosides and malonyl glucosides, whereas Barnes, Coward, Kirk,
and Sfakianos (1998) state that there is a predominance of conjugated
forms such as malonyl, which can be converted into acetyl and
β-glucosides during thermal treatment. Fukutake et al. (1996) and Sutil
et al. (2008) noted that larger amounts of aglycones are formed at around
50 °C.

According to Eisen, Ungar, and Shimoni (2003), Huang, Liang, and
Kwok (2006) and Nufer, Ismail, and Hayes (2009), it is very important
to note the transformations and the degradation of isoflavones in the
concentrate submitted to different thermal treatments. Thus, the
objective of this study was to concentrate the soybean isoflavones of
the aqueous extract of DSF by nanofiltration, to evaluate the profile
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and the contents of these compounds in the concentrate and to
investigate the influence of different thermal treatments.
2. Material and methods

2.1. Material

Genetically enhanced soybeans of the cultivar BRS 216, which have
high protein and isoflavone contents (Carrão-Panizzi et al., 2001) were
supplied by Empresa Brasileira de Pesquisa Agropecuária — Centro
Nacional de Pesquisa da Soja (Embrapa Soja). The isoflavones were
identified and quantified through comparison with the standard curves
for daidzin, daidzein (Fujicco Co., Ltd, Tokyo, Japan), genistin, genistein
(Sigma Chemicals Co., Ltd, St. Louis, MO, USA.), glycitin, glycitein,
malonyl daidzin, malonyl genistin, malonyl glicitin, acetyl daidzin,
acetyl genistin and acetyl glycitin (Wako Chemicals, Anaheim, CA, USA).
All reagents were of analytical or chromatographic grade.
2.2. Preparation of the aqueous defatted soy flour (DSF) extract

To prepare the aqueous DSF extract, the soybeans were dried in a
forced air oven (Model 32O-SE, FANEM®, São Paulo, Brazil) at 40 °C
for 24 h. After drying, the soybeans were milled in a knife mill
(VIBRAMATT®, São Paulo, SP, Brazil). The flour obtained in this stage
was first sieved through a 20-mesh and then a 35-mesh stainless
screen (GRANUTEST®, São Paulo, Brazil) and defatted with n-hexane
at ambient temperature (around 25 °C). The DSF was mixed with
water at a ratio of 1:8 (DSF:water), stored at 50 °C and stirred with an
orbital shaker (Model TE-421, TECNAL®, Piracicaba, SP, Brazil) for
15 h. This stage is necessary for the aglycone formation. Additional
stirring was performed at room temperature (25 °C) for 5 min with a
magnetic shaker (Model Q-261, QUIMIS®, Diadema, SP, Brazil). This
mixture underwent two stages of filtration; the first stage was carried
out with a nylon filter (80 mesh) (BRASHOLANDA®, Pinhais, PR,
Brazil) to remove the larger particles of flour and the second stage was
performed using a vacuum filter made of polyamide with a pore size
of 7 μm (TEGAPE®, Curitiba, PR Brazil), thus obtaining the aqueous
DSF extract.
Table 1
Central Composite Design (CCD) with codified and reals values for two independent
variables.

Assay Codified Reals

X1
a X2

b Temperature (°C) Time (minutes)

1 −1 −1 70 15
2 +1 −1 90 15
3 −1 +1 70 45
4 +1 +1 90 45
5 −αc 0 66 30
6 +α 0 94 30
7 0 −α 80 9
8 0 +α 80 51
9 0 0 80 30
10 0 0 80 30
11 0 0 80 30

a X1=temperature variable.
b X2=time of thermal treatment variable.
c α=±1.414 for two independent variables.
2.3. Nanofiltration (NF)

The aqueous DSF extract was concentrated through nanofiltration
using a tangential flow filtration pilot plant equipped with a
poly-viny-lidene difluoride (PVDF) filter in the spiral configuration
with molecular weight cut-off (MWCO) ranging between 150 and
300 g mol−1 and effective filter area of 0.9 m2 (GE Osmonics®,
Philadelphia, USA). The experiments were carried out in duplicate at
16±2 °C andwith a transmembrane pressure of 7 bar until reaching a
volume reduction factor (VRF) of 4. The VRF was calculated as the
ratio between the initial volume (L) of the aqueous DSF extract used in
the feed and the final volume (L) of the concentrate after NF. The
permeate flux (J) (L h−1 m−2) during NF can be calculated as follows:

J =
Vp

t × Ap
ð1Þ

where Vp (L) is the amount of permeate collected during the period of
time t (h) and Ap (m2) is the permeation surface area of the
membrane. The quality of the filtration process was measured based
on the isoflavone content present in the concentrate. After each
experiment, the equipment was cleaned with alkaline solution (0.1%)
according to manufacturer's instructions.
2.4. Experimental design for the thermal treatment of the concentrate

In this study, a Central Composite Design (CCD 2k) was used to
perform the thermal treatment of the concentrate at VRF 4. The
independent variables temperature X1 (°C) and timeX2 (minutes)were
analyzed at the three equidistant levels of variation, encoded as−1, 0,
and +1. The experimental design consisted of 11 assays; four factorial
(combination of levels −1 and +1), four axial (one variable at the
level ±α and another one at zero) and three repetitions at the central
point (two variables at level zero) (Table 1). Experiments in the center
of the design were performed to estimate possible pure errors. Because
of systematic errors, all the experiments were carried out at random to
minimize the effect of unexplained variability on the responses
observed. The dependent variable (response) was the total isoflavone
content (μg mL−1).

The levels of the variables and the central point were defined
based on data available in the literature on the thermal treatment of
soybean products. Some authors (Chien, Hsieh, Kao, & Chen, 2005;
Grün et al., 2001; Huang et al., 2006; Toda, Sakamoto, Takayanagi, &
Yokotsuka, 2000) have used temperatures of between 70 and 90 °C to
evaluate the profile of isoflavones and their kinetic degradation.

2.5. Thermal treatments of the concentrate

The thermal treatments were applied to the concentrate of the
aqueous DSF extract in 5 mL glass tubes with 0.9 mm wall thickness,
10 mm internal diameter, and 11 cm in length. These tubes, which
contained samples of the concentrate, were closed and then immersed
in a thermostated bath (Model Q215M, CALLMEX®, Florianopolis, SC,
Brazil) at the temperature of the assay. The temperaturewasmonitored
with a thermometer (INCOTERM®, Porto Alegre, RS, Brazil). The
experimental design was composed of 11 assays. The thermal
treatments were performed for each assay in the experimental design.
At the endof each assay, the tubeswere immediately immersed in an ice
bath to cool the samples. After the thermal treatments, the concentrates
were placed into clear conical polypropylene centrifugation tubes
(Falcon®) with 50 mL of volume and screw caps with dimensions of
30 mm O.D and 115 mm length. They were then frozen and stored
at−18 °C for one week until the determination of isoflavones through
high-performance liquid chromatography (HPLC).

2.6. Isoflavone extraction and determination

The extraction of isoflavones and the determination of their
components were carried out with samples of the DSF, of the aqueous
DSF extract, and of the concentrate before and after thermal treatments,



Fig. 1. Permeateflux(J)duringnanofiltrationprocessof aqueousextractofdefatted soyflour.

627S. Benedetti et al. / Food Research International 50 (2013) 625–632
according to the methodology proposed by Carrão-Panizzi, Favoni, and
Kikuchi (2002) withmodifications. To extract isoflavones from the DSF,
100 mg of samplewas transferred to a 10 mL test tube, into which 4 mL
of an extracting solution (70% ethanol and 0.1% acetic acid)were added.
To extract isoflavones from the aqueous DSF extract and from the
concentrate, an aliquot of 1.5 mL of sample was used. This aliquot of
sample was added to 2.5 mL of the same extracting solution as that of
the isoflavone extraction from the DSF. The test tubes with the samples
and the extracting solution were stirred in a Vortex (Model MA162,
MARCONI®, Piracicaba, SP, Brazil) and submitted to extraction for 1 h at
ambient temperature (25 °C) with stirring every 15 min. The test tubes
were then placed into an ultrasound bath (Model USC5000, UNIQUE®,
Indaiatuba, SP, Brazil) and left for 30 min. A 1.5 mLaliquot of this extract
was transferred to a refrigerated microcentrifuge (dimensions of
31×60×25 cm, 35 kg, Model 5417R 230 V/50 Hz, EPENDORFF®, São
Paulo, Brazil) and centrifuged at 20,800 g for 15 min at 5 °C. The
supernatantwasfiltered through 0.45 μm filters (MILLIPORE®, Billerica,
MA, USA) and 20 μL was used to separate and quantify the isoflavones
through chromatography.

The separation and the quantification of the isoflavones were
performed using HPLC, as proposed by Berhow (2002), with a
photodiode array detector (Model 996) and an automatic sample
injector (Model 717 Plus), both manufactured by WATERS® (Milford,
USA). In this stage, a reverse phase column (YMC-Pack ODS-AM, C18,
S-5 μm, diameter of 250×4.6 mm) was used. For the separation of
isoflavones, the binary linear gradient systemwas used and the mobile
phases were: (a) methanol containing 0.025% trifluoroacetic acid (TFA)
(Phase A) and (b) ultrapure water (MILLIPORE®, Billerica, MA, USA)
containing 0.025% TFA (Phase B). The initial condition of the gradient
Table 2
Results (mean±standard deviation) of isoflavones in the samples of defatted soy flour (
concentrate obtained from nanofiltration (μg isoflavone g−1 on dry basis).

Samples DSF
(mg 100

Isoflavones

Malonyl glucosides Malonyl genistin 97.53±
Malonyl daidzin 69.56±
Malonyl glycitin 3.59±0

β-Glucosides Genistin 67.92±
Daidzin 48.35±
Glycitin 3.07±0

DSF (mg 100 g−1) Acetyl genistin n.d.a

Acetyl daidzin n.d.
Acetyl glycitin n.d.

DSF (mg 100 g−1) Genistein 3.13±0
Daidzein 2.00±0
Glycitein n.d.

Total isoflavones 295.15±

n.d. = not detected.
a,bDifferent letters in the same line indicate significant differences between samples (pb0.0
was 20% in Phase A, reaching 90% in 35 min, followed by cleaning of the
columnwith 100% of Phase A for 5 min and subsequently return to 20%,
retaining these conditions for up to 60 min. The mobile phase flowwas
of 1 mLmin−1 and the temperature during the analysis was 25 °C. For
the isoflavone detection, thewavelength of the detectorwas adjusted to
254 nm. The software used to control the equipment and the data
acquisition was Millennium 32 (version 3.05.01) (GCLC® Toronto,
Pickering, ON, Canada). For the identification and quantification of the
peaks corresponding to each one of the isoflavones, calibration curves
with linear regression based on the peak areas were used. These
calibration curves were constructed with external standards of daidzin,
daidzein, genistin, genistein, glycitin, glycitein, malonyl daidzin, malonyl
genistin,malonyl glicitin, acetyl daidzin, acetyl genistin andacetyl glycitin,
all ofwhichwere solubilized inmethanol (chromatographic grade) to the
following concentrations: 0.00625 mg mL−1; 0.0125 mg mL−1;
0.0250 mgmL−1; 0.0500 mgmL−1 and 0.1000 mgmL−1. The results
for the DSF isoflavone content were expressed as mg of isoflavones per
100 g of solid sample and the extractswere expressed as μg of isoflavones
per g of extract on dry basis. All these analyses were performed in
duplicate.

2.7. Statistical analysis

The data were expressed as means and standard deviation. Analysis
of variance (ANOVA) and Tukey's studentized range test (5% signifi-
cance) were carried out to detect any significant differences. The
regression coefficients for the linear, quadratic, and interaction terms
were determined throughmultiple linear regression. The significance of
each regression coefficient was determined statistically by computing
the t-value from the pure error obtained from the replicates at the
central point of this experiment. ANOVAwasused to validate themodel.
The regression coefficients were then used to generate response
surfaces. The software Statistica 7.0 (2004) (StatSotft Inc., Tulsa, OK,
USA) was used to perform all calculations and obtain all of the graphs.

3. Results and discussion

3.1. Nanofiltration (NF)

The behavior of the permeate flux (J) during the NF of the aqueous
DSF extract is shown in Fig. 1. Hodúr, Kertész, Beszédes, László, and
Szabó (2009) noted a similar behavior in concentrations obtained from
aqueous extracts of similar products usingmembranes. Noordman et al.
(2003) and Habert, Borges, and Nóbrega (2006) state that liquid foods
with high protein content tend to show such behavior. Moreover, this
decrease in the J value can be attributed to the polarization layer,
DSF) (mg 100 g−1), aqueous extract of DSF (μg isoflavone g−1 on dry basis) and the

g−1)
Aqueous
extract of DSF
(μg g−1 d.b)

Concentrate
(μg g−1 d.b)

0.84 189.02b±1.38 385.21a±33.88
0.36 363.90b±5.31 757.66a±11.76
.29 168.71b±1.07 350.25a±15.90
0.60 59.37b±6.85 108.94a±24.03
0.28 76.90b±1.24 165.55a±8.85
.04 47.41b±1.81 97.34a±1.64

n.d. n.d.
n.d. n.d.
n.d. n.d.

.04 103.50a±1.20 120.40a±32.31

.02 195.85a±1.94 177.60a±29.60
95.37a±2.57 89.05a±14.57

0.29 1300.03a±2.37 2251.98b±169.25

5).



Table 3
Results mean (±standard deviation) of content of malonyl glucosides, β-glucosides, aglycones and total isoflavones (μg isoflavone mL−1 of concentrate) of the concentrate after
thermal treatments.

Assays Malonyl glucosides (μg mL−1) β-Glucosides (μg mL−1) Aglycones (μg mL−1) Total
isoflavones
(μg mL−1)

Malonyl daidzin Malonyl genistin Malonyl glycitin Totala Daidzin Genistin Glycitin Totalb Daidzein Genistein Glycitein Totalc

1 63.06 33.20 28.36 12462 8.56 7.12 4.52 20.20 16.77 13.12 7.34 37.23 182.04
(±3.17) (±0.95) (±1.24) (±5.36) (±0.04) (±0.27) (±0.02) (±0.33) (±0.21) (±0.10) (±0.09) (±0.40) (±6.09)

2 60.89 31.53 27.76 120.18 12.45 9.20 5.46 27.12 17.06 13.42 7.29 3777 185.07
(±0.58) (±0.44) (±0.21) (±0.81) (±0.17) (±0.02) (±0.18) (±0.01) (±0.18) (±0.02) (±0.04) (±0.23) (±1.05)

3 64.13 33.16 29.20 126.49 9.85 7.82 5.22 22.89 17.44 14.19 7.76 39.39 188.77
(±0.09) (±0.22) (±0.31) (±0.01) (±5.36) (±0.16) (±0.53) (±1.16) (±0.27) (±0.24) (±0.19) (±0.70) (±1.85)

4 49.36 23.16 25.98 98.49 18.77 13.66 6.71 39.14 17.32 13.75 7.18 38.26 175.89
(±2.34) (±0.93) (±0.13) (±3.14) (±5.36) (±0.01) (±0.82) (±0.77) (±0.41) (±0.07) (±0.91) (±0.57) (±4.49)

5 56.92 27.88 27.35 112.16 8.40 6.72 4.51 19.63 15.28 12.37 7.17 34.81 166.60
(±9.40) (±7.13) (±1.23) (±15.32) (±5.36) (±1.09) (±0.29) (±1.86) (±1.61) (±1.63) (±0.55) (±3.80) (±17.25)

6 48.03 24.87 20.39 93.29 16.42 12.73 6.92 36.07 15.43 12.48 7.29 35.21 164.57
(±0.41) (±0.64) (±0.38) (±0.67) (±5.36) (±0.29) (±0.27) (±2.23) (±0.70) (±0.12) (±0.66) (±1.47) (±4.37)

7 62.33 33.17 27.05 122.55 9.79 6.96 5.00 21.74 15.99 12.88 7.46 36.33 180.62
(±0.20) (±0.06) (±1.91) (±1.76) (±5.36) (±0.12) (±0.23) (±2.87) (±0.07) (±0.06) (±0.06) (±0.06) (±4.70)

8 56.62 30.16 23.91 110.69 13.51 10.44 6.62 30.57 16.55 13.41 8.82 38.78 180.04
(±0.44) (±1.20) (±1.14) (±1.91) (±5.36) (±0.04) (±0.18) (±0.28) (±0.14) (±0.23) (±1.87) (±2.24) (±0.61)

9 61.14 30.20 29.19 120.52 10.89 9.00 5.25 25.15 16.78 13.45 7.39 37.62 183.29
(±5.79) (±0.50) (±3.98) (±9.27) (±5.36) (±0.03) (±0.03) (±2.26) (±0.58) (±0.25) (±0.14) (±0.97) (±12.50)

10 57.31 29.52 26.89 113.71 12.82 9.07 5.22 27.11 16.84 13.52 7.20 37.56 178.38
(±2.57) (±0.08) (±0.67) (±3.32) (±5.36) (±0.16) (±0.50) (±0.14) (±0.60) (±0.10) (±0.89) (±1.59) (±5.05)

11 61.88 31.39 26.81 120.07 12.81 9.31 5.29 27.41 17.55 13.86 12.05 43.46 190.95
(±2.12) (±1.51) (±1.84) (±5.48) (±5.36) (±0.33) (±0.17) (±0.97) (±0.56) (±0.27) (±7.22) (±6.39) (±0.06)

a Total of malonyl glucosides expressed as the sum of the conjugates malonyl daidzin, malonyl genistin and malonyl glycitin.
b Total of β-glucosides expressed as the sum of the conjugates daidzin, genistin and glycitin.
c Total of aglycones expressed as the sum of the daidzein, genistein and glycitein.

Table 4
Analyses of variance of the values of β-glucosides in the concentrate after thermal
treatments.

Source Sum of squares DF Mean square F value p value

(1) Temperature (L) 0.00 1 0.00 355.32 0.00
Temperature (Q) 0.00 1 0.00 4.02 0.10
(2) Time (L) 0.00 1 0.00 122.08 0.00
Time (Q) 0.00 1 0.00 0.09 0.76
1 (L)×2 (L) 0.00 1 0.00 28.67 0.00

L=linear effect; Q=quadratic effect; values significantly different (pb0.05).
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resulting from the concentration process, and to fouling. Both
phenomena commonly occur in membrane separation processes
(Liikanen, Yli-Kuivila, & Laukkanen, 2002; Suárez, Lobo, Alvarez, Riera,
&Álvarez, 2009;VanDer Bruggen,Mänttäri, &Nyström, 2008;Warczok,
Ferrando, López, & Güell, 2004).

The average J value during NF was approximately 12.4 L h−1 m−2.
These results are similar to those obtained by Díaz-Reinoso, Moure,
Domínguez, and Parajó (2009) for an aqueous extract of distilled
fermented grape pomace, and by Luo, Ding, Chen, andWan (2009) on
removing the salt from soy sauce. These authors used NF and the
average fluxes were from 10 to 70 L h−1 m−2 and 6.64 L h−1 m−2,
respectively. Although distilled fermented grape pomace, soy sauce,
and soybeans are quite different products, it is possible to compare the
results because of the similarities between the concentration
processes. However, in the present study a pressure of 7 bar is
appropriate, since it allows the process to be carried out within an
appropriate length of time, thus resulting in lower energy consump-
tion due to the low pressure used (Mello et al., 2010). Moreover, some
studies report that shorter processing times are ideal to maintain the
isoflavone content (Alothman, Bhat, & Karim, 2009; Chien et al., 2005;
Nufer et al., 2009; Rostagno, Palma, & Barroso, 2005; Shimoni, 2009;
Wang & Murphy, 1996).

3.2. Isoflavone contents

The isoflavone contents in the DSF, aqueous extract of DSF, and
concentrate samples are shown in Table 2.

Of the isomers present in the DSF, malonyl glucoside conjugates
were predominant, representing 58% of the total isoflavones. Coward,
Smith, Kirk, and Barnes (1998) also detected greater concentrations of
these conjugates in soybeans and in untoasted soy flours. These
authors noted that processes such as grinding and oil extraction at
ambient temperature do not modify the content or the profile of this
type of isoflavone. Similarly, Góes-Favoni et al. (2004) reported 59%
malonyl glucoside content in different types of whole soybean meal.
These authors also noted malonyl genistin contents (35%) similar to
those obtained with DSF (33%). Góes-Favoni (2002) obtained the
same isoflavone profile for whole soybean meal, where the com-
pounds malonyl and β-glucosides were predominant. However, the
DSF produced showed a decrease in the malonyl conjugates and an
increase in the β-glucoside conjugates, while the β-glucosides in the
DSF represented approximately 40% of the total isoflavone content.
Lower contents (around 34%)were detected by Yu, Liu, Qiu, andWang
(2007) in defatted soy flour. In the present study, the malonyl
glucoside and β-glucoside conjugates represented around 98% of total
isoflavones, which is in agreement with the work performed by
Murphy, Barua, and Hauck (2002). These authors tested different
solvents for the extraction of isoflavones from soy flour and noted that
these conjugates represented on average 90% of the total isoflavones.

No acetyl conjugates were detected in the DSF. According to Jung,
Murphy, and Sala (2008), the formation of these isomers occurs only
when the soybean or soybean products undergo drying at high
temperatures, as in the toasting process for instance. The aglycones in
theDSF represented 1.8%of the total isoflavone content,which is similar
to levels detected byWang andMurphy (1996) in fresh soybeans and in
untoasted flours, where the content of these compoundswere between
1 and 3%.

The content of total isoflavones present in the aqueous DSF extract
was similar to that noted byGóes-Favoni et al. (2004), who investigated
twohydrosoluble extracts and detected isoflavone contents of 1800 and
1230 μg g−1, respectively. In the case of the DSF, the predominant
isomers were the malonyl glucosides. However, this result was in
contrast to that obtained by Coward et al. (1998), who detected the
β-glucosides as the main isomers in hydrosoluble soybean extracts.



Table 5
Analysis of variance of the values of malonyl glucosides in the concentrate after thermal
treatments.

Source Sum of squares DF Mean square F value p value

(1) Temperature (L) 0.00 1 0.00 16.23 0.01
Temperature (Q) 0.00 1 0.00 8.20 0.03
(2) Time (L) 0.00 1 0.00 6.21 0.05
Time (Q) 0.00 1 0.00 0.10 0.76
1 (L)×2 (L) 0.00 1 0.00 5.15 0.07

L=linear effect; Q=quadratic effect; values significantly different (pb0.05).
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According to Huang et al. (2006), such differences could result from the
type of thermal treatment, such as pasteurization or sterilization,
because the moist heat applied in the processing stages leads to the
de-esterification ofmalonyl conjugates and the formationofβ-glucosides.
Moreover, the aglycone contents detected in the aqueous DSF extract
Fig. 2. (a) Plot of the predicted versus observed values of β-glucosides and (b) plot
obtained in the present study were higher than those observed by
Góes-Favoni et al. (2004) in hydrosoluble soybean extract. This could be
attributed to the cultivar used and to the hydrothermal treatment
(50 °C) performed. Matsuura and Obata (1993) and Araújo, Carlos, and
Sedyama (1997) state that a temperature of 50 °C is ideal for
β-glucosidase activity in aqueous extracts and leads to the formation
of aglycones. This result is consistent with the findings of Chien et al.
(2005), who verified that the conversion of these isomers is attributable
to the thermal treatment used. In the aqueous DSF extract, aglycones
corresponded to 30% of the total isoflavone content, which is similar to
the results obtained by Xu et al. (2004), who detected aglycone contents
of around 34% of total isoflavones in the liquid residue from soybean
extract production. Ribeiro et al. (2007) state that higher contents of
aglycones provide greater health benefits to consumers of soybean
products because, according to Esteves and Monteiro (2001), Pascual-
Teresa et al. (2006), Cederroth and Nef (2009) and Levis, Strickman-
of residual versus observed values of β-glucosides in the concentrate samples.
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Fig. 3. Response surface plot for the β-glucosides as a function of temperature (°C) and
time (minutes) of thermal treatment of concentrate.

Table 6
Analysis of variance of the values of aglycones in the concentrate after thermal
treatments.

Source Sum of squares DF Mean square F value p value

(1) Temperature (L) 0.00 1 0.00 0.00 0.99
Temperature (Q) 0.00 1 0.00 3.00 0.14
(2) Time (L) 0.00 1 0.00 0.77 0.41
Time (Q) 0.00 1 0.00 0.25 0.63
1 (L)×2 (L) 0.00 1 0.00 0.11 0.74

L=linear effect; Q=quadratic effect.
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Stein, Doerge, and Krischer (2010), aglycones are directly absorbed in
the gastrointestinal tract and therefore they show greater bioactivity
than the conjugated forms. In relation to the aglycone content in the
aqueousDSF extract, the profile noted in the present studywas the same
as that reported byHuang et al. (2006) for hydrosoluble soybean extract.

After theNF of the aqueousDSF extract, therewas an increase of 42%
(pb0.05) in the total isoflavone content in the concentrate. However,
this increase was not proportional to the VRF used (VRF=4) which,
according to Wang and Murphy (1996), may be related to the
association of isoflavones with soybean proteins, thus resulting in a
reduction in the J value.

When compared with the aqueous DSF extract, the glucoside
conjugate contents were higher (pb0.05) in the concentrate whereas
the aglycone contents in the aqueous DSF extract and in the
concentrate did not differ significantly (pN0.05). Considering a
membrane cut-off between 150 and 300 g mol−1, these variations
can be explained through the difference in the molar masses, as
defined by Nurmi, Mazur, Heinomen, Hokkonen, and Adlercreutz
(2002), of the glucoside conjugates (between 400 and 600 g mol−1)
and aglycones (between 200 and 300 g mol−1).

3.3. Thermal treatments of the concentrate

The effects of the combinations between the variables temperature
and timeon the profile and the content of isoflavones in the concentrate
were investigated and the results obtained in the 11 assays are shown in
Table 3. Among the four types of isoflavones, β-glucosideswere linearly
influenced (pb0.05) by the variables temperature and time within the
studied ranges and also an effect of the interaction between these
variables was observed (pb0.05). Temperature had a greater effect on
the β-glucosides content (Table 4). According to Rostagno et al. (2005),
temperature is the main factor which influences the stability of
isoflavones during food processing. The malonyl glucosides were
influenced (pb0.05) only by temperature, showing a linear and
quadratic effect on the response variable (Table 5). In the case of the
malonyl glucosides content temperature had the greatest effect and
therewas no effect related to the processing time. However, the content
of these compounds decreased with an increase in temperature. The
effect of temperature onmalonyl conjugates was also noted byMurphy
et al. (2002) using a hydrosoluble soybean extract and a temperature of
80 °C for 3 h. Barnes, Kirk, and Coward (1994), Jackson et al. (2002) and
Kao, Lu, Hsieh, and Chen (2004) observed that the conversion of
malonyl conjugates into β-glucosides was dependent on the factors'
time and temperature. The results (Table 3) show that at higher
temperatures there was a decrease in the malonyl glucosides and an
increase in β-glucosides. According to Mathias, Ismail, Corvalan, and
Hayes (2006), malonyl glucosides are the most thermally unstable
isomers and they are converted into β-glucosides when submitted to
high temperatures.

From the results obtained in this study it was possible to develop a
predictive model for the β-glucoside content. A graphic indication of
the quality of the model can be seen in Fig. 2a and b. The plot of the
predicted versus the observed values for β-glucosides in the
concentrate samples shows a linear behavior with a correlation
coefficient of 0.95 (Fig. 2a). The plot of the residuals versus the
observed values (Fig. 2b) shows that the assumption of randomness of
the residuals was satisfied.

The model developed for the β-glucoside content (Y) is repre-
sented through the following equation:

Y = 0:027 + 0:0058 X1 + 0:0034 X2 + 0:0023 X1 X2 ð2Þ

where X1 is the temperature and X2 is the time of the thermal
treatment of the concentrate.

Fig. 3 shows the response surface developed through regression of
the model obtained, in which there is a non-proportional interaction
between the variables' time and temperature. Therefore, any of the
time and temperature values within the ranges studied can be used in
the thermal treatment of the concentrate because the β-glucoside
content remains constant. Also, in relation to β-glucosides, it is stated
in the literature (Grün et al., 2001; Kao et al., 2004) that there is no
standard behavior in relation to thermal treatment since the type of
food (matrix difference) influences the conversion of this conjugate.

After the thermal treatments, no acetyl glucoside conjugates were
detected in the concentrate, in the DSF, or in the aqueous DSF extract.
According to Barnes et al. (1998) and Kao et al. (2004), the formation
of acetyl conjugates varies according to the manner in which the
soybean foods are processed, being mainly associated with the
moisture content and heat of thermal treatments.

In relation to aglycones, the variables analyzed did not influence
(pN0.05) these contents in the thermally treated concentrate (Table 6).
A similar resultwas obtained by Kao et al. (2004) after applying thermal
treatments to a hydrosoluble soybean extract. However, Góes-Favoni
et al. (2004) and Huang et al. (2006) noted a reduction in these isomers
on applying thermal treatments similar to those used in the concentrate
of the aqueous DSF extract. This difference in behavior could be due to
the thermal treatment (50 °C for 15 h) previously applied to the
aqueous DSF extract, leading to the formation of aglycones through the
action of the β-glycosidase enzyme. Finally, the maintenance of
aglycone levels in soybean products is industrially advantageous since,
according to Umphress, Murphy, Franke, Custer, and Blitz (2005) and
Pascual-Teresa et al. (2006), aglycones have functional properties.
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Table 7
Analysis of variance of the values of total isoflavones in the concentrate after thermal
treatments.

Source Sum of squares DF Mean square F value p value

(1) Temperature (L) 0.00 1 0.00 0.43 0.53
Temperature (Q) 0.00 1 0.00 4.25 0.09
(2) Time (L) 0.00 1 0.00 0.02 0.87
Time (Q) 0.00 1 0.00 0.25 0.63
1 (L)×2 (L) 0.00 1 0.00 0.43 0.54

L=linear effect; Q=quadratic effect.
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The total isoflavone content remained unchanged (pN0.05) after
the thermal treatments (Table 7). Mathias et al. (2006) reported that
the total isoflavone content remained constant because of the
interconversions between different isomers when pasteurization
temperatures are used. The same behavior was noted after thermal
treatment of the concentrate in the study reported herein.

4. Conclusions

No acetyl glucosides were detected in the concentrate or in the
extract submitted to nanofiltration. The concentration of total
isoflavones, mainly glucoside conjugates, was achieved through
nanofiltration. The results obtained for the isoflavone profile and
content in the concentrate showed that the use of nanofiltration in the
concentration of isoflavones is viable.

The effect of the thermal treatments on malonyl glucoside and
β-glucoside conjugates differed. Malonyl glucosides were influenced
only by temperature, while the β-glucosides were influenced by time,
temperature, and the interaction between the two. The contents of
aglycones and total isoflavones in the thermally treated concentrates
showed no change, indicating that the thermal treatments applied did
not lead to the degradation of these compounds.
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