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Soybeans are among the world’s major crops responsible for food and biodiesel production, as well as a major
source of isoflavones – a class of high value-added bioactive compounds. As estimated 460 million tonnes of soya
residues (branches, leaves, roots, and pods) will be produced in the 2018/2019 harvest, and 20–40% of this
waste must be removed from the field to ensure soil quality and minimize environmental impacts. This work
investigated the potential occurrence and content of isoflavones in soya agricultural waste collected directly
from the ground after mechanically harvesting. We also assessed the extraction performances of ethanol and
acetone for these materials as an alternative to acetonitrile, a problematic solvent from an environmental point
of view. Considerable amounts of isoflavones were found in soya agricultural waste collected directly from the
ground when compared to soybeans (2.71 ± 0.27, 0.57 ± 0.1, 0.30 ± 0.05 and 2.09 ± 0.24 kg of isoflavones/tonne of leaves, branches, pods, and soybeans, respectively). The greener ethanol and acetone performed well for a broad range of compounds. This is an example in which appreciable amounts of high valueadded compounds are wasted. Since isoflavones are considered phytoestrogens, their recovery from part of this
waste might avoid potential contamination of soil and groundwater.

1. Introduction
Soya crops (Glycine max (L.) Merr., Fabaceae) are among the top six
crops in the world, because soybeans and their derived products are
widely used for human and animal food as well as a raw material for the
production of biodiesel (César, Conejero, Ribeiro, & Batalha, 2019;
Zaheer & Humayoun Akhtar, 2017). They are also a source for extraction and isolation of isoflavones, a subclass of flavonoids with high
added value (Bustamante-Rangel, Delgado-Zamarreño, Pérez-Martín,
Rodríguez-Gonzalo, & Domínguez-Álvarez, 2018). More than 300
technologies have already been patented relating to isoflavone isolation, microencapsulation, and formulation in healthcare products, thus
evidencing the existing economic interest for these compounds (Nemitz
et al., 2016). Isoflavones from soya have the ability to relieve symptoms
associated with menopause and to prevent age-associated dysfunctions
like cardiovascular diseases and osteoporosis in postmenopausal
women, besides exhibiting antioxidant and anticarcinogenic activities,
among others (Abo-elsoud, Hashem, Nour El-Din, Kamel, & Hassan,
2019; Akhlaghi, Ghasemi Nasab, Riasatian, & Sadeghi, 2019; Golpour,
Rafie, Safavi, & Miraghajani, 2015; Lambert, Thorup, Hansen, &
⁎

Jeppesen, 2017; Nachvak et al., 2019; Qiu & Jiang, 2018; Sathyapalan
et al., 2018; Seo et al., 2017). On the other hand, there are growing
concerns about the excessive exposure of humans to isoflavones due to
their estrogen-like properties (Andres, Abraham, Appel, & Lampen,
2011; Wang et al., 2013). The presence of isoflavones was reported also
in soya leaves, branches, pods, and roots collected from the living plant
(Kim, Lee, Kim, & Chung, 2018; Kim, Yang, Cho, & Lee, 2019; Romani
et al., 2003; Seo et al., 2017). These materials are converted into soya
agricultural waste, because the harvesting tractors currently used are
only able to keep soybeans in them, discarding the other parts of the
plant back into the field. To the best of our knowledge, the literature
does not report the potential occurrence and content of isoflavones in
this agricultural waste.
Such investigation would be in line with what is recommended by
the United Nations, who recognizes the need to intensify research on
technologies for converting agricultural waste into useful resources for
society (UNEP, 2009). An estimated 30% of waste mass generated
worldwide comes from forestry and agricultural activities (Luque &
Clark, 2013; Tuck, Perez, Horvath, Sheldon, & Poliakoff, 2012). For
example, for each tonne of soybeans mechanically harvested, about
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1.16 tonnes of other plant parts will be produced and left in the field
(Song, Yang, Yabar, & Higano, 2013). Thus, considering the expected
production of 398 million tonnes of soybeans for the harvesting 2018/
2019 worldwide (USDA, 2019), over 460 million tonnes of soya steams,
roots, leaves, and pods could be left in the field only considering this
period. From a positive perspective, these plant materials would contribute for the fertility of the soil or could be removed for the production of renewable energy, polymers, and the extraction of chemicals
(Didaskalou, Buyuktiryaki, Kecili, Fonte, & Szekely, 2017). However,
there is also another side to be considered. If in excess, agricultural
waste could promote soil and water contamination through infiltration
of pesticides, minerals, and organic matter, including secondary metabolites (Geissen et al., 2015; FAO, 2017; UNEP, 2009; USDA, 1992).
Hence, potential infiltration of phytoestrogen present in soya agricultural waste might be problematic.
Therefore, from a heuristic perspective it is worth checking whether
or not these phytoestrogens are present in detectable amounts in soya
agricultural waste. Thus, this work investigated the potential occurrence and content of isoflavones in soya agricultural waste collected
directly from the ground after mechanical harvesting. Additionally, we
assessed the extraction efficiencies of ethanol and acetone of this waste,
since both solvents are biodegradable, have low toxicity, and can be
produced from renewable biomass including from agricultural waste.
For the sake of comparison, soybeans were used as the reference plant
material and acetonitrile was used as a reference solvent since it is often
used to extract isoflavones, but is undesirable from a green chemistry
perspective (Kim, Ro, Kim, Kim, & Chung, 2012; Prat et al., 2016; Wang
& Murphy, 1994).

2.4. Selection of the extraction solvent by high performance liquid
chromatography (HPLC-PDA/UV/Vis)
HPLC analyses were performed on a HPLC-PDA/UV/Vis system
(Jasco®, Japan), equipped with a quaternary pump (PU-2089 plus),
photodiode array detector (MD-2010 plus), autosampler (AS-2055
plus), and column oven (CO-2060 plus). Separations were achieved in a
4.6 mm × 250 mm, 5.0 μm particle size, C18 column (Luna,
Phenomenex, USA). The mobile phase was composed of 0.1% acetic
acid (AcOH) in H2O (v/v) (A) and 0.1% AcOH in ACN (v/v) (B) at the
following gradient elution: 15–35% B in 50 min, holding at 35% B until
60 min. The column was equilibrated with 25 mL of the initial mobile
phase as recommended by the manufacturer. The flow rate was 1.0 mL/
min and the volume injected was 20 μL (Kim et al., 2012). The parameters used to select the best extraction solvent were the total number
of peaks observed in a given HPLC-UV chromatogram at λ = 254 nm
and the sum of the areas of all peaks with retention time higher than
7 min to avoid counting the peak corresponding to acetone in acetonebased extracts. One-way analysis of variance (ANOVA) followed by
Tukey's test were performed to check potential differences among the
extractions, considering 5% level of significance (Ruvalcaba, DuránGuerrero, Barroso, & Castro, 2019).
2.5. Search for isoflavones by high performance liquid chromatography
coupled to PDA/UV/Vis and time-of-flight mass spectrometry (HPLC-PDA/
UV-ESI-TOFMS)
HPLC-PDA/UV-TOF/MS analyses were performed in a HPLC-PDA/
UV system (Shimadzu, Japan) coupled to a mass spectrometer
micrOTOF-QII (Bruker Daltonics, Bellarica, MA, USA). Separations
were achieved in a 4.6 mm × 150 mm, 3.5 μm particle size, C18
column (XBridge, Waters, USA). The mobile phase was composed of
0.1% AcOH in H2O (v/v) (A) and 0.1% AcOH in MeOH (v/v) (B) at the
following gradient elution: 21–45% B in 30 min, holding at 45% B until
35 min. The column was equilibrated with 25 mL of the initial mobile
phase as recommended by the manufacturer. The flow rate was 1.0 mL/
min, and the volume injected was 12 μL. The samples were analyzed in
positive mode using capillary voltage at 3500 V, nebulizer pressure of
5.5 Bar, and source temperature at 220 °C. An amount of 1 mg of each
dry extract was solubilized in 1.3 mL H2O-MeOH 3:1 (v/v). The resulting solution was filtered through a 0.22 μm syringe PTFE filter prior
to injection. Data were processed using Compass ™ software (Bruker
Daltonics), version 4.3.

2. Materials and methods
2.1. Agricultural waste collection
Soya residues were obtained in three places at the Faculty of
Agricultural Sciences of São Paulo State University (Botucatu, São
Paulo, Brazil). The residues remained on the ground between 1 and
7 days after mechanical harvesting, when the beans are collected inside
the combine and the other materials are comminuted and returned to
the ground. Once in the laboratory, they were separated into branches,
leaves, and soya pods. For chemical comparison, beans were obtained
from the same crops.
2.2. Standards and solvents

2.6. Quantification of isoflavones by ultra-high-performance liquid
chromatography coupled to triple quadrupole mass spectrometer (UPLC-ESIMS/MS)

Analytical standards for daidzin, genistin, glycitin, daidzein, genistein, glycitein, and diclofenac sodium salt were purchased from SigmaAldrich (St. Louis, MO, USA). For the HPLC and UHPLC analysis, gradient grade acetonitrile and methanol were purchased from Merck
(Darmstadt, Germany). For extraction procedures, ethanol (HPLC
grade), acetone (ACS grade), and acetonitrile (HPLC grade) were purchased from Merck.

The extracts were analyzed by a UPLC-ESI-MS/MS Triple
Quadrupole system (Acquity, Waters, USA). Separations were achieved
in a 2.1 mm × 50 mm, 1.7 μm particle size, C18 column (Kinetex,
Phenomenex, USA). The mobile phase was composed of 0.1% AcOH in
H2O (v/v) (A) and 0.1% AcOH in MeOH (v/v) (B) at the following
gradient elution: 25–95% B in 6 min, holding at 95% B until 8 min. The
column was equilibrated with 0.8 mL of the initial mobile phase. The
flow rate was 0.2 mL/min. The samples were analyzed in positive mode
using capillary voltage at 3 kV; source temperature was 90 °C; cone gas
flow was 50 L/h; desolvation gas flow was 1000 L/h; desolvation gas
temperature was 400 °C. N2 was used as desolvation gas; argon was
used as collision gas. Each EtOH:H2O 7:3 (v/v) extract was diluted to
reach 1 mL of EtOH:H2O 7:3 (v/v) containing 1600 ng/mL of diclofenac
sodium (internal standard). The resulting solution was filtered through
a 0.22 μm PTFE syringe filter, and 3–12 μL was injected into the UPLC
system inlet. Data were processed with the support of the software
QuanLynx (Waters®). To quantify the isoflavones, data were acquired
using MRM (multiple-reaction monitoring) mode. Cone and collision

2.3. Preparation of extracts with different solvents
All collected material was separated by plant part and ground in a
knife mill. Then, reference acetonitrile-based extracts were prepared.
Briefly, approximately 1 g of sample was extracted by dynamic maceration (120 rpm, 30 °C, and 2 h) with 10 mL of acetonitrile (ACN) or
with 10 mL of ACN:0.1 N aqueous HCl 4:1 (v/v) (Kim et al., 2012).
Alternatively, ACN was replaced with the greener ethanol (EtOH) or
acetone. Each extract was kept static for 30 min. An aliquot of 1.5 mL
was filtered through a 0.45 μm nylon syringe filter and injected into a
high-performance liquid chromatography system coupled to an ultraviolet spectrophotometer (HPLC-PDA/UV/Vis). These procedures were
done in triplicate.
2
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energies were optimized based on the main transitions of each compound (Table S1, supplementary material).

branches are in Figs. S1 and S2 (supplementary material).
Overall, no matter the residue under consideration or the response
monitored, the extractions based on acetone and EtOH as organic solvents were similar or more efficient than those based on ACN (Table 1).
Another general trend was that, regardless of which organic solvent or
residue under consideration, the addition of a 20% of an 0.1 N aqueous
HCl led to higher scores for both monitored extraction parameter
(Table 1). This is clear when comparing side-by-side the chromatogram
pairs A/B, C/D, or E/F in Fig. 1. This might be due to hydrolysis of
potential glycosylated and other compounds containing labile bonds
which might lead to higher number of peaks. Both trends are also observed for the most intense peak at approximately 43 min (Fig. 1),
whose identity will be discussed in Section 5.3.2.
Regarding individual residue parts, the best extraction for pods was
achieved with acetone:0.1 N aqueous HCl 4:1 (v/v) and EtOH:0.1 N
aqueous HCl 4:1 (v/v). Both presented the same average number of
peaks (26.3 ± 1.1 and 26.3 ± 3.0. respectively) (p > 0.05), but
different total peak areas (8.2 ± 0.4 and 5.1 ± 0.9 AUxs, respectively) (p < 0.05). The third best result was achieved with the reference ACN:0.1 N aqueous HCl 4:1(v/v) (20.6 ± 1.5 peaks and
5.3 ± 0.3 AUxs), followed by neat acetone, and finally by ACN or
EtOH (Table 1). The extractions of pods with neat solvents were 2.4–4.7
less efficient than their corresponding hydro-organic counterparties
(Table 1). The chromatograms on the right column of Fig. 1, demonstrate that acetone:0.1 N aqueous HCl 4:1 (v/v) (Fig. 1D) and
EtOH:0.1 N aqueous HCl 4:1 (v/v) (Fig. 1F) led to more intense peaks
than those observed for ACN:0.1 N aqueous HCl 4:1(v/v) (Fig. 1B)
extract of pods. The same trend can be observed from the comparison of
the chromatograms acquired with extracts of neat solvents (disposed in
the left columns of Fig. 1).
For the extraction of leaves, similar behavior was observed, with
acetone:0.1 N aqueous HCl 4:1 (v/v) being superior to ACN:0.1 N
aqueous HCl 4:1 (v/v) and EtOH:0.1 N aqueous HCl 4:1 (v/v)
(p < 0.05). On the other hand, no statistical difference was observed
between ACN:0.1 N aqueous HCl 4:1 (v/v) and EtOH:0.1 N aqueous HCl
4:1 (v/v) (p > 0.05), for both monitored responses (Table 1, Fig. S4,
supplementary material). For leaves, neat solvents were also less efficient than their corresponding aqueous-organic counterparties
(Table 1) (p < 0.05).
Overall, the same trend was observed for extraction of branches
(Table 1). For example, acetone:0.1 N aqueous HCl 4:1 (v/v) led to the
highest number of peaks, followed by EtOH:0.1 N aqueous HCl 4:1 (v/
v) and ACN:0.1 N aqueous HCl 4:1 (v/v) (p < 0.05) (Table 1, Fig. S5,
supplementary material). As for the other materials, the extractions of
branches with neat solvents were less efficient than their corresponding
aqueous-organic counterparties (p < 0.05) (Table 1 and Fig. S5,
supplementary material). Among neat solvents, for both monitored
responses acetone presented superior results than ethanol and acetonitrile (p < 0.05) (Table 1, Fig. S5, supplementary material).
The fact that from the untargeted approach applied here EtOH and
acetone-based extraction solvents performed equal or better than ACN
for all soya agricultural residues is good news from an environmental
point of view. Acetone could be a first-choice alternative to replace
acetonitrile for extraction and separation purposes when selectivity and
system pressure should be kept. Both solvents are hydrogen bond acceptor solvents, present some similar solvatochromic properties, and
have similar viscosities and selectivity (Johnson & Vitha, 2011). Furthermore, they are fully miscible with water, which is an advantage if
high to middle polarity compounds are targeted. The UV cut-off of
acetone at 330 nm should not be an issue for extraction purposes. As the
extracts were analyzed by HPLC-UV once they were prepared with no
evaporation of extraction solvent, an intense peak relative to acetone
can be seen in the chromatograms from acetone-based extracts (Fig. 1C
and D). However, we took into consideration only peaks eluting after
7 min from all separations, circumventing this problem. ACN can also
be replaced with the greener EtOH if maintaining selectivity is not

2.6.1. Calibration curve
Five different concentrations of each isoflavone standard were used
to determine the linearity of the method: 32 ng/mL, 720 ng/mL,
1520 ng/mL, 2320 ng/mL, and 3072 ng/mL. Standard solutions were
prepared in H2O-MeOH 7:3 (v/v) using diclofenac sodium (DS) as the
internal standard at a concentration of 1600 ng/mL. The choice of DS
was due to the presence of chloride groups, which facilitate its identification in complex soybean matrices, present a well-known fragmentation pattern, has similar ionization levels to isoflavones and a well
resolved chromatographic peak in the LC system. Samples were prepared in quintuplicate and analyzed. The regression analysis was performed with the support of the software QuanLynx (Waters®), and the
use of the weighting factor 1/x, which was applied to adjust heterogeneity in the variances. The acceptance criterion of the correlation
coefficient (r) was = 0.99.
2.6.2. Determination of concentration
The monitored response was the area of the chromatographic signal
of daidzin, genistin, glycitin, daidzein, genistein, and glycitein obtained
in each sample, divided by the chromatographic signal of diclofenac
sodium, used as internal standard. The concentration values from each
compound were calculated by the regression equation obtained for each
isoflavone. All calculations were performed in the Excel platform
(Microsoft Office 2007). One-way analysis of variance (ANOVA) followed by Tukey's test were performed to check potential differences
among the contents of specific isoflavones in different samples, considering 5% level of significance.
3. Results and discussion
3.1. Selection of the extraction solvent
From an environmental perspective, there is no sense in converting
agricultural waste by employing polluting technologies, since that
would increase the amount of waste, which is the opposite of the desired outcome. A large manufacturer of standardized botanical extracts
uses an average solvent/solid matrix ratio of around 12 (v/w). This
means that by selecting a harmful solvent to extract a given “agricultural waste”, a 12-fold increase in the amount of final waste would
be generated in this hypothetical process. For this reason, the first step
of this work was to try a greener extraction media as alternative to
acetonitrile, which was efficiently employed by Wang and Murphy
(1994) and Kim et al. (2012) among many others, to extract isoflavones
from soybeans or their derived products. Acetone and EtOH were selected as potential replacements to the problematic ACN because they
present lower toxicity and because they have been successfully employed for the extraction of isoflavones from soybeans or their derived
products (Vien & Trang, 2018; Yoshiara, Madeira, Delaroza, Da Silva, &
Ida, 2012). These solvents are biodegradable and can be obtained by
fermentation processes from renewable feedstock, including from lignocellulosic biomass (Prat et al., 2016; Welch, Nowak, Joyce, &
Regalado, 2015). Both acetone and EtOH are classified as “recommended” by the reference CHEM21 selection guide for solvents
published by Prat et al. (2016), whereas ACN is classified as “problematic”.
Results for the extractions of residues with different solvents are
summarized in Table 1. The total number of peaks observed in a given
HPLC-UV chromatogram at λ = 254 nm and the sum of all the areas of
peaks were the two monitored responses. Analysis of variance (ANOVA)
followed by Tukey’s test indicated significant differences among different solvents for the extractions (Table 1).
HPLC-UV chromatograms achieved from different extracts of pods
are in Fig. 1, whereas those achieved from the extracts of leaves and
3
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Table 1
Average number of peaks and total peak area for different extracts.1

PODS

LEAVES

BRANCHES

Extraction solvent

N° of peaks

Total peak area (AUxs)

EtOH
EtOH:1N aqueous HCl 4:1 (v/v)
ACN
ACN:1N aqueous HCl 4:1 (v/v)
Acetone
Acetone:1N aqueous HCl 4:1 (v/v)
EtOH
EtOH:1N aqueous HCl 4:1 (v/v)
ACN
ACN:1N aqueous HCl 4:1 (v/v)
Acetone
Acetone:1N aqueous HCl 4:1 (v/v)
EtOH
EtOH:1N aqueous HCl 4:1 (v/v)
ACN
ACN:1N aqueous HCl 4:1 (v/v)
Acetone
Acetone:1N aqueous HCl 4:1 (v/v)

7.3 ± 0.6c
26.3 ± 3.0a
4.3 ± 1.5c
20.6 ± 1.5b
7.3 ± 0.6c
26.3 ± 1.1a
16.0 ± 1.0c
36.6 ± 3.2b
5.3 ± 0.6d
35.3 ± 3.2b
11.3 ± 1.5c,d
47.0 ± 2.6a
6.6 ± 0.6e
24.6 ± 1.1b
3.3 ± 1.1f
19.3 ± 1.1c
12.3 ± 0.6d
29.3 ± 1.5a

1.8
5.1
1.4
5.3
3.4
8.2
1.2
5.1
0.4
4.2
2.1
8.3
0.6
2.1
0.2
2.0
2.3
3.6

±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±

0.3d
0.9b
0.5d
0.3b
0.4c
0.4a
0.0c,d
0.6b
0.1d
0.5b
0.2c
0.2a
0.0c
0.4b
0.0c
0.0b
0.1b
0.3a

1
All values are expressed as the average ± SD of authentic triplicate of extractions. Averages ± SD followed by distinct lowercase letters in a column
indicate significant differences between extraction solvents for different extracts (p < 0.05) by Tukey’s test.
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Fig. 1. Representative HPLC-UV chromatograms at 254 nm of extracts of soya pods extracted with: (A) ACN; (B) ACN:0.1 N aqueous HCl 4:1(v/v); (C) Acetone; (D)
Acetone:0.1 N aqueous HCl 4:1(v/v); (E) EtOH; (F) EtOH:0.1 N aqueous HCl 4:1(v/v). Column: Luna® C18, 250 × 4.6 mm, 5 µm. Mobile-phase components: 0.1%
AcOH in H2O (A) and 0.1% AcOH in ACN (B) at the following gradient elution: 15–35% B in 50 min, holding at 35% B until 60 min. Flow rate: 1 mL/min; Injection
volume: 20 μL.

required and system backpressure is not a major concern. That is because a difference in selectivity and system backpressure should be
expected in such replacement, which is particularly important for extraction under pressure, such as Accelerated Solvent Extraction (ASE)
or Online Extraction Coupled to Liquid Chromatography Analysis (OLELC) (Ferreira, Leme, Cavalheiro, & Funari, 2016). EtOH is often used for
botanical extractions since it can extract a relatively broad range of
polarity metabolites and it is a green solvent.
Other authors employed aqueous ethanol and/or acetone when
targeting isoflavones in soybeans, their derived products or in other
parts of the plant. Yoshiara et al. (2012) investigated different

extraction conditions to extract isoflavones in defatted cotyledon soy
flour. They found that H2O:acetone:EtOH 2:1:1 (v/v/v) was the best
extraction media for malonyl-glycosidic isoflavones, while
H2O:acetone:ACN 2:1:1 (v/v/v) was the best for glycosidic isoflavones.
However, H2O:acetone 1:1 (v/v) was the best for the less polar aglycone
(Yoshiara et al., 2012). Another work employing EtOH as the only organic solvent found that EtOH:H2O 6:4 (v/v) adjusted to pH 9.0 was the
best solvent to extract isoflavones from soybean germ (Vien & Trang,
2018). Lee, Kim, Hwang, Kim, and Lee (2018) tested seven different
extraction media to extract metabolites from soybeans. They found that
MeOH:H2O 7:3 (v/v) was the best extraction media for isoflavones,
4
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Fig. 2. Structural formulae of eight isoflavones found in at least one type of soya agricultural waste investigated in this work.

while neat acetone was the worst of the series (Lee et al., 2018).
Romani et al. (2003) extracted isoflavones and other phenolic compounds from different fresh parts of soya plants using EtOH:H2O 7:3 (v/
v) adjusted to pH 2.0 (Romani et al., 2003).
Extracts of soya agricultural waste obtained with EtOH:0.1 N aqueous HCl 4:1 (v/v) and with neat EtOH were selected for the subsequent
HPLC-PDA/UV-ESI-TOFMS analyses. This selection was based on the
fact that: (i) Overall, acetone:0.1 N aqueous HCl 4:1(v/v) achieved the
highest average extraction power and proved to be statistically superior
to ACN:0.1 N aqueous HCl 4:1 (v/v) as mentioned above and similar to
EtOH:0.1 N aqueous HCl 4:1 (v/v) (Figs. S3–S5, supplementary material); (ii) Although both acetone and EtOH are classified as “recommended” solvents, the latter can be considered the greenest organic
solvent tested here because it is safer and has less negative environment
impacts (Prat et al., 2016); (iii) Most of ethanol available nowadays is
bio-ethanol, which means it is prepared by fermentation processes from
renewable feedstock; and (iv) This is the solvent of choice in botanical
extraction industries due to its considerably lower volatility compared
to acetone (78 and 56 °C, respectively), which is considered safer in a
production plant environment. For the sake of comparison, EtOH:0.1 N

aqueous HCl 4:1 (v/v) and EtOH extracts of soybeans collected at the
same site where the residues were collected were used as a reference for
isoflavone rich extracts. Additionally, authentic standards of six isoflavones (daidzin, genistin, glycitin, daidzein, genistein, and glycitein)
well known in soybeans were used to strength the identification.
3.2. Searching for isoflavones by high pressure liquid chromatography
coupled to PDA/UV/Vis and time-of-flight mass spectrometry (HPLC-PDA/
UV-ESI-TOFMS)
The putative identification was based on the strategy proposed by
Funari et al. (2012) and Wolfender, Allard, and Queiroz (2019). The
search for the m/z compatible with those observed for the authentic
standards (Fig. 2) was initiated by the reference soya EtOH:0.1 N
aqueous HCl 4:1 (v/v), in positive mode. A tolerance of 10 ppm for m/z
was adopted for all isoflavones (Funari et al., 2012). This identification
procedure is exemplified hereafter for the identification of daidzin,
since it was the most abundant compound in soybeans.
The peak at m/z 417.1221 found for the reference extract proved to
be compatible with that observed for the standard daidzin (m/z
5
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Fig. 3. Online mass and UV spectra of daidzin (A and B, respectively) and candidate with m/z 417.1221 (C and D, respectively) present in EtOH:0.1 N aqueous HCl
4:1 (v/v) extract of soybeans.

417.1207). Its retention time (10.0 min) was also compatible with that
observed for daidzin (9.7 min) thus passing through the second filter.
Then, the mass and UV spectra of the compound corresponding to this
peak were compared with those of the standard as shown in Fig. 3. The
mass spectrum of the candidate compounds generated m/z 255.06
fragment as a base peak. The same pattern was observed for the spectra
of the standard daidzin, with a signal in m/z 417.1207 [M + H]
+ which generated a fragment of m/z 255.06 as a base peak. This
fragment represents the aglycone form, after loss of 162 u.m., which
corresponds to the sugar moiety of the daidzin molecule. Fig. 3 also
demonstrates the great similarity between the UV spectra of the candidate and daidzin standard, in both cases with UVmax at 249 nm and a
shoulder at approximately 305 nm. Thus, the candidate present in the
reference extract was identified as daidzin. The same procedure was
taken to the other five targeted isoflavones (genistin, glycitin, daidzein,
genistein and glycitein) in all EtOH-based extracts of soya waste and
beans (Table 2, Figs. S6–S9). In summary, from the HPLC-PDA/UV-ESITOFMS, daidzein was detected in all EtOH and EtOH:1N aqueous HCl
1:4 (v/v) extracts analyzed. Genistein was detected in all the extracts
except from pods. On the other hand, glycitein was detected only in leaf
extracts. Regarding their corresponding glycosylated compounds,
daidzin was detected in the extracts of beans, leaf and pods, whereas
genistin was detected exclusively in the EtOH:0.1 N aqueous HCl 4:1
(v/v) extract of beans. Glycitin was not detected in any of the analyzed
extracts by this technique (Table 2).
A search for malonyl and acetyl glucosides of the targeted isoflavones was also performed in these extracts, but only malonyl-daidzin
and malonyl-genistin were detected in at least one extract (Table 2).
The predominance and distribution of daidzein and its derivatives over
genistein and glycitein derivatives in soya plant organs are in accordance with recent findings (Kim et al., 2019; Romani et al., 2003;
Seo et al., 2017). More will be discussed next, when quantification of
the six targeted isoflavones is presented.

3.3. Quantification of six isoflavones by UPLC-ESI-MS/MS
Once the presence of isoflavones were confirmed by HPLC-PDA/UVESI-TOFMS, the next step was to quantify six of them in EtOH:H2O 7:3
(v/v) extracts of soya waste and beans by UPLC-ESI-MS/MS. This type
of extract was selected for quantification to avoid potential underestimation of the three glycosylated isoflavones due to potential hydrolysis when extracting with added EtOH with 20% of 0.1 N aqueous
HCl (Kim et al., 2019).
The regression analyses for the studied compounds were obtained
using a 1/x weighting factor, which was applied to adjust the heterogeneity in the variances. The regression values r ≥ 0.99 indicated that
the model is satisfactory (Table S2, supplementary material). The
daidzin, genistin, glycitin, daidzein, genistein, and glycitein contents
were measured in the soya leaves, branches, beans, and pods EtOH:H2O
7:3 (v/v) extracts and shown in Table 3 and Fig. 4.
Different from the analysis by HPLC-PDA/UV-ESI-TOFMS, the
UPLC-ESI-MS/MS system detected all the six isoflavones of interest in
all the extracts (Table 3, Fig. 4). This revealed the enhanced sensitivity
of the miniaturized UPLC-ESI-MS/MS system over the former, as expected. With reduced flow rates, smaller droplets are formed with
higher surface-to-volume ratios, which leads to improved ion desorption into a gas phase and thus to higher ESI-MS sensitivity (Desmet &
Eeltink, 2013). Furthermore, the triple quadrupole (QqQ) analyzers are
designed to select fragment and detect target ions by using multiple the
Reaction Monitoring (SRM) method. In this approach, QqQ analyzer
allows interferents to be subtracted and minimizes the loss of ions that
reach the detector, thereby increasing sensitivity and selectivity compared to ToF and QToF analyzers (Dillen et al., 2012; Domon &
Aebersold, 2006; Pozo et al., 2011; Rousu & Tolonen, 2012).
As a general trend, the leaves contained the highest amount of total
isoflavones, with 2.71 ± 0.27 kg/tonne, followed by soybeans with
2.09 ± 0.24 kg of isoflavones/tonne (p < 0.05). Branches and pods
6
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were not statistically different (p > 0.05), with 0.57 ± 0.1 and
0.30 ± 0.05 kg of isoflavones/tonne, respectively (Fig. 4, Table 3).
These outcomes are very similar to those recently reported for soya
plants in advanced growth stages, which means close to harvesting
(Kim et al., 2019; Seo et al., 2017). Kim et al. (2019) found concentrations of 0.24–2.22, 0–2.34, 0.12–0.57, and 0.24 kg of isoflavones/tonne for leaves, beans, stems, and pods, respectively, and
that isoflavone contents increased with increasing plant age. Similarly,
Seo et al. (2017) found values of 1.05 ± 0.01, 1.21 ± 0.01,
0.06 ± 0.00, and 0.14 ± 0.04 kg of isoflavones/tonne of leaves,
beans, stems, and pods, respectively, collected at the beginning maturity of the seeds (stage R7). On the other hand, Romani et al. (2003)
found 0.3–1.98, 1.04–3.18, and 0.13–2.09 of isoflavones/tonne of
leaves, beans, and stems, respectively, whereas no isoflavones were
detected in soya pods. They found that the amounts of isoflavones
changed with the sampled cultivar and plant age. In some cases, the
total amount of isoflavones in specific plant organs increased with plant
aging, but in other cases the opposite was observed (Romani et al.,
2003).
As for the distribution of specific isoflavones in the different samples
investigated here, the beans were not always the most abundant source
(Fig. 4, Table 3). For example, daidzin and glycitin were more abundant
in the leaves, whereas genistin and genistein were more abundant in the
beans. On the other hand, daidzein and glycitein were more abundant
in leaves and branches (Table 3).
For the relative content of the six isoflavones in the different waste
types, the same trend was not observed for all of them. Leaves had the
highest average values for the daidzin and genistin, followed by daidzein, glycitin, glycitein, and genistein (Fig. 4, Table 3). On the other
hand, the beans showed the highest average values for daidzin followed
by genistin, daidzein, genistein, glycitin, and glycitein in that order
(Fig. 4, Table 3). For branches the order was daidzein, glycitein,
daidzin, genistin, genistein, and glycitin. Finally, the order for pods was
daidzin, daidzein, glycitin, glycitein, genistin, and genistein (Fig. 4,
Table 3). These relative amounts would change if an acid treatment was
performed, which was not the case at this stage of the work where a
quantification of glycosylated isoflavones was also desired. An acid
treatment would shift the highest values to aglycones since a hydrolysis
would occur thus transforming glycosylated isoflavones into their corresponding aglycones. Some works have reported isoflavone contents in
different soya organs relative to their aglycones after an acid treatment,
which provides only part of the picture. Following this strategy, Vien
and Trang (2018) and Kim et al. (2019) reported daidzein as the most
abundant isoflavones in all soya organs in aged plants (growth stages
R7 and R8), which corroborate with our findings when an isoflavone
and its glycolsylated derivative is taken together (e.g. daidzein and
daidzin) (Table 3). However, the authors’ results showed that this was
not consistent through all growth stages (Kim et al., 2019; Vien &
Trang, 2018). The distribution of isoflavonoids is very characteristic for
each plant organ and this distribution can be affected by the assessed
cultivar, the development time of the plant, and its exposure to the light
(Graham, 1991; Kim et al., 2019; Romani et al., 2003; Vien & Trang,
2018). This could at least partially explain the differences in isoflavone
contents observed here among different waste extracts.

An extract prepared with EtOH is indicated only by the plant part name, while an extract prepared with EtOH:1N aqueous HCl 1:4 (v/v) is indicated by the plant part plus (H+).
Their occurrence in a given extract is indicated by plus (+).

+
+
+
+
+

(5.3)
(3.8)
(2.3)
(11.1)
(0.7)
(1.9)
447.1267
285.0773
519.1126
503.1133
271.0604
255.0662
447.1291
285.0762
519.1138
503.1189
271.0606
255.0657
10.6
30.0
24.0
18.6
39
29.6
C₂₂H₂₂O1₀
C1₆H1₂O₅
C24H22O13
C24H22O12
C1₅H1₀O₅
C1₅H1₀O₄
Glycitin
Glycitein
Malonyl-genistin
Malonyl-daidzin
Apigenin
7,4′-dihydroxy
flavone

3.4. Putative identification of isomers of the targeted isoflavones
In the samples of leaves, branches, and pods, more than six peaks
with m/z compatible with the six targeted isoflavone standards were
observed, which indicates that isomers of one or more isoflavones researched was present in these extracts. Thus, the next step was to putatively identify these isomers by crossing chromatographic and spectrometric information obtained by HPLC-PDA/UV-ESI-TOFMS with
chemotaxonomic information available in the SciFinder database
(Funari et al., 2012; Wolfender et al., 2019). When the m/z
271.0595 ± 0.05 (compatible with the molecular ion of genistein in

2

+
+

+
+
+
+
319sh
320sh
330sh
302sh
341
331
257,
258,
259,
248,
265,
257,

+
+
+
+
+
259, 330sh
259, 330sh
433.1124 (2.3)
271.0596 (3.7)
433.1134
271.0606
14.4
33.5
C₂1H₂₀O1₀
C1₅H1₀O₅
Genistin
Genistein

1

+
+
+

+
+

+
+

+
+

+
+
+
+
+
+
+
+
+
+
+
+
+
249, 305sh
248, 302sh

255.0686
227.0727; 199.0774;
181.0667; 153.0730; 137.0242
271.0611
243.0639; 215.0726;
197.0641; 153.0180
285.0773
270.0543; 197.0624
271.0599
255.0647
153.0190
137.0229
417.1185
255.0657
C₂1H₂₀O9
C1₅H1₀O₄
Daidzin
Daidzein

9.5
27.2

417.1211 (6.2)
255.0673 (6.2)

Branch
Branch
(H+)
Pod
Pod (H+)
Leaf
Leaf
(H+)
Beans
Bean
(H+)
UVmáx
(nm)
Fragments
Measured mass
[M + H](Δppm)
Theoretical mass
[M + H]
tR (min)
Molecular
formula
Compound

Table 2
List of targeted isoflavones and their isomers searched for in EtOH and EtOH:1N aqueous HCl 1:4 (v/v) extracts of soybeans (reference extract) and of other parts of the soya plants manually separated from the waste
collected directly from the ground after harvesting. Extracts were analyzed by HPLC-PDA/UV-ESI-TOFMS.1,2
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Table 3
Mass of isoflavone (kg) in 1 tonne mass of wastes of soya leaves, branches, beans, and pods.1
Leaves
Daidzin
Genistin
Glycitin
Daidzein
Genistein
Glycitein
Total

1.826
0.251
0.200
0.231
0.030
0.169
2.707

Branches
±
±
±
±
±
±
±

0.177a
0.016b
0.023a
0.028a
0.007a,b
0.017a
0.219a

0.063
0.039
0.005
0.297
0.018
0.147
0.569

±
±
±
±
±
±
±

Beans
0.014c
0.009c
0.001b
0.061a
0.003b,c
0.012a
0.099c

1.202
0.717
0.028
0.097
0.041
0.001
2.087

Pods
±
±
±
±
±
±
±

0.149b
0.025a
0.039c
0.019b
0.009a
0.001c
0.149b

0.127
0.004
0.047
0.076
0.004
0.044
0.301

±
±
±
±
±
±
±

0.032c
0.000c
0.004b
0.007b
0.001c
0.003b
0.045c

1

All values are expressed as the average ± SD of authentic triplicate of extractions. Averages ± SD followed by distinct lowercase letters in a row indicate
significant differences in isoflavone content between waste types (p < 0.05) by Tukey’s test.

literature for the candidate 7,4′-dihydroxyflavone (Kuhn, Oehme,
Romero, Abou-Mansour, & Tabacchi, 2003). Thus, the compound
eluting at 29.0 min was putatively identified as 7,4′-dihydroxyflavone
(Table 2).
4. Conclusions
To the best of our knowledge this is the first report on the occurrence and content of isoflavones in soya agricultural waste collected
directly from the ground after harvesting. All together, they represented
about 132% of the total isoflavones found in the soybeans, a wellknown rich source of isoflavones. Considering the estimated amount of
soya agricultural waste for the harvesting 2018/2019 worldwide (398
million tonnes), the ratio between the mass of all other parts of the
plant by mass of soybeans harvested (1.16) and the average isoflavone
content reported here in leaf, branch, and pod waste (1.2 Kg isoflavones/tonne of waste), an estimated 550,000 tonnes of isoflavones
were left in the field in 2018/2019. This is an example in which appreciable amounts of high value-added compounds are wasted.
Specifically for soya waste, the materials left in the field might be
leached by rainwater causing potential water and soil contamination
with the phytoestrogen isoflavones and other compounds. Thus, from a
comprehensive perspective, extracting isoflavones from other soya
plant organs that are disposed in the field as agricultural waste using
biodegradable, low toxic, and producible renewable biomass, such as
ethanol and acetone, could not only be a profitable practice but it could
also help mitigate undesirable impacts to the environment. This practice would be in line with the recommendation that about 20–40% of
the soya agricultural waste should be removed from the field after
soybean harvesting to ensure soil quality for the next crop (USDA,
1992).

Fig. 4. Quantity of isoflavones (kg) in 1 tonne of soya leaves, branches, beans,
and pods.

positive mode) was searched for in the EtOH and EtOH:0.1 N aqueous
HCl 4:1 (v/v) extracts, two peaks were observed in the leaf and branch
extracts, with retention times of 33.5 and 39.0 min, respectively. In the
corresponding pod extracts only the peak at 39.0 min was observed.
Whereas the peak at 33.5 min was attributed to genistein as previously
described, the peaks at 39 min were from an unidentified compound.
Therefore, a search was conducted for the molecular formula C15H10O5
in the SciFinder database, followed by refining with the terms “glycine
max” and “soy”, which found that flavone apigenin and anthocyanin
pelargonidin had already been reported in soybeans, as well as their
isomer genistein (Abrankó & Szilvássy, 2015; Boué, Carter-Wientjes,
Shih, & Cleveland, 2003). Thus, both were considered candidates. The
next filter consisted of comparing the UV and mass spectra obtained
online (Fig. S10 - supplementary material) with those reported in literature. The UV spectrum recorded for the compound eluting at 39 min
was compatible with that expected for apigenin, but not to pelargonidin
(Mabry, Markham, & Thomas, 1970). Finally, the mass spectrum with a
peak base at m/z 271.0604 and fragment signal at 153.02 was also
compatible for that expected to apigenin, but not to pelargonidin
(Abrankó & Szilvássy, 2015). Thus, the peaks at 39 min observed in the
EtOH and EtOH:0.1 N aqueous HCl 4:1 (v/v) extracts of leaves, branches, and pods were putatively attributed to apigenin (Table 2).
Similarly, a peak other than that attributed to daidzein was observed when m/z 255.0657 ± 0.05 was searched in the EtOH:0.1 N
aqueous HCl 4:1 (v/v) leaf extract. Its retention time was 29 min.
Crossing the molecular formula C15H10O4 with the words “glycine max”
and “soy” in SciFinder, found that flavone 7,4′-dihydroxyflavone had
already been reported in pods and soya leaves (Boué et al., 2003;
Murakami et al., 2014). While the UV spectrum recorded in this work
exhibited UVmax at 255 nm, 312 nm, and 331 nm (Fig. S11, supplementary material), that reported in literature for the same compound in
pure MeOH exhibited UVmax at 253 nm, 312 nm, and 328 nm (Mabry
et al., 1970). Finally, the mass spectrum recorded in this work (Fig. S11,
supplementary material) is also in agreement with that reported in the
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