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This study investigated the effects of domestic cooking process on the variations of soybean isoflavones,
aiming at understanding the conversion of B-glucosides and aglycones isoflavones during the process
and the relation with antioxidant activity. It was found that 3-glucosides isoflavones was significantly
increased from 223.01 (raw) to 727.29mg/g (frying at 160°C for 2 min), but boiling showed only a
slight increase to 258.14 mg/g. The process for the mixed cooking of soybeans with vegetables was also
evaluated, which is quite common in home cuisine. The results showed all bioactive ingredients were

é(g, ;V:;gz: aggressively destroyed by over processing, but interestingly, green pepper and kelp exhibited isoflavones
Isoflavones generation potentials for soybean. In addition, cooking from 60 to 160 °C for 2 or 5 min, showed a signif-

icantly decrease on FRAP. However, in the case of fried soybeans which treated at 120°C or 160°C, when
extending the heating time to 5 min, their FRAP activity got a significant increase. The present study may
provide a practical guidance for healthy soybean cooking, by using frying around 120°C for 5min and
mixed with some vegetables such as green peppers or kelp.

Cooking processing
Antioxidant activity

© 2019 “Society information”. Production and hosting by Elsevier B.V. on behalf of KeAi
Communications Co., Ltd. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Soybeans are rich in dietary isoflavones, which can reduce the
incidence of chronic diseases including breast cancer, osteoporo-
sis, and coronary heart disease. Three aglycones, namely genistein,
glycitein and daidzein, are mainly known for isoflavone, which are
often represented in acetylglucoside, 3-glucosides, and malonyl-
glucosides in natural soy foods. Among them, malonylglucosides
and B-glucosides account for 68.0-93.0% of total isoflavones con-
tent. And various processing techniques are critical for isoflavone
composition in soy foods. For instance, under the production of
soymilk and tofu, hot water extraction could lead to malonylglu-
cosides hydrolysis and generated more isoflavone (3-glucosides;
while the fermentation could increase the yield of isoflavone
aglycones. In humans, isoflavone glycosides can be metabolized
by B-glucosidase in the small intestine to aglycones. In general,
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isoflavone aglycones are more easily absorbed compared with their
B-glucoside forms, and the bioavailability of isoflavone aglycones
is higher than its glycosidic forms.

Soybeans are required to multiple processes such as soaking,
boiling, roasting, steaming, and/or fermentation before tabled. Such
pretreatment can effectively enhance their flavor and palatability,
and also improve the bioavailability of bioactives by inactivating
anti-nutritional components, such as trypsin inhibitors [1]. But
these physicochemical processes with heat, pressure, soaking and
fermentation can affect the stability of the nutrients and bioactives
in soybeans as well [2]. For instance, cooking can cause 30-60%
elimination of polyphenols in soybeans. Especially, the boiling pro-
cess lost more phenolic compounds than the steaming process [3],
while microwave heating compromises approximately 40% of the
tocopherol contentin soybeans [4]. Besides, soyfood manufacturing
process is able to alter the constitution of bioactive compounds as
well. For instance, the thermal processing of soybeans can trans-
form its bound phenolic into corresponding soluble/free forms
[5]. During the manufacture of tofu or soymilk, the thermal pro-
cessing transferred malonylglucoside isoflavone conjugates into
[B-glucoside form, and the fermentation of soy foods can generate
more aglycone form than [-glucoside conjugates [2]. Up to now,
soybeans are usually cooked with some vegetables (green peppers,
celery, kelp and etc.), but whether or not the vegetables mixing
affect bioactive compounds in soybeans are still unknown. The
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present work aimed at the investigation on the effects of thermal
processing and pressure processing on the bioactive compounds in
soybean-dishes mixtures. Particularly, the profile of isoflavone and
antioxidant capacity are determined during several cooking stages
respecting the raw soybean.

2. Materials and methods
2.1. Chemicals

Daidzein, daidzin, genistein glycitein, and glycitin (>98.0%)
were purchased from Beijing Solarbio Science and Technology
co. (Beijing, China). 1,3,5-Tri(2-pyridyl)-2,4,6-triazine (TPTZ), rutin,
gallic acid, Trolox and Folin-Ciocalteu’s phenol reagent were pur-
chased from Aladin Co. Ltd. (Shanghai, China). HPLC grade solvents
including acetic acid, acetonitrile, and methanol were provided
from Sigma-Aldrich Co. (Shanghai, China). And other reagents and
chemicals used were analytical grade. Millipore water was used
throughout the experiment.

2.2. Foodstuffs and cooking conditions

Fresh green pepper (Piper nigrum L.), celery (Apium graveolens
L.), kelp (Saccharinajaponica) and soybean were obtained from local
supermarkets in Fuzhou, China. The vegetables were washed and
dried, and the soybean and kelp were soaked at room tempera-
ture for 24 h; the leaves were removed from the celery, and the
seed were removed from the pepper. Each vegetable was cut into
small cubes to reduce cooking time. Then, each vegetable is sep-
arately mixed with soybean with a ratio of 1:2. The edible blend
oil from Dongguan (Guangdong, China) was kept under 4°C. Two
domestic cooking methods (deep frying and boiling) were selected
to study the chemical changes of soybean during thermal process-
ing. The parameters such as the ratio (w/w) of heat transfer medium
and foodstuff were determined by traditional Chinese recipes. Raw
soybean was used as a control. Each group has 60 g soybean. Deep-
frying processing employed the soybeans and vegetable cubes by
5:1 proportion at 60°C, 120°C, 160°C for 2 min or 5 min, respec-
tively, while boiling was processed at 100 °C for 5 min. After that,
all samples were homogenized immediately using a high speed
blender JYL-Y99 (Shangdong, China), and freeze-dried by a freeze-
drier, and finally stored in 4 °C refrigerator for further studies.

2.3. Extraction

Samples were extracted following our previous method [6]. Two
gram of the dried sample were separately weighed, mixed with
10 ml of acidified methanol (pH 2 with HCI 2 mol/L), and extracted
by vibration at 200 rpm for 2 h. The extract was cooled and cen-
trifuged at 8000 g for 10 min. The supernatant was collected, and
the residues were extracted again using the same conditions. All
supernatants were collected, and the solvent was removed with
a rotary vacuum evaporator. After that, the residue was dissolved
in 2 ml methanol, filtered through a 0.45 pwm membrane and 10 pL
of filtered extract was injected into chromatographic system for
flavonoids quantification.

2.4. Total polyphenol content (TPC) and total flavonoid content
(TFC)

Folin-Ciocalteu method was used to determine the TPC content
in the sample [6] and the results were expressed as mg Gallic acid
equivalent per g dry weight (mg GAE/g DW). TFC analyses were
preformed according to a previous study (Chen & Kang, 2014) and
the results were expressed as mg rutin equivalent per g dry weight
(mg RE/g DW).

2.5. Antioxidant activity

The extract/standards of 20ml were reacted with 180 wL of
ferric-TPTZ reagent, which was made by blending 10 mM TPTZ in
40 mM HCl, 20 mM FeCl3-6H,0, and 300 mM acetate buffer (pH 3.6)
at 10:1:1 (v/v/v), and heated to 37°C before use. After 20 min of
reaction, the absorbance of the mixture was recorded at 593 nm.
The standard curve was prepared using FeSO4 ranging from 0.3 mM
to 2.4 mM. All experiments were tested in triplicate. Results were
expressed as micromole FeSO,4 equivalents (FE) antioxidant capac-
ity per gram of dry weight (mmol FE/g DW).

2.6. HPLC analysis of flavonoid content

The HPLC analysis was employed using a Agilent 1260 LC with
a diode array detector, and an ODS HYPERSIL column was used for
flavonoids separation (5 pm, 250 x 4 mm, Thermo Fisher Scientific
Inc., Shanghai, China). HPLC conditions were as follows: Solvent A,
0.1% acetic acid; solvent B, acetonitrile; linear gradient, 5% in B in
A (v/v) linearly to 15% B at 22 min, 22% at 28 min, 28% at 35 min,
31% at 38 min, 35% at 45 min, 5% at 50 min. Flow rate was set at
1.0 mL/min; injection volume was 10 p.L, and DAD was monitored
at 262 nm. Daidzin, glycitin, daidzein, glycitein, and genistein were
dissolved in methanol to make 1.0 mg/ml stock solutions. The iden-
tification works were accomplished by comparing the retention
time with the known standards. Isoflavone content was presented
as micrograms of isoflavone per gram of dry weight basis.

2.7. Statistical analysis

All samples obtained from various cooking conditions were
extracted and analyzed in triplicate. The data are expressed as
mean + standard deviation. The statistically significant (P<0.05)
differences were conducted by analysis of variance (ANOVA) using
SPSS software.

3. Results and discussion
3.1. HPLC analysis of isoflavones of selected soybean

Fig. 1 shows the HPLC profile of isoflavones separated from the
soybean samples. Although neither acetyl nor malonyl-glycosides
of isoflavones were available in this study. Since many authors
have used the standard curves for glycoside isoflavones to quantify
malonyl and acetyl isoflavones, and the similarities of extinction
coefficients can be referred [7-10]. Some of isoflavones including
daidzin, daidzein, glycitin, glycitein, genistein, and genistin were
authenticated by comparing absorption spectra with standards
(Fig. 1A) and others were identified by comparing the retention
time according to previous study [7]. Isoflavone standards gave
good linear responses at 262 nm for calibration concentrations.
Campos et al. [11] evidenced that the derivatization and O-linked
glycosylation of flavonoids, such as flavonoid 7-O-glucose, did not
affect the absorption feature, but increased the retention time.
Based on their hydrophobicity, the chromatographic behavior of
different isoflavones to protonate the malonyl forms on a reversed-
phase column when acid was presented in the mobile phase was
as following order: aglycone > acetylglycoside > malonylglycoside
> B-glycoside [12,13]. The precisions were determined, and the
results are shown in Fig. 1B.

3.2. Effects of heating treatment on TPC, TFC, and isoflavone
content

The influence of thermal processing on the flavonoid and pheno-
lic contents in soybean was elucidated in Table 1, and non-thermal
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Fig. 1. HPLC-UV chromatograms of (A) standard, (B) sample at 262 nm.

Table 1

Variations for total polyphenol content (TPC), total flavonoid content (TFC), 3-glycoside and aglycones isoflavone and total isoflavones in soybeans under thermal processing.

Samples TPC TEC B-glycoside (mg/g) Aglycones (mg/g) total-isoflavones (mg/g)
Raw 0.193b 0.325P 223.018 205.15° 428.16¢

Boiled 0.1454, 0.325b- 258.14" 111054 369.201)

60°C 2 min Fried 0.192°4 0.312¢¢ 512.72¢¢ 52.62¢) 565.349¢

60°C 5 min Fried 0.180°] 0.2989) 524.63¢¢ 52.98¢ 573.629¢

120°C 2 min Fried 0.126¢ 0.228¢) 599.83¢¢ 57.099 656.92¢¢

120°C 5 min Fried 0.172¢) 0311¢) 565.8091 222.334 788.10°1

160°C 2 min Fried 0.121¢} 0.172f 727.29%¢ 57.654 784.95%1

160°C 5 min Fried 0.2499¢ 0.368%1 642.80°4 76.52¢) 719.3204

Data are expressed as means of triplicate experiments on dry weight basis.

Values marked by the same letter with in each soybean in each column are not significantlydifferent (p < 0.05).

processed samples were used as a control. The amount of TPC
determined in the raw soybean extract (0.193 mg/ g D.W) was com-
paratively lower than that found in other yellow (2.15 mg/ g D.W) or
black (6.96 mg/ g D.W) soybeans [5]. The reason for that difference
may mainly be explained as different species, cultivation locations,
season and climate, and even affected by the discrepancy of analysis
method for phenolic and flavonoids quantification. Comparing with
the original raw soybeans, the TPC and TFC values of all fried soy-
bean samples showed significant differences (p < 0.05), and heating
at either 120 or 160 °C caused significant (p <0.05) reduce in most
of the measured phenolic indexes, excepting for the treatments at
60°C for 2 min retained greater TPC and TFC values. The lowest
TPC was found in the sample fried at 160°C for 2 min (0.121 mg
GAE/g d.w) with the weight loss of 37.3%, while its TFC level was
registered as 0.172 mg RE/g d.w (p< 0.05). These results revealed

that thermal processing may cause intricate alterations on chem-
ical constituents, and it might induce the polyphenols to degrade
and bound phenolics to release. Beside of this, the changing of soy-
bean phenolic profiles after thermal processing may also be related
to the variations in content and distribution of individual phenolics
in seed cotyledon and coat.

In fact, data on TPC and TFC changes in cooked soybeans are
relative limited. Bressani and Elias (1980) summarized the results
of cooking common bean samples and TPC without removing the
cooking water. It can be seen that polyphenols content decreased
by 30-49% from common beans by cooking processing. In this work,
approximately 7-37% of TPC and 8-47% of TFC were decreased in
fried soybeans. A good agreement was confirmed in previous stud-
ies, Xu and Chang [5] found that heating processing decreased the
TFC and TPC in all experimental soybeans, and Ismail et al. [14]



198 L. Chen et al. / Food Science and Human Wellness 8 (2019) 195-201

Table 2
Changes of five isoflavones during mixed cooking process of vegetable and soybean.

Isoflavones (mg/g)

Sample
Daidzin Glycitin Total B-glycosides Daidzein Glycitein Genistein Total aglycones Total isoflavones
Raw soybean 179.75+5.41 43.26+1.13 223.01 83.32+1.08 22.95+2.01 98.88 £3.71 205.15 428.16f
60°C, 2min
FB 44494415 67.78 +2.74 512.72 14.23+£0.15 17.20+£0.10 21.19+0.10 52.62 565.34e
CFB 468.85 +8.05 76.66 +1.09 545.51 15.52+0.10 10.24+1.46 21.64+0.37 47.4 592.92d
KFB 492.70+7.98 79.95+1.04 572.65 9.06 +0.08 26.04 +0.09 13.09+0.09 48.19 620.84c
GPFB 516.74+27.78 96.08 +£6.43 612.82 13.88+0.84 18.18+0.72 19.43+1.04 51.49 664.31c
60°C, 5min
FB 448.86+21.82 75.77+1.18 524.63 12.31+0.11 22.17+0.18 18.50+0.13 52.98 573.62d
CFB 3833342147 69.97 £0.36 4533 11.79+0.17 19.52+0.31 16.55+0.31 47.86 501.16e
KFB 631.37 £46.98 96.41+5.84 727.78 12.10+0.86 18.45+1.36 17.71+£1.17 48.26 776.04a
GPFB 557.98 +17.75 86.55+0.80 644.53 19.41+0.08 5.21+0.62 28.29+0.36 52.91 697.45ab
120°C, 2 min
FB 511.28+13.24 88.55+0.66 599.83 11.79+0.11 27.42+0.20 17.88+0.19 57.09 656.92¢
CFB 502.36+10.33 85.10+1.24 587.46 12.76 +£0.16 12.28+0.08 17.39+0.19 42.43 629.89c
KFB 516.83+£2.43 78.80+1.15 595.63 8.51+0.02 18.46+0.32 13.52+0.09 40.49 636.12c
GPFB 579.85+5.09 98.78 +£0.68 678.63 12.394+0.10 19.71+0.2 17.994+0.22 50.09 728.71a
120°C, 5min
FB 502.72 +£54.79 63.08 +6.37 565.8 30.02 +2.87 137.53 +40.06 54.75+2.04 222.3 788.10a
CFB 631.13+19.03 96.98 +1.77 728.11 16.41+0.20 14.16+0.26 23.01+0.51 53.58 781.69a
KFB 651.15+43.86 99.83+£6.57 750.98 9.86+1.26 8.76 +£0.99 16.71+1.18 35.33 786.31a
GPFB 559.19+2.30 88.16 £1.70 647.35 12.01+£0.25 11.93+0.08 20.01+0.24 43.95 691.29bc
160°C, 2 min
FB 628.25+6.81 99.04 £1.55 727.29 15.42+0.09 19.49+0.09 22.74+0.19 57.65 784.95a
CFB 356.61+6.87 67.05+0.94 423.66 10.56+0.30 11.51+0.83 14.214+0.28 36.28 459.95f
KFB 566.61+7.08 91.32+0.70 657.93 12.62+0.29 9.99+0.28 18.40+0.10 41.01 698.95b
GPFB 546.98 + 14.06 90.46 +2.24 637.44 12.80+0.30 11.07+0.53 19.27+0.40 43.14 680.58bc
160°C, 5min
FB 571.71+8.3 71.09+0.74 642.8 22.53+0.05 17.13+2.08 36.86 +0.44 76.52 719.32b
CFB 579.70 £6.32 93.67+£0.90 673.37 17.07 £0.03 12.46+0.35 24.58 £0.34 54.11 727.48b
KFB 525.94+0.52 73.76 £ 1.41 599.7 16.65+0.36 450+0.13 25.08 +£0.07 46.23 645.93c
GPFB 532.78 +£2.91 89.46+1.61 622.24 13.23+0.08 10.97+0.11 21.02+0.04 45.22 667.46bc

1) n=3, mean + standard deriation.

2) FB =fried beans, CFB = celery fried beans, KFB =kelp fried beans, GPFB = green pepper fried beans.
3) Values followed by the same letter in the same row are not significantly different (p< 0.05).

exhibited similar trends that thermal processing caused about 40%
of TPC and 60% of TFC losses in black common beans.

As shown in Table 2, all of the domestic cooked samples show
higher TPC and TFC losses than simple heat treatments, espe-
cially, in celery fried bean, TPC was decreased by 33% and TFC was
decreased by 26%, respectively. These significant losses could be
attributed to water soluble phenolics leaching into cooking water
before and during thermal processing as well as breakdown of phe-
nolics during processing. In the case of kelp fried bean, about 24% of
TPC and 10% of TFC losses were found in 120°C, 2 min treatments,
while in sample of green pepper fried bean, TPC and TFC losses were
found to be 26% and 20%, respectively, in 160 °C, 2 min treatments.
Itis widely believed that much food composites can be significantly
lost as a consequence of industrial sterilization, pasteurization, and
dehydration, as well as home-cooking [15]. However, cooking pro-
cessing does not always promises the changes and destruction
of the photochemical components. Sometimes, processing factors
such as the medium, methods and temperature of cooking could
induce the formation of new compounds [16,17]. The thermal treat-
ment during cooking could increase the content and biological
activity of antioxidant compounds of eggplants, and to give rise
to an increase in phenolics in purple corn [18], pepper [19], and
broccoli [20]. In addition, thermal treatments by steam increased
the TPC of sweet potatoes by 2-13 times as compared to raw sweet
potatoes [21]. In the present study, domestic cooking based on the
thermal treatment of soybean dishes, increased TPC about 30.8%
and increased TFC of 45.5% in kelp fried bean at 60 °C for 5 min. The
increased total phenolic values might be related to the release of
phenolic or phenolic analogue substances with reactivity toward

phenolic detection reagents (such as Folin-Ciocalteu reagent) from
polymerized structural substances (such as lignin) in cell walls
upon thermal processing. Lignin is covalently bound to cellulose
in the cell walls.

3.3. Effects of heating on isoflavones compositions

Thermal treatment is an important process for various soybean-
based products, which can affect not only the content but also the
profile of isoflavones [22]. Data obtained from the present study
indicated that the total -glycosides of isoflavones in the soybeans
ranged from 223 to 727 pg/g d.w. (Table 1). The total isoflavones
content was significantly improved in the samples after being fried
at 160°C for 2 min. Daidzein derivatives, including acetyldaidzin,
daidzin, daidzein, and malonyldaidzin, were confirmed as the dom-
inant isoflavones in all soybeans samples, followed by genistein and
glycitein derivates.

Besides of the variation of total isoflavones content, thermal
processing significantly affected the profile of isoflavones as well
(Fig. 1). The major isoflavones in raw soybeans were malonylgluco-
sidic forms (Fig. 1B), whereas the dominant isoflavones in the boiled
sample were 3-glycosidic forms (258 g/g d.w.) and total aglycones
content was decreased by about 25% after boiling (Table 1). An early
published work [23] reported that hot water extraction of soybean
products led to glucosides generation. In general, Table 1 displays
the decrease of aglycones (aglycones, daidzein, glycitein or acetyl-
glucosides) mainly led to the increase of glucosides (daidzin or
glycitin) in the heat-treated soybeans. A good agreement was found
in Xuand Chang[5], whoindicated that thermal processing resulted
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Table 3

Comparisons of total polyphenol content (TPC), total flavonoid content (TFC), 3-glycoside and aglycones isoflavone and total isoflavones in vegetable mixed fried soybeans

under different conditions.

Samples TPC TFC B-glycoside (mg/g) Aglycones (mg/g) total-isoflavones (mg/g)
RAW 0.193¢ 0.325¢ 223.01m 205.15° 428.16"
60° 2min
FB 0.22¢ 0.41° 512.72 52.62¢ 565.34"
CFB 0.192¢ 0.2978 5455111 47.404 592.9284
KFB 0.1658 0.2898 572.65"¢ 48.194, 620.841¢
GPFB 0.244%4 0.358¢¢ 612.821¢ 51.49¢- 664.319¢
60° 5min
FB 0.18f 0.2988 524.631 52.98¢ 573.62f
CFB 0.1381, 0.273h} 453.30% 47.864, 501.16%)
KFB 0.279%¢ 0.4732¢ 727.78%1 48269, 776.04at
GPFB 0.28421 0.378%¢ 644.534¢ 52.91¢- 697.45¢t
120° 2min
FB 0.12¢6 0.228i 599.83¢ 57.09¢ 656.924
CFB 0.178f¢ 0.316(4 587.468 42434 629.89¢
KFB 0.14714 0.29281 595.638- 40.494 636.12¢
GPFB 0.184¢¢ 0.3424¢ 678.63°1¢ 50.09¢) 728.71%¢
120° 5min
FB 0.172f 0.311f 565.8" 22232 788.12
CFB 0.159 0.2671, 728.11°¢ 53.58¢ 781.692-
KFB 0.20244 0.296¢ 750.98%1 35.33¢) 786.31°-
GPFB 0.1658 0.212) 647.3594 43954 691.29¢|
160° 2min
FB 0.121 0.172! 727.29P 57.65¢ 784.95
CFB 0.16881 022511 423.66'| 36.28¢) 459.958 |
KFB 0.228¢ 0.298g1 657.934 41.014y 698.95¢
GPFB 0.144i¢ 0.260 i1 637.44¢ 43144} 680.58
160° 5min
FB 0.249° 0.368¢ 642.84 76.52P 719.32b
CFB 0.129 0.2401 673.37°- 54.11°) 727.48P-
KFB 0.174f, 0.3409 599.708 46.234, 645.93¢
GPFB 0.1451 0.325¢ 622.24¢ 45224 667.464

1) Data are expressed as means of triplicate experiments on dry weight basis.

2) FB=fried beans, CFB = celery fried beans, KFB = kelp fried beans, GPFB = green pepper fried beans.
3) Values marked by the same letter with in each soybean in each column are not significantlydifferent (p <0.05).

in decreasing aglycones and increasing their glycosides in common
soybeans. Despite thermal treatment prominently affected the con-
tents of individual isoflavones in most of the heat-treated soybean
samples, the contents of total and subtotal isoflavones were not
significantly influenced when the temperature increased to 120 °C,
indicating that variation of isoflavones from soybeans was mainly
depend on conversion instead of degradation during thermal pro-
cessing.

3.4. Isoflavones content in cooked soybeans

The retention time for daidzin, glycitin, genistin, daidzein,
glycitein and genistein standards were about 23.040, 24.687,
35.770, 36.269, 42.430 min, respectively (Fig. 1A). According to the
HPLC analysis, the contents for individual isoflavones from the raw
and home cooked soybeans were summarized in Table 3. The total
isoflavones were the addition of total aglycones and [3-glucosides.
Compared with the raw soybean, increased total isoflavones con-
tents were noticed in the fried beans, as well as in the mix cooked
samples with celery, kelp and green pepper. The highest total
isoflavones content was 664.31 pg/g d. m in green pepper mix fried
bean (60 °C, 2 min), followed by kelp mix fried bean (620.84 p.g/g
d. m.), celery mix fried bean (592.92 p.g/g d. m.) and fried bean
(565.34 pg/g d. m.). The total isoflavone contents underwent a
significantly increase and then decreased during cooking process.
While the highest total isoflavone content (788.10 ng/g d. m.) was
found in the fried beans through 120°C and 5min treatment.
Interestingly, higher total isoflavone contents were also found in
vegetable mix cooked samples at the same heating temperature,
which celery and kelp mix fried beans got the highest values of

781.69 pg/g d. m. and 786.31 pg/g d. m. under 120°C for 5 min,
respectively; while green pepper mix fried bean quickly reached
the summit level (728.71 pwg/g d. m.) at 120°C for 2 min. However,
a decline trend for the total isoflavones was noted when heating
temperature increased, reaching the lowest values of 719.32 pg/g
(160°C, 5min), 459.95 pg/g (160°C, 2 min), 645.93 pg/g (160°C,
5min), 667.46 pg/g (160°C, 5min) for fried beans, celery fried
beans, kelp fried beans, and green pepper fried beans, respectively.
Compared with the raw soybean, there were increases in total 3-
glycosides content (sum of daidzin and genistin) in the four fried
vegetables. Non-significant (p> 0.05) increase was found in the
boiled soybean. In contrast, the total aglycones content decreased in
mix cooked soybean samples with celery, kelp, and green pepper,
while the decrease was smaller in the boiled soybean. Aglycones
accounts for the smallest proportion of the total isoflavones, and
the variations during cooking process tend to reduce the amount
of aglycones. Specially, in comparison to the raw soybean, the
total aglycones content in fried beans experienced a sharp fall
when being heated at 60 °C, and then gradually increased when
heating temperature increased to 120 °C, and attained the high-
est level of 222.30 wg/g for 5 min (Table 3). This differs from the
vegetable mix cooked samples (Table 3), which also significantly
decreased but maintained stable with the temperature elevating.
Total aglycones content in kelp fried beans (120 °C, 5 min) was 4.8-
fold lower than that in raw soybean. The changes of the major
isoflavones and its isomers in each soy ingredient are shown in
Fig. 2. These results also revealed that the major isoflavones in
whole soybeans or other domestic cooking products were in the
esterified, glycoside, malonylglycoside, or acetylglucoside forms
(as described in Section 3.1, Fig. 1). However, the distribution of
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Fig. 3. Changes in antioxidant activities in fried bean, celery fried bean, kelp fried bean, green pepper fried bean, and boiled soybean during the domestic procedures. Each
bar represents the mean of three independent experiments (n=3) with error bar showing the standard deviation, P< 0.05.

individual glycosides varied according to the different types of soy
ingredients.

3.5. Effects of cooking conditions on antioxidant activity

As displayed in Fig. 3, FRAP activity in the un-treated soy-
beans around 1.5 mM Fe2*/g d.m. As compared to raw soybeans, a
decrease on antioxidant activity was found in the boiled soybeans.
In general, domestic cooking by traditional (from 60 to 160°C for
2 or 5min) heat-treated showed a significantly decrease on FRAP.
However, in the case of fried soybeans which treated at 120°C or
160°C, when extend the heating time to 5 min, their FRAP activ-
ity got a significant increase. Possible interpretation may be the
production and conversion of new compounds from Maillard reac-
tion which have antioxidant ability, or the enhanced antioxidant
capacity of the formerly known compounds [24]. In addition, as
hydrogen donor, the isoflavones content decides the FRAP activ-
ity of cooking products [25]. A research conducted paper [26] also
suggested that soybeans by-product was poor in phenolics and
isoflavones and had lower levels of antioxidant activity. As shown
earlier, not only can food processing lead to alterations in the
pehnolics’ quantity, but it also can alter the phenolics’ composi-

tion [27]. Modulation of the quality of the phenolic compounds
could affect the antioxidant capacity, since different chemical struc-
tures have distinct radical scavenging properties. The formation
of novel substances, such as products of the Maillard reaction,
could also increase the antioxidant capacity, especially in sam-
ples like potatoes [28]. In addition, each polyphenol has a higher
or lower affinity to the FRAP activity, which could influence the
variations observed in the antioxidant capacity between vegeta-
bles and between the cooking methods used in this study (Heim
et al.,, 2002). Furthermore, the correlation of FRAP with bioac-
tive compounds indicated that heat treatment plays a role on
antioxidant activity of domestic cooking soybean products by
affecting the chemical construction and content of bioactive com-
pounds.

Conflict of interest

All authors read and approved the final manuscript of “A
value-added cooking process to improve the quality of soybean:
protecting its isoflavones and antioxidant activtiy” All authors
declare that there are no conflicts of interest.



L. Chen et al. / Food Science and Human Wellness 8 (2019) 195-201 201

Acknowledgement

This work is supported by the Natural Science Foundation of
China (NSFC, Grant No. 31701520).

References

[1] K.E. Akande, E.F. Fabiyi, Effect of processing methods on some antinutritional
factors in legume seeds for poultry feeding, Int. J. Poult. Sci. 9 (10) (2010).

[2] M. Muratsugu, K. Washino, Y. Onchi, A. Yamaguchi, A. Kumaki, I. Shimooka, M.
Nakanishi, M. Muratsugu, K. Washino, Y. Onchi, Changes in biotin levels
during production of natto, Jpn. Fermented Soybean 3 (1) (2017) 1.

[3] C.Zhao, Y.Y. Liu, S.S. Lai, H. Cao, Y. Guan, W.S. Cheang, B. Liu, KW. Zhao, S.

Miao, C. Riviere, E. Capanoglu, ].B. Xiao, Effects of domestic cooking process on

the chemical and biological properties of dietary phytochemicals, Trends

Food Sci. Technol. 85 (2019) 55-66.

D. Barreraarellano, V. Ruizmendez, J. Velasco, G. Marquezruiz, C. Dobarganes,

Loss of tocopherols and formation of degradation compounds at frying

temperatures in oils differing in degree of unsaturation and natural

antioxidant content, J. Sci. Food Agric. 82 (14) (2002) 1696-1702.

B. Xu, S.K.C. Chang, Total phenolics, phenolic acids, isoflavones, and

anthocyanins and antioxidant properties of yellow and black soybeans as

affected by thermal processing, J. Food Chem 56 (16) (2008) 7165-7175.

L. Chen, H. Teng, T. Fang, J. Xiao, Agrimonolide from agrimonia pilosa

suppresses inflammatory responses through down-regulation of COX-2/iNOS

and inactivation of NF-kB in lipopolysaccharide-stimulated macrophages,

Phytomedicine 23 (8) (2016) 846-855.

[7] J.P. Yuan, Y.B. Liu, J. Peng, Changes of isoflavone profile in the hypocotyls and
cotyledons of soybeans during dry heating and germination, J. Agric. Food
Chem. 57 (19) (2009) 9002-9010.

[8] S.Yang, L. Wang, Q. Yan, Z. Jiang, L. Li, Hydrolysis of soybean isoflavone
glycosides by a thermostable 3 -glucosidase from Paecilomyces thermophila,
Food Chem. 115 (4) (2009) 1247-1252.

[9] N. Toro-Funes, I. Odriozola-Serrano, . Bosch-Fusté, M.L. Latorre-Moratalla,
M.T. Veciana-Nogués, M. Izquierdo-Pulido, M.C. Vidal-Carou, Fast
simultaneous determination of free and conjugated isoflavones in soy milk by
UHPLC-UV, Food Chem. 135 (4) (2012) 2832-2838.

[10] M. Lee, LM. Chung, H. Kim, M.Y. Jung, High resolution LC-ESI-TOF-mass
spectrometry method for fast separation, identification, and quantification of
12 isoflavones in soybeans and soybean products, Food Chem. 176 (2015)
254-262.

[11] M.G. Campos, M.P. Matos, M.T. Cimara, M.M. Cunha, The variability of
isoflavones in soy seeds and the possibility of obtaining extracts for over the
counter tablet preparations that can be standardized, Ind. Crops Prod. 26 (1)
(2007) 85-92.

[12] L. Coward, M. Smith, M. Kirk, S. Barnes, Chemical modification of isoflavones
in soyfoods during cooking and processing, Am. J. Clin. Nutr. 68 (6 Suppl)
(1998) 1486-1491.

[4

[5

(6

[13] P.A. Murphy, K. Barua, C.C. Hauck, Solvent extraction selection in the
determination of isoflavones in soy foods, J. Chromatogr. B 777 (1) (2002)
129-138.

[14] A.Ismail, Z.M. Marjan, C.W. Foong, Total antioxidant activity and phenolic
content in selected vegetables, Food Chem. 87 (4) (2004) 581-586.

[15] L. Jonsson, L. Jonsson, Thermal degradation of carotenes and influence on
their physiological functions, Adv. Exp. Med. Biol. 289 (1991) 75-82.

[16] A.M. Chuah, Y.-C. Lee, T. Yamaguchi, H. Takamura, L.-]. Yin, T. Matoba, Effect of
cooking on the antioxidant properties of coloured peppers, Food Chem. 111
(1) (2008) 20-28.

[17] L. Alvarez-Jubete, H. Wijngaard, E.K. Arendt, E. Gallagher, Polyphenol
composition and in vitro antioxidant activity of amaranth, quinoa buckwheat
and wheat as affected by sprouting and baking, Food Chem. 119 (2) (2010)
770-778.

[18] B. Harakotr, B. Suriharn, R. Tangwongchai, M.P. Scott, K. Lertrat, Anthocyanin,
phenolics and antioxidant activity changes in purple waxy corn as affected by
traditional cooking, Food Chem. 164 (3) (2014) 510-517.

[19] M.R. Loizzo, A. Pugliese, M. Bonesi, L.D. De, N. O'Brien, F. Menichini, R. Tundis,
Influence of drying and cooking process on the phytochemical content,
antioxidant and hypoglycaemic properties of two bell Capsicum annum L.
cultivars, Food Chem. Toxicol. 53 (3) (2013) 392-401.

[20] L.CR.D. Reis, V.R.D. Oliveira, M.E.K. Hagen, A. Jablonski, S.H. Fl6res, A.D.O. Rios,
Carotenoids, flavonoids, chlorophylls, phenolic compounds and antioxidant
activity in fresh and cooked broccoli (Brassica oleracea var. Avenger) and
cauliflower (Brassica oleracea var. Alphina F1), LWT - Food Sci. Technol. 63
(1)(2015) 177-183.

[21] Y.C. Huang, Y.H. Chang, Y.Y. Shao, Effects of genotype and treatment on the
antioxidant activity of sweet potato in Taiwan, Food Chem. 98 (3) (2006)
529-538.

[22] A.Villares, A. Garcia-Lafuente, E. Guillamén, J.A. Martinez, Content and profile
of isoflavones in soy-based foods as a function of the production process,
Food Bioprocess Technol. 4 (1) (2011) 27-38.

[23] K. Muhammadkamran, A.V. Maryline, F.T. Annesylvie, D. Olivier, C. Farid,
Ultrasound-assisted extraction of polyphenols (flavanone glycosides) from
orange (Citrus sinensis L.) peel, Food Chem. 119 (2) (2010) 851-858.

[24] J. Pérez-Jiménez, S. Arranz, M. Tabernero, M.E. Diaz-Rubio, J. Serrano, 1. Goiii,
F. Saura-Calixto, Updated methodology to determine antioxidant capacity in
plant foods, oils and beverages: extraction, measurement and expression of
results, Food Res. Int. 41 (3) (2008) 274-285.

[25] V. Kumar, A. Rani, A.K. Dixit, D. Pratap, D. Bhatnagar, A comparative
assessment of total phenolic content, ferric reducing-anti-oxidative power,
free radical-scavenging activity, vitamin C and isoflavones content in soybean
with varying seed coat colour, Food Res. Int. 43 (1) (2010) 323-328.

[26] T. Tanseok, P. Knagendra, I. Amin, Antioxidant capacity, phenolics and
isoflavones in soybean by-products, Food Chem. 123 (3) (2010) 583-589.

[27] L.]Jakobek, Interactions of polyphenols with carbohydrates, lipids and
proteins, Food Chem. 175 (2015) 556-567.

[28] D. Murador, A.R. Braga, D. Da Cunha, V. De Rosso, Alterations in phenolic
compound levels and antioxidant activity in response to cooking technique
effects: a meta-analytic investigation, Crit. Rev. Food Sci. Nutr. 58 (2) (2018)
169-177.


http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0005
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0005
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0005
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0005
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0005
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0005
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0005
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0005
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0005
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0005
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0005
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0005
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0005
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0005
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0005
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0005
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0005
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0005
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0005
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0005
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0005
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0005
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0005
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0005
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0005
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0010
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0010
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0010
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0010
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0010
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0010
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0010
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0010
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0010
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0010
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0010
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0010
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0010
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0010
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0010
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0010
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0010
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0010
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0010
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0010
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0010
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0010
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0010
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0010
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0010
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0010
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0010
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0010
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0010
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0010
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0010
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0010
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0010
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0010
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0010
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0015
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0015
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0015
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0015
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0015
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0015
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0015
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0015
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0015
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0015
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0015
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0015
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0015
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0015
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0015
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0015
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0015
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0015
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0015
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0015
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0015
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0015
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0015
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0015
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0015
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0015
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0015
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0015
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0015
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0015
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0015
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0015
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0015
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0015
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0015
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0015
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0015
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0015
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0015
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0015
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0015
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0015
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0015
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0015
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0015
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0015
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0015
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0020
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0020
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0020
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0020
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0020
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0020
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0020
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0020
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0020
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0020
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0020
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0020
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0020
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0020
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0020
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0020
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0020
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0020
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0020
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0020
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0020
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0020
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0020
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0020
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0020
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0020
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0020
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0020
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0020
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0020
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0020
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0020
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0020
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0020
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0020
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0020
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0020
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0020
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0020
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0020
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0020
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0020
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0025
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0025
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0025
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0025
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0025
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0025
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0025
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0025
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0025
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0025
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0025
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0025
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0025
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0025
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0025
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0025
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0025
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0025
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0025
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0025
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0025
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0025
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0025
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0025
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0025
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0025
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0025
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0025
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0025
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0025
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0025
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0025
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0025
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0030
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0030
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0030
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0030
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0030
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0030
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0030
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0030
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0030
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0030
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0030
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0030
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0030
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0030
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0030
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0030
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0030
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0030
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0030
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0030
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0030
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0030
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0030
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0030
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0030
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0030
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0030
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0030
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0030
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0030
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0030
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0030
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0030
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0030
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0030
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0035
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0035
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0035
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0035
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0035
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0035
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0035
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0035
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0035
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0035
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0035
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0035
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0035
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0035
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0035
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0035
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0035
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0035
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0035
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0035
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0035
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0035
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0035
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0035
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0035
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0035
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0035
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0035
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0035
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0035
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0035
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0035
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0040
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0040
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0040
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0040
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0040
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0040
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0040
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0040
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0040
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0040
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0040
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0040
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0040
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0040
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0040
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0040
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0040
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0040
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0040
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0040
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0040
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0040
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0040
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0040
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0040
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0040
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0040
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0040
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0040
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0040
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0040
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0045
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0045
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0045
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0045
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0045
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0045
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0045
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0045
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0045
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0045
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0045
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0045
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0045
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0045
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0045
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0045
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0045
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0045
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0045
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0045
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0045
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0045
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0045
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0045
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0045
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0045
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0045
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0045
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0045
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0045
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0045
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0045
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0045
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0045
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0045
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0045
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0045
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0050
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0050
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0050
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0050
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0050
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0050
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0050
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0050
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0050
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0050
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0050
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0050
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0050
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0050
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0050
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0050
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0050
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0050
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0050
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0050
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0050
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0050
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0050
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0050
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0050
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0050
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0050
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0050
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0050
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0050
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0050
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0050
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0050
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0050
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0055
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0055
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0055
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0055
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0055
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0055
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0055
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0055
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0055
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0055
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0055
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0055
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0055
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0055
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0055
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0055
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0055
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0055
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0055
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0055
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0055
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0055
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0055
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0055
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0055
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0055
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0055
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0055
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0055
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0055
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0055
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0055
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0055
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0055
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0055
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0055
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0055
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0055
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0055
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0055
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0060
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0060
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0060
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0060
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0060
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0060
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0060
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0060
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0060
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0060
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0060
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0060
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0060
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0060
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0060
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0060
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0060
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0060
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0060
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0060
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0060
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0060
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0060
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0060
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0060
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0060
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0060
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0060
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0060
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0065
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0065
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0065
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0065
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0065
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0065
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0065
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0065
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0065
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0065
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0065
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0065
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0065
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0065
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0065
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0065
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0065
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0065
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0065
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0065
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0065
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0065
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0065
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0065
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0065
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0065
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0070
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0070
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0070
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0070
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0070
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0070
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0070
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0070
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0070
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0070
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0070
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0070
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0070
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0070
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0070
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0070
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0070
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0070
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0070
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0070
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0070
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0070
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0070
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0075
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0075
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0075
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0075
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0075
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0075
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0075
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0075
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0075
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0075
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0075
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0075
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0075
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0075
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0075
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0075
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0075
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0075
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0075
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0075
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0075
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0075
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0075
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0080
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0080
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0080
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0080
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0080
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0080
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0080
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0080
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0080
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0080
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0080
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0080
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0080
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0080
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0080
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0080
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0080
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0080
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0080
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0080
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0080
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0080
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0080
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0080
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0080
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0080
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0080
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0080
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0080
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0080
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0085
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0085
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0085
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0085
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0085
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0085
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0085
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0085
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0085
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0085
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0085
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0085
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0085
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0085
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0085
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0085
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0085
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0085
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0085
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0085
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0085
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0085
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0085
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0085
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0085
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0085
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0085
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0085
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0085
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0085
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0085
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0085
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0085
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0085
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0085
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0090
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0090
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0090
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0090
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0090
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0090
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0090
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0090
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0090
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0090
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0090
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0090
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0090
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0090
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0090
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0090
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0090
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0090
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0090
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0090
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0090
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0090
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0090
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0090
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0090
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0090
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0090
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0090
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0090
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0090
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0090
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0090
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0090
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0095
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0095
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0095
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0095
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0095
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0095
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0095
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0095
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0095
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0095
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0095
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0095
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0095
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0095
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0095
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0095
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0095
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0095
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0095
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0095
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0095
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0095
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0095
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0095
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0095
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0095
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0095
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0095
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0095
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0095
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0095
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0095
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0095
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0095
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0095
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0095
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0095
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0095
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0095
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0095
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0095
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0095
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0095
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0095
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0100
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0100
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0100
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0100
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0100
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0100
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0100
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0100
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0100
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0100
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0100
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0100
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0100
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0100
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0100
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0100
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0100
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0100
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0100
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0100
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0100
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0100
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0100
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0100
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0100
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0100
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0100
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0100
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0100
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0100
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0100
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0100
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0100
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0100
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0100
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0100
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0100
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0100
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0100
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0100
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0100
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0100
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0100
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0100
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0100
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0100
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0100
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0105
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0105
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0105
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0105
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0105
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0105
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0105
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0105
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0105
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0105
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0105
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0105
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0105
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0105
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0105
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0105
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0105
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0105
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0105
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0105
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0105
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0105
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0105
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0105
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0105
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0105
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0105
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0105
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0110
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0110
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0110
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0110
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0110
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0110
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0110
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0110
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0110
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0110
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0110
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0110
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0110
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0110
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0110
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0110
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0110
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0110
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0110
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0110
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0110
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0110
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0110
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0110
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0110
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0110
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0110
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0110
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0110
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0110
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0110
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0110
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0115
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0115
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0115
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0115
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0115
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0115
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0115
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0115
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0115
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0115
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0115
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0115
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0115
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0115
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0115
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0115
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0115
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0115
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0115
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0115
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0115
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0115
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0115
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0115
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0115
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0115
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0115
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0115
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0115
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0115
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0120
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0120
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0120
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0120
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0120
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0120
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0120
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0120
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0120
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0120
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0120
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0120
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0120
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0120
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0120
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0120
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0120
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0120
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0120
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0120
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0120
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0120
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0120
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0120
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0120
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0120
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0120
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0120
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0120
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0120
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0120
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0120
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0120
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0120
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0120
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0120
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0120
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0120
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0120
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0120
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0120
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0120
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0120
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0125
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0125
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0125
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0125
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0125
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0125
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0125
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0125
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0125
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0125
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0125
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0125
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0125
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0125
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0125
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0125
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0125
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0125
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0125
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0125
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0125
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0125
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0125
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0125
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0125
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0125
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0125
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0125
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0125
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0125
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0125
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0125
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0125
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0125
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0125
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0125
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0125
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0125
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0125
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0125
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0125
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0125
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0125
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0125
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0130
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0130
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0130
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0130
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0130
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0130
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0130
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0130
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0130
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0130
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0130
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0130
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0130
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0130
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0130
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0130
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0130
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0130
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0130
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0130
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0130
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0130
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0135
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0135
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0135
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0135
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0135
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0135
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0135
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0135
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0135
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0135
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0135
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0135
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0135
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0135
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0135
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0135
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0135
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0140
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0140
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0140
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0140
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0140
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0140
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0140
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0140
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0140
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0140
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0140
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0140
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0140
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0140
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0140
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0140
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0140
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0140
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0140
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0140
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0140
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0140
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0140
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0140
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0140
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0140
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0140
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0140
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0140
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0140
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0140
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0140
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0140
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0140
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0140
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0140
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0140
http://refhub.elsevier.com/S2213-4530(19)30033-3/sbref0140

	A value-added cooking process to improve the quality of soybean: Protecting its isoflavones and antioxidant activity
	1 Introduction
	2 Materials and methods
	2.1 Chemicals
	2.2 Foodstuffs and cooking conditions
	2.3 Extraction
	2.4 Total polyphenol content (TPC) and total flavonoid content (TFC)
	2.5 Antioxidant activity
	2.6 HPLC analysis of flavonoid content
	2.7 Statistical analysis

	3 Results and discussion
	3.1 HPLC analysis of isoflavones of selected soybean
	3.2 Effects of heating treatment on TPC, TFC, and isoflavone content
	3.3 Effects of heating on isoflavones compositions
	3.4 Isoflavones content in cooked soybeans
	3.5 Effects of cooking conditions on antioxidant activity

	Conflict of interest
	Acknowledgement
	References


