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Abstract

Plants are a good source of natural antioxidants and could provide
protection against harmful free radicals. Phenolic compounds were found to be
an important part of human diet and are considered as active principles in many
medicinal and agricultural plants. Detailed information about health-promoting
components of different soybean cultivars could lead to a better understanding
and an increased consumption of this crop, including its use in functional foods.
The objective of this study was to determine total phenolics, total tannins, total
flavonoids and antioxidant capacity with different assays of five Serbian
soybean cultivars (Merkur, Sava, Valjevka, Venera and Victoria) extracted with
three different solvents (70% acetone, 70% ethanol and 70% methanol). Total
phenolics varied among cultivars and among applied solvents. Antioxidant
properties highly depended on a solvent used for extraction. Such results
highlight an existing variability in soybean seeds and emphasise the need to
evaluate diversity and to support conventional breeding programs to improve
soybean nutritional value.
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Introduction

Soybean (Glycine max (L.) Merr.) is one of the major crops in the world
and soybean seeds are a great source of oil and proteins for human and animal
feed (Yin et al., 2011). Soybean seeds, besides oil and proteins, contain sugars
and phenolics as well. Primary metabolites are essential for growth,
development and reproduction, while secondary metabolites such as phenolics
are associated with plant defence against pests and survival mechanisms under
abiotic and biotic stress (Bellaloui, 2012). Phenolics are secondary plant
metabolites characterized by having at least one aromatic ring with one or more
hydroxyl groups attached. The distribution of phenolics differs by plant species
and tissue, with many phenolics synthesized from carbohydrates via shikimate
and phenyl propanoid pathways (Lattanzio et al., 2006). In plants these
molecules are generally involved in fighting against aggression by pathogens,
insects, herbivores, or ultraviolet radiation (Grassmann et al., 2002; Lattanzio et
al., 2006; Baidez et al., 2006; Barbehenn & Constabel, 2011). Plant genetics
and cultivar, growing conditions, maturity stage and post-harvest conditions are
effective on quantity and quality of phenolic compounds present in plant foods.
Phenolic compounds have antioxidant properties and can protect against
degenerative diseases in which ROS-reactive oxygen species (superoxide
anion, hydroxyl radicals, peroxyl radicals etc.) are involved (Ozcan et al.,
2014).

The overall goal of this study was to investigate the antioxidant
activities of soybean affected by different cultivars and extraction methods, and
to determine the relation between antioxidant capacity of extracts and different
phenolic groups in soybean seeds.

Material and Methods

The analysis was performed on 5 soybean cultivars: Merkur, Sava,
Valjevka, Venera and Victoria supplied by the Institute of Field and Vegetable
Crops at Rimski Sanéevi, near Novi Sad, Serbia. Seeds for the in vitro
experiments were collected at the full-maturity stage. The soybean seeds were
hand-selected to eliminate those that were damaged or cracked. Whole seed
material (1 g) was grounded to a fine powder in a mill and extracted overnight
with 50 mL of 70% acetone, 70% ethanol or 70% methanol. The extracts were
vacuum-filtered through sintered glass funnel and kept refrigerated until
assayed.

122 ArposHame, Bot. 17, 6p. 2, 2016, 121-132



The total phenolic content (TP) was determined using a Folin-Ciocalteu
colorimetric method (Nagavani & Raghava Rao, 2010) and the results were
expressed in milligrams of quercetin equivalents per 1 g of soybean seeds
weight (mg QE/g). Data are reported as means for at least three replications.
Total tannins (TT) content was determined by the Folin-Ciocalteu procedure,
after removal of tannins by their adsorption on insoluble matrix PVPP
(polyvinylpolypyrrolidone). Calculated values were subtracted from total
phenolics content, and total tannin contents were expressed in milligrams of
quercetin equivalents (QE) pep 1 g of dry seed weight (Nagavani & Raghava
Rao, 2010). The total flavonoid (TF) content was determined spectropho-
tometrically (Saha et al., 2013). The amount of flavonoids was calculated as a
quercetin equivalent (QE) from the calibration curve of quercetin standard
solutions (5-500 pg/mL).

DPPH radical scavenging activity. Scavenging of free radicals was
tested in a DPPH (2,2-diphenyl-1-picrylhydrazyl) acetone solution (Lai & Lim,
2011). The degree of decoloration of solution indicates the scavenging
efficiency of the substance added. Ferric-reducing antioxidant power (FRAP)
assay was carried out according to the procedure described in the literature
(Valentdo et al., 2002). The standard curve was constructed using different
concentrations of trolox, and the results were expressed as mg trolox
equivalents per gram of seeds (mg TE/g). The ABTS assay was based on a
method developed by Miller et al. (1993). Methanolic solution of known trolox
concentrations were used for calibration and the results were expressed as mg
trolox equivalents per g of seeds (mg TE/Q).

The total antioxidant activity of plant extracts were evaluated by
phosphomolybdenum method as reported by Kalaskar & Surana (2014). The
standard curve for total antioxidant activity was plotted using trolox solution. A
reducing power assay (total reduction capacity) was performed by method of Saha
et al. (2013). Trolox was used as a standard. Inhibition of NO radical was
performed by the method as described in Or¢i¢ et al. (2011). The radical inhibition
capacity was expressed as % of inhibition compared with the blank control. The
superoxide free radical scavenging activity was carried out by NBT (nitroblue
tetrazolium) test (Kalaskar & Surana, 2014). The percent inhibition of superoxide
anion generated was calculated using the following formula: scavenging activity
(%) = (1 - absorbance of sample/absorbance of control) x 100.

Statistical analysis. Results were expressed as a mean value of determi-
nations of 3 independent samples made in triplicates. Statistical significance was
tested by analysis of variance followed by comparison of means by Duncan’s
multiple range test (P < 0.05) calculated using STATISTICA for Windows version
12.0 (StatSoft, Tulsa, OK, USA). Stepwise multiple regression analyses were used to
determine correlation among variables.
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Results and Discussion

The yield of phenolics extracted differs on the type of solvent, which
exhibit varying polarities. Ethanol and methanol extracts of soybean seeds had
lower TP content compared to acetone extracts. Natural phenolic compounds
have been receiving increased attention due to their significant antioxidant
activities. The unique structures make the phenolics inherently excellent
hydrogen or electron donors, which enable them to readily stabilize or
neutralize some harmful reactive oxygen species. Total phenolic content of the
extracts from selected soybean cultivars are presented in table 1. The tested
soybean seeds had a TP range of 2.228-5.251 mg QE/g. The TP content values
were significantly different among different soybean genotypes and solvent
used for extraction. In particular, the Venera cultivar had the highest TP
content, while the Merkur had the lowest. These results are in accordance with
the findings of some other authors concerning TP contents in soybean seeds
(Malenci¢ et al., 2007, 2012; Bellaloui, 2012; Dajanta et al., 2013; Popovi¢ et
al., 2013). However, some authors detected much higher (Taie et al., 2008) or
lower (Muji¢ et al., 2011) content of TP in tested soybean seeds.

Tannins are common phenolic compounds in plants and are known for
their ability to bind protein which reduces nitrogen availability in the diet
(Zungu & Downs, 2015). Substantial accumulations of tannins may occur in
almost any part of a plant: seeds, root, leaves and bark (Haslam, 2007). Tannins
are also strong natural antioxidants (Figueroa-Espinoza et al., 2015). The total
tannins content ranged from 0.685 mg QE/g (cv. Merkur, ethanol extract) to
2.256 mg QE/g (cv. Valjevka, acetone extract). These results are in agreement
with the range found in literature (Popovi¢ et al., 2013) and within the range
previously found for other yellow pigmented soybean seeds (Malenci¢ et al.,
2007, 2012).

Flavonoids are a wide group of plant secondary metabolites, occurring
in all parts of the plants. They have a variety of functions in plant biochemistry
and physiology, acting as antimicrobials, antioxidants, UV protectors,
photoreceptors, and also play an important role in nitrogen fixation. Flavonoids
have been described as health-promoting agents as well (Karabin et al., 2015).
The range of total flavonoids in all tested soybean seeds varied between 0.237
and 1.475 mg QE/g (Table 1).

Among different solvent extracts tested in this study, 70% acetone extract
of seeds showed the highest TP, TT and TF contents, followed by 70% methanol
extracts. The antioxidant activity of plant extracts may vary with assay performed.
Therefore, a single assay could be inadequate (Yen et al., 2005).
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Tab. 1. Content of total phenolics, tannins, flavonoids and proanthocyanidins in extracts
of soybean seeds
Caoporcaj ykynnux ¢henona, manuHa, @rasoHouoa u NPOAHMOYUjAHA

excCmpaKmuma cjemena coje

. . _ Total fl ids!
Cultivar | Solvent | Total phenolics* Total tannins* ° ayKi\;ZZOIdS
P
Copma acmeapay | YVkynuu gpenonu Vrynnu manunu prasonoudu
0,
0% 2.228% + 0.052 0.925b + 0.054 1.475% + 0.087
methanol
0,
Merkur | 70% | 5565040106 | 0685940071 | 0.237°+0.010
ethanol
70% b b, d
acetone | 3:278°£0.289 | 0806°°¢+0.233 | 0.755° +0.062
0,
0% 2.782%%¢ +0.133 | 1.146%9+0.109 0.684¢ + 0.033
methanol
0,
Sava 70% 3.04200¢ + 0,320 | 0.982*P9+0298 | 0.416°+ 0.014
ethanol
0,
0% 3.967f + 0.517 1.025b4 + 0.238 0.567f + 0.055
acetone
0,
0% 2.679¢ + 0.083 1.082°¢ +0.054 | 0.764°9 +0.069
methanol
. 0,
Valjevka 70% 2.695¢ + 0.091 1.010°¢ +0.183 | 0.636%"h +0.145
ethanol
0, .
0% 5.2519 + 0.845 2.256°+0.214 | 0.74799hi+0.011
acetone
0, .
0% 3.255°+0199 | 152940475 | 0.601% +0.039
methanol
0,
Venera | 70% 3113°+0.096 | 1.104°0+0108 | 0.340%+0.022
ethanol
0, ..
0% 4862940218 | 2.060°+0069 | 0.678%i+0.080
acetone
0,
0% 2.896°+0225 | 1.1939+0040 | 0.670°+0.030
methanol
Victoria 70% d ab bek
sthanol 2.6809 + 0.517 0.8222b+0.254 | 0.332bek+0.119
0,
0% 3.803f + 0.310 0.882° + 0.086 1.343'+ 0.070
acetone

Img quercetin equivalents (QE)/g
&l yalues without the same superscript within each row differ significantly (P < 0.05)

For this reason, we checked antioxidant activities of different extracts
of soybean seeds with seven different assays. Antioxidant activities measured
in three different extracts obtained using DPPH, ABTS and FRAP assays are
presented in Table 2.
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Tab. 2. Antioxidant activity (DPPH, ABTS and FRAP assays) in extracts of soybean seeds
Anmuoxcuoamueno oejcmso (DPPH, ABTS i FRAP oeneou) y excmpakmuma
¢jemena coje

Cultivar Solvent DPPH! ABTS! FRAP!
Copma | Pacmsapau
0,
m;ﬂ ; " | 750018 14.70° + 0.89 11.712+0.10
70% b b b
Merkur | % | 10.98°+0.04 18,935+ 2.17 12,645 +0.43
0,
age? (f;‘ . 6.37°+0.03 20.73b¢£2.25 | 12.85°+0.65
0,
m;?] :;1 o | 845004 | 23.45006x373 | 1072062
0, .
Sava e;%fol 9.73¢ £ 0.07 25015 £2.14 | 11.10°¢+0.25
0, ;
agg (fr’] . 51004005 | 27.009%hi+289 | 10.799 +0.36
m;ﬂ‘;‘aol 6.51¢ + 0.05 2237594189 | 10.89%% +0.72
; 70% f dgh b
Valjevka ethanol 7.12¢7+0.16 24.54%%" + 1,99 12.57° £ 0.42
0, .
age(: g‘;} . | 46ex005 2060 +248 | 11.41%0+0.47
0, .
m;?] ;‘;} o | 213010 26.49%¢i+171 | 10.75% +0.61
70% gh cdeg ad
Venera | 7| 23590011 | 2332909160 | 1148+036
0, .
ageci 0/; . 3.76M +0.03 31174 +218 | 11.40%09+ 082
0,
mgt?] :;1 o | 839005 | 244500001212 | 1053032
H H 70% d c,d,e ad
Victoria | % 95704006 | 2317°0e9+226 | 11.412¢+0.47
0, .
a;g (f;] . 5.42¢ +0.07 26.549¢1 +2.03 | 11.63%+0.12

! mg trolox equivalents/g
&1 values without the same superscript within each row differ significantly (P < 0.05)

The antioxidant activity of extracts from soybean seeds as measured by
DPPH assay ranged from 2.12 mg TE/g (cv. Venera, methanol extract) to 10.98
mg TE/g (cv. Merkur, ethanol extract). The best antioxidant activity measured
with DPPH assay is obtained with 70% ethanol followed by 70% methanol.
Differences for the ABTS radical cation scavenging capacities of each sample was
recorded in this study. Among various samples acetone extract of cv. Venera
possessed the highest ABTS radical scavenging activity (31.17 mgTE/Q).
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Tab. 3. Total antioxidant activity, total reduction capacity and scavenger activity of NO
and O; radicals of soybean seeds extracts

Yiynuo anmuoxcuoamusno oejcmeo, yKynaw xanayumem peoykyuje u

Jjonusyjyha akmusnocm NO u Oz paduxkana uz ekcmpakama cjemena coje

Total Total NO radical ;
_ antioxidant reduction inhibition Sca(;/fe(n)gmg
Cultivar | Solvent activity® capacity* Bes radi cazls
Copma | Pacmeapau Viynno Viynan uHxubuyuje .
AHMUOKCUOA- Kanayumem €10b600HUX Jonusayuja
TMUBHO OejcBo |  pedyKo8arsa paoukana paduxaza Oz
70% 45.89%¢ + 15.592de + 64.37% + 48.16%
methanol 2.17 1.15 3.33 2.98
Merkur 70% 46,7430 + 16.12304¢ + 40.94° + 13.570¢ +
ethanol 2.40 1.20 4,71 3.43
70% 52.39¢0¢ + 22.63° + 19.59¢ + 9.49¢ +
acetone 1.96 0.13 4.38 0.68
70% 44212 + 13.63%¢ + 74.16% + 36.869 +
methanol 1410.53 1.17 411 3.43
Sava 70% 47.1529¢ + 14,9199 + 33.33bef0 + 16.700€ +
ethanol 0.53 0.95 6.47 3.30
70% 52.17¢de + 19.78" + 17.75%¢ + 18.20° + 4
acetone 1.57 0.19 7.51 45
70% 45.53%¢ + 16.3239 + 72.85%0 + 4651297 +
methanol 2.17 0.15 5.14 5.03
Valjevka 70% 46.99%¢ £ 17.813%h + 47.07°0 + 27.22%69 +
ethanol 2.68 1.33 7.61 6.99
70% 54.30°¢ + 21.20' + 31.53% + 573"+
acetone 0.67 0.86 1.58 0.76
70% 4252 + 16.14% + 71.929+ 42827 +
methanol 3.07 0.69 2.60 0.62
Venera 70% 49.38% 18.41" + 26.880¢ + 14.27° +
ethanol 1.20 0.20 4.56 1.79
70% 50.72bcde + 23.01%+ 42.15%" + 19.699 +
acetone 1.35 0.10 5.28 3.03
70% 41.74% 15.59%0¢ + 68.03%4 + 50.512 +
methanol 2.10 1.07 4.62 1.83
Victoria 70% 45072 17.63b + 38.26° + 11.840¢h +
ethanol 1.26 0.46 3.36 3.75
70% 52.52¢¢ + 23.99' + 20.31°+ 9.49b¢h +
acetone 1.57 0.44 2.59 2.23

al values without the same superscript within each row differ significantly (P < 0.05)
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Methanol extract of cv. Merkur showed the lowest ABTS radical
scavenging activity (14.70 mgTE/g). Acetone extracts demonstrated higher
scavenging activities then other extracts. FRAP test showed that soybean seeds
have a significant reduction potential. However, all samples expressed similar
activity. Our research shows that the FRAP method is independent of the
solvent extraction polarity.

Results of total antioxidant activity, total reduction capacity, inhibition
of NO radical and superoxide anion (O, ) radical scavenging activity are shown
in Table 3. The phosphomolybdenum assay is a quantitative method to evaluate
fat and water soluble antioxidant activity (total antioxidant activity), in which
by transforming Mo(V1) into more stable Mo(V) non-reactive products occur
(Kalaskar & Surana, 2014). Transformation of Fe** to Fe®" in the presence of
soybean seeds extracts was performed to measure the total reductive capability.

The total antioxidant activity and total reduction capacity in all tested
genotypes was similar. The lowest bioactivity was measured in methanol
extracts, while the total antioxidant activity of acetone extracts found to be the
highest. On the contrary, the methanol extracts of all soybean cultivars
expressed the highest scavenging activity for nitric oxide and superoxide
radicals, while acetone extracts possessed the lowest scavenging activity for
both radicals. There was a statistically significant correlation between TP
content and TT content (r = 0.806), as well as, between TP content and
antioxidant capacity measured with some, but not all, assays (DPPH: r = 0.578;
ABTS: r = 0.828; total antioxidant activity: r = 0.702; total reduction capacity:
r = 0.713). In this study, no statistically significant correlation was observed
between antioxidant activity and TF content in soybean seeds. Positive
correlation between amount of phenolic compounds in samples of different
plant origin and antioxidant capacity is supported by work of other researchers
(Usenik et al., 2008; Malencic et al., 2010; Prvulovi¢ et al., 2012).

Conclusion

The results of the present investigation revealed that phenolic
compound contents and antioxidant capacity of extracts of soybean seeds are
significantly affected by the solvent system used for the extraction process. Out
of the three solvent mixtures evaluated in the current study for the extraction of
phenolic compounds, the use of 70% acetone yielded to the highest total
contents of phenolics and exhibited the highest antioxidant activity in few
assays (DPPH, total antioxidant activity and total reduction capacity.
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The use of 70% ethanol solvent resulted in higher antioxidant activity
measured by ABTS assay, while extracts in 70% methanol had higher
scavenging activity of NO radicals. Data on phenolic compounds investigated
in this study, as well as the antioxidant capacity of extracts of soybean seeds
cultivars could be valuable to the food and pharmaceutical industries for the
selection of varieties rich in nutriceuticals and could be also valuable for
soybean producers in order to increase the biological value of commercial
products.
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AHJIMOKCUJATUBHO JICJCTBO U Cajiprkaj eHoa
eKCTpaKara cjeMeHa coje

Jejan Ipeynosuh?, Bophe Manenunh?, Jerop Munagusosuh?

Yo monpuspeonu paxynmem, Yuueepzumem y Hosom Caoy, Cpbuja
2Hncmumym 3a pamapcmeso u nospmapcmeo, Hoeu Cao, Cpbuja

Caxerak

bubke cy mobGap M3BOp NMPUPOJHHUX aHTHOKCHAAHAca, U MOTY UMAaTH
3alITUTHO CBOJCTBO IPOTHB UITETHUX CJIOOOMHMX paaukana. DeHoyHa
jenumea IpeICTaBIbajy BakaH JIU0 JbYJCKEe HCXpaHe a Haja3e ce y aKTUBHOM
00JINKY Y MHOTUM OMJbKaMa KOje Ce KOPHCTE Y MOJbONPUBPEIHO] POU3BOIEHH
U MeaunuHy. JleTabHuje nHbOpMAaIHje O jeIUbEeHhIMa KOPUCHUM Y UCXPaHH,
W30JIOBAHUM W3 PAJNIMYUTHX COPTH COje, OMOryhyjy pasyMmujeBame OBe
npoOyieMaTHKe, Kao ¥ nmoBehaHo rajeme OBOT ycjeBa, yKIbyuyjyhu kKopumheme
ycjeBa 3a o0Oe30jeheme momaraka ucxpanu. {wb oBor pama mpencraBiba
onpehuBame cagpikaja yKymHMX (eHosa, YKYINHUX TaHWHA, YKYIHHX
¢raBoHOMIA W AHTUOKCHUIATHBHOT JI€jCTBAa PA3IMYUTUM METOJaMa, 3a IeT
coptu coje mnopujexiaom u3 Cpbuje (Mepkyp, CaBa, BasmeBka, Benepa u
Bukropuja) u xopumihemem Tpu pasnuuurta pactBapada (70% ameron, 70%
eranon u 70% wmeranon). Caxpxaj yKynHUX (eHona je Bapupao 3a pazinvuTe
copre M pacTBapade. AHTHOKCHUIATHBHO JICjCTBO je 3HAYajHO 3aBUCHIIO O]
pacTBapaya KOPHIITEHOT 3a eKcTpakuujy. OBH pe3ynaTaTtd MCTudy noctojehu
BapHjaOMINTET y CjeMEHy COje M HarJiamiaBajy motpeOy BpHjeIHOBama OBUX
Pa3IUYUTOCTH, KA0 U TO/IPIIKE TPAJUIUOHATHUM IPOrpaMruMa OIIeMeHhHBaha
y IJbY MO00JbIlIAa HYTPUTUBHE BPUjEIHOCTH COje.

Kwyune pujeyu: aHTHOKCUIATHBHO JICjCTBO, PACTBAPAYH 32 EKCTPAKIIH]Y,
¢dnaBonouau, Glycine max (L.) Merr., TaHuHH
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