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KEYWRRDS Abstrset  This stody investigated the fe wires anicaidant propertis (DPFH, ABTS, CUPRAC and
Anmonkdant FRLAF), 1otal phenalic content and flavancid coment of extracs from dhnee noneoil seed legumes
Ciawaralis o eifareris, (Phaseolun Twmarus red and white, and Comaalia seofiomain, lom] edible s2eds from Indonesia,
HPLL ohiained nsing di Teren salvem systam (distlled sater, TG ethanal, and 1007 ethanall The van-
Phaseolur b s, ey of legume was a major source of varadson in ihe phenobc coments, flavonod condent and
[Pty pibe anticmidant actvity. HFLC analysks of the non-oil seed legume extracts idemified gallic acd, epioat-

echin and commanc acd. Amaong ihe vam: tes of non-oil seed kegume extracts, the phenobc conent
wried from 1521-38 80 mg gallic aod equwlenis/z dry weight and dhe favonod conient was
11,7324 61 mg catechin aquivalmisjz dry weight. The aniiomdant aciwty of the extrack sup=
pressed the reactive oxygen spedes (ROS) generaton and celllar damage mduced by UV-E m
HaCaT cells. These resulis showed thai amsoxsdan aciny (1.83-1942% of miohrbon DFFH;
25537 X% of mhibiion ABTS; 00247 pM CUPRAC valne and 09110 pM of FRRAP
wlne) of eviracts posse ssed sinon g radica] savengmg acinvily as well as mbohied ROS generation
in a dose-depen demt marmer withom showing any oytotamicty. Cnlactwely, the data presemad that
mtomidant of the evtracts have polent anSoxidant acndy and decreasing ROS gneraion m
Ha{"aT cells. I can hein@maisly nsed as aliermative amerson for amionsdani and antradxal acin-
es tha can he milized as a functional food and ™mtracemical in gredien .
@ 0 The Aothors) Poblshed by Flevier BY_ on behalf of King Saod Doversn. Thisks an apen
oo anticle wnder the OF BY-NC-ND loanse (bt craasivens mmoe o 1, Toe roes hync- 104 0/)

'l:chllt:.j'-ru'd.u'@_ aoher at Depanmesd of Food Schense and L Emptien

Beotechmodogy, (mradoate Sohool, K yporgpoeok Naaa] Lseversty,

Do 41566, Repoblc of Korss. Underutilizzd plants are genetically very diverss groups grown
b il addie, fang s ks BT - HL Leep in temperaie, suhiropical and iromcal regions and have heen
Peer revesw onder regporeabuldy of Kig Sand Uehenany. recogmzed for thar human health henefils. Most of the

underutifized plants have high conent of non-mutritive, nutr-
tive, and hinactive compounds such a2 flavonoids, phenolics,
anthacyanins, phenaolic adds, and as well as nuirifve com-
poamds such as sugars, msential oils, carotenaids, vitamins,
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and minerak (Dogmn el al, A4; Molliea el al, A17;
Taukamoto et al, 2058 Fasenda et al, 2009 Sadeer el al_,
A9y

Mot seed legumes are commonly planied (bean) m mar-
wnal fand with minus of concern, conssderad 1o have origh-
nalal in Sowthesst Asiss incleding Indoneda The young
poscls ane bodled separalely a8 a vepelable, or Lopether with
anolher vepelables a3 a soup. The dry seeds are cooked
Lo her with rice aller soakmg waler. The seeds ane wiiltred
a3 raw malertak of tempeh, 3 traditonal ndonestan fermented
finesd. They are ingesied by humans throvehouwt ihe wordd,
mcluding Indoneda and are an eseniial commodity m the
aplmal human diel because ther seed drociure and composi-
oy comnler phyaokgieal benelits o the wial diet. In addition,
the consumplion of a legume-rch diet has been asmocaied with
a decresed prevalence of many chronie diseases (Hayat et al |
A4y, melwding umor, diabeles, and eancer (Yeap el al,
A4y Some non-odl grain legemes, moluding lima bean
(Phaseolws  bonatud) and jack bean (Comavalic envifonmis
[CES], have been uwsed for thowsands of years as a food and
therapeutic plant m Indoneda yel they have nol been well
stuchied amd are widerwtilsed.

Hemaidles, thesi b okogacal benefils, such & anliglycalive, anti-
angivgenic, and hepaioproteciive ellects (Sun el al., 2012; Kim
O al, 2013; Kumar and Beddy, 200 4), fon- o seed legemes
Teave hdgh nutritonal potential. Edible beans eonlxn appreca-
hle amounts of vanouws nuidenls, sasch & poolsin, carboly-
drate, minerak and vilamins {Ekanavake et al., 2000). In
mecenl years, the human health benefits smaociaied with the
polyphenaols, bne and variows other componenisin beans have
aliracied meressng mierest (Hayat et al, 214, Onmbra et al,
M6, Maiural anvosklanis, mainly the polyphenok, ame
Tivwnd abundanily in the seed eosis than coly ledons and show
polent antoxidant and antiradicsl activites (Dias-Haalla
el al, 2006). Phenolc compounds exert antioddant action
becase they participale m redox reacihions by donating elec-
Lol by deosgen stoms, and acting as reducing agenis, sin-
el oxygen suppressers and metal chelaiors [ Twao and Deng,
M)y, There are many vanees of non-ol seed legumes, and
their  chemical compostion and noiriive valee vary
ciiddera bly.

The process of exiraciion 15 an sseeniial siep in analydng
the composiion of a plant becawe it allows oblainme a erude
exiract of the targel compounds for Turther eparmiton amd
ulentification. Each plani has unique chamciensiics, amnd so
the chodce of extraction conditions can greaily miluence the
mecovery of the compounds (Chirines et al, 2007 The iradi-
tonal sohd-diguid extrac on with acetone, sthanael, mathanaol,
waler, eilher alone of & mixiwes, 15 commonly wiibized for
phenolic comsiitwents. The chodce of solvent and 115 concentra-
ton will depend on the nature of the @gel phenolic con-
slifuents and the charmciersizs of the sample {eg., seeds,
leaves, peel). Oiher factors known 1o allect the mie of exiras-
tion, yield and punty of extracted polyphenolics, melude the
partcle stre of the sample, lemperalure, pH and duration of
the extrmetion (Chew et al 2011)

Siaring (rom such hypolheses, this reseanch explored the
i vitrs anbioxidant properiies and pol yphenob (el wding otal
phenalic content [ TPC] and avonodd contents) of Lhe eximels
Fromm thres non-odl seed legume (P hoserne red [PLE] and whiie
[FLW], and CES) lrom [ndonesia, ob taned wing dillerent sol-
venl syslems.

2 Experimental

21 Materials

2 2-Diphenyl 1-mery hydrazy (DPPH), 2,2 -asno-bis {3-ethyl
Tenanit s ok g6 sl phomie. acd) (ABTS), aa'-asodisobulyr
amudine dihydrochlorde, mile and, catechm and Folin—Cio-
callew meagent were procwred lrom Sipma—Aldoch (USA). As
the exiraction solvents, 70% and 100%: ethana], acelomiirile,
Tormic acd (high-perfomance bguid chromaiography [HFLC]
grade), were from Merck (Gemmany), and ditilled waler was
acquined lrom 2 waker diullabon plant m our laboraiony.
All ot her chemicals were of analytical grade. UV —vnible spec-
tE were acquinsd on a Muliskan G0 speciropholometler

(Themo Figher Scentifie, Japan).
2.2 Bample sollection

The nai-inl seed legumes (PLE, PLW and CES){Fig. 1A-C 1)
were ol lested from Bondow oso distrel, East Java, Indonesa.
The seeds were collecied i polyethylens bags and sbored a0
4°C unti] needed. Seed samples (500 g) were wathed, soaked
i waler for 1 day, pesled, cul, sun-dried, dred in a hot ar
oven, grownd b 2 fine powder (Gl-mesh) and siomed a4 50
belome extracton. Voucher spectmens of the non-od sead
legume samples were deposiied m our laboratory (Food
Enzyme Biolechnology, Kymgpook Mabionsl Univemsily,
Boorea) for Mot wne reference (219-Pir, 2019-Plw and 2019-Ce).

24 Exiraction

The powder of non-oi] sesds (30 g) (Fig. 1A-C i) was extrasted
three times with 1) distllled water, i) 70% ethanol and 601)
1005 ethanal (30 = 300 mL) weng an wlirasome: water bath
(Powersonde 420, 5060 Hz) ai 40 kHz and 50 °C for 120 min.
The supernaisnis were collecied and fliered throwgh filer
paper, and the solvent was evaporaied wing a vacuum miary
evaporator (Eyela M-1000, Tokyo Rikakika Co. Lid., Tokya,
Japan). The exiracis were Iyophilzed and dissolved m deiilled
waler (Fig. 1A-C i) o determine their antioddant activity.

2.4, HPLC analysis

HPLC was conducted o ideniily the phytochemical character-
wlics of the non-odl sed kpeme extacis The Shimaden
Prominence HPLC sysiem (Shimades, Eyole, Japan) was
adquipped with an autodam pler (STL-201 ), an SFD-M20A diode
array detector, LC solution 1.22 5P sofltwane and a reverse-
phase Phenomenex C18 column (46 mm = 250 mm, 5 pm)
(Merck, Gemmany). A slepwise gradient of solvent A [acelon-
Lrile) and ol vent B (1% formic acd solution) was wiibzed with
the mtion chanpng each minwies & & = 280 nm, & deseribed
Ty B et al. {201 5).

25 TPC determination

The erude exiracis of PLE, PLW and CES were analysed lor
TPC by the Folin—Ciocalien asay as desenbed by Gul el al
(20171, using gallie add & & sandand. Specleally, the sample
(2 ply and 100 pl of sodivem carbonate (79%) were added 1o
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Retestion thme (min)
Fig. 1 Pholo of nonw<al seed leg neties, Phasaslus hmarus red (PLR ) (A), Phaseolus unatus white (PLW) (B), Canavalia ensifformis

(CES) (C) bean (1), powder (1), and extract (m). HPLC (absorhence 2t 280 nm) - profile of phenolic standards (D); Phawaolus hmarus red
(PLR) (E); Phasolus lunatus white (PLW) (Fx Canavaiia ensiformis (CES) (G} Peaks: gallic 2okl (1); catechin (2); epacatechun G); and
coumanc acxl @).

10 pL. of Folin-Ciocalteau regent (10% v/v). The absorbance 246, Datennination of total flavonsids

wasmonitored at 95 nm afler 10 mm of reaction a1 room lem-

parature. Resull were exprsed = galliciacid equivalent 1414 fayonond content of PLR, PLW and CES were deter-
(GAE) per gram of extract. mined by aluminium chlonde colourimetnic method, =
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deseribed by fengin et al (2015), 2 pl. of @ample and 5%
soahium natate (5 pl), 10% alwrdndem chionde (10 gLy, 1M
sodium hydromade (40 pl) and distilled water (43 pl) wene
mined. The abeorbamce was measured ai 405 nm afler 10 min
al fodn lemperalure. Calechin was wed 1o construel the cal
ibration curve. Flavonod content was expresed a3 milbgrams
of ealechin aquivalents per gram of extract (meg CF jg).

2.7 DPFPH® free radical-scavenging activity

To evaluste the lree radical seavenging activily of exirasis we
wied DFPH method 25 described by Alam el al (20117). The
nom-od] seed legume of extracts of dilfensnl eonceniraiions
{3, 10, 30 and 100 peiml., respectively) and aeorbee acd (as
the sandand) were dipensed inlo a Pe-well plate. The volwme
of each well was adjusted 1o 200pL by adding 4% methanalie
solution of DPPH. The plaie was el 2i 37 5C for 10 min m the
dark before the absorbance wat measured at 52 nm. An
approprizle reagenl blank was ren @muolianesusly in each
sy,

25 ABRTS ' free radical-scavenging activity

The evaluation of ABRTS" scavenging by the extmels was
maayed a5 deseribed previowsly (Mocan el al, 31 6) with mod-
cation. ABTS® " chromogenic radical reagent solution was
prepared by reacting aquecus ARTS (7mM) with K 5.0, o
procduce a fnal concentration of 25mM pesulphaie, then
kept for 12-24 b in the dark ai mom emperatere belon uwe.
Ethanal (50%: v'v) was added to the blue—green solution at a
10 matk, and the absorbance was 128 + (LM a1 595 nm.
Varnows concenlralions of the sample extrmel (2 pl) wens
addad to 195 pl of fnal ABTS®" solution, and the changs
m alsorbance al 595 mm was mesorded for 20 min.

28 Cuprie ireredwing antiovidant capacity (CUPRAC)

CUPRAC wa evalusied by lollowing the methad of Uysal
elal (201 7) with some modi fheation, wiiliing copper (10 neo-
cuprodne reagenl as the chromogene oxkbisng agent, and
meorbic ackl as the standand. In the assay, 2pl of exiraci
was carelully mumed with 198 pl of working reagent of neocu-
proine (75 mM)and CoCl (10 mM), and the absorbanc: read
al 450nm alter 20 min.

2.0 Ferric-redwing antioxidont power [ FRAF )

The FRAF asmay of Dei et al (200 5) with modifbes ion was
carmed oul on the sample extracts dilwied appropriately with
distilled waler 1o provide &n absorbamee in the linsar ranges.
The FEAP reagenl was (reshly-prepared by mizing 300 mM
acelate buller (pH 360, 10 mM 24 f-tria2-pyrid vl }-v-Lriasne
(TPTZ) in 40 mM HO and 20 mM Fe(l,- 600 (1611 vy
vi. The sample extracts (2 pl) ai variouw concenlmiion wen
addad v 198 pl. of working FRAF reagent and incubaled a1
3790 for 10min, The absorbance was read &t 520 mm, and
the FRAF value was expressed as micromales of Fe'' equiv
alenis per gram of exiract or gram of seeds

200, Cell cultre aned 3 (4 S-dimethylthiczol2-W -2 5 diphenyd
tetrazalaom bromide (MTT ) away

The human kemimocyie cell lme (HaCaT) was prepansd al
370 m an mewbator with 5% OOk humidified aimosphere.
Cellk were cullumed in high-glecose-conianng  Dulbeocs's
mindified Eagle's medivm supplemented with pendallin—si nep-
tormycan mixtene {100 U'mL) and 1085 loeial bovine senom.
HaCaT cells were seaded in 96-well plates {1 = 10° cellimL),
menkated for 24 b, and treated with extracis of the non-odl
seed legumes al varouws concentrations, and galbe acd = a
slandard, rspectively. MTT solution was added 1o each well
alier 1h mewbation, followed by dimethyl sulphoxide, and
the abaorbance read at 95 mm. The MTT colourmetne assay
5 deseribed elsewhene (de Ohveim el al., 214).

213 Detection af intracelindar reactive axygen species | ROS )

The Nuorogende subsirate 377 -dbeld orod thy drodworesce n diae-
elate (H,DCFDA) was wed 1o delect miracellular ROS gener-
ated by UV-B ({Bender 21 al | 2014) with modifieation. HaCsT
cells were seeded & 96-well plateat a density of 1 = 10° el
mL and treated for 24 h with gallic acid and the exiracis of
mon-dl seed leppmes, mspectvely. Cells wene expossd o
UV-B (80 mljem?) alter mewbation for 1hat 37°C ina 5%
OOy incubator. Alerwands, the cell were washed with PES,
then HaDCFIA solution was added. 27 -Diehl ol wonescemn
Muonsscence was detected 10 min Bier, using 3 spacirofluotom-
eler (PerkmBlmer, Waltham, USA) ai 485 nm exciiation and
535 mom emza o,

213 Srarvivtical analyss

All data are represented a3 mesn and standand deviaton of
thiee parallel measurements and were anslywed by SPSS
W07 (SPES, Chicago, 1L, USA). Diilerences belwesn means
were calculaied by one-way anslyws of varance and congad-
ened sigmifieant i p < (L05. Anboxidant activily asays and
HFLC separations wene comducied a1 leasi in three rephics-
inoms. Prearson's eomelaiion coelficent (r) was delermmed (o
exlablish the relationship between the phenohe and Ravonodds
contenls and the antoxidant activity.

A Besulis

A0 HPLC analysds of 7% ethamolic extracis

In this study, the HPLC phenolic prfiles of the non-oil ssed
legume extracis (PLE, PLW and CES) wene analysal by com-
parson of the elention Umes with those of known standand
anliooddania A representative chromaloeram of these amples
and standands 14 shown in Fig, 100 Mowably, the relention
tmes of 5536, 13108, 152% and 15822 mm cornesponded
Lo U poessence of galhe ackd, catechn, emoatechin and cowma-
ncackl, respectively (Fig. 1E-03). By employing the peak ansas
ol nolable concentrations of standands, the amounts of these
polyphenak in each of the non-odl seed legume extracls wene
determined. As shown in Fig. 1E-G, peaks lor galle acd
amd epicatechim wene identified m PLR extract, and coumaric
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acid in PLW extract, while CES extract comlamed epcatechin
amd eowmaric ackd.

1.2 Meaaremenis of TPC and tota flavenoid content

The TPC of the extracts | Fiz. 2A) was basad om the Folm—Cio-
caltew method, uimg galbe acd as the standard. Among the
agquesus and ethanolic (0% and 100%) exracis, the W%
ethanolic extract of CES al 100 pe/'ml presented the highest
TRC (3860 mg GAEg dry weight), and the lowest TPC was
repreenied by the 708 ethanohe extmet of PLW (1521 mg
GAEg dry weght), The quantiative dilleremes in TPC lor
CES (la71-386lme GAEWR dry weght), PLW {1521
A efme GAESe dry weght) and PLE estract (1533
2306me GAEg dry weht) were both dose- and sodveni-
dependent. The TPC valess dilferal sipmifieantly aseording
L Uhe solvenl amnd varety of fnon-odl seed legume (p < 0L05).

Thee Mavwiodd comtents of the extracts wene determmed by
the alwminium  ehlonde colourimeinc method and are
described in Fig. JB. The total lavonsdd eontents in the
enlracts of te non-odl sead legumes, FLE, PLW and CES, var-
dedd dm Ul ranges 12641963, 11 73233 and 127224 61 mg
CE'g diy weighl, respecively. The lowest {11.73 mg CEg dry
weight) and highest lavonodd contents (2461 mg CElg dry
wetght) were detected m the extracts of PLW and CES, nespec-
tively. Simlady to the TPC, the lavonod contents wers agil~
dcanily influenced by the solvent and varety of non-od sesd
legume {p < 005). The TPC and favonmd comnbents data pro-
mivted the analyss of Uhe free radica Focavengne and redweng
properies of te eximets

T

i g GAEY

SERE R
EEEEE

Pealty ol il o o i -
=
]

=]
8

Flin aneaid onmlaomi
g CAESg)

|'|-.;Eﬁld
§E E EEEE 8

Fig. 2 Tolal phenobic content (A) amd flavonodds content {B) n
extracts of Phasaius fumatus red (PLE), Phaseolur fmarur while
(PIW) amd Camavalis ensforsas (CES) in different solwenis
{dstllal waler, DLW, ethanad 70%, ELOH-10%; ethans] 100%,
ELOH-100 %),

33, Antinxidani axays

I the present study, the DPFPH, ABTS, CUPRAC and FRAP
anbionidant abibtes of the mon-on] sed extracts wene explonsd.
All four smsays were ample, reproducible and e pens v,
accorlingly emploved lopether o estmale the abioxxdant
cApaEcily @ vitra

The DPFPH and ABTS antiooddant capac tes of the eiracts
were lind amentally based on thelr abdlity 1o quench ree mad-
deals by domatmg a hydmsgen atom (DPPH asay) o an elee-
travit (ABTS amay) (He el al, 199) For thede asays, the
anboxxlant eapacity & related o the degree of the decol ounsa-
o of the free rmdieal (Prior e al., A05), while the CUPRAC
mnethind 18 based on the prancp e of wibame copper {I-neocu-
proos meagenl as the chfomopems oddesme agent {(Apak
el al, MWE). The non-od seed extracts (FLE, PLW and CES)
digplayed electmm-donaime polential and redocing power
capacily, amd theie elfecls were combsmlralion- and solvent-
dependent {Fig. 1A-D). Siatistical aseaments highlighied sip-
nifieant differences in the DPPH® and ABTS"' antradicsl
activilies among the non-0il deed vaneies and solvenl syilems
(p < L05). The M% ethanohe extract of CES exdbied both
the hghest DPPH amd ABTS antoxkdan) capacily, nespec-
tvely (19.42% DFPH inhild ton and 3728% ABTS inhabd oy
Fig 3A, B). Another mode of astion of an anboxsdant 15 11
capabibity Lo engage m medox resctions. Bassd on the
CUPRAC md FRAP value PLR, PLW and CES all pos-
semed & nolable akility 1o &t & redecing agenis (Fie 30,
. The FRAP asay defies an anboddant & any sobslance
i the meaction medivm that he: reduwemg power (Bamne and
Strain, 1994). Congddenng this procedure, the 70% sthanohc
extraets of CES {100 pe/mL) had the hehest reducing power,
amd the aguesus exiract of PLW had the lowsst FRAP
(Fig 3D}

Fd. Pearson's cormrelation anal yriv

Pearson s correlabion analyds was perfommed Lo ases the rela-
ehf betwieen Uee antiondan | activites of the extracts and
thedr TPC and favonod content {LesalTre et al., 2004). Pear-
son's cornelation cosllcens betwesn thewe vanables are pro-
vided m Tabl 1. Semicant posiive eormelalions wers
obterved betwesn the TPC and amtioddant actvity of the
agquesus, W% ethanolic and 100% ethanols exracs mea-
suned by the ABTS (r = 0.9013,09327 and 0.9182), CUPRAC
fr=0%3, 0HE5 and 0568) and FRAP asay
{r = 0.7.861, 08531 and 0577 ), regpectively. Moderale corre-
lations wene establinhed between the DPFH antoxidant activ-
ity of the W% ethanolic {r= 06608) and 1008 elhanolc
exlracls (r = (LoE3d) and ther TPC when compansd with the
aquents extract {r = 057400 In addi ton, infenor cormelations
wene noliced between the DPFH® scavengmg activily and the
Mavomoad contents of the 7088 and 100% ethanobe eilracls
{r = 0.5110 and 0.476h0, regpecively). On the conlrany, bw-
ever, Lhene wen strong positive cornelation between the lavo-
mind eontent of the agqueous, T0% ethanche and 100%
ethanohe extracts and the ABTS {r = 05554, 09413 and
09424y, CUPRAC r= 09731, 09144 and 0.9%48), FRAP
activities (r = (.7565, 08685 and (.8834), respeciively.
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Fig.3 DPPH (A), ABTS (B), CUPRAC(C) and FRAP (D) antioxilant activity of Phaseolus lsmarws rad (PLR), Phascolus fumarus whie
(PLW) and Canavafia evsiformes (CES) extracts i different solvents (distilled water, D.W; ethanol 70%, BHOH-70%:; and ethanal 100%,
EOH-100%).
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Tahle ] Pexmon’s anrelation coeflident between the vanables.

In vitro assay Flavonoid (R vahe) Palyphenol (R value)

DW EtOH-70% EOH-100% DWW EtOH. 70% EOH 100%
DPPH 09465 as1o 04766 05740 06608 06834
ABTS 08554+ 09413 0.9424% 09013 09327+ 0.9182*
CUPRAC 09731* 09144 09848 05424 05485+ 08369
FRAP 0.7568* 08685 08834 0.7861* 08531+ 08767

* Correlaton is significant at the 0.05 level.

3.5. Cytotoxicity and decrease of ROS by the extracts

The MTT asay was carriad oul 1o explore the cy totoxic effects

ofextracts on UV-Barmdiated. Exposure 1o UV-Bcaused call
damage. HaCal' celk are wellestablshed cell kne uwsed 1o
explore the protective effect of extract compounds against
oxidative stressanduced conditions. Here, the viability of
HaCaT cells exposed to UV-B following pre-trestment with
PLR, PLW and CES extracts, respectively, were analysed
usngithe MTT asay. Pre-trestment with PLR, PLW and
CES sygnificantly protected HaCaT celk against cell death
from oxidative stress induced by UV-B (60 m)/an’), in a

dose-dependent manner (Fig. 4A). Antoxxlants may inhibit
cellular damage mdoced by oxxlative stres immediately or
progressively. As describedin Fig 4B, UV-B rradmabon signif-
icantly enhanced ROS generation compared non-imadiated
celk. Pre-trestment of PLR, PLW and CES extracts signifi-
cantly lesened ROS generation compared with the UV-
inadiated control.

4. Discussion

There are many varieties of non-oil seed legumes in Indonesia
that can grow m high productivily even in @ margnal area
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Fig. 4 HaCatcdl vishility. HaCaT cells were seeclal at a demsity of 1 x 10% cell/mL, and the MTT assay was performed (A). Phasesius
funarus red (PLR), Phawaoius junarus white (PLW) and Canavalia ensiformas (CES) extracts in different solvents (distillad water, D.W;
ethanol 70%, ELOH.70%; 100% ethanol, E{OH-100%) weare evalmtal for their ability (o scavenge intracd lular ROS generatad by UV-B
6§0ml/cm’, by the H,DCF-DA zsay (B).
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Mo lhedes, the nomn-o] seed lepimes are currently winderuli-
hzed. Hene, three vareties of mon-od seed lepumes, namely
PLE, PLW and CES, wene collected rvn a farm m Dndonega
and studied For Uher polyphenobc contenls and aniionddant
properiies All three vanetes of non-ol seed legumes ane com-
il y eomswmed a3 food sounses in the kecal reglon, The proe-
fike of the bean (i), powder (0) and extracts (im) of e
vareles wen shown in Fig 1A-C.

The HPLC phenolic profiles of the % ethanolic exiract
varieles (Fig. 1E-0) were nolable lor the polyphenolics, gl
s and epieatechin (PLE), cowmane acd (FLW) and epoeat-
echin and eoumarie acd (CES). Correspondingdy, Luthna and
Pasto r-Corrales (2006) identified p-cownade aed, lerulic acd
and dnape acd m the extracts of 15 varetes of P, wcdgaris,
mamly from the bass-hydmlysed Mmacton, and the TPC was
19.1—48 3 mg/ 100 g of bean, These same three polyphenalic
were ako eslablihed i seven different Poadearic cultivars
alter alkabne hydml@s of the extracts (Chen et al |, A15). Sevw
eral resancher isolated and aentifed galhe add = a major
compaund m e legume. Gallic aad and s derivatives have
potenl anbokklant capaaly and are thenelfore thowsght o be
largely regponable for the hgh anbioddant capacty of the
med and black sword besn coals (Badband 0 al, 2015; Gan
et aly 0T

Phenolic compounds are known as free radical scavengers
andd account for the majoriy of the sntioxdant actvity of a
plant. The antioxkdant mechamam of polyphenohc com pounds
s modtly denved Mmoo thetr metal jon-chebating and lydrosen-
o tifee. abnlities (Jacobo-Velanguer and Cimeros-Zevallos,
Ny, The TPC and Mtavonadd contents dilfered & g feanily
e = 0205) among the exiracts of the non-ol sed leg ume vari-
et (Fig. 24, B). In the present study, the 708 ethanol:
PLE, PLW and CES exiracis presenied the highes amount
of phenalic compounds. Acconding to the rsulis, W% ethanol
wars Lhe most powerlul solvent Tor plenaodie ex traction, and dis-
llked waler was the lesxl potent. In a previous stwdy, Abdille
elal, (2005) reporied the antoxadant activity of Dilfena fdios
At extracls decreased m the onder of methanal exirs-
el = ethyl acelale eximel = waler exlraet, &8 anslysed
throwgh vargus i wite smsays. Addidonally, Wikekson
el al, (3011) natafbad that for phenolie exirasion from Elfin-
pera elatior Jack milorewence, waler was the leasl powerful
solvent in comparion o methanol and acetone (505, 90%
and 1005 viv), Althoweh there & na common apprpriate sok
vertl, W% ethaddal 5 wually prefemed for exirseting phenolics
o planits (Praoe el al, 2005).

In general, some prelmmnary comparalive messarch of
mmerows lepuwmes and beim vanetes showed that the TPC
of part bean have different valoe (Ganel al ., 2017). b was ler-
ther sugpesied thal the solvent polarily and bein vanely
alleacted the extractabdity of polyphenols and favonodds
(Agostin-Costa el al., 2005 Orak et al, 2006). Some siwdies
demonsirated that the bean cultivar was the mam souwne of
varance m the yild of @omms, and TPC and in vitre antios-
wbant activity {(an el al, 200 7).

The delermination of (ree radcaldcavenmne activly of
maal wral anboxsdanis by DPFPH and ABTS analyes provides
amplicity and high sy, n ths analyss, the DPPH rad-
ik meceive a hydrsgen alom or an elecimon (rom an anliox-
dlan L dhovmvin [ Moson and Shd bamota, 2008). The eolowr changes
from purple (o yellow upon the reduction of the DPPH® 1o the
stable diamagmet e mokcule, Our resulis showed that the PLE,

PLW and CES extracts exhibited & dose-dependent s ven mng
axiivly (Fig JA). I means that the amiioddants of noa-oal
seed lepumes exlracls wene compelent Lo decokywnz DPPFH®
ard had ree radical-scaven @ng polental. The plenols com-
pounds are mdicated as the antioxsdanis of non-od seed
kepumes with scavengng polential, due o ther hydmogen-
domating ababies, The Free radxcabscavengng polental was
lerther verifed by the ABTS methad (Fig 3B). In this present
study, the CES 708% e hanolc extrmet had the highest antiox-
wlanil activity. Begarding tee hydroaleohobc extracts, U most
effective scavenger agamst ABTS"' wa oblameal when %
elthanol was the solvent. Prior el al. (2005 ) suggesied that the
mample’s antoxudant capacily correlated with the degree of
calion radical decolovrBalion. Based on of thee msolis, i
hovuld be noted that hydrophalic compounds anre efective fnee
radical scavengen. Momeover, Hke the lileratwne studes dis-
cusied above, the antiomdant propertes depended omn Uhe bean
vanely, the solvent and the concentration of U extract

L the present stwdy, 10 hes been segasibed Uhat the Cype of
ambigademt eompound, antioxidant activily and capacily belng
sl ved in the solvent ala vares with the chane: of wolvent
polanty, dilfern eoncentration of solvent and solvent sysiem.
A anlvent with low vscosily, low densdty and high dalTus vty
can easly dilTuse mio the pores of the plant maledals o
exiract the plant componmenis {Alothman et al, 20049).

The reducing abdity of antoxddanis 5 evaluied m the
FEAP mzay. In the presmnce of an antexsdant, the yellow
Fe'' —-TFTZ complex 15 reduced Lo the intensely blug Fe' ' -
TPTY complen, in an asidie mediwm | Moon and Shibamaots,
WY, Inothds study, all non-odl seed legumes exirast preenied
Fe'" -reducing power and Fe® T chelating activity. These prop-
eriies wers higher lor the 7095 ethanobs than aqueosus eximels
{Fig. 10y Although the FRAF antioxdant method 15 well
established, the CUPRAC method 15 2 relatively néw method
expanded by Apak etal. (AME). Thes asay & based om the cup-
e wi-reducne capability in the presence of copper (11—
cupmdne. From te CUPRAC anboadant astiily readis of
the evalusted mon-od seed legume exiracts, Use cupne -
meduciing capabilily incressed n & comosnlralon-dependent
manner and was in the onder of 70% ethanal > diilled
waler > 1008 ethanal (Fig 30C), consdsent with the trend m
the Fres radical-scavengne activily (DPFH® and ARTS"")

UV-B was wed real HaCaT celk o analyse oxsdative
damage. Several siudies have verified Uhe protective influemnces
ol phytochemica ks agamst ooadative siress-indwced ey loloxe-
ity Likewme, in owr stwedy, PLE, PLW and CES pre-
treatrmeinl attenuated UV-B indecsd cell death and BROS Qo
maiion m HaCaT cellk {Fig. 44, B). Flawnomds have the abdl-
ity b inhibit ROS-produsng encymes, & owell & the po leniial
L immadiaiely wavenpe thee ROS throueh the up-regulation
ol antoxaxdant ensymes (Alam etal, 2017). A healthy cell con-
dhition wias mainlaned in the comirol samples, and cell vability
decreased alter UV-B exposune. The anboxkdant  pre-
treatments agnilbcantly redwced cell death.

Peamon's correlabion coelTens wene evaluaied o mdicate
the extent Lo which the anboadant activibes deplayed by the
exlracls wa pariicutady mduwoed by the phenolc commpo wds
and assocdaled with the greal number of Mavonoids present
m the extracis A remarkable correlation between the antiox-
dlant setivites and the phenolis compounds and lavonodd eon-
tent m planis has been confimed mo another resanch
{(Chawdhan and Mahajan, X015; Teixsira et al., 2007). Several
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stdhies have identifbed a direct and posilive cornelaton
el ween these variable (Marmthe et al, 2001 Qudroga et al.,
2013y Phenoli: compounds other than favnoids are hkely
Liv b thee greslest conlnbulon o the antioxxdant capasty of
the non-l seed lepume extmacts stwdied in ths mesearch
besause the Mavonods content was inferiotly cornelated with
the antioaddant activily i comparson W the TPC. Generally,
the extracts with the hghest TPC showed the highest antioa-
dant activilies.

In thes study, we investgatal the TPC, favonod content
and antioxid ant capaaty of the extracts (agueous, W% etha-
wald, 100G ethanol) oblaned from three non-ml seed legumes
(PLE, PLW and CES). Generally, the athanobe 70% extracs
had the greater level of in vitre andosddaot capasty, TPC and
Mavonded content. Collectvely, the data mdicabed that the
=il seed legumes could provide health advant ages 3 pmst
odddalive sires-nelaled ehrme diseases amd could be wed 2 2
Tmectional fwed, nulracentical mgredint amnd as cosmelic
agenls. Many chivme disesses denve fnom mokcular indem-
malion in Uhe i dn Che body . bdentiling naiural sownses
of apbiondants repreents an mporiant siep in conlronimng
vanous  oddative siress comdibions. Furiher stodies are
requined lor the dslation and identifeation of the mdividusal
plesmohc commpoun diin e studied legumes, and i vivo st
are required lor supporing ther mechamim of aclion & an
antigoddant.
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