


Contributors 

Suniya Abraham Dep,trtlllent of Research, !v1angalon.: 
Institute of Onc:(llo~~y, ivlanHaton~, lndi;s 

Marija AbcamiC Dwision of Orgamc Chem•~h'y and 
ni.t)("hemistry, Rullcr BuSk<.>vit Lnstitul<•, Z;,\g.reb, Cro.1tii'l 

Moh,unmed Adnan n (...•partnu:nt t>f R<~'>t:ard\ i\hngtllot~ 
1nstltuh: ul Oncology, Mangalore, lndia 

Uej.a.n Agii' Filntlty nf Agricullun~, jo~ip Juro.lj Sttossmayer 
Uni\'Cc'Sily <:•( Osijek, Osijel<, Cn)at:ia 

1br.lhim Agn Dq:mrtmt:flt o( OLorhinolaJyngology, Samsun 
'l nlinh1g and Research I rospit~l. Sam~mn, Turkto:y 

Ar.cu Erdal ;\~n Dcpartnu.>nt of Phit.rmilcotogy, Onch.,ku:t. 
M;~ps Univen;ity, Si1msu n .. Turk<::y 

Odair Aguiar Dcp.utment of Diosdences, f't!dera l Univt:~ity 

of $;1o Paulo, UNJPESP. Silo l'auJo. Brazil 

Francesca Aiello Departm11nt of Pharmacy.. Hl:<'lllh a nd 
Nutritional ~kicm:c:o;, l!tliVCI'Sity oi C&~labria, Rt>nde, haly 

Judith f: Allgn:w~ S:hooi of Lift: S<:iem:c, Ph<lnn<~cy and 
{ ] u:fnislr'y, Kingston Univt-rsity, I .<>ndon, l ;nitt-'il Kin~dc)n'• 

Susana A.sti~ CompanJtiv·<~ Phy.o;il',logy Groltp, SGIT-lNL.I\, 
Madrid, Spain 

Mariateresa Badolato UcpaJ'tme•ll of Pharma<y, T Jt>alth and 
Nulfitional Sctt>nce::>. Uni\'t'f"i ty c•f CabJIJria, Rcrlde, h;,lly 

Sena Baklr I.X:pnrtmcnl o( Food Engineering, Fnculty of 
Chemic(ll <nHI M1:ta!lurgical l:iJ'lgineer ing. lstanbuJ Tt>Chnical 
Ur1iVcYsity, Istanbul; Depilrtnw.nt of Fc1c>eJ En~inf:..:rin& 

f ,lC\dty of Enginc.--crin,.y 1{._·-c::t~p Tnyyip Erdogm Univers ity, 
Rii'.A:, Tur'kcy 

Ma.nj~~hwar Shrinath Balig~ Department of R1..o:;c•arch, 
Mi'll'lgnloJ't: lnstih• t<.~ of Oncc.ll<.•gy, MangaiMc, lndi.'l 

AJ:ltara Bam~rjec l)l)paf lment of Mcdicllt Bi<.lh,.'(.'hnolo~y. 

Chettinad Ac,1dE?my of Rc .. ~can.;h and Educatio..n, Ch(.>nm1i, 
Ind ia 

Anush.ka TJ:m.erjee Dq'>Mtment of }.1ed.ic .. U J3iott-C·hnology, 
Chcttin;.ld Acitdemy of Rc".l-'(~ar<:h <amJ Education.. Chf."nnlli, 
1.ndit~ 

Sttphel\ B.unes Dt•JUlrtm(~nts o{ Pharmacology and 
To.xk otogy, U1livcrsity of Al~bilm(l at BinninghJm, 
Hirmingham, A 1., Uuih:d States 

Laura Bissi San Babi);,'l Clinic. G(:n tlcr Healthy Agjng Unit, 
rv1 i1~'Jl, Italy 

Antunio Bruno Psvchiatrv Unit, 1Jr.pa1·tmcnt of Rkltnt'IJit'al 
and DP.nlal Sc:lcnc~'S and ... M<~rphofuncticnml Imaging, 
linivt'~it}' oi t-.·1cssina, Messtna. rt<Jiy 

x i 

Conc:ci~io Calhau CINTESIS, Cct~IN fl)t RC'5Ca(ch i:l Hl).dlh 
T t"<'hnologies at'l_d Inform.a6on Sy.st~m.s, l7nh'er~ity of Porto, 
Pnrto; Ucpartmcnt of f\utrilil)J\ ~' 1'd Mct~bolism, Nova 
Medic;;tJ Schoot, \J"I)\'il Univ~rt>i ty .~f l .i:;bon, I io;.hon, rurtu~n l 

t:sra Capanoglu DepMtment of Food Engineering, Faculty of 
C:h('mical and ;vlcta llurgic<tl Engil'\(:(:ring. Istanbul Tochnic.al 
University, Istanbul. Turkey 

Gabriele Carullo Department of Pharmncy, HeJlth and 
NtJtrittonal Science:;, Univ~rt>ity Clf c:alahria, R~tHJt~, ltal>' 

Gulcin Sagdiroglu Celep lndustrial Arts Educ,'\tion F,lcttlty, 
family and C:on-;'-um :r ~X;l:nc:c.s, FmKl ~md Nutritivl\ 
TCO<hnology, G<tzi Univers.Jty, Ankaril,.. Turk~y 

lan. Pt)rSkj<er Christensen Dcpartmcnt of Chemical 
Engin(;'('ri.ng, Oiott.•chnology and Envir<.mmental TC<·hnolog,y, 
f acuJty of Engineering, Un)verslty of So\• them 0<.->nmnrk, 
Odcmt><:' \ •I. J'X;:nmark 

jovana CvoroviC Department of Lift> Sdtmces, limv~?rsity •.lf 
Tril~~tc, Trieste, Jt.aly 

MJ.S.Simo 0' Archivin C<.->ntc..~r fur ( ;l'f<eh:r~Spt::ci(i t': Medicine, 
Prl'!vcnlion and He~,lth UnH, lstituto Supenore <H 5-:lnU;i, 
Rome, Italy 

Rilesh U'<-Unha Dep;;trtment of . .c\ nc;:stht"::iil)togy, M<~u{4<~ forc: 
ln$\ lituh~ t)J. OnCology, Mn.ng&~lore~ lndia 

Glen (),wi.son Spnrt!t Thl"rapy, Phy:-.it·al t\d ivity <l1\d H"alth 
Rcse~uch Group, School of Sport & F.xc..•rd~~ ~·il'n<."<.S, 

Uniw~rsity of K(:nt, Cantc~rbuty. Un.ilt"'<i Kll1gdom 

Neshmina IYsouu 0<.-,attmc.."nt of ( ~-:s.craf Su(gt::ry, 
Man~alorc Institute of 0J'l(Otogy, i\1,;-ngalore, lndi <:~ 

Su_s-illl M. F.lrnd C.'lkgt~ of Integrative Sdenres and Art-5. 
.A.ri.zona State University, Tempt:, :'\7., Unikd Sta ll.'S 

Ochuko l. firukainure [l~pMtOtent of ntOC"hf'mi!'otry, Sehoul 
o1 Liie Science~. l Jniver:-.ity ~ ~t Kw;"~2uJu-Natal (Westville 
Campus). Dw·ban, South Africa; Nutrition and Tl'JXicotogy 
f.>ivisic..m, f.C'dt:ral Institute of Industrial R("s<.~arch. r agvs. 
Nigeria 

Ana Faria CJNTESIS, Center for Rest~arch i1'1 Hct\llh 
T e<hn.:.1 lugit~s and 1n(onualion Systems, Univt>rsity of Porto, 
l)orto: Dep.utment of l\i~,.• tritl1m attd Ml)l<lbolism, Nova 
Ml:d it:al School. Nov .a Uni,'ersity uf l .ishnn, Lisbt.)Jl, Portugal 

£du.1rda f('mandcs LAQV, H..EQUThffE, r ,.1hC1ratorr of 
1\pplicd Chemistry, Oepartmt;nt o ( Chc;n ical Sdences, 
Faculty vf T'hannacy, University '-'f Pc..~rto, Po110, l'orrugal 

Std.lllO fomasaro [X!pat tmcot of EnginE't'nnv, and 
Ar~hitect\Jre. Uni\•ers~ty l'Jf Trieste, Tri~te. Italy 



xii 

M• ri"" Freitas I.J\QV, KI:.QUIMTl:, l..lborato<y of Appht'CI 
Chemistry, Oep..;trtm(>nf oi Ch,•m•<:·tl 5<.;4-:nn~, f.anlity of 
r h.;rm ;,H:y, L"J\iversity ol I"Or(O, Porto. J'ortug~J 

<..'o~sol.1(ion Garc.ia·Cuntrcrat; tomparativ~ Physiology 
( .roup, SGIT-INlA, M•d,.td, Spoln 

Thomas Geor<nc l)t:pdrtruen l (l( KcSt.:i.\rch. MangaJore lnstintrt.~ 
of On~.-ology. Ma.ngalore. lndi:t 

O;audio Ciov.tM.ini Ccncer (or Gender-Specific Mechdnc..o~ 
~·cnhon and Ht~aJth Unit, l~Lihdo Supcriore di Sastil3. 
IU•n"- Italy 

Andru• Pit1dli Boiago GoUuckt Catholk: UniversitY of 
Sant~ (Ul\ 1SA~l'"f05), Sanw~. Brm:il ~ 

Antonio Con:ca1ez.·Bu1oe-J Compar,ltive Physi(llogy G rV" P• 
SClT-[N1l\ ; Faculty of v~·h·rin:JCy Sc·il:IU'L'S, LiCf\l Mndrid. 
Spetin 

WulfganH F. Graicr M\')ltX'uinr Uiolog.y olJ'd 13iochemistty, 
Coufried Scha.t:! R("S(:'.:trrh C"t•nh'r fur Cell Sig:nnling.. 
Mc·tatx-,lism and Agmg, M~IC.'I I University of l.raz, C:ral',, 
Auslna 

Hon.g,b ui Guo f)epanmenl o( ~urnhQn, J trnn· Fuk School uf 
r.IIC.d Science and EngiaL'erint,. Sh.lOgua.n Unh·ersary, 
Shaoguan. Clurot 

Ta.- L Guu lk-partme:u o( 'En,~,ronmt>.ntal f ft>alth Scit>nrt"", 
CoUeg(' of Pnhfic l-fralth; f'X·poartnn:ut o( Veterinary 
t1ioscienccs and Di.1gnos tic lmHging. Cc,Jh,.'gc of \l(;h~rinnty 
Mt-d id m:. l jnlwrsity o f Cc~'~rs;ia. Alhens, CA, Cnitt>d Stares 

Winda Christin.1 H .nll'n WiclyA Mond;\la <:a thCllil': Ue) iv~rsity 

~urnb<~ya, Surabaya, la\dOJ\~i.-. 

N~dlne HQI7.el Tasm.,nian ln ... tilutc o( Ag.riruJture, 
t:nivcrs.ity of 1·asm?.JU3# I f00.'1M, TAS~ Australia 

C u•nn.a.n Huang Dqxuin'K!f\1 of Elwiroom('J'Itat I lPahh 
Sciences, Colleg• o< Puhlk H•·•lth, Uni•<..-sity oi Coorgia, 
Alh&'ll' GA~ United Stales 

Oe.tlriz Isabel Fac-ulty nt Vcll.:rino.lf)' Science;. CCM. Mrtdrid, 
SpJin 

Md. Sh<~hidu11s1am Ucpnrtmcnl of Uiocherni::;try, S.-lmnl cll 
l.i(c Sd~1ccs. University of Kwo:t7.u1u·Nul<.~l (W<.-stviUc 
Campu~), Durbou'l, South J\lricn 

Russ~ll Jaffe lle•Jth ShHl i<:s C~ll~ium, /L<Jw um; ELISA/ 
ACT Rioh%i><tologics, Storllng; PFRQVF lntt;oxr• tive Hoallh. 
.~um- R_\>1) llolrli"b"'· A:Jabum, V,\, Unite..i State. 

lgnmu> Radix 1\J'. J•li \Vt<fy>t M>~>d~la Catholic Univernty 
Surobaya, Surabayoa. l.nt.lt)fleSiD 

~cm:m Ka milog.lu Me\"S"im C:itln S.mayi ve Sogt•k Ot.-po 
T~e•wt A.S_ (MVS:VI foods), ll11"'''• Turl.<:y 

EliSOl Ke.ttiDg Unit u{ Hio~hc.ml:my, Depa.rtnwnt of 
Ri~,uul·dicinc. f ,KuJty o f M4.•(.lk i1u:; CJI\-n::StS, Center for 
f\CSC\U'Ch 10 I realth .l'ccht\Oioglcs .1nd lnfnrm.ttiun Systems, 
Univ~rsily oi Porto, l'(lrto, Pc>rlu)\!111 

K.1therinr Kent C~fl!te (or Rum! I h·alth, FacuJty o( HeJhh, 
U11iversity oiTasrnania, Hc>h.1rL lAS, Australia 

PiiU;avi K~v-an 1Xpa.rtm~n1 "' '-'tedkal Bwtedmology, 
Ou~ltinad i\C'"(1detny elf R'~·.:rth 3nd £dvatinn. Cht!fltltli .. 

Tndia 

Akiko Kojima-Yuas.a ~1rtmrnt ui Fvnd and I luftlJm 
HC'J.Jth SciCI'!C6, G radual!!' S<:hool of Human Lift!' Sciet\C~, 
()..mka City Cniw .. r!'ity, O..nkn, Jnp1m 

CotUt.1 T. Madreite(-Sokolow.skf Mol('('U.l<lr Biology .md 
tJiudll:'' 'jstry. < :otl l ri~.--d Srhnt7 Rl~~i:t rfh Ccnlct for Cell 
Slg'll\lJing. l\•1t>tah(.lh:_o;m :md Ab.;I1S• M(>(hca( UnivPnitl)• of 
Crut .. C raz, Au.~ria 

Jaya~hrce Mani Health !'ih.ldilo:. GdiL~ium; I1ERQUF. 
lntegrati,-• H•alth. Ashburn. VA. Unitt'CI Sta tes 

Fr.1nn-scu Ma.rutb Rt.<A,ICr.l R&:O lllkTltational for A,;_in~; 
lnt("n't"nhetn, Milan..-JJi>ijins,. fl.lly..chma; VCC~ Prevenriv(• 
Mc'<lical Promotioo Powldati<m, Be.;ing. China 

r.~tlm.a Martel Unit ur Bu!<'hc•mil'ltty, Dcpurtmcnl ·ol 
Ulomed..idne. f aculty or' Mcdicln\.•; I~S, l nshtt•to de 
lnvt:stigoc;iio <! h'tova(5,. t~m S.·'hide. Univer.;itv of lJorto 
r'orto, Portug(ll ~ • 

ltvbcrta Masella Center for tJt:l"'dcc-Spt.."Cific Met.ikine, 
Prt·,·(._'Tltinn and Health Unit, l:<!i ti l'uh • Supcriorc d i .sarut.a. 
Rome, Italy 

" "'•.en joseph ~·tatl\ai 1-":p.>rtmc"flt u( Orthopedics. K.tsturll.l 
Me'(bc:.al Colfegt>, Mampa1, Jndt:l 

R.un•<hondnn Mwuges.u~ Ooportmmt of Mt'Cikal 
Biub·duu•lc>c,')'. (ltcttin.ad Ac.sd~my ol Kcscarch and 
Ed~ICi'tlon.- ChetmM, Ind ia 

Maria Ko.saria Anna .Muscatello P$ychi.-lf.ry Unit, 
fX,parfm<'nf t>f Bi.nn<·d ic.tl lln c.1 1)c lll(el Sc::tcnccs aJ)d 
J..<(o,·phofunctionallmagmg. lfn•n ·rs ity of ~·1 f:'$~int~, 
~fc:)..., in.t, Ita ly 

T.arts h S hekar Naik Ot•par1m<•lll l •l Kl!'oe:lr'C:h, M3J'Igah)J'C 
bL-<itute of Oncology, ~bng.•lort, I nota 

Dut;ukan o.d.mir Ucportmcnt o( Otorhinolaryngology, 
Stml:l-'tln Traming and R' "*'""" Hq.pilal ~·un..ot.un, 
t urkc..-y 

Ahdu1k;~dir Ozgiir Uc-partmet\t oC Otorhinolacyngology. 
S.\mslm Tr.Uning and RC'SC:Jf<"h llct.o.pit.U, Smto:;un. 
l'u,kcy 

Mlchael I ... J. Pais ManJ)ah•rc lns-titul\! o! Oncology, 
Mnngalore. lndia 

P'riney l ouis l'alatty Dept-u1nwnlPf Phannaroto~v. A"'ri t-n 
lnstitutt> of M~ict~ l Scit·•lCt.~. KoehL lnd1.1 "' · 

S abin.a P.lSsamonti Departn,lontt•fl .if,·Scit:wx'L""-, Cni\'~tyol 
Tnt~. Trics.tc. Uat)~ 

S~tr>jit Pathak !Np<trtrTK:nt <>I M<dk.tl Biotedu>ology, 
(Jll.-ttio.ad Academy of ~·arch .md f.duL'alion.. Chcnnat,. 
lnd1a 

Rogerto Co"«> a Peres Centro t..:rUw:rsitano ~·Jontt> St>rrol t, 
lJNIMUNT£, Santos, flro~t l 

o.s. Pnpov :-Jut.iOt\ill Ut"'iV~rsity of Ph.1fmaC'V, Kh .erki.v. 
Ukritln<' . . 

Jccva.n K l'ras.Un f.><.p.-ut mt•nbi ul l'lr.mnacology and 
Tox:K'Oiogy, University oi Al~b..\mo) .1c Birmingha m, 
lltnninr.ham, AI, Unite-d Swtc. 

Sur~.sh Rao Mans;alurc- h~t.ilult of On<Qingy, Ma01;alore, 
lncli.l 



Vesna Rasti ja h h' uliy o f Agricullun~, josip Juraj Strossmayer 
Univctsity of Osijek, Osijek, Cro•ti• 

Daniel Arak i Ribeiro r.>cpa rtment o( Bio:;ci~nces .. 
FOOcral lJnjv(:'rsity of $.iv Paulo, tJNIFESP, S<'i CJ Pi!ulo, 
Bral'.i l 

Daniela Ribeiro LAQV, REQl: IMTE, Lillx,r:lh)t')' o( Applied 
Chemistry, Department of Chemical Scu.>n.:es, F<lculty o.f 
Pha rrmH·y, Univt:!'Sily o ( l'nrto, f>orto, l'Mtugal 

£I roy Sald;mha TX:>partment uf (;ffiu·~l7l l Suroery, Mant;alo rc 
fns tltutt: of Oncology, Mat\galore, lndi .. 'l 

Ol.1kuniP. Sanni Dqmrhn(:(lt of Biochemistry, School o( Life 
Sciences. University of K·.v.;lZ\•lu-:N"ata-1 (Wc~tville C;unpu.:;), 
Durban, South Afrit"a 

Beatrice SC3ZZO«hio Cente r fM CE->nder-Specific t\•fedicin~, 
Pn:\'l:ntion and Health Unit, Istituto Superior~':' d j S<1n.ib, 
Rome, Italy 

A.S. Shalamay PJSC SIC "llorshchahivskiy CPI>"', K yiv, 
Ukra ilh' 

S.K. Shebeko 1\iational Univer~ity of Pharm<H)', Kharkiv, 
Ukwi;lt~ 

Yosh ihitu Shimazu L.:•boralo(y o( Food and Physiological 
Sciences, Department of Li{l':' and f c.xxi Sdtmo~, Sdl<X)I t)f Life 
<~nd Environ nu:ul"d l Sci(: nee,..;, :\zabu University, Sagamih<Ui'l.,.. 
Japan 

Amadi Ramachandrayya Shiv.tshank~r.l Df:'partmC:'Of o f 
Diochem.istry.. Fath~r ~full t-: r tvk·diC<ll Collcgc, .Ytangatore. 
India 

AnllaJisa Silenzi Centm for Gcndcr·Spccific Mcdidnc. 
l'tt~VCiltiOI\ <lnd Health Unit, lz;tituto Su}~ric.m: di Sa n ita, 
RomP, fta ly 

l'auJ Simon Dep<lrtrnent of R(.-st:ardt, Mang.alotc lnstflu te of 
Oucuh"J~Y- Ma•'g~1Jore, India 

lJoutidi Snumia L.ab('ralt)in:: de HiotC'<'hnologie des Molkul~ 
BitXlCtiv~s et dE" la Phy.si c.lpatholo~i~ C<dlulairc, Univcrsile de 
Oatna 2. Bah1<.1, AlgCric-

Davan.lgere Murali Sujaycndra l.)(:partment of Orthopedks, 
Kash•rbt~ Mcdjca l College, ~lanipaJ, Jnci ia 

Nigel Swa_rts Tasm<mian l w;-tituh~ o ( AgtiClllture, Univf:"rsity 
of Tasmania. Hobart, TAS, A ustrtllia 

xiii 

~·lilmoru T.,ked., L.-.boratory of Food and Physiologic,,) 
Sd<.:ru:~:;, rX.:pt1rtmm1t <)f Likimd F<1<.xl Sr·k ncx:s, Sdl<l<)l o f Lif~ 
and Etwironmentat Sdences, Azabu University, Sagamihara, 
Japa n 

Shinri Takehana l .abc.m'ltory C.lf f'Of.ld a nd Physiologkal 
Sciences, Ocp.utment of Life ,,nd Food Scien..:es, School of Ute 
and F.nvir<.mmtmtal Sdtnc(~, Azah11 UniVI!rsity, Sago'lmihtlra, 
Japan 

0.0. Tarasenko National Uf'livcrsity l)f Pharmacy, Kharkiv, 
Ukraine 

Merve Tomas Department of FoO<..i Engineering, Faculty of 
Engin~rin~ ar1d Natural Sci(•nc·t:s, [stilnbul Sab;:•I• ~'Ui.t l Za in• 
University, Istanbul. Turkey 

Federica Tramc-r L>cpartm<!nl of Life Scil~nccs, University of 
Tri~tP, TriE:'.$h~, lta1y 

Marta Vaz.que·z.-Gomez. F~'lculty of Veterinary Sciences, UCM, 
t-.·f<~drid, Sptlin 

Rosemary Vu~oviC Departmf'nf of Bic.1lngy, J<>."ip Jumj 
St!'ossmayer Univ~tsity of Osijek, Osijek, C.matia 

\.Vendy E. Ward 1-i'::t~Uh Sc._;~lH;('S; Kim:siolot;y, Bmd. 
UJ\iver~.il"y, S1. c~thMlnt>s, ON, Cmadt~ 

J, Mich•el Wyss Department of Cell, Developmental and 
lntegr<J.tin :' Biology, Uni\•c._•r::;ity of ;\ iabtnna at Birmingham, 
Binningham. AL, United St~'ltes 

Min Xia Cui'ln~don~ Provincial Key labor\\lory of Food. 
Nutrition <lnd H t'.;tlth , l"kpartnwnt i l f Nutrition, SdlllOI o! 
l'ubli<~ H(:nlth, Sun Yat-scn University {Notthem C.:lmpus}, 
Guangzhou, Chitl~ 

joella Xu Department of Veteti.nary Riosdences and 
Diolg:nosti<· hn<~ging. College o ( Veter iJ' ""'Y Mt>dkine, 
UniversJcy of Georgia, Atht~ns-, Gl\, lJnih;d .Sh1h:s 

Jenalyl\ L. Yumol Health Sciences; Kinesiology, Rn~o:·k 
Uni\'t.:r.sity, St. Catha(iftcs, 0.'\J, Canada 

lovro Zibe.rnO'l lnstitutt' c..,f Pharrnacolo~y and Exp<:r-im en taJ 
Tv.l¢ioology, UJ)jvctSil)' o( l jublja.l:'\a. t ~'·.Jbljana, Slovenia 

Ruccn Antunio Zoccali Psy<:hialry Unit, Department of 
BiomcdiL"J.l and Dental Sciences and t\·fvrphofunctionill 
lmagin(\:, Univcr:">ity o ( Mcss:Ula, Messina, Jtc1Jy 

I.A. Z u.panets Nafttmal llnivcr:; ity of J'hatmacy, Kh..ukiv, 
Ukt<tiJll~ 



I ofl 

Sc enceDirect 

... 
Get Access F •IX'r1 

Polyphenols: Mechanisms of Action in Human Health 

and Disease (Second Edition) 
2018, Pages 81·92 

Chapter 8 - Antioxidant Activity of Anthocyanins in Common 

Legume Grains 

m showmore 

http< ·.ooo.org• to t016/ll978 0- 12-813006·3.00008 8 G•t rt~hts ard content 

Abstract 

legume grains are a popular lood consumed all over the world and are widely known lor 

their contnbution to protein intake in human diet. Several varieties ol legumes are also 

believed to have health benefit properties due to the anthocyanin content, which could act 

as an antioxidant. Among many, black soybean, common bean, cowpea, peanut, and lentils 

are the most deeply explored legumes related to the bioactive compound contents and 

antioxidant activities. An thocyanin contents are higher in legumes that have a dark color 

such as black and red. Both In vitro and in vivo research are in agreement that legumes 

have high antioxidant activity, especially in the seed coat. Meanwhile, even though thermal 

processing is reported to decrease the anthocyanin content and antioXIdant activity, the 

results are not significant. Therefore. legumes have the potential to be developed as 

luncbonal food ingredients due to high content of bioactive compounds and the ability to act 

as antioxidants. 

( Previous Next ) 

01/ll/l!tl~ \ IX I'M 



Amiuxic.lant Activjty of Amhocyanins in C:omm:m Lcgun~ Grains- Sci.;nc..:... lutps://www.s<..:kJlCedirt·.cu.:uuVsdenceiani.cle/pii/R97SO 128 13006)000088 

2 of 2 

Keywords 

Anthocyanin; Phenol ic; Legumes; Antioxidant; Black soybean; Common bean; Cowpea; 

Peanut; Lent il 

Recommended art>cies Citing a rtic les (O) 

Copyright© 20 18 Elsevier Inc. All rights reserved. 

FLSEVJ ER About ScienceOirect Remote access Shoppin g cart Contati an cl support 

Terms and condit ions Privacy policy 

We use cookies to help provide and enhance our service ;md tailor content and ados. By continuing 

you agree to the usc of ctHJkic~. 

Copyright© 2018 Elsevier B.V. o r its licensors or contributors. ScicnccDircct <!! is a registered 

trademark of Elsevier B.V. 

0 111 1/201 S, 5: I ~ I'M 



C HAPTER 

8 

Antioxidant Activity of Anthocyanins 
in Common Legume Grains 

Winda Christina Harlen, Tgnasius Radix A.P. ]ati 
Widya Ma.n.bla Cathnfk University Surabaya, Surabay'3, Indonesia 

Acronym and Abbreviation 
ABTS 
DNA 
OPPH 
FAO 
CAE 
Gl'x 
MDA 
NAOPH 
SOD 
TKARS 
USDA 

2,2' ... ,7ino-bf5(~thylbcr~:t.fithllv..oll f'W"o6.l'Julphunlc .1dd) 
dt'OXyribonuc:lclc acid 
2,h11phcnyl·l ·pl<rylh)'<lr••rl 
Pood nnd ,\griC\IItlm: Oq;nni.l,,tiun 
g<)llk add cqui\':.lc·•ll 
glutnthion': ~'~ruxitl~sc 
Jna1L'Itdi.1ldchydc· 
nkotinamldi•lldt~nln<: dinudl:t)tidc phosph.1k 
sup<.•roxulc diJ•nuto•~· 
lhioh,'\rbiturk add N'.arth·c ~ubstMMUI 
nw Unit.:."l Smtc.;; Il.:pm·tm~nt uf t\grklthur.: 

1 INTRO DUCTION 

Legumes have long been consumed as rich !«>un:es of 
protein in human diets all over the world. Usually, prople 
consume lt.>gumcs in v~rious cooked forms (boiled, fer· 
men ted, fried) and they are served ns either main or sid~ 
dishes. In addition, legumes arc also popular to be eaten 
as a snoclc (e.g., peanuts, soybeac\S) in mMy Asian and 
African countriC$. Lq;umes are plants belonging to the 
family Leguminoccac. A mcmg many, soyb.!an, peanut. 
pea. common bean, lentil, lupin, mesquite. C<>rob, alfnlfa, 
and clover arc ~ven.t examples of the best-known and 
most-consumed k>gumcs in the world. 

Ro1emtly, recommendations to inn-eo"' the <.-onsump
tion of legum., have been widely promoted based on 
many chemical, biuchemical, cliJ1ical. and epidemiologi
cal studies which show that there ur. positive correlations 
between consuming lcgumt>s and detreasing the inci
dence of variou.s degenerfl ti vo d iseases# such as canc~r .. 
diabetes. c-oronary heart disease, ond obesity. 'l he ability 
of legumes to reduce the incidenre of "''"" dise~ 
is believed to be a ttributed tc> biolo,-ita lly active 

!'41):.,t>il."l!flb · .\'~:h.ml\'f'll ·f ,.,(,~ ~·'" ll!oi0\11\ u ... ll~/1 ( .... 1 '~"""' 
i oo i.,..AM ·•vil\1 h'J~>•'l'•l,il ,\, ~,1\1 II~'<· <.~11\\..._ o1 
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compounds in legume groins. Among others. phc.nolk 
constituents including anthocy1lllins hm•e been de<1ply 
explored in relation to their health-promoting properties. 
Therefore, in ad dition to their high nutrient p rofile. 
legumes an> also rich sources of bionctive compounds. 
especially phenolics; recent research studies are com~~r~ 
hffis ively focusing on the m le of ph~nol k constituents 
:-;uch as anthocyanin as antioxidan ts in human diet and 
thdr role jn promoting hum;;1n h(~~lth~ as well as in pre .. 
venting the incidence of various diseases. 

The increased rate of degenerative diseases has been 
investlg:.:~ted by- numerous ·researchers whn have ~mg .. 
gcsted that factors such as onht•nlthy IHC$tyle, unba l· 
anced diet patte.ms, and pollution arc responsible n~ 
the trigger for incidence of degenerative diseilses. OM 
of these diseases is <'Oronary heart disease, which is SC.>el1 
as the number one killer in the world . Change< in diet pat· 
terns, "~th more vegetables and legumes and le;.< meat, 
are beUeved to have a f~voi'Olblc impact on human ~alth 
and a>u ld decrease the risk of coronary heart disease, as 
well as other diseases. 

2 FREE RADICALS AND ANTIOXIDANTS 

The abilit)' oflegumegroins to decreose t~ rate of dis
ease or to promote humaJl health is bclicvt'CI to be • result 
of a synergical efiect between the nutrient content, which 
is ri<:h in proteins and low in fat, with the bioaclive com
pounds found iJ1 legumes, suc.h as ph~nlics and antho
(.·yani.n. Bioac:tive compounds in legume grains piny nn 
important role a.s antioxidants or free radi<.:al scavt?nging 
compounds, \ .. rhich could balance the number o( fr~t" rnd~ 
icals jn the human system. 
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~ ..... , ........ "' ........ ~ .... 'Uft., .... th W\p.llt\'<1 tk'\"fnWl!l ;and 

oU't' H'l'\ ""oKil\1' In NIUrt' f~lllA', ihn ""'J.lm.t.;< 
-.um'OU.Ikl!TI.: mo...._ ... k .. In tho- hum.on ,~_,,_ hf"'l. pn>
lfm. 1>'1;" , an.l .an.ott•dr•t<" •~ mokxuln CU"<o'Pftl:'k
lo ~n.~ b• IT\..- r.a.Jo'• .....ullll'~t m di-...a ...... ..udl ~~a!!>
"""'"'""'"-"''"""~ h<vrt J,.,. il'oo.", and ,-:.n.,..,. In rh.•l"llll'· 
m.1l o;t..Jobtlf\, 11 <•~"' fto\d ~ tn." ra.l,.;ah '' r.-..1 
"'~"'"'....._. m rh.• hum.u> bu.J~ . pn>tlu.W <b rh< re.ult 
u1 m<"Ut>.~.. ~"'"'"....,. ~""' r•d•<ah ~,.. •b.• u ... ..tul 
~u .... th." pLl\ • nlk•"' '4"'tnl biofo!.."''31 P"" "'...,.. 
ftw t"Y"'f'loc·, th.• ph.at;~'<"\ 1., wort.. bv "lute t>lou.J n~l, 
;and .at .. , th.·• •n• ~>•·Ill'\ •'<~ ru iKI II• • <dlul.ar me-... 'n),'\'f 

m .a hM•~~""II"'"""' ••llrd ""'1)1< 'l~hng tlc"'C'\.-r, 
unhNhh\ lcf,.,.r,k •n<l J,..u,.. b.-lk'\t'd tu<J\'.St•••n , ..... ,.,. 
"""' nunti'<T <'I tn .. ••d><•b 1 ~ trfto rad~~:al .. llltnlll<l"" • 
c:f\.un ,_ 1Mlll I~ 11\1. t>\icJ.lbllll r~--Wl'llc.h nu ........ d,Uft· 
~~ '" tn.k11•n••h """' llt.');l'nt'rolb\ • dL-tA>(" oll\' bd'"'t;l 
t~ ""-~;a ,-...,uh ul "'UI.h ""t:"\ t."n' u\tdttb\t ~ 

AntMI\>J•nt• '"' thc-T\-h,... 1'<'\'Ckd to b.\ lAne.~ rh.• num
bf,- <•I ,,..... rad .. •h 11'1 dw human •)·,tem. thu• P"" rnrong 
d.llt4lgt· tn m.M:'n'rr"•IC'\.ult.-.. Uu~ ttt u•udah\'" 'tn..~ An 
dAII<>>.ld.lnt "•n\ •ut>-t.:on< ,. rh.ar ha• ~ •bolm tc> 1nlubor 
ttw ,.,h.IJt" '" 111 utlwr mofl'('UII."< wlwn r,....,..,,,.., ln" n>n· 
-''ntr,>hnn• lht• hun~o~n dele~ -v.rem .teru~lly pro· 
dun""'~ II" nwn t.m tm,.ld~.tnt 'tUbotttlnt.'t~ ¥.hl('h .Ut-1 t.:alh."l(j 
l'l><ll~CI\OU' oliiiii~Aid.mt•. In rh" turm of ~ymt"< (•upcr· 
U"ladc Jlsmuldw ... , \~lt.ll.l"""' , ~lut.1th1nn~ per0\1Uo.1~~ 1tnd 

1\00('"'Y"''' ""'"""'·"1l' (dlrh.l lipott .1dll. "'''"'Y"'" 
Q IO, nwt.rl l'lln<hn~ prntc•1n•) I h1wewr, und"r 11bnor· 
IThll/d•""·l'"-''' wntlltlun•. tht• num~r ut ln't' '·"""''' 
''"'"\.!' tlw t•nlllu\IIUII ut ,Jntlu\ltl~n!"'ln t~ hum.tn 'Y' 
ltm Tl•u• tlw bu,l y '"""'' llw lntak•• of e•Of;<·nnu• ·'"'"" 
1d.111b IT\tm tlw ''"'' ~nho~n..m,.; ~ .sntlu\ldJnt ,.Jfl'IL11~ 
ut tht· hunwn •v•tt·m to~ l'f'llmiLJI"'It ~ d .. w~ uiiJk ol 
Ntur•l •nbn\ld•n" " clllt: vt ~ ~ •tnt•·~ "' hal
~ ... "'""'ftn r....- r.a.J ... .al .anJ Anlk•\J•1.111t a,n, ''' "' 
~ hum.an H '-ll-m 

~INn\ Antl<"ki.Ull<<le\~ j,-...nJ lrl lr),-ull\c' 
ItO"" .cnthc\. ~anlfl> • .,. 11 b"""'tl' .. u>rnpound INI h.b 

b<t-n" ...t.-h '""'"j;~t"l d...-"''" .brh~ 11> "'"' <fl)o.'\'lr"' 

roOd ... lib .anJ ~ '""' tcH lwl•tl' m..ul dut> 10 lb ""'.'"'"' ..uu<· 
tun> lht.'f\·lo~n•. anth<l\"\ •mn a f.,., po......,_.,..,,. •trllng cnhll:>-
lltlf\ ..Itt'\ t ·~·111•1 bpid Cl\>dlhllll I Antho<'\Jillll> • .,. 

l'\.,"-...__"1'1t.HI\ ,. nf d wiJt' ~ttlUJ' Of tlavtn.lld' .u".f oll'\' 

dt-n• JbH..,I•I2 pht'll\ lbt""'Pvrvltum. wh1t h ""''!'"""" 
ble lm tlw •ttr~< tl\ r "''""'(btu~.\ Kllt't, purpk> ,,nd '"'''" 
bf,>L~) of th,• pl•"t f"'rl' lrMIUtltnj4f1Uwe" f l\llh, \{')\t'LI· 
bb. anJ ...... '<1• 1' Van11u• loud pr<XIuct!>ollrull ond \ .-g· 
~tabk• ""14"' ow rho: ma~>r '(l\1""" or ant hoc.'\ •n1n 
cumpttmKI~~t Antkt' V•lnm...: ran all'ltt bt- tuunJ ~n l~u~ 
th.ll ""' ,. bt,,. 1.. I'U'l>lc. blu• or>d l't.'d cuk>r, fc>r ··••mpt.. 

... .. 
~~'<:, .. 

• c 
;:,.. ~ flo 

.,.. 
Fl<~ .... ~--· -"""' ...... 

,.,.J I.KI""' bean. 1""'- olOd b~ >O~t-. ... n I' I 11\1.• .....,_,.. 
dlC'mlGll <tructureot.nlhoc)omn """''""en II); Il l 

4 LEGUME A.'·~THOCYANIN A<., 
AATIOXLDANT 

l4rumr ~ are mc.Judtsl •• put"" '"'I'' """" 
bc:long to the I~OJIJWC.OJf' lam1h It 1\.t, 1'1<'1.'11 c.ultl\•h'll 
tn marn areas and consUIJled ol\ .1 ... t.Jp1t.• nr .. mnrkn"., 
IMV lood 11\ b'ildJbONJ and ~m J~·h flw nutniK>noll 

'.1lu~ of l<'gUmes has been bro.~d.lv '"' """.:·11<'<1 I <')IU"""' 
are nch"' protem..<, fiber. '""'m1n.•, Mnlno '""''· pul\'f'C'I' 
hd""', flavonords. and phenohc tun1j1<llll\ll,, whllh •'"' 
<'<ms1dl'Tl'd as a good ingredlc11l ot • lunc.tlnn.• l li~KI fu1 

mulnhun. A number of resea.rcl1er~ '""~ '''!"'"'"' tlw 
flnh .. ontittlity of legumes a.._o, a guod e.clllrt.t! n l 1Ulflnxu.hmt~ 
J tlll nlo;o their ~bilily to prevent d • .,. •• .,.., II><• lt1•1)1lr ;·nm 
pounds of l<>gWill:!S responsible tor tht•lr ho11h ·"""" otl•nt 
ac.'I"•IV are bebe't'd to be dw phc.•nohc. un,t tl.t"""".t 
compounds. 

\nthonr.min wtnch bdunb" ru ""' n.. ......... t ~""'"' 
~"' • natural p~ !hot tS ln'Ndtc. d••f".,.. ... .J 1n rt.a"t 
th.sr .,... u>ed m the hum.an ~ anduJ•n.: rruot• ·~~~~ · 
bk-o .mJ rolored 1<pune. {!>}. Tll<! .ant.h.."' .run <k"'lmnll 
m kottumo!S ili'P"'= ~ • duLl:-< et>k~< nn,..-mg ln>m r.-t 
purpk. ~ bllk'/!:Ta~ . "'bb;l. In~ .......t 
n>l.,_ o\nthocc. amn!' .n ~ Are (lltfti.urd "llh • 
bn-..d ""'S"' oi bouk>sJcai acb\ .ne-~ a• •n110'"'~"'· 
•1'\tx..atl\ft. iWd antar>i\omm;otvn """"' It:> lhl'\lwu••n 
m f'R"<ntillg ><>me~ tfli'VUICh thr niS.< uf Af\I>0\1 • 

d.tnt h.b "-tl In\ esbgated tiM->< L."' th.• '"'"'I "' r. .. t 
prot.~g (1ll the iii\I>O'Ud.lnt <~Ctnll\' ''' onrho,.,•n1n 
""" bt.'al namined "'"""'" d~ f(q(.ardu•K llot• dt'\ c·l•'f'• 
mt'flt or legumes as functiC•nal luod mt;t<.Ji•""· k'}lunw 
anth(k"Vanm'• rrotiUSll18 abilil\ .1!> ~n ,\1\llol\IIIMlll• •trll 
.,.. mt.....,..bng topic m recent ~tudr{-. 

4.1 Black Soybean 

!Jo, beans (G/vnnt ma.r I M .. mll "'" ~ ..._,., ""'"'' 
u.,....J as a food source around tho.• wc•rld thn• I<• tho•lr 



TABL£1\.1 Blad. S.oyf.o<m·ll.1..-all'mJu<c 

Cou-nlrits 
of 

Product• o.-iption produ.<tion R.rftff'n<ft 

Natto Fennool<<l•oybe.m P-'-'h:· I• I''" r\lrk ct Al 
prod"""' ohrough the 1111 
lerxncnLJbon ()I !ill} wa!h 
&ocilbr<JMbfJo 

Tufu Soybein curd made by A~;!:an Gotrntu14 
roagul..ation oi hcliiOO CO\Uitrit.'S «.•1 ~1. 11:1 
50ya mil), "'h.h roagulanl. 
kllluo.·<-d by M<M.ddwg 
MOd~ the C\ltd lu 
draw tho wf")' 

OumtolnK Black Ml)~"" potstc, Ko:n..u and o.-.i ct.ot. 
ft-rrnetllf.'\1 by &1crllu.~ China 1111 
•!""'"-" 

Jal'lll!l IIL>d< >O)botn .._..., .,_,_ H.u ct otl 
mode fTnm lno.'o! Cl1irua 11'1 
dlWljiJnilo (,'1'!1lenb.!d by 
&dllu...<>!!-JX'\.~ 

Tem(X>h Fermented wylx-an wilh ,_ 
Chant~ 

l1111gWo. oum OS~ .. .J_ 11<1 
mg._., and liAr_ .. 
"'Y"" 

Kincm;,, F<nncno-d f<'Od w;th lndl.t f 'am.m~ 
peruvvlln, stkky l (!~h.lN, b'filY tan II ~I 
and roloc. »iolt !!Ughl 
Nwa.ipr a~fl.nw 

prod"""' by n.>tuc.JI 
(~"'tittitw\ 

variuu~ nutrient and functional <'Ompounds, such as pro
teins, Uplds, vitlmms, fober, and phytochemocals. Soy· 
beans are popular m Chona, )apoln, Korea. India, and 
Sou tht,a•l Asia nations [7}. Particularly in Asia, ,;oybcans 
are u(l.(!(! in the rna king of soya pa~te, soya curd, t<'mpeh, 
tofu. and oil (8]. Soybean L"Onsumption's benefidal health 
effec!l> mdudc prevertbonnfcancer.~<arly agmg. diabetes, 
and cardiovascular disease ['.1]. 

One of the soybenn varieties is blnck soybean. Black 
soybean is como\only consumed ll~ n food ingr~di<'nt, 
.,ped~lly in fermmted prodtKiS.ln Korea, black!IO)'bciln 
is utilited to make rh11f;mg and i'JJ'lng. Natto ~also pop
ular ~a black soybean-ba«ed fermented moo in )apoln. In 
lndunL.,.ia. black soybeans are ~ for the producticm of 
!l!mp<'h JlO]. The u Hll1ation of black soybean fur food 
production is pre:.<'nt•d in Tablot X 1. 

Recent research .ho"'S that black <oybean ha' been 
found to po:;._<ess a lu!1)\ amount of anthocyanm> along 
with ~trong biological activity llhJ. Pigm<>ntation of block 
soybean -.:1 coats is contributed by anthocyanin. Anllm
cyanin:. in the black soybean seed co.1t are reported to 
have ;mtioxidant activitie. and abilities (or a-glu<t>"idase 
inhibotiun, regulation of adhes>on owlecules, protection 
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from i:.chemia. r~~ion of heart injury, sbmulalion 
of w<>trnd healing in fibrobla!>b, and previ!Otion of 
mllammation m endothelial cell~ 117)- Anthocyanin 
may IJt, as essential as isoOa vonc in determinU'Ig block 
soybean characteristics ond its fu11ctional source. Mo"'
ovcr, the radical ~<Cavcnging effects of Mthocyanin 
again•t OPPH and ASTS radi<.U.S """' stronger than 
oltk<r io;oOavone. (9}. 

The anthocyanin compositions are divers" among dif
ferent black soybean varieties. A s tudy of thccotTelotions 
betw~n ontioxidatlon and the con ten~ o( total phL'nOiks 
and anthocyanin tn 127 aa:ession' of blad "''vbean in 
China "'" been "'J"l<'led (I!!). M~jor differences exi<ted 
among 127type.. of acces..;ons, which came from differ
ence gcographico l regiuns. The <~verage value!< of total 
antioxidant Cllpadty of black soybNn were remnrkably 
hi~ than for ydlow soybean, Indicating th.1t •<'live 
matt<rial conten~ of black soybe;m are appan.>ntl) supe
riur to yellow soybean, due to ill> anthocy~nin content 
11'1), Rela ted to anthocyanin ~on lent, the best type of 
bl.ltk <Oybeart was the autumn sowing type, followed 
by the summer sowing type and tho! spring .ummcr type 
[I bJ. The anlhocyantn content may either be indicated by 
genetk means or planting conditions and ecological 
envaronments. 

A n>cen t stu<ly showed that nine anthocyanin~ were 
found in soluble phl!nutics that ilR! l~lated and od~ntifit..d 
from the <!Xtract of blad soybciln ~~~ Three maJOr antho
cyamns, cyanidin·~luroside, delpllinidine-3-0-gl~ 
side. and petunidm-3-0-gluroside, re.pecbvely 
con>titutc more than 90%of till! b>tnl onthocya11in content, 
but the predominant anthocyanin in black soybean was 
cyanidon-3-glucosodc I:!!•~ Some annnal model 'rudics 
revealed that cyanidm-3·0-ghK-o;ide os tho.> mc..t boroctive 
anthc>eyMin in avoidong diabetes Md obesity·rc)Med dis· 
eascs pl). Cyanid.Jn-3·0.glucoslde content in U1c block 
soybean seed coot n1.nged from 6.275 to J 9.808 mg/ g. 
approximately 7S'l'o to '16% of !Otill anthocyanin content 
["~ Anthocyanin rontmt and composition may be highly 
inOuenced by the distinct cultlvar, p;ometic:s, and erwirun
mmtal stresses, ns shown in TJbl~ II.~ 1201. 

Anth<>eyanin showed obvious antioxidant capacity in 
man) in vi\•o and in ''ab-o studies. ~ ;.hown in l•bf,, •n . 
in vib"O antioxidant c.~padty of anthocyanin of black soy
be-..n varieties in lndOOC"ia by munitoring TBARS forma
tion has been report~d [!OJ. All of th" anthocyanin 
extracted a t various levels from bla<;.k sovbea.n wns ella~ 
tive to inhibit low dl!n~;ty lipopnltt!ln (LDL) oxidation. 
A gTeater inhibition o( LDLoxidabon w"s foun.l through 
black soybean ronsumptioo than for yeUow soybean 
)21•.27). The ,.,ed cnat of black soyb~an. which contains 
anthocyanins, wns 1'\>J)Orted to hnve higher antioxidant 
activity than the yellow soybean coat. The lag time of 
LDL Ollidatlon by tho.> black soybean !>eed cool C\trad 
was almo.t fuur hmt'l> longer lh.1n till! lag time of LIJL 

I OVERVIEW OF I'OL YPIIENOI SAND IIEALI'H 
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TABLE 8.2 T""'l Amhocynnln Come.rus of llitfct<'nr fll•c.k 
Soybean VtUktlr~" 

Bl.t<k soybean 
va.ritties. 

Golomjt'OOgl<ong 2 
Crop year 2009 
Crop yc.>r. 2010 

Seonheukk<w>g 
Crop y ... r. 2009 
Crop y .. r. 2010 

C."heoogj·> 2 
Crop year: 2009 
Crop year. 2010 

Che<Ml!ll-' ~ 
Crop year. 2009 
Crop year. 2010 

l'longbeidum 

Bcifa.lgchiUl 

Nanfangrhun 

Nunf.ulb"Xi..l 

Okuray 

Countl")' 
of origin 

OUna 

lndonost> 

Tatal anthocya.nin 
content (mgfg) 

8.885 
12.697 

10.948 
10.904 

10.894 
1-1.072 

0.98 

0.1 

0.83 

0.58 

13.6 

1<1.5 

Mmt ctaL 
I'• I 

Xu ('1 aL 
(1~1 

Astadi 
ct at 1101 

oxidation by the yeUow soybean seed coat 127]. Total 
polyph~nol content of black soybeans was also higher 
than the yellow soybeans. The LDL protection of antlw
cyan\n may be due to metal-chelating and radica l scav
enging capacity. but the mt'Chanism by which U\c 
extract inhibits LDL oxidation in vitro remains unclear. 
Another research study on in vitro antioxidant capacity 
of anthocyanin has •evealed that the multiple carbon ring 
structure that belongs to anthocyanin, which is simi lar to 
cholesterol, has a greater opportunity to protect choles
terol from oxidation. lt may potentially contribute to prt.
venting the inflammation rela ted to cardiovascular and 
other chronic d iseases (28J. 

Fcrn>cntcd black soybean has a higher antioxidant 
content compared to nonfurn>ented soybeans 122]. Natto, 
·~a fermt<nted product of black soybean.<, has fibrinolytic 
activity du~ to il< nattokinase enzyme. Natto consump
tion decreased total cholesterol level in hyperd\olesterol
emia rat model serum [11,22J. It was also reported to have 
antithrombotic effects and inhibit coagulation of plate
lets, which was genemtcd by the increasing of prothrom
bin time and the euglobulin clot lysis time in rat models 
ied with 750 and 1500mg/head I day natto drk'd powder. 
There were no statistical differences in antithrombotic 
effects between those rats fed with natto dried powd~ 
and the control group, which received lOOmg/ hcad/ 

TARtE A.l Hc:o.lrh Prnm<mng Pmpcrtic~ in ~~\'<.Ta l Rbck 
Soybean Prcxlu.:-ts 

Soybean product 

Black soybean natto 

BU.ck saylx'<ln sec<! 
coat <'Xtrn<i 

R:-nncnt-..'Xi bl.."'ck 
!i•O)rbcan with 
&u:fUu.s ~vP· 

Roosted bl.>clc 
r;oybf..an powder 

TI\ai FC'nncotOO soy 
bean (t}um ruUJ} 

Flnlth promoting properties 

HypocholesterQlt>mk' tht'rapy 
fur lrt"atin.g lh<' mate 
reproductitm system 

Anti-inflamatory ilnd anti6brotic 
eUeas on penile plaque 
fo rmation 1n rat peymniedl~iease 
J:oodcls 

J.nh.ibiliO:t\ of Angiot<'.f\i.ln 
Converting &v.yrnc (ACE) 

lmprove cho!~terol met.1holismr 
i-ru;ulin m;b;tance, and atlevtatt! 
oxidath't> damage in Non· 
A..kchoJk ~a tty Liver l'>isease 
(NAFLD) 

Enhan"' ~ rodirol..ca,·enging 
acti\'ity and feme reducing 
antioxidant power. i.nhi.bit Wl. 
oxidation 

Gofur and 
lcosM.ri )22) 

Kimdal. 
1231 

fungand 
Kim(!'il 

Dajacua 
d al [21>1 

day aspirin. The dried na tto powder conta ins nut only 
nattokinase but also other biologically active compounds. 
This may confirm tha t normal dietary intake of nutto 
oifen; potential hea lth benefits in preventing cardiovas
cular disease. Moreover, black soybean na tto consump
tion could affect the reproduction system ui 
hypercholesterolemic male mic~ by incrc~sing the den
,;ty and motility of sperm and the testosterone level. as 
compared to a high-f~t fed mice group (22]. 

Another research stody on the inhibitory effect of 
black soybean supplementation on nonalcoholic latty 
liver disease (NAFLD) found that black soybean had 
inhibitory effeds on the cholesterol metabolism and 
insulin resis~ance of mice receiving a high cholesterol 
diet (I lCD} [25]. Mice receiving black soybean supple
mentation had lower blood fasting glucose and insulin 
levels compared to the group of mice that received 
I lCD. Black soybean supplementation also decreased 
liver total cholesterol and trigl~·ceride levels in mice 
compart'd to the I lCD grou p. ·n,e alanine aminotrans
ferase (ALT) and aspartate aminotransferase (AST) 
levels~ which were ana lyzed to evaluate liver function~ 
were significantly increased in the HCD group com
pared to the normal cholesterol diet {NCO) group, but 
there were no s tatistical differences among a ll the exper
imental groups receiving b lack soybean supplementa
tion. The antioxidant activities of black soybean were 
ana lyzed using hepatic antioxidative en7.yme activities, 
including SOD, GPx, and catalase. Th~ result:< found 
that the 5001 GPx, and catalase activities were signifi· 
cantly decreased in the HCD group and were 
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s ignificantly higher in all the experimental groups sup· 
plcmented with black soybean than in the HCD group. 
The Malondialdehyde (MDA) and nitrate levels of 
groups receiving black soybean supplementation wa> 
lower than the I~CD group, indicating that black soy· 
bean could regulate antioxidative enzyme activities in 
the liver oi NAFLD mice. The serum adiponectin, which 
is involved in insulin resistance in NAFLD, was signifi· 
cantly lower in the I lCD group than in the NCD group 
and largely increas<'d with b lack soybean supplementa
tion in a dose-dependent manner. Black soybean influ· 
enccs insulin sensitivity and regulation of blood 
glucose by improving fatty add oxidation, gluco.., 
intake, and insu]in re!tistance via adiponcctin secretion. 
Therefore, black soybean supplementation may have 
effectively prevented NAFLD, d ue to its capacity to 
inhibit fat digestion, fat adsorption, and in•-ulin 
resistance [2' ]. 

4.2 Common Bean 

Common beans (Piraseolus vulgaris L), which are 
l'Xtc.nsively consumed throughout the world, p lay a 
key role in the traditional human diel They have been 
r~-cently developed as a food ingredient in several food 
products, mainly because of the high content of protein, 
starch, dietary fiber. micronutrients, and bioactive c-om· 
pounds with low levels of fat [29 1 1 j. The greatest varie
ties of lt>gumiJ1ous plant can be fow1d in tropical and 
subtropical areas [32]. There a re more than 40,000 varie· 
ties of common beans ln th<' world. It has one of the high· 
est levels of variation in growth habit, seed 
charac'!eristks, maturity, and adaptation (33]. 

Dry beans, the primary product of common beans, are 
considered to be exceptional c-ommodities related to their 
long storage life, good nutritional properties. and simple 
s torage for eating. The health benefit of consuming beans 
has been establi~hed in the late.r epidemiologica I studies, 
e~;pedally related to the antioxidant capacity, which 
could be observed by analyzing the amount of anthocy· 
artins, isofJavones, and other polyphcnol compounds 
(34]. Those bioactive components are responsible for 
the antioxidant activity of common beans. Similar to 
the olack soybean, the seed coat is also responsible for 
the antioxidant capacity of common beans, as shown in 
'I .tble 8.4.. Determination of color could be a good indica· 
tor to predict the antioxidant capacity of beans. The color 
features of dry kidney bean are related to U1e anthocyanin 
conten t and antioxidant activi ties of 26 kidney beans cui· 
tivated in China [35]. Some individual anthocyanins 
observed were cyanidin. delphinidin, petu11idin, peoni
din. pelargonidin, and ma lvidin. The color feature of 
bean coat was analyzed using a colorimeter. The result• 
showed that some of the kidney beans with the lighter 
seed coat color contain smaller anthucyaniJt content if 
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TARtE A..4 AmhncY1tnm C.nmcnt Fmm Cmmnun 1'3tatl$ Based 
t\n &rtl Cool CoJor 

Anthocyanin 
St~ ooat oolo.r/va.rleti~ <ontent Re(erl!nres 

Cn:am 0.055%" 

Y•llow 0.0"6'1\.' 

Brown 0.048%' 

rink 0.062%. 

R<-u 0.161%' 

Purple 0.049%·' 

61a<'k 0.25-0.47 mg/ g 

Cream mottl<d 0.05 0.16n~g/g 

Whit~ U.06..Ji. l5mg(g 

~nk with hl.l<'k spot 0.16 mg/g 

Ught Cn>Aill 0.14mg/g 

comparl'd to the darker l'E'<!d coat. There was a strong cor
relation between the delphinidin content a.nd the seed 
coa t color of kidney bean. The 3-0-glucosides of delphi· 
n idin were found to be the major anthocyanin uf black 
bean.s f:W 36]. n-.e tota l nn thocya nin contents in the seed 
coat ranged from 0 to 5.84 mg/ g and was reported to be 
higher than some fruits and vegetables with dark color, 
such 3S blueberries and red cabbage. The highest total 
anthocyanin content was found in <-ultivar Hon
ghuayuaru.hongheizibaijia (5.84 mg/g). followed by the 
Honghuahciz;ibaijia (4.76 mg/g) and Jiuliqing (4.55mg/g). 
The anthocyanin composition reported in common beans 
varied wmpared to cowpea )37). 

Another legume cultivated in Asia is red adzuki beans 
(Vigna at~gularis). This leh'tlm• was traditionally used lor 
making red bean paste I ~8]. The adzuki bean seed coat 
contains a high amow1t of polyphenob identified as 
catechin and epicatechin glycosides, quercetin glycoside;, 
myricetin, anthocynnin, and procyanidin dimers )3\1 ]. Th<' 
role of adzuki bean bioacti,•c components in preventing 
c'<'rt~jn diseases has been recently report•d . Adzuki 
bean seed wat• (ABSC) treatment on hypertensive 
rats has attenuated vascular oxidative stress m1d inflam· 
mation in spontaneously hypertensiv• rats. Polyphenol· 
containing adzu ki bean seed coats restrained the elevation 
of rat's systolic blood pressure throughout the treatment 
period. The NADPH" stimulat•d O;; level and the 
Nt\DPH oxidase subunits decreased significantly in the 
aorta of spontaneotwly hypertensive rat• which weretrea
ted by A BSC, compared to the untreated ones, suggesting 
that II BSC suppressed excess 0 2 production in the aorta 
during progression of hypertension. Thus. ABSC treat· 
ment could be useful as a preventivestrat~gy for hyperten· 
sion and athcrosdemsis r 40). 
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food pi'OCCSI.mg ha, effl'CIS on the antioxidant capaoty 
uf common lx>an.<. The health benefit of common be3ll 
roru.-umption dt>p<mds mamly on theiT thermal proo;,.. 
sing 141 ]. Anthocvanu><antaining beans such as blacl. 
bclru., J.idncv beans, and pmto beans are 11!>-uaily cooked 
or thermally pr<><.t?>.>Cd before bcing consumed. Anthocy· 
anons al'\: -,en,., twe to heat but there was no sigmfkant 
degradatjol1 of the totnl pherlolic content of canned and 
o~n-p.tn-<:ooked black beans compared to crude blatk 
lx>an.< H 11. llnwev~r. the total phenolic con rent w.- nnt 
alway~ r~lated to th~ antioxidant capacity. Total pheno
lics nnd flavonoid cuntent of common beans increased 
ofrer tna,ting, r,tther than boUing or cooking by autodav· 
ing 14~1 Therma l P"-"""sing may release more bound 
phe11olic acid~ from the breakdown of the cellular COI\Stit· 
uenhi. l he >lability of antioxidant products such "' phe
nolic, and navuoutds dunng heating may be due to tho: 
formation of Mail•rd products, such as hydroxymeth)•l
furfuraldehyde, that abo exhibit trigh antioAidant capac
Ity (41.4 tJ. Soak1ng dry beans before cookffig could le.1ds 
to the >Oflt>tnng of wall ru;:.-ue; and increase the >OiubUity 
of bound polyphenols that ""'Y later leach into the .oak
mg warer durin!( the process. Nevertheless, the amount 
of polypht·nul cumpound leach was not signifirnnl 

Another proct~'lng method that can be used to 
increase the utilizalton of common beans as a good source 
of onboxidnnts 10 food production is fermentation. !Jiwl
lus Sltllltli.; and IJJttubadl/11s plantarum strains were used as 
mitTobinl d~~~~ts in solid •tnte and liquid stat~ ierme.nta
tinn using kidney l'<!Jns var. Pinto [44]. The results ind i
cate th::H the st.llid ~tate extract from the fcm1entiltion 
using Btu·•llus o~ul>lilis cunt•ins high soluble phenolic com
pound wntc11t (31 36mg/g) and antioxidant activity 
(508 5411lg tm lox ('quivalent/g). while liquid state fer
mentation C\tract u'm!l the Liutobacillus plantnrum SIT'ain 
showed potential ,tntihypcrtensive activity l'<'latt'd to 
trigh levels of y-ammobuhric acid (GABA) nnd angiot<n
sin ron~crtmg enzyme mlubitory (ACE!) aetivity ('lO'l'a). 

Thw., tht.> revealed that fermented kidnev bean 'ar. Pmtn 
can be a good >OUI\."V of biooctive comPound!. !'he fer
mentation prnc""' yit'lds water~luble functional e'<tract 
that can be u...cd "' func:ttonal ingredients in novel foods 
and neutrnceuucals 1\> prevent GJrdiovasc:ular disea,p, 
J+t,-i~ I -

De.pote '"''antioxidant dttivity and other health ben· 
efits ot common bean~. there is still limited informa tion 
on the trons f.m,ation of thQ!"e biologica l components 
associated with the food matrix dllling gastroint.,tin.tl 
digestion, espt-cin lly m th~ funn of a food ptoducL Loter 
studies have simu lated the whole digestion proce.o;>, from 
mouth to colun, to cstima t"c bioaccessibility and sma II 
intestine pcrme~bility of free phenolic compounds tn a 
rom cooked-<Ommon bcnn Oour.; chips (-16]. The DPPH 
ruld AIJT!, anhoxtdant c~pacity of the chips in in v1tro gas· 
trointesllnal digestion was found trigher at the mouth 

>lilge 1n compan,on to methanolic atra~t As th~ ga"tro
inteshnal d1gesh0n progresses, the antu:t•idant ac'tlvoty 
increase. until reaching the large int<"Stine. where th .. 
valued~ Tho; lowest antioxidant actwttv reported 
m Ill<! lal'folC intestine might be due to some pherutlic com· 
puurub that cannot cross the epithelial mtestin<' barrier 
and n.'ilcn the colon, where colonic microbials f~rnwnt 
them and modify the antioxidant cap,city [ 411.4 ]. A ppM· 
cnt permcabillty (Papp coelfici('lll) was also in\•t-.tigated 
to ddine the rate of accumulation of a compound in a 
rt-ceptor chamber Mrmaliz.ed by superficial ti••ue area 
and il h~s been used as an ex viVt> measurem~"f'lt n.olut\!d 
lu human absorption c-oefficient [46,41\,4'11. They l"und 
I hat the l'app coefficient for phenolics compounds wer~ 
h1gh, 'U!;S<'Sting that the model applied is sim1lar to un 
1n V1vn model I -16 ]. 

Numenmh >tudjes on functional bioactiw com rounds 
m comm(ln beans havt! focu~ on the amount of the 
component. the health benefit in a crude fonn and m fuod 
mtxtul'<' or food products, and the effect» of pl'OCl.>SSing on 
the anho>ndant capaoty. However, studi.., of the 1n VI\ o 
btoa\'Miabi~ty and booaccessibility through ga-trotntesl1· 
nat modeb are stiU limited With regan:! to the 1 mportant't' 
of such topiCS. more research related to the bioova1labihty 
and bloacce.<,nbility of common bean antioxidant com· 
pounds needs to be conducted. 

4.3 Cowpea 

Cowpea (Vig11a tmguiculata),a lso known"' black-+:ycd 
p<'as, "'uthem f'<'as, and <.TOwder peas is a kind of pul!'e 
grnin which is the most widely produced pul~ grain 
hehitx1 common dry beans (Phasro/11> vulguri>) and chkk· 
P'-" (Ciar arwtinum) [<;().511. It can grows well in an"'"'' 
whidl usually u•uitable for most othe.r l"!,>um!'S lx>cause 
of 1~ he.11 ~nd drought toleranc-e, making cowpea"" on 
t-nvironment and climate<hange fnendly crop. w.,.t 
Afnca L' the world largest cowpea produC'bo'"· accnunb 
for more th.1n81"'o of the world producbon and ll!>e. Cow· 
pea w~re more popul<lr than common legume gra~ 10 tx> 
u,,O 1n Atnca [ '•2]. 

Cowpea cuntam> bioactiv~ compound:. •ncludtng 
polyph<-nol• which are condemoed in the seed coa t. As 
in found on soytx>anand common beans, theo:nmr<,;itton 
llf phenol1cs in ruwpea varieties are also diverse, mainly 
be ufk-ctcd by :;a-d cua t color. The phenolic compuunds 
are 1\.>sponsible for m051 of the m l"ralion ob!k'rvcd in 
co·w~a varieties, ranging from white, re::td, C«!c.1~ 
bron>-", pu'l>le, b> black [SO,SJ J. The seed color, rolyphe· 
nnl ~tructu rto nnd t--om position a~ direcdy affects >peclflC 

rn(-dtamsm for disease pn'Vention and al-.o inRuencc 
nutnent b1oava1lability of cowpea va.neties 

fhe majc)r pherlolic compound fow'ld 1n cowp<-a 1s the 
phenohc oetd• I~ ~J. Red cowpea phenotypes wnd to hav~ 



the hogl,..,t phenolic adds rompa~ to otlwr '"wpea 
•·anrt><-- 1 he phmolic mntomt of cowpe:t wa' rangmg 
from 1'11 10 4!1 "\mg IOOg tvr a .e~ of 15 <OOUnonl\ con· 
SUITit'd \0"~~ •·•ndJes. cnn...df.'rabt~ highe-r than !he 
phc-noh< cuntt'tlt ot common drv bwns (Pl., .... ~,. r 111 
.~r!S). The rN>noh< aod' are po>:>ibly an ompllrtant <"On· 
tnbutor.. to lw~lth benefits rcl~ted tn phenul, "' u:."pc.l 
.md other pul-<o.; ["'1]. 

Anthocyanon 1• a bioacb\ "rompound that nl'ot\lound m 
<"<lwpea It found only on a lip«lfic phto'lolyJX., w.ually m 
the bbd. P•);mt'nlcd sa'(! (1.7 3.'1 mg/ g) and a>nc:.,ntrdted 
mostly m the .... ~..t co.~t. ;,howcd ns more than lwduld nd
ati\'e to tlw~nt•~ >CCd 1".(1.~{~'\]. s...d mat ~1-.u wntau1ed 
•rrm\imat,•l) HI times more fl.wonoid romp.ored to 
whok- "-"<~• '• I. An~ dtlln found 111 bbd. !:"" ""'') 
blu.!, grwn. and I>Lld. ~ ··~~of co"J'lol. dcmu
=ted b\ ddpl1lllldln-3<>i;f~ and <"Vdtll.hn-3-0-
glO<'OSidt> "'h1<h 4<ro\II\t for 6$" .. U 'l. of .>II ihe pogmmt. 
I \7',. S..'Si~ dt>lphomdm and <ydtlldul, olher anthocyan'"" 
J'l'l"<entOO on <nwpea an> pctunodm, pconidin, and no.Jlvo
dul, 3> <he'"" m l.•hl<• ' ~ Other plgtnCOted rt'd maroon, 
and bru•m -<'I'd root vaneheo ulntam no Rl('~rt'~blt
anthncyanon:. • Rcgardm,_ the tact that .mtho..-v.uun 
we"' C()fl(\'niTated on the set'\i <"00~ processing c...-hnnlogy 
th.lt remov<> the !KX'<l coat will unwittingly cUmln.llc• th" 
LX'owih nf .1nth1 ><y.min, as wdl ns n·mcwing val Lloible oU1rr 
phenoiJc comround •nd fiber. Similar to commnn be,,.,, 
the-rmal pr<ou .. ...,. ,.,, (> lmutcd effect on the prufilo>of rlx'tl()o 
lor compound Addilional " 'ork 15 needed tn uno:m er !he 
metabohsm t>l b11\1cti\t' comf".'und m rowp"• ~nd th.!tr 
~ prup!'rlll"< m order tube able to utch1c cnwpea 
m food lum•uiJtion and product>. ,uch a. Sl'lo1<k , <X'real•. 
and bal.ed gnnd• wath high biOOctJ•·e romf".'und content 
and antJO\cdJnt .>ctJ\;~ 

TABLES., Anrt-.q.mm C.IR\C'\~ Itio-l{l ,lf Ca.J~i~~T"'"' '-·c·d C \wilL. 
"111.1 L~u fil'); < :h.tn~ anJ Woo~ I' 'I t ~\\Hn;: 
•• 11 1•41) 

Anlhoc)'At!ln <ompw11d l'rop<lrtioft , ... , 

'lotpl\lnldln-'1-0.o:tuo. ......... 2633 

llelplunl,hn lll;:oii•~<,O<>d• 8 11 

c".utida,· }.( ~ftl('(,..jl;k 2-l-21 

c' """""' .... 'vla<1<.....k t.S 

~~-- IIH 

Pa....t ....... ~..,.;Jo <! 

l'<ono.J .... ~t"'-'' !3.5 

r~~nol-()nwk .. l¥1ttl~ 2 

\W•;.w...l<~,tl~ ID 13 

,,.,.,d..,.~ ..... Itt!~ 1 
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4.4 Peanut 

l'""nut:. (Arlll'lll• h~) bon.- ollh<' l.cgumll'l()Q!ae 
ramo I~ whKh are nch "'e>tb, proteu1. \ 1Liffilll>, and olher 
boo.:J\:11\ ~ component •uch •• pher.uh< uompound.s " 1 
l'edOUb W"" "idely (O,Umed •00'\• the world due to 
'"' unoque flavor and (ie>.obiJ;t} m pnx'l'•smg. Peanut 
can ~ eo ten raw, boi lt!d, flld>l~f. mld wced in l'l'CifX'S 
nut c•nly '" traditional food but • 1-o mntt~ mlu modem 
food mb-redient ,~~J. Ra""t n'S('ar\h show~ th.lt peanut 
wa• rkh m •ntioxidant, ph<'nolic., .tnd other phytocl'll'm· 
o<.~b. •uch as flavonood•. pm•nth•IC)'•nodo...,, a.nd .mtho
'V•lnlll> ["·' bO). Those phytodll'm!(ol• were fuunJ 
havinA role in preventing uUI<'t'r, roronltl'\' heart dise•""· 
dt-g!'l'l('rah,·t> nen •e do..m...,, Alth.!tmer aaod nral / fung.1l 
mt<'<.11<n. r~ .. ~ lnepoll)'henolsand Jl.o•··•"'>d "'peanut>. 
"H~ lt':'fXJitsible oo 1b anbo\.dclllt C~p.lclry. ann .. 
mut.lgmk capacity, and anh·prultf.!r•tl\ • dl<'CtS 

Sunilar to other ~mi."' <eed m•t mlu\' ,., peanut;, 
vanehe:> were also nch U\ .mtio .. dant r ... anut '<!ed ct>.ll 

"'"' \'aned from culorl...,.,/ wlllt~. rt'\1. to dcx'P purple/ 
bl.1dc ~<'Oats w!'l'l' \I'<)' hght. mntnbu!t'd unh 2 .. '"" 
i"\. of the total kemd "<"t;hlllowt'\ ..... the tut.tl phenobc 
conlmt (TPC) oi 5<fd <'Wb ('17.J..I3J5mg CAF:/ g) ""' 
''1->"'f".u'tly higl'll'r cnmparl!d 111 ra" l.cmcl 
(~.211 11.20rng GAE/);) nnd \'Olyl~tton (0./!ll 1.85 mg 
CAF./Jol) for 6 vari~tio;, of rcnnuts found in China ['X]. 
MotCO\er, se<.'d roJIS al..o mntributetl tu the majOrity of 
II'C (67'!.-87%) p~ted m "" k ... md, "lule Ontv 
I? IIi' (l{ TPC b allu..•h.'d to the cntvledo•n. !he~ 
trend WJS also found tn the total fl.l•·"n11•d• content 
(TI'C), (ondmsed tannm aml<!nt tCTCl. monomenc 
anth•><-y.uoo rontmt (MAl' ), and anhu"ol.u1t Cilpaaty 
analwed with DPT'H and FRAP wh~o.h 11'<h.:ated that 
'4.'\.'d C'U.lb were the m.>JOr SOUl\:\' olanhc~>d.mt found II\ 
peanui> 'fhooie ll"<"''h "'P.-.nted '" l>c•th "" the red 
and the bldd seed co;u peanuts. but the MAC tor bli>d 
SC<.'1.1 coat peanut. appeJn.'d hcgher tiMn thJt ubset\'ed m 
red sc..'(! coats. The ,tuJy illso rcvca i(.'\J thJt boiling may 
J.,a.t~ to significant 1<"-"" on phyto.;hemtcul content. ond 
th<• onl!o\idant capadtic~ of cnlored........,.. wat pt'anut<. 

Regardmg the func.tlon of ~nut• 'drit'tio>s as tl'll' 
sourt'e of ontioxidont, the se<.'d co.11 wt·r~ nut doe onl1• 
'mport.tnt ()(1(' which defltlo! the tot.ll,lntiO\Idont c;,p.t<1rY· 
Tl'll' ,·olurb:. peanut$ vorocto<"< " '"' hJ'" poll11lio1 of bt!lng 
d good 'IOUI'Ce of anhOddanl. Tl'!l' antlll\ldant (ap;>oty of 
f"'dnub t> not alwa\> du~11V rolat..'(! In tl"' <llt\0\S>t\' ol 
thhr .......t rokr · ~ "fhjo re-ult" 11\dl(at<'d that the~ 
pt>Jnut cultmus that h;nc pale rm~ ........ --~· \\ C.'T'C diS('ll\'• 
"red 1(1 h.ln• very high fi'C, TFC. and ~KAI' antioxtdanc 
'"P.'"I>. although their T mal A nth<"> anon Coolt'nt 
(I AC) villuc was not' ery tugh. It may, .• .;,., b1 ttl<' rolor-
1., il.wunoids which coukl be the mJ~" ,..,UI'l\' oi antio\
'd.ult .a.."tmty in colort......._'<'d Ct\11 r<•.snub and that 
l"<llun>d anthocy.lni"" p!J)" only ,,...,.,>nd.lrv rule. 
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Peanut >kU\.< have be<>n u_o;ed as fartificants 111 develop
ing nt•w fn<><.l products to improve tl"' content of bioactive 
c<mtpowtd. 1 h.! aim of k~>d fortification is to improve the 
lw>thh benefit of food. Panut skins ronL1ins high 
proonthot:yanll:hn cunrent which have bendictal effe.;, 
huw.verit may t-ausc bith!messand astringent mouth feel. 
nlen!iore, the funnuJatinn must be taken int03CCULU\I in 
ord~ to prodiKt! food product with acrept.lble sm;.Oty 
dlolroderisti~. P.-anut >Lns have bten used "" ,11\ ingredi· 
~.,t for chocctlate rookiet. fortifict~bnn ut order to increao;e 
their pulyphl.'ltnl content [hi). Peanut 'kins w,,. added a I 
t.J"., 1.8°-o. and 2.5"'. ll> c:ookies in order In inc:rcase their 
palyphenol cont.>nl. TJ-.: ....,ult showl'\1 that tho, addition 
of J'('anut skin> in th()S(;' tim"' different levels increased 
lilt' total pht!nolic content and Dl'PH scavenging activity 
of the product by 12'X. 50"4 and 6"-250"w, respecti\•ely 
The antioxidant evaluation carried out t~>ing 1\ BTS radlctl 
cntlon ~venging activtty, 1110, scnvl'Tlging achvtty, and 
hydroxyl radical scawnging activity indi<:llled similar 
trend as the OPPH assil)'· MO<OO\·er. the dat.l tihnwed tNt 
heJhng proct'S!I d td not have any dl'Structivr effai on 
•ithcr T1'C or scavengut~ activity. However, the heating 
pl'OO!SS did affect the prodU<.'I sen'">rv dW'acteristic due 
to 0n une.xp«1t.'Cl food color that ha< bt.""' de\'t'l<>ped aftet" 
he~bng ttw polyphenol·nch ma terials in the cookces. N•v
l.'rthdess, OlC culor dtang~ did no t affect UlC a(.X:t'pt:ability 
of th<- cookies in o;ensary ~valuation <ince the rotor under
lin.!<~ the choc:olak' fla~or which added to the cookie. in 
order to mas~ the bitternt.'Sb dnd a>tringent muuthfeel of 
tl'ol• ('><!3nut skin. 

Another food tN t l'Ould be fortified by pc~nut 'kins 
wa' peanut butter. The <1ddotion of ground .,....,11ut skins 
into peanut butter in certain l.vds re-<ult<!<i in .1 

coo'tCcntration-dl-pendent inrn'asc In the total phenolic 
content and antioxidant activity Adding pt.>anut skinti 
" ns cffecnvely incn.>a54'd the total pho.onolk content. antio'
idant cap.toty, and fiber content of the fabnrnted peanu t 
butter.. in a ronc\!lttmti<l!t-d.ependent monner, ntthe san'c 
time maintaming dte USDA's stand•rd of identity for f1"3· 
nut bolter. Inc sen>OI)' evalu.llit:ln of the p.>.1nul skin
fortili.d l"'ilnut butte~> was also grNtly acceptable [a:! I. 

The positive effect• of consumlng peanuts ond it$ 
product. such as peanut oils, peanut flour, ~nd peanut 
se..'CI <.'Oats, are well t:"tabhshed. Pcanub have healthy 
fatty add pn:>lile and betng good M>urces of ~omponents 
that are capable of scavcnboing free n:tdicals I"'] The find· 
cng of reccnt "tudies has already shown that pe;.nuts and 
tiS by-product <an be potentially u>ed as an ingredcent in 
functional food formulotiuns. lmprovemcnl uf cxistin~ 
product may lead into product diversification of estab
lished brand a•atlablt' in the marlli 

4.5 Lentil s 

Lentils (In~ culiniiri:. L} is om.> of the oldl'Sl crops <'Ul
ttvat.d by humans and the most consumed 1<-gumin<>us 

seed-> in the world together wath ~' (Pis11m <alrt•lllll 
L.), chickpeas (Cicrr ari<'tinum L.l and common b~ons 
(PIIJN'o/u• vulgari.~ '-). Lentil• a re not only coc"nins 
high amount of nt.1o;nmutnents. ~uch as protem, (~tty 
adds, and c<trbohydrates, but dbo conbtn ph) todx'nli
<<~is, 'ueh dS phcnt•ltc acids, Oavunols, saponin, phytic 
•cids, and cot\dCt\SI.'Cl tannin. which ~~11 be u""d a~ a 
.ource of antioxidant [1>-t). Som<? studie!> about '""tits 
have ~hown that the phcnnlic contents and antio"dant 
capacity of lenti l• w& one <>f the highl:l>t dmong the 
other k•guminocenc family j12,6'\ h7). 

Lentlls are gener~lly canrn;<l or dry~pacl..aged for retail 
sale or pnx:essed into flour {1•7.1>~[. It u....d in !oOUps, 

ste,vs, ,.,lads, >1\JKks, and vegclitrian dishes. It may also 
be u.....d as a meat substitu te urextl'!1der due to their high 
protem <Onteot (1111). Lentils Ouur can be u..ed as gluten
free ~redient to be added on bread, rul-e.>, "nd baby food 
lurmulation. The variety of lentUs can be <l'presentc'Cl by 
their ~'<l color which rilJ\g.d from yellow to red ·orange, 
green. tan, bro""'· and black, ns a soltd or •pt.>Ckled in 
color, wh1le the cotyledon tS red, yellow, or green. 11te 
diversit)' of lentils phenotype indicoted tho! intricat~ phy
tochemiC<JI charactc;ristic and btoactivitil'S among lentil 
varictoC'< ( .~ .bb J. The color differencl'S between lmtil" 
indic<lt,'(l that :.evcrnt pigments such ns anthu<yaruns 
may be existed in lentils. A research lhdt inve.<tig,tted 
the anthocyanin content of I t lcl\tils grown in northern 
part of USA. 'ihOI•ed !Nt the fi'I.'11Ch Gn.'l'n lentil whid> 
have gremish brown/yellow seed ro.tl exhibit much 
high~Tanthocyonin content (66S.6 1cg/g) than the Pardina 
(157.3~g/g) that hove greyish brown/ ydlow seed "'"t 
pnj. The ;,nthocyanin content of the othrr lentil varictie. 
were un<letcctable by HPLC, but stitll>.:~d the relahvcly 
high cuntent of total flavonoid which reflected in their 
antioxidant assay ['14.1]. 

The anbo•-idant actwity were signifiCantly differed 
amongst thevari11u• lq;ume~tract [3~1-1 he result proved 
that lentil~ had th" highest total phenolic content, totalunti
oxidant capacity, OPPII :.cavcnging arovity, and total 
reducing pow~ rompared 10 other lt.gWII('S (r.cbl" 11 t>}. 
The total antio~idant capadty, OPPH <cJvenging al'tlvity 
and total reduc.ing power wen! positively t'Orreloted with 
total phenolic runtcrct. The scavenging o;-ffects of tit. 
legume extract on the l,l-dip/tenyl·2-picr) 1-hydnuyl radi
cal (DPI'H) were shown in It~ 11 :!. Bioochvecompoun<b 111 
lentils thnt ""'f'tlll&ible fo r tlw high dbility to act as antloxi· 
dilJ\1 are the phenolkcompuw,ds, indudins procyl\mdins 
(69%1, flavonols (l'l'll.). llavanones p'\.), hydmxybetl7otc 
(5%) and hydroxydnnarnics oc;od, (~%} (t•l 

Three different pill'ts wt!l'e recognized in the legume 
>1!\'ds: -.1 coohl or testa, cutvlcdon, .tnd embrvonic 
axe whi<h rcpr...ent 10%, 119'\,:ond I%, respec:tiv~ly of 
tlte seed content I i' Jl. The cotyledon ~-onscst>; the major 
supply s ubstances nnd non-flavonoid compounds, whidt 
is primanly prote11'1S and carbohydrates, while m the 8<.-ed 
coo• or t..sta are located the majOrity of fLwonmd 
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TABLI' 8.6 T,,...l Anoox.l.tnr ·""'"' "'' oi Ornnnv 
IA'\.'\filM: Gmtn 

<-omp<>unds in lentil-.. Although lh" seed coot e><hiblt only 
small p<>rtitm of IN> tntal weight of lentils, the Sl!t!d coot 
flavonoid, such as c:Jthechins, pnx;yanrdln, tlavonols, 
and ft.wones, are the main suur(c ol tota l phenolic con
tent in the lentil S('('(j,_ 'tne ~"'tyledon, which represent 
a big portion of the total ""'ght ol lentils, pro,'ide low 
conamtr.tion of phenolic rompound, thJt mainly 
dctect~od as cinna mic and benzoic oompoumh, 

l.egumr 
pin 

ChM:kiMI 

Sm.U~ 
b......, 

TotAl pht"-nolic 
conl<nl lmsfsJ 

)34 11 .0 

15-l - 0.7 

~5+10 

47 0 ' ~-1 

45 ~ IJ! 

~..,t l.lJr~o.')- '!7 I ~ l.O 

BloKk :12.9 0 I 
ludnt) 
be.,.. 

N;p,. y tw\lns 11.6 0 0 I 

Mung 1iJ 14 .,.....,. 

Ad.<ukJ 
ru.,,. 

F•"" '"'""" tl~ 
vark'lil>..,) 

Q73 

0.6S (I"" 

90 

16,..,..,; 47 

Total 
•ntlu\Jdant 
co parity 

51>7 t "3U/ g 

22U26U/ )t 

11l>J. ' IJ/ g 

7.!1 t SI U/g 

b48.1. 18Utg 

012 i 12U/ g 

516161 U/ g 

!01 ; lll.'/g 

l1 H28U/~ 

.'lOHllt:/ g 

IO'lopmol TE/ 
~ 

113 ~95.
TE/~ 

l 76.,.moJ 
I!Oiox/ JI!& 

0.88.mol 
lt1,Jit1:\/ mg 

Zlwu,.,., I 'I 

l'dlt'l)l>o and 
L.htwu ll•''l 

tl<Jmoh d ,,1 I •>I 

\u <1 alll>l 

I\JtWJ\JWk7 cl u.J, 
I 101 
\~ic7f1•t 
I• ·~ Ch.1leb et ol 
,-.:"' 

Antio•idant activity of lt>ntils was po>itivt!ly corre· 
lated with their phenolic content [t>-1). Th~t might be 
dev.,loped as an mgredient of functional (00\ls. Lentib 
proce.!<led to fonn microniz.cd ftJkes can oo a promis· 
ing inj;rl'dient to replace oats u1 snack bar formulations 
due to Its nutrttional benefit I'!]. Recent I'C!'e.lrch 
showed that e•trusi<>n procc-<irnll on lentil flour fil>''"' 
enrich<-<! formulation could inctl'.l!!t! polyph<-nol fmc· 
lion (7.1 [. Extrusion process m,,y hydrolyze potyphenol 
bound' to fiber aml protein which may lead to th• 
increa"' oi antio•id.mt capa<ity and bio.1c<.ssibihty 
The antioxidant achVlries of functional ~omponenb 10 
food product wer" depended not only on the level ul 
th<' binactive compuund, but olso the cnmpo>ition of 
the blooctiw compound. The •ntioxidant •ctivity of 
extruded Oour .ampl"" which dctemtined u•mg DPPH 
as._'kly extubitcd tugher valu~ than !he non-cxtrud«l 
nour s.,mples. ExtrUSIOn promoted an inctt!ase in solu
ble f1bcr, total phcnnlic, hydro•y~1nnamk. •nd hydro· 
xybcnzuic aods •n the lenbl·t>ased, 1\ber~nnched 
analy7ed flours. The nour can be • good altcmahH: 
to creatr a fun~IIOMI food Mlh • balance nutrihonol 
and phy tochentic~ l cnmposition. '!hose results con· 
firmed the potential of lentil. to be """'1 ~s functional 
food mgredients. ltuwever, ~arch un the eHed of 
l..ntils cure;urnption in both raw and prnce;,scd torm 
in prewnting degenerotiv" diS<:a'l<"! should be intMsl· 
fied in order to evalua te the ~'l'lefkial effects of lentil's 
cotbumption.. 

FlG. ~-Z SW.""!:"'g """'''Y of lht-q,"""" '"'"""' 
""tho 1.1-diplut) ~1-1""}-!.h)-dru)·l r.WO.IIPM't I) 

45 ~Pln1obesn 

- c-pea 
as ttll(a~ured bJ l.hMt ~o.'t Ill! ll~l· 40 

~ 
;: 35 

~ 30 • 
f25 
~ !20 

15 i 10 

B&t>f IOna beM 

- Le"hl 

.....- Srnllf red bean 

- Black bean 

- Na.ybean 

Mung bean 
5 

0,~o--~20~~~~~40~~oo~-ro~~7~o~ro~-oo~~,oo=-~,,o 
Legwr.e l!ldl'a<:l$ (plJ 
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5 CONCLUSION 

Anthocynnm are predomlnJntly found in tho.> 5t'Cd coat 
of dark colored legume; ;-uch 41l> bLldc soybean, ronunoo 
bean, cow~•· peanut, and I~:~> tiL ... Among other anthoc-ya
nin, cyanidin 3 glucoside i>tll<! mojoronthocyamn found in 
legumt.'S. Beside the high ontinxJdont activity, antht..:yanin 
from legum"" ha\'e been reported cmibot anti
hypertension, • nb-inflamma tory, anticarc:irlogeruc, antitu
mor, and anllrnutagenic ;n:bvotl<':>. It also enhanu!:> spatial 
memory, eMilll«'S cognition. Jnd 11\hibi!s I 01. o>c.idation. 
lncn.'ilse the coru..cmption of ll'g\lmes for humnn daily diet 
~nould be rccommtmded due to their benefid•l properties 
for hmlth. Moreo,•er, further research on the opplication or 
inrorporarim oflegwncs tn snack> or other food products 
m induslli;ll "'"""' should be tntel\•ified in oroer to npti
mized the intake of anthocvilnln and other bio;lctive com· 
pound in legumes. • 
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ICC\' ~,.•""¥ ol Food x;..,... and T<'CIInologj, N.vldw>g Uou· 
\~tyFood lhnn 201~. ;\vailJbk> frum: lrtrJ• .I ' ,,r~ 1\1 
l<llo l, how,,d• l .... •m ~1'11'1 1111> 

llOI Xu U, Ow~ SKC Cunt,.•"tMAti'o"t"stuJy on annprollh.11'1k1n prof',... 
U<sandi'\'41ul.oz ~Ud>''it;r.olrommonly~ fnnd 
J<prmesa~;o~""' nine humM <afl<'lY<dll"""- Fond Chrm :!1)1.!.114 
t~~ l287 9b. ,\vaildhli'trwn:t•ttp:. ,,.,,, r~ lu Wlf'l 1 '•Jt.lld.J~ttt 
.!Cil ! <l! ~1! 

J)IJ V.adivcl V 510<'17 W, Sd><·ri>aum V, Bi .... l.ta J lJ<. TO<oOl fr<c ph<.,... 
be eoolall ond health ....._, ollll """""""'ld) olindoan ~ old i<ogumc 
grains: •fht vi indogcnuu• pmruosa)$ • ....-._ I Food c"'"""'> 
Anal 20ll;24(1):935 ;fl. A .. ·ailJt'l1~ frurn; hi•,... \t''''-'f)'. Ill 
W It ~~~\ • .. '\11 1 . 04. .0: II 

1321 than Y 0" ~ Waog H. Cal ~lln mm anlio><ld•nl .xlh->1)' p( 

.. lracli t""" ~ lq;~ l'ot..t Cbem l!lloi.Ul.u.l-<o. 
/\\·.ulahlc from. htr,:.o IL4'o.lnJ-ftul·, •~·' o"'f .1.1 '" ,.,,.1"!,-v ... J 
'-,j: ~(1."1.,"1·h-·llll1~·1>~-

rnJ FAO. Pha!itdUS bean-P'lltt h..1S'\'e>t Of".-'t'.tti('W'IS. 1 'lQQ; ::'S p. Av3U• 
~at from It "' t.~o~,1 ~ 'I>+ '!JI.it 

(loll llon AAl <.4ld.t<GV, llLI<r M\\' C"""""'•bOnSol rooodcnood 01). 

tul \5 and unlhac)-·anuu '" common tx·~n !la>d cu..ll"-- foaod &~ lilt 
2010;4-3(2}:~$- 60t Avi'\JI.,blc (rom: hlflJ'o 1 J'-'' + ·t~ l hli•Hb/ 
1 tlK,J~ ~}II'IIJ,..l•l-1. 

1151 """ L N"a• !>. Hu J, liu Z \Je M M•"'-idant """'lib .00 anoh<>o 
cya~ roMptl!iltion ol "-'<I a»tsfrorn 1~ ..nt)'-SfX Ldr~ l!oaan cuJ · 
tivJts. (Fum.lJ-ood.~201tJ;2b;622 31 . Av•Uablr:from htt)."l"- •It)! 

VI~ I• I IOH'I'I·IfllLlt.(l"'lllO 
1'!61 Lut L-Z. Hoomly J~ f•.,tor<.on-ate. \ iS, l.urhna 01. llu! polypi-... ,.,li< pmiilo. of <Omfi10r\ Non fl'h....,.,.,. vulg.>MI lWd 0...... 

axl8;tl'O'(t)"'W9--410. A\~o\lW:Pie from htlt- hnLliOJ.Jud••··l"""~"'·' 
f\lm 'n1rll'\' , l':.t. ~'"'.(10\.'\l~~'liJ.', 

Jl?J Ojwang LO. Y.>ng l. Ovk."! L, Awila> I rru.u,tro.-y•"l<lin pmfilc ut 
«>'"P'-"0 (Vr~;N ung~w) ,.. •• t. c;,redtin-0-j;luccoid. ., Ill<' 
\lc>mifuru ~Food a..m 20111"¥)(1 ~)'.3~ ,\.,ai~ 
trom: htll dlnun.:. tt' II Itt .. lt .. ..J,I'II.lH~JilUt II. 

l'\ill ) \h,.IJ 1\'"tMl~l, )o.Jl.u•,Lr).l•t I R.•1hvl~ol J, ,-.. 1'• I r\~-t') ~. 

l\.-h .... ,;l1 H• .... -.an•K \rd1''"'.mtn.l••l"lt-....trrh."'''' .u-.1.":nn'" 
un .... ,, 1 ud\1 !"' dM r.,~ 1,.,...,., •. ~II >t ~,:;. J 

1181 ttln IG~ K.~ r. Sro JM. Ii.lm 5!. s.s.~. K. SJunW.t K. 
et o1l. Oult~<!ru.ubon of .1nthoc)•anlfb uod p n'\,lnthv...")'·uttdin:J o( 
W uki bi•:m \'~IJi\Ct!'> anJ their antioxlc1.ml adiv,ry J r'Uild ~" 
201 5;14~11111. A'aiiAbkl from:_ hU-t ' l.h.' '"'• 1U ll'lt~ 1)!1 

'::; lr. ,,. 
1391 Atn."tnen·1· t M . ._ ... rnfu h< m .. n .. k7 I 1nwuH .... _u ,\ .\nlionJ...~ . .h 

·••:h\'l~' l•lt•dro._1 ul•l\1t\IIJ l\.\.10 .md 1! tf':tf'tlllrl!o I·•·" Lf'''l1 
~11.18:1~· 1 ,.~ ~ 

1401 Mubo Y !>Aio S. l'ul~_,latnltlg Ol1lld h.-,u, (V+~;N Onglr 

l.tns) 5IN!d C'Uolts at!l"'T.lAk' ~A'fCUfa.r ()).liCUbl.c ~ Jnd .n.a.mm.... 

tion in 'ipOttlMl;ec>usl) h)-pcrtmsive "" J Nurr Snd-.._-m 201.1.22 
n l:t6 21' ;\\o;UJ;tbf.f, honl: hrf}1• ''''i ur); w 111,, Hnull1 H 
~~llt'~l-l . 

1.-11 Ko-. .. t...~:.C.a 11' 'r t llo _ ,-Jnt.l.rt.: J\. (.._•u.alo...,.l.an_W Kt-
(.,. .~~V..-(c.•r,•rk-. \" "'- ,.,...,..c.. , 11..iw R. li.amt.ho4.JI('If'llfl~ \~ 
C,.l.n..J.l-l,. .. l""" T. I~ ~ .. 1-' !'\tl.u .• n .\ fo\.lluotnm ut ru!th.&.r\< qu.aht-. 
.,uJ ·•llllti,,J..aul hlr-1~!1\ lur Mi''\k,ul H''''"'i"~n 1-.·,m" !rl~., ..... nlu 
'\ tt!f,a.~ L J C·'"'"·~·lu' ]•II·~ Pl.Ull hll h"-.1 R..~ l.!il 11,11)f\\ hit(' ... , 

9 l 

f-411 av.,11'-f. J Vt.'fd.., M \\ . .tlL.'1 ft,~..tru~ ftk,1Npn .. , w•.:. 
,tl)t .. o\IJ..Jf!l~UI•1•1•l Ul ..it..'C1" Myb\oU"'If"hol ,,.,11t..t MP.F l J J \\' I 
r~""J ..,...1 lt'('hn .. ,t"\)lil",4 t\·llt~1 .,. 

HJJ s.J.U,IIf.tfU r n. ,.,n.n.~.J.ml ·"-h'"'') id l!o.l l!\'\.1 ra.·ll,-al ~..)\614:~ 

, ... lr ot "'"""'' 4 ,~.., ~Nf Jn lw.:.11•,.. '~" • lA. .. i\' ""'" .... a 
ru. I .-q.l \lm-f ..._,'ll L .. tr.• h-.u:J Ou1 "'lft :"1'111) l,l 'f 

(441 LJm<in RJ, Pella<~ Turino Ml, M•rtlncl-Vill.•iu..'llgJ C. Owil..,. M, 
Fri.'\IJ ~1'e!o\tk10. (..1\haJlC\.':111\e ~:;ontent uf hluactive <.'U10po1rr\ds 
1t1 Wnq bc.\V\ e\tr;ads. Food ( l"l·m 101S;I7l;_l4.3 5! Au•lablc 

ttutll l1·•~, ..;~ ~• 1111 h 1'"" ~-' I I " :tW 
1~5J L...t· \ O'\.•· r p.,., \l. •~·~ r r-· ,, 1 

I h111.U\J,., I , t'( .., , lrf...'(l or \\111 .. \11~ oJI\..1 ~,·nHII'-ItJUO\.n rt ~'lllh.o!.: 

~'-•HIJ'"'~Ih•'lfl .ti\J l•lnl~:k.JI l''"L'I"'':II,"' ,,; \..1111~ l"•;ln<o H'"''~~~~lll"' 
,, ~~"~· (t.m..:1\J I""'U54-

I~I luzA~po l. Campoo..V"!;oJ R. Glfl.i.lk~ M. 
l're<W...ortiz R, M.n.lw;o S. ~'"'""'J'Jfu G B""""""lhlllf) .,>J 
anti(l'(jd,1rtt actiVII'f Of free phcslc>Jk mmpuundJ .1nd OltJiO!II·'I\'X'ha
rid~ from com{;(~~ mays L. )and rottwMl:n b.,•m (T'I~Iu~to \'ul· 

flU'>' L I dul" d"""'! '" .,tov ~~-- di&"''""l .uld 
..,, .. bled cuiunlt lmno:ntrta>n '-1 llC> ll't 2017;ltn'04-ll. 

Ava,J.W~ (rom: htt). •'--••" •·· l>l h:.tlu, , 1.1!-.dh ..... .?t..:l «I 1 1~ 
1471 "'oJUM ( ~'\10 r Sl•!:,tJ1fl I l oul\\ I lllt.11..t• .nuJ l•i.tlt.\I'YI ... 'olbtl•!' llf 

" 1 ,,,.~,~1t•· ... ·1,J~~1Mlo da.-i r~-.....tu. , ~ .. , ... 101t,IN~ ~ ~ 

J<Sl Vall"' OA ApplollOnol ~ """"""" '"' drug -.ollolol)· 
<'-<f~c.~twn. /lA~ J 2!ll0:12f4t"-"D 8 Mo;lablc from hl!j•t/ 
W'\\""''•i''·"~,.rhulo.,~._w. •JtJ •. , 1. l"'l.~: ... l..!_>.p.,.otQ->•.!1. .. 

149] P.Jlll!t\1~, f'. Pu.d• 111 U, &,J, U. Var c..-·t.~•·r J £"\•!11.tr N. 
11..- ... , ~ko .\ -\ • 1-.:uJ o~rrr ..... J ··•· "'' llowro · 't'll!''""·;wl..ht\' 
1'\d.· I t•.trm..··l.!J tPhJorm. ,.,, _!l)'!o.'~")'T~~ 

1501 .-.wii.AJM.O.I<'duKG e;o. .. -nvup<JI~~·.,.J~u"ow
P''.a (Vi~ unguK"ul.H:a) a nd th1.'U lwahh p ru mo11ng ptUfJ'.'fll("\. a 
...,.. • .,.. j Fwld klow 201?:31it>l!6 'T?. 1\\••u..bl< from l•lip• II 

ltl•'•j• ~J(t-LII 

I'll )o>u lRAP. Vi>di\.-1 V s.:..J.ki HK ~'id.tN octi<"tl\· ot ..,lhu
cy.,nll'b an rom trl4111 legume gr.uns ln: BtWCUH' food .u cb~.Jry 
inU.'t'\'1!1\tion.<o fur 11\' \.'r and g<llo.lrL'IInteo;tm..i i L1i~'l'l~ L>h'<i flf~CV"'-T 
Inc'.; ~13. p. 481\ ~7 Al'arlab'h.ll.roal. huT"" d .. -••"r;• Ill I fl i t~ 
•••. I: ,J"I7'1 ~ J~~IJ l!),r.". '--

{52} lo\.11 t...! rCo.lfl,, ~ u •• ,'ho "'"-,.;' ""' f'!""'' , ~t' 
111 111 \wJcn ;: 't .. ,. .llh• 

J~lf Nll\-f'\111 AM.Oy~ L.. Awil<.> 1M, MulllMr 1\, Ouo..lu K( •• Mlcuoll< 
C(\11'\puoit.IXJO .and i.nhJt:.atc:wy eff«t agalm;;t oxld.ltWt" ON,\ U.unage 
nl cwl.cd<OWJ!'-'II•'' affu.inll>v <imul.lcd in \1tru @SlfO'nl<""""l 
diR"''""' Food 01<-m 2!ltl.l41lll.l763-71 A•·ailal>l< lmm. 
hUf"' /llL•t.Or~l hl Hllo. lt(hl· '"''ll .:o1 ~ ltl11 

154J '-li"•'''~ LL"'. l-xj., ... l -'"'·"-•' j\1 L'llr.t , ... ,IL•rm.llll• lltiuui 
l.U. ..... "T.If't'J\' tJII!lft.:D1•lU.)(h\IJ'9i..~ r.l.l i'i 1'' !t "'"'tr\ pn"lll!~ 

f •d11\"\-.:!f\ltQ tWJd f"r.,,ur.,o, .. I' ""-""'?-'.1 i\ .:'ld ~ ... q ll.ot.ll Uf 

' ' ""lt"~~)o..'\~lll.•f)J't..C I \)o.-n..._h·.-.lfl,,•m~'1l"''l·)l 1 .,\;...l 

l55l L ho.~11.,; (J, \\'on~ \ .. ldl>nhhl,Uu H 1"lt tliH~t .. •IJI4 m H 1\nh tWu 

lx·.u- tVI&J~ ~~ncru-~.:- ~~~ tu~h-rnturm.u·. , . h•tu"i 
t> rlOJia.•~,.rlf'M",S..., 41Uif' ...,. "iPJ"-tl'\111 "' l.L I \l.., t 

J \f I .~ c.J,..,., )\h 5:!17.1 ,""4" 
1561 C,tltl• rfl'.C Cr11'1t> l \ ~\Olt~l.otl V ~~ S,., 11;\M "'() rt....n,lt~ 

""ll~~.,...hro illlJ m.unm;u'· ,.lltt'1·r C'\!ll lnh•! u11nn ul ,.,lt,)l.'t!- ,.t 
I •I •UWJ"'·'" I\ '.;J'\o) Iff', ~·'II •JI .•• , :tnU I .\lt..Unmll·l' r~'n"' 
Ul ... .:f .. :'!"'ll ... ,_,.,.,, 

1571 d.> \'aile C.tlomml 1\. dot S..U.. \'8, Tutm~ FL fhr•n•.;n M. 
O!it11Khll.C: Jc AlconcarSM~ct•l Otil.rOX1,·MI""bUt~ of antH•\kl.it\t 
an~J ~ l\ttmic:n:itl3 1 p~~ nf t'pl'ay-drio.>d cxirlw:t.s tnnn p..•.,nut 
oJdn. Food B"'l'rud '"""""' l017:105;21'i ll. Avoil.>ht.• fnon· 

t•1 m...cno..;r .. , • • •. f"' ""' .,-~ ·1-. ••r.c 
J.ISJ Allrw R. DuB. Xu U Oistribul1(+n uf pn.no!JC <OOlf""'"d> U. .....0 

C'OOI nod rot)•l«iun.nnd thL'lf"(\)tltribubon IOAntluud.anr(O'lpJalii..'S" 
or rod andbla<k"-'--d cwtpoanu,. (Ara<hl•hn'OI\"ea L ). lnrl Crop 
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Prorl 201'5;67 <44-8 Sb. t\vait:lbl,. from: lutp:. ( /d1.11 ,,r~v Hll0lt1/ 
).ln•""r··'f' 1 h 11 ~1 

IWI &Uw.;, fU\ \lo!o....' DL Bhu ... , .. , IU ht• ?h~ !l.llfwu\1• .sl ~~-
~ ltld •nacn.id..ul! A't!A"D nf '"• n.u"~ U..l t'A.: I (j,, ~u~ 
-~ ·t••.IQ~,J} I 17 ;!J 

(tiOJ Sh.."rn Toll\\' fLi•laruilS.:::L'l \ lf,.·.:I,Jt l..Uili~ Jf,, -\\ J( La..11!t 
m.u'l.ltnw, .. i h•Loll F'"-~'rb.'t''~• r ·'''"to..t•U .u •• l "m, ....... ...,.u ' u.:,.,h:nt'i 
om.l .mh(l\lli.'llnl \ u~oilt:!:>UI I·k tfl<~ r1~llll fh.'•lPuttAr.u b!4 h, P'ftoi.MJ.Il 
luw~ \\ t!h <hlh•rnlltlill-1 u 1111''l. J 1-.•-..1 llit_~~_ l ~·m "'\!1),.'\.t.t \t10l -~ 

1611 tJ.•( -\L M.IM,,.\itdoC V1..LJ \\C.. 11\1' ath-br.;...t..Jo....t~ .. '-;JI,ll >i-di f 
f··un1 fi cahOf ,,,,,.4JL...," olh;" .,_, ,, kmoo- t.1ll.'\."b t~~tl !llflc,lblf'' 
b.lC'I J'"'"'''l-.t 1111..() 1nt .... ..ull! vr 1"" ..... .tN " ~ 1 a.t.ltt}' 
-\ff<:• ....J \. h· -'l 14 ~ I L'~ t, 

[62[ M.:o Y Km Wl.,Swaru<l<l RB, Hargtl>\o Jl.. P<!Ql RD. 1\»nootski~ 
fnrtl6~ ~\lllUt butter..: d tl.'<1 01 pMCL'¥iln~ 00 th.,! rtvoooiWJ CI.Xl• 
Wont. HJ:!f\• (\:tutcnt and anrlox1ddnl l)(livily. ~;,. ,.,,I Chtm 
201·t 1 45.8tn "l Av$ilahl~ ffunc t•ltf":: 'I fiu A'Jt~ 1\J ll'h•. 1 
J -.....:fci,. ':'It' I t)\ 1~~ 

[631 O.•is)r, OoonU.I'no.1!I<M,Sorcla>ltlRo>so.n-ond,.~yd,... 
piUIIC and lil"'f"1ohc-antioxJCI.11l! 01poori<oof l""'""llku$.~ 

J>C"""' ""...l .m<~ J>C""'" <~-""' r""" a._'Ol 20t0.119a)c5.J'l 47. 
AVilill\blr fnwn. hUJ->:- ' ,,.;,, 10· ltl W lb ~ too.-1-tt."'"' ,_"-~ \.'t'- .1" 

rMJ /o-rJ '. Clw1f: ..,11.f. C.u ,. C.'ur• ~\ \nh,lxitl.Jnt .1c.h\ 1y .mJ J •l ~~..

•whc. L't-•1111" "''' ''It"' ot J...-ntill l ••ll'" ulh\o.Jtlb \,lJ' M1.Htnnt 1''-ll<Jlt ~111 
tFI lr.tLildiOo J \,;_r:4· nv..:l Ot.·m ,..11 1 ¥ .. t•t~ 7ro 

(65J ~ .... ~·• ~l «-•'" h'- D..cl...l·. ~' \4.' 1 ,\ • D ZJol, j.: L im;u.,tL ... .:.<"t· 
uw.-lh'lt': hnw o~~d t\.")"':• o• lDu:nm.e-.J.:c• on rtr JIJl.!J~t.ml: ,-.,.,. 
f"'-lllt.i n ~,- 1d.mt t~ ) ...t''Jib .. 1..wn... -ror ~ 

!luthL (\11'1'-II'~J...on-ll~l!;II.U"''. """ 
1661 Singh 8, Sl<l(l,h JP, Kaur A, Singh N. l'hcr10lic compr•<nl'"' •nd 

aUdO\.i.c:Llnl !'IOft.-ntial of gtnln J\'j.tUIII'-1 81."'--'<lS.: ~) l'(<n,ti('W, rti\XJ R,('S 

1n1 2(U7;101 J lb. Avaibblt trom hur"- /J,,i~,,r~, ll:liiHh 
k,Jd11.31o-'tll ' ( ~ 

(671 1\j,'UII"ro Y, Estn'IIAI.I.Icnitc>. V, Es~cilan RM, MArtirrCalnqa•MA 
Blu..~Uv4.' 1)henob<.' oompu\U11.h and f11nt'ti(lMl ptupi.'rt.lcs of ch,.hy
dr•u'll ban Bow-s food R<o lnt 2011;4413)·774 81l Avadahlelnonr 

.. ..JC;.;- hi I h •. ili•• -Y!t 1 J 1 

[681 \u B. (Nng SKC ltc.'<l'""""' of anapr<Jilknbw "'~""""" n'll· 
ba....S anbu.lOdanl <af"<\tll"< and phyltldl...,..k'AI t<1n11:nt> ul ,.,.,... 
"""' lx\tns and ,;oyOO>r.. """" thermal P""""'"'8 food ('),., 
21J' 1,129(:.1);974 81 A\'Ailabl+: &uu\: lniJ"' d('lWIJ.:'· lU 1010 
f•o~-..ld 1'111 'OJ I OG (I ' 1

• 

16"11 l ht-.,.:.hu ' '· bJw ... u ( to\ « o~•mun.ns:J N~ .. ttl !'t·.tl( ,,·,'lntr-; ~.~, .. n I 
no 4...._.,1 Mtlll'h'-'1 'T "i.Jtl ._, .. ~1 ~ o~n.U~"\" )V.\.'T'I1i.J ~~ 

.... ' .~ ',,..~t"'\1 

1101 t......., BD. U.pu F.~- LJ. B.>lh.io liS. l'hmol:.>. ond 
""""'""'"' acti•ity ul l<ntliand 1"'-' hull. food lies lnt ~11:44 
(l\o&.l6- 4 1 i\\.'ai!Abt\' fmrrt ht~. IJ,,_v 1 tl+ lilt! h.~ln ... 
~•(ti!Hl'l 01..':", 

(70. I (.'h>lob N, C..»ol., )L. I.Opc.<·Mc..,; M. llouslan"' M, 
V•bcntc M Polyph<'OO!s """""" ond •otiO.Jd"''' <ap.>dty ~I 
011.-.. bbab<an W•·u(.n. L)gonolypc><>dh•11""' m T...U.... 
f.Qnd ~ lnt 2011.«·H):9i'O 7 Ill ,, Vf{ 10 It It 
r.•....tu .:ut '' 

(71 f Du..1\oh f\1 H.·n~ln.J~,·, l bu ~o:f).l 1.11wna•lk. o.l.ttll.~t,..... nt d,_-n•t 
't' 1'\ltu• u• ,J the ~'\'I r• .,., •'llo'llllb HA'Jb-.1 ulir"trl 1 L 1 Eu: Fu..~~.i K··~ 
J, dtUt.•l :'lXJ2;21~h)'4/l-o til1 

1721 llyl&nd 0, Voj;ey.V.'I>"<t M, 1\mtJiL~d 5D, Malrobn><Jtt LJ. 0.•\•tl· 
UJ'fl'l,,l ol a ~rumnou; ~ !illild: Nr «:fUlJt r:uc:rora.A~ 
tl.ai.N lmrik food Re. lnt 20Ji);~3(2H>42 ~ /\nibble from 

t'l -.. .;)~']., l l It I '~••"'-"" ~ 
(131 Mur•t.. .. P. Cebad"'• \IJr•ndA l. Cimotr.~ RM. ~.;, ffi, &nuo L. 

l'krrtoo. JOj. c-1 4L lJJmH e..ru.r formulatioN tu dt'\·elop nCV\ 
Nload<. type pr(ldt.J(!b by <:Mrusion ptUC!\..,.ItJII,I;' pf'l )rtoch<•mlwb 
And tmbu~ldaul CApacity. J flun..'1 Food.'\ 2U1~;1'tS37 44. twail~blt! 
ftOU\ ht1r dN1~ 1:"1 1lt, llll:"rW;\I"ji~ 
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