Iranian Food Science and Technology Research
Journal
Vol. 17, No. 5, Dec- Jan 2021, p. 849-861

Olnl @1ad @l g pole Gletirgy 4 pid
AFA— ASY. o Fee 63 —,5T b o)Ly Y ol

I.I
2,
. § i I;b
% |
i F
U‘ o
b o R

Sl il 55 e 5y dasda dpazes SIS ST el 6 lul

PH 5 &5, ~

rdl&j &L’é ag 9 _Yeze&‘j# \2@.& —‘ojjjé c:‘};.\.& UL..S)

YRGS B 8l 5o b
S

s (b Ky 5B 423 D0 (sad sy oS gl A+ Lty &1 o231 o) o Ly balyicons sl sl

ool e sl sty b Sl cllad g OPA gy L caril jdgyien by b oolizl (LeNs escuUlinaris) use ;g silgyim
458 0 e 4 31,5 ol dnpd A (48,85 £+ BV e 4 31,5 Blo 43 VO B XY slaled) Lad)l s Sl dell o as oLl ABTS g DPPH
ABTS 3 DPPH (cla JIGol) jloe arl p (wde opigp 3dg)ded Joamme SlannST leddls o)l (celo V ose 4)) 92 ¥ & ) pH Hl
4835 VO Code 4 31,5 ke dm )3 YO D XV clales p3 230l 3ol Ui gl 5,5 byl OPA g, b ollopel (sloeg,S olie 9 1 (o
ABTS JKoalyylee cllad j3 jialS aop3 4 g S/A XA o (P<-/-0) DPPH JIGol, Sais e culld 3 Lials o0V o/VY o F/A AV o5 5y
55 3031 oelisloeg S s i) qulis a5 s il lsles 51 eple; 1B L )l clajless plos o ol 1 ogdle b e |y (P<:/-0)

PH=VY 5 (cod VY sl PH=Y (5 4 jgbas 0055 iy Sl sl cdled 5 (P<o/+0) Iy gxe ialS cel oUS 5 ool PH Lalys 93 y»
A5 odalie ABTS ool lee cudled 45 <l ao ) VAY PH VY 3 cai0,0VF <dl Y PH ;5 DPPH JIGol,) jlee cdlad j3g duopoVA/Y el

(xS e Jyare (S|l cldld PH Lo o 5yl jlosi cois (s «s)lul (g lS ejly

-

Sbssin Gob> (San Mok SV gane I dlgy eolitl
P o g Ledgulp CLSS plyed (Jld Cun
O Ghelgs @ Groplie 1 Mg g (HE Slga gV ge)d
ool ()bl 5 (st iood sl ilisee (slo o b 055l
o i Lolse (Abdul- Hamid et al., 2002) sl St
g aslioe 2l plio 3 @ly boyles IPH ©lyess 5 ()l >
Sl p IS U wre Jolge cjo (L8 Cldllae (ol Bk
Rao et al., 2012; Lai et al., ) ail o Judcun; slosin
(2016

A Gglite b Shy LIS eSan o Y gane
cos 8wl e e LS (g Sants ¢l 5T clas

(Magsoudlou et al., 2019) 5,5 . )5 auel sl
YL S 5 N b0 & (g e (58 (sl apm] ]

(Email: mahtam86@gmail.com : Jstus sxiws —)
DOI: 10.22067/ifstrj.v17i5.87854

Ao

Jilos ccey% coodlas ] g Lais L) &y (S0 G5 o o5,
03905 oS Lyl ceodlo 45 45 351> o391 3 L puno 4 (3
Ol > dlox 5l Lo )low (552 joym | syt el
ke Jolos 51 (S 4 i (Jian et al., 2007) 53,5 o (95 ,lid
Sl 0l oo il a5 plly sl oo ity oo Lais 5
9l B 2lie OV guame £oi Bl Lsly 0 eu] i p e
oret] liE Y guao &y i oo 4y i3IS )8 Jsb )5 o
Mine et Joawl 03,8 oy ilidl sl jobds <5 goite 5 g,
C.’)Yya.’xn .\Jy dl).g u.sYl.» J.wl.?.: L;l)b PURRVONS 9y )'|
de Castro ) sl o Jlad Cauj sladsin (g9l uiap jdg,iud
Gy g yold g p lin! Jld cuwj slaag (et al., 2015
Shl> Yoo 9 gl Fovv 5l 1208 sl (JgSgo pya o8 didl e
(Mendis et al., 2005) situn 365 g5 )3 aieel il Y-V

2lio g pole 09,5 Ll g Hboliwl )l wlid)lS gmmisly cudpay =Y 4 )
Ll ol e Mol ST oKl ¢ By anlg ( lie


file:///C:/Users/Almas/Desktop/roxana/فایل%20نهایی/خانم%20علیزاده%2015%20خرداد%20ماه%2099.docx%23_ENREF_73
file:///C:/Users/Almas/Desktop/roxana/فایل%20نهایی/خانم%20علیزاده%2015%20خرداد%20ماه%2099.docx%23_ENREF_73

VPeo 60— 33T Bojlos Y s (ol ! (10 aluo g pole Gliidgy 4 pis AD®

2 A slod > il ad Jlbyd glaieds gl e A3
Qs jolaledy L oAb 03 @yl ddBs VO e 4 01,8 il
9 (428> VO e 4y Do XQ) oyl diges Jlasl liguw,

.(Ovissipour et al., 2009) . (5,3 Jbsy sl

ol e
YO 0 XY slaled ;5 4ad> V0 Gl 4 Syl Hlos
A pleol o)S Sl a0 (gled jd Al B e &y 5 0SSl
ool cpl a6 puSo03lul 0 o g Loy bilate 51 ,Kod Byl
oo 128,531,831, 8 Sl ax VO 9 B¢ KV glaled (5 adiges
oo b pos] 428y £ g FO &0 N slaylo) 0 (o)l e
D+ v e Xg) ok yilo Cligw) Bl jolatods laiges (b 3p00 | ey
59 ovlelp sl sl edls ¢ ws pbul (aids V0 Gae 4
Escudero et al., Jui (6,5 ojlul baaiged o pbgp 5l W

(2014

PH oy
9 3 ol 0 PH ol 5l am 9 <85 )18 celw) Sae 4 )Y
IR s 3590 (ST 5l clled (6)lub cdiges 53, 55yl
Flassin )lel onp lp j8 % alie Ve 88
Wong et al., <Zhu et al., 2014) .cul oais odlaiwl (g, cpmod
(2019

Jglome (g (6 55051
3ol )90 sladiged )3 Jlomo By oljee 6 xSoill sl
VoS LA Jobre wsyg) gy 53 8 odlatul ()5l by, ]
FULLY) LU By maes (oo V o)) o Slgus (oo
3 a5 A AY e Sl )S oo YA g Jloy /) S (a0
3 s YIB b iy diges 3l il See 00 ctalesl oo
2 AEE Ve g (S5 alolM 5 a8 bl A (Cizm)) Jole
FlgSn YO+ g 588 ()l0S5 B slos 53 9 (So)b Ll
5 48LS) ges 5o 4y (O L V) s ) 00 35, g Jolxe
Job 53 458 e liee 4By Ve cuddS i D SS9 alolBM
i ol diged piigy Hlade A olilgs iegil VY'Y oo
Lowry ) as (i)l35 sl o /9,5 (Jeo w53 9 "BSA 3kl
BSA 5y 3l oluliw] doxie sy jelaieas (et al., 1951
Sede Fo X Xe e i) dilie slacd, Lol . adliz)

4 2,2-azinobis 3-ethyl-benzothiazoline-6-sulfonic acid
5 Bovin serum albumin
6 .Bovin serum albumin

ol Ly 4 o olie slge p Ll 5l edlawl (Jlogpl b syl
ol 005 Eoion b 39 (o JBI )3 balde ows g oz
ol 4365 5590 _anbs Lo b gla oS il 51 onlazl ol plis
Caold (glul ol s o Cwl a8 8 i |
Sl Lulpd > e 0S5 e Jpaze Slasmsl ol

ool 48)S )13 gy 3y90 PH 5 )l o

g, 9 3190

AUKG el b YISIT 5l s s oo Hl5b 51 ) wae
—Y-uid (3 V=) (SHlibs) wlpsg <S5 3l Y/F protein
= odsilgsiadsl Y e 5251 Vo ¥ {DPPH) Jojhhae Jo S
5 (Kopl) LS cSyb 51T (ABTS) sulSosils
(OPA) widices Jtbgs)) copmss) SBSA) colS pmaslp o
e 9 (lgd Byre ygligw dgw hglil it (e Sldlgu
L5 g S e 8 1 5 b el

owas &l 5l (g dlg il ad

5 Ad and o 5L 5l (Lens esculinaris aujylg) (wacdils
L) (g5 gs) ag pelaiods e 15 3)] (B ol Lo
2 PH G 435 bslsa e Ul i oo Vooe b3 5 Yo
Ceslo V Sdo 4y balsee s g mulald ;¥ g0 /) dgu jl o3lizl LA
VO Sdo g Veerr XO g3 g 03300 3)S il an > YO sloy jo
Raymandt.N.Co) ;e yslw o8 ol a)d Yo (glod ;o dddd
VS g danl L ) JEPH 05 (gpglaen 29y 56 g (ol
Xg 3 bybe 5 s F/7 53 Y50
Eoslaen g, Ll )3 0 jois il 3,5 sloas )3 Yo cglos
st gl g 020l Ggmilisgn Sygot o )3 Ioaee 5 0
.(de Castro et al., 2015) 15 (¢ 4S5 Loy Lasl s > cou 3l

5O A8 VD Cdo dy Vev e

s &l (g dg il a9,
L PH) 15 osbl (S gsl & ome3lidsyion sslaion
SYISIT o3 57 ¢4 e A o 15 ,Yigo oo B il 3L}l o3lizs
Canss yokrio cpl (gl b asl (jul deo u9"““"] YI¥c ks L)
g b aBS 5 y0 iy p)SskS [ gudl A0 Lituse 4 5l
el ¥ Sae 40,5 Slo 45,300 clod > (o il ig,hd
A psl VY rpm s b (Wbl Comecta),ls , S 55LsSSl o
rﬁl.’?o‘ MD YACAY s & e Y. ‘).[ZAo L_fl'n) &0‘95 JLl (.5)‘3)"4"9‘”

1 Lens esculinaris
2 lenox company
3 1,1-dipheny-2-picrylhydrazyl



ADY o s (g gy Jgmaze (Sl T T cadlad (5 lasly | oyl )5an g 03,08 00l pule

shioc] jl diges gl 4 a5 gl ol b b ang Bayb Cpen 4
5 25 Jsass sl 2 ABTS JISaal, LSSl duo 3. o3l

(Alemanetal., 2011) s 5,155 59 5l asuie ojs slila

Cla —diges wla) /S Gls XVel) v)
JSly (S8 o ol aop=(( 55

Roals (g kel Juloxi g 41 550
T g loges sy 2505 plosl 1S5 a3 laygej] colos
5 (One-way ANOVA, Two-way ANOVA g, 4) ()bl
S 4 5 Turkeys multiple cus lws b uWSle duoldo
Ot e (s Sl b pls] graphpad prism 8 ljsle s
o3lizes] (ANOVA) 46 1o, uily g 43555 5| oyl oy oglis

EE TR LY Ry J JE-500) RV P UV SV

P pS Ve )oes b jload pSojlul S enSn e
TNSIE ply NS gy 4 (ke ol jtdiale Veor 0 pess
I e 2 pSoilal Sits g il 4 g SISOl lie olsly
s goss &8 b oy (Vo4V) ol Ken 9 Urbano
bl cpl &5 a3l oo 0pd g (Samedlye (Dliang ST (nSen
3o 5 S yjg Sl 4 TN Yo |y ode S g ol3e Lol
Slgizee b liee opl (Urbano et al., 2007) ws 8" yo)l35 IS <l
il cillas Gdos ol )5 Ghilojl 3,90 digel g

e 089 Aol oo 3l 9 00
lagles b 3 il ol ooy Sslsime ofse 4 bgiyo b
oanlie ) S5 5 o 55Silan ol o ) ) S5 > cilie
dlrgdy 005 g digei 0 Mjlopelislaeg S i 235 0
YIAY 31 5 ool dzls ool B9y bt 55 slan 51 VISIT o5
YYIEF & jho did> 3 (ufgn pShe [omed Joeg)See
e ool 0dgany o B> )3 (B9 ) (e [ opg) Jgeg S
Caol 03y o 1y 0l Lgy VAL 4o U 5dgyuun ailyd dobl
Chydiy 2 B i 5 3l ol o md e L
oasede ooy a3l dm calpln IS o 6 w3l 35,0
Gty Copo nlpls g 9000 22lge |ituagw 39S b o3l
oy cdpby > VI o3l 5o S ajil jgue
Ul 1y ol ol s il e )05 (5590 G (a3l
e 93 Vb bl SYISIT 3T aizls ol YT 5T (oYL

3 oolizl b g as (il /p)5a,Spe You g Vou Qe Ao e
005 duole Jgloxe gy (flie )9 P9,

OPA (g, a1 3131 (ol (5095 (50 (g 03151

Sl mad (g YO oS5 5l sallJl )] Jsloo
Fo AY) Slgw Jrwd madw oo VIO (Ve ol
Voo g Jgilie juSee Ber > asll Jidg)l edle p S Lo
Oygody (o O @ 4 i Ol b Jollonls by slgSee
S Sged 3] s Seo YO cstalesl o 53 5 agd il 5 03
9 SS9 Alolidly 5 45 byl o ans Jolxe | (oo S L
e V) e o (60080 S, K po 5T gled > adda ¥
e 33,5 848 agil YF e 50 ladiges ods 5 A 48l jlads ol
il o 15,5 Lo £ XY ) /0 eyis slacdale | yog) 3,k
Sugod o35 b () 3kl (oo Sl o3l b g a5
Sl 4 mg) S90S bl ST el (sloog S jlake /2%
(Church etal., 1983) ui 5,135 gy p)S ko

DPPH Jusl, (SaiS ke Cudlad g 55705101
&l Slee bl sl il el (6503l (4
b (ke 5 ko V) 8305 o 51 sy Seo Y-+ DPPH
Aoy A4/0 Jgbl )5 DPPH Zo/++Y Jobro yilg,Sio YA«+
P aadd Ve cso 4 65Ul gled o STy bgles b bl
59y b yegl OV 53 badigel o A8 (5)lS ()6
A5 g Byl (e 4 b JHES dged S (6 Sojlul (oriwciil
doyd b ookl jlage O Bgad gl 4 &8 Cglay pl b
0ig Sl @9 pj Jged bl » DPPH JIl, (Suiss e
.(Brand-Williams et al., 1995) uis (j5)1i5 &g 5l (sasuie

Mo (55 i —ise i) IS i) XVee ()
ol (S g ol

ABTS JISl, S8 koo Cullad (580101
L (;¥seiske V) ABTS 5l ABTS JIS5l; sl Joloxo Lt
o sly Jbu slod 53 5 4d (Y ga e VI¥O) ally Sldlgs o
Jsloee) S gl Jgons 3| ooz s 5 52055 el WP
i 4 Oy B (PHEY Y0 Lo 0) land L L (o o
YO daldl ;3 YO 0 5.8y yiogil VY'Y zg0 Jsbo j0 +/VE/Y Cls
(e 15 oo IS iy, Jsloee ) 6505 31 s S
P &S iy £ 5l am g 45 bgloe ABTS Byxe s )
5 JyiS diges A (g S0l jagil VWF 3 Gla l5ee (361 (gled



Vfeo

0 — 33T Doylods WY alr oyl gl 2138 zsluo g pole leirgys 4y pis ADY

S AS Hlpe o pd 2945 o0 odbliio (A) Y S5 55 &S oSSlen
N pSgp ke L) pese (aign Jobre > DPPH JIS0),
ol 9 23l TXEIVA Jao olos )3 (aan ylike [p)5 ke
SIS e dop il e AVe/Ye w@idy £ loy > lade
ol & A8l oo TFA/ Y io loj 5 ((B) Y JSi3) ABTS IS,
wpl & sl o5l (Sl ol sl e V[R5 S aidd 3 olie
JSly (SaiS e ol b oty W55 5 (5590 (i SYIS]
63 25 b oty ShasnST 5T casls 5,y ABTS 3 DPPH ;]
sl ity (392 2,50l g 0,285 gl cizel il oS 5 b s
.(Liuetal., 2017)

5 odlje)) I ) Cgdgri sbaialiwl fw sty &Yl

QS g g e Jgmatne (S 5T Cyllad
Sl alil el sloog 57 e o (oo 351 5 )dud 1 gy 5 am
bl 9 £9pb yd e (pBgp jgytn Jaame Jlus] sleuld
(ABTS 5 DPPH cla IS0 Jloo oliol o) so2 5505 00m Al o

R W 431)|Y JSAS)J G’LJ 9 J“:’Ls”’))'f

407
j; d d d
5 307 c
3
-3
3 20
43 b
2
2 104
"’\
gj a

0 1 1 1 1 1 1
0] 20 40 60 120 180
(428l

OPA (g, b o sgylo; (b )3 3¥ 10y 3 dlewgas pois (g (000351 59y gyt =) JSCd
ol 031> oy (p<005) Jolize d)Loi BN o1 )l diliio pué B9 >

A
80 b
¥
4 60-
Yy
=
5 404
I
o
o
a
% 20
4
0

(a8 ole

80

60

40+

20

(2=)ABTS JSel 5 (Sui Jlea

(a8l

9 Ao Gl (b )3 ABTS § DPPH (3], s wlilp (i (305930 49,08 Jguazns (1 01 Cdlad (onw 2 -F S5
id> e
ol ol (P<0.05) lsline (¢ lol M| oaimd Lt dsliin pu g y>



ALY

e 3 S (a9 31 59 s Jparmo (SlaanST T Cdlad (55l | oo g 039 58 05 jule

Bl g5ll 2 PH ST (o)

9y Jpazms ;3 3131 (ol (Sog,5 slgione 2 pH 1
a1l cdld b iBign Hgrdn Jpae Wy 5l ax

285 )8 b)) 050 PH leg cov bl )l Jod 6

2 @l ad )y SlilonelislaogS (s ol cul 51 ]

39 oo odalin ¥V S (3 oS 4eSlen Ll odd b)l58 Y S

W ‘5,5051431 31}1&.‘16“"’5;&1}& U;);Yb YpH »

D
7

W
7

s oK e/ sl dse 5 S
= N
T 9

o
l

PH

Cadyls &S 208 0 03j s JB Gldllas ulol p cplpls
cshelge b Cod Wl oo (g jlg)den OV ganme (S48
sdiShal dlge clale 5 3 Sl slbaisliwl e wjlul b
(Liu et al., 2017) usb gy jdoyiud Jpame 45 (59l
yobas ABTS 0ol jloe oljae a8 sisls ojlis gols o)l ogMe
ol s (ldise 395 DPPH JIGol) jlee yl5se 51 5YL (g)lolixe
2 a1l S 5 b ABTS sl JIusly ji (s iy iy
(Bamdad et al., 15,8 lsie DPPH (sla JIGol,) b awslbo
.2011)

u.o.l).:l ey 3l Jeols .:l}i wi Sy S slgiome 4 (frwmo glod PLET VR IR VY )9 9V 0¥ SLpH J1 oy -V G
QYA (w9
ol Wmodly 0 (P<0.05) jlsline (g lel M3 osimd Lis dliio pé gy

Cov use ey §) Jolb lamS] ol oz, el
sl Jloly (SaS e sl 93 (bl 2 PH il (slayles
15 Wdiges ool ) 3 8,5 L5 sy 5,90 DPPH 4 ABTS
e g 80> oLt 1) Sl ] el i VL Y PH
A5 6ySoiul Loy SEIYA Jude DPPH JIGs), e cullad
55 8 s95i otnlie (A) s ¥ US55 o s
o (Wl g gdpnl GPH byl il o celn S cto 4 bdiges
S Sa Y 90 chwl lpH [ o] e 4S5 jebody Ll o
polie 4y s 5 VY 5% LB clapH 45 5 OY/YY 5 0/20 yolhe
JSasly Slee alled 3l lie calplty pws, FO/D- 5 OV/Y-
Y PH Loyl s celo Sy @ 4 43,5 1,5 claaisas ,5 DPPH
W dolee Loy YAIY VEIY i s VY

OSax 5 e o) JseSee VIOVl Jlaho o (5 sy
Ll 55 ol Sy St & 55,5 5 s 4035 (£Se3l0
)9ng Jlﬂwidhoj)fdly‘?m ‘_)M.mlf el U.,L.l§ 9 3wl lapH
2 ol Hhde a5 ebay (p<0.05) i uigy dges ,d (g blixs
J909,5se VYIVE o YEIVO pdlie & i ¥V 5 O (slapH
2o & i WY A GlPH 3 g g ) e /)
ey o p)S e [ mg) Jgog S VWIFY 9 Y/

B, (SAS ke Cullad p pH Olpds ]
N9y 9y Jeao ;3 ABTS g DPPH

2 b elislang S (lsime p PH Sliis 51 s 5l am
A bl p Sl 8l cld  PH Sl 31 pgd by
gy gyl Jawe 10 ABTS § DPPH JKGl, Suis)les
85 )8 (s 2590



(2=,2)DPPH JSal; S jlee

VPeo 0 — 33T Bojlois Y wdr (ol ! (S10E @liuo g pole Gleirg s 4 pits ADY

80
C
b =
60 a = 2
p—
e
404
20

11

PH

(32,0 JABTS Ul (58 g

80
b c
= d
604 a e
— ==
40-
204
0 T T T T T
2 5 7 9 11

pH

9 ABTS 5 JIusl, ko) (ot 01 cudlad o (bamo (lod 45 usliw ) ito a1 ) 1Y 5% & <0 (¥ GLapH 31 oawy o € JS

o9 gz 3l ol laamS T T sasty g )luly 9 (DPPH
Gl o3l 1y (0<0.05) jlolixe d)Lo] BN o1 )l o pué 39>

Vil LS Lalys )3 canl (Soren SY5 lnJySlga i3 52)
1 by o5 oK Y] md o &) s Kooy sl STy
A3 e Ey b ey STy il ansh 5 oUW Lulys
oiSly i Mg el o I RYs 1 R (S
i lo )3 s 4 )0 s PH SYL polis j> a5l deamidation
Jlenl 9 g0 bl (ShnST 8l clld (38) G 5l g S5
Sglite PH 505 b iy o585 il Jld (5551 o5 canl ol pos
o) Jsb y )b 1) 08 cawlio PH dleld sty yo ( IS jebay .l
ol a5l T gl 5T cleb priman ¢ ksl PH 03500

(Zhuetal., 2014)

Lasly 5yl 3 ©yle Sl o)

253031 ool (09 S (slgire y2 (Tl o S o)y
95 9,08 Jpaze

5dgyaem A1 8 5l a8 oo 5l 00 ad g (sladiged
Sl slojles cov lagby, 5 dlge b lbe e
a0 Ar g d@Bd VO e 4 oS Slwds > VO b XV slaled)
Sl wyp gslaiedy a8 1B (a8 0 e 4 oS ol
1 ] s 8 3 ity ST 5] clles )l slayles
2 Mol sloeg ) lgime (e 1) Sl laless ) S
85 )8 (pn 2390 (SuSan slgrdes Y g

2 bdigel 395 0 odbline (B) Cuowd ¥ S5 )3 &S 455Sker

STl Hlae p3 1y 186 o 5L « o p> £OIY- ladel ¥ pH
5 ! SLPH ;o badiges (48,5 J)8 e 0D L LABTS
oo bl ) Tl lossty ol Gials o LB
ool ol 1 (p<0.05) wlods (5 olias ysbocs (ABTS 3151 JIS,sl,
SaPH )3 (ABTS 31l JI3, Jlee) oSl (sloniy el
ol ) OF/Y+ 5 OF/VE DA/F+ SYIVA 1olie 44 V) 5 Y & D
JURU KV A <] RN | P S S OON R WA VA SRPRRY P R g |
5 dlxe)) 5 ¥ A& b cbPH 5 ABTS 03], Jle e
0390 PH jusd 4y wlus LS 5 5l o il p a8 Cunl ol 4 olazel
Al (ol b Vbl slapH s bS5 opl cdld e 5l g
b g adls b Jlebyed by el i )l Cal Ko g 003
S 5> (s Rl g dadiy (ASgn Cuple 4 g
syl by zeos b1y pHy> s (lél b (fals' b g sy
Wi leidle p gea (ul p3U 9 PH I edgamme (5> plion
ol 4 Kentnawa .(Nalinanon et al., 2011) cuwls los e

ol&en 9 Zhu .(Kentnawa et al.,2017) wzily by oLB
a8 15,5 i )155 ialy plol laniun yguely o 48" adns o (Y+3Y)
SRV | IO | P - SOV ICPS PR S O VOO =N W v
O Sawly STy o BV 5l (S 2sde (2l Lulyd



ADO

e 3O WIS (g 31 3l 0ud Jgmarme (loeST 6T Clad 55l [ ol 0b g 059 b 03l e

407
a
\i el -i- a b
? _ T
%» 30 e C
- e
;fj 20—
]
3\;’ 10_
3
0 1 1 1 T 1
contorl 37 50 75 90

(3R il 4a )les

U slod 5 aldd 10 Wie a 3,5 Jlw a3 Y0 ¢ 01,5 Jilw a > 0+ 3,5 Jlw 4 3 YV slod Oyl s sl Lo 51 oy 0 —0 USG5
S5 o 31 (51,15) J S diges b dunslis g (pose (190 59 e Jpazns 33 3131 (ool (G095 (yfiee 2 4SS 0 Lo 4y 31,5 il >

)M

ol ol (P<0.05) lsline (g lol M| oaind ) Lts doliio pue g y>

ool cpl g &8 el 488> & Gae 4 oS Sle 4> A
28 o 42380 o Cov (sladigas 13 dljlepel (slaogS e
@l 02)5 dsle (189 ) e immg) Jgag)Sen YOIVY
O Sle 4y oS ol an > A glod 3 wgedjles a5 Wdly ol
dg2 olyon ialS b JymSases 4 Coamd (5ybline poboay aid
apd e glod o bdiges oy 8w ol s (p<0.05)
Sopgods il el (laogS (Slgme talS s o5 Bl

(Lo )d YEITY 5g05) A (6 peKauii>

S s o (Fle Gl P ey
9y gy Jgae )3 ABTS 9 DPPH (W JIosl,
Sbog)S lgize (lie p (il Slajles Sl o) j)
cdd p Gyl sles J Sopm 5l pgd P s Syl
5590 ABTS g DPPH JIGsl) jlee (bl oy Slons] ol
S8 5l m i (B)1S 05 foge S pots glis 9 85 118 b))
OSen ) dels ey Sleeslml el (aslidg e
2350 il slajless o DPPH ST JISGal, Jlee olusl 2 e
g b plis 1) Shus] sl edld e cp YL oS ke
YY slod j3 diges jlog duwy FFIAD 5 FAEY polie 4 cul Sy
MBS diged 4y Comd 4lidd 1O o 4y 01,8 Sl 30+ 5
NYO il e ga cplply (p>0.05) sad e Hlis |y (gylolize

il onds 03> Hlows sladiged &S Wm0 L oud &3l ol

DS 53 oS a5gS5lons i Dl yel (olmog)S 5l Solite polie
slow ot &S (claiged ;D 3l el lrog S ol ae 33,5 o osaliie
b)loss plo 4 Cod Canl 48,57 )18 5l il a2 )3 YV (51>
Pk [oms) Jge9sSan YYIFO (e & o e 5 551 2
slod 3 005 oy digas )3 Slil el (sloog ) (30 ) g
Iy oyblize OS] JiS wged b duglie ;3 ol )5 5l a0 YV
oS oladiges )3 il el (slrog,S ol5se ( P>0.05) s> os lis
L Wogs a8 )3 1,8 o3 ol anpd B0 lod ()l e cou
ke [ JoegySee YoIAD 4 g 351 olpon ialS” (S
2 Mol soog)S pliee o5 oy (U5 gl ) B9
I8 alBoVd e 4y oS il 4 00 Hloy cod oS pladiges
39d g0 odalie S diged b (g)bliae BB Wdgy 4B S
G20g,5 e 295 oo oaalie YL S 45 &S 45Slen (p>0.05)
YAIYY 4 ol ilo ds > VO Hlod ot sladiges j ol el
Sosine o 8 sy iy oS e Lsmns) JpnssSen
How &S sl () Sy ol g S dises I 208 (p<0.05)
Ol o 48,80 VO e 4 oS ko dayd YO (gled > diges
Uy diges 4 Cams S el (lmog,S (clgime (cuoyd VO/VA
Gde 43,8 il ax A Sl e cov &S pladiges LD
ooy wgllaol bulys o YU (slod 31,0 Wdgy 48,5 51,8 adds VO
lod ) )l e Anl 8 polaie pds B0 s ladiges I o3b;



VPeo 90— 33T Boslois Y s (ol ! (10 ayluo g pole Glidgy 4 o ADP

0 Gl & diges jolaio ped 4 dg L A5 00l uses oyl
DPPH ol e l5a0 (oliol oyl o 48" 0505 001> <l > a8
GO | P U SV N e 31 Ve R W R SV, 2°51 Kt B L VAT N K
4883 B e 31,5 5l a3 3 A glod v sy  SlawST ]
oielS (5585 w3l gyl 4905 & Cnd (p<0.05) (g )bolins gboe

80
a a

j: — i i L .
\ﬁ 60_ pi—
\vlg‘
=
3 40
I
o
o
=}
% 20
4

O 1 1 1 1 1
contorl37 50 75 90

(38 e 4xy0)les

(22 )ABTS Ul (L€ g

42,83 V0 e & 31)S il a0 VO o)l s )0 ladiges 385
SR NI [ JER TR O
3l oplpl duwy o pd YA o Jlade 4S5 gboay .05 DPPH
JSly o s 2 G5l cdled lie 53 (sa0y0) VY
2 s jlay b duols o3 5l a5 )0 VO led ;> DPPH
Sl G &S 665 len 4l VO e 4 o3 Sl a0 A gled

80—
a
1 = —, d
60 =
40-
20—

O 1 1 1 1 1
contorl37 50 75 90

(318 il 4 o)l

U slod g alBd 10 Lo 4y 31,5 J6lw a3 V0 ¢ 01,5 Glw a3 0+ )5 J5lw a3 YV slod Oyl (ol lowd 51 oy 0 =1 JSS
(3loss 816 2351 g1,13) J RS diges b g s (g | ool Sy (aaunST T Cllad 5 B3 0 e & 31,5 ko a3
ol o3l (0<0.05) lsline (g lol M| oaind ) Lts dsliio pue g y>

St gl ()l sladil B (b g Al e 0l 4 polus
Pokorny )sgs se Wbyl zeo caw ()l sloan] )b coles p3 g
o2 4 Fu .(and Schmidt, 2001; Escudero et al., 2014
Syl 1 Sls] sl el zals Sl cpl Jus (Y+)0)
o Vgams JoSlso (g g aixal slaseul Sl )
9 Pokorny sl ki Sle olles Job 0 Zigy
039 b gy Sl sl el oS 1655,8 oLy (Y- +)) Schmidt
2ol bl ol o8 jle gloj 5 slod 3 o8 JeSse
5 (S o) 3 gl 4y oo g At gl LS 5l

g g (2o

Lagy g5lnl » olojg b Jolie J1 ow)

2 3051 ool (5095 (slgima 1 oy g led Jiliie I
N9y g Jaae

So > Syl sl 6 g o3l jlghen ALl gy 5l e
AT el sloog 5 (lsimo (o)) elaiods biges i) ol loj

YV sl 50 adiged dgui oo odaline (B) & S 50 oS 436Siler

o) Sl cdld o 1) b sV oS sl 42
S5l PAIY ] el lsee 9 100l Lis |y (ABTS JKGol,
) YV slod ot bdiges (58,518 a8 oy s mls b
ST 5 cdld ) (aoyd YA) (Sul ials cuw 3,5 b
slaled cov ladiges 48,518 05 S diged 4 Cuns baiuiy
aryd e glod g dldy VO e 4 OIS Sle dxpd VO 4 O
s ShuwnST ol el Lials cow 4ids & e 4 3,5 e
(p<0.05) 505 (g,lsline ygboas (ABTS 3l51 1001, 5l wlal 1)
B ety e ) asy SanSIE s ol
polde Coi ey oS Sl asyd A 5 VO b glales > (ABTS
culled )3 bl e cplplo b (6803l 2V/VA 4 £F/0Y £5/VY
VO Sde & ad)S )8 sladises )0 ABTS Gl (Suss)le
o)) g FIN sy 0,8 bl 4> 0 YO 5 O+ slaled ;> add>
a5 )5 dges ,d Sl T el (o cdl oo b dlxe
W3,8 dowlee do VW ol )S Sl do 0 Ar glod 0 adda 0 e &
oS ISse oip b o o 555 ol 6558l | 5ol s g



ADY o o (g gy Jgmae (Sl T T cadlad (6 lasly | oyl )5an g 039,08 00l pule

sloog)S lgime Gl oy (Son p35 e [ mos) U095
335 Sl an 3 00 clod aluwgas aiged Hled 5l ol oI5yl
ol JyiS wiged b1y (gyboline M) Caliseo (sl lo; Jsbo
&S amd o Hlis YU e j3 oud &) zols (p<0.05) e 0
slod 53 0l &85 148 diges pd )1)‘10*»1 sWog S lgizeo yliue
iblS” gy il slaylos Job p> (T3) 3,5 ol 4y VO
J509)See YAAY & YV/EF 51 V0 ddBy > &S (gyebay auily
2 9392 oy N9y (R L s sy B9 )5 e [ pg)
YOISA & 9 aily dalS K9y 4ads £v > 0,bsd e uw)
sloog)S lgime Gl oy (o p35 e [ mos) U095
yobas 3,5 5l ds y3 YO (glod ;3 ois 43,5 1,3 diges y 3l el
uL*’ C’L" Cﬁ]ﬁt.} Dy J)HS 4 god )'l )‘.05 (p<0.05) d)l-‘u;*"
slaole; 5o 0)S ol dn 0 YO (slod ;3 diged (48,518 &S Wol>
OiblS Caw (31,5 Bl a3 B 5 YY) Laled plo 4y Cows calise

S Jl)’] ‘)AAT LShMB)f Lglslz.a prova

w W
T 9

w
N
|

SEP YIRS S IOV A R PORPC WY
N oW
il

O
N
(o]

|

Jpae (4i8)5 )18 g 0 sdalie ¥V IS 3 &5 &Slan

slole; o (T1) o5 e an 0 YV glod ;3 gy 5g)ded
575 4 38 il (loog S (lgime (e (EaLS o Cilisen
P35 ke [ mmg) Jgog)Sn YYINY & YYIPF ) Jgl aids V0 )5 &5
428> )3 g (0>0.05) 25 jlolize il oyl Lol sy (59 0
Ny 35 5 9 YO By )3 e ey 0B )5 e [ pd)
S o [ cymwg) Jgo9,Sue YAIOY ¥+ IVF (ol gy g cuily ials
23S Bl 423 VY slod 3 ladiged (38)5 )15 gy (g
4 s Sljloelislaog S (lgime ol o iliseo (slagylo;
43,5 )18 digei 53 3jlonel sloeg S (lsime olipe b 1S digad
cliseo slaloj 40 (T2) o5 il o y3 0+ lod (520 > 0l
YAOY 4 YY/55 5l sl b Jol 4ids V0,5 a8 (g950 4 il ialS
g YO B> )3 s ) (x93 £S5 (sheo [ ) U909,
YVIOA o YAIFR YUAY ity g o9 olyen ials b 50 £+

o Tl

= T2

= T3

N
D

T T T
contorl 15 30

(488

45 60

W ylo; 42 (T3) 31,5 il an 3 Y0 5 (T2) 3,5 Gl a3 0+ ((T1) 31,5 il an 2 YV slod Oyl (gl jlowd 51 oy 0 -V JSG
(slow W3 o 35T (51,15) J 58 diged b dunlio g 3131 ool (gl )5 slgime p lio
ol 031> oy (p<005) Jolize d)Loi BN o1 Ui dyliio pué B9 >

shals B9y e addo b plal 56> 5l ags,
cal e cplplo uwy OF/FF & Fo aids b oS goo0a culld
w3l lyl) JyiS ges 4 o £o aids 3 SlaST sl el

Jsb 5 (T2) S5 le arp> 00 by cov ladigas (85

SISl S g Cllad 1 lo 5 lod bl i
95 39y Jgaze )3 ABTS 9 DPPH

adiges 48,5 51,8 30,5 o oddlie (A) A IS5 )3 &S 45Slon
Colld LialS cuw calizee sl ylo; 4o 01,8 Sl o YV (gled jo



VPeo 60— 33T Bojlois Y wdr (ol ! (S10E @liuo g pole Glesirg s 4 yits AOA

Cdlsd e 035 dsbxe dopd YIY 9 WAY AV F/Y
slasigei ;3 (DPPH ool o olul ) oy S 5
slaglo; Jsbo 50 (T3) o5 ol an 50 YO (glod ;0 o a8 )5 I8
N0 3B oS (gyoba 2y olyen ials b il les | calizes
Delh o OY/-0 OSI¥S SVAS polie 4 cuiyay Fo g ¥O X
Aol (2o DYVIY g AV bl £v 9 V0 585 10 olwl ol s,

© Tl
757 " )
aA
4 704
ﬁ bA A T3
b 65
3 cA
7
60
E C dA ;
e
& 557 dc
) eC
\!; 504
45 I I I I 1
contorl2 15 30 45 60
(480l

(320 ) ABTS 0l LSS jlea

75

45

ool 2 oty GaeST ol ol gl o Gilises (slaloj
Cudlad e D9 o sablie 45 jolaslen .05 DPPH JIG0; ke
SEINY 45 a5 (g ygbs 391 ol o ialS L VO aidy 5 Slans)
4 5 bl Aol 55 ¥0 o Ve 515 0 ials Way pl G A
olyor ialS L 5 £ daBd )0 L dawy OY/o 4 9 £V/YD Hlide
S8 )l cdlad > il liae cplpls ) OF/AY Hlade 4 g 39
a0 B glod (oyme > ad)S JIE sladiaes ;0 DPPH IS,
i (dda P 9 ¥O '+ N0) cilises Sloj ol (o )3 315 ol

1

contorl2 15 30

(8ol

B b; 45 (T3) 81,5 ilw s 3 YO 9 (T2) 81,5 Sl an yd 0+ (T1) 51,5 colw 4> 3 YV slod @yl gl slowd 51 oy —A JSu
(slowi 93U g o3 31 (g1,15) J 558 digas b dunliie s ABTS 9 DPPH Ju3l, yle (ool (3lownST il (g (g5l p1 ciliiseo
ol o3ld oy (p<005) Jolize d)Loi BN o1 Ui diliio pué 39>

Ve 48 0 e (Bl ialST VO adds p FYSY 4 Y S
FA/OY g OF/VY polio 4 v o ¥O 5565 )3 Lo duawy OF/VF jlads
ST 5T lay culled o8 col o 5l (Sl mls .cély zals
Lo e yd o 483 )8 cladiges 3 ABTS JIGol, lee (wlool p
sl & Cons Qlise laglej Jgbo o 31 olo a2 )3 VO (sled
ol &bl gy (hals (55 ol 4y A+ 9 YV slod) aled
Pl (31,5 s 4y ¥0-AD) ()l o il 3 iy o g
2l 5l il gy O g JSKb i a8 aimdly by ol
Ol &S bl o 31,8 Sl a4 U glaloy o oyl
dipel slosl 85 )15 s 4 bides (g S8 lo )5 JgSUse
oig) Vb slaled )3 gy (58,5 518 (imed 5 o2 JUS 5
Ol 33,5 o byl yul 5363 s (31,5 5l a3 5+ slod
oMb igms el g HlELe 3 fysilaw sbrog)S Gl
Skl gdie eSon Sl ) Jsse (5 09p0 Sl
)l)’i L;Lm‘_]lig.bl) ;.L.S)Le(o O])',,a Lg.&ﬁ.é.]y»db g uu.aalf L )igg

JB0l) Jlee (e 2580 0dalin (B) A S5 )5 & 45955koa

oo e s oy Yo/oF 4 Y S wiges > ABTS ol
a0 YV lod )0 oads 4S5 aiges 0 ABTS oljl o,
2 (e oy FYIFD &y g Bl ials V0 agdy > (T1) o5 ol
OiblS OF/AR 5 0/ EYVY polie &y s pas Fe o ¥O & 56>
lod j3 ladiged (58,5 )1,8 a5 wialy s guls Lelwl (plyp .cdly
Feog ¥O & N0) Glise slagley Jsbo jo 3,5 Bl asys VY
Cald (0 oy YA 9 VY N el cuw coi gy (dadds
3w pede By 5l Jeols Tl glasizy ol i
Jobo 33 (T2) o5 slw ax > b+ slod (Sy2e jo (8,5 )8
4> b it 385 ) & (gb 28l alS il sl o
42,8y Ul e cplpll oy OF/FA 4 g cubly Lials aiq) 5+
3 sladiges > ABTS D16, Hlee luly (wie iy
dges ;0 Vo/+¥ 51 (T3) o5 ol an > VO (slod )3 onds aid )5



ADA o s (g gy Jgaze (Sl T cadlad 5 lasly | oyl )5an g 03,8 00l pule

Y=VY odgame ;0 PH lyns Cpiorod 9 315 le da)d £o-VY-
uio.m g PH )55 ‘O}‘fwfl Q‘}f:” ;Q)IP (i plas uJ.oly—
W 50 A G550 L Sles g g Hlidle p s950 &
sl isly Jl gpSsls clp i pie S laiea Wl
GhnSliml ol cagii 9 lisdlge ygl )3 Ggmlies]

lod 53 (edlow 63 Bgw lime £3,5 o) Slalub o Lol
S oo e ool 252 a8l L 0,5 5l e M-
ol b (g 8l pnalil Sl ml el g ol sla SIS,
(2log by (S sl a2 A (VL) ©lps s i
9 3031 sl e i Al s 9 03,5 Jos puSe STy

(Kiokias et al., 2007) ws sl 5l b

5 SIS (gege )b da Sandy (gileid ()RG5 )9 435 PR

RYVRRS S ; o
29 02 1 3,8 6 pShonS iz lgiige ode] Camdds ol obel

B3 §| a1l oty A5 )3 ol 18 YIS o3l
Sl IS Job by oluly (pn Bk 52 uss
2 8 glaalp S ejepel 1 dede (b whe sl
oz 5l 25 00 odlitul lieslge (5ysl)f yslaton glidmlio
lod (6399500 )3 Vgane o 0 g Gomliahy il (gl gl

proee )5 e Slosige 385 (bl Cli> )l ]
plosl > was o doly oMulsllolKisly gl lS oKl ;!

25 0 10,08 5 St imey ool 2Bl o0

&be

Abdul-Hamid, A., Bakar, J., Bee, G.H., 2002. Nutritional quality of spray dried protein hydrolysate from Black Tilapia
(Oreochromis mossambicus). Food chemistry 78, 69-74.

Alemén, A., Giménez, B., Pérez-Santin, E., Gébmez-Guillén, M., Montero, P., 2011. Contribution of Leu and Hyp residues
to antioxidant and ACE-inhibitory activities of peptide sequences isolated from squid gelatin hydrolysate. Food
Chemistry 125, 334-341.

Brand-Williams, W., Cuvelier, M.-E., Berset, C., 1995. Use of a free radical method to evaluate antioxidant activity.
LWT-Food science and Technology 28, 25-30.

Bamdad, F., Wu, J., Chen, L., 2011. Effects of enzymatic hydrolysis on molecular structure and antioxidant activity of
barley hordein. Journal of Cereal Science 54, 20-28.

Church, F.C., Swaisgood, H.E., Porter, D.H., Catignani, G.L., 1983. Spectrophotometric assay using o-phthaldialdehyde
for determination of proteolysis in milk and isolated milk proteins. Journal of Dairy Science 66, 1219-1227.

de Castro, R.J.S., Sato, H.H., 2015. Biologically active peptides: Processes for their generation, purification and
identification and applications as natural additives in the food and pharmaceutical industries. Food Research
International 74, 185-198.

Escudero, E., Mora, L., Toldra, F., 2014. Stability of ACE inhibitory ham peptides against heat treatment and in vitro
digestion. Food chemistry 161, 305-311.

Jian, L., Lee, A., Binns, C., 2007. Tea and lycopene protect against prostate cancer. Asia Pacific journal of clinical
nutrition 16, 453-457.

Kiokias, S., Dimakou, C., Oreopoulou, V., 2007. Effect of heat treatment and droplet size on the oxidative stability of
whey protein emulsions. Food Chemistry 105, 94-100.

Ketnawa, S., Benjakul, S., Martinez-Alvarez, O., Rawdkuen, S., 2017. Fish skin gelatin hydrolysates produced by visceral
peptidase and bovine trypsin: Bioactivity and stability. Food chemistry 215, 383-390.

Lowry, O., Rosebrough, N., Farr, A., Randall, R., 1951. Total protein estimation by Lowry's method. J. Biol. Chem 193,
265.

Lai, T., Lin, Z., Zhang, R., Guo, X., Ma, Z., Liao, W., Hu, X., 2016. Processing stability of antioxidant protein
hydrolysates extracted from degreased walnut meal. International Journal of Food Engineering 2, 155-161.

Mendis, E., Rajapakse, N., Kim, S.-K., 2005. Antioxidant properties of a radical-scavenging peptide purified from
enzymatically prepared fish skin gelatin hydrolysate. Journal of agricultural and food chemistry 53, 581-587.

Mine, Y., Li-Chan, E., Jiang, B., 2010. Bioactive proteins and peptides as functional foods and nutraceuticals. John Wiley
& Sons.

Magsoudlou, A., Mahoonak, A.S., Mora, L., Mohebodini, H., Toldra, F., Ghorbani, M., 2019. Peptide identification in
alcalase hydrolysated pollen and comparison of its bioactivity with royal jelly. Food research international 116, 905-
915.



VPeo 60— 33T Bojlois Y s (ol ! (10 aluo g pole Glidgy 4 pis AP

Nalinanon, S., Benjakul, S., Kishimura, H., Shahidi, F., 2011. Functionalities and antioxidant properties of protein
hydrolysates from the muscle of ornate threadfin bream treated with pepsin from skipjack tuna. Food Chemistry 124,
1354-1362.

Ovissipour, M., Safari, R., Motamedzadegan, A., Rasco, B., Pourgholam, R., Mohagheghi, E., Molla, A.E., 2009. Use of
hydrolysates from yellowfin tuna Thunnus albacares fisheries by-product as a nitrogen source for bacteria growth
media. International Aquatic Research 1, 73-77.

Pokorny, J., Schmidt, S., 2001. Natural antioxidant functionality during food processing. Antioxidants in food, 331-350.

Rao, S., Sun, J., Liu, Y., Zeng, H., Su, Y., Yang, Y., 2012. ACE inhibitory peptides and antioxidant peptides derived from
in vitro digestion hydrolysate of hen egg white lysozyme. Food chemistry 135, 1245-1252.

Rajabzadeh M, Pour-Ashuri P., Shabanpour B, Alishahi A. 1397. Evaluation of Applied and Antioxidant Properties of
Hydrolyzed Sperm Protein Egg Protein. (Oncorhyynchus mykiss) Journal of Innovation in Food Science and
Technology, 10: 35-23.

Sharma, N., Singh, N., Singh, O., Pandey, V., Verma, P., 2011. Oxidative stress and antioxidant status during transition
period in dairy cows. Asian-Australasian Journal of Animal Sciences 24, 479-484.

Urbano, G., Porres, J.M., Frias, J., Vidal-Valverde, C., 2007. Nutritional value, Lentil. Springer, pp. 47-93.

Wong, F.-C., Xiao, J., Michelle, G., Ong, L., Pang, M.-J., Wong, S.-J., Teh, L.-K., Chai, T.-T., 2019. Identification and
characterization of antioxidant peptides from hydrolysate of blue-spotted stingray and their stability against thermal,
pH and simulated gastrointestinal digestion treatments. Food chemistry 271, 614-622.

Zhu, C.-Z., Zhang, W.-G., Kang, Z.-L., Zhou, G.-H., Xu, X.-L., 2014. Stability of an antioxidant peptide extracted from
Jinhua ham. Meat science 96, 783-789.



Iranian Food Science and Technology Research n L . B
Journal é ~ s j olnl 214 @l g pele Slpdagly )y
'y y

Vol. 17, No. 5, Dec- Jan 2021, p. 849-861 iy AP ASY. o AFee 60 — 3T b o lois AV ol

Antioxidant activity stability of Lentil protein hydrolysate against heat and pH
treatments

R. Alizadeh Firoozeh?, M. Mirzaei?*, V. Fadaei Noghani®

Received: 2020.07.21
Accepted: 2020.11.12

Introduction: Bioactive peptides are protein fragments with 2 to 20 amino acids that have different biological
properties depending on the type of amino acids and peptide sequences, including antioxidant, antihypertensive, and
antidiabetic. These peptides are inactive in their parent protein sequences but are released during fermentation, enzymatic
hydrolysis, or food processing, and exhibit a positive effect on body function and health being. Lentil protein hydrolysate
containing antioxidant peptides can be considered as an ingredient of functional foods. One major challenge in using
protein hydrolysate in the formulation of functional foods is their stability against the various processes applied to food
such as heat and pH treatments.

Materials and Methods: In this study, Lentil protein (Lens esculinaris) was hydrolyzed by Alcalase enzyme under
controlled conditions (enzyme/substrate ratio of 90 Anson unit (AU)/ kg protein, 55°C, one hour). The intensity of
enzymatic hydrolysis was monitored by the OPA method and antioxidant activity was evaluated based on DPPH and
ABTS radical scavenging activity. The heat stability of lentil protein hydrolysate was evaluated by heating samples at 37,
50, 75 (for 15 -60 min), and 90°C (for 5 minutes). The pH stability was investigated by exposing the sample at a pH of 2,
5,7,9,And 11 for 1 hr and then adjusting on 7. OPA method was also used to evaluate the possible effect of pH and heat
treatments on the content of free amino groups.

Results and Discussion: The results showed that hydrolysis of Lentil protein by Alcalase under controlled conditions
produced antioxidant peptides. Heating at 37, 50, and 75°C for 15 minutes reduced the DPPH radical scavenging activity
by 1.25, 4.9, and 10.17% and ABTS radical scavenging activity by 3.8, 6.8, and 9%, respectively. The results of the OPA
assay also showed a significant (P<0.05) decrease in the number of free amino groups in protein hydrolysate exposed to
heat treatment. With increasing the time of treatment up to 60 minutes, the antioxidant activity decreased more
significantly (P<0.05), simultaneously with a decrease in the content of free amino acid groups in the protein hydrolysate
sample. So that, after heat treatment at 37, 50, and 75 ° C for 60 minutes, the free amino acid groups reached from 33/66
uM leucin /mg protein to 29.51, 27.59, and 25.68 uM leucin /mg protein and the most decrease in antioxidant activity
was measured for samples exposed to 75°C for 60 minutes. It caused a 27.2%, and 29.2% reduction in DPPH and ABTS
radical scavenging activity, respectively. Also, exposure to heat treatment at 90°C for 5 minutes caused a 15% and 13%
decrease in DPPH and ABTS radical scavenging activity. The results obtained from consideration the antioxidant activity
of samples exposed to pH treatment (2, 5, 7, 9, and 11 for 1 hour) showed the highest antioxidant activity of peptides at
neutral pH and confirmed that acidic and alkaline conditions caused a significant decrease in antioxidant activity (P<0.05).
As exposure to pHs 2 and 11 for one hour led to respectively 16.3 and a 29.2% decrease in DPPH radical scavenging
activity and 16 and 18.2% decrease in ABTS radical scavenging activity. The results of the OPA assay also confirmed
the role of acidic and basic pH on less exposure of free amino acid groups in protein structure.

The results showed the potential of using Alcalase enzyme to hydrolyze Lentil protein and produce antioxidant
peptides and the Lentil protein hydrolysate with antioxidant activity exhibited relative stability toward different heat and
pH treatments. It was concluded that peptides retained 88% and 76% of antioxidant activity at maximum heat (90 ° C for
5 minutes) and pH treatment ( pH=11, for 1 hour). According to the results of the OPA assay, the observed decrease in
antioxidant activity may be due to the changes that happen in protein and peptide structure when are exposed to heat and
pH treatments. Altogether, our results showed that Lentil protein hydrolysate can be considered as a potential food
ingredient with stable antioxidant activity.

Keywords: Stability, Lentil protein, Thermal treatment, pH treatment, Antioxidant activity, Protein hydrolysate.
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