1401 }J .19 693 .125 a)Lq..il "Mf.'.\ J\Jj« tLMﬁ 3 (sj.k_f« 4.L>_;A

ol 21 S @lo g pols Ao

www.fsct.modares.ac.ir :alses Colw

g;‘:"aﬁ}.‘,_g;“l’ Jls

3 ool b sy st SIS ST 5 gkl o S5 5 rﬂl’ﬁ g5 9 0k LSb
(Phaseolus vulgaris L.) aéw Lo gl oy »

? ol Sy s inr sk e Zosl e ST al5ics Bags M Folael Iy 50

Ol s o eoDls T ol 5 5 Ao ls M o 5 pske 058 paas (o S5 il -1
Ol G e Dls ST oLl 5 Al 210 s 5 pske 05 8oLl =2
d‘)—j\ ‘ngg ‘dgﬁﬂcl‘ﬁ};;)_)}\.&s?}l& aK.:J‘J ‘&\J&GW‘}?}L& a}jfzt.w\—:&

oS>

N

dlae Ol

> p (4282 50-300) sl 3 0bej 5 (e 5 YN 31§55 SU (Gudows cnl 5o
ABTS (DPPH 5131 Iyl Jolod gliomnST T slon oL 5 5d5 40
L o) 555 e 5 8T S0 (SSENS 5 SuS bl Syl oS 5y kn
(011 BT 5 KT atal (glacdoml p15) ial (ool oS 5 (izman kS 215

OLE gl ks ) Beddsdgsds 5 adsl o (FTIR) bt gla S35 5

Dl gl gyl

1400 /10/22 : 34, 3]
1401/01/15 : (2 pdy g,

S S et 298 n SIS S (S 2 e o5l sy S Ll
£5 s G 5 o S AT Sl F3s g ot s M6 AU ol slak
Laodd gy bl 5T Cdlid g 5dgydn a5 » dosden dul 3 0L 5 51
(82,4) DPPH 5131 JLsGsl, jlogs dmoys o YL (S Kb iy dizils L0
5 ((U57,5) JomesS 5,08 JLSSs1, 5lge o(0,97) SusSsls| & ,u5 (%58,3)ABTS
al ol s w3 g5 A6 cos (H121) e 5 (%53,7) oA slig Ssons
S O G 4) e ls ol e oy VL el lajles o oA S 13

:6"\"‘5. Slods
PSSR PINWA
RV I WP
eS| T gl
(sollagla S5

el sladenl S 5

Loy 5eSs s ol sl S5 5 SYSIT 5T b odd s gyhn 4 bgppo (e O
2 e 5 (2 5 1) Gaal (g5 55 S g Bl e 5 L5l Sk
Cmte S 5l (S G ol gl A aig gbey 5 S B S A o
53 e3liul Sl Uy Sl ST Sl b slaedd g, n A5 oos 5T 55 ,0e

BEHOPY gl"l".; @\n&

10.22034/FSCT.19.125.23
DOR: 20.1001.1.20088787.1401.19.125.4.3

O J gt *
I.roufegari@iaut.ac.ir

23



SN Ga S5y g sl g 5 Ol

0L 5 el 5 S50

Oyt Oddas) Ao (U St sl Al jase sl
Cled SOyt JypedS Faals 0y jLis Saals
[2] 5 b S s 5 Slas] T

S e Dl Sl ol (AL e
3 I SlS 5l G Sl S 5 S5 S
b Sl 5 e 4l DLl i 235 03 a3l e
ol 51 (1021-29 550 >) s VL Slde 05 Ll
Lo Slo ) eciliie Sl 53 [10] dls, s VL
= w5 s slens oKl I (Phaseolus vulgaris)
Oloslw Sl b s 4oyl Sl 5 5 s g3 e
o=tV Sl g e e (65,5L88 5 L1
ol Lodhas S WL o5 050kes 26 51 i 40 Jgeames
S5 LA S el 3l Jeb s DS 5
laediplal SLaS 5 (& rmen S 0 L] (5oL
5 LS S 5 5 LasSy s diS vas glagy 5
50 el St e Sladias OS5 51 s S
JLL] il s s WOT S 5 55 Lapps

o dld s sladzy W5 el 5 Ll 18 B0 s L
(L mmss ol Sl (ALS 55wl S5
S5 P et (2 i Ly 5l s ) s
S5 ) (B 5 SV (gla 5T L ot 1 sn
g5 0 s p (A modspd s nn 5 s el gladd
Lol dadas a1 sl Ole 5 sl
ABTS DPPH 5151 sladlColy jles Jule st i
Slals Ss adls 5 SauSelal Ol JouS s 0n
ol sla s Sas ol (4 ol 53 5 e 5 0l
e b Sy b Lol glaedds s 5 Aol 5
L35 (FTIR) w8 Joas 50 3 050e

\Jbuf&jJ 3 :‘y —2
el 340 :‘y -1-2
el sl IS S (ol 2 e 1L S i Lo )

slo S (TCA) Sxad 5 JS 6 5 Aol ¢y SV ¢ ol
s vyl ABTS DPPH (G250) , L

Sl LT IS S0 3 il el S5 5

4. Opiate-like
5. Hypocholesterolemic

24

dodie =1

(s el slagoban 0l 5s, Al e 0L 2
NS COLPUIN FE R P HCH LSS B WG| PP R
e e Sl eslinad ol i i Ol U ol Cor s
SN rl 3 i S e b s LS 5 WL
Sam s M SN pame sld 5 5 e Julse
w5 b ol 1] s BT SISl dags e g1
Sl (g s OS] BT 5l ealinad o5l ks o
Jld s OS5 5l sl o5 55 (315
N O R R WO JON FER TR e
LadsSTse atws g3 a0 Jlsd Gy sy el fb_;,l
(A slady il i 555 (o et da el )
Gladgw 5 (lonssy 5 Aty il Gladnd dad g L
o= 3 i 2] i e (L5 2) 005
SLS 5 S e ied U S S Slpe (S 5
ol iy o333 alie &ty 4 Jlad S (50
5SS 5 5 Lads el a3 555008 o sladd
23 dsdon sbagaali s 5 (s k5 Js 355 5) Olns]

Bl x2a (DA L) L~
Wb s DS 5 A5 b e op e S SS
s 0 5 DS ol Ll Loty 5 LSy
3 Oy s (sl 5 Sl i bl s oL
[2] s Slss 5 b o G LIS S s
L Lol oltle 2Ol (godane Dliied ol by
S e dlsd Cs sladzy S5 5 L 5T 1 eslinad
oS dmea ol o, sl i aday ol Lhedd
B e 5 s S e abend o By 4
S S oUW sSUsn oz 5 doml el 2-20 (sl ot A5
o el sl N5 555 a2l e 05015 6000
35 ot a5 0 Bl d 5 3 Shee ke G
sz I s ol e olallas ol 51 [4] usls
oS Al 5 anes 55T 5] 2055 J5 ) OlasT 2T
oL 9] s ol 5 [8] sbe s 7] S5 6]
Ol bty cpl i 2adle Gla (S5 0 e 5138
s sbacrl (ol oo 5 35N 5V sy in

1. Probiotics
2. Royal jelly
3. Immunomodulatory



1401 5 19 6,55 1256 L

Q|ﬁ\&\J&GW}r)l&dm

PRI 5,5 ol 4> 33-20 glas s esliul Ol
[6]ws 5

wual ool S 5 -4-2

5T gy 3 eslinal b et g s (sbend el oS 5
5L L Oy 4 pgome HPLC ol&ous U 5 [23] olKes
Novapack C18, 4um, Waters, Milford, ) . S
Sdas Loy goen 51K o lwl 3.5 8 e (MA
a3 110 slas 3 Jbo i 6 o JS a5 el 24
3 om0 3T Al sladead ad a3 p2a 5 S il
plomdl el 5Lis T s baeddpdgsden 51 G a Il
s 5

Fasded 435 eas =5-2

0/5) “’<'::—"‘"\}jl‘s sz—? J.:_.w\} I ):.U_)J.:A QML\.\AJ‘}M
paass 10 coen 5 bsa L1 e S 53 (LY 50
BYIR P EPINIIR B ECE N Uy EVPUSSY 7
S e S 5wl aids 10 S 4 5 4000rpm
s ol s S e [18] 5o s 2y L Y
s e 5 5 deoled Jge 3 5l eslinad b sdsues

@

DH (%)=

Protein (TCA+Supematanty Protein (Casein hydrolysate
sugpensian)x 100

eI ST gl S5 5 -6-2

DPPH 5151 Jsl, s cdles -1-6-2

335 Soss 3l eslid LDPPH 5T ULl slge ds s
Sy el s S s S-Sl WS L [14] ol Kes
53 S e 40 Bl L) S hade O s el dssds
50 sl o 5l 2l e U5 (s bt > (2 Lo
L loes (LY5e s O/15)DPPH 561 Jglee 51 2 Lo
by lses (o I ol oSG Jee 420 See
Cdein 5 5k ol aids 10 sy 2500rpM s ol
53 ms Isdoe Gl Al (IS S s 4i3s 20
JLSsly Hlge ds sl ol e U BIT 50 U
S delos 25 e 3 ) eslixed LDPPH

I (%) = [Abtank- Asampte/ Abtani] * 100 2)

25

A A 6s O3 A4Sl EDTA (ol Sl 5
Wt s IS 5 m by ome S 355 (08
(TBA) sl ol ¢ S s8ad ol 20 0 5
o A S 8,3 5l) (SDS) ol fows 55 s
63 oty IS ol (S ISl e (J (L0
a6 (DTS o 08 10 5) S hed il Dlind 0555000

AR

s ) pl-2-2

5 OIS b s s 3 Ol ahs 4 L) (glaails
S Cele 3 et ez S35 D a4l o
Jome L 110 s @0 o 01K Gl 51 ey oS
2 a5 ek bl PHEOI25 L s V40033
G A500XQ 5 Lol Jidous e 5 L5 sspes sl
b g PH sy e 3 2550wl 435 30 e
e 3 S o (85 p S S5 5) PH) pH =415 s
« 4500%g )5 fol> s apnSsn s x5
U s g aalsl 3 a55 5k 5l 4ids 20 S
43> 5 Sdag A500%Q s 5 ed wd L os> ki
LS sden 033330 L PH =720 55 L 5w S55a sl
Dyl A s Jloms S 05l Ve 1 s
oy glos 3 5 eds SE5 nls 3L Jels 08,
el GUI sl L el b sled iy lugSsl - sle
1245

g;“'.’.};‘ }:“JJ*.?“ -3-2
Slawss 3L 305 (WIV) cble s aaw Loy 5,
ST Uy T P 30 e (PH=8) Y, 02M
\Mygﬁj_ﬂcﬁm_}):ﬁ}j\ﬂ_ﬁféuﬂj_ﬂ
SYLSIT gl PH 5 Los . 6Ll J gl 0 %2 (W/W)
ol 4o 30) O 5(pH=18,5 ol 3 ol 4> ,350)
S b s ol s Shes ag bl s s (PH=2 o1 3
3l e 5 wze 4i33 300 550 o 2S5 Ole e KA
03,5 Il b sl e Gles 03k a 53 sk dul s el
w390 O plom 55 STy Lo (5T e 5 Sl
Jolome OF 31 e o 33 51315 MIN Ce w051 8 sle
45000 rpm s 55 Jydoms s § S boses gles

L 5 o5kt g e S5l g 5t ol 10MIN e



SN Ga S5y g sl g 5 Ol

0L 5 el 5 S50

SASelal s iyl sdas Olis STy bl
J16]

oS 950 Il 5l colad -4-6-2

O s ST Sl sl Ly JonS 550 IS0l Sl el
ot [F]OLKan 5 sl iy Gk s S1m2
Ngn ea 10 Bylsn 51 23 o 012 0505 il 512
ST (Y50 s 10) 23 s O/5 (FeSO,-EDTA)
e e 09 s g5 g0 2 n 02 555
A Sy 2 e 012 5 (pH 7.4) N5 02 3L ol
37 53 bylsws 0 bglsne on L (Y50 oo 10) 0555000
SO W AUV PV CIPL IO APPSO PP
itk 1 s 28 (TCA) Sl JS (55 il 2
byl Sty B gl desn T Sssmliss A
O3 S o plem s ais 16 (ol bylss A 035331
L el 532 53 OF ol s 0l 35 G 53
e Sl e gl s (S eIl e s 2
3 S el ke O LSS o S

oAl Og SaaSeMs clles -5-6-2

3 5SSt o Gk e el 0 (SSdls cles
ol o e 2l e Ldanl i (g Sesluil [T] 0], Sen
0105 L, (2 b 55 ¢ 5 ke 40 i) i T o
1/85 5 (N e er 2) ool u IS (g5 Jsdome 2 oo
A UL s L gline s jlss T 1) e
S byl 5 o353 (Vs At B) 35 sl
Glos 53 b s eSS 435 10 51 e lor 0350
Olpeas ol 5lss Of 5 okl 205l 562 5 Laoes
A oslizal J 58 4 el

o Og S aaS S Sles -6-6-2

Lol sdosies Slapptisn e O (SASadE clles
dal 3 g, S o3Il [17] KLj 5 K8 s 5 esliad
Ao LU e Sl N s 072 s 2 s 1
42555 lp s sl 2 Jee 15 05806 s e 555
S el Dslomn e b a0 ST s
12 2500rpm s Lass gai 5 035551 Ao s 11/3 Sl IS
LSS VO 0 5 ORI U 3 SV T ISV U I P L
20 5 i s 10 o ol e Ty 0B 5
5 SNs byt s el Sy SO 1 S

26

e plaie OF 51 LSy o) Jjm8 CAA blank el 3
A (55 b s 5eDPPH 05 o Ly 6508 gl gl
Al or 4500 Chomsample

ABTS Jsl, e cdles -2-6-2

Losdd ot gl ABTS Ul Jlee ol
L [15] oan 5 50 by ol A Sray 3 eslind
L ABTS" Usly Jskme o3 S s SNl S
7 bl s ABTS I LS ez Cas OS5
A3 S g Sy s Ve oo 2/45 5 N L
ol 12-16 ey e slos 53 5 S s b gl
5 OS] el s Al esls 13 Gas 3 S
plndl iy oly absay ABTS™ ol Wy
, PH ) 51 estizad U ABTS” Uglons 05031 51 13238
oG 734 5 07 + 0/02 i & PBS (Y, 0/27.4
Achle L) wsed o 5 2l See 40 e a3 G35
i Gy e mibe 4w (Rl v e Sk
Lo o330 dde 456 30 (sl bsksa i 035351 ABTS'
26 ol Sl osls 13 SO s aids 6w
ABTS' USisly e doys o 6,83l a5 734 s
3 S a3 absles il o e sl

AA (%) = [Abiank- Asampte! Apiani] % 100 (3)

A S (Jes S5 BB S S50 0dn) Aplank byl 5
e (00 5 55den (3518 4 ped o) sample

S A el o yuB cpuans ~3-6-2

ol s slaas el (SuiSelal Sl s 6l
oS e 40 ks 53) Jhie T s e > i sa 0/5MI
(PH 6.6) J¥54 0/2 wlivs 31 1 A OF5 L (1) s o
bpdois oz S5 5deo 53 dilws b el 2 Jee OF5
b Sl aids 20 gl S Sl w5 50 (sles s
w0 2,310 a5 JS (65 e d s 1) s 05 e
50l 2500rpm s aiss 10 Coueas 5 Lol b s
Aeie O 2 Joe LU bl e 1l s s
bslos o 55 01 ks 3 2 e 012
SIS 4235 10 51 oy a5 700 L5 6508 Sl S
4 e T LS S cams (sles 3 b sl
o (Rl el J xS w4 ln e slr



Degree of hydrolysis (%)

1401 5 19 6,55 1256 L

O'ﬁ\&\j&(‘ju}f-ﬁbw

35
a
30 b
be
% T I
20 A d
W Alcalase
4 e
15 £ T | Pepsin
10 4 g
L
5 h
I
0 ;i —
Crude protein 30 100 200 300

Time (min)

Fig 1 Effect of hydrolysis time and enzyme type on
the degree of hydrolysis of navy bean protein. The
values represents mean of three independent
experiment £ S.D.
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Fig 2 Effect of hydrolysis time and enzyme type on
DPPH radical scavenging of navy bean protein.
The values represents mean of three independent
experiment £ S.D.
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Table 1 Amino acid composition of navy bean
protein and its hydrolysates with alcalase and

pepsin (mg/g)

H-Pe H-Al  Crude protein Amino acid
89.1 86.9 85.3 Aspartic
108.4 106.3 104.5 Glutamic
22.1 23.7 21.2 Histidine
415 40.1 46.3 Serine
37.2 38.6 40.7 Arginine
28.4 29.7 28.1 Glycine
37.8 36.4 35.3 Threonine
29.9 31.2 30.2 Alanine
32.7 35.6 315 Tyrosine
9.1 9.2 8.9 Methionine
40.2 39.1 40.6 Valine
79.6 77.9 80.2 Cysteine
35.7 34.3 35.3 Proline
46.2 47.3 44.8 Phenylalanine
37.4 37.9 36.4 Isoleucine
67.2 65.2 64.9 Leucine
47.9 50.2 47.3 Lysine
6.8 8.9 6.3 Tryptophan
305.2 308.7 298.2 HAA
118.6 127.6 115.2 AAA
799.2 798.5 787.8 TAA

Hydrophobicamino acids (HAA) = Ala, Val, lle,
Leu, Tyr, Phe, Trp, Pro and Met; Antioxidant
amino acids (AAA) = Trp, Met, His, Tyr and Lys;
Total amino acids (TAA).
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Fig 4 Effect of hydrolysis time and enzyme type on
reducing power of navy bean protein. The values
represents mean of three independent experiment +
S.D.
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Fig 3 Effect of hydrolysis time and enzyme type on
DPPH radical scavenging of navy bean protein.
The values represents mean of three independent
experiment = S.D.
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In this study, the effect of enzyme type (alcalase and pepsin) and process
time (50-300 minutes) on the degree of hydrolysis and antioxidant indices
including free radical scavenging of DPPH, ABTS, hydroxyl, reducing
power, and chelating activity of Iron and copper ions were evaluated for
navy bean protein(Phaseolusvulgari L.). Also, the composition of amino
acids (hydrophobic and antioxidants types) and structural properties (FTIR)
of primary protein and hydrolysates were investigated. The results showed
that enzymatic hydrolysis improves antioxidant properties. Also, the
composition of amino acids has a significant effect on antioxidant
activities. On the other hand, the type of enzyme and the time of the
hydrolysis process affected the degree of hydrolysis and the antioxidant
activity of the hydrolysates. Thus, the highest percentage of free radicals
scavenging of DPPH (82.4%), ABTS (58.3%), reducing power (0.97),
hydroxyl radical scavenging (57.5%), and chelation of Fe (53.7%) and Cu
ions (12.1%) were affected by the type of enzyme and process time.Among
different treatments, the highest value of these indices (except copper ion
chelating) was related to hydrolysates with alcalase. Structural properties of
white bean protein were evaluated and enzymatic hydrolysis caused
changes in the amide regions (I and IlI) as well as exposure to some
hydrophobic-buried groups. The results of this study indicated the positive
effect of enzymatic hydrolysis on the production of antioxidant
hydrolysates that can be used in the food industry.
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