\V‘\'\wh\i o)jcha)Lo.«.: &‘J&@L«é}¢}l—‘*

Juus 39 ) J5 00 55 oud g ud (g 39 (I I ST (5 g (o 3 2
ku\j‘ - cm&‘ybb Lsgb““a Lo ,de ‘\jj{}«é—aﬂ wble

QK;NCU)é))}wﬁjlﬁa&u\b«‘jju&>\ywm)éﬁbéw\>—\
dgﬁ@?‘l’cl‘ﬂjé))jl‘:”s C}b AK.:«-.I‘J gv_ﬂ..\ﬁ }‘ja&af&a}ﬁ)%\}—w‘
sl Gaoe o8> als psle 05 S Lslenl T

CURARREFEW SR UL AARSISIY B

s S

Lo s 65 03,8 6ali 5o Jus 555 L e Au 53 s 03,8 aeS 3 3 Sl ey s apd e bl Jus 555 Bl s LS Al L (S e S
DS 5 5 aotis 4 by e 4 il Wl st BT (S5se3 5 (6 Shae gla S5 51 (S0 358 o0 (5551 o o s bl 53l 53
ook Tl 5l g 5 O ST BT ol 2 I8 038 SlaBs g sl dasde S0 ek ol 03 a6l s 506 5 s
ol 5 b b oaw ool g SaStel oy DPPH LT s, Saus jlee b o Jpo lS 5 lunl jelite pdb A s au 5l
YVA @ S oS00 e Ss S b) il o o V0rr Shale 55 lelse ol puslie oS A3 (8 o3Il S 03 8 2 b s ol 0 (Ses
Vsl clle el 0 B Y leg e sdoe s VST il law s S 63,8 sdssiem 3 doss 88 5 el Ver e Jgb 3 VAS Gl o
e A 6, oIl ed s slasles Slst i helse s s bl 3 S s RSM i5i1 6 5 lav s a8 lajles Lo s Y 6
Olien b ol VYA Olej e 3 (S8 ool pll o iy el s @ do s ¥l e 5 cela ¥ 0l Jlesl L SuS Lol o8
e 53 DPPH UK (S8l e s i ol 0355 Jls e 03,5 S8 o8l )l Oljs il e 3 en gy doys IV
dny 8 03 S DPPHU !, (SuS lee wlad 5 (SS9 58 JS sy ol oy 51 40,3 1/0 B slacle 5 el Y/0 B Y 0L

A3l R A3 YN0 5 ds s YU s i SV 5l L ang Jaul 5 55 5dsoden )b el )

6){.» g cJLa.B S ) 6[.%«\:.1:.1 cJ'.:jJ).,\:‘.A LL}_z‘J:..MS\ L;'I.:I &_,-:“Jd cJ§ 53; b@j‘j .L_JS

sadeghiaz@gau.acib. Jx..”

YyYv



BTSN PR WA PO KW - (S TP R

OLan 5 4> suzin adble

O 5 s [IY] s (25e e 5 AS 3 eS|
eolae gyl v‘<“"“ 3 e S il glawi S a8 Wsls Ol
b s s R SN OS5 s U
ol 5 s S Y] wsls ol s 5l YL Sl s
S ch 03,8 kb olsS s mlpl Lodsls ol
Ll il sl dIKsl, Sas Sles 5 S| sl
sden Gl s 48 ol als 0L Cilises Sladlas [V€]
PRV USSP VS P PRGN PR
Shedal Cls gladzy & cnd sad 518 [V0] aas
S 5 s 5 Gy b5 2108 Slaptis 555000
WL 5 55 IV 0] s e 0l Slans] sl el
- AT I, SaSles 5 SluST sl el
S0 \) )Yl.(ﬂ VJ“J.!I .k—.ﬂ}: r.lj M‘f ol J.:SJ)JCA 6[.%
G a3 SallS) sl Ol @Lu' sls 3wy
oot GlaoSsn 0353 LS b 4 bl S
Glaoss, SaS ol e il sl S ol
BHT 5 ol Ol Lol (K Js 3555 W@ ol 5s,08
Sladed gl 5 oy el sins 0L s ol g Sl
@Lu e L g ol J;Jj).l.:.h ;,.;S); U'l‘ BE Q‘.\.“W.S‘ Q;‘Ij
L;.JM.S;L“&‘ CJ)J\.; 9 DPPH B M})%ﬁ JKﬁ)\) OfJ\MS
b o5 ool Op SasS odle b b e il of
355 DAL s st plosies €508 chle & el 350
s S S 22 SV Jel gladay o 0L
Ly sy ool s 4 Oy VJJJ Loy Sy Jeessss
Q;_v};w}j&.al _ur*’jg"" )U GLA @\;fbj)s )‘ oalatal
5 el 1 Lol gl Ji5 5 glulas o>
sl [V] Wa s s b 0L S s S
sline b lajitay yual 5 SUSsn Sleslisal b il
oan s Mgl (U s des 5l LS
"o ek 4 s Sl sl 5 S S sl s
sl (Sas Jle gla Siy 5wl 88 sla
BEA O S RS R SPVINT' el s 4 sladzy DPPH
Slaoets SYSIT 5T 51 eslizad b 0L n 5 55805 V2]
Loy OH JGsl, Jlee bl 5 slosds ) S o5

YYA

dodas —\

w5 IST 5 ss e Soslar Jo 55 buy S S0 S
3Rl Ces & Jees Bl s ded LS o S ous
23 Jes 55 S pa Ky 53 Wls 03 S S 530 Sl ey
Ly S 035 (gals 35S 0555 a0 Jes 05 2555 K
eSS 6)}1@-’.' old el bl sl 585
00 UIY () Ao s W LY (g0 Aoy 80 U Ve (6ol
o 3L o S U VB Y 5 Sl S de s
Sle anel a3 a5 5ke 8 63 8 s Jlab 5 e LS 5
ST I sladed [YY]OS i 5 oo ees & il
3 s Bl ank s OLeS 5 Jpene o Jlmle L
SAL Ll SS 5 S oS ssdngs 5 bdeal S5l
A DU 5 s e olse 5 b el S 1
SLS 5 s ol el daas sy 8] bgs L sl
[V e ladzy 5 LssnsSIS [1 0] Ssessm
w by 8658 Jlaesl gl S5y a8 cl el asis
S[A] o5 T s isdls 5 s LS 5 5 bl oty
e sSsn daode Bl el gbdsy oS s 6o
LY Vs o 0li s Sl s Glans] 1
25 3l Jols by nl GlaST sl s Slas 4 by s
Sl GbdGsl, Sas SLocdlss sl el st
Sl iles e LS 5l 2SS s Casls
G Sl s Sas oo Cesls 5 LS sl
edlel OLan 5 550 5 OLen 5 sl W] Olast,
o2 S g S g S0 5 JS JB DlS S S ds S
S e s LIS Seked cl b e 555
SHS e w5 Sl Al el il
[Y ] wsls 0l 5 511, ey B DPPH (cladiosl,
S eSS g s GlsI BT 3 0es 5 Sl
L e baws sas sl o gl 8 slaes S
5 slbees S sl a3 oS sls DL s s S e

L;uwﬁ e 5 Spmobaitd jatls a8 Csb

1. Thiobarbituric acid reactive substances (TBARS)
2.2,2-diphenyl-1-picrylhydrazyl
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Table 1Results of antioxidant activity tests of hydrolyzsallen at certain points of the central composite

design
Reducing_Power ch':elle;ionugsé?fgct DPPH inhibitoring activity (%) Time E”Zym.e Treatment
(Absorbance in 700 nry) (%) (Hour)  concentration(%)
1.77 28.106 53.43 2 1 1
1.83 28.73 56.9 3.5 1.5 2
1.66 21.05 47.68 5 2 3
1.831 23.75 54.7 35 1.5 4
1.75 26.53 53.78 35 0.79 5
1.72 31.716 47.75 1.38 1.5 6
1.708 21.573 47.77 5 1 7
1.83 25.12 53.82 35 1.5 8
1.838 26.71 54 35 15 9
1.86 28.4 52.7 3.5 1.5 10
1.819 25.353 48.5 3.5 2.31 11
1.63 21.19 43.83 5.64 1.5 12
1.85 27.343 44.1 2 2 13

Table 2 Analysis of variance for reducing power
of hydrolyzed pollen
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d e ) . T . 0.0087 0.4497 _
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sl Lo 53 155w ol Oy sl ULy 0.0001  -0.03426 1 X4
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Table 3 Analysis of variance for chelating
activity of hydrolyzed pollen

P Regression
value coefficient
< 0.0006 35.00912 2 Model
< 0.0002 -2.30767 1 (Time) X4
05489  -0.74455 1 ENAYMe) X,
(concentration
0.851 6 Lack of fitness
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Fig 5 Surface plot (a) Contour plot (b) for Reducing
power against time (hours) and enzyme concentration
(percent)
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Bee pollen, results from the agglutination of flowmllens with nectar and salivary substances ef th
honeybees. Honey bees save the pollen in the plodigrat the third clause of their legs. At the amie

to the hive, pollen is trapped in pollen trap aegHleeper collects it. One of the functional prapsrof
bee pollen is antioxidant activity due to its pmseand phenolic compounds. In this study, effdct o
enzymatic hydrolysis of bee pollen’s proteins @naihti-oxidative activity and optimization of hydysis
conditions was evaluated. In this regard, phenotimpounds, DPPH free radical scavenging activity,
ferric ion reducing power and ferrous ion chelatprgperties of pollen were measured (respectively 4
pg/ 100 g, 31.86%, 1.89, 4.9). Bee pollens hydeddyhy Alcalase at 2 to 5 hours and concentration of
1to 2%. Treatments determined by RSM. Anti-oxidatfactors of hydrolyzed pollen were evaluated.
Results showed that maximum amount of reducing pafénydrolyzed pollen received at 2 hours by
enzyme concentration of 2%. Maximum amount chedadictivity was 31.71% received at 1.38 hours of
hydrolysis; effect of enzyme concentration on cliedpactivity was insignificant. Maximum amount of
DPPH free radical scavenging activity received @&.2 hours and enzyme concentration of 1-1.5%.
Chelating and DPPH free radical scavenging aatwitif bee pollen increased to respectively 26% and
23.65% after hydrolyzing.

Keywords: Bee pollen, Anti-oxidative activity, Hydrolysisidactive peptides, Optimization.
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