[ Downloaded from nsft.sbmu.ac.ir on 2026-06-24 ]

alnl 2188 galue g 41d8 pole aloo
125-136 wlxiuo 1395 ylwsli 2 o ylouis (3L Jlw

Gy /i gy s wSLsoS 93l 11 20 98 (g1 gué LS yoms il vy
Oeo9S 195 Jol>

Sal}u) Sges ‘zaal}:.lg Seso ‘1aal} Fed Blad

Ol dag )l ol8ails ¢(55,0LeS 0aSLails ¢ e wlio g psle 05,5 i) cwlid IS axsgal il -1
m.alizadeh@urmia.ac.ir : Sig xSl s oyl dng )| oSl o6 5,5ltS” 0aSiiils ¢ 53¢ wolio § pole 09,5 JLutils | Jgtune odiungi =2

! cng) olE2S «(55,5leS suStils ¢ i mlio 5 psle 09,8 JLotils -3

9411019 : o s b 94/8/15 b ,o 5,6

oUuS>

4

pas 5 oS o3lail 330 S8 (5)lpdo oz 5l cnalre bls iyl a5 (g ladi g sblie 2 odle (5rmrliger (Sl SLaS 5L (DD g il
ol (o8 fmo 5 LS e (Soilidy S iSam 2 20055 db Bedos ol 50 il e D)3 eSSl s pS sl 0 SUlS
W8S I gy 0550 (055 555 (S|l S 5

Gl L gany alopo g0 s BLol (20055 5 o8 e DLl i) (56 42 (U5 50 GaesS 555) T 506 ) lagd g Slge
-l el s oslinl fesly pelans BOX-BENNKEN )b 3l lagealy 5y Jiims (slo ke 5l msyyt sslaie 4y iad oS5 )35 pH
s ool (DPPH) sshs i,Ses2 oo 11 SuiS e Uig, 51 oolicsl b rtigas S|

2 220 oy g S mow cpizen (p<0/0001) cosls @l o5lasl ause g o3l (o ls me )...;L 20,05 ABL
b (5lodings Uog, 5l eolizwl L (p<0/0001) axcols ()l sixe ).._,L odds AgucS paagS S SlanST ST clled 5 VoS
el s 43 5102 pH 5 200055 W08 +_ose oo HOIBY el 15yt HOIZB 0 s g sl cgllne

Vb (6551 b Ol 4 3l poe g mesS 8 SlouShaS sl (YU SlawnST il cullad 5 (gra¥ousS S5 & a2 55 b 15 5 Aol
g oo Slaidoy (55,5 05 g gy 0ol (g, Sleie 4 hg,

nSI 5T b ¢ g o SIS g ey S sy [0 oSS 56 008 555 15l U 3

Ayl il Wilgs oo L8 b LS 5 5l Gf wah, a5 ol
o=l (4) Sss SlaruST T YU s ede 4 ROS
SoaS1 5T Cgllae sla S5y cde a4 rizmen SLLS 5
axsl 4y as e DY gase g B aile Sas iolidl jelaie 4
)‘ oolazw! “Mﬁ)LSQ )Li.) Mbsa doL..& UJM.S\ 9 Los UV
ool g &y | Shoe slalie alizes glgil jo b olS 5
JLs 5o SlouST 6T e dlbed gl)ls oo 09381 35,1 b
5153992 J9-3 sy (rag5 555 (2) alyoe b8
il o (LSg) LogS )95) dgmo,s adda, 5l oy 5l
oasie 53, L (Sasolsn b slocallad LI (mesS 58

dolio ®
el 4y ponie a5 e Cavo odes OIS I S
Slads CokS 5 60, Mes o S« pids (s Bk
(1) sl o sud oygemlannST gd oo 2I3E OY gamma
o9 w8le helse (B me y0 (285 )18 e a4 s Ll (o
Joals 5 (oS gl cailys; (ool o Sogll sy
(2) 2250 @) 55190 o ptosl 5 iy 8w By
s STy Lo adgs 4y onie gilannST il
4S 545 o (Reactive Oxygen Species) ROS 3]
5 Ol ey ko 5l Lo )lon 5l )l 53 oo

L 6ok Sldllae (3) sl oo By pem ol slacs Lo


http://nsft.sbmu.ac.ir/article-1-2054-fa.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-06-24 ]

hSen g ool mlas ) 00ns o pe oS ygw il )y

126

b A as o il e Gl ST Gl e oz
S e B oolawl 0550 ol DY gante ;0 00 Sl
78 SlSB g 156 oy dine; 50 sladdllas mn (556
Ol maes (Silils 2 iSen 5 20058 S
s gy ol 5l esliiul Uy calises sLapH ,3 o6 &owo
Ol Sl 8,55 )18 (o) 23550 uesS S el (lsas
i) Jodoe slyal cdale 156 o) addllae opl Goa
e «ohd o5l ppH (20 (g« ope doe (LSS
@‘.L_M.S“:.u" gA_.JLxS 9 UHYM ‘5»|)L§ u_)‘)b c)\ml
O s9late 4 (e aBb oo 0dd dlgunS (riegS o8
o ool gl v wollas Cunli g, 5l dge Lo

Lovgy golge o
Db A wde DMV eS8 L8 5l o Sl tolge
Jihaes JSom2 Judsal-1 g paesS 8 200m s
(o o D (5l S 6] LS &S5 5l (DPPH)
Wbl L5 &850 51 il 9 Jobl el S0 ,59 )00
S i 3l eolaiwl 0y50 (oleend Slge ple 00,8 (55l >
5 s oo SlSIS pran ladsloe 101y iU aned
A s T 5155 0 y5e polie 5 535391 b 20055
o by obliie pen cos T PH Yo Lo 5 lans
Gleo 5o jgailud S o 4 b Jolows ca50l aygs lawgie
Bad (6, ol JolS Gax jelaie 4y o 5 il ax 0 4
Ml Ol Bl jghie a4 b Jele coslinl 51 L3 (20)
15 =ae 4 6000 rpm 50 co o slacls> § Joloab
2 oSy okt IS Il s e il aido
Jsloxe) 2 506 4 0,k 0,k (33 335 e o 0/05) il
oo Jb y0 a5 (200509 [ oye doo [DLLSS oo
oolazw! L) B e .).)o)f asls| ‘Ml.\‘so Oyo® (S59y » r&e‘;xc
5. 48) ;L 2,50 SlaPHL (30,5 525 §30 L gundl Sy 5|
361 led ,o Jlays 0/01 4 071 sl 555,000 L (512
(PH 2apH Lass pglas 5 4 Lo Jyloo PH 285 ol
W s Seslal 510, Eutech instruments, Singapore)
590 9 e gles yo celo 1 wow 4 Ll 0550 Jolxe

Jslza 10 85550 Jgbl s .0 00302 500 rpM 500

5 598 plp 8) (698 Sl T cuols alex 3l il o
ol 05 g 7,8 0 g ,See wi ol as (E el
Glomin wlsd ol ey e alawlio L L(5 B) wil oo 009
Gy adoz 5l Slacusgasme Ly (pegS )95 5l oolaiul
5 sleord 6l 5 by (@ Mo (o
"0 9= (ol e (@B PH o @ 5 alex
Mbs_n o‘)‘o.ﬁ u_ig)?iu];w‘ 9 U)""’“’s‘ cp.J)J—‘ ‘6)15 LgLﬁb
5 edie OS5 cladlre sl () 0y gumY 9SSl (D)
il o 0o S
u»Lu‘ » quM‘ M) )d OQJL.«S Sldlao E.JL.J
(7-12) 0,50 b g i (Soilinly iSUl 2iSon
5,8l b /oty p slauSlaS a5 conl ol 5l Sl
SRR PRSCORELIWE S R W- PR -V SO P S piaow
65 Shoe sla Sy b pSheoS (nl oS (o9 pan
Sk g GgralSeimd gol (EMo 2l (gl 4L S9te
oili8l slos g YL Sgy @j08 PH Ol yoss Llae o o>
51 Jlsd olys ole, cimen (13) arab o |ls 1) aisly
et eign 4 Comd )l (= g Lo aSdeS
50 g a8l e B S Lo Job jo pSowe o)lg cle 4y
o=l Lal (14 15) g s o Lo, gy JLsb olge azs
poe Geizmed 9 D13 ol g e g ojlail 3 S
onl o (16) aisl oo @l g 5l (5,5 5l> 0 LIy
5 OSs g mt SLaiiSen o 4z 51.(16) wimo o ola
IS e D50 53k Qlaime bawgs 55 4 oy Bl
@9 & b iiSan p onl p oliS 1 gm 56 Lol ol s 5
#2013 Jlw o o) tSan o Lincoal ooz aslllas
oSS sle Ty 5 200ms o LS5
b oo 5 )lo) 28y, Slyad Jol it Solily Sl
2 05 1y (5558 5 Sl = dgslS xS V) Jlo b
050,539,055 1998 Jl yo o, Ken g xu(17) wisls )3
» Fobita )L, (rag JgiSYLAT 5 (ol grglS 5L, o
-eilS By w  olie wlio 40.(18) w,lo 20 gs jga>
OO (o e e 4 s (S e Sl (g et lo

S8 eolaiul 0y5e yiion S9m lasliSB,gu 4 Cond


http://nsft.sbmu.ac.ir/article-1-2054-fa.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-06-24 ]

127

1395 il 2 o )lass omdjl Jo syl slie olio g 44335 psls alxo

525l d (e 015 a0t Slagns T 6T cadlad (g S0 310!
st 1 olie (adllas )b 50 i ao (gladigal) @igod
@ e 28 a3L51 (Vg0 Lo O/1) DPPH  Jgibl Joloo
oSl 5l o 08 jed Sabds WSSy Jawgs aiBo 1 o
2 2l Jsbre e glos ;o aids 30 s 4 0,8
Cdo tals g o 5eh ke aids 30 e 4, 6000 rpm
“ojlail ol s sy lsie 4 52agili D17 zse Jsbo 5o
05 s aiges iz gpSejlail slp (23) w55
b a8lol DPPH Jgle yid e 1 & Jgibl d Lo

. d .
u\@%g?g%:a%m 51 oolatl b Lo wo s
S go woy0 = (1- 22 ) x 100 4a)slas
C

Wil e JyuS Qi g diged i SSha i 5 4 Ag dAg

it & 1 adlie ool 5 1yl 30T 5 GivlesT 250
5002 0/1) olsyls o cdale Jols mlaw 3 50 Jiius
5 (539 559 %1 0I5 0I5 (s oo (539 5335 HOI3
L (5/2 45 4I8) pH 5 (539 559 0/2 40 /1 .0) 20,1 o5
slzsl  ,» Box-Behnken )Ll #,b .55 «
b old oslail ayies g o3l Jeld oads (5,5 ojll
85 5 ) S99 eI ST b 5 g
Sl omimod i 4, L5 s L 30 b 5l eolinl L
Tk ° 65 bl 3 sndy) iS5 g Gl pas ol
~o3lail o ls iz, bl S8 L sl
doles ok pgo 4z 0 lazaiz o B 45 o (6,5
RERVP S WO KV
S dolee

Yi= Bo+ XBix; + X Puxi+ X By xix

g Wools BT (gl okind ool (goaS Jiiuws slo pate
Version 9.2, SAS Institute. Inc. ,l58ls 5 51 Jlogad oas,

ol sludig Jbg, 5 oolital L cules 5o .ab solina

W cos Lelplyl )b, olKiws I eslimul L
b s (R-200, BUCHI, Switzerland)

259 6 =S oslasl ielyd o3l 20 je8 g 03l yunns
ool wl Lo ol)d ez a8 1 Sl g yd 03la
Jos 63 3 i 00 LT ol
o3lasl o plodl 15 el (Shimadzu, SALD 2101)
> Al LIS O3 ez Shad 1Sl bl )3
1 adolee 3l ool b @lyd (( oz a8 nSilis) Jolao
T Ao

¥ nidf
¥ njd}

D [4,3]= 1 aolee

Mbsa di )E.B L\ g.)bd Slows n; doleo u.)‘ 3
LQL“'GH as w‘ dde )‘ oolaw! b ub.) o)‘.»‘ é’)ﬁ’
Cowl @l Hhad 221980 e ls 5 Olyd ojlail a5e8 S

D(90%)—-D(10%) 2 dJsbee

D(50%)
iy 4 D(90%) 5 D(10%) D(50%) aoles cpl o

5 190 H10 (T 5l 5SS @8 a4 (55kd Sibles

WS oo oSS 1) plw 5 39290 DS S pz> %90

Span =

g )0 ladgloe cogm; (o) ssliie 4 logmy (o
SIS b sled o b SO Gae w4 ladd cla
lodiges gy Oliae (oodiz ovalin ol » g wiad
RT3

sobie 4 ladiged bl I ge¥ g (215 (gm0l
30 wae 4 13000 rpm o0 cov daJgunS (s5lulas
laz 313 JolS Bl jalaie dy Cpuw (50 598y 7l a8
Sy s yiled 5| 0alitl b adiges Ggady il Lagi oas
Gges ;o 5l ide,See 40 Lmus Glo (s ey, S 0122
Wb 33, s 26 sl ) eslenal b g ansls
Job o Grilygle (Sye yrogidy iSonl bawgi ©do
ool b (ysea¥ S b5 o0l oniles tagili 420 £
L dloe (22) 3 dolas |

3aloles

R
05 ensSssS

100

O YgunS S5 =


http://nsft.sbmu.ac.ir/article-1-2054-fa.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-06-24 ]

hSen g ool mlas ) 00ns o pe oS ygw il )y

128

slochile 4 s i pfeal S Gl e
(@) 1 U jlogas o ailige Slidils moaw Somb
H0/L 60 5120 crogs cdale ioli3l b aS 045 o svalice
Sglis 2 IS5 28l palS g B jebar el e
oS cdale g buls b dges 2 O3 ojlail @je8 g ol
-0 olad 1y il oo 20 gy clale jo gles LS aS 15
Jlate S as ols oylas ools 51 fol> 5JUT imen . oimo
sl o Jlogme DIy oilal oy geom OLLSS pyas
LS5 e ol polie 235 i jo L .(p<0/01)
o3l Salite BT sl ks cciliee slaciale b o )e dowo
s koo bl Il as g5k og WSS S
, old oyl (%0/3) SlusjlS mow YU lacdale o
cge (0/L) SlsslS o oS polie ,o g ol tals

Al olyd olail zolhsl

Size(nm)
0.20
0.15 —
<
§ 0.10 —
g
[}
0.05 —
[15702026.5]
2682.5
0.00 T T T ==
0.10 015 0.20 0.25 0.30
A: SC(%)

5200055 5 LS pyoes Bl 51 bl el wall L 1 s

S foo ol clale )\)) (st ks u...i;L..n) &lyd ol

Span
0.20
3.27822]
2.53767|
1.79713
0.15 —

0.10

C Tween(%4

0.05 —

A: SC(%)

2200555 5 SLdilS e Jlie 51 Dl 5l o 1 PSS

95 pH S U0ITS Lo goo cols clale jo) Slyd o3l a9
(Ja..m LSL"Q

bl by ¢ O ojlal ayier 5 ol adaieS
el Cewd @ 0gd o (GlanS| BT Cllad g gV sunS
badl e

S¥sles sl a6l b (555 b il)S o3l
b alesl o seite plon (028 bl ) autes ol o ;5
w (7 doles) Sl,3 ojlal 2u565 9 (6 dolas) 3 o5l
dwlme P jlade cael Caws 4y ol oals (5,135 oS & 90
saias Hlis a5 g 0/0001 51 S Jow g0 ,o (glp oo
Bl B Jon 009 s e

6 doles

Ln (Size) = 4.321201+ (-0/02591*A) + (0.573219*B) +(-0.91407*C)

+(0.062837*D)+(-0.71892*A*B)+(-1.23434*A*C) +(-0.34614*A*D)

+ (1.002526*A2) + (0.668389*B?) + (1.246984*C?) + (0.486127*D?)
R2 =0/98

T oles
Ln(span)= -0.24553+(-0.10039%A)+(-0.70009*C)+(0.215419*D)+(-

1.3848*A*C)+(-0.49647*A*D)+(0.768875*A%) +(1.510915+C?)
R2=0/93
C (o doo cdale) B (olisls mow cdale) A
ailise (PH) D 5 (20 (s cile)
oow Jlie 51 as ols olis esls 51 Jol> LT
Mbsa )‘oksu.a )L.H.: g_;|)b o)Lb‘ » zouuy - uL\.J)Lf
Jg Sz¢8 ald ojlail ¢ 2005 j9a> 4o (p<0/0001)
RERWRSWISRR S sladale aan 39« Zooﬁy‘ ole 59
b oanlie @S ojlwsl yo sze BB ol olgls
005 4z 51 &5 (ol a2y o s (W) 1)
o Ll ohd ojlal yo sz BB Liels 4 e
o3l yiiow Lials el s & H0/2 4 %0/L 51 20 0
Al 5o g ol ojlail sl @y e S aSly s o3
P WY YL slacdale 2 200.\)9) S WarNSweow, Lg)L).g.Lg.U
Golul g old ol als jo 1y (6 ke s LSS
YL cdile gl sladiges ;o a5 555k 05 Ll pns
a5l o ol 2009 ol o (H0/3) SlisslS euaw
b gyl by 54 J>le e 50 S s
2 i 90,8 45 395 oo oalive (o) 1 UKo b gllas
wols 13 53b cow 1) el (asls 2005 5 Slsils
LS o cdale (il b el jlads (p<0/0001)
LS i YL slackale s 5ol 4.l il


http://nsft.sbmu.ac.ir/article-1-2054-fa.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-06-24 ]

129

1395 il 2 o )lass omdjl Jo syl slie olio g 44335 psls alxo

SHIMADZU SALD-2101

(SALD-2101-WEA1:V1.20)

1-0- Tween 0%
2o Tween 0.2%

S Level: 0
D Func:None
D shift: 0

a3 ()

n
o

O

\.

o
o]
P
=]
o
n
o
R
=]
n
n

Normalized Particle Amount
O F N W A 00 o 4N @ ©
e

Particle Diametexr (p m)

5 10 50 100 500 1000

20 g jgam poe g ga 0 PH g (0ye domo LS o cbale L 51 lSs ladiges jo S ojlasl @98 .2 S8

%Encapsulation

0.88 —

S
S
%
< 0.75 _10.4337/0.529687/0.62563| [0.7215,; 0.817516)
0
o

0.63 —

0.50 T T T

0.10 0.15 0.20 0.25 0.30
A: SC(%)

st dee ~ gl o clile Jlaze 51 (W) .3 JSb

%Encapsulation

0.15 -
0.10 o o3
0.44701¢ 0.714642]
0.580829)
0.05 —|
0.31320:

A: SC(%)

C Tween(%0)

2 20055 =Syl e e it 51 (2) 3 s

Slo oyl b sols 3BT 5l Juol> zuls ¢y gu guwnsS” 31,1
&I)LSH)I%S_;M )‘—" (R Sy9—0 6Lﬁ)95b as
2hLS Gl ooty 5IUT 5l aws 8 doles .05 ls (ygumsVgunS

8 wolxs

%Encapsulation=0.746735+(0.261604*A)+(-0.01796*B)+
(0.137592*C)+(0.026225*A*B)+(0.053775*A*B)
+(0.053775*A*C)+(-0.10315*A2) +(-0.11878*C?)
R2=0/98

2 oo SLS s Blite 1 () 3 S5 o

9 o ol (o5 595 (Y gunS (2ILS
LS (ol oo cclale iol8 L, (p<0/0001)
° Sek 28l Ml (2 BB Gl 4 g YganS
- clale w0l 3l L 0TS e goo ol polis
o U27176 5) oY gunsS o115 HO/3 4, O/ 51 lissls
(o) 3 Jss o as 5 b ylan.cosl uly8l H75/65
%O/L 4z 0 5120 0095 cclale (ialy 81 L cogd oo omlive
Bb ali 8l g B e b (sY S LS
=S & (h0/2) LS muaw culs polis o a5y sk
s> pae 0 sV5ueS LS (B) pH 5 (H0/5)
200155 %012 )5 > 1 %78/32 4y $49IT6 51 20 55

edly sl


http://nsft.sbmu.ac.ir/article-1-2054-fa.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-06-24 ]

Desirability

hSen g ool mlas ) 00ns o pe oS ygw il )y

130

DPPH scavenging (%)

0.88 —

<
£
E 0.75 (794 o3
O
P

0.63 —

0.50 T 1 T

0.10 0.15 0.20 0.25 0.30

A: SC(%)
o blite 3l oamopylias ol euls () 4 S

WgusS 09 555 (SiiS )l Cllad p (oye oo m LSS
(5pH %01 20 (oo ol clale jo) oo

One Factor

97.0 —

83.5 —|

70.0 —|

DPPH scavergirg (94

56.5 —|

43.0 —

C: Tween (%)

S S e cdled 1 20050 95 cdale J"’L’ Soges (&) 4 Ui
gusS oS 55

- NN
2 s
G274 < WA
- Nossosis N

et taanniY
TEN

Desirability

I
S

050 0.10 C: Tween(%) %

() 4 e jo 4 job olen t GloumST 6T culled
@ Ulg (DLl muaw cclale il b 09 o ovnliv
b Gl ez o5 B b 4 ol (SuS e
a0 205055 4z 51 aSul a5 > a5 (P< 0/0001)
e (ST 5l cdld ot Jlab slao 5 i e
Alidgal So (STgi e b alSgs slanisn o
Lol (24) ool ooty anslis Sl 5T cdlad a0
b a5 8 20 s oo al3 3 Ly lssen
ab osnliie (eagS )55 (sLoJsngS 5l Gl 1]
aS ol s Lasols 3JUT ol (o4 &) (P<0/0001)
Cews 439 dolas 3l oolinl b ol oo 1) JIG01, les doyo
550

9 Woleo

9%DPPH Scavengig= 91.70667+ (9.262437*A)+ (1.122845*B)+
(17.66318*C) +(0.476792*D) + (0.8425*A*B) + (-5.39632*A2) +
(-0.80033*B2)+(-16.6019*C2)+ (-0.73729*D?)

R2=0.99

gy 5l eolawl L aigy slo,loges D UK (g 3lw dius
Lyl i Layloged dg dzgi baws oo olid |) Congllas &
ol cws 5102 pH 5 20,0 %0/18

SSESRSRRRR
‘::'3“‘::“‘?“‘?“
D

<
SNSRI

<O
\ “\‘ N

Desirability

0 “‘\ J
8!
0.20 ‘% 100
015 0.88
010 75
0.

9 25 doo (0 ye oo g DS o lite S (@ icaglhae b 3y, 5l oolitul b aigs polis slo,loges .5 S
PH 5 otye doo (& 20 s

53 B: Gum Arabic(%)


http://nsft.sbmu.ac.ir/article-1-2054-fa.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-06-24 ]

131

1395 il 2 o )lass omdjl Jo syl slie olio g 44335 psls alxo

(27) sl oo b ad aSels clale ol 5) 5ol polie
oS5 ) splie bl 50 L Sen g Anarjan o ioces
o g 60 (pugs 0,5 0 il s (28) Ao ,S
5 &l S Il 10 .(29) cunlsas (5,155 50 olus;ls
9 &9 @ olSben b Jlasl ST 5o (g ,lsle g5lbL
Sy2g0 Gy n SosSge (LSS L9 sla JsSUge il
SoSly wl31. (17 30) oyl (Kww Jame (s,
poc 5l G50 50 20 0 g cdale i ol L l,d ol
395 Sl o bawgs 20005 YU cdale o
=y Rewo ol cdale o abl so piiew (5 l0LL S
Gl H0/3 oy 011 51 wlasls o clale ayl38l
e oS g dlaws cdl> ol jo 150w camlice &l,d ol
gl JoUS uilig jslate 4 el ;0 S92 90 w5 Lu
JoSge So G g Wl o0 (SBU (95 slasSse
Jaie g0 ) Slo 0oy S Hlojen jsb 4 iy
Jo S 5l ol gl odsdy s ,0 9 (31) wgd oo
DS 58295 (e Eeme ke o bl y0 am0 0
o b oSheS 1525 b bL3 ) 5o wilg oo a5 cad sunlie
s &e sdsSse 5 LS maoe sl JsSUge a5
S92 2 yme pd DS masw slagSge 4 )3 9 wBL
Cho s b gollai jo gls o0l (20) W oS oo )13 xezs
plw A8 4 512 5IpH rals L .(32) sl oo o) 5e 4
3 y9m0 (& yimiis (55 v PH rals L2l ials @l)d
laciand ol oo 2ol PH a5 ol e 1500 Lo
ol e alidl Sl puice slaJsSdge Cae Sls,L
L sladsSge shls a5 o6 doo 35 090 S ol ol
959,50 5 ohles 5 GLE b Gl Sz sS
@ 1S oo 5 DL moow sl eSS ol)d o3lusl as
(7 s8) Sl wlj )LuM) 4 pH JER3TY “).u.f é""’ )9,49
oS J o PH cpl jo 4 W ,S ly isred (ppiises oyl
Sy Ol mdw jaax pae 10 1,35 des O3 o5lu]
aS as 53 gl JSis a4 o Sl pdw jga> g
a0 Lgis Sl oo I3 5l 5 S 6S > Ol ol
domo 50938 45 Wo S 515 5 oK 5 il (7 8)

- o
S oy slog b iid S, & 055 5 S8 > I
L) (Seliwlg mSUl andls pazs blie o (sauigls Iy
5o gl Jo5a3) o5l 55l 5 (23 Vb (el L
5SS od> old as Soop 5l A ansl e (o, Bl bl
L -) as ‘_‘,_.,.Jlﬁ).»b XLy ;_)J._> LgLﬁﬁ)"’ @l 9) u.)‘ )|
WS e Jos [oopp 4 DS ol SGop 5l ol leae
axdls o9 S cle 4 addllas ol 0 (25) axsl
Sl o vl axb glayl 5l b Kbl 2SI
ke A2 50 g g o 0595 2 3l e D3 2005
;_;|_~C 3 ul)o L D) E el o9 \_)‘)s) O)LA_J UM)L,_B‘ a4
6 k) Ble plyie 4 2005 o5 Jb 008 200555
Slyd ool Gialysl g aass (3 s ool (s !
> 205295 Syl slvasiped 00,5 (Sl s
ye—az 0 Sld ol ialS  Weg (5 5SS i3 ol
g Li o so canlice 35 laiie plo Slallls 4o 20045
BB 51200005 ColiSBpm 09580 45 08,8 oyls o) e
A yomie 4S5 g0k an oyl Ol oslal palS ey
o=l (17) 0 (9,8 2 a0 (9,5 8 51 )3 o3l Ltals
Soimd 90 55 oo 51 1,3 o5l o lp whize
o9,13 021 el el o 1) 1,3 o5l g ads ST sli!
Sldgl sla Sy amlis 4 o Ken o Yin (17) ws s
2 9 Zowj_: ‘uL..J)Lf S L: 03— 4—“'6(’ dj)ub
WSy Pl 3Kl by, 5l eslisl b Ko plad gl
4 dan yiogl 200 U e 30 7, 51 o, 3436 o5l
ase,S el pbama opuliog jiie colaiwl 8,50 ylaud gal
030l 0 58 5 gyl Ol paa b oads ags &l,3450 a5
055755 (Sl oy ons ags 200555 L a5 1,350
(26) w55 o5l

ccbale Jeamd 4y 0l Gl o a5 pla axei b
20 s cdale i (il L sl o 2000 55 5l une
8l Sial53l S ogladl Sl maies el o dale o
oo las aS il co (6,50 axllas L 33lg )0 55 asdly oyl
T »° o9 Joloee (b st ) (SBU (gl 9,0 oS
2 aS Il 0w cw Fy oS gl s clale


http://nsft.sbmu.ac.ir/article-1-2054-fa.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-06-24 ]

hSen g ool sl 00ns o pe colSygm il )y

132

LS Lilislesl il 81 %78/32 Jlake L 20 0 g5
Otz plo Dlalllae )0 pladgal joa> )0 gV gunS
5o o) LSen g Boruah egis zolas o oo canline 5
55095 355 Oy VgmnsS LS a5 ol Lt 2012 Lo
%94/5 o, %77/01 3180 195 j9—a> ,o oyli9=S ooy
o9,155 (2014) 1L o Bergonzi .(34) csl il
b aalio )0 200555 5o (osS 155 Sl (liee a5 i S
b= ol o LacilSl)sw g Lag2y) plw
a5 s (Sold el sl 550 200m 5 sl Jsse
a)lo Joled ey S )5S (oulad g (el 095 90 ya 4
aon e ,0 a5 Wo S 515 5 o), Kes ¢ Malik .(35)
LS VL 205055 (Lo anlllas 550 (glacsliSs s
crizeo (36) 310 reg 5555 3550 30 |y gaa¥ guS
Al L bl ) sl oo gamiY g (2LIS 038
0395 3| xS ol 5 200y i 5l (20 ladiged (5 )luly
e (58 e xSl Ao o g IS Gad
8L 03,5 gy S5 olien ) 0ud WganS (raesS oS
29ma> pie g (o)f Geme YL S bile (ol aiges
s o2l 12 23 (s GgemY 5SS 2005255
2 = e g 035 bl e 9 355 23 gl
o B Ao )3 g 0b e gy Lo (D350 4 ()b
LS oy S 155 S (sl S
Az ,pdaS a5e,S 5055 o LSs g Barbosa o8l
O3S 2L il VL gl Gl s
5 S Sl azgs LB aiSS(37) ogdige yidon i o
e lllae () 55 g LS oy Yl ¥
asols plas L8 Sldllas 1y .0l so 505500 5l oolan]
ke o0 o s olil sla JIS0al, gl iised (e o oS
00 At (6o guns s 09Il ;0 (e o0le (28, Cuwd a4y
(38) wgs oo
2 e g ol 5l el gl il | T adled
oo bale aly 8L Sl ST 6T e s l5dl
"5l cdld a5 o Siaghy ple @b b @8ls )0 lsls
(24 39) sl e casin S ()35, (LS Slas]
-5l a4 S a0 S 55 o Sea g Li0 (aizmoen
Ol SV (e j9—a> )0 (g5 555 (Sl—nS]

3 sl 4> ;025 13 a5 b (g sl Joloee o S
S8 sle T s st J=B b 4 el ol
(12) apize 050 1y 2led I3 Ll

2 005 20555 930 gladigei yo iogmy Oline o)y
L L3l 5o wlgi oo o ciols gy g s LS25 Cas s
il s 0s (1Al aiz) (s ol 5 S5 ol
Sl S 50 a8 s 50 plicudsel jpa> pus (rizran
=5 Sl (b losgs 5 e e )5 baptacs )
eladioge) o yedgn YU cdale L sladiges ,0.000
CedS 5o (W Sl o H0/3 jlais gol> a5
Lo osaliin wga, bams slos 10 (6l cuelu 48
Lo uSLooS VL] il e 4y o posly g cale 201530
(S5 4ndlo (59,5 Wi pod 5 4Bl el Sabay ke
0055 KB 4y S Azl po S 85 eSS OIS
BOIL (olls 4S olaasges jo Lal.ass,S Ggm, g odalyo
iz Ly Ladged ol e salios gy W33 g5
A4S obdisel Ll ail (Sos8 ple «olyd olail slaosls
Sz celw 48 el 5l aw sy cmes W02 g5l
soba atan 1 clidS Sl am diges cpl abod Qod Cgu,
6300 ey Caond 0 45 jolailen 45 wind 51 2 LlS
3 Sl macw (5,lmbb ade 4 Wil oo 0B Gla 13
28k 20 g oYL clale

AP L Gga¥snnS QLI Al G gamY gunsS (2L
Lo Lo ity cde a Yiaas! Sl IS o ciale
4 x5S )55 Sln e sLad oS wdboe ey L
e )3 (elie @l S (oo ol 9 abdgunS pslaie
2 eSs g bl (2l 3L o VS (2L 2ol
31(83) it (3155 ) LSen 5 (alStl anogs (slanlllas
cbile Al L GeYgunS QLS (Rl Ko S5k
o3-S 538 Sl Gl L Ll s Wl e 55 205
o i (o i &2 50 5 20095 9>y
ladiges )3 a5 12 aBL (raesS )5 b Jlail sl Blssls
Lo g 53U 4t e o555 3l 5ylie 20 v 3
Uls (056 dao g pra SLSIS ax STl g,y o
o33k b (Sl 5,000 55 pln 50 1) GresS )5S ) clidlxe
3 58 e YansS SL Ll cisg s 1, %49/76 L i


http://nsft.sbmu.ac.ir/article-1-2054-fa.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-06-24 ]

133

1395 (it 2 o )lass omdjl Jo eslyl lié oo g 44335 psls alxo

4 i GlaST T S dlad IS )0 bl (esS oS
20 0T 6L°Q|*#“5|g5"~3] O oSed g Ll coale
.(41) Syl Koy Joloe

SasSlal Slas ol las gilwaigs 1 Jolb mbs
foe LS mases S 5 3 o 095 o (e
45 3,10 0525 (a5 )55 gV garSil 2 200555 5 0p0
e LhalS (iagil TU39 b ol,d ojlail (el 4 ot
HOBIBE b ¢y gems gnS 2,15 Lial;31 /665 b 2,3 o5l
o a>g L.an ¥98/55 b slans 5T el aol8l
3l o 5 Y (ST olad 5 o geenS LIS
& eodle (SBs; Oy by ol Vb (6551 b Dl
sy 200ms 5 orizmon 1395 50 St 535 65 5
Doy A jo Olyd SIS Gl g oS oslail rals
b 35l = s Slo S8 (5l

e References

1. Reische DW, Lillard DA, Eitenmiller RR.
Antioxidants. In C. Akoh, & D. Min (Eds.), Food
lipid chemistry, nutrition and biotechnology. New
York: Marcel Dekker 2002; 489-502.

2. Dimakou C, Oreopoulou V. Antioxidant activity of
carotenoids against the oxidative destabilization
of sunflower oil-in-water emulsions, LWT - Food
Sci and Technol 2012; 46, 393-400.

3. Rovito HA, Oblong Je. Nicotinamide preferentially
protects glycolysis in dermal fibroblasts under
oxidative stress conditions. Brit J of Dermatol
2013; 169, 15-24.

4. Yen WJ, Chyau CC, Lee CP, Chu HL, Chang LW,
Duh PD. Cytoprotective effect of white tea
against H202-induced oxidative stress in vitro.
Food Chem 2013; 141(4), 4107-4114.

5. Anand P, Kunnumakkara A. B, Newman RA,
Aggarwal BB. Bioavailability of curcumin:
problems and promises. Mol Pharm 2007; 4(6),
807-818.

6. Duvoix A, Blasius R, Delhalle S, Schnekenburger
M, Morceau F, Henry E. Chemopreventive and
therapeutic effects of curcumin. Cancer Lett
2005; 223, 181-90.

Ol g abl oo Ll uesS )95 5l ydan x5 BB jsba
o sadliie (g p cdale ol b SlasST ool el

el Gyl canbs lapsig,s ( A5 el o (13)
S 5 g e e 4 (S a5 0l o SlasnST ]
59,9 0uiiS Ll slaog,5.(40) o ks oy slowlgis]

eSS eJlad Jgie elsn 9 s sl
@S Cad 0 45 j5b olon (24) aiil oo Loty
205m5 j3am 53 (085 555 Sl el 1S5 (g YgunS
SUlF Bl a joie o5 wbioo Ml g5 BB ok
525 N1 sl sty b STy caz (eesS 555 sladsSse
dod (58,5 Sl )3 b ogt oo YU (S lee udlad s
A o5 )5S JoneS 5l eIl clad el
O it i 0y Shoe Ly LU )1 50 il oo ol o

5 (205 5 o pe deomo (LSS i) eShaS (5132

7. Ghorbani Gorji S, Ghorbani Gorji E, Mohammadifar
M.A. Characterisation of gum tragacanth
(Astragalus gossypinus)/sodium caseinate
complex coacervation as a function of pH in an
aqueous medium. Food Hydrocoll 2012; 1-8.

8. Ghorbani Gorji S, Ghorbani Gorji E, Mohammadifar
M.A, Zargaraan A. Complexation of sodium
caseinate with gum tragacanth: Effect of various
species and rheology of coacervates. Int J of Biol
Macromol 2014; 67, 503-511.

9. de Kruif CG, Tuinier R. Polysaccharide protein
interactions. Food Hydrocoll 2001; 15(4-6), 555-
563.

10. Doublier JL, Garnier C, Renard D, Sanchez C.
Protein—polysaccharide interactions. Curr Opin in
Colloid In 2000; 5(3-4), 202-214.

11. Harnsilawat T, Pongsawatmanit R, McClements
DJ. Stabilization of Model Beverage Cloud
Emulsions Using Protein—Polysaccharide
Electrostatic Complexes Formed at the Oil-Water
Interface. J Agri Food Chem 2006; 54(15), 5540-
5547.

12. Hatami M, Nejatian M, Mohammadifar M.A.
Effect of co-solute and gelation temperature on
milk protein and gum tragacanth interaction in


http://nsft.sbmu.ac.ir/article-1-2054-fa.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-06-24 ]

hSen g ool sl 00ns o pe colSygm il )y

134

13

14.

15

16.

17.

18.

19.

20.

21.

22

23

24

acidified gels. Int J Biol Macromol 2012; 50,
1109- 1115.

Liu L, Zhao Q, Liu T, Kong J, Long Z, Zhao M.
Sodium  caseinate/  carboxymethylcellulose
interactions at oil-water interface: Relationship to
emulsion stability. Food Chem 2012; 132(4),
1822-1829.

Nissim Garti, editor. Delivery and Controlled
Release of Bioactives in Foods and
Nutraceuticals.  2008. Imprint:  Woodhead
Publishing Series in Food Sci Technol Nutr. 978-
1-84569-145-5.

. Teng Z, Luo Y, Wang Q. Carboxymethyl chitosan—

soy protein complex nanoparticles for the
encapsulation and controlled release of vitamin
D3. Food Chem 2013;14,1524-532.

Joye 1J, McClements DJ. Biopolymer-based
nanoparticles and microparticles: Fabrication,
characterization, and application. Curr Opin
Colloid Int 2014.

Li Y, McClements DJ. Influence of non-ionic
surfactant on electrostatic complexation of
protein-coated oil droplets and ionic biopolymers
(alginate and chitosan). Food Hydrocoll 2013;
33(2), 368-375.

Xu RJ, Vidal-Madjar C, Sébille B. Capillary
electrophoretic behavior of milk proteins in the
presence of non-ionic surfactants. J Chromatogr B
1998; 706(1), 3-11.

Choi KO, Aditya NP, Ko S. Effect of aqueous pH
and electrolyte concentration on structure,
stability and flow behavior of non-ionic surfactant
based solid lipid nanoparticles. Food Chem 2014;
147(0), 239-244.

Ye A, Flanagan J, Singh H. Formation of stable

nanoparticles via electrostatic complexation
between sodium caseinate and gum arabic.
Biopolymers 2006; 82(2), 121-133.

Karimi N, Mohammadifar MA, Nayebzade K.
Effect of two types of Iranian gum tragacanth on
stability and rheological properties of oil-in-water
emulsion. Iran J Nutr Sci Food Technol 2013;
3(3), 87-98. [in Persian]

Li Z, Wang Y, Pei Y, Xiong W, Zhang Ch, Xu W,
Liu Sh, Li B. Curcumin encapsulated in the
complex of lysozyme/carboxymethylcellulose and
implications for the antioxidant activity of
curcumin. Food Res Int 2015; 75, 98-105.

. Tapal A, Tiku PK. Complexation of curcumin with

soy protein isolate and its implications on
solubility and stability of curcumin. Food Chem
2012; 130(4), 960-965.

Pan Y, Tikekar RV, Nitin N. Effect of antioxidant
properties of lecithin emulsifier on oxidative
stability of encapsulated bioactive compounds. Int
J Pharm 2013; 450(1-2), 129-137.

25.

26.

27

28

29.

30.

31

32.

33

34.

35

36

37

Patel AR, Heussen PC, Dorst E, Hazekamp J,
Velikov KP. Colloidal approach to prepare colour
blends from colourants with different solubility
profiles. Food Chem 2013; 141(2), 1466-1471.

Yin LJ, Chu BS, Kobayashi I, Nakajima M.
Performance of selected emulsifiers and their
combinations in the preparation of b-carotene
nanodispersions. Food Hydrocoll 2009; 23 :1617-
1622.

. Dickinson E, Ritzoulis C, Povey M. J. Stability of

Emulsions Containing Both Sodium Caseinate
and Tween 20. J Colloid Interf Sci 1999; 212(2),
466-473.

. Anarjan N, Tan CP. Developing a three component

stabilizer system for producing astaxanthin
nanodispersions. Food Hydrocoll 2013; 30(1),
437-447.

Dalgleish DG, Srinivasan M, Singh H. Surface
Properties of Oil-in-Water Emulsion Droplets
Containing Casein and Tween 60. J Agri Food
Chem 1995; 43(9), 2351-2355.

McClements DJ. Protein-stabilized emulsions.
Curr Opin Colloid Int 2004; 9(5), 305-313.

. Dickinson E. Stability and rheological implications

of electrostatic milk protein—polysaccharide
interactions. Trends Food Sci Tech 1998; 9(10),
347-354.

Cho, Y.-H., & McClements, D. J. (2009).
Theoretical ~ Stability Maps for  Guiding
Preparation of Emulsions Stabilized by

Protein—Polysaccharide Interfacial Complexes.
Langmuir, 25(12), 6649-6657.

. Shpigelman A, Cohen Y, Livney YD. Thermally-

induced p-lactoglobulin-EGCG  nanovehicles:
Loading, stability, sensory and digestive-release
study. Food Hydrocoll 2012; 29(1), 57-67.

Boruah B, Saikia PM, Dutta RK. Binding and
stabilization of curcumin by mixed chitosan—
surfactant systems: A spectroscopic study. J
Photoch Photobio A 2012; 245(0), 18-27.

. Bergonzi MC, Hamdouch R, Mazzacuva F, Isacchi,

B, Bilia AR. Optimization, characterization and
in vitro evaluation of curcumin microemulsions.
LWT- Food Sci Technol 2014; 59(1), 148-155.

. Malik P, Ameta RK, Singh M. Preparation and

characterization  of  bionanoemulsions  for
improving and modulating the antioxidant
efficacy of natural phenolic antioxidant curcumin.
Chem Biol Interact 2014; 222c, 77-86.

. Barbosa MIMJ, Borsarelli CD, Mercadante AZ.

Light stability of spray-dried bixin encapsulated
with different edible polysaccharide preparations.
Food Res Int 2005; 38(8-9), 989-994.


http://nsft.sbmu.ac.ir/article-1-2054-fa.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-06-24 ]

135

1395 (it 2 o )lass omdjl Jo eslyl lié oo g 44335 psls alxo

38. Tan CP, Nakajima M. B-Carotene nanodispersions:
preparation,  characterization and stability
evaluation. Food Chem 2005; 92(4), 661-671.

39. Anarjan N, Tan CP, Nehdi IA, Ling TC. Colloidal
astaxanthin: Preparation, characterisation and
bioavailability evaluation. Food Chem 2012;
135(3), 1303-13009.

40 Li Z, Wang Y, Pei Y, Xiong W, Zhang C, Xu W,
Liu S, Li B. Curcumin encapsulated in the

complex of lysozyme/carboxymethylcellulose and
implications for the antioxidant activity of
curcumin. Food Res Int 2015; 75(0), 98-105.

41. Li M, Ma Y, Ngadi MO. Binding of curcumin to p-
lactoglobulin and its effect on antioxidant
characteristics of curcumin. Food Chem 2013;
141(2), 1504-1511.


http://nsft.sbmu.ac.ir/article-1-2054-fa.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-06-24 ]

Iranian Journal of Nutrition Sciences & Food Technology 136
Vol. 11, No. 2, Summer 2016

Effect of Non-ionic Surfactant Tween 20 on Curumin-loaded Protein/polysaccharide
Nanocomplexes

Sheikhzadeh Sh, Alizadeh M?", Rezazad M®

1. M.Sc Graduated Student in Food Science and Technology, Faculty of Agriculture, Urmia University,Urmia, Iran.

2. *Corresponding author: Associate Prof., Department of Food Science and Technology, Faculty of Agriculture, Urmia University,
Urmia, Iran. Email: m.alizadeh@urmia.ac.ir

3. Associate Prof., Department of Food Science and Technology, Faculty of Agriculture, Urmia University,Urmia, Iran.

Received 6 Nov, 2015 Accepted 30 Dec, 2016

Background and Objectives: In addition to the numerous benefits of biopolymeric nanocomplex, it has
drawbacks including difficulty in strict control of particle size and to prevent particle agglomeration. In this
study, the influence of Tween 20 on the electrostatic interaction between sodium caseinate and gum Arabic
was evaluated.

Materials and Methods: Initially, the organic phase (curcumin in ethanol) was introduced to aqueous phase
(sodium caseinate, gum Arabic and Tween 20). Then by reducing the pH, the nanoparticles were formed. To
evaluate the effects of the independent variables on the responses, the Box-Behnken design was used. The
antioxidant activity of samples was evaluated by 1, 1diphenyl 2 picryl hydrazyl radical inhibition assay.

Results: Tween 20 has a significant effect on particle size, and particle size distribution (p<0/0001). Sodium
caseinate and Tween 20 have significant effects on the encapsulation efficiency and antioxidant activity of
curcumin nanocapsules (p<0/0001). Using desirability function, optimal processing conditions was achieved
in the sodium caseinate concentration (0/28%), Arabic gum concentration (0/5469%), Tween 20
concentration (0/18%) and pH (5.02).

Conclusion: Due to the high encapsulation efficiency and antioxidant activity of curcumin nanocomplex and
no need for high energy equipment such as homogenizer, this method is suggested as a simple, fast and low-
energy technique.

Keywords: Curcumin, Nonionic surfactant, Protein/polysaccharide nanocomplex, Antioxidant activity
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