[ Downloaded from nsft.sbmu.ac.ir on 2025-07-13 ]

[ DOR: 20.1001.1.17357756.1401.17.2.12.4 ]

olnl 2188 glvo g 4045 pole aloxo
FO-YA Olxio NF+Y Ll ¥ ol (opais Jlo

Slhgs (0,8 caiddign jl ooliiwl b paogS 595 — (i g 3y (SdpoS iU (2L 55l 9 angd

Yol iV el s &
obl) Sy 9 ul.».LO.(wa k}“s)"

n.shahgholian@scu.ac.ir g iSIl s ol leal laal Gl ez g olKElS (eiupmge cwidige 05,5 boliwl 1 Jgiuns soium g -\

Oyl i (lie mlio g pole Lipgh duvge (2138 Slge (5,5L85L 09,5 sliwl -

VE VYN sy G VE VYT il G

° .

SIS S 558 s (S il 6350 lge (S pald a4 (Sl yo pole> b LS Bl s ,,_,L FURTXCOYSVRE X XU T-¥| Ww
ol 0o plosl oo ye Wigw Slul b g (pegad ] SLaS 6l 10 (ra0gS 598

Sz RIMFFCCD (5061 o o a8 gl 355 oSLiaS 51 oS58 (sl 5 bl il sl G 3 9o
w095 595 Cammnd 9 (Y-V) pH (VYN - £/T) ‘517 3B oo v y0 Joli Lo oS ol colain | &l 365l agd jo 561 an (g5lw A
(DLS g, ) b5 Jumsily «l)d 031l o ooliiw!] aum! b 5 oSaT g8 51 oo, wgu oloul (6l 05040 (p,5 9,50 Bv o v =Yoo v)
oyl oy i85 518 )0 0590 (FT-IR 5 (pjoudps (g (o9, 42) (o2 5 Sgm ol 15 9 (AFM FE-SEM) &l,8 (554098590
2% ploel Design Exper.8 ,l58ls 3 51 oolaswl b ozl 4

Aoy 5 gl | S iSUlg sl abaii 51 50 PH 50 (yrosedl S350 adgs gz A Ll 0y 55 b uSleS a5 by, 50 DAY
39S g resS 56 SlBig 9,0 Gl it boyd (p iSe S 4 plojen ol ws (sl el Cwdy dmo e VYT a5” 58 o>
YYVe 5l iSaoS &y ojlail g auoyo YYIOY (esS )68 Sligr gy 2, el o w085 585 p,5 9,500 Yo o aig h csllas
P+ 0) 0 Grogd] GuSLaS 36 10 (yaagS 565 Slivgs y3,0 (2l Lol cge cl Kb 0 )5 0gs yiegil

Ol Cge Gaigm Jule flgie b ol B 5 s 59— raagd | wSLaS 55U 5l solai sl a5 ol s anlllae ol bl 3.8 g5 AR

D9 g0 (w95 595 (5l 5 (Slbgryey0

o e ShaT 55 ¢yl gsil o mosS 558 ezl (Sl densl g U 39

Jo g 0aipodign L (93 10 w5 ol eld] gyl
059 Ol aw s g o)ls onge p 1) S>s5 Slailld glss!
@ (1) Sl bassilS o g e w53k slapy 40 Jl—a]
Cmogd] 50 1oL slaawlgiel ol polie jei> ala wlg
R B JUr LT (= PP AP N RS S PRS0
() o)l 1y iio by 5 oo, b )3 Sslialy 2SIl Gl
3l VT PH o 53 o saual (a9 S agd]
Frsles jo 501 ol lsies 5958 o S Jgilil o o ¥
ollacl &l3b e celiw Vo S @ ol 5 il a0

O90° Gowdlgwed Wigw VY s BSA .(0) ol &)l >

Adodio ©
& (29,0 5 2l wli—o 13 )5 Glaoje 5l (S
@l olge JLil Gms wong S50 01 2 65585
Sl b (G @l 3 Gl sl b JeSte g aiesg il 2
by 1928 5 (Sane Slge el g daglogan ST 51 gl
2 Srochigm Slge a4y (Slofg 4z g5 g9—b9e (nl j3
sladal> g) cnl 5l g Casload Jlad Consj lge (SLS 9250,
(V) wlad 5513 ol azgs 3,50 (o
S35 o gl wtile i Sloontis g 5l (S
) Sos5 slasse elgl b wWomy JS—i5 U5 (BSA)
o o | s le a8 Ces | (5,5 uinn <o comesd] i o


https://dor.isc.ac/dor/20.1001.1.17357756.1401.17.2.12.4
http://nsft.sbmu.ac.ir/article-1-3450-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2025-07-13 ]

[ DOR: 20.1001.1.17357756.1401.17.2.12.4 ]

olj ey 18 g llials WSy fun pesS 05— g SIS $U obj)l g s 44

5 00 oolaiwl Jiedgul 8 slalde o solaiw! gl yaogS )5S
Lsw o9 gl 9 (raesS )95 SheoS oS 00ls (lis gl
5 oS )5S iz 5 6)lul g ol 5o el il el
aile solge (raesS )55 (Sldigr iy slp (VT 39— o0 034,
S50 (VV) j 25580 5 (VF) 439 (nog S L
ol 00 U’“")‘)f Gﬁﬂa.n Cul...u 9 c\.J)f )‘)S oalazwl
345 05 g0 Sl ST rge (05 ye sy Sl
21 50 GlasSse ailg go 00k o e dism 3936 ]
Golnl yekaie 4 L(VA) wijlacg plo @ 0e5 JLlw S50
slogis, il balow (Sl Lo 5 (s )35k
45 358 (o0 31 (28 pe W bl sl ploerd 5 (S5
(V) Gl 510,55 Zoanl 51 T (5092 (goms 3o 4 4255 093
Sl S (sl 5850 51 (6 youds (CrsHaxOss) ol S5G
A Vgonn dusl Sl sl 5o SIE ol sloJsSUge
SIS sl &l s Culld oS5 ol 5 0 s 52
du—wl SOG s lo 1 (Ellagic acid) vl =YL SIE
9 osls L}....S‘s U"‘i"s)" lJ ! CJ) ua.nl.‘) (3 L;‘)b 99 OH9N
(V) w20 oo JSis Joloral uSdaS
00— 3.8l yegS 595 ly3gil ags Bus axlllas ol o

L s roekism sl )il po ol syluly (al38l 5 (esS psS
3550 SSNLBIS (co 5 (S1ys> pué (B8 0000 iy
o 250 ShsF =28 v plli ]l S lge 4
Uy () Bad ggazme )0 39 Dise Sl (055 55
Sl S B8y b gl s eSS gl oSt
231 GeaS 55 Sl 38 Ll 5 5 s Gual3dl s
Wovgygdige @

V/ VYA (fraction V) BSA 5ol o, (o] :3lg0
S i Je—amo (CYYFA) (1esS )65 ¢ (MW=FF KD)
o VYA sl Sl ¢ a8l am 50 b (o low—i
518 ¢l Bl a5 () - YY) e

S eogedl ol oy Glall S0 0555 Jgea e 5 a5l

2 ot QR silenss slahy (pl &5 Sl (J9STge
©blg; g dold [0 Codgamme (yoz wi,lo 00 ,u8 izl laas>
03,550 il a5 05 o g LSLe j0 00l olxy)
3 BSA L(F) oy j5,luly 00,550l LSl a4y S
e PH s aiely o] a0 L g ol codgial
Silg a8 el sa i el s )] sl s oSl ol 13
hos 09 9o Gl (e 5 61,1 s ool
olgyily hn b (slag i g (S e Sigey Bl il
P gl (F) 33l Lo iiS i dlomyl o et (1
S Syl alads g elloghss’ 77 (JsSdge ()39 Sl 558
Slsi Q) el ol )5 il a0 YO slos o 5 ol o FIY
bl 93 rogadl gy b oo 4o V& BSA slaow Iyl
2 09750 (e (2 A0lR Geesdl (V) o)ls ca b s
il 09> ol JLotd pelais )3 g Sl 95 Slodly
(A) S o i

b Slge a5 s o s ol s 5 gk
5 oialesTos Olall as Sleys lracs sl (i L
aS cewlools lis ¢ pwlidpus Olallas aiiws Slb puw 0o
o b o3be So e Bra e YL polie ;o S esS )5S
S 53 a9y 5l a8 el Jlw im0 5l A
23 5098 595 (elst  liiw Tl (g 5 b o (St
Sy oot Bl 5l S 168 Q) Cal o ooliiu] o]
(Diferoloyl L o e 35,9,860 pb a0 S 50,5 Jx8b
(Turmeric curcuma a;g>5,5 pg3, 3l 45 <l methan)
-V LgS 555 oL poi, 5o .(0+) 993 o0 gl Pl lONga)
£ A Cowl jopuiin SO yogi pb 4y 45 (Zingiberaceae) !
LT (ot S 5 U5 50 45T Sl 352 90 SidsiesS S
Vgors ayinnss )s8 532 (n s 5 Sl Sylita
CriHr.0r iliard o8 shlo 5 (1)) el ] (eS8
S CasS 455l s 2 058 YEAPA J5S50035 b
Sgid S g0m 35l sloog S ol Siilog| a0
1 055 (53 0aimo JL 1,8 ke aly gy 45
6" gloog,S wloads Jog w4y by 5 Wl cuxdga jo gl
wo o Gl 093 | Sk 925 ge 52508 Copo 5 528
s LoysiS aliee IS | 4y dawes Ll 8 ay aiey oS
2,15 342

2 Sk VT lyg) (SThe> B yman loslis il gl
4 Lo a5 was oo ol Gl )3 (resS )55 51 5 (s
S9d (o8 odaliio (93 prw )3 Sl e Sl 00 lads
S oz bs—w jleadsilvlaz (55, (V)


https://dor.isc.ac/dor/20.1001.1.17357756.1401.17.2.12.4
http://nsft.sbmu.ac.ir/article-1-3450-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2025-07-13 ]

[ DOR: 20.1001.1.17357756.1401.17.2.12.4 ]

Y

Soled yo ol plnl Sgew I w5aS (o sre sla,eS
haiesS gy (al po Baw b (g5l anlp IS
b 0055555 (Slisn9)d 9o )d (phan—dan 5 N5 o5l
e b gy dal )0 Ll g 0 (W= 1) L (359

A gy SO U a0 00gamme o ozl Congllae

0 (A0S sl 4 1,95 (g pobaw de 5 ) Jour
(T polie 5 (55lutinge sloonl b Jius (slo pite)

abgy ye a9 05

X : o ol la, 556
\ 5 ¥ A pH
& vie ¥ B o35 35 (M)
VWAY AV If C ) JT 56 o> 0o

Omesd1 3556 Aigas zpmogul T 33 g3l ASld yboo iguy
(39 03 YO ) 3ST,blS 5l ealatanl b eiasS 555 (sl
5 mesll oS e 52 00 5 e < IVO (e & (o>
T Coe 4y daBs 5 190 B0 e 050 ey b (3L gloo
Wgm Jole 230 jshate 4 (YO) wols oo, Ngw sl
Sl 3l ool (el 5 goms i Slge b Sl BslS S0 0e
3 dte Sladiges (59, 2 a5 S5 131 Hetws 50 S
9y l 30 oS )9S (SLhm gy weyd g 0y ojluil Ll
~Oegll gmilinnges ity Bl (280 5l ey o Jlosl
V) el S ol Jglome 5 ans alie j9bo ) raegS 555
pagdo Ve Soe ay g ol adlol (BSA Sig- Fig9 do o Ve
A (@a8s 550 00 e S Bl az ) B0) (500 s,
¢ Mg bl 3l o (Jole jo Jol> @l jd oslasl s 5
=S5l e bdiges g ol Cod @l Ve Do 4 20050
s Sy b a3 Yo ) (ot slos 50 (5l 59, 4l
Py Powy 5 Ndd jek il (VVOO/Y RCF (s394 yiles

(YE-TA) 0 St o ol
5 bwgie i maw )b (JBs g ©l)d ojlal (s

Le 5y STy mloly sl eolaul b colyd o3l w569
Instruments Ltd., UK) (DLS, Zetasizer Nano, Malvern

Wl 9 ogil FYY oo Job o5 ol az 0 YO sles o
ol o Sl BT o 45 s 5 A+
A8 esile@d) e adsl gailiwgen 50 0 ool )8
oS et o, T St bl O3 Lagie
38 56T 5 5500 99y yuw 5205 5 medlSo sl oslil
oolzul 55 ol)d b )b (g pSojlail gl gy58 GiST

Py rogell ol jlaisl oo 58 e nl cllas o
Ll (598
madl S35 1 5m05S 555 (ymosll Slpn b A
@ Cums GMo | bl b jo5us - (g5l gama Joal (g, 42
-YF) wad a4 o)\ Ken g Zhang Loy oo &3l oo,
4o g ooke T ol —ul sl P> o w095 585 Jaloea (Ve
39 v 50 10) Geesedl gl Jsle 44 3l 9550 Slar
Lot S5 g oad b g angd I3 & (il oo 00 caze>
Laddo ¥ Goe a bglo ol adls!l wg ool &ilyuums j,
O 9 S (59e ((Ah0 550 O +) ST, g8l 4l
Sleo L) JlocSTs o)lax g0 aladss 4y a gl sl gud gal
V Ode dy g 00,5 a8l ol (o 5 ilw ax 0V oo
R Sg—olp glpl (oyre ;S MSVe g g adds
5 ok S & Lgle (o i sl b S
@By Vo) o_s Jatw (Buchi laborteknik, switzerland)
U5 ey 5 S5 o5l 1 (o),F Sl ax o FO
95 4 5 0B oy odeli sy gl s il
slo plmil ol yos ol s St 5 gl o TSt &
A (6, oS il ax o -F 58 s ol

&L 5 DS ojlal p calise (slaygs b )
2 oeesdl D3 aes (g, 5o DeesSysS (Slisosse
dged Vo 0 guly gl gy 4 lagialel (b el
glie o () S50 3o) 553516 55 5 il Lol
D gy 2 A0

S 5l osliial Gan elul s byl asels 5 L ygisls
39 PH (Ses lims (058 5 g Pl SBran Gl
oo el 5t ensS 55 ) ookl Sas ke (i
Jomio @l ladslre ;o (ragS S ad bl cos
ol a5 5 PH Rl b g 0gd o0 55 4 i ST
5 oeesedl 5 g9 egiale] Gl (Sem 0 (O0T) wliee
oole ja> (90 by (pl ol a8 5 a3 o ol IS o
i eoliil S S350 s sl 8 s 5 050
9033 03l w5y 30 Fm b gl gyt 250
Sl by anlllas ia0gS 595 (Sl—bgr (3950 21,8
235 b e 555 SlBn 09,0 @bl 9 SIS ojlwl o)
Tt gl bl ik B o () Jguz) 455l an
5l ool l b o alosl (RSM-FCCD) gm0 433, 5 ye
Design Expert 8.0 (software of Stat Ease® Inc., ,l;8ls 5
&lp g o plxil 5T slo b 5, Minneapolis, USA)
Nmrod (53 jskaie ) LoygiS B (o ) 0 5 Waosls 351


https://dor.isc.ac/dor/20.1001.1.17357756.1401.17.2.12.4
http://nsft.sbmu.ac.ir/article-1-3450-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2025-07-13 ]

[ DOR: 20.1001.1.17357756.1401.17.2.12.4 ]

olj ey 18 g llials WSy fun pesS 05— g SIS $U obj)l g s ZA

Jol2) gl gl (o5 jladie 0l (6 IS5 U1 sleo
Ss 6§59y S8y Hob 4 (a3 WT,LolS b saBHigy diges
GhF 09 0dd l gl S s G (59 45 e axio
G99, LIS ol ol e GBI sles [ diges g ol
(full model no.0101/A, ARA Pajoohesh, ) o3 (59,
Sebew P L slils G .cd)5 )8 eolaiw | 9,90 Iran
pyogd] il g Gylo g s pe adaie zlaw L micromash
Gy by g St o o psbad ol ool | oains Sl
Nanoara 338l o5 5l eolaiwl b .asas <3 ) line/s s,
A oolaiwl )3 o3lasl s gl amgd pylal V2
e S590nsT (o5 H3kie 4 5 Gamans (50 sl
(Vo) c8 85 Oy )
P99 5o (519 32 1 g (532 4igd (5 5lmmwoolo]
Sl S5 S gl JpmS i) (539 iS!
ool ol b sl Sl b oo s msalSx il (50
<3 {(MIRA3, TSCAN, Czech Republic) FE-SEM ;|
Wi S g3le (05 )lg S SS9l Aged S
(SC7620, ;555 by g 0 Jiiie liwl g9, 428,85 1,3
O 0 00lS (6 tegil idigy M L D> csEngland)
Vo 5ty 5o gy o plonl gl (g 98y S ol i
FURD IR ICK R ¢
e pplate 4y (o e W gy Sl AS L (2L ;)
@ 00l 4 S3gl sladiges 10 (o8 8 W Sbml el
0905] sl S 5 SIS Joli) onls (53 (3 90
Sl los S job a4 (njem iy 9D el y jae (s
3ogd o ooliial (i SS) (g 4 il ool (s
S Slsd wall al> o s (b jo o ST
Sl Glse ) ol S5 008 (o0 St 5 bl o poep 0 5
15 s il e ylie ol |y e | 28Tyl
1 S573n siel (5o 05, olan iaglh OV g Jsbo
Ngn A ld dlone sl (o250 Wigm Slam 5 S ladiged
YY) 0s oolicel o0
UV-vis (Shimadzu, UV- ;egidg mSwl 5l oolawl b
A 0dile> egil OV zge Job o i (1601, Japan)
o A e aolae 5l eolitwl b o] anel (slaogw ! clale
o5ls bl 53 aiel sl SI3T (sloog 5 e [NHZ] a5
px> Voode gose e A e S p Jonishes) S—2s
oS co | Glet )| 2l Sy Jge iz £ 5 (R o) Jslno
s 1 s 42,5 155 5o (a il Jsal il i) 17
[NHz] jlade .09 (2,5) iges oy M 5 (ol V) jomns

S 45,5 ) diged sl S 53 e LSy 0
Y9)
539l Ao 58 (1095 585 (L9139 2T (red
2 odd Gl aegS)sS Glbsiing,s 2L iomegal
Shey A eadgilesl )35l sladigel o )34l
CLIE bl imie A sy UVAVS 5 25l
O 3 Aslen 5 i 305 Sl Jobon 5 (s 55
Comd Vo clale 4 f10sS 58S Jolome S gl latl el sy
mdiged a5 4 gl (3L, b e 10 il gl 5o
o lade (il b g b s Gaeles 0SB ALY la
plp e cdale s latinl sove UV-Vis  ouwaa b gy 4
el Cawds 8 lailiwl dolas § gy i

2 V509,50 FIO (gpmlingn wsdas sladises |
(58058 51 o i 5 4005 Nynoa )+ i il
3 S Jsboe 938 51 o 5 Sl Sute 4 g
5195 nesS 55 Sl sl ok ol aiped 55 ke
Sl g densl SEB L oald oasplSioninl diged (a29) Jolne
o3liinl ((yr095 )55 (SLgr (19,0 w2 )d Armslone g (rimisb
48 Ogelpmgmgil Ol rasS )55 g pSojlail sl
boaiBo p ,o0) 00 v caids Vo) ol Sody yiles adgl o
35 dole s, Jsbowe s nskon B+ 53l gla
FYF zge b 55 omiwnSs, 3l oolitl b 5 o0t > ol
o aibiwl pmie wlel 5 alﬂ CegS ,o8 clalé (el
el Ceady (g 558

3 &Sk Gliee 9 (BE) GuesS )5S Slisingys @l
oo 1y el oole S (Gl (eS8 L a5 3530
Ol e aS il dcwlxe Vg Y Yolas 3l oolaw! b oz
28585 s Whree N «JS” (e85 555 (039 Wiotal on Y oles
(Ve YY) wias o plas |y @lydgil 059 Wh g ol5]
EE(%)= Wiotal cN-Wiree cni WiotaX ) + (V)
LE(%)= Whotal cN-Wiree cny WX Y+ + y)

Whdglh (b Sl Sng 9 SiPediee oo
Sl D35l grlimsas 13 o5l 5 (530555 Dlallla
Sl 9 AFM - (ail (6550 058wy e b (055 )55
Py Soe fawgi alol> ;05556 )5 o5lail 5 (55505850

A ploxl SEM plage JouS (sag, (9,25
P95 3,50 b 610 ppga § (sl digad 55w odlol
35 5l eatangd (geili—s— ((AFM) (o031 (59
P AE S ¥ Sae 4 Vo5 0 PH 55 55 (esS 55— g


https://dor.isc.ac/dor/20.1001.1.17357756.1401.17.2.12.4
http://nsft.sbmu.ac.ir/article-1-3450-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2025-07-13 ]

[ DOR: 20.1001.1.17357756.1401.17.2.12.4 ]

i
size (nm) 0

£4 Vo) s oY o)l adin Jlo ool i mbio 5 435 ple dloe

b“fb“ [ J
09y & 095395 Flbg 090 2L 90,5 ojluil
Ll 5 o3 sl ol sl ool anlllas il gl
T B o Sl A s b eesS 55 Sldsy sy
ool RSM-FCCD (535 10 S o bomgels s 5]
5 s, Design Exper.8 jl38ls 5 3o lagwl o b ,esls .ol
)i.,b gS,lg’)')l Aad 55l pe a0 lales v Aoleo b
S350, 25 5 Sld ol alide sl 551

el o ) IS 5 CyaesS 68

00 |
4
0%

- 7
- ! o,
= 1800 riesys, .
< ,”(’{/Illt'
2 )
¥

2690

15
i
e ttesptten

=
E Ot s n s
fad N N
ﬁ: SN
2
Desirabiity | g .

0 == - B 24

028 = “6.00
0 380 ~~—i e T
. P e T f
B: Cn (mg) SoaP300 A pH

Slgizma 5 PH plogan 3B gl o o b ) JSCs
3556 o3l (Gl (55, (AIVD) 636 Commad (635 o 4l ;5 ymas )55
-Cangllas (z 5 ragell D3 50 (raagS )58 il oy (0 meged]
33 e 95 Bl oo Gl 5 S ojludl el gl (i
Oboyer sk 4y ey

o ool wl (Cl) =& onign olxl Lozl o sy
9% ages b dnslie ol | aw bxe o] o a5 (F aolas)
(YO XF) el oals plodil (native) oo e8gn
[NH2]=AV/elm 9]
Cl (%)= [NH2]native-[NH2]cross-tinked/ [NH2]native ()

a,98 o b sglole (glaog)F by yuni axilhao
5 8l 21,350 5 BSA (alls (rmosS 55 (sl 508 3ol
5eolatnl b donidfonds go,e Ngm) eesS 95 el
(Thermo Nicolet, AVATAR, 370 FT-IR jiegidg S|
o0l oomle KBr | laaiges a5 cof FT-IR, USA)
b wad has o 4 (Sgae i l eslinul L
slacl aals ;o 5 Jeexe loo o dadisel (5,5
(YP) a0, 5 el 0 =¥e v [em ] z50

o958 oMbk o) sk 41005 gyluly (2L,
CesS 55 sl 5 393 o3l cemgdl yo 0uds ligy g0
Jbg o yskate oy ad (o (8 Jpaze 550K (b
Bl S o (eolesl gy a4y can S Dl 36 5l a0
Foo o Cugby g o8 gl ax 0 YO sles o anug s
(guidelines issued by o (5,10 olocSs e @ Loy
bl o Sl asls 5 3 o5l ICH,1993)
S5 dw 5o lae Blyoul Hlaools (11 Kileo Lol ol S oyl
Al Ve Sos 4 Jaoms (B0Og0 5l e oDl )340 0l &)
Ogpmilpmge 53 S o3l g oad (g3lujl ojims Sl o
(YY) ol o, (Malvern, UK) ,5Lub s 5l oolaiwl b ol
3ot 50 kel el 5 23265 1 g ylol Juki g 4 525
b9y &2 gl D050 50 00 (5538, (esS 68l
Design Expert 8.0 ,l53ls 5 5l oolai—wl b —uly oo
plil (software of Stat Ease® Inc., Minneapolis, USA)
oo a5k 4) Lo)gS B (o ) g osls (5510 (sl n g b
o ol (Sgew I 45285 (o ge slaygSl g (Sinren
bl g oo (2ol l digei ()bl Julowi g 42525
L gy il ls 35 S ool 5 4 (Siks
SPSS Inc., Chicago, Y\ asw.; SPSS l5éls 5 5l oolazw |
50 553l ge3T b b pKilee a sl .o plosl (IL, USA)
A plosl p< /e 0 (6l sne bans


https://dor.isc.ac/dor/20.1001.1.17357756.1401.17.2.12.4
http://nsft.sbmu.ac.ir/article-1-3450-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2025-07-13 ]

[ DOR: 20.1001.1.17357756.1401.17.2.12.4 ]

odlj oy a8 g lliald S 5 [ (pmegS 95— B9 p mShieS 96 0b5)l 5 Aed V-

6‘)’ ua.‘>l_w L)"‘ el oa;aauzﬁlg cdale au.».c}JT
sleog 3L L'.s)_w (e (s el Cwdds a0 OV

D05 o STy pwied 50 (5

iz .

Sl Sl g 52855 3555 pgmmibimsms e sy ol 31 S
ST 5l b b o

9l gl ©3gil (oxbs (5155185 5 559098590
kil g5 50 a5 Cmagddl S35 (s3slsd 0 0rmagS yeS
S 50 0 oo eolaiw | ! SLIL 6,3l cogas Jele
ol 03ld (LaS lae oS (S92 0589 S gy 4 T
ek a5 sls slas [kSle gl ap 1 SL L5 .|
Sle S0 69,5 Dld slul coge Sy Dl S sasre
dgdz 1o Slyd ojlail lawgie polai cpl jo .Cowl oads 00,08
L @S Jo o (F USI3) o 5,505 yiegil OY/YA
D 5,158 egill Ve v 0ga> )0 DLS 3, 45 &3 o5las]
syl 5 (Sl Sa Jlas (3,5 Kk 3 e 40 )3 S
DLS (g, ,o &Iy ojlail guls is—is gla_bg> Slross

el SEM g, 5l i Yoo
(b e digm Sl b (ole (slrog )5 )lid ) yuud anlllae
ha—ar—ie lp 508 Ggole 4598 hos (wib
Ngzy Sml 5l 5 8 cmegedl S35 50 vz g slanily
T bt Olpndi o )0 jokaie 400l oolitn | oo 4o
(09 58S b (50 (slo Wy olxul I Ly oold
IS 50 s | Sl b ooy wigu g wald &, 3g5b o yunge]
Olins calizre lodigas ;o Sy aulin .Cusl oals &SI)| ¥
W goiym 40 (Il sual 0509 @) (goual IR slacads a5 ols
N- lo )5 a5 s Lro jlay ol g iz 2 09 4 a xi
2= Sl sbxl Gl b 8o G F s 0 H

ar )0 S PH 5 oS 155 ok 50 Hlojer s
Sl—dmn) S ar s hB St co e Jlite 5 90
oibly Jelod g 4y 520 gl (P <el00) i (yngS 555
lie (095 65 (Sldiny 9,0 2D (o) 5O eSS
pas 09l gxe puf g (R= +/2200) s o 5 VU
g e bl 250 sl Joe g Lo ke (35
B 5o 1) GeesS )5S Sldinn gy 9o ys (0) ol doles
2o o L (V Jguz) cadguinaS slo,siSl
)

Slisg,s ()= YAFY + vIoYAB +1a/5y AT 4vivy BY

Ll 5 3,90 Casllan 5 &l o gl o
ehl Slas 5 ol ojlal Blas 4y plaws 6l ) 4
BURWSTIRY 4 i I RS R grSvavk S (VOIS S g R SUIRPIR
s 55 Slsimn o5 en YIF 5V pH (T Pl o
o cpl joacils )18 (Cuegdl oo o o ol laie j0)
SLos09,0 2L Lawgio g gl YT 5l eSOl )3 o5l
UinlxiS g o 0,0 YY/OF regdT Sl3gil 4o pesS 568
2595 IO A (2350 6,185 )L 2wyl (6,88 )L
Ol pss 5l Cod 5 SaoS S5 o)l A g 0,5 e
abais 5 5,00 s blas o xS o pH (pl.cd )5 18 pH
4 Se05 (e 0 s 3 B el S Sl
Slardm (S pmoetign Sy oS Sl el
el Y g ¥V pH jo 0530 I (g -l LiSen
A S g l,d ojlusl  Soliwlg mSI sledlas

(Ta) S | b b oo Qg (yuogd | 13636 d5g03 0
Ol38l L g 090 yiagilh Yo o 2F/A 5 eSS )3 o5l o g2
ol Bl 6yl pre S 4y )3 ol an ol SGIL ke
azgi bB aiSS o) el A0 B A Jade 4 g L
SLE909) 33 (97 sl Ul 433, 510 by, 45 29
oy AV YNy Slbg g, o5 g cils oS ,oS
4ot 055 55 63 sl D100 (gl g s
oaly s ¥ S o b yedigm sbm! Jelge glail b ouis
Ll 00l
oogd ] 1396 40 o e Wigw Slmsl ald Sb )l
syl Jolse (2515 0l jsbite 4y 1oy oo 9031 b
ol les joas ol lis gl o ploul om0

O 2y Ngm Sl ax o 5 108 S0 Jele o e


https://dor.isc.ac/dor/20.1001.1.17357756.1401.17.2.12.4
http://nsft.sbmu.ac.ir/article-1-3450-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2025-07-13 ]

[ DOR: 20.1001.1.17357756.1401.17.2.12.4 ]

\A

Vo) s oY o)l adin Jlo ool i mbio 5 435 ple dloe

SEM HV: 15.0 kV WD: 7.83 mm | MIRA3 TESCAN
SEM MAG: 20.0 kx Det: SE
View field: 10.4 ym  Date(midly): 12/03/15 FESEM - RMRC

€

W
SEM HV: 15.0 kV WD: 7.83 mm | MIRA3 TESCAN
SEM MAG: 100 kx Det: SE 500 nm
View field: 2.08 ym Date(m/dly): 12/03/15 FESEM - RMRC

Al
SEM HV: 15.0 kV WD: 7.82 mm | 1 | 1 MIRA3 TESCAN|
SEM MAG: 10.0 kx Det: SE 5um
View field: 20.8 ym Date(m/dly): 12/03/15 FESEM - RMRC

SEM HV: 15.0 kV WD: 7.83 mm 1 MIRA3 TESCAN|
SEM MAG: 50.0 kx Det: SE

View field: 4.15 pym  Date(m/dly): 12/03/15 FESEM - RMRC

IMPS V¢ <KX 1 () 0+ KX () Y KX () )+ KX (cill) ansl Sl b odisdiges gl ] 1,390 FE-SEM jyglaas .Y S
(Mean Particle Size) yio5l OY/YA

735 ok (020 JS) el S (59l iged o
S JeuSg )0 Sloog 5 4y by Wb (i o
oalS oy ,lae C=0 wib axb jo eSSl 3lasb o o
YYAA 5 VEES [om'] 4 )TRY 5 180 [em] 5l zae ooe
zgo loel a4 VWYY [em™'] 51T ol Wil g o sanl i
yg—a &8l 1o s Jae VYA [emT'] sgam 0 5ol
Al (Fa by s Sl Sl S50 (glaog S
Sladisn (2iS Sla i)l g 0gd oo JrnSgj0un (slaog S
35 YL 55l 50 Faa S ladisn 4 Co i Sged
Dgb oo pll 2alsS zoe Jobo 5o azs

zoe olael o dasuiie S ¥ Jols eyl o IR il
Coiy A aS Gl YYFY g VOYF A FFF XYY [em™]
B 30 IRCCT 11 [N [ BVON I TR JURVP ST AP CH O
25k 4 gl 4 s sl 34l 50 Sl il 4w (o
) Wols (e ysS VL zge Sae b (g 4 pasiie
(z-¥
Ages b dunlio 10 aSaT,Bgl5 b ooiaigm &l )dgl 4o
5 Dy8) LS 0 i iS j0 et iyl wald
O SS9 ,0u 09,5 digm (Sline 4 a5 0 sasline (o

ST oI5 b ooy igw diges ;o 1 el wibz0gr (pegdT b
Jize (VOYY [em™']) 5wl zge oae 4 VOYY [em™'] 5
(¥ JS8) wl


https://dor.isc.ac/dor/20.1001.1.17357756.1401.17.2.12.4
http://nsft.sbmu.ac.ir/article-1-3450-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2025-07-13 ]

[ DOR: 20.1001.1.17357756.1401.17.2.12.4 ]

o3l oy 228 g GUlinLS (WS 5 [ (98 )05 g n eSS U (2 g 4 vy

(g il g )0 (09 595 W93l gyl (2L,
3,90 AFM ‘_}05) )‘ oola__ul l; s.;bé}:la G?Lla_w 69‘;949;
Ol g Wigad (oo yp Jold adlllas 285 )13 o
ns"d““’ ‘_gLa:(_g)‘a.o.a:U G dw poal Oy Y pH 5o (.';‘)\55313
g ol oanliie Ao &0 4 L.Jls alyd e e gl |
el 00 sl S g8 Slyd mens 5 Yo | 5y 3
)50 s «2lyS (55,8 LS sl opdle o O
Sg05 &1, DLS g, a0 &1, (6,505l b aslie o U]
SIS Gl 59 5 (S9SN Wiz ik SS9k mesS Ho5
970 OmesS 595 a5 ols L £9.8 9o (pl AT i csslie
(-0

SIS )y 095 595 S sol> g sl g 53U
Jomio ST B glS oS laul joa> 10 59, 00 Gde
ool IS 4 00l Sl g jaiy 5 o0 (S sl
)...ayla YO« % YFO- (5'_"“" ).‘aﬁ 9 J}.‘o a od.._ms ‘5:)9_..»
29555 Sl (o s p yskate 4 (-0 JSB) wd oS
LSLD"‘ 9 u‘)oy‘a o)“dﬁ‘ cu...A}..ﬂ o 03— 5 ‘:l—uyuj)o
0,5 o3Wlad (o) 2l Jpaze 6505 (b (055 )95
3 SN 3l G i Shay 4 00BaS (5,00 ged 53
3 G0 san et g A (6 S o3Il Iam 0ads ,SS Lyl %
DS odmliin yaegS 195 Slligs 9,0 liee 9 DIy o3l
Sloze g o3l LS a5 0,5 0l jom dged 5o (23
JENC TR

__ /3158 0m

427.86 0

B
=

= €
v

2

s

E

£

g .

—_ \

40D0 3600 3200 2800 2400 2000 1600 1200 800 400
Wavenumber (¢cm-1)

Transmittance (3.u)
{
\\
o

L L) L) L) L) L)
4000 3500, 3000 2500 2000 1500 1000 500
' Wavenumber (cm-1)

ol S35 (@) tomesll () 10mesS 555 () IR il P YU
IR s (0) § oSl bgl8 b oaibaigu Crmogd T 1,343 (L) tamlis
Sl sl b 00y Wig cymagelT 1,343
4ol o [oM7] cex  mge il S5 @ adsS 5 o epl)

(s o s |, O YEYVOTFVFEF) coel g VYV eaSg 0un

3l Cragadl S350 gmniliwgus JIAFM slas —F 56 Y PH ;5 ygmuilomgar 58 (ransS 155 ol gl 135l ST ARM gl —all .0 Sl

o e (1) 5 Glogi (1) 15 95 (2l (V) BS 5055 46545 59, 09 51 g 03T U5IS L 0l (reosS s


https://dor.isc.ac/dor/20.1001.1.17357756.1401.17.2.12.4
http://nsft.sbmu.ac.ir/article-1-3450-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2025-07-13 ]

[ DOR: 20.1001.1.17357756.1401.17.2.12.4 ]

Yy

L a5l olile jlade 5 0l (5)l08,L b )b (2l38l g
3 0h B3l 5o (Fa o et lt Sl e ge
DY RY/F B VFE ¥ Sl sy0,0 ol glie (slo g3
OIS Gl 100 b alte b Al 0yl 0oy
aS wols 4Las (V1Y) o) g Teng (YY) cwl oo
Ol o) VO e (50 4 95T, BlS 09380 51 e
Sl g dee “FEIY 4 YA 5 Sl b b
wlyinal (glaog,S G b osle cnl (s slacale ol
Aol @ls el S (oo i) IS i b
Sl 4 sga5 (S am Hsbonl Gl asie slapses]
Dyl lyd ojlusl Laas o ol s 0ol T oIS oS
S9SF (095 595 (S9l> Aiged g el diged b Jouilsy
CYFR) a—zd oay o sl o (o0b 5 OIS 5 090 e
Slog,S b (Seiliw 19 2SIl sla 1S w0 (egS )95 cnlnle
by Jemily mesS 555 soa b g Senlosls (g n o)k
(F+) ol 00,55 iz yeais IS

A o Ay SUO 5 08 pid OIS ¢ iy 3551
=l Sz Jsse Su st 4 a5Vl JsSge o5
o b oS Bl 0iS oo oy (o ytws Jale (slaog 57
b 9l g IS ((eiig (S5l (slo0g,S 4 (idoilSTss
So 5 (FF) asS e obml bl i e g9 51 (o158
L @mg/mD) 355" sladiges (b0 Kigm Al ()2
o ol (5050 Juye S iles S bansgs s lisls
I slS oo ys /o) g5 oyog38l b &S ol s b
Ap¥eaald ey a cnd Jol> Slaesd (J9S9e 3
KB ot w3 lolS ity slacdale 2l g5 s
2 Slaexd 5 0,55 sbnul ol Sile 55 Jbgp o 2y
s bglS 938l ol el L3 ez odgaome ylen
Mr b slo ogSdl b youd JSitS crge o8 slaclale o
@ 2S5, gl5 o slogl Sy Slaess (oge )0 g Al eSS
ol ol lade g ols zaSTly o1 cpsd sleog,5 L e
Sy 2SI aiVlgsS 55 5] laisms el s o pasly
g oaiiSolon! Lelse S35 65w 3l (FF) ot b I3
o 3 23 gn STy o han 50 n5e) sloog S L gy
o yoey 995 altue slaJsSge b (ol Cualows Lo
S oo yogSedl ool asalT oIS o Cl> ol jo aigd e
(59

SleeS 5 b s Sl b o5 cloa b )5S
Sl gl olys wiile gilisee Jalse 4 o (LS L
(FO) o)l Ko pH g J8/ i olad sl o cdale

- e
095 395~ gl (Gigny 95 (o 2
S50 slog,S (gl ((masS 55 LSl (Aigm £
(sl g g )S) oS ol g Jadd (S y00n o Joid
o b Sl oS5 cnl )0 JoiksiS 609l D929 9 o |
Ol ol S (oo dlmyl el ae o &5 9 sl
WS oo dbmal (52055 55 Sl Sibe (gl slod Sles
Qg 4o 0idd g 0ni S Il g0 4 JoSse  gls o
oz ;0 (2095 )95 WaSe 0| g WS oo Joe (5900
o b g a8 Joe (doe 0di pdy plyie 4 (JdgalS s
Vg Cows 908 R efliamn s S0 jrdlgns 4y (qun3Y1g5S
(YA) 59

ooy )S b jlo)l s S ol (reesdl (63,5 (etis
(o 535381 b el 52,501 (o o2y L i S g ko
b5 ity 035000 o2 22 (o9 5ed9 S g gl em
iln o 4 50,R0 sloe o 5l (rend 5 oo SRS
oRIB e n sladeslse @iz s jo (TY)
SRS ISE 4 955 sy SasS L Slasiy Wl os
> ol )3 b oo Rl (g )5 ojlail 5 wS o
P r g wdlon plo 4 (g S JB19 50 (raesS )68
ol 5 0930 Jate lap)] (Gl Gblis 4 laJsS5e
Srogige 3l pel D3l (F i dile o (S ol Il 4 5
e Lo | s Lo 9S4 Sl s das ocs yosKal
ol sy gop sl lo w5y (2ol il 5l ey
Jos a8 el OIS IS—i s 5l e g 0aiiS oloxs)
(Pl o 5l ot Do et Skl Gl T e
S e iS e gl (Seelianga s Bl 1) Ll
ol ol e slaogS 5 (mesS)sS sladsNge o
e esS 88 slasSss e (RS ey g 35l 00
(F4) 2980 (g2 708 o9S 595 D9,

sia b hls (i PH 50 50 18 egS 565 5 (gl
5 b 2l S0l Gl Il 0w
5 b o Ll S35 g0y Sl aly 1Sl ladls
L oy dgm oloal 5 o el oo (Do )3
A JRIPTE S ISV E S IRV URIILA PRSI VE XU BN L3
(FV) WS (o0 s 5 9l
(8 2E Ngw 9 510 HL Cad b ) e ily (o
JUC{ERPRVERV) SN o PPN N CUURUNON | CH IR IR ERPEPUR IR
5 Sh3gl 0 IS L b b p (e Wam Sl el
ol e b o608 s gl aS ol Lt


https://dor.isc.ac/dor/20.1001.1.17357756.1401.17.2.12.4
http://nsft.sbmu.ac.ir/article-1-3450-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2025-07-13 ]

[ DOR: 20.1001.1.17357756.1401.17.2.12.4 ]

olj ey 18 g llials WSy fun pesS 05— g SIS $U obj)l g s Yt

Dissociated
particles

Curcumin-loaded particles [curcumin-curcumin

interactions

-== \
- _- — — P
- / 2

Curcumin High LA | .

P particles {owri 6 @
i _ ow
+ )

particles

Associated particles
Py Hydrophobicclusters

on surfaceof P particles
« Curcuminmoleculesor particles

R Curcumincystals

Ultrasonication —.

F B

e e
Dissociated P particles +

curcumin crystals

- Negatively charged
LA load amount of curcumin

Ph ety s o55 oSl 3l L5 oy o 55
SIS g Sl 5 55 SIS IS ol
(F2) oy LS_“..: Wy

(gl 459,853 Gl n g ald (Sl 5o
L owiVlseS W olonl oUlgs aS o jls ol3l g9l 05,5 B4
Sl Jda 029 Loyl b e wig sbul Jolse
Ol & (o s ISl sl (S (osell J5U5e (55,5
30 (FF) 05— dgaome Wig olowl g yuiSTy slol gl aslie
BB il GloogS slae ) Ve sgae (anb S
(Be) sl o s
5 BRigp b dign )0 Sl de—wl cuS F ()
Slass oy yidn de | SGOU (L3 L OS5 Ko b e lie
L o Seileg)l dil 4y Jate JeuS'g 000 laog S
aisl by HeS 09,5 (g0l olawi azxyl o a s
b =28 g ol (25 a5 0,5 oo S ()T (LS
bS5l s b oYL sboadale o o)l by,
L s 5teS S o2y g iS00 )l 80 Sgm LBog> m
(ol b (6 o (g )2 S 0 oo LS Loty
5 5 (Fonrad 255 Sl Joli 455 Sy g,
oS ols gl 5 Gl Saagh baw o5 (Rayleigh) L) (251
Jo S5 (S PH o ey Se Sl S JlB L ol
Cowl O3 ojlail 4y aagly ol a4 by ye8 (ST 0ed o
a o F i @) G 5 s n 00,5 bsle 5l e s RD
Oil3l asl e o Dl)S slasy a5 0l saalios (p )5 e V-
Al o 5o 5LS Vet ay e ol 4l 00 5l i 5 23
S ols plas (P e sloclale jpa 3 by cnl e
oty () o S oo V- & o 0 3 5 e ¥ L
o a5l leess sl Loy o151 e g 009 as
loog )3 o3V o aS Cuwloads 5,155 .(0)) b B,xis

sleadale o g s glaslaissis slbuEd b 3 L
GRSy iy jolme (Gufign S JsSge b g n VL
9 3SR M OlS 5 ax 2 (F7) (Lboss L b s oo
Sl GBGel it it B8 2STy slag e slasi b
S balie ;5010 5929 (eFign b 55598 slavion
ooy S slaws i don sl S (8 b LS
3 bl 1 5 Syl ail> 4 Jate JonS a0
OgrlogSTal3 (b 5o (5925 09,5 5ok olass axss
g n b (o0 ye Ngm sl Uy 45 08 0 JS2 ]
Om SlaS e ks b YL glecale o o),
b steS S pop g S (o0 )l n & e Gl—to9>
odd yo,l55 b b 38lgs ,o (FO) wims o L boyusig
ygaz> aS ol ol (Y- +) Shpigelman o) yin i 4o
@lror—2 Slge (53938 g (eSS SV gl 23 Ly
Ly oldsl oyl b Lil3dl o 5o e g ook 250l 4]
JHdh 5 oo om RS 9B GelslS Sy
SIS TN Gla im0 5 (S59)0e8 Sladisn Jols
S L 5V (o se g Olilizme (o) el (FF)
JeSis e 50 @ PH Vb 5 deasl il g ol
b s nd STy a5 ot (3155 0 Jolowsl (sla5s 00
s a3y jlade 5 (Sutgn Jolowe Slale PH o o
5 STy obx sl NMR 3g, b olella s mbis cd by
wzge oS 1) Gelisn eiel laeg S L b Jlub slapSe
(FY) 5,5 0l el caniVlgsS slasion oS
S 1ow0g5 595~ g 1 S leeS S i So
Sl wSLeeS” JuSiis (IS5 pailSio soleiiig pusilSis
ol o0l o0l s # SIS 45 o S ol o a5
g B by crge (masS 555 (VL e (6 1050
loog)S a5 Jl> )3 9B 0 (eisn S0l sloaig>
3y By 55,05 o )13 b 90 a8 s (s, Sk
Sl o $¥gm b ok 5l DS resd 4 i (1S5S
Ol b b pez ol JLds 4y 05D oo (esS 65
p5 GRS L polie o Sen b oo GRIHI e
B (S9525 4 S s 0 yin D)3 (g (A (082 e 095 )55
3 Olyd s 1o g Caw | Jams Sl o Saliw 1g 2SI
(F) wibe oo (SBL oz g poioe e >


https://dor.isc.ac/dor/20.1001.1.17357756.1401.17.2.12.4
http://nsft.sbmu.ac.ir/article-1-3450-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2025-07-13 ]

[ DOR: 20.1001.1.17357756.1401.17.2.12.4 ]

Yo

ST 4 0

~omogd] eSlpeS L Ay pslate ay (hegly ol )0
x> 53 Sl 5l a3yl (b9, 53 esS 595
s 5 0 1o IS (sl Pl 3l solial Kol o8 Lo
a5 bl oy o B 5 gl
ad sl bl o e Y PH RSM-FCCD (gLl 25k o
ool | 092 (g8 558 ()AL A b D)5 gy S eS
gl @ I 5B o a0 y5e Congllas 5 oy b
YEeo g ooz ooy Vo /F Cui a4 1esS )5S slyione
S350 @b Aol o 5 wisel cny )55 S
yoglb VYo 5l 5SS &1)3 03lasl g auo 0 YY/OF (1aesS )65
bl gl a5 gl jo a8 IS sla b, 25T S wisy,
oolii ol 05T 56l5 51 pegdT 13650y —2 ) Ngn
o 289 Sher b S5l Sl Ghagh 5o wiles S
oIl pobiie 4 803 (Go—w ot oalit ol el SSB
o3litus] (gl S Lugil )0 pagS 558 Sl yg)0 oy
Ogrmilimasgsgil )0 (Gigm Jole (lsie 4y al SIS
Rl g (ol 435 (e ,55 S5k e
Sy ol L cyoas ol 3 slo sbd i
Slog,S B3yt (o 2 MBS B9y 4 (250
@ P98 oSy See pgloal oy  FTAIR L (ole
Syge 99 2 ;0 L3 69,5 JS—2 09 AFM 5 SEM o
(S aul g 0501 )6l —o e slrosmsdigy o )8
O 28 N Ol 0 9> Ul el bl wul
Ol (s 555 S 920950 2L SRl g eeglT 0
oSS 9l an g Ghgy 50 (GiogR (el o (PS4 0) Sl
Sl a4 ar ol Sl 5l eola il (ragS 55— el
S sTsn Gbable sanS lul G olsie 4wl bgls
g | (gom 18 9 (SThom :0)00 605 Cunonl a9
@S Il cezge b ine job 4 S0 G5
25 55l Canle b eesS 558 Slagy sy

Sotle (o) Sz Sl B 0 )15 098 oo Sleiig
ol s ,S wile ok Slge nlo ;o ol (aoplSol
@ Sglite slace Dl az o b ol mle b slo et 5
o35 555 SLE3095° 3 Ll (bl dliio 5 ooy 2 polate
2 Fdn Oligdod alnil jglaie 4y 005 )18 oLl o 50
@l Slegdge gaw )| 5 2 Giagh b,
ldgl e ples o psd ol 0g o Slpa iy
U155 50 et ey 2 lp Dglite oty 4 (g
355 )8 oo n 0y50 OesS )9S SLAm9ye

8 SLaS 5 b i 5 505, T o 50 Sszee ele
Lgl.an)o}».s ‘&L.L@ Ja;‘)_w Ced g oalo u,.m.ﬂj ~.\¢_~u‘ kSa.il)
S g y0en ooy 5 ims g0 JoSi5 C-N —VlgsS
5 JemS 5000 sloog 5L iiSTy )0 alien jsbo 4y 5 (e
SS oo ES S (Shg,0e ladisn 5 Sl S oS g

(OY)
Sl 9 3eded )90 (ole sbrogys )lid, () p
—\Y’ . [Cmf\]) ”I ;.\.;.AT gn.o.'a 4.~>l; ZMSS); C")s
Lol e Cin L gl JUSKs gl a4z 51 (VYO

Senlr 29 53 G)LS e Dl s sl 42U (n e
ddxie sloog 3 d9zg ol du il SOL 5,158 5uds (OY)
anoie STy g hen (slo sy ok 5| 5 L OH
SOH L85 Wiy Jolds dpms | Sl aset o slacisls
slog,S 5 YVVO [em'] o a5 C=0 XYAA [em™]
B gy oyl Slalllas ol Vo YO-1VAA [eM] Lo (6l
Wgm Gk 5l sl SEEL G 5 eVl G (250
SIS Sl sl S 5 (oeVlgs 2SIl 1 55000
oo Lo i IS e s Ll o S e T ous
(OF) 3,55 ol

Ll dmosiiS oSt )95 (2 )3 (095 555 05 )b
(!5 gy (a0t g ooliil pas czge Loy 5 5]
oS 5sS ldeil gylal oLyl 50 (B0) cew Tonls oole
(V210) K 5 02 b 55 bt gl gemn sl 9 50
Koo s 5 0sds plaml sy b (F) sl onds 35S
S8 oy 5095 )55 higm g n g e (Ol K2R
Ll g 0,000 g (Ken JSb 4y I3 as ol s mli g
o5 Widgy yragll FooF e Do s g 2egil FU Y gl
b 38155 50 5 0,5 a1 (sloydgil cuale (53905850 ol
ol 5 s 5 Jsad Spolp Jlael I o 352 DLS gl
S EE)l Gls I)n gente D13 g b S 6 5L
(0F) wivg Lol b on i les ©lyd gl gl VO L
Sl Ggrlg— (3,5 SiS pgil a5 ol i s
4 Gpare Bygel JSS @ eesS 55 e GYsb (eSS
D393l )3 (Jbws S (resS )5 aulinn yobo 4 o0 S0
30 w055 455 ssl=-Poly lactic-co-glycolic acid (PLGA)
(OV) el 00s 5,155 5 oanline


https://dor.isc.ac/dor/20.1001.1.17357756.1401.17.2.12.4
http://nsft.sbmu.ac.ir/article-1-3450-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2025-07-13 ]

[ DOR: 20.1001.1.17357756.1401.17.2.12.4 ]

odlj cary a8 g llinll WS 5 [ (aesS )oS— (g WSS $b 2bj)l g anS \zg

e References

1.

10.

11.

12.

13.

14.

Jampilek J, Kos J, Kralova K. Potential of nanomaterial
applications in dietary supplements and foods for special
medical purposes. Nanomaterials. 2019;9(2):296.

Elzoghby AO, Samy WM, Elgindy NA. Protein-based
nanocarriers as promising drug and gene delivery systems.
Journal of controlled release. 2012;161(1):38-49.

Livney YD. Milk proteins as vehicles for bioactives.
Current opinion in colloid & interface science. 2010;15(1-
2):73-83.

BROWN JR. Serum albumin: amino acid sequence.
Albumin: Structure, Function and Uses: Elsevier; 1977. p.
27-52b.

Sailaja AK, Amareshwar P, Chakravarty P. Different
techniques used for the preparation of nanoparticles using
natural polymers and their application. Int J Pharm Pharm
Sci. 2011;3(2):45-50.

David C, Foley S, Mavon C, Enescu M. Reductive
unfolding of serum albumins uncovered by Raman
spectroscopy. Biopolymers: Original Research on
Biomolecules. 2008;89(7):623-34.

Tubio G, Nerli B, Pic6 G. Relationship between the
protein surface hydrophobicity and its partitioning
behaviour in aqueous two-phase systems of
polyethyleneglycol-dextran. Journal of Chromatography
B. 2004;799(2):293-301.

Lin H, Lan J, Guan M, Sheng F, Zhang H. Spectroscopic
investigation of interaction between mangiferin and
bovine serum albumin. Spectrochimica Acta Part A:
Molecular and Biomolecular Spectroscopy.
2009;73(5):936-41.

Tennesen HH, Greenhill JV. Studies on curcumin and
curcuminoids. XXII: Curcumin as a reducing agent and as

a radical scavenger. International journal of
pharmaceutics. 1992;87(1-3):79-87.
Mukerjee A, Vishwanatha  JK. Formulation,

characterization and evaluation of curcumin-loaded PLGA
nanospheres for cancer therapy. Anticancer research.
2009;29(10):3867-75.

Singh R, Tennesen HH, Vogensen SB, Loftsson T,
Masson M. Studies of curcumin and curcuminoids.
XXXVI. The stoichiometry and complexation constants of
cyclodextrin complexes as determined by the phase-
solubility method and UV-Vis titration. Journal of
inclusion phenomena and macrocyclic chemistry.
2010;66(3):335-48.

Yallapu MM, Jaggi M, Chauhan SC. Curcumin
nanoformulations: a future nanomedicine for cancer. Drug
discovery today. 2012;17(1-2):71-80.

Saldanha SN, Tollefsbol TO. The role of nutraceuticals in
chemoprevention and chemotherapy and their clinical
outcomes. Journal of oncology. 2012;2012.

Sneharani AH, Karakkat JV, Singh SA, Rao AA.
Interaction of curcumin with B-lactoglobulin(] stability,
spectroscopic analysis, and molecular modeling of the
complex. Journal of agricultural and food chemistry.
2010;58(20):11130-9.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Rahimi Yazdi S. Changing the structure of casein micelles
to improve the delivery of bioactive compounds:
University of Guelph; 2012.

Paramera El, Konteles SJ, Karathanos VT. Stability and
release properties of curcumin encapsulated in
Saccharomyces cerevisiae, B-cyclodextrin and modified
starch. Food chemistry. 2011;125(3):913-22.

Esmaili M, Ghaffari SM, Moosavi-Movahedi Z, Atri MS,
Sharifizadeh A, Farhadi M, et al. Beta casein-micelle as a
nano vehicle for solubility enhancement of curcumin; food
industry application. LWT-food science and technology.
2011;44(10):2166-72.

Lee J, Yeo M, Kim W, Koo Y, Kim GH. Development of
atannic acid cross-linking process for obtaining 3D porous
cell-laden collagen structure. International journal of
biological macromolecules. 2018;110:497-503.

Krezanoski JZ. Tannic Acid: Chemistry, Analysis, and
Toxicology: An Episode in the Pharmaceutics of
Radiology. Radiology. 1966;87(4):655-7.

Desai NP, Tao C, Yang A, Louie L, Zheng T, Yao Z, et al.
Protein stabilized pharmacologically active agents,
methods for the preparation thereof and methods for the
use thereof. Google Patents; 1999.

Dreis S, Rothweiler F, Michaelis M, Cinatl Jr J, Kreuter J,
Langer K. Preparation, characterisation and maintenance
of drug efficacy of doxorubicin-loaded human serum
albumin (HSA) nanoparticles. International journal of
pharmaceutics. 2007;341(1-2):207-14.

Zhang J-Y, He B, Qu W, Cui Z, Wang Y-b, Zhang H, et
al. Preparation of the albumin nanoparticle system loaded
with both paclitaxel and sorafenib and its evaluation in
vitro and in vivo. Journal of microencapsulation.
2011;28(6):528-36.

Zhang Z-H, Wang X-P, Ayman WY, Munyendo WL, Lv
H-X, Zhou J-P. Studies on lactoferrin nanoparticles of
gambogic acid for oral delivery. Drug delivery.
2013;20(2):86-93.

Wang Z, Li Z, Zhang D, Miao L, Huang G. Development
of  etoposide-loaded bovine  serum  albumin
nanosuspensions for parenteral delivery. Drug Delivery.
2015;22(1):79-85.

Mishra V, Mahor S, Rawat A, Gupta PN, Dubey P, Khatri
K, et al. Targeted brain delivery of AZT via transferrin
anchored pegylated albumin nanoparticles. Journal of drug
targeting. 2006;14(1):45-53.

Heijmen F, Du Pont J, Middelkoop E, Kreis R, Hoekstra
M. Cross-linking of dermal sheep collagen with tannic
acid. Biomaterials. 1997;18(10):749-54.

Guo Y, Bao Y-h, Sun K-f, Chang C, Liu W-f. Effects of
covalent interactions and gel characteristics on soy
protein-tannic acid conjugates prepared under alkaline
conditions. Food Hydrocolloids. 2021;112:106293.

Xie L, Ciftci O, Zhang Y. Encapsulation of astaxanthin-
enriched camelina oil extract in ovalbumin/gum arabic
stabilized emulsion with/without crosslinking by tannic
acid. ES Food & Agroforestry. 2020;1(2):77-84.

. Chen F-P, Li B-S, Tang C-H. Nanocomplexation between

curcumin and soy protein isolate: Influence on curcumin
stability/bioaccessibility and in vitro protein digestibility.


https://dor.isc.ac/dor/20.1001.1.17357756.1401.17.2.12.4
http://nsft.sbmu.ac.ir/article-1-3450-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2025-07-13 ]

[ DOR: 20.1001.1.17357756.1401.17.2.12.4 ]

\A

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Journal of Agricultural and Food

2015;63(13):3559-69.

Hoo CM, Starostin N, West P, Mecartney ML. A
comparison of atomic force microscopy (AFM) and
dynamic light scattering (DLS) methods to characterize
nanoparticle size distributions. Journal of Nanoparticle
Research. 2008;10(1):89-96.

Bae S, Ma K, Kim TH, Lee ES, Oh KT, Park E-S, et al.
Doxorubicin-loaded human serum albumin nanoparticles
surface-modified with TNF-related apoptosis-inducing
ligand and transferrin for targeting multiple tumor types.
Biomaterials. 2012;33(5):1536-46.

Jiang T, Ren X-J, Tang J-L, Yin H, Wang K-J, Zhou C-L.
Preparation and characterization of genipin-crosslinked rat
acellular spinal cord scaffolds. Materials Science and
Engineering: C. 2013;33(6):3514-21.

Chemistry.

Kirchmajer DM, Watson CA, Ranson M. Gelapin, a
degradable genipin cross-linked gelatin hydrogel. RSC
advances. 2013;3(4):1073-81.

Yuan Y, Chesnutt B, Utturkar G, Haggard W, Yang Y,
Ong J, et al. The effect of cross-linking of chitosan
microspheres  with  genipin on protein release.
Carbohydrate Polymers. 2007;68(3):561-7.

Mendoza-Novelo B, Cauich-Rodriguez JV. The effect of
surfactants, crosslinking agents and L-cysteine on the
stabilization and mechanical properties of bovine
pericardium. Journal of Applied Biomaterials and
Biomechanics. 2009;7(2):123-31.

Jahanshahi M, Najafpour G, Rahimnejad M. Applying the
Taguchi method for optimized fabrication of bovine serum
albumin (BSA) nanoparticles as drug delivery vehicles.
African Journal of Biotechnology. 2008;7(4).

Khan H, Ali M, Ahuja A, Ali J. Stability testing of
pharmaceutical products-comparison of stability testing
guidelines. Current Pharmaceutical Analysis.
2010;6(2):142-50.

Gupta SC, Prasad S, Kim JH, Patchva S, Webb LJ,
Priyadarsini IK, et al. Multitargeting by curcumin as
revealed by molecular interaction studies. Natural product
reports. 2011;28(12):1937-55.

Li W, Li S. A study on the adsorption of bovine serum
albumin onto electrostatic microspheres: Role of surface
groups. Colloids and Surfaces A: Physicochemical and
Engineering Aspects. 2007;295(1-3):159-64.

Teng Z, Luo Y, Wang Q. Nanoparticles synthesized from
soy protein: preparation, characterization, and application
for nutraceutical encapsulation. Journal of agricultural and
food chemistry. 2012;60(10):2712-20.

Li J, Yao P. Self-assembly of ibuprofen and bovine serum
albumin— dextran conjugates leading to effective loading
of the drug. Langmuir. 2009;25(11):6385-91.

Arnedo A, Espuelas S, Irache J. Albumin nanoparticles as
carriers for a phosphodiester oligonucleotide. International
Journal of Pharmaceutics. 2002;244(1-2):59-72.

Migneault I, Dartiguenave C, Bertrand MJ, Waldron KC.
Glutaraldehyde: behavior in aqueous solution, reaction

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

with proteins, and application to enzyme crosslinking.
Biotechniques. 2004;37(5):790-802.

Silva CJ, Sousa F, Gubitz G, Cavaco-Paulo A. Chemical
modifications on proteins using glutaraldehyde. Food
Technology and Biotechnology. 2004;42(1):51-6.

Balange AK, Benjakul S. Effect of oxidised phenolic
compounds on the gel property of mackerel (Rastrelliger
kanagurta) surimi. LWT-Food Science and Technology.
2009;42(6):1059-64.

Beart JE, Lilley TH, Haslam E. Polyphenol interactions.
Part 2. Covalent binding of procyanidins to proteins during
acid-catalysed decomposition; observations on some
polymeric proanthocyanidins. Journal of the Chemical
Society, Perkin Transactions 2. 1985(9):1439-43.

Shpigelman A, Israeli G, Livney YD. Thermally-induced
protein—polyphenol co-assemblies: beta lactoglobulin-
based nanocomplexes as protective nanovehicles for
EGCG. Food Hydrocolloids. 2010;24(8):735-43.

Zhang X, Do MD, Casey P, Sulistio A, Qiao GG, Lundin
L, et al. Chemical cross-linking gelatin with natural
phenolic compounds as studied by high-resolution NMR
spectroscopy. Biomacromolecules. 2010;11(4):1125-32.

Chen F-P, Li B-S, Tang C-H. Nanocomplexation of soy
protein isolate with curcumin: Influence of ultrasonic
treatment. Food Research International. 2015;75:157-65.

Mir MM, Fazili KM, Qasim MA. Chemical modification
of buried lysine residues of bovine serum albumin and its
influence on protein conformation and bilirubin binding.
Biochimica et Biophysica Acta (BBA)-Protein Structure
and Molecular Enzymology. 1992;1119(3):261-7.

Lin H-C, Chen P-C, Cheng T-J, Chen RL. Formation of
tannin—albumin nano-particles at neutral pH as measured
by light scattering techniques. Analytical biochemistry.
2004;325(1):117-20.

Zhang X, Do MD, Casey P, Sulistio A, Qiao GG, Lundin
L, et al. Chemical modification of gelatin by a natural
phenolic cross-linker, tannic acid. Journal of agricultural
and food chemistry. 2010;58(11):6809-15.

Cai S, Singh BR. Identification of B-turn and random coil
amide Il infrared bands for secondary structure estimation
of proteins. Biophysical chemistry. 1999;80(1):7-20.

Albu MG, Ghica MV, Giurginca M, Trandafir V, Popa L,
Cotrut C. Spectral characteristics and antioxidant
properties of tannic acid immobilized on collagen drug-
delivery systems. Revista de Chimie—Bucharest.
2009;60(7):666-72.

Zebib B, Mouloungui Z, Noirot V. Stabilization of
curcumin by complexation with divalent cations in
glycerol/water system. Bioinorganic chemistry and
applications. 2010;2010.

Chen H, Zhong Q. A novel method of preparing stable zein
nanoparticle dispersions for encapsulation of peppermint
oil. Food Hydrocolloids. 2015;43:593-602.

Shahani K, Panyam J. Highly loaded, sustained-release
microparticles of curcumin for chemoprevention. Journal
of pharmaceutical sciences. 2011;100(7):2599-609.


https://dor.isc.ac/dor/20.1001.1.17357756.1401.17.2.12.4
http://nsft.sbmu.ac.ir/article-1-3450-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2025-07-13 ]

[ DOR: 20.1001.1.17357756.1401.17.2.12.4 ]

Iranian Journal of Nutrition Sciences & Food Technology 78
Vol. 17, No. 2, Summer 2022

Preparation and Assessment of Protein-Curcumin Nanocomplex Using Oral
Crosslinker

Shahgholian N™, Rajabzadeh Gh?

1- *Corresponding author: Assistant Professor, Department of Biosystems Engineering, Shahid Chamran University of Ahvaz, Ahvaz,
Iran, E-mail: n.shahgholian@scu.ac.ir

2- Professor, Department of Food Nanotechnology, Institute of Food Science and Technology, Mashhad, Iran

Received 6 Mar, 2022 Accepted 24 Apr, 2022

Background and Objectives: Benefits of the effects of plant compounds with therapeutic characteristics depend on the
bioavailability of their active ingredients. Curcumin includes limitations such as low stability and solubility as well as
sensitivity to processing conditions and gastrointestinal conditions. Therefore, novel methods such as nanocomplex
preparation in these compounds have been developed.

Materials & Methods: To increase solubility and stability of curcumin, a curcumin-albumin nanocomplex was prepared.

The response surface methodology-face cantered composite design statistical design was used to optimize three factors
in preparation of nanoparticles. Factors included organic phase volume (6.4-11.11% v/v), pH (3-7) and curcumin ratio
(5000-000 pg). Glutaraldehyde and tannic acid were used for crosslinking. Particle size, zeta potential (dynamic light
scattering method), particle morphology (field emission-scanning electron microscopy, atomic force microscopy) and
crosslinking index (ninhydrin and Fourier-transform infrared spectroscopy) were investigated. Factors and responses were
analyzed using Design Expert Software v.8.

Results: In curcumin nanocomplex, the optimal conditions for the production of albumin nanoparticles were assessed at
pH far from the isoelectric point of albumin and a volume proportion of the organic phase of 11.4%. For simultaneous
achievement of the smallest particle with the highest curcumin encapsulation and desirability factor, the optimum
efficiency was achieved at 3400 ug of curcumin. Curcumin encapsulation efficiency and particle size was 72.54% and
less than 230 nm, respectively. Use of tannic acid increased the efficiency of curcumin entrapment in albumin
nanocomplex

(p < 0.05).

Conclusion: Results of this study showed that use of albumin-curcumin nanocomplex along with tannic acid as a
crosslinking agent increased encapsulation and stability of curcumin.
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