Iranian Food Science and Technology
Research Journal .
Vol. 12, No. 2, June. July. 2016, p. 308- 317 o e

A

Olnl lid @buo g pole Gleiing sy 4 i
FeA-YIV. o WWAD - 010 )5 Y o ke Y als

Ogmd ol J1s 58 51 O a0 gedkd Lo g 5,80 oS0 LS 5 Jabs, silwdde

QTJTJJ "J.'GJJJé gTJT ﬁ@jé

¢ . & s Yo% . Voo L. . W
2l Al gl pldl 0T A e e ¢ (Sl G S et
VWAV V740 13 55 gt

WWAYNY/ 8 oy b

LRVCES

2l g (pgradgol (51 (T 58 )3 005 Slagie)6b JULBLs 5 s w9y 5)Ser Gieley Siiipms o (g3 ol 5l B

ol sl 550,543 9> s gel S)ls 5 sl (B8 gy 4 oliss o ise SS9 o Sase ol B 4 (WIOIW) Ol )5 g
9 3k 1 g ol (l 5L8 1o el (l s 9 S8 samdsels Sm (39) & 05 5 o) sojlas ssdselySee bl oglaie
Ol St oy slaiods b Aigiadgol 09> 4 Y5> Sy S d9le 5 (e ety ST g 9 Y S Oyg0 4 o ytaSslle
S a5 JlS—0geSen 5 (255 gl 420 o 423 (228 sl Je Il B> smndsel oy ol S & (i g0 g S
9 $9551)5 Ot S S gyt O Cpig 0,5LaiS b o Sl algd g gel 45 b sdnlie (aKiolojl (slaodly sy b bAS
asye Jie 4 borpe Jde (p i (mwgyS Gl )90 )3 09 ()RS 9y YV (b )3 JULBL 5 (g g S 9,5 el 0> (9 508
(R) (33l o o gy 0 (Sl o dumlie (e 2292 yho 450 o 42 bigayo Jo (it JULBLo 5 msgS5)50 Gale) 290 10 5 sl

91 (RMSE) s &lasyo (555ke ady 9 (SSE) las @l yo

olyiss o jlas ( Slbg el (pialny wgd (andgel 1 glS” (saO]1g

Comols ] 45 sy o it g 39 oo 03 Cond yila lunen
Zeng ¢ Chen et al, 2008) b )] (a8 i > 4y,
(Moraga et al, 2004 et al, 2003

r9yS Ospen JLb CLuS 5 ey 8 c bl
235 o gl DS Gal3l s e JUl8Ls 5 (g S 9,8

ol Jsdoma gl 5 lice JLob LS 57 gy
4 bl ol 3 £y > Sl Wl Ggradgal e (slad )8
Lulpd 53 0ad Gligr oy ClaS 5 ialey S8 5 cblis & e
ol A9 amudgel (Sapei ef al. 2012) 300 0 alizes las
By eads pisy o Sass b Lels o o o8 5
2 0381y JL plgin jo LB (pl 263 o5 Sl oo (g @l e
2 593 3 ) Laaleles (ul 58 oo )18 gm Atz ol S
58 ) g LSl T ) ol 6 6 sblse 6 dw ol (U
Lol o 0> o () B Sy g (Wl Sglite ol Igime Ll
9 3l 250l 5 Cwpdol o plandgel alowg 4 5 conl 48,5 1,8
2 o9y 0l aled yaandgel ans (gl o Cnl ok s 516
Ml 3 Sl plidgol alowsg 4 () 10 Gl Gspmdsel Izl o]

5 Analogue
6 Microencapsulation

dodo

g 5 (Sllp sl )8 Jle K g pab e 4 éej
Cudgime dy dgi b g )l (plend 5 (29)> (2le (slaodygl3
Ol 29y Yoy CaiBl S sod gl 3l adgs 5 cuis
5 o mire glaslon gl (S gloyd > (onen
5 sl (sl ol slacigis (S p Sl (Boys — (18
0olas el angdl ol oy 5,,LS 5)le S oK ws oYM S
DNA o 550 ¢ So—3 @S A ¢ 9090 ¢ —isupl )]
bl o S]] 5 oo (S5 pulis

5 pole 09,5 (s> A gl il 9 AB)| pwlid S 4t gel il i 4 =Y 9
ol 55 (55 b qolio 5 (65ygliS pole olKutils o li ol
@l 5 (558 pole olSiils ¢ olie plio 5 pole 09,8 (Ll ¥ 4 ¥
Al S (5SS mbs

(Email: smjafari@gau.ac.ir : Jyiuwe ot g — )



Yo olyie gond (Sligs 52 y9b g0 g0 GlaS ¥ Gl 55w

W55 8 Cony 090 AlgT oo

O B3 4 Jdgyie oS il -

Lid glo (536 &Y J g Y

9 o9 sbadse 3 0ad SLdg ) dlge (0 Jo Y
.(Magdassi, 1986; Pays, 2002) 25, 31> & b Juus ;L]

4 by slapiin (Jld bS5 Giale) (8L ile e
L s olas s JLasl o Jold obesd sbaanlyp g p > Uizl
Ol 5 S Ggomen (2> loyial)ly Sl 5 w5 o pal)
e s gl il ]y ok (6 )8k Jleb Sl 5

Jols b Solastiumw 3,05y S by s 5l odlatnl b cpl ol
Sl 5 ialay by (slp e Able Glgice (225 slaosls
Aunj 40 (gddaie Glallles Do ai b 1) Lagylblie o gyl
a5 &y o Lol gl ol 1 e S 5 Lile) Satipe
ool gl 511 ol gl (V+\Y) o)lSen o Fathi .l
Ol (abyy St oy p Sl Jo e Gl ) oo
5L lg 1y oyl (Yo rq) ) LSon 9 Alvardo s53ges 5 yae
By S 5 b odd Il (W/O/W) &> pmdsal 515
L b (ol 5L 51 ] Giole, St g 03903 4,8 b
o 4253 g Jgl 425> (JglS—ogaSen (ol (2 Sen lada
3503 (o) 2

sladols 5l i o gge LS5 Gials) aisej > sladlllas
oS Ll Sattpns dalllas ] )5 ol 438,85 &0 o)
b an (A 5LS Slond (S0 JUIBLo g (mmg)S 95
Ogeadgel 9 35 (qwp Ol 3 8) > Ol A9 gudgal (g
olie o e ClaS 5 Giale) S8 5 cblis gly cuslie 465
203)5 oy (JU3Lo 5 g S 9,5 e )

9 9 3o

:‘99
D)5 dard g9y Gl i Cop gilie Sl ol
e85 31 (A VL o9—) s ) 90— 0yl
Sy 5l Olgimny (b JgplS b IS5 el —Sapotocheese
oWl -Merck <5 s 3l @lglgige ol ygm 5 leil> ~Danisco
MP S, 3 (GA: >65%, DE: 71.1%) oL o Sy
S, 5 51 (DE 16-20) (i auS’s gdlo 9 4o —biomedical
Sy 5 oo Kol 2, ¢ - Qinhuangdao starch Co

LS &8y 3l bl s 0l ags ol ! oyl yow —=FRICO
A ()l 5 oyl

Cwgd] placadgal Jols (ol 5L 53 yamdgel (ol s 005
(Lobato-Calleros, 2006; Raynal, 1993) 55,5 » ouiS1y

Ogeadgel (@Ulg (Aal3 31y 2l oo 45 core Jaloe Sl
SIS, 31 et gy ol 5 5l cblis gl (W/O/W)
Jager-lazer et ) 5505 0 )Ll cuslio plapugol jl edlatwl 4 olg5 0
Lo piigys dilo (ola s s (al, 1997; chu et al, 2007
2 3lgi e 4S8 2Bl oo b slaplindgal Sl g3 ke Sy
S 8 o0l l 3,50 gl (sLnysdgel 5 i Corto
13 ey Gpdgel o > Gl Cols > 4 oyt
L by Sl oy Gl igd oo laygmdgal (sl (il el
5 A4S o Jros oS Il e &) diwgy 5B 53 aSLd sl
(Dickinson, 2011) X4 0 dtwsn ;B (59,5 i3l el

o (dBle) cunlio balpd )3 )8l by =0 oS
Csl ol S (Lod 5 S0 5908 PH e Sl s 5 190
9 g cS P Gl 3 Kigd Lagpgmadgal (6ol il
25 (o0 pll (Slwlg SN g (uiWlagS g )l s

O puSd3dle (hgren (o)l Cunnj jloolial (pl 5 0gMe
L @lyad 2)68 2 (geadgel 0381y 5B (5915 LRl BI L Wl
13 Lial3dl |y Cpgmadgol (g sl 4omitsys 5 00l LialS |y 8,08,
(Boyer et al, 2012)

05y 5 i 2l o S 1 (Ve 1) ) Ken 5 Lutz

153503 030l I )3 gy 1> U] 4i5e> ysmadgel (il il (sl
s sty O gy s ol il psadsel 48 sl ol
L o sl cpgedgel b aualio ) i piale) 5 o8 ol
OhlSen 5 Girux sl e 00y 5 sy &l 0o S 5
2 49> (pgedgel y3 0ab (SLdgr oy Bia el 51 (V2 1Y)
Oeeling Gldgriny o8 2ol (LS g L3905 o3lisl oty (ygemsV 90,8
Salp s ol Gl JyiS g bis el 49> (ygandsal L Bio
235 oo 0ane bl g ety M5

M za (g o B & L T 5B LS T e,
Osdgol 53 S lie o ) () )3 o Wlg> gandgal Lo
I Gty 2,05 5929 (IS aley £ 90 ol 1 gy 3 o
lasdls o (A3l (58 ol dab oy (Sl o2 )b
e JoilS g (I3 (o B o slie SOk Jle sl (b
Ot B (2l 56 53 o3l pls @y Jslore Slga glgil ol ogMe
g5 jl alols 4 e (598 S ) jlil 3o )b g Lis (S)b
ot 2l B4 I3 ol Bl (Sl oY Lsb g clale
Hisl laeilSn jl (ilizee glol (pizman ALl o Giula)

1 Stabilizer
2 Release



WAL i -0l 3 Yoylods IY ado oyl ol (2108 2o luo g pole Glocidrgfy 4y yis A\ K

wlolw U 8l asbl sl U olyae; o)l g0 adlsl )8
oyluas Py od ALl o yud Blad puf amme 4y 5 20,5 Blad e
olod sl Jolpe cpl il cuslaol s d8lsl ojlas e o alad
plosl (lidglgigelinygw 5 (r£9) ididee (sloso ) baailels
Ol g ol bl (adld) (Shg hoxio b g el )3 .38
70 s et ide oS 5 ol b dlobs oy ey 045 48ls 6lac
1 olyas; ojlas g gel lylad o3lul &S ol oyl godimy L
dg i oo (oMbl cel a8 il o yiegil Vo vl i 0,
(Sadeghi et al, 2014)

ol 3 gy 3 Ol el 15 pgd 4o je -
! Jobe o (el 4 (09) 53 Olpde 0)las) gl gradgel
L o5d oy Sen danl ad pbsl (g5l Kad dlsyo 93 53 5 0l
céLs Heidolph Jue iy )3 jgd VY« v+ g adds &) LS ol sl
sl Ogdgel 355 el 039> (S3loRan (g 5 (lal] 58
)9S <5l Heidolph Juae aiBs )3 jg3)0+++ 5 4ddd A) dg
(ol
Sl 33 09y 93 1 gmdgel Clogad (o)

JUIBLw g g S 955w comwg S Gl (o) 2

o (3 (o 55 JULELe 5 (a9 S 95 coommagyS Siula,
3 o Lo aeadgal (o taie cpl (gl 0 (g S0l o], S ol
P lagl Glisn glesly 5 ase, laded Bg)l 31> )5 W
Olesly BMAT 5o 0 (650l S YY g, 5 sl )
P9 (ol Gl Sl (I SSYY 9y 9 sl 9y Lo,
2 odd (Gldgriyel OlaS y als, g Sldgn) gloasl,
Regan and Mulvihill jig, b Ol 5 oy24; 15 Ol yodgal
L alsd Gguadgel 5l p)5 ¥ &5 ©jg0 (i 03 e (Y4 4R)
A8y Gie dy g o balswe (PH=T7) clawd JL 5l 5 ST
,scientific Jao) ot y5las 4y 3 ;93 ¥+ + 550 b 5UI glod

ey ay ol L8 L b (IS yol yauiS” L centrifuge

S A aw9)S 9,5 9 JUlBLe g )S e g 0l (65len
O a5 oluS 5 opl due s (ISO/TS 3632, 2003)
ol Oliee 9 SLdginy doyd 1mj Jgesd Sl eslitul b s
923)5 patude |y 0ad (Sligfoygil LS
E (%) = 100- (C,x100/C)) ")

ol 0)kas !5l
oHLSed g Kumpati g, 3l ol yae; 0)liac gl s wl gl
e ogle Losd oanls olyis; p)S Ve Il S (Y-4Y)
YF e a9 s adlal O i Lo V0 (ool <) 005 (6 ko
55 5L Ka gl Jaa) o 5t sl D > il
5 2l e S yoLaiay usas b 0313 55 (ol
Joe @83 )0 jad Verer 5By Ve Cie 4l Ly Sen
odcel oy Jodomo s edlitwl ()] 98" L Heidolph
a0 VA lod jd laygejl plosl oloj b g 05,5 Clo M cov
o) oy3g0 LS 5 e 5 lr 3,5 (60855 51,5 ol
lise (ISO/TS 3632, 2003) 5kl b ol,_ic;
YOV zpe Jorb 53 o ) Jpons 585 i) S5
V Jsboxe o) JUl3La 015 (S5 gosle ol 1 y2osil
AVOY ((Sis goolo olwl p 41esil YV 250 Job 13 duo)d
P+ g3 oo 2 oy ) Jpdons () €35 JBln) s

Dg YEY/AY o(Sis so0le olwl y yiogil

15 poclsgn Joloxe (53wnsll
05112 g 2 555 5 S 253e ol 45 sl
035 3y 8 Bl ax 0 A glod o celu) Gro g S Ol jo
CELw IKA Jaio depm o0 Ly )yl ciSo olSiws ) A
e ol cul Jo8 08 o e o 5 (el 95
Ol pBgym Joloe 3590 50 ad (6,105 361 slod ;D s K
4 ool Candy Jolomo (0l )3 (B9l 2392 30 o ety
AloldMy 5 8,5 )18 015 ol o Ve glod 3 g ddBd Ve e
ol 1 o pliier Jliy o> 9 o Sy 5 3,8 S
ool 4 (9)Sse 3l 5l S5k (sl (e b ()l
PH aS el S5 4 p3Y 03,5 a8lo) 151 ot uoyd o/ v o)
do 008 B S g9y g lawd YL 5l eolawl b o Jeloee  seles
Jsizr b S 5 Gl sops lomis g (90]] Gy ol
T 835y TN 3 5 s5 D S ples (S 5 Jglns

Wl9d (g 9ol dstd

25 Cpgmar adpe 93 3 Ol 3 49y 3 O W9 gralgel
(Raynal,1993) 1 a5

(WIO) gy 35 olpie; o)liuas 4s] ypmdsol Ai)ss —ill
Slglgise pliyge 5 0BT g, 5l (ilie slabglra
oykad) (el Labg e cpl 4y plydej o)las (w5 s
(L5l 990 limyom 5 o9 bglie) ol & Jlo 53 g (o)lad
alsl sl )1)_9 d_w.) )2 )92 Yoo )9.) lJ 9 U)Nm ol <$9)



YAV gl gondd (Gligs 30,950 (50 90 Sl 3 Gy (g 3lwJuo

JUdlo g Crnsg 89,50 (ommgyS Lol ) St (o) p 1y
oo Jgin 3o (W/OIW) 6555 ysmadgel L1515 T 56 5
JolS= S 9 (2952 o Jgl 4 o o ad e sla e |

A eslatwl
83! 3590 g0 - Jgua
&> Jse BV
Siepmann et a/,2008 Qxt=Qy + Ko Suo dye
Siepmann et al,2008 Q= [1-exp(-kt)] x 100 Jsl 45 50
Siepmann et al,2008 Q=Kyxt"? TS
Siepmann et al,2008 (1QUQo) "* = -Kuctl  Jgl 5= gmSin

o sy OluS 5 oy Qp ole; o t ¢ Jdo cu s K
uLu..{)J o yd Q() ;g‘J] » &9} 2 ul u}.‘:“‘Jj‘l ‘5)9)‘; L§" )ls »
<l 089y 2 Sl gmdgal (315 (o] 5B 53 0 Sldg )

o3l (g bl Juloi g 4 505

Ll WolS 5o B )3 5816 talesl L Ingygojl 4ils
23 Sl il okl 2 lmosls sSilie .5 ool 1,5 dus
L5 duslie SPSS (version 21) 581 p 5 b ¢ 70 pdaw

bS5 oal 20 Cr g oy ol 385 (JU3Lo 5 (955,50

Olyd 03101 owy
aly el i wynd b Gas s g o3l g, Sojlasl 4y
Malvern  Jo o) 3l b5 oK 3 51 s Jgel
095 L (eSS 5958”3l InstrumentsWorcestershire
Sy dugli b (655 o5lul s eolawwl (A = 488 nm) (g3

8 )3 plol ol )5 ol da o YO Coll @oylys dnyn j0 g a0 A

S92

aoss S edlial b ol )3 (89 53 Ol Ggamdsal (59515
model LVDV -II + Pro, Brookfield Engineering Ji )
Vo aS (gy5lay 038 wyp (K50l jauiS” sl Laboratories
2 AL jgSuy g 4By olSiwd juilew S )3 (ygedgel 51 il e
iy My Sl A m 3 YO sled g 5N ST by s
(Jafari et al, 2012) 35 3

Olys; o Clus i Lol gilw e

(W/O/W) &893 (ygmudgol OluS 35 =Y Jgus

Sam ol 38 Sl o 56 Ogedgel S

S aglle TXO iy N gy TN e 0 las T0 sl obgn Lot k)

S 298 TN (oS T IV iy N oiBn TN Cldssolas TD oSy g sty o eBign oS5 Lead Y
S agle IO iy N g TN yie o)las TN - sl g Losd Jul Y

S 390 TVO oSy oIV iy N oiian TN chissolas TN oSy s et o ign oS Lbead Jul ¥

“Sw Dovtoston By ey
S

2w [anmy

Size (d.nm}

B9l 9, 0 Sl adgl (yamdgoly ySue 1, 0311 & 5959 SIS
oy LY ool 5 0,Las’/0 — il s ol s wlusl o
D)L«a&% -y uwg‘yy) Oblg)y» )Jw?‘ YARS c‘_"b)iat'&i
Ol ygm y2liadgal 7Y (1, KoLET (49, 7 Ne (o e 5
ulﬂg‘y,o

S Sydgiliojlail g o8 5 0 ks 8,590 SluS 5 e
SIS 5) S ol ool U ol kS )

(ol Ol ) r9) 955 9 (lae 0l ) JUsls (55,
@l 0jlasl) Ggrdgely Sie ) 0jluas (ad Jo b0 yS o0 plos]
ST 5l coold ile o olg 3 (Wbl o yragilb -V
(Flanagan and Singh, 1oL e il33l ol cpl s g ols
Dl S sy & ol o s 005 35 3 2006)
(VJS5) 303gs yiegil Vv 5l a8 )3 03wl ghyls 49, jo
Vs 3 gl olias Gl (gSwgSus (wSe (pizren
lidgol Ly o o gy 5 CSlgiy )b gmg dind i

Al oo Syl gige ()l yguw



WD 55— 310 5 Yo lod Y alor ool yl (210 @il 5 poke sloiungy dy i ¥V ¥

=13 4 JUl3k 5 (g 9,5 ooy plale) St
gV oz ) 0ad ;5 sl i b a9 fgedgal (S
R St s sl iy & g 45 8,5 5
(RMSE) U3 ¢liasyo Silos 4 g (SSE) Uas ol o
e do boye Jioe cn i 0mg)S (e )90 53 (B J932)
Ao e UL g (g S 9 il 2590 53 9 Jgl 45y
3V (b & Jeir dn dagi Lo jho ddpe Jhe 4y by
Dl gy pho 4o Jiae (K) iala) s p (6) 0
28l Il (olyis; ojlas) 49> (gmdgel 1> Sl 56 (e
Jol asiye Jie (k) ialny sy 3590 3 (ol j81 asg) (0
D) GBI (ol 3B olise 3,5 eanlite 55 JUl 8L g (w95
o9 LS 5 (lale a3l89> (gl gel (o) yies ojlac 7V
Gl L () 8) 392 (5l gme b sl B 56 51 o yae
59> ygeadgel (3 o ol a8 ojlasl ¢ I3l T 56 e
o ol B 4 B Gl 5B LS5 Jale) 4 )3 g Sl
2 g (Y+IY) o)Ken 5 Schuch gols ajlice aS” cdly yiol581 50
Tl pelsS WS> gmadgal (313 T 5 lin Gl L Bl
S5 S el imen g sl il (B ol oy
o Glig ) ClaS i Giale) Cos s Glaljl &y oo & 335 o
Gl & e 313 ol 6 ol I3l el 2 ogdle 33,5 on
45 01 () (Paw lglS 5 (31 Sliad (s (igenly pulsS
L8 90 o ol adolo 5 p£6y sl ol s ialS & yomie
.(Schuch et al, 2013) 33,5 0 454> y5umd 50l

Or9S (K) el co s (i 46yl gy VY (b
Fo adye Jio JULale 5w S Glale) (K) 9 Jol 450 Jia
(8] 4dlise 3208 Y ST 4 Capnd 453 A9d (grlgel
J8 5T JULBLe 5 (g S 955 cmmg)S S il oaimdLis oS
— it 2l Oefig i b osd Jlnl) 4Yg> 49> geadgel 51
Ogedgel (42Y 9 ¥ ST) (2B 0)l9> £95 oy 23 (0850
AU gl (ALl liies 0350 Sl 5 Hlale) p 4lg
(p<+1+0) 392 (5l gime

o2l Slissny IS o b (V2 +9) o Ken  Alvardo

Sl 4 S a0l s O p3 gy g3 o 6Bgd ygmnlgal b
U (2015 0)l93) 69> (geadgel (129) kb Skl o)lg
SIS o 515 ol S8 5 00 esme ol Liale) ik

P ) oo pleim ity O gy Sl b8 g
2 Ogedgal Caglio 395 o 03latl w593 (ygmadgal (ge 5053
i 5> (g b (il (I3 ol S SluS 5 tale) e
Conglio cpl (Al el Sy ety Ol g oS 5 ) oolinal

2 Coacervation

o bas OiI393l g Ul g e (S - JSW
Omgoly Soo b o Mg o] e 5

Loy Gl Lo, S e otaliin ¥ Joda 1 4S5 jskailon

3 Oogrdgely S ol ojlasl ygmadgely Sicn 53 (e 0)las
Ny G sl il il yesil SAIF &) jiegils OS/A
simo Jl ol ol g 4bl o (mmdgel SIS (BIGSG orimo i
i elandises el o B VLGS 5 caleisy cladiged el
ol Cewdy gulis an d gl Ly bl o coglate eSSy
c3lgSy @y el addlas ol o 0is WJg (b yspd el e
OBl At yed (a3 lS o)las woyd LIEIL g 03

OpgelySue O3 gl S g Vg
Polydispersity  z-average (nm) Ogad g0l
<IYYY OFIA U)”) o)La.C ZQ ‘595 U?“‘J9‘°l9)$“°
<IYYY SN¥ U)”) o)La.C Z\' ‘595 U?“‘J9‘°l9)$“°

o) Sl (ow) 2

5> Oogmdgal IS5 @ b jasign b ol jiej ojlas @l 39l
5 095 955w S Ul 5 4 ooy g (W/O/W)
Sl e (489> (pgedgal (S () 56 4 JU 3L
ol o)las 70 Job g 0 ol g b oad jlul (igemdsel
r9yS oiley dop (GEe) 3 & adgl seedsel 0051, 56)
Ve glod )3 (65155 59, VY (b 5> JUI8Le 5 (19,598
3oy YOI A g ZXYINA JNFINA L ol sy 4 01, 5 il
i olies ojbas 7N ol (pgendgel sl (line cnl (Fs32)
JULaLaw ZYVIAS 5 g )S g Sy ZYN oY (g S AYA Y L
ol 5 08555 5 s ol Oefig L o Sl igmedgol 350 )3 35,
FAYIAY opumsgyS TN+ ol Gialay oliee ¢o)lyiej o)lac 70
D)l—AAc Z\' J_cl> u}‘—““‘}“l 9 JU)BL«J Z\Yl/\c' 9 wﬂ?;?,i&
weyS glym s 5 A LYY/ 5 LYEIND JNANY ol yis
(Fdgia) 235 ()1 G955 5 JUI 5L

1 Poly dispersity



YAV ol gondd (ligs 30,950 50 90 SlaS i Gy (g 3lw S

Sl oy g 0l (Slbgr iy LS

L oais jlul slo yamdsel @8l j> (Lutz ef al, 2009) 23,3 »
bos o oYU bl jloylayy (oYU plocinl cde 4y Y 9

Ol g oy 2 D1 69 Ggmdgel > JUISLw g (g 59K oS SWigtny ploly € Jgir

() JU1 8l Sl 30y cslondly () crrmnsS 955 (Slbgn 32y ol () cornsS SWogt 5 ol Ogemdgol
YY 595 \B1Y YY 595 \B1Y YY 595 \B1Y
VWVYPRE. /o WV L. s VeYPRE s A/t A AVROTE VY av/vy A vy \
N/EYEOL . jrq av/an"P+. /A5 AVIOERPE v anystPL.jay WP A anyvy AL sy Y
DAVYEE. /¥ AF/OAE ey SAUVEBCE A asY YAt s SNADE.YS AWV A% /Ad ¥
v/ YB9k. /va /YA /of yAssBE vy avvat e or vrnaBoitva At va ¥
> yllid il ool shael £
(P<0.05 S 905) 9,05 S0 b ()b sine oglis )lel lod 3l ooy )3 Soglito S5 B gl slael
Jul il Cm9sS 9,59 Oy S s
£ Y Y ) £ Y Y ) £ Y Y )
V-5 Y .8 VYE VY VY .I5¥ WYY GIMS VYA ) Jsh K O
DY S ) .8 AJAY -[a0F a5 JAYY MY LAY AV S R
R T R R A 1 oAV R\ R JAAY VY e[S YD /oYY sse
JAY Y e /-2 Y R .[-5%¥ YA Y -/ - .J.A  Tmse
/-4 o[-a5 [+AY o[a o[AVY o[+ oN¥ A o[-Q¥ o[-ay MR of-ay ..a¢ K Jol 4 e
-JA¥ I AIAD -\ AIAY -\ .Jay -1 00 oAes oAV sam R
Jood¥  fersY  ofeesS JRRY oo ¥ Jeesd  feD-@VFAN efee)  efeesY  efeeel  ofees¥  ofees¥  sse
e AR, AT Ry oeeay ey Jeayy JA  ofeeS5  feeAA ofesYA  +/-.5Y  rmSE
Nos Y/5 v/5 /a8 /0 Y/YY NIYY SIYEalYY AbF Y/5 s K P
./ad V¥ /oy -[a¥ desY e oo W WM A e Gy R?
VIEY VAEJAEY GASA e[y [++YA RN e WA MEYS NSE NSA sse
NS SR\ I L &N SR efevoy /-Y¥a FR1 OV WY Jo¥Y  ./f0s ./f\v  rmse
JNed el o[-0 o .[-Y¥s [--¥ Y SIYE AYE GAYA Y e K JolsS cigmSd
N N N Y 2RI { AU RN 2 [+--8 NYY oYY Y Yy A R
" dee ey " JOYYR ofeeYA WA ¥IVY ofee¥R [eeTY eFA [FF sse
Y " oA " JOYOY  efeevy [+-Y /YD J¥Y .Jo¥ /¥ ./fy  rmse

o I3 L 23,5 (0 59> (gmdgal dtzjoSung I3 ey
09y 3 & 2L gmedgel Db ojluil cadl (gpdsal 081
L clybad oyg 54 l5ae yil58l ases jo g asly iol3sl Ol jo
FUSb 4 a2 b bon (I 5 pgmdgal 4 joSung S0
585 085y 5 ks Sl OBy 0)lsed 93 b 0ad sl (gl
Dy sty ol g b odd ks gmadsal § Stwdoans (g
ot &l 095 5 085S S 5 @l 5 ol L 395 5] (s
3o Gl ) o 4 sSny Gliee 9 alS gpmdsel ol

(Olivieri et al, 2003; Lutz et al, 2003)

L gamlgel (Gl s HU8) 9 59215 (o)
bodd jlul (glagygedgol 508 g o8l (Lt Lo glaadly
0 598 g 5| yidiar (G 9 sy ) uigy—) 03lg— 9
0=l 29 (2 o s O g b o Jlub sl gl gl
9 shls laggdgel (YU (55lul oximdLis Slgs oo gg90
L ol eS o ool e 1,81 gl gol 4ty joSimg Al o)l
Olgims yaiy &l g5 9 0aS Jglome 51 (89 20 1> (S diogy
g assb jals Ol eS s oolil e s ooliiw] diwgy ;6
S lie al38l ol oo a8 (g gol i joSnn g donits
TN a7 5 sty 3 ol adsl pmdsal (olyis; o las) oaiSTy,



1A i — 010,53 Yolos I o> )l (3108 obuo g pale Gl gy 49w YV Y

S 0 Ao _
lgme an ol ) gy 3 ol gy pysmadsal gl ol > u\
ofg—e SluS 5 plabey )58y JLisl o cslie Jobs S .
She byedion j Gaedsel (6ilul 2035 (b oljae;
o3lit ol _lit Slyo Vg 50 Ll § sty b 1038 eoli
S0l Ol 5 egy o Ol 68 amdgel a5 ol LS o5 900 o [ A
o)lg3 53 0,LS ey 034 9 ety Ol g e b0
Aaleioe s p 1) olyis) o ge SlaS i ()l geYse)8 5
lio gloJuo lgie 4 Jgl a0 o ddye gla i rizmen . , , ‘
Tils o) -dbe: o LSS dley oS . (O‘)‘m} °)L*"$) STy U deoyd 9 0,1920 Slge p3U 3V IS
OS2 )N OEE) 0P Sl P i) O (o) ) R sy Ld o ks . 1) adef - |
513,5 et g o 6 0 S S99 ) 5 & joSug 5 (9, 50 ) adsl g

B!
i
&

L R

Oy Lo by m .0l 50 (g, 50 O (ald Gamdge!
S P L L osd jluly < dglyde; o las 70) iy O
aaud sl @ olyis 5 0)kas 70) (WS g gy O (i
boasd b A (plyde; o las Y e) s O g b
{olyiej ojlas V) 088y 5 iy O o9 oS 5

&bo

Bouyer, E., G. Mekhloufi, et al. (2012). Proteins, polysaccharides, and their complexes used as stabilizers for
emulsions: Alternatives to synthetic surfactants in the pharmaceutical field, International Journal of Pharmaceutics
436(1-2): 359-378.

Chen, Y., Zhang, H., Tian, X., Zhao, C., Cai, L., liu, Y., Jia, L., Yin, H.X. Antioxidant potential of crocins and ethanol
extracts of gardenia jasmininoides ellis and crocus sativus L.: Arelationship investigation between antioxidant
activity and crosin contents. Food Chemistry. 109(3):484-492.

Chu, L.Y., Utada, A.S., Shah, RK., Kim, J.W., Weitz, D.A., 2007. Controllable monodisperse multiple emulsions.
Angewandte Chemie-International Edition46, 8970—8974.

Fathi, M., Varshosaz, J., Mohebbi, M., & Shahidi, F. (2013). Hesperetin-loaded solid lipid nanoparticles and
nanostructure lipid carriers for food fortification: preparation, characterization, and modeling. Food and Bioprocess
Technology, 6(6), 1464-1475.

Flanagan, J., Singh, H. (2006). Recent advances in the delivery using microemulsions of food-delivered bioactives and
drugs. In M. R. Mozafari (Ed.), Nanocarrier technologies (pp. 95¢111). Netherlands: Springer.

Giroux, H. J., S. Constantineau, et al. (2013). Cheese fortification using water-in-oil-in-water double emulsions as
carrier for water soluble nutrients. International Dairy Journal 29(2): 107-114.

ISO/TS 3632-1,2 (2003). Saffron (Crocus sativus L.) Part 1: Specifications, Part 2: Test Methods; Geneva, Switzerland:
ISO.

Jafari SM, Beheshti P, Assadpoor E (2012) Rheological behavior and stability of D-limonene emulsions made by a
novel hydrocolloid (Angum gum) compared with Arabic gum. J Food Eng 109(1):1-8.

Jager-Lezer, N., 1. Terrisse, et al. (1997). Influence of lipophilic surfactant on the release kinetics of water-soluble
molecules entrapped in a W/O/W multiple emulsion. Journal of Controlled Release 45(1): 1-13.

Jiménez-Alvarado R, Beristain CI, Medina-Torres L, Rom JnGuerrero A, Vernon-Carter EJ (2009). Ferrous
bisglycinate content and release in W1/O/W2 multiple emulsions stabilized by proteipolysacharide complexes. Food
Hydrocoll2009; 23: 2424-33.

Kumpati, P., Suresh, K.A., Sathiyavedu, T.S and Arabandi, R. (2003). Inhibitory effects of aqueous crude extract of
Saffron (Crocus sativus L.) on chemical-induced genotoxicity in mice. Asia Pacific J Clin Nutr, 12 (4): 474-476.
Lobato-Calleros, C., Rodriguez, E,. Sandoval-Castilla, O,. Vernon-Carter, E.J,. Alvarez-Ramirez , R., (2006). Reduced-

fat white fresh cheese-like products obtained from W1/0O/W2 multiple emulsions: Viscoelastic and high-resolution



YA olshe ) o (Slirgs 31 59l 50,5 90 WS 5 il ) (63l Sone

image analyses. Food Research International 39(6): 678-685.

Lutz, R., Aserin, A,. Wicker, Louise,. Garti, Nissim,. (2009). Release of electrolytes from W/O/W double emulsions
stabilized by a soluble complex of modified pectin and whey protein isolate. Colloids and Surfaces B: Biointerfaces
74(1): 178-185.

Magdassi, S. and N. Garti (1986). "A kinetic model for release of electrolytes from w/o/w multiple emulsions." Journal
of Controlled Release 3(1-4): 273-277.

Moraga, A.R., Nohales, P., Perez, J. and Gomez-Gomez, L. (2004). Glucosylation os the saffron apocarotenoid crocetin
by a glucosyltransferase isolated from crocus sativus stigmas. Planta.219(6):955-966.

Olivieri, Laetitia., Seiller, Seiller., Bromberg, Lev., Besnard, Madeleine., Duong, Thi-Nhat-Lien., Grossiord, Jean-
Louis. (2003). Optimization of a thermally reversible W/O/W multiple emulsion for shear-induced drug release.
Journal of Controlled Release 88(3): 401-412.

Pays, K., J. Giermanska-Kahn, et al. (2002). "Double emulsions: how does release occur?" Journal of Controlled
Release 79(1-3): 193-205.

Raynal, S., Grossiord, J. L., Seiller, M., Claussed, D. (1993). A topical W/O/W multiple emulsion containing several
active substances: formulation, characterization and study of release. Journal of Controlled Release, 26(2): 129-140.

Raynal, S., J. L. Grossiord, et al. (1993). "A topical W/O/W multiple emulsion containing several active substances:
formulation, characterization and study of release." Journal of Controlled Release 26(2): 129-140.

Regan, J. O. and D. M. Mulvihill (2009). Water soluble inner aqueous phase markers as indicators of the encapsulation
properties of water-in-oil-in-water emulsions stabilized with sodium caseinate. Food Hydrocolloids, 23(8): 2339-
2345.

Sadeghi, S., Madadlou, A,. Yarmand, Mohamadsaeed,. (2014). Microemulsification—cold gelation of whey proteins for
nanoencapsulation of date palm pit extract. Food Hydrocolloids, 35(0): 590-596.

Sapei, L., M. A. Nagvi, et al. (2012). "Stability and release properties of double emulsions for food applications." Food
Hydrocolloids 27(2): 316-323.

Schuch, Anna. Deiters, Philipp. Henne, Julius. Kohler, P. Schuchmann, Karsten Heike. (2013). Production of W/O/W
(water-in-oil-in-water) multiple emulsions: droplet breakup and release of water. Journal of Colloid and Interface
Science, 402 (2013): 157-164.

Siepmann, J. and F. Siepmann (2008). "Mathematical modeling of drug delivery." International Journal of
Pharmaceutics 364(2): 328-343.

Zeng, Y., Yan, F., Tang, L. and Chen, F. 2003. Increased crosin production and induction frequency of stigma-like-
strucrure from floral organs of crous sativus L. By precursor feeding. Plant Cell, Tissue and Orang Culture.72(2):
185-191.



Research Journal

Iranian Food Science and Technolo .. . .. o
F ' &y ‘ i olrl s1aé @l g pole Slpdagsy 4 2o
Vol. 12, No. 2, June. July. 2016, p. 308- 317 AN ) YeA-YIV. 2 1Y ji-0l0,5 ¥ o Lol )Y 0l

Release modeling of Nano-encapsulated bioactive compounds of saffron from
inner phase of W/O/W double emulsions

A. Faridi Esfanjani', S. M. Jafari *?, E. Assadpour’, H. Mirzaei*

Received: 2014.09.27
Accepted: 2015.02.25

Introduction: Controlling and targeting release of bioactive compounds have a key role in improving their
functional properties such as antioxidant and anti-disease activities. Encapsulation is one of the best methods for
protection and controlling release of bioactive ingredients. Indeed, in this process, protection and controlling
release of ingredients as core materials are performed by surrounding of them via variety of wall materials.
Emulsions are most popular encapsulation systems that are classified in variety types such as single layer
emulsion, multi-layer emulsion, doubleemulsion, and etc. Hydrophilic bioactive compounds can be loaded in
inner aqueous phase of water in oil in water (W/O/W) double-emulsions. The stability of doubleemulsions is low
due to presence of two interfaces in them.Applying a thermodynamically stable W/O emulsion (e.g., micro-
emulsion) as a primary emulsion and using of complex biopolymers as emulsifier and stabilizer in outer phase of
doubleemulsions can improve their stability (Dickinson, 2011; Boyer et al, 2012).

Saffron bioactive compounds include crocin, picrocrocin, and saffranal are widely used for a variety of
functional and healthy goals in food and pharmaceutical industries. These compounds have many different
functions, including anti-carcinogenic, anti-oxidant, anti-depressant, anti-apoptotic, anti-tussive, anti-
nociceptive, anti-inflammatory and anti-thrombotic properties (Moraga et al, 2004).

In the present study, our main goal was kinetically evaluated release of crocin, picrocrocin and saffranal from
inner phase to outer phase of doubleemulsion during 22 days storage by Zero order, Fist order, Higuchi, and
Hixson-Crowell.

Materials and method: Saffron was provided from Torbatheydariyeh farms, Khorasan-e-razavi, Iran.
Sunflower oil and sodium azide were purchased from FRICO (Sirjan, Iran) and Sigma-Aldrich (St. Louis, USA),
respectively. Whey protein concentrate (80% protein) and sorbitanmonooleate (span 80) were obtained from
Sapoto cheese (USA) and Merck (Germany), respectively. Maltodextrin was obtained from Qinhuangdao starch
Co. (DE 16-20, China) and citrus pectin with a degree of methyl esterification of 71.1% and galacturonic acid
>65% was purchased from MP biomedical (Netherland). All other chemicals used in this study were of
analytical grade.

For extraction of crocin, picrocrocin and saffranal, a total of 10 grams of saffron sample was macerated in
150 mL of water in a glass bottle, covered with aluminum foil (to prevent direct exposure to light), and was
placed in an incubator shaker (Kavooshmega, Iran) for 24 hours at 30°C. Then, this solution was homogenized
(10000 rpm for 10 minutes, HeidolphSilentcrusher, Germany) for maximum extraction of saffron compounds.
Finally, the extract was filtered under vacuum by using a Whatman No. 1 (11 mm) filter paper, and kept in the
freezer at -18°C prior to any examination. ISO/TS 3632 procedure (2003) was used for the measurement of
saffron compounds.

The doubleemulsions were prepared in two-step:

(a) Frist, primary W/O micro-emulsions were produced by two formulations: 60:30:10% and 62:33:5% of
sunflower oil, span 80, and saffron extract, respectively.

(b) Then, the W/O micro-emulsions was gradually added into the outer aqueous phase contains why protein
concentrate (WPC)/maltodextrin or WPC/pectin/maltodextrin while blending by a homogenizer (12000
rpm for 5 minutes at 10°C, HeidolphSilentcrusher, Germany) and then these coarse emulsions were further
emulsified using mentioned homogenizer (15000 rpm for 8 minutes at 10°C). All doubleemulsions were
composed of 25% primary emulsion and 75% outer aqueous phase

Droplet size of doubleemulsions after one day and 22 days storage weremeasured using Zetasizer (Malvern
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Instruments, Worcestershire, UK).

The released components in the outer aqueous phase were measured by evaluation of encapsulation
efficiencyof the ratio of crocin, picrocrocin, and saffranalat a specific time:

E (%) = 100- (C,x100/C)) (1)

Where C, is the percentage of crocin, picrocrocin and saffranal in outer aqueous phase and C; equals to the
percentage of compounds in inner aqueous phase.

C, is a released into outer aqueous phase relative to the total amount present in the outer aqueous phase if all
compounds were released (M o,

The viscosity of emulsions was measured using a programmable viscometer (model LVDV -II + Pro,
Brookfield Engineering Laboratories, USA) and by a ULA spindle.

The released are kinetly evaluated by Zero order, Fist order, Higuchi, and Hixson-Crowell.

The experiments were all carried out in triplicate. The collected data were analyzed by one-way ANOVA; the
means were compared by the Duncan's multiple range tests at the 5% level through SPSS version 21 (IBM,
USA).

Results and Discussion: As shown in fig. 1, the droplet size of produced W/O micro-emulsions were
lower than 200 nm. In fact, these droplets are water droplets containing bioactive compounds of saffron
dispersed within oil phase that surrounded with Span 80 (Fig. 2).Also, it was found that by increase of saffron
extract (from 5% to 10%) as dispersed phase in W/O micro-emulsions, droplet size and poly-dispersityindex
(PDI) weresignificantly (P< 0.05) affected (Table. 3).

As shown in table. 4, crocin, picrocrocin, and saffranal had a same release trend, but the release rate of crocin
was lower than saffranal and picrocrocin. As regard to R?, SSE, and RMSE from kinetic modeling in table. 5, the
firstorder was a best model for release of crocin, and zero order was a best model for release of picrocrocin and
saffranal. Also, kinetic date of release showed that the high release of crocin, saffranal, and picrocrocin was
observed by increasing the dispersed phase content of primary W/O micro-emulsion and also it was found that
WPC/pectindelayed the release of encapsulated ingredients more than single WPC (Table. 5). Indeed, the using
of complex biopolymers as the external binary film of doubleemulsions causes a resistance to release for inner
compounds (Dickinson, 2011).

As shown in fig. 3, the viscosity of doubleemulsions stability with WPC/pectin complex was higher than
doubleemulsions stabilized by only WPC. This can confirm the higher stability of stabilized doubleemulsions
with complex biopolymers (Olivieri et al, 2003).

Keywords: Release, Nanoencapsulation, W/O/W double emulsion, saffron.



