[ Downloaded from nsft.sbmu.ac.ir on 2026-05-08 ]

olnl 218 gluo g 4ax5 pgle alxo

YY-FF Glrbio ATAY bimo F oylod cpiin Jlu

iS5 g cyd 9395 9 Y Ly S Lianlg yiSU1 gl i oy lne o g 2

¥ Yoo Yo Voo .
B Goerme el dess ¢ 0508 LaS L3, ¢ lsle g ¢ 39,8 S dis Gl

Slods 5 Sy pyde olSiils (gt mlio 5 455 pele 00Sils o Lid mlio 5 Glpiis ligios gy ( olié glio 5 psle Al ki IS 4t gal ils -)
RTINS

g Sleas g (S pole olSiily ( plid mlie 5 4355 pole 0uSails (288 mlis 5 lads Clidxd il (ol mlio g pole (B9l 09 )5 (o2ye =Y
S et Sl

Sloys onilig loss g Kb psle olasls I mbio 5 4355 pole 0uSails (ol mlio 5 sludsd Sliizs gl o 5lié glio Slidss og,5 les IS ¥
9 Shiy pale oSt (it mlio 5 4355 psle 0aSiails ( I3 mlio 5 lapdss Dlighos gl 2lie mlio g psle (D550l 09,8 jletils : Jgts oatnn s -F
mohamdif@ut.ac.ir : Ssg xS sy st Sl Sloyo sdlagy Sless

AVENA o s g, NN edl s 7o,

°u

s sbily 5o cslie sluly 6 5Teal 8 sl (G93l39, Coal iy SLa ly — s sladille (50551 18, ) 3DAD g Al
u_.w‘ aé; ‘A.u (U“))S 4“.:...:54).’) 6)3L_9 9 G)‘A.c LgLQujsJL:" l5>‘)b ch),o.J.\ja u‘)é 9_1[.) 9 5).;4.& Ju.]}: MLA) Lbuj uﬁl.»..?bo 6L®Q).1)l5 L
g BB 5 Gl galS VLG (xoass (538 Gl 0Ly 53 PH s 5 (G800 uelS sla)l387 (o) 2 g (nl Ban

Y eds JS ccale) il gl eelS SV el gyl sl STy s Sliwlg pSUl sla wSLoS LSS slagigy g g0
A Sywgy 3l awyp olyd ol 3T il sloolaiul L (Y-7) pH &b (V 40 ¥ oy )5l b 4 (05950 Camd 5 (39 S0y
So alale 5 g9 51 o soliiul ailelu (5 kb la 138 ial (gly o055 YLo5isS oI5 b cbglses (2aSTy pl,T 0,5 (ol &l3lse
D et ol D39S S5 s,

il plosl 4y g ols &5 (s pesls (9,0 Sl WSLeS gl PH=FIAD ,o sod 5T pH=0/Y+ jo ol slowSloaS JSiis sbaaidly
e 4y bl ccoles )0 000 g0 5 PH=FND [0 5 50 ol (sloogs a5 slo lis ouds cd slo il ol g pH=F/Y o (5518
301y ol 00,88 g ez w ] B e S e slo LS aS ol lis Sl )3 gelal U1 S 5L pH=Y/R 5o 631 S5 sasbobn S
slaaS L 33155 50 gulis g 9,0 pal 3 1) alebe (gaslS 13, 51 (6 5 rne locdl ;o (6 50gs ) AiiS (oo 125 (o SheeS b2
o9 Sod L C\Mlj A aQ u‘)éﬁ)&n J“&‘*‘ Oy HCl Li U?"‘“"‘)""J Li W) u"-‘-'-‘ ‘pH )l LSNL

SLaisS St (sl sl e ST 5 oyl 5L Sl 501 (sla S oo pH o 5 bl ot 206 8
Godpd Jogzs sladilelw flgic an e s (o wilg s ol D113 il 5 9,500 ol el a8 5 5 4 (6 pendign oIS alize
gy 5w e Rl b ek

& rorkiser 09, 5n « roz 53 ralaz oy S la - 05 5 Sl T e (B (ol 5islS S VL 3l QBTSN

4&0Uk0 @
ol 99 0l GRSl 5 Wl Heam oliE slaaslils ) Gluly 5 6Ktz Sl aas g b
(F) 8l plice olyo (g5lonly g bl o oo ik S ol L s5Bus slaailbls iluaige 9 )b

J.al.c uju u‘}..c L ..\4‘5.'69 u’““SQL‘A UJ‘ u.s).n.\.‘o 9 J).‘..S (\—Y‘) u_..u‘ 60— )L.\_h.\a krsu...lo (_gl_aJﬁj.Lc M_w)o
B Caio (90 gloonsl 3 5 bbos gl 3 damgs o gauls ol o K0Sy S o el laay Lo L 5 b,


http://nsft.sbmu.ac.ir/article-1-927-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-05-08 ]

Lot 2l Glooetisn 10+ 90> a5 (lasls sV Ly
Ibe 059 L3S 9 S5 (Segn s oo JuSiS
oo ,lizle Jole SO olgie 4 55 9 YU glasdss ;)
gy ol el 83 HLLS L(VY) 05 (oo colaiu] el
it ot a5 )8 bk s O 5l g oe |y (aeb
09....:69 kS"‘J (v:nL.o Slols )| ‘_;lo\.u.c
Oiarie g comiie &y Slw ly S oS 1S koo

3wl 48,5 |1, 8 (Generally Recognized As Safe)
WHO/FAO _/ié olso (slo o558/ laaxio dices Som
(Joint WHO/FAO Expert Committee on Food Additives)

@l sl ol 0oy YL (lse oo
o=l il oo gou a il (ADI not Specified)
Olgie 4 eVl Jlens 0T sowl (5l a5 a3elSg 0
5 025 gl gal 0 Sl 0aiS grnilg Jole Sy
glioo o5y a5 (—al)] ()lo qulivo y oains ol
odds JoSias Lol si2 90 5l 1,08 res o 0 )50 Sl
252) sl 5 (2] ) Jsle 552 ) eSS s
sk 815 gileg,S 5l eolatul L.(VY) (ol 40 saigd o950
039 bl yleie 4 ol uSs ¢ (Size exclusion) olul
YoV aga s (il S deo Jslome 52 (JsShe
5Sle 335 58 gy 5 ) Sl 0ah e s
GilS VE VT L VA x )-8 ongarme o el STELs
G o oads plxl slo agy ‘T).:.-;»l ) Conl ons
A 0lo0, S Sleiiy 58yt S e (99530
s bt slagntg n Solinly iUl gla S s
o (PGB =l il Bl )0 koo Jolxe
OO NP ol guls

s 5 Loty slo S olea | iy olan
ko 35 saanlyb 5 es 51,8 dnss (sl ooy L
b gy o=l el goly slrools ils 4 bgis i
“Oeism slealbel (odolS JLud, o) Sl AR
sl slagiagy slaoje cn 3 5l (o 9 Bleh
O AY) cal oo 138 Crin o

Slodgs (Sodndy o 5 35 4 pol> Jagh
3lodugl s 1S doo 5 (e 2olS SV (le S e (o

60 s slo Sy e Gl S ole 1y all
Sl Gz 4 by e sla S alex 5l 2158 slagns
2ol o) b sla Ty (At jeSmy 5 i)
Cild) e Olesgas ¢ (5 JoSid o Aggregation
S8 U coos Sass a1y (S S g (6 pliand gl
(0) w23 oo

(grb youly 90 (! 3.3, (Dispersions) sla ST,
Sasbl cdel ailels LMust ol3T (6551 090 YU (gams yo
3 el Sty 2SI Bocae 45 oy £95 90 2iS ko
oy 09,0 Jodome (slo puSloaS ol el 4dl> g4

P, s N o

G e sl WS oS pH ol S g a8
Ol €3S b cules ,o ¢ (Interpolymeric complexes)

0395 L CagpulsS 5L8) yely 90 51 (G890 ilusS (5500
Boee 0 5B 0ed c0 JuSis (Coacervate phase ouls

» g (Intrapolymeric  complexes)

Olie o ol 5l aS syl og valss Pl Jols
L. (Associative phase separation) crezs (531 iglas
wgds o0 oL (Complex coacervation) S ye oy (glosgs
cod g (F V) ol mblple &ygo a5 53B Julas o4
S5 OLLE A Q) 258 (oo ploxl wd) 5 (plyains g5l
Sl pSheS (2loond So58 Sloogas 5 oy (nl ol
iile ol wlebes 9,0 Jelse 51 St Jlows o1 51 Sl
S5 edale g Slo 4 Gefign S ((Ggr @05 pH
Olad 5 &)l>) ald Jelse 503 3)l9e 5 ailelos ;o pocdy
(0) s 35 50 5

Sl dz g )9 E5-S50 (oS po (0D lodgi oy
2 Sy sbanld Besle S0 o5 4 ol Sliios
(69,5 )5 olaws 5l il (59090l 5 Sielam ala
Ay 4 g, sl alides slo die) j0 oauay ol 5l eolaiul
g5 yiion 25 L) L pody (55l all5 raiile sl 009
(SIS 5les,S wile (Jglae la g, b avalin o 5ol
Jsle 5 SdsS oz L) (e sla gV ge 8
(S s Gl i) Sy dlgo Cle onimacdl
5 @l Slse (53,5 adg i) ((Sy—ae slacl By
5 9,50 398 5 (b Wge Slse 5 lasdne 1) £lgi) (29)l0
Y ) 6ok g &l,3506


http://nsft.sbmu.ac.ir/article-1-927-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-05-08 ]

Yo

9 ogralS iYLy bgten STy (55 lmmwodlsl
9 Ol2elS VL by loxe (sl S,y 1ol S5
Js—Le 5l pase—te puolie (3953l Ly (il S5
o aSdel Sews 4 BB Jolowe a0 o gnglS 95V
S Bl 4 a9 n S g pecky JS Cuale &5 slasgS
o b badsged 390 ) an Vg (Hjg depe oIV i i &
P Jes Vg N ) Sypumls ol 65, LS
Gl pH=Y-Y 5l (Jloy /Y g o/o ) 09 5L &g
B 3590 Oliee 50 bgue PH o a5 5l ey cias

Saiged § 6y rwiinb slage;l plxil (sl laiges
WA Eils Sl o3lasl a6 Sl el o e
PH L byl (i1, «S55als5, slagyges] el sl
ool (ol SV gisS 8IS (6,505 0 LY 4l
4 PH=Y/A-Y) ;1 5)50 (godgame gy (glym .0l
a8lol bl 4y 5504555 6l5 S39 duoys + /N F s>
Cz bglie (] Sl o S pslate 4y (e 0
Ol e85 1YY £ N°C slos (o 6l)] 0500
g and coiloy Suslssy sleggel plml sl glaiged
09x° oley @ PH (il (sl S0s slaised s5lse 55k
oY 8,8 58 (Ol CMSS s Lo 59) 5535l
PH ;o (S olae Glime o S Sl (o) 2 sl Sl 578
e o dll )3 09290 (2 )LS Sees cdile g
5% el 9L s w15 5l eslinal b ugygesT (b
S it Ve o La ¥V VP A F LY o mi
(SBT3 L el gelS 25Vl (55la) walts sladiges
odlel (y9031 2 (sl bolive haSTyy b aslin Ll o
s

L Joe abolw wis olie 1 ik b cyg0 3]
sitim gyl - (S e i e b oK 3 ool
ogli SYO zso Jsb ;5 (0l5 « SP-300 PLUS Optima )
slogsesl sl ad) 5 4 55 555 zae Job b wliv)
Db (65,503l YYOC loos yo (@l (so3lusl (5 S o5lul
adged Yml coloj any anly (i il slagysel sl
ab aizy, (Yem b plp 598 j9e yone Jobo L) O55 1950
Yo o) 0 by aado Ve b abls O s g
(456

sloyally by 10hd gejlasil am je8 (5 S 0jlul
ooll bl ;0 05250 SIS (go3luil 00lS oy

Jie el Sy 3 pas ol STy 355 55
00iiS oSS SiiSS A (6,5, A L ojls 1 e
B8, (599555 9 55 595 B (P e 9 (Reb)
Srochom s it Gladiss JoSis 5 Al sudolS
alolw LS")JD sl 38 o a5) ol slepH s
Ol az i bogd oo ik (aied AS0le Ly o
JoSis Jodoro s3> 1 a3s8 ol 5l odusl i oo LY oS
obSal 5 Ken slaailelw 5l oolaiwl g (VA) 0w oo
= S o Jpd 1 g0l sbosls 4y plows
Aleiwizes 2 plnl oo ol 232 garly » oges]
Dlyd9,50e S5t S 9IS g a0 15 (slaSes
D ey S Gl e PH o Jol>

Ligygolge o

o3> s HPLC (gazrjo Ly (lsslS s VL yos; 19190
(LS, ol ¢ Sigma Aldrich Chemichal Co.) 74+ YL
S8 esliiul 890 yiivy gileials G g b sl >
AT 555 08 ) asssly G5 slaigns 235
el ol LS5 0, o] lwliis IS SoS 4y ugsS ol
‘ul.._uj )‘ oolaz_uwl L’ Lb:\.‘}o.’ W 6)5]@.7 uL.o—uJ UL'“"/
walize sl o b sl Sl 6, 5,5 a0 b g onds jog
oolal (gl el s 0 (9, 5ca B0+ B Y v s slajog
2ol Sy doy VST il cres Jgle 2> (55l
shoolawl L ojsgns o jo Eomo yOg 50,5 o dm S
20l JlS oS0l g celn ¥ Goe 4 jlocaXe (e
O 5l o o gy el VA Goe 4o Jbsu gles
slos el Y Cona Ve g o ol STy,
oola_wl l; O 9 Qoo <9 )b 9 KW )9.GJ).~JL-J AAN®
Jol> sladigas .ol Sz golazil S Sz oSwn
Sy plo sl IS5 Gan slagge;l 6lp H9ilSems )
B (5,5 ldTMerck S b 5l oless

9 (g elS s YL jolwo Jo—doo (55— ool—of
5 olgalS SV ol Lo sdxe 1l U5
Gloo o el ¥ S a4y ‘[nl)] O%) o S 0315800
J=l5 6 S0l 5l liebsl (sl s 50 a5 Lauoma
&l Slon sles o celw VA o an ba ey

A Lol ddiges a0 au;l pows g dwoye /0 Y


http://nsft.sbmu.ac.ir/article-1-927-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-05-08 ]

oo L Lagygo3] golos :0sld (5 kol Judend g 43 5225
4 pgi) o p Loail (s bl 5 IUT .0 plosl S5 aw
Independent- L (ANOVA) 48,b S il ,lg 50T o,
<90 SPSSy 1581 6,5 5l eolaswl L Samples T-Test
54320 gl 10 Jloal maw jo (- SSlo cns 288
28,y )5 4 Sl ol
Ladl e
EER P ST Ry
S5 Lo Sy SR 9 S woplail o JoShe (335 ¢ laie
Lg ).‘aLH.n u”.sf 6)30)‘44‘ ] JJ‘)J S O9>ge ul).b
Sl i g oole (B9, o plye 4 iged (3,5 (o]
oalai ol 05 w8 jo b a4 LS e o sloogs sl ol
L85 B sy 50 (e b g 5 ool
GaslBaw g ailfge sloalelw Cix ol V S
iz polie aas s lis pH=Y-F jo |y axlllac 5,90
3 (BBl 5 Ll galS gxS YLy (sgixe) bl sladiges
aS oo wsog ol L_...:,a_s 5 Sail pH ooguaze S
3 eI B 5 g gaalS SV ailels Cam oy
Lt yarly 5 ol G35 oo (sl A Sl S
PH ol o Cdo ode il a8l ol s QY-
3o el ol 09,0 (slo o SheS” LSl el Sy
6)jo_~o )5_|a O ol ﬁoL'o'.o pH =f/Ab )‘| ‘)Llf Q..».l
sl tzlo podlen 5 (L506 Slgi oo a5 0,5 lay (221381
oad pH =F/Y+ ;0 Odz Jlade sSlas 0l oo oS
ool JSid gl bsbw slass o ion a5 Sl> s
simlas sloul I pH jo coul S5 LU ad)ls jga>
SepgSag Sle pobo ar ilal )3 wdle (bl S 5 5
polie pH zals L bl ol 5l e 0g cdnlie J
Saie pH=Y/ 0 Jlg> 50 cploml s 0 5 oy oS G
J=U ok 4 oS 0 pad (slodgs 9 ad 52l Jlews Cd

el oo PRy 3l 5o PH (pl ol ailo sl

Cilas particle  olSws 5l oolawl b ,5d (o8 (5,85 SuSS
—pode j3d 98 (6,5 5 4 L el 8 size analyzer 1090
B o @l o plodl (gl PYO oo Jobo) (9%
. Sl oals 5,155 D[4,3] 3 Doy, Dos . Do1 sloasLlis
T g0 N S5l s 5 4 Do g Dos Do
5,10 oals oy jlade 5l 5eS (g,ka8 aST Wil vgzge IS
Sl Ghd ez (2SKke) Jolas k8 eo5 D[4,3]
D9 oo dmlma V Jg0,8 5l )] Jlade a5 ol
D [4,3] =Y ndi*/ Yoy nid?? ) Jge

5 osliial L Laggeil (sals 1S ogly sl y903
Anton paar « physica MCR 301) iz > yiegs, olSiws
S oy wooliiowl 3550 (6 yieg55 ol (o 5T 6
sl coes L (Concentric cylinder) goeope (sailsiul
L Peltier plate ;| aillels (glod pudais (gl 090 V/ - ASF
b oolawl Ol {gi¥eS e 4 jamma Ee/0 ) Conles
L el Jsb 5o losisas Pl s 655k sl
Ol ol oail_igy (Solvent trap) > 4L
4l 20 b o g5 50 oley @b wlebe oo joSuns
PH (ly sl jsbo an 08,5 &80 YYVOC les
S5 sl 50 byl s b el ey b ailel
() ol oo 03 g

ibolw (Gl 51188 (o (golS SLapH. (s
abolw  Slmn o ,la8 e (gudS slopH 5l acgomns
Olye an (SBS Sy & pendy 99 Sl bz 0
(b et o) (bo p los la3 90 (DO (el
W e 99051 gy 8 50

Jsle slousdeS L3 b jblits pHsotuble Complexes
09y S eSS 2gslen b bl PHcomplex Aggregation
Sroshole loaSdieS JSi5 5 5 ey

658 plas pbxl b bl pHphage separation

JSid) S e e pH L bl pHeoacervation
(ocayplsS

oS ol ol b bl :pHeomplex Suppression


http://nsft.sbmu.ac.ir/article-1-927-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-05-08 ]

Yy

s glols w05 oo sdmlie ¥ S o 45 jsbiylen
Jsbo 3o Eslb 5 Sl 5,508 PH=O/- 0 soal Cawd
SlooSaS JlS sl il o 4830 o5 oo
e )b Vb polie ezt o aibeles ;0 39290 Jolore
S el @l ?).&_? polie pH=F/0 o el lagy]
o alebw golanly 5l SLis po 5L aS aandls (g)ls pne
(o [l a5 a0 a3 4 el ol Sy (gosgazme
Pl @y i Sl b SLeS (59, souile S
SNkl st )3 5 ek o Sl eSS i
15 bl St L8, S e g S el ailels
S 0,90 Sy 5l ey ol Lawly 4> 2l pHY/Y -
4 10,5 Gl gyt Ve e 4l ) Qda polie (oo
OlplIY - sga> G lade gel (Ll 50 4 655k
Smiids g dnux sla sl S anugs o atdly
Al S5 oyl oS sz wilg oo W uSleaS 5l s
Flsy )5 oy pal 5ol polie a pH &5 SlSin
bt ooy @b ) slosalin LB sla)l88 £505 4 i
Ol 33l /YR sga asl VY b ods pH=FNO o 0k
etz e 5 e G105 S ol Jlo 4 505 gy
o5 adol jlade 1A 4y a Sl YA. b aS (5 b 4 ol &,
STy Sy Sl S 5l aile ol T 5l g g S
& b $3B Gl S g 0g bl Sud 4 bl
PH=Y/++ y0 cenl ooy i Sl 4y Soo3 b uSlwS
Loalin s S5 Loy byl (251, Gdo by
PPNV Lg)Sr:‘)] S 4l 00,5 (59, Ju8 2>
b oot (S Sl pae I (AU aslgi ge 55
e Saslily S axdls 3925 5 oo LS (sla sl
b gy
ol 35 Sy ylsS 5 S8 Sl (o3Il 2395
(Slosys anl,3 L Ll o ity Sledlbl & i sl
LT (LS T15 5 el iYL s oS 5o (o
ool il lopH 4 bglive iiSTy (sl 3 ojludl
ooz 55l FIAD-O/Y+ PH 1\ Jgaz bl
ol e Sy 9,50 ~IIY 4 (g S AT 1S plas
£ ysb @ K10 pH 0 (VP (e 4) jitin o250
il S ouds S gla puSlaS D [4,3] (Ll L3
pH $/Y+-¥/0+  (sodgame ;0 (F+7) pSKoi> Lo

SFasb T g Jsb 5 i

(AR

Yo 4

—
&

—

&

pH
sablw:(0) gl pH @5 wi—a Ghly NS0
w030 [¥ pouly J5 cdald) (BT g (ol g2olS iYLl
Jebomo :(4) () @Y w0l 4 (g p o 9 (g
Jo—txo :(m) (539 900 +/T) (lgralSgusY L
5 A iz Sylis sy bsas . (P9 w0y +/1) (Bl

S sla pH i 50 6 pFojlail slallas . sulS slo PH (e o jild
IRV I v oX 3

Godmdy S oS e (b (SlodgS ipanilSe oy
Sloy el 1o oo, li 5 (Vo) ol oyloj 4 arss
sl slaailbln g lnly 5 v &, Wl oo b Cilises
ol 5laes 3 8l cou 1) CagplsS b GuSheeS 3
OeSB15 5 el gealS gVl gailels @iz Ll o,
D gy pazeie PH sz o lej &6

v
Yo - J W
Q. ‘?"“v oo
‘]. Y |«
2 3
o HH —a— pH:3.00
—3‘\& .
- pH:4.15
EN
Q“ v y —e—pH: 430
3
S NV —+— pH:4.50
N .
,'Lw : pH: 5.00
AL b i kit
Y ¥ Foe A \ 'Y

(45 ol

SLepH 5o Cios loo) 4 dstunly Jolg ¥ Sl
ol B3 g (a5 eVl (gaibolaw (5l (asino
ol M O S 9 (g oy /Y jeudy S cdials)

Gl ol pSTas s i Colis gl byl () & Y o e

oy ¥ i e o o il


http://nsft.sbmu.ac.ir/article-1-927-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-05-08 ]

F S5 Ly pH=FND ;0 9 ¢0y9,500 VYT VYA V-8
Oy yagili e g Ve Ve g g

So S=iels) sla Sy ibelw S jgled Hlus,
Ol 32 05250 Db Dlogas 4 (3d; 5yl sl
S5 ojlasl ¢ oda s Lo iy rale o Sy
Sloyd slo Sy Sl pain (0) 55Kl Y Culbs
Rl oy Jsb )0 Bl di-oneis . 25T S
Ol ol ogd e (6 pSeiar Sl Jooite o orez (550
0055 el Gz o s keg; o9y 5 B e T 52 )
ol Gl oSBT 5 ol sslS YLy ailebs ol
il Jeb o clel (i3 slo oS Sig Ko
oS o0littl s uSLiaS

S0 0g2 Jlade Plas an 558 by ay g0l s
polie an wbebw pH o5 b o] 51 ey 0w, pH=F/Y
2 005 S5 sla il a8 o (Sl 5 el
O Sl gl oz e el ol g yas 4y ailels
3s29 FIVe s ¥10 slo pH jo &l )3 Jlad ez . 50bs
5o g Sglate MalS” aileles &3 (goj3lail my 595 Lol ciisls
J=B b an pH=FIY. o oS ojlail wjes slie <8l
(Polydispersity) Jskoals g9050 (pl .09 i >
Olyd 5l Srels cdl o gl ams o lis 1) ailels iy
Oy gojlasl amjer bl jo oud JoSis (6 poudigm
oo bl 5 FNV040/V- sl apH o J—ol>
dwle olStws 13816 4 5l eolazwl b (On a number basis)
L plp S5 @ 0/Ye pH ;0 Doo g Dos Doy polie o

S PH 50 (i1 - (pd 2905 iYLy (x> (ol ) bl )5 (g0l @595 41 bgrpo lresls ) Jguo
TO @Y )bl 4 g Comd 9 (39w yd oY peuly U5 Cdile ) asine

(}lm) Ql)é o)‘l._\;“ &9

Dos

D0.9

D [4,3]

pi Do

BIY - YEIYO & VA ©
FIAD RINE LT
\ WWOY £ /00
£y e

10 VAYY £ /50
\EE VWIOY + - J0f b
YIAD VE/FA £ /8y ©
Yo VO/FE £ /5 ©
Yo VRSO £ /05 €

Vo080 £ O/IVA D

av/e. £ Y/ Y E

NIRRT

AASEAVA

RATERN T

VYO £ VYYC

FAUYY £ /a5 ¢

INTAR ==Y/

OV - £ Y/YAT

YOSIYA £\ Y- "

YYE/£4 £ AQY E

VEOFA ¥y |

YY/VY £ Y/AY O

SY/AY £ Y/0) 2

QV/EA £ ¥R ©

VVONY £ f/. 59

VOV/-q £ VY €

VEAAY £ 5V ©

yY9/9) = 04t
VYYD £ Flo. 8

AAALE LT

Ye/ge £VYYE

£E15 £\ vy °

O-IYOE YA €

BYYA £ Y/vy ¢

YVYa £ YNY©

YO/AD £ yva T

P<1+0) aes Sglie K308 by cine job 0 eilonds Joplis Sglicte endlS By b (i, 0 45 ooy Sils”


http://nsft.sbmu.ac.ir/article-1-927-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-05-08 ]

gl FYO g3m Jobo o i

Y4

cib sl jo 8l halS gz JB b 4 pH=TIY
e (Peak) ald Sy s llanil BBy job 4y ( Sl
A odaline pH=¥V D Jlg>

©lyd JS—ApH )0 S ol oo 5 Sd 1
Cole 4 azgi b (orezd (55 Gl sy i g puleS
Wlob Sgy 0,08 150 Cow Dal 4y 093 Soliwlg uSl
50 YY) cl b ey b saiadls o] 5t &b )
2 pmelS a5 5 i 0I5 slaSlad Sl Glase ol
O glosgd e 3 g ke a5 - wllole & yguS e
PH 53 -l 0iilSB1 5 5 Gl eslS SV les <5 5
o o @l b sy (FNO) g T (250 loe aige
Sl ool ools Hlas FSs po

YO 4
s
Y R
—e—Nad
] —o—CaQlv
Vo -
\ |
b5
I\ \e \O Y- Yo A

(Vso by i el

S 9 1S 9 (0) o WIS Sl Sad TP IS
J= cdale) pH = F/10 o Q.g.'»'.ilSlfl,.'v‘ 9 u.Jy,b’ySYLu
Voo hw (b (g Comd 9 (SS9 w0y ¢/ youly

Aled i Colan glp bals () 4

Olme G2l 2 1) lapms Son jpa> 658 ST JSs
Ol ey 4 able ;5 99250 slagmySle Sl
50 peedS IS (S cale ioliEl L bles aes 6
Iy lobes 908 (g ties b b maoes 2,57 L anslie
S len Nyaison A CBIE 5 85 5 g 4 s s
e TY il 5 a5 o] b sih cibgie JelS b 4

YRRV AR PR P P IWILIPRL SPURWIR VIV L W)

fIAY \
WY -
."““'s.
I 5
e K o..
. .. -......... e oo
%‘\ A ° \
7 o OIvY
3, e s
s
A NS
Y
YA fY \#d A of OA
pH
o Yo

(4383) gl

D= =50 PH &b 6,0 i j9Sun g ol ¥ S
LS B g W g9l5 xS YLy dilolus :(0) (g1 B 5™ el
R A g G g (39 oy /T pendy S cdall)
clale) dgelSesYLon Jodowo :(A) (Y 4 ¥ 0y,
Cile) sl BT, Jolowo :(1) o((F3g w0 yd + /T pordy
il 5 gadS (sle PH (s oy sloils (559 w0y ¢/ ¥ pouly
Lo PH cren 5 6 Soslail sllas 25T sl ilaj (olidio pave 381

IV LapH sl jo ad (5,155 (64 558 g Slade 10 g o, </ gullS

WO Ao )0

2oLl g bsle slaaibols gamjsus b T JS2

a2 o ol (pH (ralS L) o sawnl ey &G 1,
Jooe 588y 9B o odal i 45 3 biloa
OBl LS lw ami o by Jsb 4o el gaslS eS YL
Jslows 40555 s o o o 28l 2al 8l o el
2l el cSlgss g mdle jeb 4 pH b (eS8 5
= (shrinkage) job aax am g3 o |, ialS ()
asdly zals Jloos 4y o uilSBls sla JoSle Jlisle
QB ol Sl sbbasly e Slinlg il
L anlio o dbglie ST SOl b ol cons
Gl sl liS 5 0gn ;oo ey wald slaailel
0,95 S 3l e b las pH rals L Jbles | (oI5
polaes pH=O/TY 5l cilals (g4 505y oyl im0 o @l
Ol A £t ad gapml o b Bl anyjeSin
Sy, pH=FIAY 5 05 = Jobo i a aS Il oS
o o) B boldue (g4 joSums sl (all el 5l


http://nsft.sbmu.ac.ir/article-1-927-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-05-08 ]

alos ST IS Sy 5 (el sl VL (ol (slaslals
g 99 Sl B3 gojlasl ials pH (gosgaze (pl yo .(A)
Oo=b phiie 9 Lo 50,90 (hplosler dus )0 S5 &,
1yl Jytas (VF) (oS a4 o (sl J5So
oud 155 wedmlie () GBS el diloles 4 98 g
EPS BAO 5 (ularslS 555Vl bglone (545 555m o8 ol
o (VF) il 2lS Jolona o nSLiaS” LS5 pH o
G L osigde s gl Sl (AU Wil oo Al (gazms
FgS g (Gdwg 4 45wl aiges (Shear thinning)
oa oLl (Capillary viscometer Ubbelhode) yS5q—e
Lo sloftegSimns 09,5 50 yiogSmy (nl oIS jsbo .l
lin job any (YO) 595 oo g aib Yl i 25
qomold sl AD T 5 o ) bygesl Lo a5 olKin
odid ooly Lid zoll) wis samlive 4l 39Suuy ;o yiul38l
(S

50 alelws GAx Gl 40 4138 faoge 1 pH=F/Y+-F/AD
Ro—sl e dy o AT 0D ey pH=Y/AD
Ol 05800 SETPH cnl 5l sy 09,0 slo oSS
Sl VL sl JsSlo L atals o5 b 51 500
Slingretia yy S e by 1531 PH 2815 Sl
50 a8 Sl glaasly L ol co onds (uSloS
gt S Glee 3l e Wl Hea> K00 Sl uSdeS
o3b zytae 5 Gy Slalllas y5 )8 (pl a5 Lz
Al oo pH=Y/Y . jo i Jlaae iSTas (P VF) cul
oo wSlwS (g liSle sbhaxly slass iSlos i oS
o=k 5 lanbl pH (ol jo aS ol ;58 bl .ol
a8l .0g oanlin OB 38 Lilas slodl g aslels
oo Jolomalss 5l (30 (S el 4 (65138 e
S5 (ml d g Ll el oud 05l oo sla oSS
-8 s el (i esn ool jo oS el (55505
009 = 4 5Ld e (g 5lwlas> (Associative) d
s Sy JS i 5 928 5 Wm0 L uSla
o aS azdl ol (Y2 YY) o)l 1,8 L 4 oslasl gl
0,5 oy L8l Gds polde w@ieS o pH (so050xe
w8l ymalS wzei BB ek a4 SIS soslail 45T Jb
Sz slo)ibo ol sl Slass LS5 Wl e
Ao lii | el uSleS

S a.’ °
wlobow Sy U135 (e oalS SLpH (un
9 (el S YLy (o (6518 Glalaar by 5o
S5 w51 ol les 3BT oo @t oSBTy
90 195 B Fe y90 (Frimwib) 00 S JoeSS
45 GolS slopH (e b ailoles (gu3slS” L3, (39055,
sl oy 90 S ol by 0 oS sl ,las o
5 2035 (558 Lialas anl )8 as, calsl jo ol ol
= el ) ek S G lSe laais LSis
usjf aalez 1,8 Cou 0 50 pH L oads dg0me (gazli
5 Sasl Gis polie wdgase (pl o1 pH=O/Ye—F/+s
ol el Gl g et gy bl 4 joSiang 9 vl
5,3 (Co-solubility) Jslxe — ot b 1o yarly 50 )5
AL pH o a5 Gl eglS oSV sl JsShe o>l o
sla Jsxlo 55 g wasyls 1,8 (VD) 3¢ G xSyl pH
STy wialy gy nl el it (Al L (ST 5
el anls £33 51 o]
s sla el b pH=O/Y+ 590> ;| : pH=F/AB-B/Y+
4o 9t e job do (A jeSemg 5 a2 ) ond
095° 9 Jobre Sl uSheeS” LSCi5 el (nl s )5 ol
S—— Sl pH 51 YL opH o 1) 6 ——dhy
sanliie ol U 38055 50 08 o T lslS 55Vl
009 ‘)‘\) (54_79..9 o U’“'i"ﬁ)_' U_" aS Cewl ooy Qq)‘)f
35> JsSbo zhaw ;o (Positive patches) o L L >lg
QFAIVYY 5 AY-VS $+oF) 0F-) lan oy 5)
Hlr elapH o Gl &0 4 ol L S L il o
S S sl ols 955 Sy 2SIl PH 51 WL oS L
PH=O/YY 5l sl ol 5l Giam a5 jeb len (A YY)
e Eo b b el Ol b Bl 4 joSiany e
30 093 Jlache yiSTas a4 S La )1 L e, S il
5 oS U bl pH 3l oogasee (ol couws, pH=F/AY
elo L oS iz el sl (glouSLaS sarwss
P O -SSR ] PRV 1) WS WP L
ey JoSle a8 ol b 45 whoads LS5 oy Sl
o odle S e (sla il cpl eSS o (T) Wil L
Ob0) (F3959— ST (Sliuly xSl slrg 3
Sol S5y (sloog,S 5 SIS (6l sl S
wals i Sl S 525 (Gl sl VLG JoeS 25
Gl (Y- 7) o, LSen 5 Girard a5 gl s sas_ il


http://nsft.sbmu.ac.ir/article-1-927-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-05-08 ]

\

oz 5l (bl 3 g9dge (nl ol Cond Lo
Lo oSS 5omly slapH o ool (g )izl slavsls
Pl g 99y o 9B Jodome (9w 4 0)bgo
J=ol5 b 4 S e 0B slooss pH=YID Jlgo 50
oS BS sla oo Lalpd cnl 5o 155 058 o0 B35
@ Ol es YLy Cote JL L loJsShe b S les sl
Gl als L jblas as)la e, (S olass
slaJoSde osias nSleS slavxly olee Sslivly il
5 90,5 e 5l 093 0055 (lab bl 4 il )5
S e Ty il
) S pH 0 oS ol ljae 52 Sod 5
Ciz polde «Seed clale ol EIL SbLis g g puleS
o=l el rals GulS B 5 -l gilS g5V ailols
5 oSS St 1 S 6928 51 S esalin
ey 99 () GRS e SCbLulg 2SI Conle 5 (g0l
45 Sl iy slategn b Bly o axdl cnl ool
Slosss Goandy Chadi cel Siod jpa> WS 0 (le
Sl ol slopuSloS 5 993 o0 o5 5o (05
sle chile jpax 5 sy oy wialss (Sl 59y
Sy g Hgie Jol5 jobo ay (uShaS JoSiS (Sas (VL
©bs Jsb e LialS tely SKoi clale Layl3l (YF YY)
eilae b acaolie yo o] o 1S 9 (Debye Length)
b e bl g iy e (Site) blas gal ol
bwgi Lo jesdy (oo )L o 9090 00 oS0
VY YY) 05d o0 0audigy allols )0 09250 sloy909 500
sl ¥ b ) Ble (g oeigm (lyd iz 5o
il oalggo |y Sbiwly il S e 4o oS
L amlie j0 092 5 S2sS (g gled b pendS (98
oS o9k & wudls (gytin oISl B maoes (55
S ol Jol5 By cel Yoo (o A cbile o
2 GBS Gl slS iYL

PH ooss 208 Ll 5 ool las gl ol
OS5 g el g2lS gnS YLy SCsliwly iSUl sl oS e
Lo pSheS wils (ol alide sladisS JoSis @
e SagplsS DS g ek Gl b eSS cadsl
wdn s Slp Wl oo Jolo (ormb Dly59 500 098 o0
sl Jsd g Sles 0l 5 Jgos 5 bl (335
5 Lam sl iz sloaal (Gose Slgs Lo el

Sl Jo prz Giali8l an alg e 00l saalice Wi,
PH (sodgazmo oyl j0 09D o0ld Cad jud ooy JSid
S jsbplen 08 gy rals Dol a4 alebs e 558
=9 PH=Y/A+ Jlg> 5l adol glo puSloaS s Gy L3
Sdyd Jolite Gand (S S e 20 | (gl oo
sle JoSdle ol ol3l L a5 (Macro-reactant) b 3 Sy
(YA) S5, slodisn o ainSd Yozl 5 (YY)
Jlo o slaisln (ol 00,88 5 goex 4y el ol pars
ad olad i)l (b )0 0eb e e (55 JSS
g e L8 (nl 09d o0 S5t (59,5 slagnSyn @
DS Az 1) alole (g jeSng ;0 0uds cdwline uals
PG e ol S bl g4 slllas Ly 5 8lg5 o
Jsb 5o )8l (h-0nig o slaaibobe et ;s
S8, e sl ool (5155 (ol eSleS a8
ou—d olgii, Bungenberg de Jong lawgs a5 jsblas
Lo wSLoS (9,0 ooludl pls a4y O ylie (2alS a0 el

AVA-TY) 05 g0 00ls Cons
Sl i Jlaie weagaze ool yo pH=F/N\O-F/Y
2wl Gas by, pH=F/O j0 g odl alS
oy S0 o eSS o8 035 o ey
S 5wl ools &) S e ol gloogy g conl s
> 0 S5 sl i 15 e s S
ool amjei g 8l oy 8l oS pH=¥/V- L avslas
oz Hob e E9-S9e (nl (D S50 5 DS

el S e s (glosgs ploul ase o Dl 5 gavas

g_i........_w Q—.'.‘ ol ul...o.: \) pETpw )L....o.: 6}15 Q“"““"’ QLA}

PH o slass (wlowl 1o Sl ojlasl a 565 el )53 o LLS
3 6 ol s Slaw jgmam 5l (Sl aias iy
Ol 3l G &5 ek ples sl bazs [0 S e (5 perhion
JB,e jsb 4 aslol Sl el slgasl jo s o)Lal
-l oanlice pH=¥/V0 Jls> 10 o Sy G o5l
039 S o (05 Slodgt arsge PH sy o0 Slai 4 a5 o>
S, ol el acins Sioliwly SUI glag ps a8 (s g
u‘;’*—.’.‘j o U‘r—*—"—' S e )" Ls"“’l" Censl uS""‘“ ‘-i-‘)?'?s)
ol ol Lolidlhacal pdhes b sl paddy olad
Sl 650 gy Wy ] oo Ggen 5 5 bl

5 Bae Slpd slass ol oS 4 oles oo |y pH (0890


http://nsft.sbmu.ac.ir/article-1-927-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-05-08 ]

&l b

= el (tagh bl st Jol allie ol
o Gl SlnS BSAS 2 She (olendm5eSi 8 olse
GloasisS (555 3l oangly 1S deo g (elsslS S
ol " gess ol sl ] 5 ogiopinssS poslT]
Pl mlo 5 4odir olidiz giind] Jb colo> b g
el 03,5 Mo slo Zoles 5 iy ol 4 b plovl
pode oBiily Lis o sloslicwl (5,0 g olié plio
Dedge (S0,08 g ST Ligy gl (KD

References

. Cooper C, Dubin P, Kayitmazer A, Turksen S.

Polyelectrolyte—protein complexes. Curr Opin
Colloid Interface Sci 2005;10(1):52-78.

. Schmitt C, Turgeon SL. Protein/polysaccharide
complexes and coacervates in food systems. Curr
Opin Colloid Interface Sci 2011;167(1):63-70.

. Turgeon SL, Laneuville SI. Protein+polysaccharide
coacervates and complexes: from scientific
background to their application as functional
ingredients in food products. modern biopolymer
science: Bridging the Divide Between Fundamental
Treatise and Industrial Application. 2009:327.

4.Tolstoguzov V. Some thermodynamic considerations

in food formulation. Food Hydrocoll 2003;17(1):1-
23.

. Schmitt C, Sanchez C, Desobry-Banon S, Hardy J.

Structure and technofunctional properties of
protein-polysaccharide complexes: a review. Crit
Rev Food Sci Nutr 1998;38(8):689-753.

. Kaibara K, Okazaki T, Bohidar H, Dubin P. pH-

induced coacervation in complexes of bovine serum
albumin and cationic polyelectrolytes.
Biomacromolecules 2000;1(1):100-7.

Weinbreck F, Whey protein- polysaccharide
coacervates: structure and dynamics [PhD thesis].
The Netherlands: Utrecht Univrsity; 2004.

. Girard M, Sanchez C, Laneuville SI, Turgeon SL,

Gauthier SF. Associative phase separation of -
lactoglobulin/pectin solutions: a kinetic study by
small angle static light scattering. Colloids Surf. B:
Biointerfaces 2004;35(1):15-22.

. Sanchez C, Mekhloufi G, Renard D. Complex

coacervation between B-lactoglobulin and Acacia
gum: A nucleation and growth mechanism. J colloid
Interface Sci. 2006;299(2):867-73.

G bt b (Sgm 08 L pH s JLss
6_3')|).> Slows aile @Lmo)ils) Lol .05 C)Ja.a Codgisme
biwly )3 gam slaiagh lr slab Gl @ Wiy o

A3l 5 rerdignr 3 b 5 5,500 2 sl

10. Hambling SG, McAlpine AS, Sawyer L. B-
Lactoglobulin. In: Fox PF, editor. Advanced dairy
chemistry. London: Blackie Academic &
Professional; 1997.

11. Evans MTA, Gordon JF. Why proteins. In: Grant
AR, editor. Applied protein chemistry .London:
Applied sciences; 1979.

12. Weiping W, Branwell A. Tragacanth and karaya.
In: Phillips GO, Williams PA, editor. Handbook of
Hydrocolloids. Cambridge: Wood head publishing
Ltd; 2000.

13. Kiumarsi A. The gum tragacanth from Iranian
Astragalus  Microcephalus [PhD thesis]. New
Zealand: University of Otago; 1997.

14. Mohammadifar MA, Musavi SM , Kiumarsi A,
Williams PA. Solution properties of tragacanthin
(water-soluble part of gum tragacanth exudate from
Astragalus gossypinus). Int J Biol Macromol 2006;
38:31-9.

15. Azarikia F, Abbasi S. On the stabilization
mechanism of Doogh (Iranian yoghurt drink) by
gum tragacanth. Food Hydrocoll 2010;24(4):358-
63.

16. Gorji EG, Mohammadifar MA, Ezzatpanah H.
Influence of gum  tragacanth, Astragalus
gossypinus, addition on stability of nonfat Doogh,
an Iranian fermented milk drink. Int J Dairy Tech
2011; 64: 262-8.

17. Hassandokht Firouz M, Mohammadifar MA.
Characterization of complexation and coacervation
between B-lactoglobulin and soluble fraction of gum
tragacanth: ~ Approached by  spectroscopic,
rheometric and light scattering methodologies.
Proceedings of the 6th International Symposium on
Food Rheology and Structure, 2012 Aprile 10-13,
Zurich, Switzerland (Talk); pp.124.


http://nsft.sbmu.ac.ir/article-1-927-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-05-08 ]

v

18. Balaghi S, Mohammadifar MA, Zargaraan A.
Physicochemical and rheological characterization of
gum tragacanth exudates from six species of Iranian
Astragalus. Food Biophys. 2010;5(1):59-71.

19. Hasandokht Firooz M, Mohammadifar MA,
Haratian P. Self-assembly of B-lactoglobulin and
the soluble fraction of gum tragacanth in aqueous
medium. Int J Biol Macromol 2012;5:925-31.

20. Sanchez C, Mekhloufi G, Schmitt C, Renard D,
Robert P, Lehr CM, et al. Self-assembly of (-
lactoglobulin and acacia gum in aqueous solvent:
Structure and phase-ordering kinetics. Langmuir
2002;18(26):10323-33.

21. Seyrek E, Dubin PL, Tribet C, Gamble EA. Ionic
strength dependence of protein-polyelectrolyte
interactions. Biomacromolecules 2003;4(2):273-82.

22. Girard M, Sanchez C, Laneuville SI, Turgeon SL,
Gauthier SF. Associative phase separation of -
lactoglobulin/pectin solutions: a kinetic study by
small angle static light scattering. Colloids Surf. B:
Biointerfaces 2004;35(1):15-22.

23. Jelesarov 1, Bosshard HR. Isothermal titration
calorimetry and differential scanning calorimetry as
complementary tools to investigate the energetics of
biomolecular recognition. J Mol Recognit 1999;
12(1):3-18.

24. Weinbreck F, Nieuwenhuijse H, Robijn GW, de
Kruif CG. Complex formation of whey proteins:
exocellular polysaccharide EPS B40. Langmuir
2003;19(22):9404-10.

25. Shawki S, Hamielec A. The effect of shear rate on
the molecular weight determination of acrylamide

polymers from intrinsic viscosity measurements. J
Appl Polym Sci 1979;23(11):3323-39.

26. Mekhloufi G, Sanchez C, Renard D, Guillemin S,
Hardy J. pH-induced structural transitions during
complexation and coacervation of B-lactoglobulin
and acacia gum. Langmuir 2005; 21(1):386-94.

27. Xia J, Dubin PL, Kim Y, Muhoberac BB,
Klimkowski VIJ. Electrophoretic and quasi-elastic
light scattering of soluble protein-polyelectrolyte
complexes. J Phys Chem 1993;97(17):4528-34.

28. Aberkane L, Jasniewski J, Gaiani C, Scher J,
Sanchez C. Thermodynamic Characterization of
Acacia Gum— B-Lactoglobulin Complex
Coacervation. Langmuir. 2010; 26(15):12523-33.

29. Bungenberg de Jong H. Crystallisation—
coacervation—flocculation. In: Kruyt HG editor.
Colloid science. Amsterdam: Elsevier; 1949: vol 2,
232-58.

30. Koh G, Tucker I. Characterization of sodium
carboxymethylcellulose-gelatin complex
coacervation by viscosity, turbidity and coacervate
wet weight and volume measurements. J Pharm
Pharmacol 1988;40(4):233-6.

31. Malay O, Bayraktar O, Batigiin A. Complex
coacervation of silk fibroin and hyaluronic acid.
Intel. J. of Biol. Macromol. 2007;40(4):387-93.

32. Weinbreck F, De Vries R, Schrooyen P, De Kruif
C. Complex coacervation of whey proteins and gum
arabic. Biomacromolecules 2003;4(2):293-303.

33. Bowman W, Rubinstein M, Tan J. Polyelectrolyte-
gelatin - complexation:  Light-scattering  study.
Macromolecules 1997;30(11):3262-70.


http://nsft.sbmu.ac.ir/article-1-927-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-05-08 ]

Iranian Journal of Nutrition Sciences & Food Technology 34
Vol. 7, No. 4, Winter 2013

Studies on the electrostatic interactions between B-lactoglobulin and
tragacanthin: The first step towards fabrication of biopolymeric micro- and nano-
particles

Hassandokht Firouz M*, Haratian P2, Komeili Fanood R®, Mohammadifar MA **

1- M.Sc. in Food Science and Technology, National Nutrition & Food Technology Research Institute, Faculty of Nutrition Sciences
and Food Technology, Shahid Beheshti University of Medical Sciences, Tehran, Iran.

2- Lecturer, Dept. of Food Science and Technology, National Nutrition & Food Technology Research Institute, Faculty of Nutrition
Sciences and Food Technology, Shahid Beheshti University of Medical Sciences, Tehran, Iran.

3- Researcher, Dept. of Food Technology Research, National Nutrition & Food Technology Research Institute, Faculty of Nutrition
Sciences and Food Technology, Shahid Beheshti University of Medical Sciences, Tehran, Iran.

4- "Corresponding author: Associate Prof, Dept. of Food Science and Technology, National Nutrition & Food Technology
Research Institute, Faculty of Nutrition Sciences and Food Technology, Shahid Beheshti University of Medical Sciences,
Tehran, lran.

Received 5 Jun, 2012 Accepted 8 Sept, 2012

Background and Objective: Investigation of the colloidal behaviour of protein-polysaccharide systems is
becoming increasingly important to provide a foundation for their applications in areas such as production
of biopolymer micro-and nano-particles, designing food analogues, and microencapsulation technology.
The aim of the present study was to investigate the pH-induced critical transitions during associative phase
separation between B-lactoglobulin (BLG) and tragacanthin (T).

Materials and Methods: The formation of electrostatic complexes in BLG/T dispersions (0.3wt.% total
concentration; BLG:T ratio 2:1) was investigated as a function of pH (2.00-6.00) by spectrophotometry
and particle size analysis. In addition, coupling of slow in situ acidification of the blend, with glucono-
delta-lacton, and rheometry were used to monitor the structural transitions during the associative phase
separation. The influence of salt type and concentration on the formation of micro-particles were also
determined.

Results: The formation of soluble complexes started at pH ~5.20, and at pH ~4.85 the aggregation of
intrapolymeric complexes occurred, followed by a bulk phase separation at pH ~4.30. The data indicated
that coacervation occurred at pH 4.15. Finally, the mixture returned to a mono-phasic system at pH 2.5.
Particle size analysis showed that the assembled structures experienced a contraction process upon
complexation. Rheometry provided deeper insights into the colloidal behaviour of the system and the
results were in good agreement with quiescent pH-induced transitions established by HCI titration. The
formation of the micro-particles was strongly salt-dependent.

Conclusion: Under controlled pH conditions, electrostatic interactions between [-lactoglobulin and
tragacanthin can be used to form a variety of biopolymer particles. These biopolymeric micro- and nano-
particles may be used in the food industry as natural delivery systems or fat-replacers.

Keywords: [-Lactoglobulin, Tragacanthin, Protein-polysaccharide interactions, Associative phase
separation, Biopolymer micro-particles
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