[ Downloaded from fsct.modares.ac.ir on 2025-04-16 |

\V‘\/\ :\éj.a c\-\ nJJAA'n)Lq.:r L;U.G GW}(}lﬁ

o 0 — g ST (19540 JS s’ 96 55 55l
(RSM) gl g 9 31 08Ut § il 5 iuT Jolo

P LY. L S Ve a e
¢S e Loy 0 (6 pa Ggn dew 0 gl e Al o ¢ D3 S Al

a:‘}; 63\.&\5 Sgs

Mcujé))}usr)k Jils “;i“'\; @L.p f‘)l"ﬁb‘}‘g“”‘*‘"@‘ Ajjg;v_i\.:\} cL.p f‘j‘l’}"f&w ‘_5‘1,253 Lsfr_.:d‘.)—\

WES
@ujéwusr}lm@mum o 5 ol 0aSails (e plio b 5 sl pwdige 05 8 L (1S w5 psle (6l S5 Y
OB S b
e 5 gaoslES psle Al plis Blho s pske e aSuls (e mlio b 5 slge wdige 05 S slinl ( oliE mlio 5 psle ol S5 T
OB S b

ol oS (P ple Dl e 3 L3 SIS ISR (I mlo (SIS 6l S5 -t
CLA}&))}LMS r}l; AKMJJ ;v_iuﬁ @L.pjr}lﬁ an.m;‘.} ‘v‘ﬁ“'\; GL.»& f‘/,lﬁjb‘y L;wJ..@.A 5j)§ sl “;i“'\; @L"pjf}l; ‘_5‘1,255—0
OB S b

QA/SVINY 2 o sy FOb AV Y Sl s e ,b)

0 LS~

5 Al b st 5 ol S Wl glagsaSt 5 sl sLJKCsl, S ass Ulpea o Sl o 33,8 SIS, el S
ol Vb cslsl e s ol Slal 3ob 51aael anb OlaeST 51 s 15T 5 ol o Sl 5 a5 0T Jloys G jlas 40 cpizman
Cod 5 0l 28 S poa U5 S Lol 10 esy50 5 4 g ol 513 Conlie slaiig 53 1, 0T 0155 oo Slissns b oS a3 g s Jolss o
o ) 3 el iy O B 8BS 5 8 e oSS G 03 oISl Gl ey Gl 0o a5 a1 el Ll 2
PH e cpiomen 5 (Ao 58 ) Lo OF oy 0,508 (Ao ys V/0 Q) @10) o fao mesl s 3l plS a d Jie (sla ine
ssbiea 13 8 ey oShaS S0 GOIL 5 U5 el (B o3I et 5y (25508 (5 WOl U 5 s 4 S L 55 (Mo Ve (8/0)
Oy 0 mls SleS SCi3 ol PHTE/0 5 ods ) (F-8) PH. I a3 5doms 53 Dlr Ol oSS 1025 gy PH 8L
L (pH=t/0 ; WPC V., GA 7)/0) \-ojled Jlas Gl o 55 3l okl oy BB el pames A ek )8 e — ol
S DLl 53 Al s gy @500 Ol U5 Joudlty o iy 5 e 03100 1 208 0y 508 0 5 R e 3 S s (e il (5510

A ke oSS o VL SKES gl s 2 WPC/GA oV V/0

@Qdﬂ.ﬂ&))«&)b%cwﬂ:&s—yb ‘J?“'i “"‘T;}C’Gj}i eJ:JLMS‘&jp@.p&ijb.\.:lS

mirzaeihabibl @gmail.com o5 Jye”

Y4


https://fsct.modares.ac.ir/article-7-28472-fa.html

[ Downloaded from fsct.modares.ac.ir on 2025-04-16 |

B s 0 PlS WSS S A 5 gl

oL s

o () s S el e 5 32 S
NP A PPV PTG PV PNCCPUTIN | f I CC - PP
il fll Gl s Jel Wl s s 2 S
Sl il ol Gladams 53 b oy OS5
Slllae 3 0328 sbar i O S ehsa b
Spse LBl 5 S WSS gladble 4 by
S5 s 0SS [E] Gl w3 8 13 eslin
5 ISV bl edes Hsba 655 g,
5 Cmpah lanas Ll 5 Al eSSV
T0] A3l Sl by ook el ladead 55 5 5 ST
522Ul 5 VL Gladss Bl Oa g Lls clea 55 5 0l
23 Gl S ba Ll 5 bl edy LSS
[ sls 5,08 olie slaes sl 3
&)g6uj@uamwoﬁ;;\\)&f@¢
s S Bl G O3l B s K LT
el O st 50 g5 205 4 bl diee b Lde S5, sl
AL 5 ek LBl b 58 SO e e
2 Sl JeSn S glaes S bl S cll Cias
YY 5l xS pH s 5 Law 5L sl Y/Y YU slapH
g V] ssd B feSn S sl S sl
Slosar aly 658 sk e W e
2 Olp ol s W S cd b s SauSO s sl
IN 358 o 013 a5 205m SLasns sladal b5l ok
L3l pdia S s e f O ALl G raan
S8 2l wbo s pals st Sl ol 3 &S
4] 505

@ S S, g, ool Slids el gladle b
bl gl LBl L -0 s byl slaate
Sl 1SCE5 g, T Ll 5 Ll nl S 0 g
3OS O SRS Ll sl pll Gl sl e
mdes glalle Sl ol Sl 5 ol s a L L
Gl JRS S osba Ll g B ks sosl
I N T P SR N PN YT
T S
S iSas poslul b wllg o oSl L 5 bl

5 L i Jolols byl (sla poSla8’ LS55

AR

dode —\

LS5 Sl Fa oo amd o M sl Sy
Conds o83, ol (53, e LU ol landsn
e S s pamen Als B3 s s Sleer
s 3Ly plend - asb SLS S L S sl
(52953 09ds 5 b OV s 3l eslial (gl s OB S

sl ol 53l I s e e L (gl A
S 3 S el LS 555,08 o3l 5l 5l (g guze il Sl
Chslr )3 o add oz 303 b s &S, 4 3l
Sor S 2 VB ale el dacSilr a5le oL
ol Sl V] sls Slsls gslasl a5l 5 es Ol 2
5 OISt STl oSKe (g5 s Ky K Ol gen
Wby 4 el 5wl ot eslind Ol eds fle
Sogde IS ler s BB gl
b (Seshom Sl e Sl o 53 sl DL
a2l b oSl sl LSS ale o s
g S8 laksy il dalyy LSS
ol e Jilse a plals Gl s s
ST 5ol gliad Jlrlw 8 oxlhas 5 030
seluis Gla Sy s SO, cmlg s 4S8 s s
e G D] dos oo Cows Sl 3 (S5
Sabir GMES 5 My e dsb s sl Sl his
Sy sl lS b iy Jlb LS osl i
WSy pab 038 Olgy 0 el dnS| gla (2S5 S aker
e 52 0ld dmS Bl 5 @S Ol Sl s
3 bt s b [Y] Wsd eslinal aslg e ol
il f5 G Gl s (St a5 pend b
oSS 5 dlail d xS Gk G (sl L b oS )
Lsd Mg LS e ALl L s B ed S ge 0AS
5 mlosd Bl ey Sl — s D30
S odl Sk DisU 4 el GG SIS
S5l SALSL L sl 5 Llas S 5 ar 5 5,5
s o0 Mg Cle @ &S o e s S wY 2
5odd i ptee oIk «iline GLpH s 5VL it

[ E ) 4?;:.'.3):}@\)5 e)'UJ] SR 3)).3} SR 42;;3)‘


https://fsct.modares.ac.ir/article-7-28472-fa.html

[ Downloaded from fsct.modares.ac.ir on 2025-04-16 |

\Y’q/\)ﬁ]eﬁr c\-\ ﬁ)})‘QNQJLQ-\iI

u.l\.l.'c GL&)(}R

Slaamise m 3 Camdse op e 03551 S iloang
S o soslas O350 Cwsa Ol piomen 5 Ciliies
Sols ey Ll alp 1 See gl
o g s bl bl s See s 5ol
ol e ey T s Sl 4 plaes sl
Cor S ol bl 5 ok, slas Ko Sl slas gems
A s gl S a0 e bl Slae 5 ao s
S s 3 A o b ) g
5 Ll jasiie gt ow WOD 3 s slaeils
b paie Ol b 3l o 08 Sl (s 53 352 50 S|
5 Sl s mal 5 Wil e p S
Loy Jos glaine 5 moly o dal) o s Saa
Al il e biraly b leag 5 2L sladae
Rl b Gl o b pleda 1 bl b i gl e
"C'“L% da.ﬂu;j);l ol Gl 5 Ll e jetie s st
b phw S g oS Gl v Lyl b (3L O s
e 53l sl bl ml S5y e Jols
350 2GSl D 53 5 Glexr dip el gl
SVslae A3l a3y slaghlel o3 felye sl
B} C"Ll C}a“ LS d.i..;.uﬂ Sl e jcjl.? otal Cewdds
oo |y Ghlesl sla it o Blize alaly 5 03l s 5

[6] xS o
PH (8L ,ol- rass Gda wdd Ol )l 4 ax 5 L
oBan eSS 5 g0 fee o oSS sl el
ma L ey g bl 558 Ol ekl a5 L s
U5 uaman 5 (A=Y es5iwe) PH 31 b @50
oIl ) s s (S (L el ag WSS
Slaal "Cﬂbvcla.du;j)j\ oslaal L b3 eily 5 ol b

L e sl Guised ol

Lhu.fbj) K] é‘jﬂ —Y
3l 50— =Y
S 0 BLS (S el el LSl 85 51 sl S

sl s gl Ol S e w8 s 5l s eslinad 5 e

ARR

4 e 3 OBl pde s gla iiSen sl
(e B S g5 e LS U1 e e
AL L 5 S e S Gl Sl S S
S piSen s IS jsba as e ) e gl L
25 03 e 5L L GlanSs s e b badise o ol
2 Sossl gty 5 (PI>PH) Uiy 5! abais
-k 5 PH>PD e L L s b5 pKa YL pH
D] asle Bl (08 a5l sl slady sl
5 A sl & 558 0 olml Sl Jsloe oSdeS
LSl ol e Lol e Sl SaS 50 s ge 055 Se
s e |y eSS 4 S o3l Gl 4SS e 5o
L Sdes sedgn 5 e ol S Sl U
@ s S 5o s edd sl el WSS S
Chd e S ol s s sl dales Gl e,
Sh3 s L sy slandls o O e WSS
wsde S 6 G pSlaS g Kl L S
3 S8 O3y Ll LBl e b S
Sl 5 ek 93 w4V S PH IS i
52 L8] sl S G/F > Ypame ol ol ) S
SRS 5 M5 sl gl pS Olllas 2 sladle
Sl wile) s glacg (5 S 5 $0) LSS
Gl L L G 5 oY) (s (o p IS SVl
ai3 S ol (Clegll 5 0SS (o0 Foe () Sl
o a (YY) OLes 5 LSO VY 1] o
foo oSS Sl eslinal b o e J L 8y Gl
Sl awg PH WGl sl b o855 aspl - e
LD b o5y donhrs foe o oSS IS
IIY] sl Cows

—b 038 S5 Sn o p 4 (T1O)OLKes 5
ooy 2l oS ) oSS Sl eslinal L 55008
J,:.i.i; Sy pH (’Afbvl 4S esls OLES CL:J s e
L] el s £/Y oSS

Lot Sl 05 5 WSy Koo w0 ((Y018) K55S 5 optd
sl oBan o) s ddee 03 b S5 S
SWnno Sl elnd sl s cle 4y Al

D8] il Cows conbis (1L b sl Sl


https://fsct.modares.ac.ir/article-7-28472-fa.html

[ Downloaded from fsct.modares.ac.ir on 2025-04-16 |

B s 0 PlS WSS S A 5 gl

oL s

L (oW1 ielscher) G sul J51 Lo g 5 555 0 LS|
0 s e Sopw alds Vv Sdeay (PSS Yoo )3
(/\/O c-\/o ci/o) dﬂ.ﬂ Y‘ DL JLAJJ '/\ &J‘)J\J)ls J\:.wl

DU S osse

eSS slad ghoee (5l -V -Y-Y-Y

050 b oSS Jsle I 2 Je YO ss- s
= e oD Jaed il adds Yo Dl 4 VY eTpm
5 A e S e dilgul bug ekile BL oSS
238 asle 5 Ablee b SlaS Jgle (ol0L o2

I¢]
sl o latanls po M)
c:)|,'__\'__.~l..'“_".J = II :‘ilm}
' iy | et o
6}L> w&.\,.s }:L: Q)‘,JS u}(a:k« —Y-Y-Y-Y
Cx’.‘;ﬂ}fbl

3 U3 VU e Do Sl eslizud b Jyloes LIS L
i oo Sl eslizal b 5 38 s (585100
Sl Olpea el 80 mse ok 5o Al b - 5
A el (A0 5 1/0 (£/0) 03 o 5 pH

ShaS— 5L Jsone 45 Sy (g xS o3Il —F-Y-Y-Y
oISl (55l

ol oShaS= 50 Joos w8 @ Seslul sl
s e pdikew a e a3l A e YOl S
bl e S s oo ) eslinal b a3 5Ky o
Y0 OC b clos 0v 87 ot s > (MyT)
A 5, Se3lnI L3 —Ju

G5 il 5 ool a8 o5lusl fowiw —£-Y-Y-Y

L B3 iy 5 W0l Jam e a8 ool a3 o0l 5 5
53 (VS Malvern ZENa3600) 5l b3 oKews
S Al Ve pl sl (658 eIl e (sles
SileGs Ve ) el ki O 3 e 4L K
DAT LS G5 oSaus 4 5 0l

ST o 5 55 Y

L RSM) "anly mlawr oy by ) Jsdr 53 bajleg

A s PO s b Vemo S s e

1. Response Surface Methodology
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Fig 1 showing the influence of WPC-Arabic gum content in variables pH on the turbidity of WPC-GA complex
solutions.
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Table 1 RSM designed treatments for

preparation of WPC-Arabic gum
nanocomplexes as carriers of Astaxanthin.

Treatment WPC(%) GA(%) pH
1 6 6.5
2 4 6.5
3 4 6.5
4 4 6.5
5 6 8.5
6 4 6.5
7 2 4.5
8 4 8.5
9 2 4.5
10 4 6.5
11 2 6.5
12 4 6.5
13 4 4.5
14 6 4.5
15 6 8.5
16 6 4.5
17 2 8.5
18 4 6.5
19 4 6.5
20 2 8.5

85 &

05

B: GA (w/we)

Aowpc (wfee)

¢)

Fig. 2 RSM plots showing the influence of WPC, Arabic gum content and pH variables on the turbidity of
WPC-GA nanocomplex solutions containing Astaxanthin.
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Fig 3 RSM plots showing the influence of WPC, Arabic gum content and pH variables on the stability of WPC-
GA nanocomplex solutions containing Astaxanthin.
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Fig 4 RSM plots showing the influence of WPC, Arabic gum content and pH variables on the viscosity of WPC-
GA nanocomplex solutions containing Astaxanthin.
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Fig 5 RSM plots showing the influence of WPC, Arabic gum content and pH variables on the particle size of
WPC-GA nanocomplex solutions containing Astaxanthin.
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Fig 6 RSM plots showing the influence of WPC, Arabic gum content and pH variables on the zeta potential of
WPC-GA nanocomplex solutions containing Astaxanthin.
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Table 2 Optimization procedure and results for optimum formulation to produce WPC- GA

nanocomplexes containing Astaxanthin.

Lower Upper Lower Upper

Name Goal Limit Lli)lll)lit Weight ng)ght Importance
A:WPC is in range 2 6 1 1 3
B:GA is in range 0.5 1.5 1 1 3
C:pH is in range 4.5 8.5 1 1 5
Stability Minimize 88 98.5 1 1 3
Turbidity Maximize 0.06 0.68 1 1 3
Viscosity Maximize 165 330 1 1 3
Particle Size Maximize 138.4 1057 1 1 3
Zeta Potential Maximize -22.2 -5.4 1 1 3

Table 3 Comparison of predicted and actual values of different responses

Responses Predicted Value Actual Value
Stability 90.07 90
Turbidity 0.681 0.68
Viscosity 333.73 330.0
Particle Size 428.9 334
Zeta Potential -6.54 -5.4
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Astaxanthin is a carotenoid pigment that is used as a repellency for free radicals and active
oxygenates, dietary supplements and natural colorants, as well as its therapeutic applications, and has
been called natural super-antioxidants. Furthermore, astaxanthin due to its high unsaturate is
susceptible to environmental factors, which can be applied encapsulation in suitable coatings and
added to food products to be controlled and released under specific conditions. In this research,
Astaxanthin encapsulation has been carried out in a combination of Arabic gum and whey protein
concentrate. In this stage, the independent variables, the ratio of each of the walls, Arabic gum (0.5, 1,
1.5 %), whey protein concentrate (2, 4 and 6 %), as well as pH (4.5, 6.5, 8.5) were considered and
their effects on turbidity, viscosity, drope size, zeta potential, and stability of nano-complex were
investigated. In order to find the optimum pH of the complex formation, the adsorption rate was
investigated in a wide range of pH (3-9) and pH 4.5 was determined to for a complex of whey protein
concentrate —Arabic gum. Based on the results obtained from the response surface method, the
treatment with number -16 (%1.5 GA, % 6 WPC in pH = 4.5) with the suitable stability, has the
highest viscosity and maximum turbidity, the smallest drope size and the highest zeta potential was
determined as the optimal sample. In the final, ratio of 6 to 1.5 between WPC and GA came up with
the highest complex formation.

Keywords: Gum Arabic, Whey protein concentrate, Nano-complex, Optimazation, Response surface
methodology.
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