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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
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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.

Yve



\Vc\/\)ﬁj@,\i AN e)}.n‘\\e)u_.:

sl b 3l 50 andls 5 Sl xSl anls Juls
ob o slasl 5l 3L andls (Slis S andls oS A3l 0
22 A Jelss ) (S S wil e DS S e 5o s e
Cailes 1 30 axdls 3 cpizmen 5 ol Ul pH 0T
has (Sl 53 O ol b g S a5 Ske o s ld
03 5> 0kd Sz ) gl s anS e 1 653 b
ai 5l N0 pH sl [N] s e KouG w0 5slens
g 2 OH Glaes 5 Ol iy, Sl
s Al Gl H slaey 8 o o il slas
5 (e A el 03] (eSS S Sy e sl
35k e 5 sbas O Tl Gas eS8 8 glaes S bl
foe o amdls slag s SYLPH 5o s 5o ol o
LSl Sl mS el ofsn oSS s e
5 e Gl JemSn S ey S e Sl S
S skl [V] sl el 55 o 8las o L
Gm ks kS S A el LS Y IS s
S oV b T Sy oSS s pee
Lo oShaS Ll 5sd o sdalie (W0 5 V0) pH s
B8 s bl ety 1/0 pH s b oluly
Cows 4 ol s MO 5 V0 (80 GpH 55 U sl
SRl s B el Olpee L spH 5 &8 (il s
boodts JSC85 oSS 5U 5 il Rl e L e
Sl O esie S5 L 5 cams gl oSS st
Il & wib e /0 PH 5o (65 (oSlaS il de s
S PH s il 5 68 eSS et 55 ASL oa

RGO IR W
K& e 2l oot o PH G el
O b &S ol (0,08 jadign 50 Cand oSS
Rl ot @S B s ol e D
DI Sk 8 feee il B 0 SIS (S s
S oo Sy el San 15 kT o SLeS U
P G A8 lea ) S8 oSS (68 IS0 S
b wle (T OLKes 5 o S1 iasn Gilae

Jsbe oShaS L35 L 5508k 035 S o

YYo

2 (8 Oar 5 sl oo s ol ploil Slidos b
AUASE b Gl S eV S S S
Sl Sy S Shaodkes Lsn a5 sl 0L LSS
Glaesgdome 3 5 das o JSI5 1) e iSen s cpl b
Oy Bl alie D581 5 s Sl daB g
Sl 55 Sl S il b Jglome (sl LS 50
“ ORIB L GAT S e SOILL Sule s &S s
OLer 5 K8 Lbug 8 s iass s [V4] das
e P g S P X \RA\2)
5 ks p V=t Cilise PH 3 Lo 85 dsnl - o0
AlS PH=EYO L3 1 addise 53 0 Jlone oSS
sdalive &S Slas a5 LpH s &5 bl 515 5
PH 5V X ol a3l Fo GLLL 5 e el
A odalie Lol 53 (DA 3Bss Os) CoysdS &S S ris
2 kS bl gda e Gl e PH Ol pess
b PH Olgsa 870 pH ol G s plal o
35 e e dilelu JAS 5Bgs 4 &S LSS S35 g

A Sl dg Dl S g S e Gl 2 Gln

‘5)|..\,».L_; B pH K] WPC-GA Syow J._..SU -Y-Y-v

oS SU slad gl
A b ol Sl IS e slagls sl
oo ite Lajlaged cpl 53 kims e OLL JEe (sla e
Sl o 4B S B s s b mlaw o b
55 63l A esls QLS C 5 b Y S s oS shiles
P P U R
AT S 3 e o ok 5 el 5L Ol pH
e A S Sl ek 3 GBI Ol Sl
AB lssed pl 53 &S el okl Ol 2 e 53 00
Pl o3y S hse oMl sbml b3 e e LIS
5 WPC 71, GA 71/0) L weg 4503 Wm0yl & s
IS skias OLES &S e sl 740 ool (pH=E/0
ladslee Lol il o ol L L 6588 oSS
wdls 35 LU LIl S ge 55 4 Ll e (5 ek

Sl e Bl by glamSan s ol sl



w0 kS WSS U A 5 (g sleag

O 5 il b 4

)@pHcMﬁJJL%‘WW)\M
Lol )"Ju_z_gd.:.;cdbjs k;.l:.wl ub)j&_g)w

Aspl s oSy Gl eSS LSS 55 ) b a5

S Lsls OLES 5 Lsls 13 andlles 5540 el (6ol mgj

1) sty

c) 45 OSs
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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2. Particle dispersibility index
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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.

el Lol s s (oo (S S0 iy e 5L
QM}SNJ&QYJJJQ@;JQ\}:»oMJQLL‘ﬁJ

LT el 033 oo 4 e slaoy g e
oslls IUT elal g el e s Sl eslizal L
TV USE (P>0/00) 5505 355 b jlas o (Solo e D

Sla e pl 53 1 65 Jesly Ol (gt glajls yad

YYA

b3 sty —0-Y-Y
4ndly (Slooy i Jos o gomd QU el dl Rash cnl 02
Sl s o B 8 e oSS 3 Sl S
L5 Jemly mls Sl ol oShnS Il Ol 5 ey
Y o O Strs SI L B el s S elind



\qu\)ﬁ*i A 092 A\e)Lwi

s il e Sl (ool oy OF (55 0 6 SLS
adl Ctllas (T00V) OLLSen 5 o B L sy o0
ot 3 o SIS oSaS U (565 Joily T
S il 3 cilie GpH 3 1) aees 05 e
DL & 8 o e SRl 6 sl OLES 5 inls
) akd) Sl 0l g PHL falS e
i dS L S sl olad laalin ioman 358 0 (S S
Ao S ) D3GRl ) il e sl b
IYE] il 00 (glos 55 51 b Ll o 65 (55 oS~

ool cllas 55 (VoV) OLKea 5 e ST @LLLW
Sl 4l [ialS i slis 53 8/6 pH U U5 by 5
]

o
S
\““‘.\\\::::“
IO S S

) 65 Loty

¢)

3 5 i oy it Lagls sad ol 53 dias e OLES Jites
o oS lailes sl ol a8 K5 55 5 Lo sie b
Ols Dot o 2@ S 5o e 201580 5 e
AU S e s il s 0 Sls il
L5 oy Olsn s seipl s 088 CBle iy
oo 53 (63b5 A esls LS € s b IS s el
PH iz s me J 51 (S godse (nl 4 250 0>
Lol B iy Ol o s ey s 51 G 2Bk
54l talS o mhaw e (S SUIL PHL als
Ao SIPH ials L ail e oS- oo S senl PH
55 4S5k ey =0/ =Y IG5 by Olse £/0
3 e PSS SU LS sl ol pH=g/e

(M) 53 | Lusilsy

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 Limit 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 -54 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 -54
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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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