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Table 1- Effect of pH and concentration of balangu gum on the phase behavior of sodium
caseinate solution (0.5%)

Balangu concentration pH phase behavior
0 3 Solution
0.25 3 Precipitation with clear solution
0.5 3 Precipitation with cloudy solution
0 4 Solution
0.25 4 Cloudy/milky solution
0.5 4 Cloudy/milky solution
0 5 Precipitation with clear solution
0.25 5 Cloudy/milky solution
0.5 5 Cloudy/milky solution
0 6 Solution
0.25 6 Solution
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Table 2 - Turbidity of sodium caseinate nanocomplex (0.5%) and balangu under the influence of pH and
balango gum concentration

Sample T1 T2 T3

pH

3 0.25+0.01F° 0.5+0.03P¢ 0.55+0.018b¢
4 0.30+0.02FFde 0.65+0.024B20 0.70+0.0242

5 0.50+0.02P¢ 0.5+0.03P¢ 0.55+0.03¢Pbe
6 0.35+0.03% 0.55+0.01¢Pbe 0.60+0.025°

7 0.30+0.01FFde 0.5+0.03P¢ 0.55+0.01¢Pbe
8 0.25+0.02F° 0.55+0.02¢Pbe 0.60+0.015°

T1: Sodium caseinate nanocomplex and 0% balangu gum, T2: Sodium caseinate nanocomplex and 0.25%
balangu gum, T3: Sodium caseinate nanocomplex and 0.5% balangu gum
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Different lowercase letters in each row indicate significant differences between samples with different balangu
concentrations and different uppercase letters in each column indicate significant differences at different pHs
(p=0.05).
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Table 3-Turbidity of sodium caseinate nanocomplex (0.5%) and balangu gum at pH 3.5

Treatment Turbidity
T1 0.55+0.02°¢
T2 0.60+0.05°
T3 0.66+0.03*

T1: Sodium caseinate nanocomplex and 0% balangu gum, T2: Sodium caseinate nanocomplex and 0.25%
balangu gum, T3: Sodium caseinate nanocomplex and 0.5% balangu gum
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Table 4- Particle size of sodium caseinate nanocomplex (0.5%) and balangu gum at pH 3.5

Treatment Particle size (nm)
Tl 1.00+0.05*
T2 0.90+0.02°
T3 0.95+0.03¢

T1: Sodium caseinate nanocomplex and 0% balangu gum, T2: Sodium caseinate nanocomplex and 0.25%
balangu gum, T3: Sodium caseinate nanocomplex and 0.5% balangu gum

Tl ok (pl b R Jglel iy DS
A oS S Y0 dolee pH js 3 2 oS s s
e s IYO i KhS  l uSs E0 A0 5T s a5 (T
LSLS s ol il ol ek adalie S (p<0.05) 5,15 5555 Jlsbime Dl (g lT L 51 KL
S s o 5L U pe Lol s 4y o S ok DL Sl w4 by e DD o3I i
JiSan s Al SSs S claos S L o Loy /Y0 ol sad a0 by e 3 o3Il o eSS
ol sl i Sleens o\ﬂq—ﬁ.wl}ﬁl{w

s Sl olys o3l e o J gl @l:jou_«;_-).?b.

CJ\)J 0)‘.)\;\ S ool C.p‘j [Ve] )j—\;"_;“ u;)g}"‘
Sl S 4 S e 5 e DS (sla oSiaS

. N . Sl & aSepl abss 5l s SPH ol 5 sl s
2l enl oo ol 435 3 jes s L 8 S8 R
Sl 52! alai 5L ol by s
ﬁb'\ﬁﬁ-u&:)tﬁjjls) .~ pH ol 93 S das e DL Sl Sl 5l dats 4 a5 L ol by Sl b

s S B3 5 o o5 55 e 3 S 03 3 SOyl akd a8 Jslas &S R

L ol ol o ;§>—j5.'" jsﬁvﬂ} @LpH%L}ASlﬂJJJ\;&JLJQMJ}nﬁ

- W w - g . - . \ .
a e S Sl Al L s e SLSE oy Je B Dl S0 Sl ndls Slas

; s 5 a8l Rl Bl Sy Sl a3 i
CBLE 1L S el e e, b ol 0T 2 B R OB Pl e 2

208



w58 5 2lerd S sl Sy

IHen 5 S5e 43,

0) g DS puSdaS SU G femily O gee —£-Y
ji-dl-: .cbvﬂ ] (M).b
(Ao )3 +/0) psdor D38 oSUeaS 5L B3 Jomily Ol o0

ol sl oals OLES 0 JJJ\;- BE jKJL 'Cq..p}

L Ol 1y s ool oy aalsl 355 ) w0 KL e
DNAT 3l e 55 D3 50 ey Sl 20 andls S2alS
53 0L 5 GOLjl Gaiws S b ol Gaios s
1S Ol ) G 3 313 s 53TV U
qoer 035331 b 5 LS TS 1S e 5 ke DL
s Karim [¢] cil el oSS byl o3l
Sl ShaS O3 031l Olgn 55 (T2TE) O, Ken
NS sl VWV L8 1 e St s pes 5 e

LY ] Lsls

Table 5- Zeta potential of sodium caseinate nanocomplex (0.5%) and balangu gum at pH 3.5

Treatment Zeta potential (mV)
Tl 6.66°
T2 -5.33°
T3 -7.33°

T1: Sodium caseinate nanocomplex and 0% balangu gum, T2: Sodium caseinate nanocomplex and 0.25%
balangu gum, T3: Sodium caseinate nanocomplex and 0.5% balangu gum
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Table 6- Shear stress (Pa) of sodium caseinate nanocomplex (0.5%) and balangu gum at different shear
rates (1/S)

Sample T1 T2 T3
Shear rate

0 1.33+0.2Kb 3.33+0.192 3.66+0.3B2
100 2.33+0.31¢ 4.3340.2F° 5.33+0.3F2
200 3.33+0.16¢ 4.66+0.4"° 6.10+0.5P2
300 3.66:+0.26¢ 5.10+0.3Eb 6.334+0.2P2
400 4.10+0.5F¢ 5.66+0.5"° 7.33+0.2¢2
500 4.33+0.2F¢ 6.10+0.2PP 8.10+0.182
600 4.66+0.5"¢ 6.33+0.1P° 9.60+0.242

T1: Sodium caseinate nanocomplex and 0% balangu gum, T2: Sodium caseinate nanocomplex and 0.25%
balangu gum, T3: Sodium caseinate nanocomplex and 0.5% balangu gum

Different lowercase letters in each row indicate significant differences between samples with different balangu
concentrations and different uppercase letters in each column indicate significant differences at different shear
rates (p<0.05).
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Figure-1 Shear stress of sodium caseinate nanocomplex (0.5%) and balangu gum at different shear rates
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Table 7- Viscosity (mPa.s) of sodium caseinate nanocomplex and balangu gum at different shear rates

Sample T1 T2 T3
Shear raté

0 2.00+0.26¢ 81.33+1.2¢P 116.15+4.142
100 2.00+0.56¢ 73.33+1.5PP 106.67+3.2ABa
200 2.00+0.16¢ 65.33+2.2Pb 95.50+1.65¢
300 2.00+0.36¢ 58.64+1.3PFb 85.50+1.9¢2
400 2.00+0.26¢ 51.66+1.3F° 71.20+£2.2Pa
500 2.00+0.46¢ 46.33+2.1FF 66.10+2.302
600 2.00+0.26¢ 41.66+1.5™ 53.33+3.1%2

T1: Sodium caseinate nanocomplex and 0% balangu gum, T2: Sodium caseinate nanocomplex and 0.25%
balangu gum, T3: Sodium caseinate nanocomplex and 0.5% balangu gum

Different lowercase letters in each row indicate significant differences between samples with different balangu
concentrations and different uppercase letters in each column indicate significant differences at different shear
rates (p<0.05).
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Figure 2- Viscosity (mPa.s) of sodium caseinate nanocomplex (0.5%) and balangu gum at different shear

DAl a1 adsl SOl el Ol e oS S e Iy
Sy ade g oS 36 Sl 0 e I s S
S goo gl [Y0]5ls ol S5l 55 2 55
5 mbd Coniles 5l ab andls slag g sl L Ll s
O3 0 a5l 6,8 s o pe (Sl s Sl anils
Gk awisSmy Ldd Rl s e SLSSE
V0w 2/YO Sl res chle Al b ooman ol
il Sl wSlaS glad glome 455y s Ol e o 5
Gs e 4 G, Sl A ek et 53 ST
S0 4y a5 s Rl Ol n AL ails 5 g
G s 2l 3 O (I 05 Sl s s 5 0381 LS
el 33 Olg5 sed 310 392 - e O35 BB, e
ohal 3l Jlaast asly sls s OF w0 1 w3580 5
0> 5 oSS Ol slaas A1l 5 B0 a5
s dlerml cpmen il SBLsl 1l s
Jo S 5l oAU sl s D3 0l es 5 5
slie (D3 Gl e S 3 ool 0L g
3L w5 el o3Il 4 A s 45 S
LS Uy &Y s 5 (VS iaskil (3
O‘}‘J‘..!‘GJjb&ﬁQ‘)b.b)‘}&Ql)b)}bW
Oeomen 5 Al oobel gl aSns RS

rates

212

$g0d) T1 €sad 55 oS 558 o edalin V Ui 3llas
S o 33 45Ny Ol o (e LSS (55>
Ssmy oblas Ml e la S
Cs o Sl U T3 5 T2 wsas 5 (p>0.05)5,10
Ol Rl Lot (o0 S a3 Sy Olie (o
S gl S @ b o SRl a5 s Ol GSIL e
6\)l>ﬁ,uQ@)Sb}gaeﬁdwuﬁﬁwﬂﬁ):
1/0) it (55 et (S5l W sad 5 435S s (S
Ol Al o an3sSans o sbls (Ao
G AV/YY Qﬁ)ﬁt{'@w VYO0 (Gsl 4ged 53 4l s s
For ko3 0/0 Sl €5ed 55 5 U L e £6/0

Al e 4l Il e 0F/YY B AVVY oy SSL
3 S peo oSS 3 (i e s i A
DB ol s als s e led daily e DL
e a sy L,y s bad gl a5 das o 0L
— b S Llbge bl OVl ol s i dzes
L oaSosk clas o Ol 1) a8y (b S
Al e Rl S e ot shome a5 s 5 SRl
Sl b gad cmly (5 slacs 53 Jadr 8 Gb
Ol 555 S (Saadly g3 5) 5 b (SHgd Olys L3,



w58 5 2lerd S sl Sy

IHen 5 S5e 43,

S SV a5 55 5 S S Sl ki b 5 1a0 send ol
DYV 55 ol s L a0 s 5ol &

baesls 2305 Ol » SIL pewo S 56 -
b sladbe LSS (K555,

bl JB 5 gllas L5 e 4 plizees sl
leals (ool gla poSdiaS” Sl S (s p 8l
050 (s sladia b (S350 0l Sl sl sy
B sz 2050 S 5 ML J s ol Ol
S oSle sl pas alyy el e B S
BT P P IR VURCH Pt g sl 55k
035 YU Lalal ol o 03,51 A g s lads 51 S
Sowela 5 SSE s RMSE 025 0l 5 el 8
S s g Jhe b o0 laesls (3510 Ol pse O35
slaesls €lyl 31 el Sha (’JN Aol eIy S5
2l L e ol 15 gl s S pladde 4 by e
el edyn S o Cel 035 G S5 Ol
Slaosls (5515 Olpe 2 S o s 36

OLEA Jodr o 2b) sladie LSS (SS34 505

ol sl 00l

ol 3l o e (Il il S e b Jra sl
foe 3L OLKes 5 s IV 238 e s sSns
L 535 Ol 5 i pmd 3Ll ol 0¥ 3 53 Sl
WomeVsa b 53 Kb jes Cpme Ol

LVeT Al o Sl ol e ,Ss
o Vb el S e 5 ol Ny Gl
O Uil U 6 ol el a5 555 o 433550 5
Al Sl 58 4355S s Ol oSS 3 S e
s S ke I
SRl Coale w315 53 558 e (OLI3) 25
w3 Sy SRl 5 Vo Tl el S e

i el

ol s e il 500 ol g Caslie 5 30 S e
;Yp@j&ﬁj‘ﬁ:ﬁ'@&éb\;duaﬁ«S@\w
SV 5Ky G B S dles Bl ey 5 il

LYol xls
CS > 035 &S o Gdew 5y Job 5 s i
3 031 LEalS s 1y O e gl 3 s, D3 Sl
Ol Goead 03,8 Ol a5y SRl b O seed 5ol
Sopsb 4wl Golo 5 oads )l S S ws S

Table 8- Effect of Balangu gum concentration on the fit of nanocomplex rheological data with
mathematical models

Mathematical Models
Treatments Indices Newtonian Bingham Power Herschel- Sisko
Bulkley
RMSE 0.0886 - - - -
T1 r 0.998 - - - -
SSE 0.0035 - - - -
RMSE 0.1885 0.7151 0.1885 0.0461 0.9211
T2 r 0.988 0.983 0.982 0.939 0.982
SSE 1.143 1.365 1.549 0.2137 1.640
RMSE 0.8456 10.196 0.1143 0.1052 0.1081
T3 r 0.847 0.991 0.996 0.993 0.997
SSE 6.52 1.930 0.6539 0.5452 0.6091

35t pfeS 5 T a b e b b

+/YO ngl:- 44'_5»_" BEIEEEY SSE 4 .lﬂ)-rf L;J_}:-' le:e

3- SSE: Sum of Squares Error

Sly 255 e sdaline A Jsis @u S sboles

056 55 L oo+ 5 e DL (G5l Loy

1-R2

2- RMSE: Root Mean Standard Error
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Table 9 - Effect of Balangu gum concentration on apparent viscosity and variables of Newtonian and
Herschel-Bulkley 's model

Treatments Apparent Consistency Power index Yield stress
viscosity coefficient  (m) o
((mPa.s) (k) 0 ((mPa)
T1 5.12 - - -
T2 17.90 0.0018 0.9366 1.351
T3 31.45 0.1056 0.7222 2.123
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Figure 3 - The graph obtained from the FTIR infrared spectrogram, the blue lines are related to sodium
caseinate and the black lines are related to the caseinate and gum balangU complex (0.5%).
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Figure 4 - Effect of type and amount of pressure [300(a), 500 (b) and 700 (b) bar] of homogenization on
the turbidity (absorption) of sodium caseinate and balangu gum complex
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Table 10- Turbidity (absorption rate) of sodium caseinate complex (0.5%) and gum balangu (0.5%) at pH
3.5 and different pressures and types of homogenization

\%‘\ 300 500 700
Type of Homogenizati
Single-stage 0.86+0.249 0.70+0.552 0.55+0.1<
Two-stage 0.73£0.14% 0.65+0.28® 0.51+0.09¢%
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Double-pass 0.70+0.34°

0.60+0.184> 0.48+0.3¢®

Different uppercase letters in each row indicate significant differences between amount of pressures and
different lowercase letters in each column indicate significant differences at different type of homogenization
(p=<0.05).
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Table 11- particle size (nm) of sodium caseinate complex (0.5%) and gum balangu (0.5%) at pH 3.5 and
different pressures and types of homogenizations

300

ressure (bar)

Type of Homogenizati

500 700

Single-stage 611.66+5.142

601.66+2.7A®

Two-stage

Double-pass 583.33+2.2A¢

540.10+5.252 450.50+5.5¢

520.15+4.38° 433.33+£3.2C

498.3344.15¢ 396.66+2.6

Different uppercase letters in each row indicate significant differences between amount of pressures and
different lowercase letters in each column indicate significant differences at different type of homogenization
(p<0.05).

i 3 o3l Ol e e L0 LLEs s sl
Ol S g Lo igad 5 Slal 0 SO 0ol 535 500
Cod wged O3 oIl o remes 5 lad e 9o
Ol iismn Cod Wigad 5 Glal o 93 Ogenl i) son
g oL b s g a0 sy Hlaliae OOV e Lo

S MJM “ ‘bff C)bb e)‘Ju‘ ;)\J:.a u—’ng

219

S Olpn e 5l T UL s ) s mls G
i Gl gl 55 gen G WSS Lad s )3
S s (p<0.05) sl sexs Ll Lee 3Dl
o by SbLS ol pte OL Y Ol 5 e
Il g S sl 0 KOsl 5 S ged Sl 4 sl



VEvd wawl (YY AJJD‘\-\QAJL«J Qlﬂ‘@lb@w‘gfﬁd{u

e e DL ) bagd gy ) Gl elas LGS Jomily Wgad 4y bogrpa Dl il 5 50 Dss Ol sen
5 b G et Cul B ey 51590 Voo jLas s il o glad o G O sanl 505 s0n
s o Gulpl Sl S assls glay 0 il 53l SOl 5 g0 Sl €50 L5 0310 Ol s 5L
b Jesily 035 YU (VAN O 5 L ) Ol lad o 53 O ganl 505 gad Sl & gl 5 (Slad> 0
Sl 5 xSl ambls (g5 50 o205 YU o g O g gl I3 o2l o Nl Js (p>0.05) s 0k sy lslias
Jolse 338 0wt (S5 oL (Rl 4t s Shobae Hge DLss sl iisen Cod wsed 5 adisel
sSl Chle 5 opg G ol dexl e RIPIL sl ses p 5 4 a5 L (p<0.05) o
2ome s PH del o oo gt L lad S0 50 oI Ol 50 ¢ gy 2 35 58 S sl 335 50 olad 5 LIS
b5 Jeily 5 S0, S o b L Ol 55 Wi ged 5> D3 o3Il Olge (5 35800 RS D3
D1 5,058 o 5 N o R P NS TS OO L0} JOUNIUNRCI:

Jeslty 2 Ogel 53500 g5 5 JLES 30 5 Y Jsax Lye 3 o3Il o 268 (P<0.05) 505 5525 lslias
S e 5 (130/0) i S5 SLaS B SLa5 55 g L O el 3 sed o 45 ol (5146 g5
s e 0L 15 Y70 Jsles pH s (Ao 34/0) el 4 S 13 L Ve

OSINl  Ogrlyilgen s 5 sl HU - YT

Jsbw pH s &KL o 3 prs SIS B femilsy

Y/0

Table 12- Zeta potential (mv) of sodium caseinate complex (0.5%) and gum balangu (0.5%) at pH 3.5 and
different pressures and types of homogenizations
ressure (bar) 300 500 700

Type of Homogenizati

Single-stage -19.66"° -24.338Ba -30.00®
Two-stage -15.334a -24.6688 -24.6652
Double-pass -24.664° -27.6442 -35.33B¢

Different uppercase letters in each row indicate significant differences between amounts of pressures and
different lowercase letters in each column indicate significant differences at different type of homogenization
(p=<0.05).
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Table 13- Effect of type and amount of homogenization pressure on fitting rheological data of complex
sample with mathematical models

Pressure Type Indices Newtonian ~ Bingham Power Herschel- Sisko
(bar) Bulkley
RMSE 0.4626 0.1125 0.0713 0.0678 0.0721
Single-
stage 7 0.925 0.985 0.988 0.989 0.995
SSE 12.27 0.88 0.405 0.36 0.311
RMSE 0.3896 0.1296 0.0559 - -
300 Two-stage P 0.961 0.995 0.998 - -
SSE 7.452 1.039 0.213 - -
RMSE 0.3119 00.086 0.0525 0.0531 0.0721
Double- = 0.982 0.994 0.996 0.995 0.996
pass
SSE 4.853 0.1143 0.1564 0.1619 0311
RMSE 0.0825 0.0627 0.0252 0.0262 0.0264
Single-
stage 7 0.995 0.996 0.995 0.998 0.998
SSE 0.382 0.225 0.036 0.0425 0.0421
RMSE 0.0922 0.0225 0.0129 0.0465 -
500 Two-stage P 0.996 0.997 0.999 0.999 -
SSE 0.492 0.0348 0.012 0.1249 -
RMSE 0.0087 0.0119 0.0132 0.0140 -
Double- = 0.998 0.988 0.996 0.994 -
pass
SSE 0.0043 0.0083 0.0103 0.0114 -
RMSE 0.053 0.0255 0.0151 - -
Single-
stage 7 0.998 0.996 0.998 - -
SSE 0.1657 0.0377 0.0137 - -
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The aim of this study was to prepare and determine the properties of
biopolymer nanocomplexes containing sodium caseinate and Balangu
seed gum. To produce the nanocomplex, 0.5% sodium caseinate and
0, 0.25 and 0.5% Balangu gum were used. Three types of complexes
with different concentration of Balangu gum produced were
investigated in terms of turbidity, particle size, zeta potential, as well
as shear stress and viscosity and fitting of rheological data. The results
showed that the complex of sodium caseinate and 0.5% Balango gum
was selected as the better complex. In addition, the effect of the type
of homogenizer (single-stage, two-stage and 2-pass) and the
homogenization pressure (300, 500 and 700 bar) at pH 3-8 on the
turbidity of the complex was investigated and according to the results,
the lowest turbidity was for the sample homogenized at 500 bar
pressure, pH 3 and 2-pass homogenizer. The selected pH was
considered to be 3.5 and the sample at pH 3.5 was affected by the type
and pressure of the defined homogenizer and its characteristics were
investigated. According to the results, the lowest turbidity
(absorption) was related to the sodium caseinate and balangu gum
complex sample subjected to double-pass homogenization and 500
bar pressure (0.48). The highest negative zeta potential was related to
the sample subjected to double-pass homogenization at 700 bar
pressure (-33.35 mV). The lowest particle size was related to the
sample subjected to double-pass homogenization at 700 bar (396.66
nm). In all cases studied, the r* value was high and the RMSE value
was low, which indicates pseudoplastic behavior in the complex
samples.
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