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1. Ramp increase
2.R2
3. RMSE: Root Mean Standard Error
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Fig 1State diagram of aqueous solution system in a
wide range of pH (2-8) as a function of gum
concentration. The amount of protein in the entire
samples is 0.5% (w/w). The solubility/insolubility
was evaluated by visual observation:Q) clear
solution, O) cloudy/milky solution,®) precipitation
and cloudy solution, andA ) precipitation and clear
solution.
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Fig 2 Whey protein concentrate-tragacanth gum
complex absorbance as a function of pH and
tragacanth gum concentration. The amount of
protein in the entire samples is 0.5% (W/w).
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2PDI: Particle dispersibility index
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Table 1 Complex particle size as a function of gum tragacanth concentration

Gumtragacanthconcentration(%) 0.05 0.25 0.50 0.75
Z-average (nm) 4070° 4005° 3018° 3143°
PDI 1.00 1.00  1.00 1.00
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Fig 3 Zeta potential of gum tragacanth(M) and
whey protein concentrate (*)
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Table 2.Zeta potential of whey protein concentrate- gumtragacanth complex (pH=4.5)

Tragacanthconcentration (%)

0.00

0.05 0.25 0.50 0.75

Zeta potential (mV)

+3.11°

-1.14° -5.64° -6.02¢ -6.82°
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Table 3.Comparison of the effect of gumtragacanthconcentration on the rheological behavior of
complexesfitted with mathematical models

Mathematical Models
Samples Index Newtonian Bingham Power law Herschel- Casson
Bulkley

WPC:TG RMSE 0.2556 0.0028 0.2111 — —
(0.5:0.05) R’ 0.9578 0.9999 0.9907 — —
WPC: TG RMSE 0.7647 0.1691 0.0827 0.0834 0.2438
0.5:0.25) R’ 0.8136 0.9911 0.9979 0.9979 0.9961
WPC: TG RMSE 1.575 0.2103 0.2699 0.1226 0.2124
(0.5:0.50) R’ 0.6351 0.9936 0.9893 0.9977 0.9963
WPC: TG RMSE 3.305 0.4899 0.8026 0.1912 0.4839
0.5:0.75) R’ 0.4558 0.9857 0.9664 0.9981 0.9941
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Table 4 The effect of gum tragacanthconcentration on the apparent viscosity and variables of the
Power law, Bingham and Herschel-Bulkley

‘(’Vﬁf’s(f(;gg 7.03 — — 2.071
‘(’Vof’s(f(;g;f; 4731 0.1382 0.6426 —
\(’Vog(:?(;gg; 73.81 0.0631 0.7909 2.357
‘(’Vﬁf’s(f(;.(;;f; 132.24 0.1362 0.7411 4.563

1- Bingham 2- Power law3- Herschel-Bulkley
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Fig 4Viscosity variations versus shear rate with
different concentrations of gumtragacanth and 0.5%
protein, measured at 10 °C.
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Fig 5.Microstructure images of complexes (10%100). Clear circles represent a
complex protein concentration in all samples was 0.5% and gum
tragacanthconcentration was: 1) 0.05% 2) 0.25% 3)0.50% 4) 0.75%.
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Complex coacervation isgenerated through electrostatic interactionbetween oppositelycharged
biopolymers(proteinsand polysaccharides). Complexation viaelectrostatic interactions can lead to
formation of soluble or insoluble complexes. In the current research, the production and characteristics
of the complexes formed from whey protein concentrate (WPC) and gum tragacanth
(GT)wereevaluated. In order to find the optimum pH for complexation, absorbance of protein-
polysaccharide mixtures weremeasuredat a wide range of pH (2-8),Furthermore, particle size, zeta
potential, microstructure and rheological properties of the complexeswere investigated. Based on the
results, the best conditionto form complex betweenWPC and GT was found to be at pH=4.5.
WithIncreasing the amount of GTup to 0.75%w/w in a constant protein concentration (0.5% w/w),the
lowest and highest particle size for WPC-GTcomplex was foundat protein: polysaccharide ratio of 1: 1
(3018 nm) and 10:1 (4070 nm),respectively. Zeta potential changed from +3.11 mV (0% gum
tragacanth) to -6.82 mV due to addition of GT(0.75% w/w). Microscopic images showed the presence
of separate spherical particles, except at the concentration 0f0.05% w/w. The appropriate rheological
model to predict flow behavior of complexes was depended on protein-polysaccharide ratio and the
dominate flow behavior index was found to be shear thinning. Increasing ofTGconcentration lead
tolower flow behavior index as well as higherapparent viscosity, consistency coefficientand the yield
stress.

Keywords: GumTragacanth, Whey protein, Complex coacervation, Particle size, Zeta potential.
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