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Figure 1. Effect of heating time on primary and secondary turbidity of 0.1% WPI at pH 4 (small and large letters indicates
meaningful differences at 95% confidence level between primary and secondary turbidity, respectively. n = 3)



Ol)SRe g (B9 ) pamni

3l s G b5 U(Y4) AiS e s
3 5 35 e i ey sl Al L el
S et B s 0> S ST slaes S
— S e S e o Sl el o S
S a0l gy 5 Mol @ 5 el (55
"'\A";f‘
el YY 5l e S ol il a5 LB 4SS
sdaliie Wt sas sl 53 oysdS (g lie (551U
SR DS n 3 e oS el 43 S s
Olye o %S o)ls 225 sl Ljs0 4 5 02l
433 YO Sde 4 45 (gla gl 3590 50 4 gl oy lS
Ol dms e QLS 540 a3 S 51 3 Ol > o
orSan Blas 01 93 55 5 J e slaiis

ol

= PRPIRCPNT

Turbidity o, 545

0 5 10

15

S gl oy S Wy, A a0l cpl
A3 o, Jdsa s sl LSl 4 S el
SlaceSs ry plds Gl ok 5 ey LSV
o3l el |25 slaes 55 a5 (gm0 4y 3L o) 5L
AL Ll Ca o bl s andls (6 S5 S
D94 u:Mi
Slad sl 4l ;5 4 g5l &y 9uS C,L:J ool
Cl alS dals dsal 55 yoomen g ods Oyl >
&_U:KJ\}};_\ abd 4 ;K.is;,.}pH BEUIYS) (O JK.;)
S Ll 5> Sl xSl slag o s
o5 S Sse b5 S Ol e 5 03 255
—Ss R GRS e n g nl S (o RS es
laes i JS25 4 zie oS b Rl 550

3 o35 Sl Sl aS 555 e S, S

EA.IJJLQJ)JS

20 25 30 35

(adds) pao,l = 0L

(Heating Time (min
B1o% dw‘&hjj‘tﬁu O‘j&n\epH=i‘9./.'/\ chle Oﬁjﬁ—lﬁféwoéhw q‘,sl:‘,a.)‘,lc;,‘,ﬁ—\‘ JS.&

St 4Bl DS sl D) aS g T80 Dbl e 53 (g)ls e s s XA i S SH 5 S S Dy ) Sl

n=Y) asb

Figure 2. Effect of heating time on the GT-WPI turbidity at 0.1% concentration and pH 4 (small and large letters
indicates the meaningful differences at 95% condidence level between primary and secondary turbidity, respectively.
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Figure 3. Flow behavior at 0.1% concentration for: (A) heat treated WPL, () GT and (®) WPI-GT complex
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Table 1. Complexation yield as a function of heating time and Pr:PS ratio in the mixture

BT/ TR s 38
Supernatant Precipitation phase T A3l Ol

Y| S .. S i Heating time
()1, () 1,5 S IR g

Tragaci:h P o5 - @: ) o Pr:PS (min)

. tragacant . NS
. Protein (% Protein (%
gum() ) gum (%) ) Pr:Ps ratio

27.08 £3.29 15.13+1.24  72.92+3.29 84.87+1.24 1.13+0.01 0.05 15
44.89 £5.15 23.01+3.7 55.11+5.15 76.99 +3.7 1.28 £0.00 0.1 15
36.92 +0.63 17(')2232 * 63.08 +0.63 82.77+0.24 1.31+0.02 0.2 15
20.39£0.36 124+1.52 79.61 £ 0.36 87.6+1.52 1.35+0.03 0.5 15
28.12+1.35 18.63+£1.16  71.88+1.35 81.37+1.16 1.43+0.03 1 15
40.51+0.4 14.77+4.97 59.49+0.4 85.23£4.97 2.96+0.22 2 15
27.44+0.79 10.88+0.26  72.56+0.79  89.12+0.26  0.92+0.03 0.05 25
23.17+0.33 10.5+0.77 76.83 +0.33 89.5+0.77 0.98 +0.00 0.1 25
1534+ 1.44 27.1+0.56 84.66 + 1.44 72.9£0.56 0.99 £0.02 0.2 25
23.96 £ 0.48 2246035 76.043+048 77.54+0.35 1.05+0.03 0.5 25
23.87+0.53 13.2+0.83 76.13 £ 0.53 86.8 +0.83 1.05+£0.02 1 25
11.53+£0.5 14.72 +£1.01 88.47+0.5 85.28 £1.01 1.15+£0.06 2 25
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Abstract

Background and objectives: Tragacanth gum (GT) is one of the natural secreted hydrocolloids
which has many applications in food and pharmaceutical industries. Unfortunately, there is
limited scientific information about the electrostatic interactions of tragacanth gum with
proteins, especially the proteins unfolded by physical approaches. In this regard, the main
objective of this study was to investigate the effect of thermal processing on the whey protein
isolate (WPI) properties and its complexation with tragacanth gum.

Materials and methods: The influence of heating time (0, 5, 10, 15, 20, 25, 30 and 35 min at
80°C) on the turbidity of WPI, alone and mixed with GT (r = 0.1, pH 4.0 and Cp 0.1 w/w) was
surveyed. Then, the flow behaviour and viscosity of GT -WPI mixture at a shear rate of 0-100 S
" (pH 4.0) was compared with the individual solutions of gum and protein. Since the maximum
turbidity was observed in the range of 15-35°C, the impact of heating time at three levels (15, 25
and 35 min) and biopolymer mixing ratio at six levels (2:1, 1:1, 1:2, 1:5, 1:10 and 1:20) on the
protein and carbohydrate compositions of precipitate and supernatant was investigated by
Lowry and phenol-sulphuric acid methods, respectively.

Results: Turbidity of protein solutions significantly changed with rising the heating time such that
the maximum turbidity achieved after 25 min thermal processing. While these solutions were
unstable due to protein-protein interaction and formation of protein aggregates, GT addition led to
significant changes in the stability of protein solutions as a result of protein-polysaccharide
interactions. Similar to protein solutions, the maximum turbidity of the complexes was achieved
after 25min thermal processing. The rheological measurements showed that the mixture solution had
pseudoplastic behavior with a large hysteresis loop as well as the higher viscosity rather than the
blank solutions, indicating the formation of electrostatic interactions between protein and
polysaccharide. By determining protein and polysaccharide content in the supernatant and precipitate
phases, the least ratio of Pr:PS was observed for the 25-min heated WPI. Furthermore, the ratio of
Pr:PS in the precipitate was increased significantly as Pr:PSratio was increased in the mixture.

Conclusion: Addition of tragacanth gum to the whey protein isolate led to a significant stability
in the solution. Due to unfolding of WPI, using thermal processing on the whey protein isloate
solution resulted in a meaningful increase in the turbidity of protein solution and the efficiency
of GT-WPI complex formation.
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