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2. Weltman
3. Hysteresis cycle
4. Locust bean gum
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4. Weltman model
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2. Hysteresis loop
3. Second-order structural Kinetic
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Table 1. Power law parameters of and hysteresis loop area calculated for sage seed gum (SSG) in different solutions

Forward Backward
Sample . . i
p s33g pl> o395 pmd Hysteresns;_cln)op area (Pa
FHON; K,
- g lp R kpPas' np R Slowy @4
Pas"
SSG in deionized water
. T 0.104 0.492 0.998 0.008 0511 0.981 1.52
ojgs ol ;0 SSG
SSG in CaCl, (100 mM)
S 9315 )3 SSG 0.006 0.493 0.987 0.004 0520  0.966 0.91
(WYgo (o V)
SSG in sucrose (2%)
0.163 0.443 0.994 0.114 0.485 0.972 1.92

(ao,0Y) 3,5 ;50 SSG

1. Determination coefficient
2. Root mean square error
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Fig 1. Influence of sucrose (6%) and CaCl, (100 mM) on hysteresis loop of the flow curves of sage seed gum (SSG) (0.5%, w/w)
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1. Configuration
2. Thinning behavior
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Fig 2. Apparent viscosity of sage seed gum (SSG) solutions in deionized water at different shear rates (10, 25 and 50 s™) as function of
shearing time.

ol S8 Ks ike 4 oS ssalie (Ve MM) w0 sl 15,8 Jleel loy il b YO ST i S o
Gl YO ST S e g (Yer 8) culi Li)S Jleel  LVYIAE g LANY SO/ csp o4 Fee g Yoo oo
FOND 9 #2IV0 als o Voo b e MM 5l Sl cale 0I5 Sd Jolts sladiges g mlls 4t js8ang jo LialS
o G IS jehax 0 i a4 gl Al eSny ao,s o malS Y IYE o VN FAY A0 3 (Vr MM) o

)5 peedS W5y eedS WS S el sladises gpall anjeSns

0.045 p 021
a 10 (1/ 4
004 #NaCl 10 mM-10 (1/5) 0019 #NaCl 10 mM-25 (1/5)
o BNaCl 10 mM-25 (1/s) - BNaCl 50 mM-25 (1/5)
» 0,035 q 0017
i ) ANaCl 10 mM-50 (1/s) g = ANaCl 100 mM-25 (1/s)
5 003 e
£ 2 0.015
2 0.025 g
2 2 0.013
: -
2 0015 "11114;,;.......... § ol
< g
<000 | A A A 20009
0.005 0.007
0

. 0 100 200 300 400 500 600
Time (s) Time (s)



1P s Vo,las A 090 did Caio 10 daz slogs yslis aalilad 0 Y¥Y

0.03 0.016
¢ ¢ CaClI2 10 mM-10(1/s) d 0015 #CaClI2 10 mM- 25 (1/s)
" 0.025 WCaCl2 10 mM-25 (1/s) ~ 0014 BCaCI2 50 mM-25 (1/s)
E - ACaCl2 10 mM-50 (1/s) E 0013 ACaCI2 100 mM-25 (1/s)
g 2001
8 8
20015 20011
S 5
5 M §
el s g 0009
% él 0.008
0.005 '
0.007
0 0.006
0 100 200 300 400 500 600 0 100 200 300 400 500 600

Time (s)

Time (s)

iz sla 25,8 50 9 Ve MM CdAle b oo 0157 @) 552> 53 0loj 5l (ol D30 @ 950 4l fao (sl Jslone (5 plls 59y (V) S50
33 S IS () cilizie slo 25,5 50 g Ve MM Cdale b pundS 00 IS (€©) YO ST 15,5 10 g alisee slacdale 1o guaws 2,1 (0)
(il oas 00ls 3l pg Ll Siiw Jow Lawgs a5 alfislej] sloosls) YOST 155 )0 4 calize slaclale

Fig 3. Apparent viscosity of sage seed gum (SSG) solutions as a function of shearing time in the presence of NaCl (a) with concentration of
10 mM at different shear rates, (b) with different concentrations at shear rate of 25 s™; and in the presence of CaCl, (c) with concentration of
10 mM at different shear rates, (d) with different concentrations at shear rate of 25 s?, (experimental values and fits to the SOSK model).
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2. The third electroviscous effect
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Fig 4. Apparent viscosity of sage seed gum (SSG) in the presence of mono (NaCl) and divalent (CaCl,) cations at concentrations of 10 and
100 mM.
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Fig 5. Apparent viscosity of sage seed gum (SSG) solutions as a function of shearing time in the presence of glucose (a) with different
concentrations at shear rate of 25 s?, (b) with concentration of 4% at different shear rates; in the presence of sucrose (c) with different

concentrations at shear rate of 25 s and (d) with concentration of 4% at different shear rates (experimental values and fits to the Weltman
model).
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Table 2. The parameters of second-order structural kinetic model for sage seed gum (SSG) in the salt solutions

Salt type/concentration Shear rate (s™) R R? RMSE
ETHE P G ke no/n.. e e lepye i En i
control | 10 0.013 1.93 0.976 0.011
ontrol sample o5 0.014 64 0.977 0.010
S s
IS gl 50 0,016 159 0.986 0.017
10 0.012 1.80 0.964 0.008
Necl 1o m 25 0.975 0.004
0.014 1.67 : .
Ve o Ve o 0I5
50 0.019 1.48 0.987 0.008
10 0.012 1.74 0.967 0.011
acl Somi 25 0.966 0.009
0.013 172 : .
Vse o B maws w5
50 0.016 1.35 0.971 0.006
10 0.014 1.63 0.918 0.007
NaCl 100 mM - 001 0,004
0.016 151 : .
Ve e Vo a0y IS
50 0.020 1.43 0.980 0.008
10 0.013 1.84 0.951 0.006
cack 10mM 25 0.964 0.005
0.014 1.79 . .
Voo (e Vo oendS 0y IS
50 0.020 1.72 0.984 0.006
10 0.013 155 0.978 0.004
Cack 5o mi 25 0.966 0.009
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Yoo (e 00 oeedS 0y IS
50 0.018 1.22 0.963 0.003
10 0.956 0.009
CaCl, 100 mM 0017 1.34
25 0.987 0.010
Vo o Voo pendS 0y 15 0.021 1.27
50 0.024 1.18 0.955 0.011
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Table 3. The parameters of Weltman model for sage seed gum (SSG) in the sugar solutions

Sugar type/concentration Shear rate (s™) R? RMSE
LTS o o A (Pa) B (Pa) o . o
clale/as o S 8y O o s Slaypo (2 Sile 3

10 0.788 0.084 0.976 0.011
Glucose 2% - 0,969 001l
AR 0.999 0.079 . .
50 1.063 0.048 0.985 0.007
10 0.522 0.053 0.927 0.010
Glucose 4% . 0,983 0,000
AR 1.059 0.085 . .
50 0.706 0.046 0.987 0.004
10 0.445 0.073 0.961 0.006
Glucose 6% - 0,993 0000
/6 ;915 1.112 0.066 . .
50 0.658 0.021 0.984 0.003
10 0.913 0.103 0.954 0.017
Sucrose 2% - 0976 0013
7Y j)LfL.: 1.145 0.121 . .
50 1.538 0.093 0.972 0.019
10 0.634 0.071 0.982 0.007
Sucrose 4% - 0.961 0018
1¥ 55 1.202 0.107 : :
50 0.925 0.062 0.974 0.009
10 0.921 0.020
Sucrose 6% ) 0.760 0.078 0.96 0015
75 5,5 5 1.339 0.112 961 01
50 0.998 0.064 0.988 0.003
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Table 4. Concentration dependence coefficients for viscosities of sage seed gum (SSG) solutions measured at the shear rate of 25 s

Power law model

Ol ol Jue
Sugar Shearing time (s) a by R?
o G55 Jles! oo
Glucose 25 0.023 0.267 0.874
S5 180 0.019 0.277 0.911
Sucrose 25 0.024 0.282 0.885
5L 180 0.019 0.297 0.873
Exponential model
wibed e
Sugar Shearing time (s) a, b, R?
VG oS Jlesl ol
Glucose 25 0.026 0.055 0.988
S 55 180 0.021 0.056 0.978
Sucrose 25 0.026 0.061 0.992
5L 180 0.022 0.064 0.984
Quadratic model
95 4y Joe

Sugar Shearing time (s) as bs by R
2 G555 Jleel oo
Glucose 25 0.0001 0.0007 0.026 0.995
Sols 180 4E-5 0.0010 0.021 0.980
Sucrose 25 0.0001 0.0012 0.027 0.993

Sl 180 8E-5 0.0013 0.022 0.989
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Fig 7. Apparent viscosity of sage seed gum (SSG) as a function of the inverse square root of ionic strength at shearing time of (a) 25 s and
(b) 180 s at shear rate of 25 s™.
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Abstract

In this study, the time-dependent (thixotropic) rheological behavior of sage seed gum (SSG) dispersions in the
presence of NaCl and CacCl, salts (0, 10, 50 and 100 mM), and glucose and sucrose sugars (0%, 2%, 4% and
6%) at different shear rates (10-50 s™) was investigated. SSG dispersions exhibited a thixotropic behavior at all
the conditions examined. The data obtained from rheological measurements were fitted well to the second-order
structural kinetic (SOSK) model for salt solutions (R® = 0.918-0.987, RMSE = 0.003-0.017) and Weltman model
for sugar solutions (R* = 0.921-0.993, RMSE = 0.003-0.020). The structural breakdown rate (k) and the
structural breakdown extent (/7. values obtained for SSG in CaCl, solutions were greater and lower than
those of NaCl, respectively. Among the salt solutions, the SSG dispersions containing 10 mM NaCl have the
greatest initial shear stress (A) and time coefficient of thixotropic breakdown (B) values. The chain stiffness (S)
value in the presence of Ca®* (8x10* — 12x10™* M®°.Pa.s) was greater than that of Na* (6x10* — 8x10*
M®2.Pa.s). For sugar solutions of SSG, the greatest value of k was obtained for sucrose and the 7,/77., parameter
diminished with increasing shear rate. Sugar concentration had a direct and indirect relationships with A and B
parameters, respectively. The results of current study revealed that the thixotropic behaviour of SSG solutions is
remarkably influenced by the salts and the sugars, so this issue can be considered in food product processing.
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