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2. Steady shear flow
3. Shear stress
4. Shear rate
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1. Response surface methodology (RSM)
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12. Mizrahi — Berk model
13. Heinz model

14. Apparent viscosity
15. Carraeu model

16. Weltman model
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5. Power law

6. Consistency coefficient

7. Flow behavior index

8. Bingham model

9. Yield stress

10. Herschel — Bulkley model
11. Casson model
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17. Figuni — Shoemaker model

18. Tiu— Boger model

19. Dynamic rheology

20. Strain sweep

21. Linear viscoelastic region (LVR)
22. Frequency sweep
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Table 1 The parameters of shear rate — shear stress based rheological models for the emulsions containing

PMS gum
Models 0.3% 0.5% 1%
Power law model
kp(Pa.s") 0.06344 0.0648 0.5013
n% 0.8102 0.8077 0.6619
R 0.9999 1 0.9996
RMSE 0.006752 0.0046 0.05716
Bingham model
oy (Pa) 0.1859 0.1941 0.9508
kg (Pa.sn) 0.02543 0.0256 0.09618
R2 0.994 0.9947 0.9761
RMSE 0.06037 0.0573 04615
Herschel — Bulkley model
oo (Pa) 0.0112 0.0557 0.1929
ky (Pa.sn) 0.06574 0.0766 0.5646
Ny 0.8032 0.7111 0.6395
R’ 0.9999 1 0.9999
RMSE 0.006279 0.0045 0.04173
Casson model
oy (Pa) 0.6692 0.6697 0.931
k¢ (Pa.sn) 0.0006988 0.000715 0.01089
R? 0.992 0.9935 097
RMSE 0.1999 0.1843 1.085
Mizrahi — Berk model
oy (Pa) 0.03723 0.06927 0.907
ky (Pa.sn) 0.004512 0.003927 0.3115
Ny 0.595 0.360 0.276
R? 0.9999 0.9999 0.9985
RMSE 0.01196 0.01326 0.2778
Heinz model
oy (Pa) 0.6961 0.7137 0.9532
ky (Pa.sn) 0.08334 0.08348 0.1962
R’ 0.9954 0.9953 0.9784
RMSE 0.03428 0.03479 0.1765
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Fig 1 Apparent viscosity of emulsions containing
PMS gum as a function of shear rate (1 — 100 s™')
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Table 2 Shear rate — apparent viscosity rheological parameters of the emulsions containing PMS gum

Models 0.3% 0.5% 1%
Carraeu model
Mo (Pa.s) 336.8 583.2 608.2
Ye (s-1) 0.323 0.00075 0.00064
m 0.1499 0.1333 0.1085
R? 0.9811 0.9973 0.9986
RMSE 0.156 0.8623 0.441
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Table 3 Shear stress — time rheological parameters of emulsions containing PMS gum

Models 0.3% 0.5% 1%
Weltman model
A (Pa) 1.424 1.524 6.515
-B (Pa) 0.005901 0.006238 0.01299
R’ 0.8601 0.8782 0.8859
RMSE 0.002768 0.003588 0.005662
Figuni — Shoemaker
:"(’sz; 1419 1526 6.577
5. (Pa) 1.450 1.543 6.622
k(s 0.07297 0.01803 0.005333
R2 0.9109 0.8602 0.8117
RMSE 0.001736 0.002533 0.008211
Tiu — Bugar model
o; (Pa) 0.9728 1.417 6.385
o. (Pa) 1.453 1.551 6.581
k(s™ 0.9929 0.3287 03171
R2 0.9872 0.9608 0.9399
RMSE 0.001953 0.001592 0.001206
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Fig 2 Viscosity of emulsions containing PMS gum as
a function of shearing time (Shear rate 50 s'l)
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Table 4 Strain sweep parameters of emulsions containing PMS gum (strain% = 0.1 — 10%, angular
frequency: 1 rad/s, 25°C)

. G’ (Pa) G" (Pa) Tand vL (Pa) vr (Pa)
Concentration (Storage modulus) (Loss modulus) (Yield strain)  (flow point strain)
0.3% 827 +£0.68 6.98 +0.38 0.84+0.17 0317+0.41 0.464 +0.85
0.5% 19.55+0.41 15.51+0.44 0.79+£0.52 0464 +0.78 0.682 +0.41
1% 28.48 +£0.03 20.72+0.12 0.72+0.79 1.12+0.04 1.46+0.79
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Fig 4 Strain sweep profile of emulsions containing
PMS gum for loss modulus (G") changes with
different concentrations (Angular frequency: 1

rad/s,25°C)
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Fig 3 Strain sweep profile of emulsions containing

PMS gum for elastic modulus (G') changes with

different concentrations (Angular frequency: 1 rad/s,
25°C)

Table 5 Frequency sweep parameters of emulsions containing PMS gum (Angular frequency = 0.1 —
100%, strain%: 0.01%, 25°C)

Concentration G’ (Pa) G" (Pa) Tand n (Pa.s) Slope of n'-f
0.3% 32.85+0.74 22.00+0.14 0.66+041 567+035 -0.58+0.12
0.5% 39.85+ 041 25.50+0.79 063+£0.79 681+046 -0.63+£0.78

1% 48.85+0.69 27.92 £ 0.08 0.60+088 926+0.05 -0.75+0.09
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Fig 6 Frequency sweep profile of emulsions
containing PMS gum for elastic modulus (G') and
viscous modulus (G") for 0.5% concentration (Strain:
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Fig 7 Frequency sweep profile of emulsions
containing PMS gum for elastic modulus (G') and
viscous modulus (G") for 1% concentration (Strain
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Fig 5 Frequency sweep profile of emulsions
containing PMS gum for elastic modulus (G') and
viscous modulus (G") for 0.3% concentration (Strain:
0.01%, 25°C)
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Table 6 Power law parameters calculated for the G’ and G” of emulsions containing PMS gum at
frequency sweep test

Concentration G =an’ G" = co®
b R? RMSE d R? RMSE
0.3% 0.238 0.965 0.593 0.218 0.962 0.543
0.5% 0.216 0.994 1.546 0.192 0.915 1.483
1% 0.171 0.955 2.692 0.136 0.905 1.771

Q}.:G )\ g_MM“”." (:.,LG olas QL.M.: 9 .,\.wL:L;a L.:‘Li Lf‘:’f
sdalie (@,b,0 Cand) A glajls gai 13 S sl 5 p— WSS

2y

Y4y

) SIS 055y i 30— oS5 0585 ool
52 MA) LL 0L ) Sy somin L (@) 33 0 2
S0 seed sol aan 5 ,[OY] 3yl adaly (y) g sl

i iSees Ol i oSS 4 s olie pm 350


https://fsct.modares.ac.ir/article-7-15738-en.html

[ Downloaded from fsct.modares.ac.ir on 2024-04-10 ]

faeo (S5 S0 s gal Salis 5 UL (SG34 505 ol

O 5 oSS s

A )ﬁ)dq::ﬁ))iy}wé}é Aslae 31 Gl L ls s
oAl sy s ey e Al aul 5 g8 sla S
c.l::}ls)).k:ﬁ BE v.k..ﬂ 9 Ctw 6\4\&:,4 )L“\>L.~ Lol L}'."LA"J:’"'LI
3 d5 ol JSE sl s 53 0 pSKeal Slle sz

[oV‘oY‘\\A] .,L.ZL’ QM}A\ B Q]J,la_; QLS 03}5

S S amT -t

Sl g gl Salus 5 L S P5 ol Wlie cpl s

— J))/Y 9 /0 u/Y') g.{.m)l.: Ml)@a&&.&k}uﬂﬂ}w 6‘5l>

31 0L LY 5 ol slalsesl il s andllas (e
Jdeo (b Gy = G R laesls g5l ¢l &S
Jhe (ol a3 5K s — o S slaesls ( JSTL S s
O Se— g5 dde Oy — b A sleesls gl 5 SLS
350 SO gd sl aas s Ol gz sbadie Olge
Lals laS s SH L R b Ssd Ol S, e
3 Ol Jols Sl (53855 b0 sasl @b )
S, Ll s pol aen &S sls 0L ime (35S 5 ke
cias J5 S GUls 5ty (OSly) SV
ook iy e e GBI L Bl ol oS il
GoL 0L i e Sl Gl res D33l IS
G5 e e GIBIL (Ol ol &S s S a0 s sl

Wl il Sy Sl ol dlos

@bﬁ -0

[1] Shao, P., Ma, H., Zhu, J.,, & Qiang, Q.
(2017). Impact of ionic strength on
physicochemical stability of o/w emulsions
stabilized by Ulva fasciata polysaccharide.
Food Hydrocolloids, 69,202 — 209.

[2] Desplanques, S., Renou, F., Grisel, M., &
Malhiac, C. (2012). Impact of chemical
composition of xanthan and acacia gums on
the emulsification and stability of oil in water
emulsions. Food Hydrocolloids, 27, 401 — 410.

[3] Naji, S., Razavi, SM.A., & Karazhiyan, H.
(2012). Effect of thermal treatments on
functional properties of cress seed (Lepidium

Y4t

100
]
1
u A 1
i A 1
o P |
Loy e -
9 A A Apparent viscosity 0.3%
£ A
a L B Complex viscosity 0.3%
1
A
A
1
1 10 100 1000
Shear rate (1/s) / Angularfrequency (rad’s)
100
]
A L |
R Loy,
% Ao
[
10 _
9 A A Apparent viscosity 0.5%
E . .
H 0 B Complex viscosity 0.5%
A
1
1 10 100 1000

Shear rate (1/5) / Angular frequency (rad/s)

100
" ]
A W Y,
A ]
A 1
2 1
“ A 1
£ .
%; 10 A S
5 A Apparent viscosity 1%
8 A B Complex viscosity 1%
1
1 10 100 1000

Shear rate (1/s) / Angular frequency (rad/s)

Fig 8 Cox — Merz plots of complex viscosity against
apparent viscosity for emulsions containing PMS
gum (0.3, 0.5 and 1% w/v)

aobe ol b bl ol lp 50— WSS Vsl
Gl dle C i Sl Shls 5 sl 5 il
308w Al des Lals 0128 Jglows il 55,
Sl el e SV S s Sl S o e S S,


https://fsct.modares.ac.ir/article-7-15738-en.html

[ Downloaded from fsct.modares.ac.ir on 2024-04-10 ]

\Y“W BT g\ 0 092 g/\‘ﬂu)w

e @L\aﬂjr}lﬁ

viscoelastic properties of guar and karaya
gums. Journal of Food Science, 49, 1 — 4.

[14] Gigli, L., Gamier, C., & Piazza, L. (2009).
Rheological behaviour of low — methoxyl
pectin gels over an extended frequency
window. Food Hydrocolloids, 23, 1406 —
1412.

[15] Rafe, A., & Razavi, SM.A. (2013).
Dynamic viscoelastic study on the gelation of
basil seed gum. International Journal of Food
Science and Technology, 48, 556 — 563.

[16] Alghooneh, A., Razavi, S.M.A., &
Behrouzian, F. (2017). Rheological
characterization of hydrocolloids interaction:
A case study on sage seed gum — xanthan
blends. Food Hydrocolloids, 66, 206 — 215.

[17] Alizadeh Behbahani, B., Tabatabaei Yazdi,
F., Shahidi, F., Hesarinejad, M., Mortazavi, S.,
& Mohebbi, M. (2016). Plantago major seed
mucilage: Optimization of extraction and some
physicochemical and rheological aspects.
Carbohydrate Polymers, 155, 68 — 77.

[18] Naji — Tabasi, S., & Razavi, S.M.A. (2016).
New studies on basil (Ocimum bacilicum L.)
seed gum: Part 2 — Emulsifying and foaming
characterization. Carbohydrate Polymers, 149,
140 — 150.

[19] Silva, C., Torres, M.D., Chenlo, F., &
Moreira, R. (2017). Rheology of aqueous
mixtures of tragacanth and guar gums: Effects
of temperature and polymer ratio. Food
Hydrocolloids, 69, 293 — 300.

[20] Chaharlang, M., & Samavati, V. (2015).
Steady shear flow properties of Cordia myxa
leaf gum as a function of concentration and
temperature.  International ~ Journal  of
Biological Macromolecules, 79, 56 — 62.

[21] Adeli, M., & Samavati, V. (2015). Studies
on the steady shear flow behaviour and

chemical properties of water — soluble
polysaccharide from Ziziphus lotus fruit.
International Journal of Biological

Macromolecules, 72, 580 — 587.

[22] Razavi, S.M.A., Taheri, H., & A. Quinchia,
L. (2011). Steady shear flow properties of wild
sage (Salvia macrosiphon) seed gum as a
function of concentration and temperature.
Food Hydrocolloids, 25, 451 —458.

[23] Salehi, F., Kashaninejad, M., & Behshad,
V. (2014). Effects of sugars and salts on
rheological properties of Balangu seed

Y40

sativum) and xanthan gums: A comparative
study. Food Hydrocolloids, 28, 75 — 81.

[4] Simas — Tosin, F.F., Barraza, R.R,
Petkowicz, C.L.O., Silveira, J.L.M., Sassaki,
G.L., Santos, E.M.R., Gorin, P.AJ., &
lacomini, M. (2010). Rheological and
structural characteristics of peach tree gum
exudates. Food Hydrocolloids, 24, 486 — 493.

[5] Buffo, R.A., Reineccius, G.A., & Ochlert,
G.W. (2001). Factors affecting the emulsifying
and rheological properties of gum Acacia in
beverage emulsions. Food Hydrocolloids, 15,
53 - 66.

[6] Vianna — Filho, R., Petkowicz, C., &
Silveira, J. (2013). Rheological
characterization of O/W emulsions
incorporated with neutral and charged
polysaccharides. Carbohydrate Polymers, 93,
266 —272.

[7] Samuelsen, A. (2000). The traditional uses,
chemical constituents and biological activities
of Plantago major L. A review. Journal of
Ethnopharmacology, 71, 1 —21..

[8] Razmkhah, S., Razavi, SM.A., &
Mohammadifar, M. (2017). Dilute solution,
flow behaviour, thixotropy and viscoelastic
characterization of cress seed (Lepidium
sativum) gum fractions. Food Hydrocolloids,
63,404 —413.

[9] Naji — Tabasi, S., & Razavi, S.M.A. (2015).
New studies on basil (Ocimum basilicum L.)
seed gum: Part 3 — Steady and dynamic shear
rheology. Food Hydrocolloids, 1, 1 — 8.

[10] Razavi, S.M.A., Alghooneh, A.,
Behrouzian, F., & Cui, S. (2016). Investigation
of the interaction between sage seed gum and
guar gum: Steady and dynamic shear rheology.
Food Hydrocolloids, 60, 67 — 76.

[11] Timilsena, Y., Adhikari, R., Kasapis, S., &
Adhikari, B. (2015). Rheological and
microstructural properties of chia seed
polysaccharide. International Journal of
Biological Macromolecules, 81, 991 — 999.

[12] Karazhiyan, H., Razavi, S.M.A., Phillips,
G.O., Fang, Y., Al-Assaf, S., Nishinari, K., &
Farhoosh, R. (2009). Rheological properties of
Lepidium sativum seed extract as a function of
concentration, temperature and time. Food
Hydrocolloids, 23 (8), 2062 — 2068.

[13] Mills, P.L., & Kokini, KE. (1984).
Comparison of steady shear and dynamic


https://fsct.modares.ac.ir/article-7-15738-en.html

[ Downloaded from fsct.modares.ac.ir on 2024-04-10 ]

faeo (S5 S0 s gal Salis 5 UL (SG34 505 ol

O 5 oSS s

[35] Koocheki, A., Kadkhodaee, R., Mortazavi,
S.A., Shahidi, F., & Taherian, A. (2009).
Influence of Alyssum homolocarpum seed gum
on the stability and flow properties of O/W
emulsion prepared by high intensity
ultrasound. Food Hydrocolloids, 23, 2416 —
2424,

[36] Koocheki, A., Mortazavi, S.A., Shahidi, F.,
Razavi, SM.A., & Taherian, A. (2009).
Rheological properties of mucilage extracted
from Alyssum homolocarpum seed as a new
source of thickening agent. Journal of Food
Engineering, 91, 490 — 496.

[37] Sadar, L.N. (2004). Rheological and
textural characteristics of copolymerized
hydrocolloidal solutions containing curdlan
gum.

[38] Rao, M., & Kenny, J. (1975). Flow
properties of selected food gums. Canadian
Institute of Food Science and Technology
Journal, 8, 142 — 148.

[39] McClements, D.J. (2004). Food emulsions:
principles, practices and techniques. CRC
Press.

[40] Samavati, V., Emam-Djomeh, Z.,
Mohammadifar, M.A., Omid, M., & Mehdinia,
A. (2012). Application of rheological
modeling in food emulsions. Iran Journal of
Chemistry and Chemical Engineering, 31 (2),
71-83.

[41] Kirstonosic, V., Dokic, L., Nikolic, 1., &
Milanovic, M. (2015). Influence of xanthan
gum on oil-in-water emulsion characteristics
stabilized by OSA starch. Food Hydrocolloids,
45,9-17.

[42] Surh, J., Decker, E.A., & McClements, D.J.
(2006). Influence of pH and pectin type on
properties and stability of sodium-caseinate
stabilized oil in water emulsions. Food
Hydrocolloids, 20, 607 — 618.

[43] Durairaj, R., Ekere, N.N., & Salam, B.
(2004). Thixotropy flow behaviour of solder
and conductive adhesive pastes. Journal of
Materials Science: Materials in Electronics, 15
(10), 677 — 683.

[44] Chandra, M.V., & Shamasundar, B.A.
(2015). Rheological properties of gelatin
prepared from the swim bladders of freshwater
fish Catla catla. Food Hydrocolloids, 48, 47 —
54.

Y41

(Lallemantia royleana) gum. International
Journal of Biological Macromolecules, 67, 16
-21.

[24] Koocheki, A., Taherian, A., & Bostan, A.
(2013). Studies on the steady shear flow
behaviour and functional properties of
Lepidium perfoliatum seed gum. Food
Research International, 50, 446 — 456.

[25] Mizrahi, S., & Berk, Z. (1972). Flow
behaviour of concentrated orange juice:
Mathematical treatment. Journal of Texture
Studies, 3, 69 — 79.

[26] Song, K., Kim, Y., & Chang, G. (2006).
Rheology of concentrated xanthan gum
solutions: Steady shear flow behaviour.
Journal of Fibres and Polymers, 7 (2), 129 —
138.

[27] Costa, K.K.F.D., Garcia, M.C., O. Ribeiro,
K., Soares Junior, M.S., & Caliari, M. (2016).
Rheological properties of fermented rice
extract with probiotic bacteria and different
concentrations of waxy maize starch. LWT —
Food Science and Technology, 72, 71 — 77.

[28] Khounvilay, K., & Sittikijyothin, W.
(2012). Rheological behaviour of tamarind
seed gum in aqueous solutions. Food
Hydrocolloids, 26, 334 — 338.

[29] Rao, M.A. (1999). Rheology of fluid and
semi-solid foods (Principles and Applications).
Aspen publication.

[30] Steffe, J.F. (1996). Rheological methods in
food process engineering (second edition).
Michigan, Freeman Press.

[31] Figoni, P.I., & Shoemaker, C.F. (1983).
Characterization of time dependant flow
properties of mayonnaise under steady shear.
Journal of Texture Studies, 14, 431 —442.

[32] Tiu, C., & Boger, D.V. (1974). Complete
rheological characterization of time-dependant
food products. Journal of Texture Studies, 5,
329 -338.

[33] Chen, Y., Zhang, J., Sun, H., & Wei, Z.
(2014). Pectin from Abelmoschus esculentus:
Optimization of extraction and rheological
properties. International Journal of Biological
Macromolecules, 70, 498 — 505.

[34] Moreira, R., Chenlo, F., Torres, M.D., &
Prieto, D.M. (2010). Influence of the particle
size on the rheological behaviour of chestnut
flour doughs. Journal of Food Engineering,
100, 270 - 277.


https://fsct.modares.ac.ir/article-7-15738-en.html

[ Downloaded from fsct.modares.ac.ir on 2024-04-10 ]

\Y“W BT g\ 0 092 J\“u)w

[50] Morris, E.R. (1990). Shear-thinning of
random coil polysaccharides: characterization
by two parameters from a simple linear plot.
Carbohydrate Polymers, 13, 85 — 96.

[51] Hesarinejad, M.A., Koocheki, A. &
Razavi, S.M.A. (2014). Dynamic rheological
properties of Lepidium perfoliatum seed gum:
effect of concentration, temperature and
heating/cooling rate. Food Hydrocolloids, 35,
583 —589.

[52] Cox, W., & Merz, E. (1958). Correlation of
dynamic and steady flow viscosities. Journal
of Polymer Science, 28, 619 — 622.

[53] Fang, Y., Takemasa, M., Katsuta, K., &
Nishinari, K. (2004). Rheology of
schizophyllan solutions in isotropic and
anisotropic  phase regions. Journal of
Rheology, 48, 1147 — 1166.

Yav

[45] Singla, N., Verma, P., Ghoshal, G. & Basu,
S. (2013). Steady state and time dependent
rheological behavior of mayonnaise (egg and
eggless). International Food Research Journal,
20 (4), 2009 —2016.

[46] Steffe, J.F. (1996). Rheological methods in
Food process engineering. Freeman Press.

[47] Clark, A.H., & Ross — Murphy, S.B.
(1987). Structural and mechanical properties of
biopolymer gels. In Biopolymers (pp. 57 —
192). Springer.

[48] Mandala, 1., Savvas, T., & Kostaropoulos,
A. (2004). Xanthan and locust bean gum
influence on the rheology and structure of a
white  model-sauce. Journal of Food
Engineering, 64, 335 —342.

[49] Kutz, M. (2013). Handbook of farm, dairy
and food machinery engineering. Academic
Press.


https://fsct.modares.ac.ir/article-7-15738-en.html

[ Downloaded from fsct.modares.ac.ir on 2024-04-10 ]

JEFST No. 83, Vol. 15, Jan 2018 ABSTRACT

Steady shear flow and dynamic rheology of the emulsions containing
ultrasound-assisted extracted Plantago major seed gum

Niknam, R.!, Ayaseh, A.”, Ghanbarzadeh, B.*

1. MSc Student, Department of Food Science and Technology, Faculty of Agriculture, University of Tabriz
2. Assistant Professor, Department of Food Science and Technology, Faculty of Agriculture, University of Tabriz
3. Professor, Department of Food Science and Technology, Faculty of Agriculture, University of Tabriz

(Received: 2017/12/19 Accepted:2018/08/26)

The rheological properties of emulsions containing ultrasound-assisted extracted Plantago major seed
gum with different concentrations (0.3, 0.5 and 1% w/v) were discussed in this paper. The results of
steady shear flow experiments were categorized in three main groups: Shear rate — shear stress (fitted well
with Herschel - Bulkley model), apparent viscosity — shear rate (fitted well with Carraeu model) and shear
stress — time relationships (fitted well with Tiu - Bugar model). Models were selected due to their R* and
RMSE values. The dynamic rheology experiment results including strain and frequency sweep
demonstrated that all emulsions showed gel-like behavior which is resulted from more stable interactions
and chains in the structure. Cox — Merz rule was applied to investigate the relationship between complex
viscosity () as a function of frequency and apparent viscosity (1,) as a function of shear rate in which
the results considered that in all samples the complex viscosity was higher than apparent viscosity.
Therefore, the PMS gum based emulsions did not obey this rule.

Key Words: Plantago major L. seed gum, Ultrasound-assisted extraction, Emulsion, Steady shear flow,
Dynamic rheology
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