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Flow Model Fitting and Dynamical Viscoelasticity Analysis of
Fenugreek Gum Solutions

XIE Rui'?, WEI Yanxia'?*, ZHANG Yongguo', ZhANG Ji''?
(1. College of Life Science,Northwest Normal University,Lanzhou 730070, China;2. Bioactive Products
Engineering and Technology Research Center for Gansu Distinctive Plants, Lanzhou 730070, China)

Abstract: The flow and viscoelastic behavior were measured by steady-shear and small-amplitude
oscillatory experiments at 25 ‘C ,respectively. The aim of this paper was to provide meaningful
guidance for Fenugreek Gum’ s application in various areas by the rheology analysis. The results
showed that FG aqueous solutions exhibited an initial shear-thicking behavior,followed by a
shear-thinning behavior above a critical value of shear rate,suggesting a non-Newtonian fluid
characteristic. The experimental data were evaluated by the Herschel-Bulkey and Carreau models,
results were founded to be well correlated to the Carreau model with a high R%. The hysteresis loop
represented a certain thixotropic property of FG solutions,and showed concentration dependence.
However, FG solutions at a concentration less than 0.35% showed a negative value of thixotropic
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loop area,suggesting the structural breakdown and no recovery was measured in the corresponding

experiment. The dynamical viscoelastic properties of FG aqueous solutions showed the storage and

loss modulus increased with the increase of angular frequency and FG concentrations,and decreased

with the increase of temperatures. In addition,the FG solutions exhibited a solid,elastic-like

behaviour,while FG at a concentration of 0.1% w/w exhibited a transition from a fiuid-like to

gel-like structure.

Keywords: fenugreek gum,herschel-bulkey model, carreau model, thixotropic properties ,dynamical

viscoelastic properties
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Fig. 1 Flow curves of different concentrations of
fenugreek gum solution. Solid lines represent the

fitting of Carreau model
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Table 1 Carreau model fitting parameters of different concentrations of fenugreek gum solution

FG/(g/dL) ) n.J(Pa-s)
0.10 14128 0417 18 1.458 0 0.031 774 0.963 52 0.115 73
0.15 3.4109 0.381 57 4.275 2 0.031 583 0.993 07 0.142 60
0.20 33320 0.381 85 3.677 3 0.027 931 0.993 26 0.121 09
0.25 52970 0.368 71 6.618 7 0.024 854 0.995 91 0.164 39
0.35 55390 0.393 07 9.480 3 0.028 531 0.996 33 0.223 25
045 8.118 6 0.390 10 10.316 0.010 176 0.996 54 0.226 05
0.50 8.265 1 0.391 30 23522 0.012 947 0.998 31 0.359 19
0.55 10.14 9 0.413 30 38.803 0.009 978 2 0.996 87 0.780 98
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Fig. 2 Flow curves of different concentrations of
fenugreek gum solution. Solid lines represent the

fitting of Herschel-Bulkey model
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2.3 FhiSHEEM

P 4 I 7t A 0 L IR 8 R A B A A ) AR A
Fh LT R i A A R 450 P A T 46 1) 8 R g 49
R, IF BB RERL &R T HiFER & | e, 76 i IR
B, ETA — MR E A X R~ T
FEE VA W ELAT 2 A0 T [ A Y SR A T 0 R VR B
0.1 g/dL A& 7 L ¥ 0L AR 001 3 I 4 AR A A o 0
P AR S T AR RE AR a0, R I IR
RS 1) 5 [ AR S O B %

1003

0.14

| e

wl(1/s)
4 AEAREREHAFERAGTNEERENREESN

G-
Fig. 4 Plot of storage modulus (G”) and loss (G") moduli
vs. angular frequency (w) at different

concentrations of fenugreek gum solutions

SE3H

P 5 R IR WA AR BE (") BE AR 14
AR, B G RN BE A B R LA R ) O
P R 2 I o JBE ) 09 R B 3 O, TR R R
FEL A, A [) i i 5807 7 L IR I R ) 22 5 R e B
AR B R A 3, R n] REFA L oA 1P,

100

104

0.1

wl(1/5)
ES5 AEREREFNERARESHERFENTL
Fig. 5

Plot of complex viscosity (#*) vs. angular
frequency (w) at different concentrations of

fenugreek gum solutions

| 3 2 i

1) P IR W 3R B A A B P i A | 7 AT A 8
TR B I AR AT Sy, AR A I S B ) A R
I B U ARG AT R o H sh R4S & I A2 1) Carreau
AL,

2) fil AR R ER B FG K% W B A — 2 1 fil A2
PR, H 32 B v B A0 P | o B v il R R R
B2 FG K3 W BTt vk B2 /N T 0.35 o/dL B B
ST RIR

3) SSRGS ST R LR VR B ARG
SRR, T RIS W EL AR R LT AR Y SR AT
IEA RS A M, T 0.1 g/dL R 7 EL R
TR 2R B0 A DA A o [ AR S B 5 72

[ 1] RAVINDRAN G,MATIA M L. Starch-fenugreek (Trigonella foenum-graecum L.) polysaccharide interactions in pure and soup

systems[J]. Food Hydrocolloids,2009,23.:1047-1053.

[2 ] LIU Yunbao,AKANI R K,NAIR M G. Compounds in functional food fenugreek spice exhibit anti-in?ammatory and antioxidant

JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol.37 No.1 2018



WO F WP ORI R A RS AL A e B A A B A A

activities[J]. Food Chemistry,2012,131:1187-1192.

[3 ] YOUSSEF M K,WANG Q,CUI S W et al. Purification and partial physicochemical characteristics of protein free fenugreek
gums[J]. Food Hydrocolloids,2009,23.:2049-2053.

[ 4 ] MIRHOSSEINI H,AMID B T. A review study on chemical composition and molecular structure of newly plant gum exudates and
seed gums[J]. Food Research International,2012,46:387-398.

[ 5] GARTI N,MADAR Z,ASERIN A, et al. Fenugreek galactomannans as food emulsifiers [J]. Food Science and Technology,
1997,30.:305-311.

[6 ] KHATIR A M M,DING Xiaoling. Effect of fenugreek gum on the dough properties and bread quality of the composite flour[J].
Journal of Food Science and Biotechnology, 1998 ,17(4) :36-40.(in Chinese)

[ 7 ]Is1kl1 N D,Karababa E. Rheological characterization of fenugreek paste (cemen)[J]. Journal of Food Engineering,2005,69:
185-190.

[8 ] WU Yingin, TANG Minmin,HUN Yan,et al. Effect of amylose content on the pasting and rheological properties of corn
starch/guar gum mixtures[J]. Journal of Food Science and Biotechnology,2014,33:48-54.(in Chinese)

[ 9 ] HE Qiang,JIANG Bo. Influecce of xanthan gum and guar gum blends on the quality and rheological properties of ice cream [J].
Journal of Food Science and Biotechnology,2004,23(3) :46-50.(in Chinese)

[10] BRUMMER Y,CUI W,WANG Q. Extraction, purification and physicochemical characterization of fenugreek gum [J]. Food
Hydrocolloids,2003,17:229-236.

[11] YASEEN E I,HERALD T J,ARAMOUNI F M, et al. Rheological properties of selected gum solutions [J]. Food Research
International ,2005,38:111-119.

[12] HUANG X,KAKUDA Y ,CUI W. Hydrocolloid in emulsions : Particle size distribution and interfacial activity[J]. Hydrocolloids,
2001,15:533-542.

[13] BENCHABANE A ,BEKKOUR K. Rheological properties of carboxymethyl cellulose (CMC) solutions[J]. Colloid and Polymer
Science,2008,286:1173-1180.

[14]LIUW H,YU T L,LIN H L. Shear thickening behavior of dilute poly(diallyl dimethyl ammonium chloride) aqueous solutions[J].
Polymer,2007,48:4152-4165.

[15] KIONIKSEN A L,HIORTH M,NYSTROM B. Association under shear flow in aqueous solutions of pectin [J]. European
Polymer Journal,2005,41.761-770.

[16] KOOCHEKI A, TAHERIAN A R,BOSTAN A. Studies on the steady shear flow behavior and functional properties of Lepidium
perfoliatum seed gum[J]. Food Research International ,2013,50.:446-456.

[17] LEE C H,MOTURI V,LEE Y. Thixotropic property in pharmaceutical formulations [J]. Journal of Controlled Release,
2009,136:88-98.

[18] LIU J Z,WANG R K,GAO F Y,et al. Rheology and thixotropic properties of slurry fuel prepared using municipal wastewater
sludge and coal[J]. Chemical Engineering Science,2012,76:1-8.

[19] WALLEVIK J E. Rheological properties of cement paste: Thixotropic behavior and structural breakdown [J]. Cement and
Concrete Research,2009,39.14-29.

[20] ROBERTS K T,CUI S W,CHANG Y H, et al. The influence of fenugreek gum and extrusion modi?ed fenugreek gum on bread
[J]. Food Hydrocolloids,2012,26:350-358.

[21] MA J Y,LIN Y B,CHEN X L,et al. Flow behavior,thixotropy and dynamical viscoelasticity of sodium alginate aqueous
solutions[J]. Food Hydrocolloids,2014,38:119-128.

LHSEHRAZIL 2018 FE 7 HE 1




