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ABSTRACT

Flow properties of faba bean protein concentrates were studied using
Coaxial rotational viscometer to measure the effect of concentrations (9%, 12%, 15%
and 18%) and temperatures (30°, 40°, 50°, 60° and 70°C) on their rheological
parameters. The protein concentrate samples were prepared from raw seeds or from
seeds subjected to soaking-germination, autoclaving and microwaving. Results
showed that the protein concentrates followed a non-Newtonian behaviour with a
pseudoplastic nature. Heating treatments (autoclaving and microwaving) of
germinated faba bean seeds resulted in protein concentrates with high viscosity
values. The rheological parameters (K and 1) increased exponentialy with increasing
concentrations and showed reduction with increasing temperature up to 60°C. At
70°C a reversible effect has been observed, where the viscosity and constant values
has been increased consequently the change in the structure of protein molecules.
Caiculated activation energy values using the Arrhenius approach were in the range
of 5.96 to 18.65 kJ/mol. Different rheological models were employed and the model of
Herschel-Bulkley was found to be the most suitable formulation representing the
rheological behaviour of faba bean protein concentrates. Fitted equations developed
to predict the combined effect of concentration-and temperature on viscosity of the
tested samples were found to be adequate predictions, that may be used to estimate
viscosity values during
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INTRODUCTION

The formation of protein networks is an important function of proteins
in food system. Protein network formation normally requires at least some
protein denaturation and is therefore, often associated with thermel
processing (Schneider et al., 1986 and Schwenke et al., 1990). ,

Aqueous protein dispersions and their characteristics are of particular
interest. One reason is that the behaviour of protein dispersions, specially the
viscosity behaviour, gives some information concerning stability or changes of
aggregates or molecules. Another reason is the importance of viscosity
behaviour for technological purposes, e.g., mixing, pumping, piping, heating,
spray drying and others, for quality control prior to and during the
manufacturing process, as well as for the final product (Rha and Pradipasena,
1986). In addition, rheological parameters can be useful indices of structural
changes in proteins (Paulson and Tung, 1988).

Influence of protein concentration and temperature on viscosity
behaviour of faba bean protein isolate were examined (Schmidt and
Schmandke, 1987).

Schmidt et al., (1986) found that the initial measurements of apparent
viscosity of vicia faba protein isolate suspensions showed that increases in
viscosity with increasing protein concentration were non-linear. In general,
. faba _bean protein isolate exhibited plastic flow, with pseudoplastic flow
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-detectable only in  suspensions of low viscosity. Percent of plastic flow
increased with “protein concentration, temperature rise, or prolonged heating
time. . .
However, few data were recorded for the rheological behaviour of
faba bean protein concentrate, therefore, the aim of the present research is to
determine the rheological parameters (e.g. yield stress, flow behaviour index
and consistency coefficient) of treated. and untreated faba bean protein
concentrate suspensions. The suitability of the common time-independent,
rheological models, employed to fit the shear rate/shear stress data, has also
been examined. ' '

MATERIALS AND METHODS

Faba bean protein concentrates were prepared according to Baker et
al. (1979) from faba bean powder suspension as described by Khalil and
“Yousif (2002). Samples of protein concentrates were dissolved in 0.1N NaoH
solution to obtain a homogenous solutions as suggested by Muschiolik and
Schmandke (2000).

Rheological properties of faba bean - protein concentrates were
determined using a coaxial rotational viscometer (Rheotest 2, MLW
pruefgeratewerk Medingen, Germany) equipped with a temperature controlled
circulating water bath. Shear rate and shear stress data were measured for
each sample at concentrations, of 9, 12, 15 and 18% and at temperatures
rranging from 30°C to 70°C. '
" The apparent viscosity of the concentrates at shear rates of 81s™
was calculated from the experimental values af shear stress at different
concentrations and temperatures by dividing the shear stress by shear rate.
Sometimes, specially when a broad range of shear rates is encountered, it
becomes necessary to use more than one model to fit data and to know
which models the samples fit (Ofoli, 1990). Thus, there are different models
which describe the non-Newtonian behaviour of fluids (e.g..- Power-law,
Casson, and Herschel-Bulkley (HB) equatlons 1,2and 3 respectlvely) as
outlined: »

rlt A oo
1= 1:o+KHB. 7" - (3)

Where:-
= shear stress (dyne/cm?); 1, = yield stress (dyne/cm ), vy = shear
rate (s'); K = Coefficient of con3|stency (dyne. s"/cm ); K. = coefficient of
Casson viscosity (dyne. s/cm) Kus = consistency coefficient of Herschel-
Bulkley equation (dyne. s"/cm?) and n = flow behaviour index (dimensionless).
Equations 1 and 2 were employed to calculate the rheological
parameters by using the linear regression according to SAS (1996), while for
equation (3) a non-linear regression procedure was employed to estimate it
constants as described by Rao ef al. (1975).
The effect of temperature on the viscosities of the faba bean protein
concentrates was described by the Arrhenius relationship (Tang et al., 1993).
n = 1, exp (Ea/RT) 4)
-Where:
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- 7 is the viscosity (Pa. s); n, (Pa. s) is the viscosity at infinite
temperature; Ea is the activation energy of the flow (kJ/mol); R is the gas
constant (kcal/mol. K) and T is the absolute temperature (K).

Hysteresis (Thixotropic) behaviour was calculated as mentioned by
Charm (1978).

RESULTS AND DISCUSSION

Dynamic viscosity

Figs. 1 and 2 show typical examples for the relationship between
dynamic (apparent) viscosity and shear rate of protein concentrate samples
prepared from treated and untreated faba bean. The dynamic viscosity
decreased with increase in shear rate and temperature. The dynamic
viscosity of the protein concentrate showed a shear thining behaviour, as
could be seen from the sample plot (Figs. 1 and 2). It is obviously that the
dynamic viscosity of the tested samples was affected by both of shear rate
and protein concentration. A decrease in apparent viscosity values was
observed by change in the applied shear rates, particularly at low range (Figs.
1 and 2). With increasing of concentrattion, the increase in dynamic viscosity
was observed for both treated and untreated protein concentrates.

The apparent viscosity was higher in autoclaved samples than the
rest of other treatments including the untreated samples. However,at elevated
temperature (70°C) an increase in apparent viscosity of protein concentrates
has been observed (Fig. 2), which agree with the results found by Schwenke
et al. (1990) as well as Liu and Hung (1998).

Rheological model

The shear rate/shear siress data were analysed to examine the
extent of fitting by common rheological models such as Power law model,
Casson model, and Herschel-Bulkley (HB) model. The results of such
examination are included in Table (1) and could be summarized as follows:

Flow behaviour index (n) obtained by using the Power law model was
low, whereas the HB model resuits in higher and more accurate values at all
shear rates (Table 1). On the other hand, the HB model fits the data
satisfactorily over the whole experimental range. The coefficient of
determination (R?) between the shear rate and shear stress ranged from
0.8986 to 0.9981; 0.7980 to 0.9992 and 0.9420 to 0.9997 for the Power law
model, Casson model and HB model respectively. The suitability of the HB
model, in comparison to other models, in representing shear rate / shear
stress data of the protein concentrates, could be refered to the deduction of a
definite values from the shear stress data, making the rest values be more
accurate to match the applied shear rates. The deducted values represent the
initial yield stress. The accuracy of the HB model for representing shear data
of food suspensions has been reported by Bhattacharya and Bhat (1997).
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Tabie (1): Rheological parameters of faba bean concentrate suspensions obtaind by application of different flow

models. :
' Raw faba bean protein concentrate
Temp. Suspensions concentration (%)
(*C) 9 12 15 18
k | n [kyg{nusitors|Toc| K | N [Kus|PB|Toms|Toc | K | N |Kus|{Nue|Tong|Toc | K | N |kus |MH|Tons| Toc

B
30°C| 1.73 0.46 { 2.20 { 0.76 { 3.00 { 294 [ 2.05{ 053 | 3.33 1 0.81 1 412 3.11)3.19 | 0.51 | 4.58 | 0.81 | 6.51 | 488 | 4.95 | 0.54 | 8.92 [0.81]10.00] 8.11

40°C| 1.61 046 | 250]068 2451281 |1.85([052(3.05|080;355(2857238}051)3.06|0.86(6541)344 448 0.52]827]0.75/800| 7.54
50°C| 1.55 0441193 | 071|240 | 254|167 10531294 |078]13.141268)204(052(285)|085]450]297|443]048 6.58 070 7.20| 7.84
60°C{ 1.27 }1049)222)071)|210|2221.51|055|263]|084|3.00|246|166(0.55)3.02(081(342|257]381(045]|522])070/600]| 6.44
*70°C 1.06 0.52{18210791200(182] 167053 3.09)078)3.10]273 180|057 |4.180.77|3.30[3.02 ( 4.04 [ 045|523 [0.71] 660 6.71

Soaked-germinated faba bean protein concentrate
30°C] 8.4 T0.44 T11.05] 072 [17.00[15.04]19.65] 0.44 [16.94] 0.62 [16.50]23.08[144.18] 0.28 [95.92] 0.37 [53.00[156.5[341 57] 0.35 [341.57[0.35] 0.00 | 450.85

40°C | 8.24 | 042 | 8.14 { 0.72 }15.00}13.61)18.96| 0.41 )16.64 0.60 | 16.50|22.51|113.62] 0.31 |102.67| 0.33 | 13.30[136.66(297.98] 0.36 [297.98(0.36] 0.00 | 400.85
50°C | 7.44 { 0.40 | 6.76 | 0.71-{ 13.22(12.04]18.61 0.38 |14.99| 0.57 116.00)22.53)99.81| 0.33 |99.81| 0.33 | 0.00 {121.62[226.63] 0.41 [226.63(0.41| 0.00 | 291.06
60°C | 6.85 | 0.37 | 5.67 | 0.68 [11.20(11.06(17.47 | 0.37 {13.89| 0,587 |16.00|21.081108.88] 0.34 |108.68{ 0.34 | 0.00 [134.49{236.80| 0.41 |236.80|0.41| 0.00 | 303.10
70°C | 6.65 | 0.36 | 8.01 | 0.64 | 10.00]11.00{18.50{ 0.35 [14.67| 0.53 [15.0022.76 |115.36( 0.34 [115.36] 0.34 | 0.00 [136.09{253.94] 0.40 (253.84/0.40| 0.00 | 360.81
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Fig.(1): Dynamic viscosity at different shear rates of faba bean
protein concentrate suspensions prepared from:raw faba
bean (A) and soaked and germinated faba bean (B).
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Fig.(2): Dynamic viscosity at different shear rates of protein
concentrate suspensions prepared fromzautoclaved faba bean
(A), microwaved faba bean for 3 min.(B) and 6 min. (C).
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Yield stress (‘I:o) .

With increase in concentration, the vyield stress of protein
concentrates was markedly higher (Table 1), suggesting that the concentrated
- samples offer more resistance when the flow is initiated. The yield stress
values of the specimens calculated by usmg a Casson model (equ. 2) ranged
between 1.82 and 513.16 dyne/cm for 9% and 18% concentrations,
respectively indicating that the calculated values are much higher than the
ones obtained from HB model (0 to 341.57 dyne/cm) It's recommended,
therefore that the Casson model should not be used to calculate the yield
stress of protein concentrates. For autoclaved faba bean protein
concentrates, there were no yield stress values observed by using HB model
and the same trend was noticed for microwaved (3 and 6 min.) samples
specially at 15 and 18% concentrations.

Flow behaviour and consistency index

The untreated and treated faba bean protein concentrates exhibit a
distinctly pseudoplastic behaviour, as reflected by the flow behaviour index
(Table 1) which has values lower than 0.57 and for those calculated according
to the Power law model the n-values ranged -between 0.31 and 0.57.
According to the HB model, the n-values layed between 0.32 and 0.84 which
were higher than those calculated from Power law miadel.

It is worth mentioning that the magnitude of the flow behaviour index
_depends on the model employed; e.g., the HB modet ylelds higher values
~than the Power law model. This is due to the existence of a yield stress term

in the HB model, so that the HB model predicts a Iesser pseudoplastlc nature

of the suspensions.

. The consistency coefﬁcnent (k) obtained accordmg to Power Iaw
model was in the range of 1.06 to 780.37 dyne. s"em? for faba bean protein
concentrate samples (Table 1). The same observation was notified for HB
model. The k-values were more sensitive to" solid concentration, and an
increase" in -solid level markedly .increases the consistency values. The k-
values were the highest in autoclaved faba bean protein concentrates of 18%
which recorded- 780.37 dyne. s"em? compared ‘with other treated or
untreated samples.

Activation energy: .

Table (2) represents the values of activation energy (Ea) calculated
according to Arrhenius equation (equ. 4). Results showed that the effect of
temperature on the viscosity data of faba bean protein concentrates could be
divided into two different phenomena according to thé concentrations: At
medium concentration (9% and 12%) the Ea-values of the concentrate
samples prepared from treated. faba beans were higher than those of raw
untreated - beans, which reflect the effect of the treatments on the
conformation and structure of protein molecules. .
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Table (2); Arrnsniua-upc pnmmclcrﬁ relating the cfiect of tmperature

on apparent viscosity of faba bean protein concentrates.

Treatment Raw (control) Soaking- Autoclaving Microwaving
Parameters ' Gemmination 3 min. 6 min.
Concentration of faba bean protein concentrate
9%
flo 152x102 1.07x10° 6.0x10° 663x10° 551x10°
Ea - 5.96 16.65 14.07 12.14 13.39
R? 10.9998 0.9965 0.9981 0.9979 0.9182
12%
flo 1 9.17x10° 658x10° 255x10? 586x10° 6.17x10°
Ea _ 8.36 13.98 12.77 15.45 16.14
R? 0.9937 0.9958 0.9769 0.9144 0.9405
15%
o 6.79x10* 4.05x10" 219x10" 1.45x10" 1.95x10"
‘Ea 15.77 6.78 10.35 11.52 10.90
R? 0.9626 0.9839 0.8325 0.9868 0.8437
18%
o 405x10* 957x10" 270x10" 4.87x10" 4.80x10"
Ea 18.65 7.46 12.81 9.20 11.07
R? 0.9941 0.9995 0.9976 0.9576 0.9013

On other side, an opposite behaviour has been observed with
samples containing higher protein concentration (15% and 18%), where the.
Ea-values of the concentrates prepared from raw untreated faba beans were
higher than those prepared from the treated beans..The reason for such
change in behaviour could be refered, as described by Tang et al. (1993), to
the interference between the protein molecules at such high concentration, so
that extension and mobility of the molecules becomes more restricted than in
the suspensions with moderate concentrations.

Values of the activation energy (Ea) ranged between 5.96 and 18.65
KJ/mol for the diﬁerent tested samples of protein concentrates. The Ea-
values obtained in the present work agree with those of Ibarz and Sintes
(1989), as well as Tang et al. {1993).

no-values in equation (4) are constants expressmg the rate of
collosion between the molecules and, in tum, the apparent viscosity (n,) at an
infinite high temperature Mo increases with increasing concentration, e.g.,
being 5.5 x 10° and 4.8 x 10™' Pa.s for 9% and 18% microwaved (6 min) faba
bean protein concentrates respectively. As seen from Table (2), the higher the
ne-values, the lower are the corresponding values of.Ea, which reflect the
dependence of the activation energy needed to reduce the viscosity of a
specimen on the intensity of collosion between the molecules.

Combined effect of concentration and temperature

Calculated parameters for the combined effect of concentration and
temperature on viscosity of faba bean protein concentrates were as follows:
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Raw protein concentrate: n =-0.0378 + 0.0417 C-0.0055T

Soaked-germinated protein concentrate: n =-15.2846+1.7650C-0.0599T

Soaked-germinated and autoclaved

protein concentrate: 1= -30.9809+3.9142C-0.2060T
. Soaked-germinated and microwaved

3min.) protein concentrate: _

(SoakeZif’genninated and microwaved n=-14.1285+1.9556C-0.1052T

(6 min.) protein concentrate: n=-29.3151+3.6698C-0.1836T

The coefficient of determination for this combined relationship was
adequate, since the RZvalues were in the range of 0.8132 to 0. 9264 These
results agree with those reported by Ibarz and Sintes (1989) where R% values
of the determination were in the range of 0.70.

Hysteresis phenomenon

Hysteresis expressed the difference in the shear stress values
between the ascending and descending shear data of the samples of faba
bean protein concentrates. Hysteresis values of faba bean protein
concentrates were found to increase by increasing concentration and to
decrease by increased temperature. For example, a 9% concentration of
autoclaved faba bean protein concentrate showed a hysteresus value of 26.39
dyne/cm® at 30°C compared with 710.04 dyne/cm? for the 18% of
corresponding sample. On other side, a 15% concentration pretreated by
mlcrowavmg (6 min.) showed hysteresis values of 759.51 and 139.68
dyne/lcm? at 30° and 70°C respectively, which agree with the results
~ presented by Puppo and Anon (1999).
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