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Abstract

Objective: The objective of this research study was to evaluate cassava bran and xanthan gum effect on rheological proper-
ties of doughs for fiber rich pasta. Methods/Analysis: Pastas with 10, 20 and 30% bran additions and xanthan gumin 0.5, 1
and 1.5% concentrations were prepared. Rheological characterization of doughs was carried out through dynamic oscilla-
tory tests with frequency and time sweeps. Also, a sensory evaluation of cooked pasta was carried out evaluating firmness,
elasticity, color, taste and overall impression, through a hedonic test of product acceptance. Findings: In viscoelastic char-
acterization, elastic modulus prevailed over the viscous one and increase in amounts of bran and gum caused an increasing
trend in the modules. Sensory acceptance decreased with bran increase in the pasta; however, gum addition improved its
evaluation. Novelty: This work showed that a product rich in fiber and with good sensory acceptance can be obtained
with use of an agroindustrial waste such as cassava bran and able to strengthen the cassava productive chain nationwide.
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1. Introduction

Industrial use of cassava is done through starch pro-
duction. During the process, solid and liquid waste are
generated, within which, bran is generated in the great-
est quantity (1507 kg bran on a wet basis are generated
for each ton of processed cassava). Cassava bran has 85%
humidity that makes it difficult to store and transport,
turning it into a focus of environmental contamination
if not managed properly. However, due to its high fiber
content, it can be used to be reincorporated into the pro-
duction cycle!, being able to generate added value to food

products. Foods rich in dietary fiber can contribute to
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prevention of important disorders of the large intestine,
such as constipation, diverticulitis and colon cancer?.
Addition of dietary fiber in foods can be made through
total or partial replacement of one of its constituents with
another one rich in fiber that can improve its nutritional
value. Studies have been reported aimed at incorporating
fiber in foods such as breads, pasta, beverages and cereals,
among others*>.

Pasta is considered a healthy food relatively low in fat,
high in carbohydrates and protein. In recent years, vari-
ous ingredients have been used in pasta production to
improve nutritional profile or confer functional proper-

ties; however, amount of raw material that can be used as
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a substitute for wheat semolina represents a compromise
between nutritional improvement and satisfaction of sen-
sory properties of pasta®.

Generally, rheological properties of pastas depend
on protein amount and gluten viscoelasticity. To replace
gluten and improve final product quality, various materi-
als have been used; hydrocolloids?, among these, thanks
to their water binding capacity that helps control dough
rheology®. Dough rheological study helps to understand
effects of non-traditional ingredients on its flow proper-
ties during extrusion®.

The objective of this study was to study rheologi-
cal behavior of dough for fiber-rich pasta with partial
substitution of wheat semolina by cassava bran and sup-
plemented with xanthan gum (GX), to obtain a product
with greater nutritional value and good sensory accep-
tance

2. Methodology

2.1 Raw Material and Conditioning

Bran used was obtained from cassava starch production
variety M-Thai, supplied by Almidones de Sucre S.A.S
company from the city of Sincelejo-Colombia. Wheat
semolina and XG were supplied by Harinera Pardo S.A
company and Bell Chem International S.A company
respectively.

Cassava bran was conditioned by pressing at 10PSI
and then drying in a tray dryer at 55 ° C air temperature
for 24 hours until reaching a 11g / 100g final humidity.
Finally, it was subject to a grinding and sieving process up
to completely pass through a 40 mesh'®.

2.2 Process of Making Pasta

For pasta preparation, the cassava bran and wheat semo-
lina were mixed with 1% (flour base) salt for 5 min. XG was
dissolved in water with a paddle stirrer until an even dis-
tribution'’. Then, mixing and kneading ingredients were
carried out for 10 minutes in a pasta extruder machine. A
Fettucine type pasta with a 4mm diameter was the result.

Finally, they were dried at 70 ° C in a conventional oven
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until a final humidity between 10 and 11.5%.

2.3 Statistical Analysis

A 3x3 factorial experimental design was carried out with
a substitution of wheat semolina for 10, 20 and 30% cas-
sava bran and adding Xanthan Gum (XG) at 0.5, 1 and
1.5% concentrations respectively, for a total of nine treat-
ments. Data were analyzed by means of the statistical
package R 3.2.1 free version. An Analysis Of Variance
(ANOVA) was performed (p<0.05) and Tukey test was
used to compare means. Tests were carried out in triplicate
and the mean was estimated with its respective standard

deviation.

2.4 Rheological Properties of Doughs

Rheological study of doughs was carried out by dynamic
oscillatory tests to the dough by using a Modular
Rheometer MCR 302, connected to the Anton Paar
RheoCompass 1.12 software. Geometry of parallel plates
with a 25mm diameter placed at Imm among them was
used. The sample was loaded in the rheometer and a 15
min rest period was given. Measurements were made
in the Linear Viscoelastic Region (LVR), determined by
sweeping amplitude in a deformation range between 0.01-
100% and 1.0 Hz frequency. Viscoelastic characterization
was performed by varying the frequency (0.01-10Hz) to
determine storage modulus (G’) (elastic property) and
loss modulus (G”) (viscous property). They were fitted to
a power law model (Eq. 1 and 2) where K, K, n’, n” are
constants and w is the angular frequency. Later delta tan-
gent, tan (8) was determined (Eq. 3). Also, a time sweep at
1.0 Hz was performed for 30 min to define stability of vis-

coelastic properties of doughs at low deformation rates™.

Gr — -H-r{’_m}ur (1)
6" = K"(w)" @
Tan(&) = —

Indian Journal of Science and Technology



Andrea C. Acosta, Elvis J. Herndndez and Armando Alvis

2.5 Sensory Evaluation

A sensory evaluation of pasta formulations made by an
acceptance test was carried out using a 9-point mixed
structured hedonic scale (1- I extremely dislike it, 9- I
extremely like it) (Mirhosseini et al., 2015), evaluating
attributes such as: Texture (firmness and elasticity), color,
taste and product overall impression, evaluated by a
50-habitual consumer panel of pasta tasters. The product
was randomly located and was coded with a three-digit
number. The most widely accepted pasta was sensory val-
ued with a traditional commercial fettuccine type pasta.
All treatments were cooked until reaching the “pasta
al dente” state, that is, total cooking up to the pasta inte-
rior and then to cooling with immersion in water at 25 °
C. They were subject to heat conditions by circulating air
for 10 min before being served to the tasters without add-

ing additives'>%,

» 1

Table 1. Rheological parameters K’y K

2.6 Physico-chemical Characterization

Humidity content, ashes, proteins, total carbohydrates,
total fiber (soluble and insoluble) and fat were determined
to the elaborated pasta that obtained greater senso-
rial acceptance according to the AOAC official norms.
(2012).

3. Results and Discussion

3.1 Rheological Properties of Doughs

Viscoelastic behavior of doughs as a function of fre-
quency is shown in Figure 1. The storage modulus (G’)
of the different treatments was greater than the loss
modulus (G”). Indeed, elastic properties predominated
compared to viscose ones, thus, doughs can be defined
as a consistent elastic gel**. This behavior occurs in highly

of the Power Law model of cassava bran pasta and

supplemented with XG
Amount of bran (%)
10 20 30
GX (%)
K
0,5 54832,84+6051,21¢ 166914,7+2886,57A 168597,48+19530,27%4
1 111503,85+10649,09*¢ 163587,12+5916,61%8 187771,52+3747,42%4
1,5 87573,27+2879,988 210104,47+21679,12*4 205842,62+5430,73%4
K
0,5 25259,89+2626,098 69750,79+625,84%4 59515,41+20805,77%*
1 48854,74+2846,32°8 68896,61+3826,83b4 76215,09+7165,65%4
1,5 40482,57+2097,278 97411,34+10794,67°4 85532,72+2771,5*

Means with different letters in columns (lowercase) and rows (uppercase) indicate a statistically significant

difference according to Turkey test (p <0.05)
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Figure 1. Viscoelastic dough behavior as a function of frequency for cassava bran pasta in (a) 10%, (b) 20% and (c) 30%

additions and supplemented with xanthan gum (GX) in: (l, 0) 0.5%, (@, ©) 1% and (A, A) 1.5% concentrations (Black symbols

(G); White symbols (G”).

structured materials®, typical of products with gluten
presence, allowing networks creation in the matrix and
optimal formation of the mixture'®. Comparable results
were observed in pasta made with corn®, wheat flour’¢,
and rice', where values of G’ 5 to 10 times greater than
those of G” were found, and as the frequency increased,
the G” module decreased, showing a system that acted
more elastically!. Furthermore, an increase was observed
in both modules with the angular frequency, similar
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behavior was observed in chestnut flour doughs added
with hydrocolloids*.

An increasing trend was also observed in the value
of modules with the increase in amount of added bran,
showing a greater viscoelastic character, possibly due to
a stronger structure as indicated by the increase in visco-
elastic constants'®. This behavior may be associated to the
use of raw materials rich in fiber, generating more solid
doughs due to effect of fiber on the waterabsorption®.
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Table 2. Rheological parameters n' 'and Tan (§) of the Power Law model of cassava bran pasta and

supplemented with XG
Amount of bran (%)
10 20 30
GX (%)
n’
0,5 0,179+0,00%* 0,148+0,008 0,135+0,01°8
1 0,175+0,00%* 0,159+0,00248 0,145+0,008
1,5 0,182+0,01%* 0,161+0,008 0,138+0,01%¢
Tan (5)
0,5 0,437+0,00%* 0,397+0,00°® 0,397+0,01°8
1 0,446+0,03** 0,393+0,01b48 0,381+0,038
1,5 0,439+0,01* 0,449+0,012* 0,401+0,008

Means with different letters in columns (lowercase) and rows (uppercase) indicate a statistically significant difference

according to Turkey test (p <0.05)

Correspondingly, increase in XG concentration increased
the value of modules. This is possibly associated with the
ability of hydrocolloids to mimic viscoelastic properties
of gluten present in the semolina®, so that increasing the
percentage of these compounds in the dough produces
a stronger material. A similar behavior was reported in
flour doughs from hydrothermally treated glutinous rice
added with XG, indicating the formation of stronger gels,
thanks to the thickening effect of GX in fluids®. Likewise,
an increase in the elastic modulus in gluten doughs was
reported with the increase in the amount of Arabic gum
and pectin’s.

The viscoelastic estimated parameters for the power
law model (K, n’ y K”) of cassava bran and XG pasta had
significant differences (p<0.05), except for parameter
n’, as shown in Tables 1,2. It is observed that increasing
bran amount in doughs results in the highest values of
Ky K” in any of the concentrations evaluated for XG.
Comparable results were found in doughs from chestnut
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flour supplemented with XG in 0.5 to 2%" concentra-
tions.

Increase in XG concentration produced an increase in
consistency coeflicients K and K’ , coinciding with the
increase in the values of both modules, probably asso-
ciated with a better interaction between components of
doughs thanks to the stabilizing and thickener action of
the gums. Results found by suggest that hydrocolloids
are interfering with gluten bonds formation, affecting the
elastic and viscous modules to a different extent; consid-
ering that glutenins, a gluten protein fraction, have been
associated with elastic behavior and gliadins that confer
viscosity. These proteins allow a good network connection
of the matrix and the formation of an optimal dough?.. A
similar behavior was reported by'2¢ in gluten-free doughs
added with Hydrocolloid.

Considering that values of n’ y n” obtained were low,
but different from zero, it is possible to define rheologi-
cal behavior of doughs as weak gels. Although interaction
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of study factors was not significant for n”, each factor
was significant, and its values are different from zero.
Comparable results were reported by? for gluten-free
doughs prepared from rice and added with dietary fibers.
On the other hand, no significant differences were found
when increasing the XG amount for each dough made
with different amounts of bran. Comparable results were
observed in gluten-free doughs based on rice, showing
that the addition of b-glucan had no significant effect®.
Figure 2 shows the behavior of the Tan (8) of the
doughs made with cassava bran and XG. This parameter
allows to relate the viscous module (G”) with the elastic
modulus (G’), evaluated according to frequency. Since,
the G” module was greater than the G” module, values
of Tan (8) were less than 1, confirming the behavior as
a viscoelastic gel of the formulated doughs, given by the
proteins present in the semolina and joined together by
disulfide bridges, hydrogen and hydrophobic bonds to
form a matrix*. Comparable results were found in doughs
for gluten-free pastas based on rice?2. Lower values of Tan
(8) indicate a material behavior with predominance of the
elastic component over the viscous one. Furthermore, it
was found that this parameter is dependent on frequency,
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Figure 2. Behavior of Tan (8) of doughs with 10, 20 and
30% cassava bran and xanthan gum (XG) in 0.5, 1 and 1.5%
concentrations.
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detailing a tan (8) general trend to decrease at low fre-
quencies (<1.0 Hz), and then increase as oscillation
speeds increase (> 1.0 Hz).

Regarding loss tangent, significant differences were
reported (p<0.05) and values obtained were less than 1.
Tan (8) value tends to decrease as the amount of bran
added to doughs increases with XG in any of the con-
centrations evaluated. It was found that doughs prepared
with greater bran content showed the highest values in the
modules, indicating more rigid structures and affected by
the addition of fiber present in the bran. This causes loss
of integrity of the gluten network and affects its structure**
point out that replacing wheat flour with fibrous materials
has a significant effect on rheological behavior of doughs.

On the other hand, it was observed that Tan (J)
showed the highest values when using XG at 1.5% con-
centration, indicating that the greater amount of added
gum, the increase in gel strength is favored, possibly since
gums improve the relation among the starch granules'®.
Typical of GX solutions is the increase in elastic proper-
ties and predominance of the elastic modulus that gives
it the weak gel characteristic'®. Research conducted by"’
point out that type and quantity of hydrocolloid added to
doughs have a major influence on tangent values, which is
associated to the molecular structure and polysaccharide
chain conformation that determine intermolecular physi-
cal associations of the polymer chains.

Behavior of the elastic and viscous modules as a func-
tion of time is shown in Figure 3, which helps to show
the stability of viscoelastic properties of doughs. In all
cases, the elastic modulus predominates over the viscose
one, reiterating the elastic forces of doughs. Furthermore,
it can be observed that modules of doughs with greater
amount of bran are more affected by time.

Increase in XG concentration in doughs caused an
increase in its rigidity throughout the measurement,
which can be observed by the high and constant G’ values.
Comparable results were observed in plasticized resins
of zein and kafirin, causing increase in firmness over
time®. However, results observed by*** in zein starch
dough supplemented with hydroxypropylmethylcellulose
(HPMC) and oat bran with b-glucan show a decrease in
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Figure 3. Viscoelastic dough behavior as a function of time for cassava bran pasta in (a) 10%, (b) 20% and (c) 30% additions

and supplemented with xanthan gum (GX) in (H, O0) 0.5%, (@, ©) 1% and (A, A) 1.5% concentrations. (Black symbols (G’);

White symbols (G”)).

firmness by adding these hydrocolloids with respect to
the control without hydrocolloids.

3.2 Sensory Evaluation

Acceptance level of pasta made with cassava bran and
supplemented with XG was evaluated by fifty habitual
tasters of pasta, considering attributes such as texture
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(firmness and elasticity), color, taste and overall prod-
uct impression, showing significant statistical differences
(p<0.05) for all evaluated attributes. Table 3 shows results
obtained, highlighting the pasta formulated with 10%
bran and 0.5% XG in terms of attributes of firmness,
elasticity, taste and product overall impression. Pastas
formulated with 20% bran and 1.5% XG in attributes of
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Table 3. Average results of the acceptance test of pastas made with XG

Amount of bran Amount of GX (%) Firmness Elasticity Color Flavor Geneljal
(%) Sensation
0,5 6,02° 5,60° 5,28b 5,30° 5,88
10 1 5,402b¢ 5,18%®¢ 4,58 4,90% 5,32b<d
1,5 4,60¢ 5,42 6,58° 5,06* 5,86
0,5 5,06 4,82:0¢ 5,28b 5,30° 4,46¢
20 1 5,34%b¢ 4,980¢ 5,50° 5,30° 6,30°
1,5 5,442b¢ 5,16%¢ 6,70* 5,28° 6,36°
0,5 5,02b¢ 4,52¢ 4,024 3,82¢ 4,82¢de
30 1 5,30%¢ 4,64 4,06% 4,10 5,38b¢
1,5 5,50 4,880¢ 3,44¢ 4,92 4,50%

Means with different letters in columns indicate a statistically significant difference (p<0.05)

color, flavor and overall impression were also outstanding
and obtained good results in the textural parameters of
firmness and elasticity.

As for the sensory attributes of firmness and elasticity
perceived by tasters, these were found among the hedonic
terms “I slightly dislike it “ and “I slightly like it . As for
the elasticity, pastas made with 30% bran showed a lower
valuation compared to the others. This can be associated
with the greater amount of bran that affects this property.

Regarding color, it was found that tasters valued pasta
between the hedonic terms “I mildly dislike it” and “I like
it moderately”, highlighting that pastas made with 30%
bran presented the least consumer acceptance, given their
darker coloration due to the greater addition of bran in
its formulation, causing a change in the tonality of pastas.
Comparable results were found in the sensorial evalua-
tion of pasta with inclusion of soybean meal and channa”.

On the other hand, the taste attribute evaluated by the

tasters was found between the hedonic terms “I slightly
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dislike “ and “Indifferent”. Regarding the overall impres-
sion of the product, the tasters placed it between the
hedonic terms “Indifferent” and “I like it slightly”. This
attribute is possibly affected by the presence of fiber frag-
ments in the pasta as the quantity of added bran increases,
so that the pasta with 30% bran obtained a lower value.
Differently, studies conducted by*® report that the global
impression of pasta is favored by the increase in the
amount of gums such as Xanthan and carob.
Considering the results obtained in the acceptance of
pasta, the pasta made with 20% bran and 1.5% XG was
selected for its subsequent sensory evaluation with a com-
mercial one. Results are shown in Table 4. The commercial
pasta showed the greatest acceptance in the parameters
evaluated by the consumers, being found in the hedonic
term “T slightly like it . However, consumers did not per-
ceive statistical differences (p>0.05) among samples in
terms of their color despite addition of bran in the for-

mulation, which results in darker pastas; nonetheless, in
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Table 4. Average results of the acceptance test of the selected pasta and a commercial one
. . . General
Pasta Firmness Elasticity Color Flavor .
Sensation
20% Brany b b . b b
1.5% GX 5,38 5,06 5,56 4,12 5,10
Commercial 6,30* 6,28° 6,18° 5,98* 6,22%

Means with different letters in columns indicate a statistically significant difference (p<0.05)

those made with 30% bran, this trend is highlighted even
more.

In terms of firmness and overall impression, compa-
rable results were reported by? in pastas with addition of
carob bean fiber, where the higher the inclusion of fiber,
the lower the valuation for these attributes, receiving the
highest of control pasta acceptance. Low elasticity and
firmness of the processed pasta with respect to the com-
mercial one can be associated to the interruption of fiber
with the formation of gluten network in the pasta mass%,
especially affecting the evaluated texture attributes.

Regarding the color attribute, this was negatively
affected by the inclusion of bran in the formulation of
the pasta. Comparable results were reported in pasta with
bran addition®.

3.3 Physicochemical Characterization of the
Best Food Pasta

The physicochemical characteristics of the best pasta.
Fiber content found shows the increase in this nutrient
thanks to the addition of cassava bran in the formulation
with respect to the fiber found in pasta made from 100%
wheat semolina (0.42% fiber). Similar observations were
found in pasta made from pregelatinized maize flour,
corn flour and yellow pepper flour, where it was observed
that fiber content was higher than the control (100% corn
flour), which they attributed to the higher content of this
nutrient in vegetables with respect to cereals?; neverthe-
less, their values in terms of total, soluble and insoluble
fiber are lower than those reported in the present study*?

found an increase in protein and fiber content in pastas
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with addition legume meal. Specifically, an increase in
fiber content in a range from 77% to 275% was observed
compared to wheat pasta (0.92% total fiber). Alternatively,
results found differ from those reported for gluten-free
pasta with amaranth, with the fiber being less (5.49%),
but the protein at a higher level (12.8%), these differences
are related to nutritional composition of amaranth rich
in protein and lower in fiber compared to cassava bran.
established by the
European Commission 2006 for foods with fiber, pasta

Considering the standards
made with partial substitution of wheat semolina by
cassava bran and supplemented with XG, it could be
considered close to a “Fiber source” food. However, it
should be noted that pasta was made only with the ingre-
dients mentioned and addition of others such as egg, oil
and dehydrated vegetables could further improve their
nutritional characteristics, which are a function of the

proximal composition of the ingredients used.

4. Conclusions

Viscoelastic behavior of dough showed that elastic prop-
erties prevailed over the viscous ones, therefore, values of
Tan (8) were less than 1 and doughs can be defined as an
elastic gel. Increase in amount of bran caused an increase
in modules and the increase in the amount of added gums
allowed to obtain a stronger and more elastic dough.
Sensory acceptance test revealed that tasters found sig-
nificant differences in the evaluated attributes, finding the
highest acceptance in the pasta made with 20% cassava
bran and 1.5% XG.
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On the other hand, the acceptance of the commercial
pulp was higher compared to the pulp elaborated in all
the attributes evaluated, except for the color that did not
show significant differences. Physicochemical character-
ization of the best pasta showed that addition of cassava
bran in its formulation favored fiber content.
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