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ABSTRACT 

In this work the influence of the soluble fiber content, such as inulin, on both the sensory quality of dry spaghetti based 
on maize and on the dough rheological properties were evaluated. The inulin was added to the dough up to an amount 
of 20%. Results showed that the samples with inulin at 5% and 7.5% showed the higher values of elongation and shear 
viscosity with respect to the other samples, therefore a higher firmness. Regarding the sensorial analysis, all dry sam- 
ples had a positive score of overall quality; in particular, the sample with 5% of inulin showed the highest score because 
of the highest resistance to break value. Moreover, the overall quality of the cooked spaghetti samples decreased with 
the increase of the amount of inulin. In fact, firmness, color and taste attributes decreased with the increase of the inulin 
amount influencing negatively the overall quality of the spaghetti samples. 
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1. Introduction 

Pasta product, largely consumed all over the world is 
traditionally manufactured from durum wheat semolina, 
known to be the best raw material suitable for pasta pro- 
duction [1]. However grains different from durum wheat 
have been used (as partial or total substitutes) in produc- 
tion of particular kinds of “pasta” with healthy charac- 
teristics or directed to specific targets, such as people 
following a celiac diet [2]. The reaction to gluten inges- 
tion by sufferers of celiac disease is inflammation of the 
small intestine leading to the poor absorption of several 
important nutrients including iron, folic acid, calcium 
and fat soluble vitamins [3]. A strict gluten-free diet is 
currently the only treatment for celiac disease and re- 
quires the complete removal of all wheat, rye and barley 
products. On the other hand, diets that contain moderate 
quantities of cereal grains, fruits and vegetables are likely 
to provide sufficient fiber. Due to the fact that gluten-free 
products generally are not enriched/fortified, and are 
frequently made from refined flour or starch, they may 
not contain the same levels of nutrients as the gluten 
containing counterparts they are intended to replace. 
Therefore, uncertainty still exists as to whether celiac 
patients living on a gluten-free diet are ensured a nutria- 
tionally balanced diet. Grehn et al. [4] screened the in- 
take of nutrients and foods of 49 adults diagnosed with  

celiac disease and following a gluten-free diet. They 
were found to have a lower intake of fiber when com- 
pared to a control group of people on a normal diet. 
Similarly, Lohiniemi et al. [5] found that the average 
fiber consumption amongst celiac in Sweden was lower 
than recommended. Moreover, the relationship between 
food and health has an increasing impact on food innova- 
tion due to the popularity of the concept of functional 
food. The practice of using nutrition knowledge at food 
product level to improve the health of the consumer 
forms the general concept of functional foods. In recent 
years, dietary fiber has received increasing attention from 
researchers and industry due to the likely beneficial ef- 
fects on the reduction of coronary heart-related diseases, 
diabetes incidence and gut neoplasia [6]. 

The enrichment of gluten-free products with dietary 
fibers has, therefore, been a topic of research for various 
teams of technologists [7]. One of these ingredients used 
by the food industry is inulin, a non-digestible fructo- 
oligosaccharide [8] that is classed as a dietary fiber. It 
also acts as a prebiotic by stimulating the growth of 
‘healthy’ bacteria in the colon [9]. Chemically, inulin- 
type fructans are a linear polydisperse carbohydrate ma- 
terial consisting mainly of D-fructose joined by β-(2/1) 
linkages [10]. The last fructose may be linked with a 
glucose by an α-(1/2) bond as in sucrose. Native inulin 
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was found to be a semi-crystalline material, which was 
present in the glassy state at 25˚C and water activity lower 
than 0.75 [11]. It is feasible to incorporate dietary fiber 
ingredients into pasta that may increase its nutriational 
value to the consumer compared to conventional pasta. 
Adding inulin to pasta may be a suitable strategy, since it 
would represent a minimal change in the diet of popula- 
tion and it could be maintained for a long period. In this 
context, pasta has already been administered as vehicle 
for testing other substances, such as soy proteins [12]. 

Among gluten-free flours, maize flour, derived from 
grounded and desiccated seed of the maize plant (also 
commonly called corn in many English countries) Zea 
mays, is the second most produced and consumed flour 
after wheat flour, competing with rice flour. Maize con- 
tains 7 - 13 g/100 g proteins, is uniquely rich in dietary 
fibre, vitamin B6, magnesium and it has very low fat 
content [13]. On the other hand, in order to obtain good 
quality pasta from alternative materials it is often neces- 
sary to modify the traditional production process [14]. In 
fact, when maize is the only material used in pasta pro- 
duction, it requires some starch gelatinization to act as a 
binder, since maize protein lacks the functionality of 
wheat gluten in making a cohesive dough structure. 
Pre-gelatinization can help to improve functional proper- 
ties and give body and texture to the product. In the lit- 
erature, it has also been reported that substances that 
swell in water could replace gluten in the dough [15]. 
Therefore, balanced formulations and adequate techno- 
logical production processes have to be adopted to coun- 
teract any changes in the rheological properties caused by 
the incorporation of these new ingredients [16]. There- 
fore, the amount of non-conventional flours (quinoa, ama- 
ranth, oat, soybean, maize, etc.) that can be added to or 
substituted for semolina represents a compromise be-
tween nutritional improvement of the pasta and achieve- 
ment of satisfactory sensory properties [16]. 

The present work is focused on the manufacturing of 
spaghetti based on maize flour added with inulin up to an 
amount of 20%. The influence of the content of soluble 
fiber on both the rheological properties of the dough and 
the sensory characteristics of dry spaghetti were evalu- 
ated. Moreover, the pre-gelatinization process was made 
by means of injection of saturated steam to improve the 
spaghetti texture. 

Results of this study could provide the industry useful 
information about potential utilizing of different ingre- 
dient, i.e. maize flour and inulin, in food formulations 
and product development for new functional foods. 

2. Materials and Methods 

2.1. Spaghetti Preparation 

Maize flour was bought from Bongiovanni mill (Mon- 

dovì, Cuneo, Italy). To prepare the dough samples, maize 
flour, inulin (Beneo Orafit, Belgium) and water were 
mixed, then monoglyceride (Natural World s.r.l., Ra- 
venna, Italy) was added in an amount equal to 0.5%. A 
steam cooker (LT50 2E Namad, Rome, Italy) was used to 
prepare the dough with the following process conditions: 
kneading with 30% of water for 20 min, injection of 
saturated steam at temperature of 110˚C and at pressure 
of 4.5 bar for 10 min, cooling of the dough to about 40˚C, 
further addition of water, injection of saturated steam for 
12 min and then cooling of the dough to about 40˚C. The 
dough based on maize flour (100%) was manufactured 
and then used as a reference sample (CTRL). 

The percentage weight fraction of raw materials used 
to prepare the spaghetti samples is reported in Table 1. 
Dry spaghetti samples were produced from a pilot plant 
made of an extruder (60 VR, Namad, Rome, Italy) and a 
dryer (SG600, Namad). The process conditions applied 
were listed in Table 2. 

2.2. Dough Rheological Properties 

Elongation and shear viscosity of each dough sample 
were investigated by means of a Rosand capillary rheo- 
meter (Malvern Instruments, Malvern, Worcester, UK) 
with twin cylinders. Two different length dies with the 
same diameter (1 mm) were selected to measure the entry 
pressure losses. The length of left die was of 10 mm and 
the pressure was of 10 psi. Whereas, the length of right 
die was of 0.25 mm and the pressure was of 150 psi. The 
experiments were carried out at a temperature of 30˚C 
and at shear rate between 10 - 2000 s–1. The rheological 
behaviour is studied using the following power law 
model that satisfactory fitted the experimental data: 
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Table 1. Formulations used in the preparation of spaghetti 
samples. 

Samples Mais (%) Inulin (%) 

1 95 5 

2 92.5 7.5 

3 90 10 

4 87.5 12.5 

5 85 15 

6 80 20 

CTRL 100 - 
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Table 2. Process conditions used to manufacture the dry spaghetti. 

Samples 
Watera 

(%) 
Iniection vapor 

time (min) 
Drying temperature  

I step (˚C) 
Drying time 
I step (min)

Drying temperature 
II step (˚C) 

Drying time 
II step (min)

Drying temperature  
III step (˚C) 

Drying time 
III step (min)

1 38 16 50 60 80 300 70 40 

2 37 16 50 60 80 300 70 40 

3 36 16 50 60 80 300 70 40 

4 40 16 50 60 80 300 70 40 

5 34 16 50 60 80 300 70 40 

6 34 16 50 60 80 300 70 40 

CTRL 40 16 50 60 80 300 70 40 

a % w/w flour basis. 

 
Where τs and τe are the shear stress [Pa] and extensional 
stress [kPa], K and L are the consistency indices [Pa·sn 

and kPa·sn, respectively], the 
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shear and extension rate [1/s], and n and m are the flow 
indices (dimensionless). The elongation and shear vis- 
cosity (ηe and ηs, respectively) were calculated on the 
range of shear and extension rate tested by using the fol- 
lowing power law model [17,18]: 
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The Bagley correction was applied to all data from 
Rosand rheometer. Three measurements of the viscosity 
experiment were performed on each sample. 

2.3. Sensory Analysis 

Dry spaghetti samples were submitted to a panel of ten 
trained tasters in order to evaluate the sensorial attributes. 
The panelists were selected on the basis of their sensory 
skills (ability to accurately determine and communicate 
the sensory attributes, appearance, odor, flavor and tex- 
ture of a product) [19]. The panelists were however trai- 
ned in sensory vocabulary and identification of particular 
attributes, prior to testing, by evaluating comercial con- 
ventional and non-conventional pasta. 

The panelists were asked to indicate color, homogene- 
ity, resistance to break and overall acceptability of non- 
cooked spaghetti. Elasticity, firmness, bulkiness, adhe- 
siveness, color, odor, taste and overall quality of cooked 
spaghetti were also evaluated. 

To this aim, a nine-point hedonic rating scale, where 1 
corresponded to extremely unpleasant, 9 to extremely 

pleasant and 5 to satisfactory was used to quantify each 
attribute [20,21]. 

2.4. Statistical Analysis 

The rheological and sensorial properties of inulin-en- 
riched gluten free pasta as affected by different amounts 
of inulin were evaluated in this study. The lowest and 
highest content of inulin was chosen from results of pre- 
liminary laboratory tests. The results of the rheological 
and sensorial analysis were compared by a one-way va-
riance analysis (ANOVA). A Duncan’s multiple range 
test, with the option of homogeneous groups (p < 0.05), 
was carried out to determine significant differences be- 
tween spaghetti samples. STATISTICA 7.1 for Windows 
(StatSoft, Inc, Tulsa, OK, USA) was used for this aim. 

3. Results and Discussion 

3.1. Rheological Measurement 

Figures 1 and 2 show elongation and shear viscosity as a 
function of extension rate and shear rate, respectively. As 
can be inferred from these figures, the viscosity increases 
with shear rate showing a shear-thickening behavior of 
the dough [22]. From Figures 1 and 2, it can be seen that 
the 1 and 2 samples with inulin at 5% and 7.5%, respect- 
tively, show the highest values of elongation and shear 
viscosity with respect to the other samples. In fact, the 
consistency indices L and K for these samples (Table 3), 
obtained by fitting Equations (1) and (2) to the experi- 
mental data, showed the highest values. On the other 
hand, the CTRL and 4 samples showed the lower value 
of elongation and shear viscosity, in fact Table 3 high- 
lights that these samples had the lowest value of the con- 
sistency indices L and K. It is worth noting that for sam- 
ples 5 and 6, which have highest percentage of inulin, it 
was not possible to perform rheological measurements 
because of high firmness of these doughs. Therefore, the 
increase of the inulin amount over 12.5% led to an in-  
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Figure 1. Elongation viscosity as a function of extension rate 
◆ △for all manufactured spaghetti samples. ( ) sample 1; ( ) 

sample 2; (✱) sample 3; (●) sample 4; (✱) CTRL. 
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Figure 2. Shear viscosity as a function of shear rate for all 
◆ △manufactured spaghetti samples. ( ) sample 1; ( ) sample 

2; (✱) sample 3; (●) sample 4; (✱) CTRL. 
 
Table 3. Values of the consistency indices (L and K) and the 
flow indices (m and n) obtained by fitting Equqtions (1) and 
(2) to the experimental data. 

Samples Inulin (%) L m K n 

1 5% 631.0721a 1.3552a 56.750a 1.3313a

2 7.5% 604.5814b 1.3743b 70.467b 1.3071b

3 10% 600.1222b 1.3222c 61.992c 1.3095b

4 12.5% 601.2741b 1.2999b 44.834d 1.3316a

CTRL - 404.6360c 1.4091d 45.7749d 1.3486c

a-dMean in the same column followed by different superscript letters differs 
significantly (p < 0.05). 

crease of the dough firmness. 
Peressini and Sensidoni [23] found that the storage 

modulus of wheat dough increased with increasing levels 
of inulin polymerization degree. Moreover, the addition 
of 7.5% of inulin resulted in storage modulus values that 
were about 3 and 4 times that of the base flours. 

3.2. Sensory Analysis of Dry Spaghetti Samples 

The sensorial properties of the dry spaghetti samples are 
listed in Table 4. In particular, the sensorial attributes of 
cooked and non-cooked spaghetti were determined. Re- 
garding the non-cooked spaghetti, all samples had posi- 
tive score of overall quality. In particular, sample 1 with 
5% of inulin showed the highest score because of the 
highest resistance to break value. On the other hand, the 
increase of the inulin content causes less resistant spa- 
ghetti with respect to the CTRL sample. Regarding the 
cooked spaghetti, all samples had a positive score of 
overall quality. Moreover, it is possible to observe that 
the overall quality decreased with the increase of the 
amount of inulin. This result is due to the fact that the 
score of attributes such as firmness, color and taste de- 
creased with the increase of the inulin amount influence- 
ing negatively the overall quality of the spaghetti sam- 
ples. Specially, the firmness of spaghetti containing the 
highest amount of inulin (20%) appeared to be generally 
lower than the CTRL sample, in fact it was scored 
around the acceptability threshold (i.e., five). Tudorica et 
al. [24] reported similar results in their paper based on 
pasta fortified with inulin, pea fiber, and guar gum. 

Pasta firmness can be related to the hydration of the 
starch granules during the cooking process and the sub- 
sequent embedding of gelatinizing starch granules in the 
matrix. As such, the decreased in firmness may be asso- 
ciated with a reduction in starch gelatinization in the 
pasta [25]. Dietary fibers which is highly water-binding 
macromolecules is competing with starch for water ab- 
sorption and hence limiting starch swelling and gelatini- 
zation resulting in a higher endothermic peak tempera- 
tures value [26]. High transition temperatures have also 
been reported to result from a high degree of starch crys- 
tallinity, which provides structural stability and makes 
the granule more resistant toward gelatinization [27]. The 
reduction in starch swelling within the samples contain- 
ing inulin would result from the inulin preferentially hy- 
drating, aggregating, and forming a matrix, encasing starch 
granules in a semisolid gel [28]. This encasing of the 
starch granules would possibly limit water movement to 
the starch granules in the pasta, reducing gelatinization 
events. 

4. Conclusions 

The rheological properties of dough based on gluten free  
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Table 4. Sensory characteristics of dry cooked and non-cooked spaghetti samples. 

Non-cooked spaghetti Cooked spaghetti 

Samples 
Colour Homogeneity 

Resistance 
to break 

Overall 
quality 

Elasticity Firmness Bulkiness Adhesiveness Colour Odor Taste 
Overall 
quality 

5% 8.0a ± 0.0 6.1a ± 0.2 7.0a,c ± 0.0 7.3b,c ± 0.3 5.7a ± 0.5 7.0c ± 0.0 8.6a ± 0.6 7.4a ± 0.4 8.0c ± 0.0 7.9a ± 0.2 7.8c ± 0.3 7.2c,d ± 0.3

7.5% 7.8a,b ± 0.3 5.7a ± 0.3 6.8a ± 0.3 6.8a,b,c ± 0.3 5.5a ± 0.5 6.8c,d ± 0.3 8.2a ± 0.5 7.6a ± 0.4 7.7c ± 0.3 7.7a,c ± 0.3 7.3b ± 0.3 7.0b,c,d ± 0.0

10% 8.0a ± 0.0 6.2a ± 0.3 6.7a ± 0.3 6.8a,b,c ± 0.3 5.4a ± 0.5 6.3b,d ± 0.5 8.4a ± 0.6 7.5a ± 0.5 6.8b ± 0.3 7.3b,c ± 0.3 7.2a,b ± 0.3 6.6a,b,c ± 0.4

12.5% 7.6b ± 0.4 5.8a ± 0.3 6.7a ± 0.3 6.7a,b ± 0.3 5.4a ± 0.5 6.0a,b ± 0.0 8.6a ± 0.6 7.6a ± 0.4 6.5a,b ± 0.4 7.2b ± 0.3 7.0a,b ± 0.0 6.5a,b,c ± 0.5

15% 7.9a,b ± 0.2 5.7a ± 0.5 6.5a,b ± 0.5 6.5a ± 0.4 5.3a ± 0.5 5.9a,b ± 0.2 8.4a ± 0.6 7.7a ± 0.3 6.5a,b ± 0.5 7.2b ± 0.3 6.8a ± 0.3 6.3a,b ± 0.5

20% 8.0a ± 0.0 5.7a ± 0.5 6.0b ± 0.5 6.2a ± 0.3 5.3a ± 0.5 5.5a ± 0.4 9.0a ± 0.0 7.9a ± 0.2 6.1a ± 0.0 7.9a ± 0.2 6.8a ± 0.3 6.0a ± 0.5

CTRL 8.0a ± 0.0 6.3a ± 0.5 7.5c ± 0.4 7.4c ± 0.4 5.7a ± 0.5 7.4c ± 0.6 8.6a ± 0.6 7.5a ± 0.4 8.0c ± 0.0 8.0a ± 0.0 8.0c ± 0.0 7.6d ± 0.4

a-dMean in the same column followed by different superscript letters differs significantly (p < 0.05). 

 
flour enriched with inulin and the sensorial attributes of 
the manufactured spaghetti samples were evaluated in 
this work. Results highlight that the samples with inulin 
at 5% and 7.5% showed the higher values of elongation 
and shear viscosity with respect to the other samples, 
therefore they showed a higher firmness. 

Regarding the sensorial analysis, all dry samples had a 
positive score of overall quality; in particular, the sample 
with 5% of inulin showed the highest score because of 
the highest resistance to break. Moreover, the overall 
quality of the cooked spaghetti samples decreased with 
the increase of the amount of inulin. In fact, firmness, 
colour and taste attributes decreased with the increase of 
the inulin amount influencing negatively the overall 
quality of the spaghetti samples that remains above the 
acceptability threshold (score of 6.0). 

In conclusion, the obtained results show that the pasta 
tested in this study could be a suitable alternative to con- 
ventional gluten free pasta based on their superior nutria- 
tive value. 
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