
Research Article
Received: 3 December 2013 Revised: 14 April 2014 Accepted article published: 18 April 2014 Published online in Wiley Online Library:

(wileyonlinelibrary.com) DOI 10.1002/jsfa.6704
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Abstract

BACKGROUND: Although pasta is one of the most widely demanded products among gluten-intolerant people, few studies
have focused on the sensory analysis and acceptability of these products. Spaghetti was made from Andean corn (Zea mays
var. amylacea), capia and cully varieties from northern Argentina, and the flash profile technique was applied by semi-trained
assessors to compare the sensory profile of this type of spaghetti with those made with rice and wheat flours. Acceptability of
capiacornspaghettiwasstudied inceliacandnon-celiac consumergroupsusinga9-pointhedonic scaleandcheck-all-that-apply
(CATA) questions.

RESULTS: TwoAndean corn spaghetti samplesweredescribedby assessors as rough, odd-smelling andodd-tasting. These terms
werealsousedbynon-celiac consumers todescribe thecapiacornspaghetti sample,whichexplained its lowacceptability scores.
However, celiac consumers assigned high acceptability scores to the same sample and described it as tasty, smooth, tender,
novel, having a pleasant flavor and good quality, and as a product that can be consumed every day and by the whole family.

CONCLUSIONS: The results of this study suggest that Andean corn flours are a suitable and acceptable product for celiac
consumers and can be used in the production of spaghetti for celiac consumers but should be reformulated for non-celiac
consumers.
© 2014 Society of Chemical Industry
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INTRODUCTION
Celiac disease is an autoimmune condition characterized by a
disorder in the small intestine caused by intolerance to gluten.1

The only effective treatment for people who suffer from this dis-
ease is excluding any foods that contain wheat, oats, barley or rye
from their diet.2,3 Some studies suggest that the incidence of this
disease is on the rise; it currently affects between 0.3% and 1% of
theworld’s population;4,5 hence the interest of the food industry in
having a wider range of alternative products available. According
to Phimolsiripol and others,6 many gluten-free products available
in the market have low nutritional quality because they are often
made from refined starches, which could increase the risk of
nutritional deficiencies.7 For this reason, some formulations are
enrichedwith nutritious flour or isolated protein of diverse origins,
such as amaranth, quinoa, lupine, chickpea and other leguminous
flours.8–10

Corn is a cereal that can be safely included in the production
of food products for celiacs.11 The Quebrada of Humahuaca and
Puna, in the province of Jujuy, is among themost important in situ
germplasm banks in Argentina, since various Andean corn vari-
eties with different physical and physicochemical characteristics12

can be found in said region. Andean crops have become very pop-
ular over recent years and their cultivationhas increased, especially
in the case of the more profitable varieties. The use of Andean
wholegrain flours (including bran, germ and endosperm) could

be an alternative option for the formulation of gluten-free prod-
ucts with higher content of dietary fiber, minerals, vitamins B and
phytochemicals.13–15 These flours in particular are rich in polyphe-
nols – powerful antioxidants associated with lowering the risk of
developing cancer and other non-communicable diseases.16

Although replacing wheat flour with alternative ingredients
may lead to improving both nutritional and technological
aspects, efforts should be made to ensure that products offer
acceptable appearance, aroma, flavor and texture – attributes
that are crucial for their sensory acceptability among celiac
consumers.17 Numerous authors have based their studies on
the technological characteristics of gluten-free products.9,18–23

However, only a small number of articles on the sensory analysis
of this type of product have been published. These are mostly
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focused on baked products, and to a lesser extent on pasta
products, even though the latter are one of the most widely
demanded products among gluten-intolerant people.10,24 Kiskini
et al.25 conducted a descriptive sensory analysis on iron-fortified
gluten-freebread, andHager et al.26 compared the sensory profiles
of gluten-free breads with their wheat counterparts. Regarding
studies involving consumers, Milde et al.27 studied the accept-
ability of gluten-free bread made of cassava starch and corn
flour among celiac consumers, Ibanoglu et al.28 determined the
acceptability of gluten-free snacks with non-celiac consumers.
Rodrigues et al.29 evaluated acceptability of gluten-free cookies
made from irradiated flaxseed in non-celiac consumers. Paglearini
et al.,30 in turn, conducted a sensory analysis of gluten-free bread
involving celiac assessors. Laureati et al.31 compared the sen-
sory profile and acceptability of gluten-free breads for panels of
trained assessors and consumers – celiac and non-celiac – and
no statistically significant differences between panels were
found.
Sensory science has recently developed new sensory profile

alternatives. There are methodologies based on the construction
of their own vocabulary by the assessors such as flash profile.
The flash profile is an original combination of free-choice terms
selection with a ranking method based on simultaneous presen-
tation of all products in a set. This method forces assessors to
focus on the perceived differences and to use solely discrimi-
native attributes. This recent methodology is attractive because
it does not demand a training stage and individual sessions
are possible.32

Various authors have compared the flash profile technique with
classic descriptive methods such as Quantitative Descriptive Anal-
ysis (QDA®), and found that results obtained through both meth-
ods correlate well and report that the flash profile technique is
a faster alternative that provides more detailed and discrimina-
tive information on the sample characteristics than conventional
profiles.32–37

Even though the information obtained with these methodolo-
gies with regard to the sensory characteristics of a product are
accurate and reliable, the time and resources necessary tend to
be significant; hence the increasing interest in applying method-
ologies for the sensory description of products with consumers.
Among these, check-all-that-apply (CATA) questions have gained
popularity. A CATA question consists of a multiple-choice list
of attributes from which respondents select those they con-
sider applicable to the product being tested. This enables the
assessment of sensory reactions toward a consumed product
and provides a description of qualitative and quantitative aspects
of consumer perceptions that can be correlated with other
parameters. CATA questions include not only sensory attributes
but also hedonic appraisals, in addition to willingness to pur-
chase and affective responses.38 This method has been used
to obtain sensory descriptions of various food products.39–44

All the authors agree that CATA questions are a quick and easy
method of gathering information about consumer perceptions.
Reliable sensory evaluations by consumers can be obtained
more quickly and inexpensively than using a trained tasting
panel.40,41

Thepurposesof this studywere to compare the sensoryprofileof
corn spaghetti with that of spaghetti made of rice and wheat flour
using the flash profile technique, and to analyze the acceptability
of capia corn spaghetti and evaluate its acceptability among celiac
and non-celiac consumer groups by analyzing sensory character-
istics obtained throughout CATA questions.

Table 1. Ingredients and cooking times of samples for Study 1

Sample Ingredients
Cooking
time (min)

PC Whole cully corn flour, water 7
CC Whole capia corn flour, water 12
IWS Durum wheat semolina, water, eggs 8
DWS Durum wheat semolina, water, eggs 12
BWS Bread wheat flour, water, �-carotene, eggs 9
RS Rice flour, water, eggs, �-carotene 6

EXPERIMENTAL
Manufacture of gluten-free Andean corn spaghetti
Andean corn grains capia and cully (Zeamays var. amylacea) were
provided by a cooperative of producers (CAUQUEVA, Tilcara, Jujuy,
Argentina). Corn grains were milled using a Buhler-Miag roller
mill. The pericarp and germ were not removed. For spaghetti
preparation a wholemeal flour fraction with a particle size of
<420 μmwas used.
The spaghetti-type product was obtained by extrusion cooking.

The process was carried out in a Brabender 10 DN single-screw
extruder, using a 3:1 compression ratio screw, a 1.5mm× 3 (diam-
eter× no. of holes) die and a screw speed of 100 rpm. It was imple-
mented at 100 ∘C and 28% of moisture for capia corn spaghetti
(CC), and 80 ∘C and 28% for cully corn spaghetti (PC). The products
weredried at a low temperatureof 40 ∘Cand50% relativehumidity
for 16 h.

Study 1: Sensory description using flash profile technique
Samples and cooking process
The first study looked at two samples of Andean corn
spaghetti – varieties capia (CC) and cully (PC) – and four spaghetti
samples purchased at a local market, made from rice (RS)
which contained eggs, durum wheat semolina (DWS), bread
wheat – Triticum aestivum – (BWS) and Italian durum wheat flour
(IWS). Table 1 shows the ingredients of samples and their cooking
times.
Spaghetti was cooked in unsalted boiling water at a 1:10

spaghetti:water ratio. The market samples were cooked according
to time indicated on the package. The cooking times for the PC
and CC spaghetti samples were determined according to Giménez
et al.9

Flash profile
Flash profile was carried out by 10 semi-trained assessors, with
experience in sensory description of other foods; they were
recruited among staff of the School of Chemistry (Universidad de
la República, Uruguay).
The flash profile consisted of two sessions. During the first ses-

sion the assessors were given an explanation of the procedure
and each assessor generated their own list of attributes individu-
ally. Coded samples were presented simultaneously and the con-
sumers were asked to observe, smell and taste them in order to
generate descriptors. In the second session they ranked the six
samples from ‘less’ to ‘higher’ according to each attribute. Asses-
sors were free to taste the products as much as they liked, and
they could take asmuch time as theywished to complete the eval-
uation. Samples were presented for evaluation in white thermal
containers containing 20 g of each product, coded with random
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three-digit numbers. Drinking water was used for cleansing the
palate.

Data analysis
For the flash profile data GPA (generalized Procrustes analysis)45

XL-Stat 2011 software (Addinsoft, New York, NY, USA) was used.
It is important to point out that GPA reduces the scale usage
effects, delivers a consensus configuration and also allows one
to compare the proximity between the terms that are used by
different assessors to describe products;35 therefore it is very
suitable for this methodology. Hierarchical cluster analysis (HCA),
using Euclidean distances and Ward’s aggregation criterion, was
carried out in order to identify samples with similar characteristics.

Study 2: Consumer acceptability
Samples and cooking process
For the second study, samples of Andean corn spaghetti, capia
variety (CC), were used. Spaghetti was cooked for 12min in boiling
water at a 1:10 spaghetti:water ratio.

Consumer test
A total of 85 individuals (30 celiac and 55 non-celiac) were ran-
domly recruited at university centers, public places and at the
Celiac Association of Uruguay. Taking into account the areaswhere
the participants were recruited, the sample was assumed to repre-
sent the general Uruguayan middle-income groups.
The capia corn spaghetti sample was presented to consumers in

white thermal containers holding 20 g spaghetti and a 5 g dollop
of butter on top.
Consumers were instructed to taste the sample and indicate

acceptability using a structured 9-point hedonic scale ranging
from ‘dislike extremely’ to ‘like extremely’ and to qualify their
purchase intention using another structured 9-point scale ranging
from ‘definitely would not buy’ to ‘definitely would buy’.
The test endedwith a CATAquestion,38 inwhich consumerswere

presented with a 32-word list and instructed to tick the ones that
most accurately described the product they were tasting. Terms
selected for the test may be grouped into different categories:
those denoting liking (tasty, delicious) or disliking (disgusting),
those referring to color (too white), smell (cereal-like, odd), tex-
ture (granular, smooth, sticky, tender, rough, hard, soft, rubbery),
flavor (odd, unpleasant, pleasant, bland, cereal-like, peculiar fla-
vor), health (nutritious, healthy, for special diets), quality (differ-
ent, low quality, high quality, novel, gourmet, exclusive) or usage
(to be consumed by the whole family, on special occasions, every
day). Terms used for the CATA question included those selected by
the semi-trained panel in Study 1 and other additional terms that
researchers considered relevant.
Since the presentation order of CATA terms could affect

responses,43 three different manners of presentation and orga-
nization of the terms were used for sample evaluation, and they
were alternatively given to different consumers. The participants’
socio-demographic data (age, gender, number of children in the
family and educational level) were recorded after the session. They
were also requested to inform about frequency of dried pasta con-
sumption by selecting one among the following options: once a
month or less; one to four times a month; more than once a week.

Data analysis
In order to establish whether celiac and non-celiac consumers dif-
fered in their overall liking and intention to purchase CC samples,

data were first submitted to analysis of variance considering the
presence of celiac disease as the variation factor. Significant differ-
ences between means were determined according to the Tukey’s
test (P≤ 0.05).
For the CATA question, frequency of mention for each term was

determined by counting the number of consumers that used that
term to describe each sample. The chi-squared testwas carried out
toestablishdifferences in thenumberof terms selected todescribe
the sample by the celiac and non-celiac population. XL-Stat 2011
software (Addinsoft) was used to conduct the above analyses.

RESULTS
Study 1: Sensory description using flash profile technique
Each participant selected between five and nine terms to describe
differences across samples. The following 38 terms were selected
(many of them repeated by two or more assessors): adher-
ence, granularity, roughness, astringency, color, yellow color,
homogeneous color, violet color, consistency, noodle diameter,
friable, hardness, elasticity, firmness, color intensity, flavor inten-
sity, length, rice-like smell, cereal-like smell, egg-like smell, regular
smell, odd smell, typical smell, pasty, specks, stickiness, dark
spots, flavor, rice-like flavor, cereal-like flavor, egg-like flavor, odd
flavor, corn-like flavor, smoothness, homogeneous surface, floury
texture, uniform texture and viscosity.
Figure1displays thebiplot obtainedbyGPA fromtheFPdata; the

first two principal axes accounted for the 82.40% of the variability
(57.34% and 25.06%, respectively).
Flavor-related terms (flavor intensity, oddflavor, cereal-likeflavor,

rice-like flavor and corn-like flavor) were mostly found in the
lower-left quadrant, and were negatively correlated with the F1
andF2dimensions.Most of the smell-related termswere located in
the same quadrant (odd smell, rice-like smell and egg-like smell).
The upper-left quadrant displayed terms related to appearance

(dark spots and specks), while the upper-right quadrant showed
mainly yellow-related terms. Most of the texture terms were nega-
tively correlated with the F1 dimension (stickiness, roughness, vis-
cosity, floury texture, friable, adherence and granularity), whereas
hardness, elasticity and uniform texture were positively correlated
with the F1 dimension. As shown in Fig. 2, the two corn spaghetti
samples, elaborated with Andean corn grains capia (CC) and cully
(PC), were close in the graph and were found to the left of the F1
dimension, being described as rough, sandy, displaying odd flavor,
corn-like flavor, cereal-like smell and specks and dark spots. The
rice spaghetti (RS) samples were negatively correlated to the F2
dimension and were described as sticky, having a floury texture,
odd smells and flavors of cereal and rice.
The three wheat spaghetti (DWS, BWS and IWS) samples were

also close to each other, located to the right of the F1 dimension,
being mainly described by their texture (hardness, elasticity and
consistency), length and typical and regular smell.

Study 2: Consumer acceptability
Table 2 shows the socio-demographic population that partici-
pated in the studyand their frequencyof driedpasta consumption.
The non-celiac population participating in the study were aged
between 21 and 69 (mean= 35.9, SD= 13.4) and the celiac pop-
ulation were aged between 19 and 77 (mean= 40.1, SD= 13.3).
Whereas the use of a non-probabilistic sampling method and

the recruiting procedure utilized did not provide a statistically
representative sample, thus preventing thegeneralization of these
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Figure 1. Representation of descriptive variables retained for the flash profile in the two first dimensions. Attributes generated by 10 assessors for all
spaghetti samples.
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Figure 2. Plot of samples according to the descriptors retained for the flash profile in the two first dimensions. Individual configuration of each of the 10
assessors.
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Table 2. Socio-demographic characteristics of consumers and frequency of dried pasta consumption

Non-celiac population (n= 55) Celiac population (n= 30)

Gender Male 25.5% 24.1%
Female 74.5% 75.9%

Education level Complete secondary education 27.3% 20.7%
Incomplete tertiary level 45.4% 27.6%
University graduates 27.3% 51.7%

Children in the family 0 69.1% 69.0%
1 or more 30.9% 31.0%

Frequency of dried pasta consumption Once a month or less 7.3% 20.0%
1 to 4 times a month 69.1% 53.3%
More than once a week 23.7% 26.7%

Values are expressed as percentages of surveyed people, celiac and non-celiac separately.

results to the entire population living in Montevideo, a wide
range of consumers was covered in terms of socio-demographic
variables, as shown in Table 2. The sample was biased towards
females, more highly educated individuals and individuals with no
children, probably as a result of an overall higher readiness of such
individuals to participate in the study.
Highly significant differences were found between the accept-

ability (P≤ 0.01) and purchase intention scores (P≤ 0.01) assigned
by non-celiac and celiac consumers to the samples in this study.
Celiac consumers assigned 8.3 and 8.4 scores to acceptability and
purchase intention respectively for the CC spaghetti, whereas the
scores assigned by non-celiacs were significantly lower (6.5 and
6.4 respectively). Considering a score of 6 on a 9-point hedonic
scale as the lowest acceptable score for a product to be consid-
ered commercially viable,46 the sample was just above that score
for non-celiac consumers but proved to enjoy strong acceptability
and purchase intention among the celiacs in the study.
Of the 32 words listed in the CATA question, eight terms were

used by less than 10% of the consumers in each group. Most
of those terms had negative hedonic and sensory connotations
(disgusting, unpleasant flavor, odd smell, sticky and low quality)
or quality-related connotations (gourmet, exclusive and for special
occasions), which indicated that while consumers did not perceive
characteristics that could lead them to reject the product, they did
not consider it to be sophisticated either.
Table 3 shows the cited frequency for each CATA term by con-

sumers. All terms were cited by at least 10% of consumers from
one of the two populations: celiac and non-celiac. The CC sam-
ple was described by more than 40% of the non-celiac population
as tasty, a pleasant flavor, cereal-like taste, tender, novel and as a
product to be consumed by the whole family. The same sample
was described by more than 40% of the celiac population as tasty,
having a pleasant flavor, smooth, tender, high quality, novel, and
as a good-quality product to be consumed every day and by the
whole family.
Significant differences were found (P≤ 0.05) between the celiac

and non-celiac consumer groups in 8 of the 24 terms of the CATA
questions used by more than 10% of participants. The most fre-
quently used term to describe this sample was ‘tasty’, with a total
of 55 marks. The celiac population used terms denoting positive
attributes with a significantly higher frequency (P≤ 0.05) – tasty,
smooth, tender, delicious and for special diets – which explains
the high scores for acceptability and purchase intention assigned
to the sample.

On the other hand, the non-celiac population used terms denot-
ing negative attributes for flavor and texture with a significantly
higher frequency (P≤ 0.05) – cereal-like taste, granular and rub-
bery – which explains the lower acceptability and purchase inten-
tion scores assigned to the sample.

DISCUSSION
According to HCA (Fig. 2) three clusters of samples were found.
Wheat samples (DWS, BWS, IWS) were characterized as harder,
with yellow color, elasticity, consistency and with egg odor and
flavor. Andean corn samples (CC and PC) were described as rough,
with dark spots and strange odor and flavor. These samples were
characterized also as sandy, less yellow, odd flavor, corn-like flavor,
cereal-like smell, presence of specks, and with less egg odor
and flavor. Finally, the sample prepared with rice flour (RS) was
described as stickier, with rice odor and flavor and with floury
texture.
The fact that the non-celiac individuals who participated in the

second study are habitual wheat pasta consumers (see Table 2)
affected the evaluation of CC spaghetti. When they tasted CC
spaghetti, they probably compared their perceptions against their
mental references for the attributes of wheat pasta. That is why
they found CC spaghetti to be more rubbery and granular and to
have a cereal-like taste.
This description obtained from consumers through CATA ques-

tions in Study 2 fairly coincideswith that obtained by the assessors
using the flash profile technique in Study 1.
Celiac consumers, in turn, regularly consume rice flour pasta,

which led them to perceive the CC sample as tastier, smoother,
more tender andmore delicious. This comparisonmay explain the
acceptability differences found between both populations. More-
over, while pasta products are among the most widely demanded
by gluten-intolerant people, very few brands are available in the
Uruguayan market (and they are only made of rice flour), which
most likely influenced theperceptionof gluten free corn spaghetti,
increasing its acceptability and purchase intention.
The study conducted by Laureati et al.31 on commercially

available gluten-free breads is one of the few comparing the
acceptability of gluten-free product samples in celiac and
non-celiac populations. The authors did not find any signifi-
cant influence of the celiac disease on the acceptability of samples
and that finding is not consistent with the results of this study.
The attributes that negatively influenced the acceptability of the

non-celiac population may be considered important parameters
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Table 3. Check-all-that-apply question results for CC sample: frequencies (%) for each attribute

Non-celiac population Celiac population
Categories Attribute (n= 55) (n= 30) �2 Signification level

Linking/dislinking Tasty∗∗ 54.5% 83.3% 7.044 0.008
Delicious∗∗ 0.0% 20.0% 11.835 0.001

Color Too whitens 36.4% 23.3% 1.521 0.218
Smell Cereal-likens 16.4% 10.0% 0.648 0.421
Texture Granular∗ 23.6% 6.7% 3.846 0.050

Smooth∗∗ 29.1% 63.3% 9.397 0.002
Tender∗∗ 43.6% 76.7% 8.567 0.003
Roughns 14.5% 3.3% 2.578 0.108
Hardns 10.9% 10.0% 0.017 0.896
Softns 9.1% 13.3% 0.369 0.544
Rubbery∗ 23.6% 6.7% 3.846 0.050

Flavor Pleasantns 54.5% 53.3% 0.011 0.915
Blandns 27.3% 33.3% 0.343 0.558
Cereal-like∗∗ 40.0% 10.0% 8.415 0.004
Peculiarns 23.6% 26.7% 0.096 0.757

Health Nutritiousns 34.5% 20.0% 1.978 0.160
Healthyns 34.5% 23.3% 1.149 0.284
For special diets∗ 7.3% 23.3% 4.444 0.035

Quality Differentns 29.1% 33.3% 0.165 0.685
High qualityns 27.3% 46.7% 3.248 0.071
Originalns 43.6% 46.7% 0.072 0.788

Use For whole familyns 49.1% 66.7% 2.426 0.119
For every dayns 32.7% 53.3% 3.434 0.064

∗P≤ 0.05; ∗∗P≤ 0.01; ns, no significant differences (P> 0.05) according to �2 test.

for reformulating the product in such way that it can target the
entire population.

CONCLUSION
The use of the flash profile technique for the evaluation of
spaghetti-type pasta made from different cereals allowed for a
rapid sensory characterization of the product. The use of Andean
corn varieties in the spaghetti’s manufacture gave it a particular
flavor that allowed differentiation from those of wheat and rice. CC
and PC spaghetti samples showed a marked decrease in firmness
and hardness with respect to wheat samples; on the other hand,
its lower stickiness and friableness differentiated them from RS.
The CATA question allowed an explanation, from the point of

view of the consumer, of the differences in acceptability between
the celiac andnon-celiac population of the corn spaghetti samples
in Study 2.
Results of this study suggest that Andean corn flour, in its

wholegrain form, is an adequate and acceptable product to use in
the formulation of spaghetti for celiac consumers, although these
should be reformulated to target a non-celiac population.
This is a rather interesting result since very few works

have addressed the gluten-free corn spaghetti hedonic
dimension.

ACKNOWLEDGEMENT
This research was financed by the Secretaría de Políticas Universi-
tarias, Argentina, MERCOSUR project.

REFERENCES
1 Sainsbury K, Mullan B and Sharpe L, Gluten free diet adherence in

coeliac disease: the role of psychological symptoms in bridging the
intention–behaviour gap. Appetite 61:52–58 (2013).

2 Brar P, Kwon GY, Holleran S, Bai D, Tall AR, Ramakrishnan R
et al., Change in lipid profile in celiac disease: beneficial effect
of gluten-free diet. Am JMed 119:786–790 (2006).

3 Korus J, Witczak M, Ziobro R and Juszczak L, The impact of resistant
starch on characteristics of gluten-free dough and bread. Food
Hydrocolloids 23:988–995 (2009).

4 Ludvigsson JF and Green PH, Clinical management of celiac disease. J
InternMed 269:560–71 (2011).

5 Matos Segura ME and Rosell CM, Chemical composition and starch
digestibility of different gluten-free breads. Plant Foods Hum Nutr
66:224–230 (2011).

6 Phimolsiripol Y, Mukprasirt A and Schoenlechner R, Quality improve-
ment of rice-based gluten-free bread using different dietary fibre
fractions of rice bran. J Cereal Sci 56:389–395 (2012).

7 Robins G, Wild D and Howdle P, Significant numbers of celiac patients
on a gluten-free diet do not meet RNI targets for micronutrients.
Gastroenterology 134:363–369 (2008).

8 Cabrera-Chávez F, Calderón de la Barca AM, Islas-Rubio A, Marti A,
Marengo M, Pagani M et al.,Molecular rearrangements in extrusion
processes for the production of amaranth-enriched, gluten-free rice
pasta. LWT – Food Sci Technol 47:421–426 (2012).

9 Giménez MA, González RJ, Wagner J, Torres R, Lobo MO and Sammán
NC, Effect of extrusion conditions on physicochemical and sensorial
properties of corn-broad beans (Vicia faba) spaghetti type pasta.
Food Chem 136:538–545 (2013).

10 Ziobro R, Witczak T, Juszczac L and Korus J, Supplementation of
gluten-free bread with non-gluten proteins: effect on dough rhe-
ological properties and bread characteristic. Food Hydrocolloids
32:213–220 (2013).

11 Brites C, João Trigo M, Santos C, Collar C and Rosell C, Maize-based
gluten-free bread: influence of processing parameters on sensory
and instrumental quality. FoodBioprocessTechnol3:707–715 (2010).

wileyonlinelibrary.com/jsfa © 2014 Society of Chemical Industry J Sci Food Agric (2014)



Sensory evaluation and acceptability of gluten-free Andean corn spaghetti www.soci.org

12 Cámara Hernández J and Arancibia de Cabezas D,Maíces Andinos y su
uso en laQuebradadeHumahuaca yRegiones Vecinas (Argentina) (1st

edn). Editorial Facultad de Agronomía Universidad de Bs As. (2007).
13 Shepherd R, Dean M, Lampila P, Arvola A, Saba A, Vassallo M et al.,

Communicating the benefits of wholegrain and functional grain
products to European consumers. Trends Food Sci Technol 25:63–69
(2012).

14 Kristensen M, Jensen M, Riboldi G, Petronio M, Bügel S, Toubro S
et al., Wholegrain vs. refined wheat bread and pasta. Effect on
postprandial glycemia. Appetite 54:163–169 (2010).

15 O’Neil C, Zanovec M, Cho S and Nicklas T, Whole grain and fiber
consumption are associated with lower body weight measures
in US adults: National Health and Nutrition Examination Survey
1999–2004. Nutr Res 30:815–822 (2010).

16 Abdel-Aal E-SMandRabalski I, Effect of baking on free andboundphe-
nolic acids in wholegrain bakery products. J Cereal Sci 57:312–318
(2012).

17 Pagliarini E, Laureati M and Lavelli V, Sensory evaluation of gluten-free
breads assessed by a trained panel of celiac assessors. Eur Food Res
Technol 231:37–46 (2012).

18 Cappa C, Lucisano M and Mariotti M, Influence of Psyllium, sugar beet
fibre and water on gluten-free dough properties and bread quality.
Carbohyd Polym 98:1657–1666 (2013).

19 Hager A, Lauck F, Zannini E and Arendt E, Development of gluten-free
fresh egg pasta based on oat and teff flour. Eur Food Res Technol
235:861–871 (2012).

20 Mahmoud RM, Yousif EI, GadallahMGE and Alawneh AR, Formulations
and quality characterization of gluten-free Egyptian balady flat
bread. Ann Agric Sci 58:19–25 (2013).

21 Padalino L, Mastromatteo M, Lecce L, Cozzolino F and Del Nobile MA,
Manufacture and characterizationof gluten-free spaghetti enriched
with vegetable flour. J Cereal Sci 57:333–342 (2013).

22 Miñarro B, Albanell E, Aguilar N, Guamis B and Capellas M, Effect
of legume flours on baking characteristics of gluten-free bread. J
Cereal Sci 56:476–481 (2012).

23 Han J, Janz JAM and Gerlat M, Development of gluten-free cracker
snacks using pulse flours and fractions. Food Res Int 43:627–633
(2010).

24 Zandonadi R, Botelho R, Gandolfi L, Ginani J, Montenegro F and Pratesi
R, Green banana pasta: an alternative for gluten-free diets. J Acad
Nutr Diet 112:1067–1070 (2012).

25 Kiskini A, Kapsokefalou M, Yanniotis S and Mandala I, Effect of iron
fortification on physical and sensory quality of gluten-free bread.
Food Bioprocess Technol 5:385–390 (2012).

26 Hager A, Wolter A, Czerny MBJ, Zannini E, Arendt E and Czerny M,
Investigation of product quality, sensory profile and ultrastruc-
ture of breads made from a range of commercial gluten-free
flours compared to their wheat counterparts. Eur Food Res Technol
235:333–344 (2012).

27 Milde L, Ramallo L and Puppo M, Gluten-free bread based on tapi-
oca starch: texture and sensory studies. Food Bioprocess Technol
5:888–896 (2012).

28 Ibanoglu S, Ainsworth P, Ozer E and Plunkett A. Physical and sensory
evaluation of a nutritionally balanced gluten-free extruded snack. J
Food Eng 75:469–472 (2006).

29 Rodrigues F, Fanaro G, Duarte R, Koike A and Villavicencio A, A sensory
evaluation of irradiated cookies made from flaxseed meal. Radiat
Phys Chem 81:1157–1159 (2012).

30 Pagliarini E, Laureati M and Lavelli V, Sensory evaluation of gluten-free
breads assessed by a trained panel of celiac assessors. Eur Food Res
Technol 231:37–46 (2010).

31 Laureati M, Giussani B and Pagliarini E, Sensory and hedonic per-
ception of gluten-free bread: comparison between celiac and
non-celiac subjects. Food Res Int 46:326–333 (2012).

32 Dairou V and Siefffermann JMA, Comparison of 14 jams characterized
by conventional profile and quick original method, the flash profile.
J Food Sci 67:826–834 (2002).

33 Albert A, Varela P, Salvador A, HoughGandFiszmanS,Overcoming the
issues in the sensory description of hot served food with a complex
texture: application of QDA, flash profiling and projective mapping
using panels with different degrees of training. Food Qual Prefer
22:463–473 (2011).

34 Blancher G, Chollet S, Kesteloot R, Nguyen Hoang D, Cuvelier G et al.,
French and Vietnamese: how do they describe texture character-
istics of the same food? A case study with jellies. Food Qual Prefer
18:560–575 (2007).

35 Moussaoui K and Varela P, Exploring consumer product profiling
techniques and their linkage to a quantitative descriptive analysis.
Food Qual Prefer 21:1088–1099 (2010).

36 Delarue J and Sieffermann JM, Sensory mapping using flash pro-
file: comparison with a conventional descriptive method for the
evaluation of the flavour of fruit dairy products. Food Qual Prefer
15:383–392 (2004).

37 Perrin L, Symoneaux R, Maı̂tre I, Asselin C, Jourjon F and Pagès
J, Comparison of three sensory methods for use with Napping
procedure: case of ten wines from Loire valley. Food Qual Prefer
19:1–11 (2008).

38 Varela P and Ares G, Sensory profiling, the blurred line between
sensory and consumer science: a review of novel methods for
product characterization. Food Res Int 48:893–908 (2012).

39 Adams J, Williams A, Lancaster B and Foley M, Advantages and uses
of check-all-that-apply response compared to traditional scaling of
attributes for salty snacks, in 7th Pangborn Sensory Science Sympo-
sium, Minneapolis, MN, 12–16 August (2007).

40 Ares G, Barreiro C, Deliza R, Giménez A and Gámbaro A, Application
of a check-all-that-apply question to the development of chocolate
milk desserts. J Sens Stud 25:67–86 (2010).

41 Dooley L, Lee YS and Meullenet JF, The application of
check-all-that-apply (CATA) consumer profiling to preference
mapping of vanilla ice cream and its comparison to classical
external preference mapping. Food Qual Prefer 21:394–401 (2010).

42 Lado J, Vicente E, Manzzioni A and Ares G, Application of a
check-all-that-apply question for the evaluation of strawberry
cultivars from a breeding program. J Sci Food Agric 90:2268–2275
(2010).

43 Ares G and Jaeger SR, Check-all-that-apply questions: influence of
attribute order on sensory product characterization. Food Qual
Prefer 28:141–153 (2013).

44 Vidal L, Barreiro C, Gomez B, Ares G and Gimenez A, Influence of
information on consumers’ evaluations using check-all-that-apply
questions and sorting: a case study with milk desserts. J Sens Stud
28:125–137 (2013).

45 Gower JC, Generalized Procrustes analysis. Psychometrika 40:33–51
(1975).

46 MuñozMA, Civille VG andCarr BT, Sensory Evaluation inQualityControl.
Van Nostrand-Reinhold, New York (1992).

J Sci Food Agric (2014) © 2014 Society of Chemical Industry wileyonlinelibrary.com/jsfa


