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ABSTRACT: The aim of this study was to create the list of descriptors for establishment the sensory
profile of gluten-free cookie. The list of descriptors was created using six commercial cookies and a
gluten-free cookie made in the pilot plan. The free choice profiing (FCP) method was used for
generation of descriptors by panellists. PCA was performed to explore the relationships among the
established descriptors and to estimate the relative importance and contribution of descriptors in
distinguishing between products. Application of the multidimensional approach confirmed that this
method can be useful tool for drawing up the sensory profile of the gluten-free cookie.
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INTRODUCTION

Celiac disease is a gluten—sensitive en-
theropathy with genetic, immunologic and
environmental basis (Torbica et al., 2008).
This is nowadays the most common life-
long dietary disorder worldwide, affecting
around 1% of the European population
(Mifarro et al.,, 2012). The only available
treatment for celiac disease has been
strict adherence to gluten—free diets (Tu-
rabi et al.,, 2010). Many commercially
available gluten—free products are inferior
in quality to their gluten—containing coun-
terparts (Saka¢ et al, 2011). The gluten-
free products possess poor protein struc-
ture forming ability which causes the de-
crease of sensory quality (Torbica et al.,
2012, Laureati et al., 2012).

There are many studies about techno-
logical (Schober et al., 2010; Crockett et
al., 2011; Arendt et al., 2008), but just few
studies about the sensory properties of
gluten—free products. To determine the
sensory profile of any food products, it is
necessary to select appropriate descrip-

tors which represent the perceptible pro-
duct’s attributtes used for assessment on
the intesity scale (Dolors Gufrdia et al.,
2010). The various methods for establi-
shing the list of descriptors can be divided
into several categories, i.e. those for arri-
ving at a unanimous description of the pro-
duct, reffered as the consensus method,
those which do not require this consensus,
reffered to as independent method (or
FCP — free choice profilling), and the multi-
dimensional method.

The multidimensional approach describes
a method for identifying and selecting des-
criptors which can then be used for dra-
wing up the sensory profile of a product.
Also, it describes the different stages in
the process for setting up test through
which a complete description of the sen-
sory attributes of a product can be obtain-
ned: from a qualitative point of view by de-
fining by means of descriptors all the per-
ceptions for distinguishing one product
from others of the same type; from a quan-
titative point of view, by evaluating the
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intensity of each descriptor (ISO 6564
(2002); SRPS ISO 11035 (2002)).

The multidimensional method has been
applying for sensory profiling of many food
products, such as soft drinks (Chauhan
and Harper, 1986), rye bread (Hellemann
et al., 1987), French bread (Hayakawa et
al., 2010), drinking water (Falahee and
MacRae, 1995), yogurt (Uysal-Pala et al.,
2006), extra—virgin olive oil (Aparicio et al.,
1996), vinegar (Tesfaye et al., 2010),
apple (Echeverria et al., 2008), as well as
fat in a milk model system (Tepper and
Kuang, 1996) and sensory profiling of po-
megranate juices flavor (Koppel and
Chambers, 2010).

Flour based confectionery products such
as cookies and related products hold an
important position in total production and
consumption of confectionery products in
Serbia (Simurina et al., 2008). To provide
good quality products for people with ce-
liac disease and to create better quality
gluten—free cookies, the present study is
aimed at developing a comprehensive list
of descriptors for gluten—free cookies. The
descriptors were selected using the criteria
that should have relevance to the product,
be able to clearly determine the differen-
ces between products, be nonredundant,
and have cognitive clarity to the asse-
SsOors.

A4

MATERIALS AND METHODS

Samples

Six similar composition cookies (P1 to P6)
were purchased in a local food store while
a gluten—free cookie sample (P7) was ma-
de in the pilot plant of the Institute of Food
Technology, Novi Sad. The selected sam-
ples were provided the possibility to detect
all observed quality differences in the
products during the sensory evaluation.

Sensory methodology

In Figure 1 is presented the procedure for
identification and selection of descriptors
to determine a sensory profile of glu-
ten—free cookie.

Establishing sensory profile of gluten-free
cookie by a multidimensional approach
was carried out by a panel of eight trained
assessors (7 females and 1 male, 30 — 43
years old). The panellists were selected
from previously trained academic staff of
the Institute of Food Technology, Novi
Sad, according to ISO 8586-1 (2002), and
they were familiar with the sensory pro-
filing methodology.

To provide the necessary concentration for
individual assessors, the work of asse-
ssors was performed in the boots and the
prescribed environmental  conditions
according to SRPS 1SO8589 (1998).

| Sample selecﬁonl

A\

| Descrptoridentification I

Descriptor reducing

| Listof descriptors |

Selection of reference samples based on descrplors |

| Repetabity test |

| APPLICATION PROFILE|

Figure 1. Schematic representation of descriptors’ identification and selection
(SRPS ISO 11036, 2002)
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Table 1.
Explanation of Equation 1
Parameter Definition Calculation
Fq - Number of times the descriptor was F:FE/ Fmax
. ) Fmax = number of samples x number of
F mentioned; assessors
Fmax — Number of times that the total may be £ = 56 (i e: 7 samples x 8
mentioned. max T == A e P
assessors)
I =14/ lmax
lg - Sum of intensities given by the panel for l..x = max intensity x number of

I one descriptor;

Imax - Max intensity of the descriptor.

samples x number of assessors
Imax = 280 (i.e.. 5 x 7 samples x 8
assessors)

During the first four preparatory sessions
the panellists were presented a series of
six selected commercial cookies as well as
the product needed to make profile.

The panellists were asked to note and
record the largest number of descriptors
which would describe all perceived pro-
perties of products using different sensory
techniques (visual, olfactory, palpatory,
and gustatory) (appendix A). Also, they
were instructed to include only objective,
associative or cognitive terms rather than
hedonic, affective or quantitative terms,
such as good, bad, intense aroma, etc.

To express intensity of each perceived de-
scriptor was applied the intensity scale
(from 0 — absence of perception to 5 —
strong perception/max intensity) (SRPS
ISO 11035, 2002; SRPS ISO 4121, 2002).
After that, it was carried out the panel
discussion, and the panellists were en-
couraged and inspired individually by the
panel leader to analyze different com-
ponents of products perceptions. Terms
that were either too general or nondes-
criptive were eliminated from the further
consideration. Since each assessors ma-
de his/her list of descriptors (FCP), inclu-
ding synonyms, the panel leader collected
them and established the initial list of des-
criptors. Removal of the descriptor from
the initial list is conducted on the basisof
the criteria that they should be relevant to
the products, clearly discriminating them,
and be understood and easily perceived
by each assessor.

Subsequent removal of the descriptors
was achieved on the basis of geometric
mean (M) which was calculated by:

M=(F*I)*?x 100 (%) (1)

where F is the frequency and 1 is the rela-
tive intensity (Table 1).

The final list of the descriptors was esta-
blished by multivariate statistical analyses.
This technique enabled the estimation of
importance and contribution of descriptors
to differentiate between the samples. Also
it gave the opportunity of visualisation the
samples and correlation between the des-
criptors simultaneously.

Data analysis

In this study PCA was used to explore the
relationships among the established sen-
sory descriptors and to estimate the rela-
tive importance and contribution of des-
criptors in distinguishing between pro-
ducts. PCA analyses were carried out
using the Software XLSTAT, version
(2012.2.02) (http://www.xIstat.com/).

RESULTS AND DISCUSSION

The number of descriptive terms used by
each panellist ranged from 12 to 42, so the
initially list contained 188 descriptors. Si-
milar descriptive terms were grouped to-
gether in order to simplify the obtained list
by consensus method. During the session
panel, leader together with panellists dis-
cussed any proposed descriptor and re-
dundant, synonymous and vague terms
were removed from the list that was in-
cluded 34 descriptors. The reduced initial
list with calculated M value for each in-
cluded descriptor is shown in Table 2.

The shaded low M values and M values
which did not contribute to good differren-
tiation of the cookie samples were re-
moved from further processing. PCA was
performed on the correlation matrix of 26
retained descriptors (variables). It was per-
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formed to study the relationship between
these variables and to explore their rela-
tive importance in distinguishing between
cookies through the variable loading plot
(Figure 2).

The first two dimensions explained
50.66% of the total variance. The first prin-
cipal component (F1) accounted for
32.57% of the total variation in the data. In
general, a high magnitude (near to +1 or
—1) for loading means that the descriptor is
highly correlated to that factor, but >0.5
can be enough for importance (Bower,
2009). Based on the fact that the pre-

conditions for the application of PCA are
more conceptual than statistical, in this
research PCA was performed on the
correlation matrix of more convenient
descriptors (Pestori¢, 2011).

The descriptors with small contribution to
the components F1 (Descl, Desclo,
Descl1, Desc21, Desc29, Desc34) and F2
(Desc7, Desc8, Desc9, Descl4 and
Descl15) were removed from the further
processing and the sequential PCA1l was
performed on the 13 variables (descrip-
tors).

Table 2.
The initial list of descriptor by FCP
Product
Descriptor P1 P2 P3 P4 P5 P6 P7
M —values, %
Whole cookie
(1) Shape 82.35 96.18 89.44 79.65 96.18 81.01 90.83
(2) Colour uniformity 0.00 12.50 0.00 0.00 11.18 0.00 12.50
(3) Surface uniformity 0.00 0.00 0.00 0.00 0.00 0.00 0.00
(4) Shiny 11.18 11.18 11.18 11.18 11.18 11.18 23.72
Upper surface
(5) Colour 53.03 46.10 53.03 41.83 48.73 46.10 48.73
(6) Colour uniformity 72.46 68.47 67.08 76.85 71.15 78.26 72.46
(7) Brightness 11.18 44.72 30.62 19.36 25.00 23.72 22.36
(8)Gravure 33.54 46.10 44.72 44.72 12.50 12.50 23.72
(9) Surface texture 0.00 23.72 9.68 0.00 0.00 22.36 22.36
Bottom surface
(10) Colour 50.00 40.31 43.30 43.30 44.72 34.91 46.10
(11) Colour uniformity 40.31 40.31 22.36 33.54 58.63 47.43 32.11
(12) Smoothness 0.00 12.50 0.00 0.00 0.00 0.00 0.00
(13) Gravure 46.10 48.73 47.43 46.10 48.73 48.73 48.73
Cross - section
(14) Colour uniformity 11.18 0.00 7.91 0.00 7.91 20.92 11.18
(15) Structure 81.01 69.82 67.08 78.26 92.20 67.08 89.44
(16) Crumbliness 11.18 11.18 22.36 11.18 17.68 15.81 7.91
(17) Sharpness 12.50 12.50 12.50 11.18 9.60 9.60 9.60
Texture palpatory
(18) Hardness 86.60 86.60 71.15 76.85 72.46 73.74 100.00
(19) Fatness 7.91 7.91 7.91 9.68 7.91 7.91 43.30
(20) Moisture 23.72 25.00 23.72 11.18 23.72 12.50 9.68
(21) Surface texture 33.54 33.54 20.92 30.62 34.91 33.54 23.72
Texture in mouth
(22) Fracturability 58.63 58.63 59.95 68.47 58.63 57.28 50.00
fh?pza”'c'e size and 19.36 2092 1936 2092 2092 2236  46.10
(24) Adhesiveness 32.11 32.11 29.05 30.62 23.72 43.30 44.72
(25) Chewiness 23.72 23.72 9.68 23.72 22.36 22.36 23.72
(26) Melting 11.18 12.50 11.18 12.50 22.36 20.92 34.91
(27) Fat content 0.00 0.00 0.00 0.00 0.00 0.00 7.91
(28) Moisture 12.50 12.50 12.50 12.50 12.50 12.50 12.50
(29) Covering of oral cavity 9.68 19.36 11.18 19.36 9.68 7.91 9.68
Odor and taste
(30) Odour 84.96 81.01 70.93 40.31 48.41 59.69 54.49
(31) Off-odour 0.00 22.36 0.00 7.91 9.68 19.36 29.05
(32) Taste 55.90 57.28 43.30 36.23 32.11 44,72 34.91
(33) Off-taste 0.00 0.00 0.00 23.72 0.00 12.50 34.91
(34) Flavor 22.36 36.23 33.54 46.10 34.91 32.11 34.91
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Although Desc34 (flavor) expressed high
correlation with F2 component, it was ex-
cluded from further PCA analysis because
Desc30 (odour) and Desc32 (taste) were
more convenient for individual assessment
by panellists. Desc26 (melting) and
Desc20 (moisture) were eliminated for the
same reason from the list of descriptors,
although they expressed high correlation
with F1 component.

The second PCA explained 71.65% of the
total variance. The first component (F1)
was characterized by the fatness

(Desc19), particle size and shape
(Desc23), adhesiveness (Desc24), off-
odour (Desc3l) and off-taste (Desc33)
with positive loadings. These descriptors
were well separated from odour (Desc30),
taste (Desc32), and colour (Descb) that
were highly correlated with component F2.
The similar trend of separation was
expressed by colour uniformity (Des6) and
Desc33 (off-taste) in comparison with
crumbliness (Descl6) and fracturability
(Desc22) (Figure 3).
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Figure 2. PCA plot of relationship between the descriptors and differentiation between the samples
after the first reduction
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Figure 3. PCAL1 plot of relationship between the descriptors and differentiation between the samples
after the final reduction
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Table 3.
The final list of descriptors and definitions
Descriptor Technique Definition
Appearance
Colour visual Intensity of typical cookie colour
Colour uniformity visual Areas different from typical cookie colour
Appearance/texture of cross-section
. . The amount of crumbs segregated du-
Crumbliness visual . ) .
ring the breaking of cookie
. Severity of the fracture edges
Sharpness visual or palpatory
Texture
palpatory orinthe  The force required to achieve a given
Hardness . . -
mouth deformation or penetration of a cookie.
aloatory or Surface textural attributes relating to the
Fatness palpatory perception of the quantity or quality of fat
gustatory ! )
in a cookie
Fracturability in the mouth The force necessary to break a cookie
into crumbs or pieces.
Geometrical texture attributes relating to
Particle size or shape in the mouth the perception of the size and shape of
particle in the cookie sample.
: . The force required to remove cookie that
Adhesiveness in the mouth
adheres to the mouth or to a substrate
Odour
Odour olfactor Aromatic notes associated with flour,
y butter, etc., typical of gluten-free cookie
Off-odour olfactory Non typical aromatic notes
Taste
Aromatic notes associated with flour,
Taste gustatory butter, sugar, etc., typical of gluten-free
cookie
Off-taste gustatory Non typical aromatic notes

Elimination of descriptors after the first and
second list reduction as well as the per-
formed sequential PCA on these data did
not significantly change positions of pro-
ducts on the PCA plot (Figure 2 and 3).
The obtained results showed that product
P7 expressed the unique sensory profile. It
was distinguished from the other samples
by Descl8- hardness, Descl9- fatness,
Desc23- particle size and shape, Desc24—
adhesiveness, and Desc31- off-odour.

The obtained final list of descriptors enco-
passed the appearance (2 descriptors),
appearance/texture of cross—section (2 de-
scriptors), texture (5 descriptors), odour (2
descriptors) and taste (2 descriptors) of
cookie is presented in Table 3.

CONCLUSION

This study confirmed that the application
of the multidimensional approach can be
suitable tool for identifying and selecting
descriptors which can be used for drawing

up the sensory profile of the gluten-ree
cookie. Its utilization may contribute to the
improvement of gluten—free cookie quality
during the process of production, to deter-
mining of shelf-life, and to monitoring of
changes that might occur during storage.
From a qualitative point of view, appli-
cation of descriptors can be a useful tool
for distinguishing one product from others
of the same type.

ACKNOWLEDGEMENTS

This work was supported by the Serbian
Ministry of Education and Science (num-
ber of the project TR 31029) and Provin-
cial Secretariat for Science and Technolo-
gical Development (number of the project
114-451-3962/2011-02).

REFERENCES

1. Addinsoft (2012). XLSTAT Online Help.
http://www.xlIstat.com/.

2. Aparicio, R., Calvente, J. J. Morales, M. T.
(1996). Sensory authentication of Euro-


http://www.xlstat.com/

Jambrec D., et al., Development and application of descriptors for establishing sensory profile of gluten-free cookies by a
multidimensional approach, Food and Feed Research 39 (1), 41-49, 2012

10.

11.

12.

13.

14.

pean extra—virgin olive oil varieties by ma-
thematical procedures. Journal of the
Science of Food and Agriculture, 72, 435-
447.

Arendt, E. K., Morrissey, A., Moore, M. M.,
Dal Bello, F. (2008). Gluten-free breads. In
E. K. Arendt, & F. Dal Bello (Eds.), Gluten-
free cereal products and beverages (289-
319). London: Academic Press.

Bower, J. A. (2009). Principal Component
Analysis. In Statistical Methods for Food
Science: Introductory procedures for the
food practitioner. Wiley-Blackwell Ltd. Ox-
ford.

Chauhan, J. Harper, R. (1986). Descriptive
profiling versus direct similarity assess-
ments of soft drinks. Journal of Food
Technology, 21, 175-187.

Crockett, R., le, P., Vodovotz, Y. (2011).
How do xanthan and hydroxypropyl methyl-
cellulose individually affect the physicoche-
mical properties in a model gluten-free
dough? Journal of Food Science, 76, 274—
282.

Dolors Gufrdia, M., Aguiar, A. P. S., Claret,
A., Arnau, J., Guerrero. L. (2010). Sensory
characterization of dry-cured ham using
free-choice profiling. Food Quality and Pre-
ference, 21, 148-155.

Falahee, M., Macrae, A. W. (1995). Consu-
mer appraisal of drinking water-multidi-
mensional scaling analysis. Food Quality
and Preference, 6, 327-332.

Hayakawa, F., Ukai, N., Nishida, J., Ka-
zami, Y., Kohyama, K. (2010). Lexicon for
the sensory description of French bread in
Japan. Journal of Sensory Studies, 25, 76—
93.

Hellemann, U., Tuorila, H., Calovaara, H.,
Tarkkonen, L. (1987). Sensory profiling and
multidimensional scaling of selected Fi-
nnish rye breads. International Journal of
Food Science and Technology, 22, 693-
700.

Koppel, K., Chambers IV, E. (2010). De-
velopment and application of a lexicon to
describe the flavor of pomegranate juice.
Journal of Sensory Studies, 25, 819-837.
Laureati, M., Giussani, B., Pagliarini, E.
(2012). Sensory and hedonic perception of
gluten-free bread: Comparison between
celiac and non-celiac subjects. Food Re-
search International, 46, 326—-333.

Mifarro, B., Albanell, E., Aguilar, N., Gua-
mis, B., Capellas, M. (2012). Effect of
legume flours on baking characteristics of
gluten-free bread. Journal of Cereal Sci-
ence, In press.

Pestori¢, M. (2011). Development and eva-
luation of sensory and instrumental me-
thods for assessment of textural properties
of pasta. PhD Thesis, Faculty of Techno-
logy, University of Novi sad, Serbia.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Saka¢, M., Torbica, A., Sedej, I., Hadna-
dev, M. (2011). Influence of breadmaking
on antioxidant capacity of gluten free
breads based on rice and buckwheat flour.
Food Research International, 44, 2806-
2813.

Schober, T. J., Moreau, R. A., Bean, S. R,,
Boyle, D. L. (2010). Removal of surface li-
pidsimproves the functionality of commer-
cial zein in viscoelastic zein-starch dough
for gluten-free breadmaking. Journal of Ce-
real Science, 52, 417-425.

SRPS ISO 11035 (2002). Identifikacija i
odabir deskriptora za utvrdivanje senzor-
skog profila multidimenzionalnim pristu-
pom.

SRPS ISO 4121 (2002). Senzorske analize
— Metodologija — Procenjivanje prehram-
benih proizvoda pomo¢u metoda skale.
SRPS ISO 6564 (2002). Senzorske analize
- Metode profilisanja ukusnosti.

SRPS ISO 8586-1 (2002). Senzorske ana-
lize — OpSte uputstvo za odabir, obuku i
pracenje ocenjivata — Deo 1: Odabrani
ocenjivadi.

SRPS ISO 8589 (1998). Senzorske analize
— Opste uputstvo za projektovanje
prostorija za ispitivanje.

Simurina, O., Filipcev, B., Levi¢, LJ., Pribis,
V. (2008). Application of sugar beet mola-
sses in the production of tea biscuits. Food
Processing, Quality and Safety, 4, 201-
206.

Tepper, B. J., Kuang, T. (1996). Perception
of fat in a milkk model system using
multidimensional scaling. Journal of Sen-
sory Studies, 11, 175-190.

Tesfaye, W., Morales, M. L., Callején, R.
M., Cerezo, A. B., Gonzélez, A. G., Garcia-
Parrilla, M. C., Troncoso, A. M. (2010).
Descriptive sensory analysis of wine vine-
gar: tasting procedure and reliability of new
attributes. Journal of Sensory Studies, 25,
216-230.

Torbica, A., Hadnadev, M., Dapcevi¢ Had-
nadev, T. (2012). Rice and buckwheat flour
characterisation and its relation to cookie
quality. Food Research International, 48,
277-283.

Torbica, A., Hadnadev, M., Doki¢, P., Sa-
ka¢, M. (2008). Mixolab profiles of gluten
free products ingredients. Food Proce-
ssing, Quality and Safety, 35, 1, 19-26.
Turabi, E., Sumnu, G., Sahin, S. (2010).
Quantitative analysis of macro and micro-
structure of gluten-free rice cakes con-
taining different types of gums baked in
different ovens. Food Hydrocolloids, 24,
755-762.

Uysal-Pala, C., Karagul-Yuceer, Y., Pala,
A., Savas, T. (2006). Sensory properties of
drinkable yogurt made from milk of different
goat breeds. Journal of Sensory Studies,
21, 520-533.



Jambrec D., et al., Development and application of descriptors for establishing sensory profile of gluten-free cookies by a
multidimensional approach, Food and Feed Research 39 (1), 41-49, 2012

PA3BOJ U NMTPUMEHA AECKPUNTOPA 3A YTBPHPUBAHKE CEH30PCKOI
MPO®UJNIA BE3rNMYTEHCKOIr KEKCA MYNTUAMMEH3UNOHAJTHUM
nMPUCTYNOM

[ly6paska J. Jambpeu*', MnaaeHka B. Mectopuh®, Ypolu C. XKuron”

'YhueepauteT y HoBom Cagy, VIHCTUTYT 3a npexpambeHe TexHomorvje y Hosom Cagay,
byneeap uapa Jlasapa 1, 21000 Hosu Cag, Cpbuja

’Eton A. A., Lierbe, CrioBeHvja

CaxeTak: 3a npoueHy CNoXeHWX CEeH30PCKMX BenunyuHa notpebHa je meToponoruja koja ce
3acHMBa Ha uaeHTudmkauumju oarosapajyhux geckpuntopa. CTora je cacTtaBrbeHa nucta AecKpun-
Topa 3a yTBphuBawe ceHsopckor npoduna 6esrnyTeHckor kekca. 3a udpagy nucte kopuwheHo je
LIeCT KoMepLuujanHnx y3opaka kekca U BesrnyTeHCKM KeKC HanpasribeH Yy NunoTt noctpojewy. MMpu
n3bopy OeckpunTtopa ouewuBauM cy Kopuctunu meton cnobogHor msbopa (FCP- free choice
profiling). Obpapa aHanuse rnasHux komnoHeHTn (MUA) omoryhuna je ucnutuBake kopenauuja
usmeny ogabpaHux geckpuntopa Kao 1 NpoueHy penaTtuBHe BaXXHOCTU U JOMPUMHOCA AeckpunTopa y
npaBrbeky pasnvke namehy npoussoga. lNpyMeHa MynTMaMMeH3oHanHe aHanuae NoTeBpAWna je ga
OBaj MeToa MoXe OUTM KOPUCHO CPeAcTBO 3a cacTaBibake CEH30pCKor npodwmna GesrnyTeHcKor
Kekca.

KrbyuHe peum: deckpunmopu, ceH30pcKu npogpusi, 6e321ymeHCKU Kekc, MymamuduMeH3uo-
HanHa aHanu3a
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APPENDIX A

QUESTIONNAIRE FOR THE DEVELOPMENT OF A COMPREHENSIVE LIST OF
DESCRIPTORS

LAST NAME: ....iiiiiiiiiie e
Sample code:
FIRST NAME: .ot e

DATE: .,

Describe feelings caused by this (these) product (products) according to following properties,
using your own vocabulary.

Before evaluation During the evaluation After evaluation

Appearance

Odour

Tastefulness (taste
and aroma)

Texture (mouth)

7

Texture (by fingers
or by spoon)




