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ABSTRACT: This work was focused on the performance of trained and untrained panel in evaluating
the texture of nine commercially produced wheat spaghetti. Several sensory methods were applied in
order to investigate the performance of different panel groups. In order to avoid the loss of information
obtained by non-parametric methods, data were scaled according to contingency tables. This analysis
showed that significant differences existed between the two panels for the given products. On the
basis of these results, it can be concluded that the used panels cannot be a good alternative to each
other in providing sensory texture profiling of commercial spaghetti, except in the case when the
properties of spaghetti were evaluated using the control sample.
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INTRODUCTION

Among the quality properties of spaghetti,
texture is one of the most important factors
affecting pasta quality and consumer ac-
ceptance. Dry spaghetti must appeal to
the consumer at the point of purchase,
whilst cooked spaghetti must meet con-
sumer criteria, such as smooth surface,
firmness, etc. (Cole, 1991; Tang et al.,
1999; Lee et al.,, 2002; Sissons et al.,
2005). The sensory evaluation of texture is
necessary in the production of spaghetti
for many reasons: to describe the sensory
properties of products, to improve product
quality through the production process and
to make comparisons with competitors’
products. Furthermore, sensory evaluation
is the nearest to consumers’ estimation
and therefore it allows the evaluation of
overall properties of dry and cooked
spaghetti. Therefore, it is considered to be
the most reliable method (Latreille et al.,

2005). A certain number of studies have
been undertaken that involve a compre-
hensive sensory evaluation of spaghetti
texture. Attempts to quantify texture of
spaghetti have involved both oral (Voisey
et al. 1978a; Kovacs et al., 1997), and
non-oral (Voisey et al., 1978b) procedures
including visual and tactile evaluations.
Various generic descriptive analysis tech-
nigues have been used by many re-
searches (Tang et al., 1999; Sézer and
Kaya, 2003; Martinez et al., 2007; Sozer et
al., 2007) to evaluate textural properties of
spaghetti, such as the scoring method
(D’Egidio and Nardi, 1996) or/and the
method of extensive scoring system (Men-
ger, 1985). Moreover, the method of un-
structured line scales was used to record
rating of each property (Malcomson,
1991). The International Organization of
Standardization (ISO 7340 1985) has de-
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veloped a standard method using trained
panellists for evaluating the textural pro-
perties of cooked spaghetti based on the
use of reference samples and nine point
rating scale. Selected assessors or ex-
perts are trained to evaluate sensory pro-
perties using different scales and for that
reason, they are important factors for
describing textural quality of different
foods (Stone and Sidel, 1998; Szczesniak,
1998; Szczesniak, 2002). Although evalu-
ation of textural properties performed by
trained panel is recognized as a key step
in the assessment of spaghetti quality, the
use of consumer based measurements is
sometimes recommended as an equiva-
lent to the experts (Gonzales et al., 2001).
The consistency of results obtained from
different sensory groups of assessors is
an issue which has been frequently ad-
dressed, particularly within the industry.
Previously, many authors compared re-
sults from experts and instructed con-
sumer panellists and some of them agreed
(Moskowitz, 1996) that both groups sho-
wed similar types of results on similar
properties, while others recommended the
superior capability of experts (Cardello et
al., 1982; Guerrero et al., 1997; Hough,
1998).

On the other hand, during the past de-
cade, many multivariate techniques were
successfully used in food research to
study the interrelationship between mul-
tiple data sets and to extract the principal
information from massive and complex
data (Popper et al., 1988). However, non-
parametric data scaled by using contin-
gency tables have not been used to in-
vesttigate differentiation of commercial
spaghetti evaluated by different panel
groups. By using contingency tables for
non-parametric data the objectives of this
paper were to:

e determine the performance of the pa-
nel in relation to the evaluated
properties,

e identify differences between the pa-
nels,

e determine whether there is a clearly
defined boundary between the panels
in relation to the observed properties
obtained by different sensory methods.

MATERIAL AND METHODS

Samples

Nine samples of commercial wheat spa-
ghetti were purchased in a local food
store. The samples were labelled as sam-
ple 1 to sample 9. The samples 1-7 were
made from durum wheat semolina, whilst
samples 8-9 were made from soft wheat
farina.

Sensory evaluation

Sensory evaluation was performed by dif-
ferent panel groups: trained and untrained.
Within the trained panel there were 5
experts (three female and two male), age
between 35 and 45 years. They belong to
the sensory panel in charge of assuring
the sensory quality control for the Institute
of Food Technology (Novi Sad, Serbia),
holding weekly sessions for the purpose
according to 1ISO 8586-2 (1994).

An untrained panel consisted of 42 mem-
bers of staff (29 female and 13 male) from
the pasta factory Zitko (Backa Topola,
Serbia). Although previously untrained for
the specific task, the staff had a formal
training in sensory evaluation and there-
fore, they were accustomed to the basic
concept of the evaluation.

Sensory properties of dry and cooked
spaghetti were evaluated by the 5-point
category scale with end-points labelled
from 1 to 5 as shown in Table 1 (Pestori¢
et al., 2012).

Both panels evaluated the coded cooked
pasta samples by comparison with the
control sample for firmness, chewiness,
adhesiveness and surface adhesiveness,
using 15 cm instructed line scale (an-
chored at 1.5 cm and 13.5 cm with slight
to very, respectively (Kovacs et al. 1997).
After evaluation, in order to enable com-
parison of obtained data and data ana-
lysis, the scale was divided into 5 parts (3
cm each) that corresponded to the certain
level of quality.

Furthermore, assessors were asked to
evaluate the degree of similarity of the
samples to the control one regarding firm-
ness, chewiness, adhesiveness, surface
adhesiveness of cooked spaghetti, as well
as the overall spaghetti quality.
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Table 1.
Scoring method for dry and cooked spaghetti

DRY SPAGHETTI

Visual evaluation

Shape Surface appearance

Cross-section appearance

5 — Appropriate (uniform) with no
damage

4 — Insignificant deviation of shape
3 — Noticeable deficiencies

5 — Uncracked

4 — Insignificantly cracked
3 — Partly cracked

2 — Significantly cracked

5 — Completely vitreous
4 — Vitreous

3 — Partly vitreous

2 — Partly mealy

2 — Clearly noticeable deficiencies 1 — Marbled 1 - Mealy

1 — Highly noticeable deficiencies

Palpatory evaluation

Surface property Fracturability

5 — Extremely smooth 5 — Excellent resistance to fracture
4 — Smooth 4 — Very good resistance to fracture
3 — Slightly rough 3 — Good resistance to fracture

2 — Pretty rough 2 — Poor resistance to fracture

1 - Rough 1- Extremely poor resistance to fracture
COOKED SPAGHETTI

Visual evaluation

Surface appearance

5 — Not slimy

4 — Insignificantly slimy

3 — Slightly slimy

2 — Slimy

1 — Extremely slimy

Palpatory evaluation

Surface adhesiveness Elasticity

5 — Not sticky 5 — Excellent elasticity

4 — Insignificantly sticky 4 — Very good elasticity

3 — Slightly sticky 3 — Good elasticity

2 — Sticky 2 — Poor elasticity

1 — Extremely sticky 1 — Extremely poor elasticity
Gustatory evaluation

Firmness Chewiness Adhesiveness

5 — Excellent firmness (al dente) 5 — Excellent chewiness (al dente) 5 — Not sticky

4 — Very good firmness

3 — Good firmness

2 — Poor firmness

1 — Extremely poor firmness

4 — Very good chewiness

3 —Good chewiness

2 — Poor chewiness

1 — Extremely poor chewiness

4 — Insignificantly sticky
3 - Slightly sticky

2 — Sticky

1 — Extremely sticky

The centre of the scale corresponded to
the case when the intensity of sample
property was the same as the property of
the control sample (commercial sample
spaghetti which was endorsed by con-
sensus of sufficient intensity on the score
line for the individual characteristic textural
properties, which are included in the eva-
luation of textural quality pasta). The left
side of the scale corresponded to lower
assessment - “worse”, while the right side
corresponded to better assessment -
“better” of each property.

In order to obtain the overall quality of spa-
ghetti samples assessors used the he-
donic scale with 5 quality grades: 1 — ex-
tremely dislike 2 — moderately dislike 3 —

neither like nor dislike, 4 — moderately like,
5 — extremely like.

The anchored reference standards, ter-
minology definitions and evaluation techni-
gues were agreed upon by the assessors
during training and the formal training
before evaluation (Szczesniak, 1963; Ci-
ville and Szczesniak, 1973; Munoz, 1985;
ISO 11036:1994; Tang et al., 1999).

All samples were presented to each panel
in the single sessions. At the start of each
session panellists were given a printed
response sheet with written instructions for
the tests. The order of sample presen-
tation was completely randomized among
assessors, identified with three random
numbers. Dry spaghetti was presented on
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the plastic plates, while cooked spaghetti
was presented in 250-ml sealed thermal
plastic cups and served at room tem-
perature within 30 min after cooking. Spa-
ghetti was cooked in boiling distilled water.
The optimal cooking time (al dente point)
was determined by compressing the spa-
ghetti strand between two transparent
plastic plates at different times. It was
reached when the white centre of unge-
latinized starch had just disappeared
according to the approved AACC Method
16-50 cooking time (AACC, 1995). All pro-
perties were evaluated visually, palpatory
and gustatory under daylight. Drinking wa-
ter was provided for palate cleansing bet-
ween each sample.

Statistical evaluation of data

Statistical analysis comprised the evalu-
ation of spaghetti properties by non-para-
metric methods according to the frequency
of assessments. Non-parametric data
were scaled by using contingency tables in
order to generate the value for each
assessment. Thus, it was enabled to use
statistical tests for ratio scales. Generated
data were subjected to the Multivariate
Analysis of Variance (MANOVA) and Dis-
criminative Analysis. Univariate methods
applied included Roy’s test, Pearson’s
contingency coefficient (y) and multiple re-
gression coefficient (R). On the basis of
discrimination coefficients, the principal
properties of spaghetti samples were se-
lected for further analysis. Also, the pre-
diction of homogeneity of assessments
was done. Mahalanobis distance indicated
the similarity or differences of the panel
evaluation in relation to the used sensory
method. Statistical analysis of sensory
evaluation of panels was conducted using
software developed by the Agency
"SMARTLINE", Novi Sad (Wilbur, 1984).

RESULTS AND DISCUSSION

In accordance with the objectives of the
research and methodological approach,
the differences in panel performance were
observed in the five independent statistical
subsets:

e Subset S1 - evaluation of the pro-
perties of dry spaghetti using the sco-
ring method,

e Subset S2 — evaluation of the pro-
perties of cooked spaghetti using the
scoring method,

e Subset S3 - evaluation of the pro-
perties of cooked spaghetti using the
scale method,

e Subset S4 — evaluation of properties of
spaghetti using the control sample,

e Subset S5 — evaluation of the overall
spaghetti quality using the hedonic
scale method.

Applied MANOVA test (P<0.05) indicated
that there was significant difference
between the panels’ evaluation in relation
to the subsets S1, S2, S3 and S5 (Table
2). In the case of subset S4, the P-value
indicated that there was no significant
difference between the panels when the
spaghetti samples were compared by con-
trol sample.

Furthermore, the differences between the
panels in relation to selected properties
were tested by Roy’s test. The obtained
critical value (p<0.100) have shown the
existence of significant differences for all
properties within the subsets S1, S2, S3
and S5 (Table 3). As for the subset S4 the
obtained critical value was p>0.100, no
significant difference between the panels
in relation to the assessment of che-
winess, stickiness and overall quality was
noticed. The critical p-value (p<0.100)
obtained for the assessment of firmness
and adhesiveness indicated that sig-
nificant differences between the panels for
the observed properties of cooked spa-
ghetti samples existed.

This study showed that the utilization of
consumer based measurements is not
sometimes recommended as an equi-
valent to the experts whereas Moskowitz
(1996) concluded that both groups are
able to show similar types of results on si-
milar attributes on the basis of the com-
parison of the results from expert and
untrained panelists. Also, Worch et al.
(2010) showed high similarity between the
expert and consumer panels by comparing
panels’ performance using the confidence
ellipses methodology.



Miladenka Pestoric et al., Sensory differentiation of commercially produced spaghetti,

Food and Feed Research, 42 (2), 109-117, 2015

Table 2.
The significance of differences between the panels in relation to the observed subsets (MANOVA)
Subset F p?
S1 19.590 0.000
S2 6.304 0.000
S3 18.901 0.000
S4 0.818 0.540
S5 9.434 0.003
% p=<0.05
Table 3.
The significance of differences between the properties within the subsets
Subset Property % RP = P
Shape 0.308 0.324 25.946  0.000
Surface appearance 0.353 0.377 36.696 0.000
S1 Cross-section apperance 0.221 0.226 11.916 0.001
Surface property 0.229 0.235 12.917 0.001
Fracturability 0.350 0.374 35.990 0.000
Surface appearance 0.185 0.189 8.154 0.005
Surface adhesiveness 0.203 0.207 9.910 0.002
S2 Elasticity 0.166 0.169 6.483 0.011
Firmness 0.246 0.253 15.175 0.000
Chewiness 0.235 0.241 13.686 0.000
Adhesiveness 0.235 0.242 13.728  0.000
Firmness 0.198 0.202 9.391 0.003
s3 Chewiness 0.206 0.210 10.211  0.002
Adhesiveness 0.349 0.373 35.651  0.000
Surface adhesiveness 0.273 0.284 19.421 0.000
Firmness 0.122 0.123 3.418 0.062
Chewiness 0.090 0.091 1.846 0.172
S4 Adhesiveness 0.116 0.116 3.059 0.078
Sticky 0.079 0.079 1.412 0.234
Overall quality (vs. control sample) 0.041 0.041 0.372 0.550
S5 Overall quality 0.197 0.201 9.350 0.003

&y — Pearson’s contingency coefficient (P<0.01)
b . . .

R — Multiple regression coefficients
° F — value (Roy’s test)

Table 4.
The coefficients of discrimination between the panels in relation to the properties
Subset Property DC®
Shape 0.183°
Fracturability 0.076
S1 Surface appearance 0.059
Cross-section appearance 0.018
Surface property 0.012
Surface adhesiveness 0.063
Adhesiveness 0.021
s2 Surface appearance 0.013
Elasticity 0.006
Firmness 0.003
Chewiness 0.002
Adhesiveness 0.151
s3 Chewiness 0.114
Surface adhesiveness 0.024
Firmness 0.001
S5 Overall quality 0.042

 DC - discrimination coefficient
® Bold values are statistically significant (p<0.05)
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L?a%l:Izasﬁobis’ distance between the panels and the contribution of the subset to the panel performance
Subset Panel 1 Panel 2 Contribution, %
s1 o s 35.604
= 00 L
S2 822 ggg 22.205
s 020 o
s 0% o

In the evaluation of the degree of similarity
between the samples and the control one,
the performance of untrained panel does
not differ from the performance of a
trained expert panel. Untrained panellists
can describe the products in a reliable and
repeatable way and do not differ from the
trained experts. This observation leads to
the conclusion that when no cognitive
skills are needed the performance of
trained and untrained subjects is similar,
which was mentioned by Gonzalez et al.
(2001). In this particular case, the use of
untrained panel appears to be a good
alternative to the trained panel (Worch et
al., 2010).

The p-value of y* — test with the con-
fidence intervals of y without zero point
indicated either weak or no relationship
between the properties within subsets and
the panels (Table 3).

By integration of the properties within each
subset there were the significant diffe-
rences between the panels, as well as the
clearly defined boundaries between them
in relation to the evaluated properties
(p<0.001) except for the S4 (p>0.1).
Hence, the S4 was excluded from the
further observation.

The results of discriminative analysis are
shown in Table 4. The most significant dif-
ference between the panels within the S1
was recorded for the shape of dry spa-
ghetti evaluated by the scoring method.
Also, the significant differences were ob-
served for the fracturability and surface
appearance. Within the S2, the most
significant differences between the panels
were recorded for the surface adhesi-
veness, adhesiveness and surface appea-

rance of cooked spaghetti evaluated by
the scoring method. The adhesiveness,
chewiness and surface adhesiveness of
cooked spaghetti evaluated by the scale
method (S3) were the most discriminative
properties between the panels (Table 4).
The coefficient of discrimination revealed
the existence of significant differences bet-
ween the panels in rating the overall qua-
lity of spaghetti when the hedonic scale
method was applied.

From the calculated Mahalanobis dis-
tance, the existence of the biggest diffe-
rences between the panels in relation to
subsets S1 and S3, the moderate diffe-
rences in relation to S2 and S5 and the
minimum differences for the subset S4
was confirmed (Table 5).

The obtained results confirmed that S1
(35.604%) and S3 (31.239%) gave the
greatest contribution to the performances
of the panels. For this reason, this study
should be considered comprehensively
with all subsets according to their se-
guence (Table 5).

Accordingly, the biggest differences in the
performances of the panel were obtained
when the samples of spaghetti had been
evaluated using the scoring method and
scale. At the same time, the biggest dif-
ference in assessment was obtained for
shape of S1 (52.59%), adhesiveness of S3
(58.33%) and surface adhesiveness of S2
(58.33%).

It might be that the untrained and trained
panel differ because the trained panel has
been taught to recognize nuances in these
properties such as adhesiveness and sur-
face adhesiveness whereas the untrained
have not. Also, this might be due to the
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fact that experts or trained panel has a
better knowledge about type of product

Table 6.

such as the shape of spaghetti, through
their experience and the training sessions.

The performances of the panel and the contribution of the property to the panel performance by subsets

Contribution

Subset Property Panel 1 Panel 2 of the property
Appropriate (uniform) Insignificant*deviation
' of shape (4)*,
with no damage (5)", Appropriate (uniform
Shape Insignificant bprop ( ) 52.59**
R with no damage (5),
deviation of shape (4), Noticeable deficiencies
Noticeable deficiencies (3) @3)
Extremely poor resistance Very good resistance
to fracture (1)*, to fracture (4)*,
. Poor resistance Good resistance
Fracturability to fracture (2)*, to fracture (3), 21.84
S1 Excellent resistance Extremely poor
to fracture (5) resistance to fracture (1)
Surface Significantly cracked (2)*, Uncracked (5)*,
appearance Partly cracked (3)*, Partly cracked (3), 16.95
pp Insignificantly cracked (4)* Significantly cracked (2)
Cross-section Partly vitreous (3)*, Completely vitreous (5)*,
appearance Completely vitreous (5), Vitreous (4), 5.17
pp Vitreous (4) Partly vitreous (3)
Pretty rough (2)*, Smooth (4)*,
Surface Smooth (4), Extremely smooth (5), 3.45
property Slightly rough (3) Pretty rough (2)
Homogeneity, % 66.64 82.00
) Very poor*, Adhesive*,
Adhesiveness Moderate , Moderate 52.07**
Poor Very poor
Very poor*, Moderate,
Chewiness Moderate , Chewy, 39.31
s3 Poor Very chewy
Surface Very sticky*, Sticky*,
adhesiveness Partly sticky, Partly sticky, 8.28
Sticky Very sticky
Very poor*, Moderate*,
Firmness Firm, Firm, 0.34
Poor Poor
Homogeneity, % 64.00 76.67
Surface Insignificantly sticky (4)*, Not sticky (5)*,
adhesiveness Lightly sticky (3) Sticky (2), 58.33**
Extremely sticky (1) Extremely sticky (1)
Adhesiveness Extremely adhesive (1)*, Insignificantly sticky (4)*,
Slightly sticky (3), Sticky (2), 19.44
Not sticky (5)* Extremely sticky (1)
Surface Extremely slimy (1)*, Not slimy (5),
appearance Slightly slimy (3)*, Insignificantly slimy (4), 12.04
Slimy (2) Slimy (2)
Elasticity Excellent elasticity (5), Good elasticity (3)*,
s Poor elasticity (2), Very good elasticity (4), 5.56
Extremely poor Extremely poor ’
elasticity (1) elasticity (1)
Firmness Extremely poor Very good firmness (4)*,
firmness (1)*, Poor firmness (2), 278
Good firmness (3), Extremely poor ’
Poor firmness (2) firmness (1)
Chewiness Extremely poor Very good chewiness
chewiness (1)*, (4)*,
Good chewiness (3), Poor chewiness (2), 1.85
Poor chewiness (2) Extremely poor
chewiness (1)
Homogeneity, % 60.00 66.67
Overall quality neither like nor moderately like (4)*,
S5 dislike (3)*, moderately dislike (2), 100

Homogeneity, %

moderately dislike (2),
extremely dislike (1)
50.67

extremely dislike (1)

67.33

* Bold values are statistically significant (p<0.05)
** Bold values indicate a contribution of a specific property of evaluated quality
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As Panel 2 showed higher percent of ho-
mogeneity across all sections in relation to
the Panel 1, it can be concluded that the
pasta samples were more frequently eva-
luated by higher assessments by Panel 2
in comparison to Panel 1 (Table 6). It is
also worth mentioning, that trained pa-
nellists are able to extract specific features
or attributes from the total percept in order
to make overall assessment, unlike the un-
trained panellist who assess the overall
quality on the basis of liking at the moment
of assessment.

CONCLUSIONS

In general, the performed experiments de-
monstrated that the trained and untrained
panel assessments differ quantitatively
due to better increased discriminative abi-
lity of the trained panellists and due to the
lack of training of untrained panellists. On
the basis of the obtained results it can be
concluded that clear differences between
the trained and untrained panel are ob-
vious except in the case when the pro-
perties of spaghetti were evaluated using
the control sample.
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CEH30PCKA AU®EPEHUUWJALIMNJA KOMEPLIMJAIIHO
NMPOU3BEAEHUX LWUNATETA

MnageHka B. I'IeCToth*l, Mwunuua M. I'Iojmhl, BbojaHa B. dununues’, Onueepa [.
LUVIMypVIHal, AnekcaHngpa M. Top6V|L|,a1, Enusabet" M. JaHuh XajHan

1yHl/uaep?,l/lTeT y HoBom Cagy, Hay4Hu nHcTuTyT 3a npexpambeHe TexHonoruje y Hosom Cagy,
21000 Hoeu Capg, bynesap uapa Jlasapa 6p. 1, Cpbuja

Caxetak: OBaj pag je 6uo cbokycMpaH Ha yuyMHaK paja YTPEHWpPaAHOr U HeyTpeHMpaHor
naHena y OLEHW TeKCType [OeBeT KOMepuujanHux y3opaka MWeHWYHUX wnareta. Hekomnuko
CEH30pPCKMX MeToda OMMo je NMPUMEHEHO Y UMby UCMUTUBAKA YYMHKa pasnmMynTyX NaHen rpyna.
Ha 6u ce usberao rybutak uHgopmMauuja gobujeHux of CTpaHe HenapaMeTapckux MeToaa,
nogauvMma cy npvgopaTte BpedHOCTM y cknagy ca Tabenama koHTureHumje. OBa aHanmsa je
nokasana ga nocTtoje 3HayajHe pasnuke y oueHu nsmely aBa naHena 3a ogpeheHe npoussoge. Ha
OCHOBY OBMX pe3yntaTta, MOXe Ce 3aKibydyuTth Aa npuMeHeHU naHennm He Mory ontn ,u,o6pa
anTepHaTMBa jegHM Apyruma, ga 6um ce 06e36eguno CeH3opcko npodunucame TEKCType
KoMepumjanHux Lnareta, OCMM Yy Cnydyajy Kaga Cy CBOjCTBa LWINareta oOueweHa y3 MpUMeHy
KOHTPOITHOT y30pKa.

KrbyuHe peum: ceH3opcka oueHa, mecmeHuHa, mekcmypa, nompowayka npuxeamsbusocm,
rnopehere naHena
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