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Abstract: In recent years, the jellyfish (JF) blooms in many coastal areas around the world, due to
climate change, have pointed toward its possible exploitation as an alternative seafood product to
support the global fishery sector. However, being a novel food in Western countries, there is a gap in
knowledge on JF sensory properties. This research aims to develop a sensory lexicon for edible JF
through a fast but reliable method, such as RATA. Sensory attributes collected from the literature were
selected through RATA applied to five mildly processed JF. The lexicon selected was then validated
on three JF samples, through descriptive analysis, to test its applicability and discrimination power.
The results showed that RATA could be a reliable tool in the lexicon development of novel foods,
such as JF. Moreover, the lexicon developed provides a valuable communication instrument, which
will open new sensory research studies focusing on JF palatability.

Keywords: sensory lexicon; jellyfish; sensory analysis; RATA; novel food

1. Introduction

In recent years, due to the increasing food demand and climate change, which
are affecting fishing and sea wildlife, there has been a growing interest in alternative
seafood products.

The current jellyfish (JF) blooms in the Mediterranean and the Black Sea [1] make it a
possible sustainable alternative to support the global fishery sector in Western countries
too. Indeed, its recognition by the Food and Agriculture Organization (FAO) of the United
Nations as a new sustainable seafood product for human consumption and aquaculture [1]
may boost the JF market around the world. Moreover, the upgrade of the European rules
on novel food represents a good chance for the introduction of JF to the European diets [2].

Edible JF are widely accepted in the Asiatic countries where they are considered a
healthy, delicious food with a millenarian food tradition [3,4]. The main species used for hu-
man consumption belong to the Rhizostomae order (Phylum Cnidaria, class Scyphozoa) [5].
The eastern traditional processing method consists of dehydrating fresh JF after fishing
using alum (a mixture of aluminum salts) and sodium chloride (NaCl) while removing
oral arms, tentacles and mucous [4,6–8]. Recently, in 2019, in order to avoid any alum use
drawbacks, which is dangerous to human health [2,9,10], Bleve et al. [2] identified the safety,
quality and hygiene parameters to process JF according to European regulations [11]. In
addition, new alum-free JF processing methods and products based on calcium salts were
developed [2,12] and patented (granted Italian patent and European patent application EP
3763224, 2020), resulting in new foods or food ingredients.

JF still represent a novel ingredient in Western cuisines [13–15]. Lately, due to JF
coastal increase around the world related to climate change [8,16–18], the interest in this
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novel food source and in its application is rising in Western countries [8,19,20]. However,
little information is available on JF-based food sensory aspects, but, as highlighted by
Tan et al. [21], understanding the food taste properties may influence food appropriateness
and, in turn, the acceptance of novel food; indeed, the food taste may affect the willingness
to eat and determine positive future attitudes [22]. Sensory attributes greatly affect the
evaluation of food quality and acceptability and can determine the consumer’s willingness
to accept the product [23]. Thus, a crucial step in the sensory evaluation of novel food
products is the development of an effective communication tool, such as a lexicon. Indeed,
the lexicon is an important guidance tool, essential in the new product development
process, quality control, for marketing experts [24] and product improvement [25]. Lexicon
development consists of two stages, preparation and development [26], and it is often
a time-consuming activity. The first stage includes panelists’ involvement and product
selection; the development phase involves terms generation, definition and finalization
after identifying the standardized evaluation procedures and selecting the references to
clarify the terms. Moreover, the clearly defined terms can be further interrogated through
descriptive sensory analysis [27]. Therefore, it is urgent to develop a rapid but reliable
method to identify adequate JF sensory attributes for describing this novel food product.

A rate-all-that-apply (RATA) questionnaire [28] is an intensity-based variant of check-
all-that-apply (CATA) [29], which describes a product through a list of words checked
by respondents only if considered correct [29]. RATA allows respondents to check the
suitable attribute among a list of descriptors and indicate its intensity through a 3- or
5-point structured scale, providing more stable data and higher sample discrimination
compared to the CATA methodology [8].

This research adopted RATA to assess JF sensory descriptors; moreover, it aimed to
develop a sensory lexicon to describe edible JF and validate it through descriptive analysis.
Different JF treatments were employed; two were processed according to Western-style
methodology and one according to the traditional Asiatic procedure applied for JF on
the Chinese market. Moreover, understanding more information on the JF sensory and
quality properties boosts the European consumers’ acceptance, opening up interesting JF
applications in European cuisines.

2. Materials and Methods
2.1. Samples

JF samples of Rhizostoma Pulmo, Macrì 1778 (Cnidaria, Scyphozoa, Rhizostomatidiae)
were caught in the Ionian Sea (Ginosa Marina, Taranto, Italy 40◦24′37.5′′ N 16◦53′04.2′′ E)
through a hand fishing net (triangular nylon landing net 50 × 50 × 50 cm, 3.5 cm mesh
size) kept in cold seawater for 3–4 h and then processed.

In order to cover the widest array of sensory features [30] and sensory variability for
lexicon development, the same JF species underwent different mild treatments, starting
with fresh raw JF.

JF were handled according to the safety parameters identified by Bleve et al. [2] and
processed at CNR-ISPA, Lecce, Italy [12]. The sample treatments are listed in Table 1.

Table 1. JF sample treatments.

Sample Treatment

JF-FR JF directly frozen and kept at −80 ◦C for 8 days.
JF-FR-DW JF washed and kept in bi-distilled water for 24 h at 4 ◦C, then frozen at −80 ◦C for 8 days.

JF-HT JF treated for 10 min at 100 ◦C in bi-distilled water, drained and kept at 4 ◦C in
vacuum-sealed bags for 3 days.

JF-DW-HT JF kept at 4 ◦C in bi-distilled water for 24 h, then at 100 ◦C in bi-distillated water for 10 min,
drained and kept at 4 ◦C in vacuum-sealed bags for 3 days.

JF-DW-ST
JF kept at 4 ◦C in bi-distillated water, steam cooked in a microwave oven (Whirlpool mod.
GT 283 SL, Benton Harbor, MI, USA) at 900 W for 10 min and kept at 4 ◦C in vacuum-sealed
bags for 3 days.
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The two treatments with distilled water (DW), representative of both fresh and heated
methods and most promising for future research studies [12] (JF-FR-DW and JF-DW-HT),
were used in the descriptive analysis for lexicon validation. Moreover, a third sample,
coming from the Chinese market, processed according to the traditional Asiatic alum-based
method, was added in order to represent, as much as possible, the whole product space
and confirm lexicon applicability to completely different processing methods, which may
affect sensory properties. The Chinese commercial product consisted of alum-dried strips
of jellyfish treated with brine, rinsed with mineral water and rehydrated following the
instructions for use. The amount consumed during the test was in accordance with the
weekly dietary intake limit indicated by EFSA [9].

2.2. Panelists

JF sensory testing was performed by CNR-IBE, Bologna, by a trained panel (15 judges).
Panelists had a long tasting experience in the general sensory tasting, more than 1000 h,
for a wide variety of food and sensory techniques, including attributes’ identification.
Moreover, they had completed 100 h training on sea-related attributes, which ended with
three specific DA sessions on cod, gilthead bream and mussels to ensure that panelists were
sufficiently trained on sea descriptors. Familiarization with sea products was also needed
in order to avoid any possible neophobia influence on JF sensory evaluation [31].

2.3. Sensory Evaluation

Sensory testing was performed at the IBE sensory lab under controlled environment
conditions in individual, fully equipped sensory booths. Data collection was performed
using Fizz software version 2.51 c02 (Biosystémes, Couternon, France).

2.3.1. Lexicon Development

Prior to descriptor selection, sensory attributes related to JF and sea products were
collected from the literature. Six sensory experts from the IBE sensory team compiled the
terminology, rearranged the terms used in the literature for other food or added news terms
and created an appropriate lexicon list for JF to be sorted out by the panelists [32,33]. Experts
critically analyzed the literature information and generated an extensive and complete
lexicon to be submitted to the panelists, taking care to select non-hedonic, singular (not
integrated) and non-redundant terms [24]. A list of 34 sensory attributes was developed:
4 visual descriptors (transparency, color, color uniformity and brightness), 5 olfactory
descriptors (seaweed, fish, shellfish, sea and other odors), 15 texture attributes (chewy,
melting, juicy, rubber-like, hardness, softness, stiff, crunchy, fibrous, jelly-like, adhesiveness,
pungent, mouth-coating, rough, astringency), 5 taste attributes (sweet, sour, bitter, umami,
salty) and 5 flavor attributes (seaweed, fish, shellfish, sea and other flavors). (Table 2). The
descriptors were translated into Italian, referring to the SISS manual [34], in order to allow
panelist evaluation in their mother tongue.

Table 2. Lexicon list developed by sensory experts.

Attributes Definition Reference

Transparency Visual attribute resembling a translucent substance or glass.
The degree to which the product looks transparent. Lee et al. [35]

Color Visual attribute. The appearance of a product when light is
reflected by it. Ghral et al. [36]

Uniformity Uniform perception of the coloring of an object. Dever et al. [37]

Brightness Color perception of an object indicating the relationship
between reflected and absorbed light. Lanza et al. [38]

Seaweed odor The olfactory sensation associated with shellfish, fresh fish and
ocean vegetation. Cherdchu et al. [39]

Fish odor The odor typical of fish assessed orthonasally. Donadini et al. [40]
Shellfish odor Olfactory sensation due to shellfish. Chun et al. [25]
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Table 2. Cont.

Attributes Definition Reference

Sea odor Olfactory sensation due to maritime vegetation, seafood,
fresh fish. Liguori et al. [41]

Chewy
Attribute related to the time required to chew a solid food at
constant chewing speed until it has a consistency suitable
for swallowing.

Kumar et al. [42]

Melting The phase of change in mouth due to an increase in
temperature in the oral cavity. Lanza et al. [38]

Juicy The sensation of moisture perceived in the mouth during
chewing caused by the release of water. Grhal et al. [36]; Rødbotten et al. [43]

Rubber-like Attribute indicating the sample’s tendency to deform, without
breaking, while maintaining its structure. FAO [44]

Hard The force necessary to compress food between the incisors until
it breaks or the resistance of food to teeth compression. Rødbotten et al. [43]

Soft
The textural property of giving little resistance to pressure and
being easily cut or bitten/chewed plus a smooth sensation
in mouth.

Donadini et al. [40]

Slippery Texture attribute indicating a tendency to slip in the mouth and
to form a lubricating layer on the tongue and palate. Bengtsson et al. [45]

Crunchy Property related to the noise caused by breaking the sample
into pieces with teeth. Making a cracking sound when chewed. Donadini et al. [40]

Stiff Attribute indicating the rigidity in the mouth. Force required to
compress the sample between the tongue and palate. Onyeoziri et al. [46]

Fibrous
The sensation caused by the geometric structure and linked to
the perception of the shape and orientation of the product
particles. The textural quality of being fibrous.

Donadini et al. [40]

Jelly-like

Attribute indicating soft sticky consistency. A soft, semi-solid
food substance with a resilient consistency attained by the
setting of a liquid containing pectin or gelatin or by the addition
of gelatin to a liquid.

Donadini et al. [40]

Mouth coating The strength required to remove the chewed sample from the
surface of the teeth, tongue and palate. FAO [45]

Acid Taste sensation produced by acid substances (e.g., citric acid or
tartaric acid) perceived during chewing. Chun et al. [25]

Salty Taste sensation produced by salts (e.g., sodium chloride)
perceived during chewing. FAO [45]

Bitter Taste sensation produced by bitter substances (e.g., caffeine,
quinine) perceived during chewing. FAO [45]

Umami
Taste sensation produced by substances such as sodium
glutamate or some nucleotides during chewing. Flat, salty
flavor enhancer.

Cherdchu et al. [39]

Sweet Taste sensation produced by sweet substances (e.g., sucrose)
perceived during chewing. FAO [45]

Astringent The sensation of dryness felt in the oral cavity. The tongue slips
with difficulty on the palate. Chun et al. [25]

Pungent
Chemesthetic sensation similar to piercing perceived in the
throat or diffusely in the oral cavity. A tingling sensation felt in
the mouth and throat after swallowing.

FAO [45]

Seaweed flavor The flavor associated with shellfish, fresh fish and
ocean vegetation. Cherdchu et al. [39]

Fish flavor The flavor associated with fish. Chun et al. [25]

Shellfish flavor The flavor associated with shellfish, such as clam, shrimp,
oyster and crab. Chun et al. [25]

Sea flavor The flavor due to maritime vegetation, seafood, fresh fish. Liguori et al. [41]

2.3.2. Lexicon Sorting by Panel

The sensory experts explained in detail to the panelists each of the 34 selected sensory
descriptors to upskill them on the lexicon-sorting step. Lexicon sorting was performed
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through the RATA sensory test. Panelists evaluated JF strip samples of 2 × 5 cm identified
by three-digit codes at room temperature (RT, 22 ± 2 ◦C). Samples stored at 4 ◦C set at RT
for 30 min before being tested. One RATA evaluation session of 90 min, divided into 2 sub-
sessions of 45 min, was performed. Panelists received a sample set consisting of the five JF
strips (one for each treatment) and used it for the RATA test. The presentation order of the
samples was randomized among assessors using a balanced Latin square design. The order
of attributes was randomized by sensory modality (olfactory, texture, taste and flavor).
Panelists were asked to taste each sample and check what they believed was the correct
descriptor indicating the intensity perceived through a 3-point scale (l = low intensity,
2 = medium intensity and 3 = high intensity). The panelists, already trained on the RATA
method, were able to select only the descriptors they perceived during tasting. After each
sample, panelists waited 60 s to prepare for the next evaluation and rinsed their mouths
with mineral water.

Attributes selected by at least 30% of the panel were used in the descriptive analysis (DA).
Visual attributes were fully explored through RATA (Table 3) and, although cited by

the panel in this phase, were not included in the descriptive analysis, since they were too
detailed compared to the visual attributes used in the literature [47].

Table 3. Frequency count of the sensory descriptors by samples. Attributes chosen by 30% of the
panel are in bold.

Attribute JF_FR JF_FR_DW JF_HT JF_DW_HT JF_DW_ST Overall

Astringency 8 7 8 6 6 35
Bitter 8 5 6 6 7 32

Brightness 15 15 15 15 15 75
Chewy 15 15 14 13 15 72
Color 6 7 12 10 11 46

Color uniformity 11 11 12 12 12 58
Crunchy 7 7 2 4 6 26
Fibrous 6 7 6 4 6 29

Fish Flavor 9 8 8 7 8 40
Fish Odor 8 7 7 10 9 41
Hardness 15 15 13 13 14 70
Jelly-Like 15 13 13 15 15 71

Juicy 13 13 13 13 12 64
Melting 10 10 12 12 9 53

Mouth Coating 1 2 2 1 1 7
Pungent 5 3 4 4 3 19
Rough 0 0 0 1 0 1

Rubber-Like 15 13 13 13 15 69
Salty 15 15 15 14 15 74

Sea Flavor 14 14 14 13 14 69
Sea Odor 14 14 15 15 15 73

Seaweed Odor 11 10 7 8 6 42
Seaweed Flavor 9 8 7 8 7 39
Shellfish Flavor 10 13 12 11 13 59
Shellfish Odor 8 14 14 12 10 58

Slippery 13 14 15 15 14 71
Sour 9 8 7 6 6 36
Stiff 5 4 2 3 4 18

Sweet 2 4 3 2 4 15
Tenderness 7 7 8 6 7 35

Transparency 15 15 14 14 14 72
Umami 6 8 7 5 7 33
Overall 305 306 300 291 300 1502
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2.3.3. Descriptive Analysis (DA)

Once the lexicon was established, panelists validated the selected descriptors through
DA of three samples processed with different methods to test the lexicon applicability to
the JF treatments available. The samples used for DA were as follows: JF-FR-DW and JF-
DW-HT, processed according to Leone et al. [12], and one sample from the Chinese market,
processed according to the traditional Asiatic alum-based method. Nine trained panelists
from the CNR-IBE panel participated in two evaluation sessions of 90 min each. The three
samples were presented in strips (2 × 5 cm) and evaluated monadically, in duplicate, at
room temperature (20 ± 2 ◦C) (Figure 1). The sample evaluation order was randomized
according to a balanced Latin square design. The attribute presentation order was also
randomized by sensory modality. The assessors rated each descriptor on a 9-point scale,
from 1 = none/extremely weak to 9 = extremely strong. Panelists were asked to smell the
samples for odor rating and to take a bite for taste, flavor and texture evaluation (Figure 1).
Moreover, at the end of the DA test, they were also asked to rate the overall acceptability on
a 9-point hedonic scale, from 1 = “extremely dislike”, through 5 = “neither like nor dislike”,
to 9 = “extremely like”, as proposed for novel food by Galetti et al. [48].
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Figure 1. JF strip samples for DA test. (a): JF-DW-HT; (b): JF-FR-DW; (c): JF from China; (d): A
panelist performing DA test.

2.4. Statistical Analysis

The RATA data were analyzed through attribute frequency selection calculated by
counting the number of assessors citing that attribute. A contingency table reporting the
frequency of each descriptor was built from the RATA data, and Chi-square was performed
to test the independence between the rows and columns (significance level, p < 0.05). RATA
intensity scores were assigned to numbers in an ascending order of intensity (low = 1,
medium = 2, high = 3). The mean was calculated from a sample for each descriptor selected
and plotted on an error bar graph, with bars representing standard deviation.

A one-way ANOVA model was computed from the DA intensity scores, and a Tukey
post hoc test was carried out to test the differences between samples. The significance level
was fixed at p < 0.05. Mean DA intensity values were used to generate a spider plot and
represent the JF sensory profiles.

3. Results
3.1. Lexicon Selection

Fifteen responses were collected through the RATA sensory test, and sensory attributes
were selected according to their citation frequency. Looking at the mention frequency
of these attributes, these terms were used quite homogeneously and were checked by
more than half of the respondents, meaning that the participant consensus was high. No
significant differences were highlighted by the Chi-square test, meaning the attributes
were capable of characterizing all the proposed samples, as shown by the Venn diagram
(Figure 2). Thus, only attributes selected by at least 30% of the panel were chosen for
descriptive analysis. The frequency selection is summarized in Table 3. Four tactile
attributes (mouth coating, stiff, rough and pungent) and one taste attribute (sweet) were
discarded from the list.
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Figure 2. Venn diagram related to the attributes chosen by 30% of the panel to describe JF. Numbers
inside the diagram represent the number of terms selected by the panel. In total, 25 terms were
common to all the samples; 1, crunchy, was absent in JF DW and JF HT; and 1, fibrous, was absent
only in JF HT.

Mean RATA intensity scores gave a characterization of each JF treatment, indicating
the most representative attributes for each product. For all the samples analyzed, there was
a slight difference among the mean intensities registered for the selected attributes.

JF-FR (Figure 3) showed a great standard deviation among the attributes selected. The
highest mean intensity was registered for visual attributes (color uniformity, brightness,
transparency), sea-related descriptors (sea flavor, sea odor and salty) and some tactile
attributes (chewy, jelly-like, juicy).
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JF-FR DW (Figure 4) showed a lower standard deviation for some attributes, indicating
the panel agreed on those intensities (astringency, bitter, umami). The visual attributes
(brightness, color uniformity and transparency) showed the highest intensities along with
some texture attributes (chewy, hardness, jelly-like) and sea-related attributes (sea odor
and sea flavor).



Agriculture 2022, 12, 1842 8 of 14

Agriculture 2022, 12, x FOR PEER REVIEW 8 of 15 
 

 

 
Figure 3. Error bar of the intensity mean score for descriptors selected for sample JF-FR. Bars repre-
sent standard deviation. 

JF-FR DW (Figure 4) showed a lower standard deviation for some attributes, indicat-
ing the panel agreed on those intensities (astringency, bitter, umami). The visual attributes 
(brightness, color uniformity and transparency) showed the highest intensities along with 
some texture attributes (chewy, hardness, jelly-like) and sea-related attributes (sea odor 
and sea flavor). 

 
Figure 4. Error bar of the intensity mean score for descriptors selected for sample JF-FR-DW. Bars 
represent standard deviation. 

JF-HT (Figure 5) showed a standard deviation comparable to the other JF analyzed. 
The highest mean intensity was mainly scored on texture attributes (chewy, jelly-like, 
juicy) and sea-related attributes (sea odor, sea flavor and salty). 

Figure 4. Error bar of the intensity mean score for descriptors selected for sample JF-FR-DW. Bars
represent standard deviation.

JF-HT (Figure 5) showed a standard deviation comparable to the other JF analyzed.
The highest mean intensity was mainly scored on texture attributes (chewy, jelly-like, juicy)
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JF-DW-HT (Figure 6) showed a standard deviation in line with the other JF. Again, the
attributes with the highest values were texture attributes (jelly-like, chewy) along with a
visual attribute (brightness) and sea-related descriptors (sea odor, sea flavor, salty, shellfish
odor and shellfish flavor).

JF-DW-ST (Figure 7) showed a great standard deviation, meaning there was little
agreement among the panelists on those ratings. The descriptors that scored the highest
intensities and described the JF the most were: texture attributes (chewy, jelly-like, hardness,
rubber-like), sea-related attributes (sea odor, sea flavor, shellfish flavor, shellfish odor, salty)
and visual attributes (brightness, transparency).



Agriculture 2022, 12, 1842 9 of 14

Agriculture 2022, 12, x FOR PEER REVIEW 9 of 15 
 

 

 
Figure 5. Error bar of the intensity mean score for descriptors selected for sample JF-HT. Bars rep-
resent standard deviation. 

JF-DW-HT (Figure 6) showed a standard deviation in line with the other JF. Again, 
the attributes with the highest values were texture attributes (jelly-like, chewy) along with 
a visual attribute (brightness) and sea-related descriptors (sea odor, sea flavor, salty, shell-
fish odor and shellfish flavor). 

 
Figure 6. Error bar of the intensity mean score for descriptors selected for sample JF-DW-HT. Bars 
represent standard deviation. 

JF-DW-ST (Figure 7) showed a great standard deviation, meaning there was little 
agreement among the panelists on those ratings. The descriptors that scored the highest 
intensities and described the JF the most were: texture attributes (chewy, jelly-like, hard-
ness, rubber-like), sea-related attributes (sea odor, sea flavor, shellfish flavor, shellfish 
odor, salty) and visual attributes (brightness, transparency). 

Figure 6. Error bar of the intensity mean score for descriptors selected for sample JF-DW-HT. Bars
represent standard deviation.

Agriculture 2022, 12, x FOR PEER REVIEW 10 of 15 
 

 

 
Figure 7. Error bar of the intensity mean score for descriptors selected for sample JF-DW-ST. Bars 
represent standard deviation. 

3.2. Descriptive Analysis 
Descriptive analysis was adopted to validate the selected lexicon. The sensory pro-

files of the JF processed according to different methodologies are presented in Table 4 and 
Figure 6. Acceptability was included in the following table and figure, as it was presented 
contextually to the DA questionnaire, even if it was not actually part of the DA. 

Table 4. ANOVA analysis of DA intensity scores and acceptability by sample. Different letters cor-
respond to significantly different means. 

Attribute JF from China JF-DW-HT JF-FR-DW 
Sea odor 3.89 b 5.89 a 6.61 a 
Fish odor 3.06 c 4.17 ab 4.00 b 

Shellfish odor 3.56 b 4.50 a 4.67 a 
Seaweed odor 3.61 4.00 4.00 

Hardness 5.39 a 4.39 b 4.72 ab 
Rubber-like 4.33 b 5,22 a 5.00 ab 

Chewy 4.89 5.06 4.56 
Juicy 3.39 c 5.39 ab 5.61 a 

Jelly-like 3.44 b 6.00 a 5.67 a 
Crunchy 5.78 a 3.89 c 4,94 b 
Slippery 3.39 b 6.22 a 6.22 a 

Salty 3.11 b 5.83 ab 6.11 a 
Sour 2.11 b 2.67 ab 3.11 a 
Bitter 2.11 b 2.22 b 2.72 a 

Umami 2.44 b 3.06 ab 3.11 a 
Astringent 2.39 b 2.44 b 2.89 a 
Sea flavor 3.00 c 5.61 ab 5.94 a 
Fish flavor 2.39 b 3.67 a 3.44 a 

Shellfish flavor 3.00 b 4.39 a 4.33 a 
Seaweed flavor 3.33 4.22 3.67 
Acceptability 3.33 b 4.22 ab 4.39 ab 

Figure 7. Error bar of the intensity mean score for descriptors selected for sample JF-DW-ST. Bars
represent standard deviation.

3.2. Descriptive Analysis

Descriptive analysis was adopted to validate the selected lexicon. The sensory profiles
of the JF processed according to different methodologies are presented in Table 4 and
Figure 6. Acceptability was included in the following table and figure, as it was presented
contextually to the DA questionnaire, even if it was not actually part of the DA.

The ANOVA analysis confirmed the lexicon validity for highlighting product dif-
ferences. Significant differences were registered for most of the attributes, showing a
substantial gap between the products processed according to Leone et al. [12] and the
product from the eastern market (Table 4). JF-FR-DW and JF-DW-HT showed higher in-
tensities than the Chinese JF for all of the descriptors tested, except for the two texture
attributes (Figure 8), hardness and crunchy, which were significantly higher for the eastern
JF. JF-FR DW and JF-DW-HT had a similar sensory profile, but significant differences were
recorded for the descriptors bitter, astringent and crunchy, all higher for JF-FR DW than for
JF-DW-HT. The Chinese product was characterized by a crunchy and hard texture with
lower flavor and odor intensities compared to JF-FR-DW and JF-DW-HT.
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Table 4. ANOVA analysis of DA intensity scores and acceptability by sample. Different letters
correspond to significantly different means.

Attribute JF from China JF-DW-HT JF-FR-DW

Sea odor 3.89 b 5.89 a 6.61 a
Fish odor 3.06 c 4.17 ab 4.00 b

Shellfish odor 3.56 b 4.50 a 4.67 a
Seaweed odor 3.61 4.00 4.00

Hardness 5.39 a 4.39 b 4.72 ab
Rubber-like 4.33 b 5,22 a 5.00 ab

Chewy 4.89 5.06 4.56
Juicy 3.39 c 5.39 ab 5.61 a

Jelly-like 3.44 b 6.00 a 5.67 a
Crunchy 5.78 a 3.89 c 4,94 b
Slippery 3.39 b 6.22 a 6.22 a

Salty 3.11 b 5.83 ab 6.11 a
Sour 2.11 b 2.67 ab 3.11 a
Bitter 2.11 b 2.22 b 2.72 a

Umami 2.44 b 3.06 ab 3.11 a
Astringent 2.39 b 2.44 b 2.89 a
Sea flavor 3.00 c 5.61 ab 5.94 a
Fish flavor 2.39 b 3.67 a 3.44 a

Shellfish flavor 3.00 b 4.39 a 4.33 a
Seaweed flavor 3.33 4.22 3.67
Acceptability 3.33 b 4.22 ab 4.39 ab
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Product acceptability was low for all the tested samples; however, the most liked
sample was JF-FR-DW, followed by JF-DW-HT.

4. Discussion

RATA has been used previously to profile products by consumers and has been de-
picted as a lower resolution alternative to traditional sensory methods to produce data
with relevance to consumer sensory perceptions, with reduced time frames for data acqui-
sition [49]. In this research, it was shown that RATA advantages provided a solution to
ease the long and complicated traditional sensory lexicon development stage in the case
of novel food, such as edible JF, where panelists can be considered low-trained assessors,
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just like regular consumers. The RATA method provided a panelist-friendly tool, which
was effective in defining a striking and comprehensive lexicon for JF characterization, also
evidenced by the high discriminating power highlighted in the DA test used to validate
the descriptors selected [50].

As assessed by Lawless et al. [26], the panel leader’s experience was essential in
selecting the best terms to describe the products, removing vague, redundant and repetitive
terms. However, due to the presence of 34 terms, RATA provided great support to the
panel leader’s role. Indeed, CATA and RATA are particularly recommended in the presence
of a large number of terms to provide a complete description of the samples’ sensory
characteristics [51].

RATA allowed a further simplification of the lexicon development principles, skipping
the finalization step after term selection and going through the direct attribute application
and rating [28]. Indeed, according to the lexicon development principles, once the terms are
selected, there must be a time-consuming step, finalization, and the panel can be presented
with samples to revise the descriptors [26].

RATA application yielded results in line with the literature; the visual and texture at-
tributes, as well as sea odor and flavor, were highly involved in JF description, in agreement
with Youssef et al. [5] who highlighted the texture and visual features’ impact of edible JF.
However, the high standard deviation obtained in the RATA data gave an overview of the
low panel consensus on the attributes’ intensity scales use, showing the panel still need
some training on JF sensory analysis due to the novelty of this food.

The results obtained from the descriptive analysis revealed the validity of the lexicon
developed in highlighting the variability among and within JF samples. As observed in the
RATA analysis, differences were mainly related to the texture and odor/flavor resembling
the sea.

This research represents a propaedeutic study on JF sensory properties, as shown by
the low acceptability results, indicating the panel was not familiar with this novel food.
Indeed, familiarity and food expectations have an impact on food acceptability [52]. A
future possible diffusion of JF food would probably improve acceptability.

Previous studies [47,53] have already dealt with JF sensory analysis, considering only
a reduced number of descriptors. The extensive lexicon presented in our research offers the
opportunity to detail the JF sensory characterization, capturing additional similarities and
differences among the samples.

The main novelty of this research was the application of a rapid method, such as the
RATA, to simplify the complex and critical phase of lexicon development necessary for
communicating within the panel but also with producers, marketing professionals and
suppliers [26]. Moreover, this method is easily applicable to novel foods, such as edible
JF, for which little sensory information is yet available in Western countries, making panel
training complicated. Thus, RATA could be an alternative tool to obtain insight into novel
food perceptions by untrained or low-trained assessors, helping to create a standardized
vocabulary, which forms the basis of sensory analysis.

5. Conclusions

The lexicon is a fundamental tool in sensory analysis of novel foods, which still need
to be explored in terms of perceptions. The development of new processes and products
from edible JF species requires not only clear safety parameters [2] but also suitable quality
parameters, including adequate sensory descriptors.

This research showed that RATA could be a reliable alternative to the traditional lexi-
con development method, not only in selecting sensory descriptors but also in highlighting
their importance, giving an insight into JF sensory variability.

Since JF were completely new to the panel employed, a possible limitation of this
study arose from the number of assessors available for the RATA test, perhaps influenced
by unfamiliarity with the product. The lexicon developed was able to describe the sensory
differences existing between the JF samples, providing a good communication instrument
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that will open up future studies on JF sensory characteristics, improving JF palatability and
encouraging JF introduction to Western cuisines.
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