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Abstract: Sea fennel (Crithmum maritimum L.), a marine vegetable, has been gaining attention for its
potential uses in food, medicine, and crop protection. Although numerous studies have recently
focused on its chemical composition and promising functional food properties, consumer perception
remains underexplored. The present study aimed to investigate the consumer acceptance of the sea
fennel preserves in Italy, including fermented and acidified versions, assessed in blind, expected, and
actual conditions. Physicochemical analyses revealed that vinegar acidification resulted in a lower
pH compared to lactic acid fermentation. In blind conditions, tasting without information,
participants liked fermentation more than acidification with female graduated participants and active
workers rating it higher. The results suggest that introducing fermented sea fennel preparations to
the market will likely appeal to ‘adventurous women’ with higher education and employment.
Future studies should focus on communication strategies that aim to improve product familiarity,
the nutritional and health attributes, and the culinary uses of the product.

Keywords: Crithmum maritimum L.; sensory analysis; physico-chemical characteristics; product
liking; innovative foods; novel foods; nutraceuticals

1. Introduction

The growing world population is facing the urgent need for sustainable food production and
consumption solutions because of increasing environmental problems such as climate change, loss of
biodiversity, salinization, and degradation of soil properties [1,2]. Among the possible answers,
proposing alternative crop species that can adapt to adverse conditions has gained immense
importance in recent decades [1,3-5]. In this respect, halophytes that include salt-resistant plants (e.g.,
glasswort, sea aster, sea fennel) are considered viable options due to their adaptive mechanisms,
especially for the salt-affected agricultural soils in the Mediterranean region [6]. Sea fennel, with its
unique properties, holds great promise.

Halophytes are already naturally grown or partially domesticated in almost all regional
ecosystems, especially in the Mediterranean basin [7]. However, the cultivation and valorisation of
these crops still need to be improved to provide an important addition to Mediterranean agriculture
and food biodiversity [1,8]. Among halophytic species, sea fennel (Crithmum maritimum L.), which is
also known as samphire, crest marine, marine fennel, or St. Peter’s herb, grows spontaneously along
the coastlines and exists specifically abundant in Mediterranean countries such as France, Italy,
Portugal, Spain, and Turkey [9,10]. Although the commerce of this spontaneous plant was quite
popular in Europe in the past, it was forgotten for a long time after being lost in several coastal areas
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due to extensive harvest [7]. More recently, sea fennel has been gaining attention as an emerging crop
that can be used for food, medicinal, and crop protection purposes [11]. Sea fennel is a perennial
halophyte belonging to the Apiaceae family, like parsley and celery [12]. Its sensory attributes are
described by Renna et al. [13] as a slightly salty taste accompanied by notes of celery, common fennel,
and green citrus peel, followed by a powerful aftertaste. Sea fennel’s traditional culinary use is mainly
in salads, soups, and sauces as a fresh ingredient, or preserved in vinegar, brine, or olive oil which is
deeply rooted in the Mediterranean culture. Sea fennel canned in vinegar is listed by the Italian
Ministry of Agriculture as a traditional agrifood product of the Apulia Region in Southern Italy [14].
In addition to consumption as food, sea fennel has also been used in folk medicine due to its diuretic,
antiscorbutic, digestive, and purgative properties [15].

With its growing popularity, sea fennel has been the focus of numerous studies exploring its
chemical composition and potential uses. Its high nutritional value and functional properties make it
an excellent candidate for producing health-promoting foods and food ingredients [12,16,17].
Depending on the parts of the plant studied (e.g., leaves, flowers), sea fennel is rich in vitamin C, fatty
acids, phenolics, dietary fibre, and calcium [12,18-22]. A recent study of Politeo et al. [23] identified
a wide variety of bioactive compounds in sea fennel essential oil and its residual water, suggesting
potential health benefits. Indeed, numerous previous studies highlighted the positive effects of sea
fennel due to its antioxidant, antibacterial, anti-inflammatory, or anti-parasitic properties [17,24-27].
This aspect of sea fennel is particularly intriguing and warrants further exploration.

Despite promising results, sea fennel still represents a niche market in the food industry with a
limited product range. Currently, pickled sea fennel, widely used in Mediterranean cuisine, can be
found in local shops [28]. Besides, fresh sea fennel or a few types of sauces are available [7,14,21].
Other uses of sea fennel are also suggested in the literature. For example, [14] reported that dried sea
fennel can be used in several gastronomy products as an aromatic herb and a new spice-colourant
[13]. Maoloni et al. [16] suggested that sea fennel is a valuable candidate for producing probiotic-
enriched foods.

With its diverse potential applications, sea fennel holds great promise for the food market as
both a traditional and novel product. However, understanding consumer acceptance is crucial to
realise its potential and fully communicate its benefits [6]. A recent study by Custodio et al. [29] in
Portugal revealed that most consumers are not familiar with halophytes. Similarly, sea fennel has
been the subject of only a few sensory analysis [7,16,28,30,31] leaving a significant gap in our
understanding of its broader consumer appeal. This framework underscores the importance of this
research, as our insights can help bridge this gap and pave the way for a wider acceptance of sea
fennel.

Considering the above context, the overall aim of the present study was to investigate the
consumer acceptance of the sea fennel preserves in Italy. Two types of preserves, one pickled
traditionally (acidified in vinegar) and the other prepared in an alternative way (fermented, which is
innovative for this plant), were introduced to consumers with a tasting protocol to understand their
perceived, actual, and expected liking [32]. The innovative preparation method involves the use of
techniques through lactic fermentation in brine. In addition, physicochemical analyses were
conducted to explore differences in these sea fennel preserves.

The literature showed that the type of treatment impacts the consumer acceptance of preserved
vegetables [28,33,34]. Besides, product information such as origin, brand, production methods,
descriptive food names, and ingredients, may also influence consumer preferences [35]. Therefore,
this comparative study investigates the impact of processing information on consumers' liking, which
might interest the food sector in terms of how to introduce the new sea fennel products to larger
markets. The previous studies of sea fennel-based products included only a certain number of
panellists in their consumer acceptance test. To our knowledge, this is the first study to reach a more
significant sampling number to obtain a more accurate consumer perspective on sea fennel preserves.

2. Materials and Methods
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2.1. Sea Fennel Samples

Pickling is one of the oldest ways to preserve foods [36]. Vegetables may be pickled via
fermentation, acidification, or a combination of these processes [28]. In the fermentation process,
lactic acid is produced by fermentative microorganisms under anaerobic conditions, and due to the
lower pH of the medium, the growth of food-poisoning bacteria and other spoilage organisms is
prevented [37]. In acidification, acetic acid (an acidifier, usually in the form of vinegar) is directly
added and it is usually followed by heat treatment (pasteurisation) to guarantee food safety [28]. In
Italy, sea fennel is traditionally pickled by acidification with vinegar [14] and fermentation has
emerged as an innovative method of processing this plant [7].

In the present study, two types of sea fennel samples were used for physico-chemical analysis
and consumer tests: one pickled traditionally (acidified in vinegar) and the other prepared in an
innovative way (fermented). The samples were supplied by a local company (Rinci S.r.l,
Castelfidardo, Ancona, Italy), which produces organic sea fennel destined for the food industry and
the manufacture of sea fennel preserves and sauces.

2.2. Physico-Chemical Analysis

Aliquots (80 g) of acidified and fermented sea fennel were homogenized with an equal amount
of oil to obtain a paste and subjected to pH measurement with a pH-meter pH 7 Vio (XS Instruments,
Carpi (MO), Italy) equipped with a solid electrode. Organic acid quantification was carried out as
described by [7] with slight modifications. Briefly, chopped sea fennel sprouts were homogenized for
5 min at 260 rpm in a Stomacher apparatus (400 Circulator, International PBI, Milan, Italy) and
clarified using (i) Carrez I solution, prepared by dissolving 3.60 g of potassium hexacyanoferrate (II)
{K4[Fe(CN)6] x 3H20} (VWR, International, Radnor, Pennsylvania, USA) in 100 mL of distilled water;
(ii) Carrez II solution, prepared by dissolving 7.20 g of zinc sulphate (ZnS0O4.7H20) (VWR) in 100
mL of distilled water; and (iii) sodium hydroxide solution (NaOH, 100 mM), prepared by dissolving
4 g of NaOH in 1 L of distilled water. The resulting solutions were decoloured using 2 % (w v-1)
polyvinylpolypyrrolidone (VWR) and subjected to further analyses. Acetic acid and lactic acid were
quantified using the commercial K-ACETRM 06/18 kit (Megazyme, USA) and K-DLATE 08/18 kit
(Megazyme, USA), respectively, following the manufacturer’s instructions. The results of organic
acid quantification were expressed as g/100g sea fennel. For titratable acidity determination, aliquots
(10 g) of chopped sea fennel sprouts were homogenized with distilled water (90 mL) for 5 min at 260
rpm in a Stomacher machine, and the resulting suspension was subjected to titration with NaOH (0.1
N) to reach a fixed pH value of 8.3. The (%) TTA of acetic acid and lactic acid equivalents was
calculated as reported by Rampanti et al. [38], where N is the normality of the titrant, and EW is the
equivalent weight of the organic acid.

Overall data collected were subjected to one-way analysis of variance (ANOVA) through the
Tukey-Kramer honest significant difference (HSD) test at the level of significance 0.05 with JMP
Version 11.0.0 software (SAS Institute Inc., Cary, NC, USA). All analyses were performed in triplicate,
and the results were expressed as the mean value + standard deviation.

2.3. Consumer Studies

A consumers’ panel with 100 participants was constituted for the sensory evaluation of sea
fennel preserves. A non-probabilistic convenience sampling method, through volunteer mailing lists,
including university staff and student population, was followed for the recruitment. Participants,
including professors, researchers, staff, and students, were recruited inside Universita Politecnica
delle Marche (UNIVPM) in Ancona (Italy). However, other participants outside the atheneum were
included in the sampling to increase the sample variety. All participants had no food allergies and
were responsible for household food shopping. Participants were also aware of sea fennel as it is a
locally consumed plant. The final sample included 100 participants, aged between 20 and 76 years
old (mean age 45.9), from which 41% were male. Most participants were active workers (56%) and
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had a bachelor's or master's degree (63%). Vegetarian participants were 3% in total. All participants

received monetary incentives for participation.

The consumer sensory experiment was split into two subsequent days as three tests. Test 1 and

Test 2 were conducted on the first day (Day 1) and Test 3 on the second day (Day 2).

1. Blind liking (perceived sensory acceptability): in Test 1, each participant tasted a sample of each
sea fennel, acidified and fermented, without any information (bind condition). They expressed
their liking scores over a 9-point Likert scale verbally anchored from ‘dislike extremely” to ‘like
extremely” and at the mid-point with “neither like nor dislike’ [32].

2. Expected liking (expected acceptability): immediately after the blind liking test, Test 2 was
conducted to determine the expected liking of both samples. The aim of Test 2 was to investigate
the effect of information on the expected acceptability. To this end, each participant received an
information sheet explaining the main characteristics of the acidified and fermented samples.
Particularly, the descriptions were specifically neutral and focused on processes, without
reporting the origin, brand, or health benefits of these products, to avoid any influence on the
expected and actual liking procedure. The descriptions of both processes were as follows:

o Acidified sea fennel: The production of acidified sea fennel involves using preservation techniques,
generally vinegar-based, through acidification by immersion in an acid solution. In addition to
preserving food safely, this procedure gives the products a sour taste due to vinegar. This preservation
process can be combined with a heat treatment (pasteurization) to obtain a safe product that can be
preserved at room temperature. The acidified product can be consumed as it is, without rinsing in water.

o Fermented sea fennel: The production of fermented sea fennel involves using preservation techniques
through lactic fermentation in brine, i.e., an aqueous solution with a salinity greater than 5%. In
addition to preserving food safely, this procedure gives the products a sour taste due to lactic acid
bacteria. This preservation process guarantees the preservation of safe products that can be stored at
room temperature even without heat treatment (pasteurization), which would destroy some of their
nutritional properties. For consumption, it is advisable to rinse the product briefly in fresh water to
remove excess salt.

Participants were asked to read the information carefully and to express their acceptability on
the same 9-point scale based only on information and without tasting the products.

3. Actual liking (informed acceptability): test 3 was carried out on the second day (Day 2) and aimed
to evaluate the effect of information on the actual liking of the innovative sea fennel sample
(fermented). Participants simultaneously received the fermented sea fennel sample for tasting
and the same product information sheet used in Test 2. They were asked to taste the sample after
reading the information and invited to score their liking on the same scale as the previous two
tests (see Error! Reference source not found. for the experimental design).

Blind tasting of Information of Tasting of ferrr.iented
both acidified and production samples with
fermented samples methods production information
Test 1 Test2 Test3
Blind liking on Expected liking on Actual liking on
9-point Likert scale 9-point Likert scale 9-point Likert scale
Day 1 Day 2

Figure 1. Experimental design of product tasting.

This methodology is based on the expectancy-disconfirmation model [39] and the
assimilation/contrast theory [40,41]. The difference between the expected and blind liking, positive
or negative, is defined as a ‘disconfirmation’. The assimilation occurs when the hedonic ratings
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change in the same direction as the expectation, while the contrast model takes place if changes are
in the opposite direction.

Tasting sessions were conducted between November and December 2022 in the university
sensory analysis laboratory. All samples were prepared identically (similar amount, same visual
aspects, and inside small paper plates without any seasoning) on the same day of the tests. Each
serving plate had a three-digit numerical sample code for traceability. At least two persons were
assigned to prepare and distribute all the servings during the tasting evaluation. Besides, participants
were provided still water and some bread without salt to rinse/clean their mouths before tasting each
sample (Error! Reference source not found.).

a) Sample preparation

b) Product tasting in the sensory analysis laboratory

Figure 2. Product liking test a) sample preparation and b) tasting.

All data collected from liking scores were analysed using Stata (version 17). Two-sample t-tests
for paired samples were used to evaluate differences between mean scores calculated for each
product.

3. Results and Discussions

3.1.  Physico-Chemical Characteristics

Acidification with vinegar resulted in a significantly lower pH (3.47 + 0.04) than acidification
through lactic acid fermentation (pH: 4.26 + 0.01). As far as the organic acid quantification is
considered, acidified samples were characterized by 1.66 + 0.07 g/100g acetic acid and 0.04 + 0.00
g/100g lactic acid. In contrast, fermented samples contained 0.26 + 0.03 g/100g lactic acid and 0.06 +
0.00 g/100g acetic acid. The titratable acidity determination agreed with the data for the organic acid.
It resulted in equal to 1.63 + 0.01 % of acetic acid equivalents for the acidified samples and equal to
0.20 £ 0.01 % of lactic acid equivalents for the fermented samples.

The data collected for fermented sea fennel agreed well with Maoloni et al. [7]. Analogously, the
authors measured a pH value of 4.24 + 0.21 in the brines, related to concentrations of 0.29 + 0.02 g/100g
lactic acid and 0.02 + 0.01 g/100g acetic acid after 29 days of fermentation.

3.2. Consumer Acceptance of Sea Fennel Preserves

The consumer acceptance analysis results were summarized in Table 1 according to the tasting
conditions. Therefore, both traditional (acidified) and innovative (fermented) sea fennel samples have
received liking scores above the central point (5 = Neither pleasant nor unpleasant) in all conditions
(See Table 1, blind, expected, and actual liking). Sea fennel is one of the local spontaneous plants
known as “paccasassi’ [42] in Riviera del Conero in Marche Region, where the study was conducted.
Therefore, overall liking above the central point represents an excellent opportunity to promote the
consumption of such sea fennel products in the region and Italy.
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Table 1. Acceptability scores (means + standard error) for the blind, expected, actual liking and their
differences.
Type of scores Acidified sea fennel Fermented sea fennel
(traditional) (innovative)
Blind liking 5.09 £0.21! 5.88 +0.22
Expected liking 5.71+0.20 6.05+0.20
Actual liking n/a 5.96 +0.21
Expected minus Blind 0.621 0.17
Actual minus Blind n/a 0.08
Actual minus Expected n/a -0.09
1 p<0.001.

In blind conditions (perceived liking, without information), fermented sea fennel was liked
significantly more than acidified sea fennel (p<0.001) by all participants. Given these results, a higher
pH was preferred. Besides, few differences in liking were observed related to different
sociodemographic characteristics. Accordingly, females (p<0.01), graduated participants (p<0.00001),
and active workers (p<0.001) rated significantly higher the fermented sea fennel preserve than the
acidified sample. Women, as with similar seafood produce Salicornia [29], appeared to be a key
segment compared to men. Their involvement in food-related choices and a more adventurous
approach make them a strategic target for these new products and preparations. Nevertheless,
further investigations are necessary to understand these differences and, eventually, the motivations
behind consumer choices.

In the case of expected liking, which is based on only information about the processing method,
the results showed that the expected liking of fermented sea fennel was slightly higher than that of
acidified sea fennel. However, no statistically significant difference was found.

As for the comparisons among different information conditions for each preserve, the expected
liking of acidified sea fennel was significantly higher than its blind liking (p<0.001). However, no
difference was found for fermented sea fennel, meaning that information did not affect its liking.

4. Conclusions

Recent scientific studies have focused on sea fennel highlighting its properties and potential use
as a novel ingredient. However, this potential can only be fully realised with sufficient demand.
Before fully integrating sea fennel into our (sea)food production systems, it was essential to assess
consumer perspectives on this novel marine vegetable and gain further insights into the critical role
of the sensory properties (of traditional and new preparations) in determining sea fennel liking.

Understanding the sensory liking of a food is significant for product development. This
preliminary study on the acceptance of the sea fennel in Italy showed a general positive perception
of both sea fennel preserves (acidified and fermented). However, sensory liking showed relatively
low ratings in both cases, suggesting that, akin to other unconventional novel foods such as edible
insects, consumers typically exhibit little sensory appeal [43]. Also, this preliminary study provides
little evidence to describe why this unusual ingredient received moderate liking. The sensory
acceptance analysis did not reveal significantly higher preferences for the fermented sea fennel when
comparing blind and actual conditions, suggesting that in contrast with the literature, the liking was
not affected by information [32]

This interesting result may indicate that for sea fennel — a traditional but unused ingredient —
the taste experience is highly relevant. It is important to note that participants tasted sea fennel
preserves that were not combined with other ingredients. Finding the proper presentation may
strongly influence the acceptance of novel ingredients [43]. In other words, like in other consumers’
studies, presenting the ingredient in familiar recipes or as an alternative to other commonly
consumed ingredients could represent a strategy to increase consumers’ acceptability as they expect
the taste of this novel ingredient to be similar to the taste of more familiar ingredients [44]. Moreover,
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the resemblance of sea fennel with more familiar halophytes such as Salicornia (e.g., sea asparagus)
could enhance favourable associations if specifically communicated and promoted, contributing to
demand increase [45]

Concerning the absence of a significant difference between blind and actual liking of the
fermented sea fennel, it is relevant to underline how providing information only based on the
production method is insufficient to influence the liking. Hence, more detailed information and
effective labels on nutritional and health benefits could be a strategy for encouraging consumption
[46,47]. Hence, for other speciality foods like cheese, the appreciation for sustainable and local
cultivations should be another base for more effective communication [48]. Lastly, similar to other
unusual foods in the past (i.e., sushi), promotion based on tasting events may arouse curiosity among
consumers and enhance their hedonic experience.

According to the results, introducing new sea fennel (fermented) preparations to the market will
likely appeal to ‘adventurous women’, with higher education and work. They could be the target
segment, particularly in the early stages of market development, due to their greater propensity for
innovation in food-related choices and higher appreciation for dietary vegetable diversity.

Of course, this preliminary study presents limitations. First, the participant sample selection
could be more targeted on specific characteristics. Selecting participants more familiar with similar
preserves (e.g., capers) could influence the results. Finally, sea fennel acceptance must be further
explored by conducting other studies (both qualitative and quantitative) to gain deeper insight into
consumers’ knowledge and experience and evaluate other sensory characteristics. Specific
communication strategies that aim to improve product familiarity, the nutritional and health
attributes of sea fennel, and the culinary uses of the product should be studied. Moreover, increasing
exposure (e.g., cooking shows) may enhance consumers’ intentions to purchase certain unusual
foods. Exploring the general acceptance of sea fennel represents an opportunity to spread
consumption, which is now limited to a niche market. A pricing strategy based on consumer
preferences using WTP estimates should also be analysed.
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