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Abstract

In this study, the role of sex and body weight in the olfactory and gustatory dimen-

sions (pleasantness, intensity, and familiarity) of mullet cured roes, a marine rich-fat

food with peculiar sensory attributes, was evaluated. One hundred seventy-seven

participants were enrolled. Positive correlations were observed between all food

taste and odor dimensions. Women reported a significantly higher odor and taste

intensity ratings than men. Multivariate linear regression analyses evidenced that

body weight in women was negatively correlated to the food odor and taste pleas-

antness and positively correlated to odor intensity. These negative correlations were

due to different women gustatory performance in relation to body weight. A signifi-

cantly lower perception of salty and bitter taste was observed in women with a body

weight >60 kg compared to those with a body weight ≤60 kg. Our results underline

the important role of sex and body weight in the food products sensory evaluation.

Practical applications

This study evidenced higher intensity ratings in women than men for the evaluation

of olfactory and gustatory dimensions (pleasantness, intensity, and familiarity) of the

salted and dried mullet roes, a lipid-rich food, and the role of body weight in women

sensory perception. Therefore, our data highlight the importance of taking into con-

sideration sex and body weight when consumers panels are selected and constituted

for the evaluation of sensory properties and acceptance of lipid-rich foods, but also

applicable to other types of foods.

1 | INTRODUCTION

Olfactory and gustatory systems provide animals the opportunity to

distinguish smells and to find food sources (Loy, Solari, Isola, Crnjar, &

Masala, 2016; Masala, Solari, Sollai, Crnjar, & Liscia, 2008; Solari

et al., 2017). In humans, olfactory and gustatory information may

share common pathways involving orbitofrontal cortex, amygdala,

insular, and anterior cingulate cortex (de Araujo, Rolls, Kringelbach,

McGlone, & Phillips, 2003; Rolls, 2004). In particular, olfaction plays a

key role in eating behavior, in emotional responses (such as

pleasantness), and social life (Hoskison, 2013; Mahmut & Croy, 2019;

Stevenson, Mahmut, Horstmann, & Hummel, 2020). The decision to

eat or reject a specific food usually depends on the multisensory infor-

mation induced not only by taste but also by smell and nutritive value

(de Araujo & Simon, 2009). The flavor is considered a multimodal

experience detected by different components such as odor, taste, and

touch of food in the oral cavity (Green, 2003; Prescott, 1999). About

80% of the flavor information is modulated through olfactory informa-

tion (Murphy, Cain, & Bartoshuk, 1977). In particular, smells of foods

are acquired by two different routes such as orthonasal and retronasal
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olfaction (Heilmann & Hummel, 2004; Hummel et al., 2006; Small &

Green, 2012). However, the perception and pleasantness of a food-

related odor may change in relation to hormonal influences and is usu-

ally significantly lower in participants with a state of satiety compared

to those with the hungry condition (Albrecht et al., 2009).

In addition, it is well known that olfactory dysfunction may be

linked to a change in dietary habits (Aschenbrenner et al., 2008;

Ferris & Duffy, 1989; Stevenson et al., 2020; Walliczek-Dworschak &

Hummel, 2017). The change in dietary habits may induce weight gain

(Ferris & Duffy, 1989) or weight loss (Deems et al., 1991).

The ability to perceive odors usually decreases in relation to age

especially in people over 65 years (Doty, 2009; Doty & Kamath, 2014;

Masala, Saba, Cecchini, Solla, & Loy, 2018), and elderly subjects

reported an increased body mass index in relation to the age (Reas,

Nygård, Svensson, Sørensen, & Sandanger, 2007; Yi, Ohrr, Shin, &

Yi, 2015). The studies that evaluated correlations between body

weight and olfactory function are very contradictory. For example, a

significant correlation only between body weight versus odor thresh-

old was reported by Skrandies and Zschieschang (2015), while

another study (Simchen, Koebnick, Hoyer, Issanchou, & Zunft, 2006)

indicated a lower odor identification score in patients with high body

mass index (BMI). Moreover, Patel, DelGaudio, and Wise (2015) indi-

cated that a BMI is associated with olfactory dysfunction. However,

interactions between body weight and olfactory function are compli-

cated due to many different parameters, regardless of chemosensory

functions, such as sex, age, orexigenic molecules (e.g., ghrelin,

neuropeptide Y, somatostatin, and orexins) (Palouzier-Paulignan

et al., 2012), intestinal, microbiota, physical activity level, cultural

factors, etc.

In terms of sex differences on olfactory function, previous studies

showed superior women olfactory performance in odor perception

compared to men due to the hormonal influence on olfactory func-

tion, not only in healthy subjects with an age range from 16 to

55 years (Doty & Cameron, 2009; Hummel, Kobal, Gudziol, &

Mackay-Sim, 2007; Sorokowski et al., 2019) but also in patients with

neurodegenerative disorders (Melis et al., 2019; Solla et al., 2020).

Taste is usually perceived by five specific sensations such as

sweet, sour, salty, bitter, and umami (Bartoshuk, 1991; Chandra-

shekar, Hoon, Ryba, & Zuker, 2006). In addition, the fat sensation,

which is considered the ability to detect free fatty acids (FFA), is still

under discussion (Gilbertson, 1998). However, humans and animals

both show an attraction for foods with a high concentration of FFA

(Besnard, Passilly-Degrace, & Khan, 2016). In particular, previous stud-

ies (Fukuwatari et al., 1997; Laugerette et al., 2005) identified in rat

circumvallate and foliate papillae a specific transporter (CD36) with a

high affinity for long-chain FFA.

The potential mechanism involved in the transduction for long-

chain FFA may inhibit delayed rectifying K+ channels in taste receptor

cells (Gilbertson, Fontenot, Liu, Zhang, & Monroe, 1997).

In addition, previous studies (Bai et al., 2007; Hu et al., 2009; Vas-

concelos, Souza, Pinheiro, & Silva, 2016) indicated that obesity is con-

sidered a multifactorial disease associated with genetic determinants

such as the expression of ion channels and metabolic diseases.

On the contrary, Sauer et al. (2017), suggested that high body

weight is associated with low gustatory function. In line with these

data, there is an evidence that subjects with low gustatory function

are more prone to obesity because adipokines may change the per-

ception and pleasantness of olfactory stimuli (Fernandez-Garcia

et al., 2017).

In our study, the attention was focused on the salted and dried

mullet ovary product, a marine fat-rich food with nutritional and nutra-

ceutical properties, produced in numerous world countries with differ-

ent names, in Italy, is called “bottarga” (Scano et al., 2008), in Greece,

“avgotaracho” (Kalogeropoulos, Nomikos, Chiou, Fragopoulou, &

Antonopoulou, 2008), and in Japan, “karasumi” (Bledsoe, Bledsoe, &

Rasco, 2003). Our previous studies analyzed bottarga chemical compo-

sition (Rosa et al., 2009, 2011; Scano et al., 2008), stability to the oxida-

tive degradation (Rosa et al., 2009, 2011), non-enzymatic browning

process (Rosa et al., 2009, 2011), the effect on viability and lipid profile

in normal and cancer cells (Rosa et al., 2011, 2016; Rosa, Scano, Atzeri,

Deiana, & Falchi, 2013), and bioavailability in cell systems and rat model

(Rosa et al., 2011, 2013, 2016). Bottarga is considered a naturally rich

source of n-3 polyunsaturated fatty acids (n-3 PUFA or ω-3 PUFA),

such as eicosapentaenoic acid (EPA, 20:5 n-3) and docosahexaenoic

acid (DHA, 22:6 n-3) with beneficial health effects (Rosa et al., 2009,

2016). Previous studies (Chang, Ke, & Chen, 2009; Salem Jr.

et al., 2001) in the animal model showed that the n-3 long-chain fatty

acid such as DHA plays an important role neuronal growth and in the

synaptic connection among brain areas. In addition, in humans, the

increased ingestion of n-3 PUFA may reduce body weight in obese sub-

jects (Buckley & Howe, 2010). Bottarga is a complex food matrix char-

acterized by peculiar sensory attributes and several nutritive

components such as salt, fatty acids, and proteins, which elicited

intense odor and taste qualities (Rosa et al., 2009; Rosa, Isola, Nieddu, &

Masala, 2020). In particular, this food is characterized by a strong odor

and an intense pleasant salty taste, balanced with a slightly bitter after-

taste. Moreover, we have recently demonstrated a clear contribution of

FFA amount in the pleasantness and familiarity dimensions of the taste

of bottarga (Rosa et al., 2020).

The aim of this study was to evaluate the role of body weight and

sex in the olfactory and gustatory pleasantness (P), intensity (I), and

familiarity (F) of this food product rich in n-3 PUFA. First, were evalu-

ated olfactory and gustatory P, I, and F for the bottarga, and then, we

analyzed the olfactory and gustatory perception in relation to sex and

body weight.

2 | MATERIALS AND METHODS

2.1 | Chemicals

Standards of saturated and unsaturated fatty acids (see Table 1 for

the complete list), Desferal (deferoxamine mesylate salt), ascorbic acid,

and high purity solvents (chloroform, methanol, ethanol, n-hexane,

and acetonitrile) were obtained from Sigma–Aldrich (Milan, Italy). The

ultrapure water was obtained by distillation and filtration through the
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Milli-Q water purification system ZFMQ23004 (Millipore, Milan, Italy).

All chemicals used were of analytical grade.

2.2 | Participants

One hundred seventy-seven participants were enrolled in this study,

72 men and 105 women, with an age range of 19–64 years and a

mean age ± standard deviation of 37.3 ± 14.2. In our data, 22.8% of

women were in the menstrual phase, while 60.1% were in the luteal

phase and 17.1% were in the menopausal phase. Inclusion criteria

were the absence of chronic/acute rhinosinusitis and systemic dis-

eases related to smell disorders, and neurodegenerative diseases as

reported in previous studies (Masala, Käehling, Fall, & Hummel, 2019;

Masala, Saba, et al., 2018). None of the participants was taking medi-

cations for allergies or other medical illnesses 5 days before the test.

These conditions were checked by the examiner before the beginning

of the procedure. In all participants were collected age (years), weight

(kg), and height (m), and were assessed olfactory and gustatory dimen-

sions (pleasantness, intensity, and familiarity) of mullet cured roes.

2.3 | Food product

Commercial samples of mullet grated bottarga (“bottarga di muggine”
in Italian) were provided by Sardinian manufacturers (“Mediterranea

Conserve Alimentari” S.r.l., Quartucciu, CA; “Sud Ovest Bottarga”,
Iglesias, CA, Italy) and were produced according to the Sardinian tradi-

tional procedures. Ingredients reported in the labels were: mullet roes

and salt. Three commercial samples of grated bottarga (in 70 g jars), dif-

ferent for the provenance of raw roes, Mugil species, and manufactur-

ing procedures (Rosa et al., 2020), were mixed in order to obtain an

adequate amount of bottarga and a representative, uniform sample of

this food product for olfactory and gustatory assessment. The chemical

composition (fat %, protein %, and salt %) of the grated bottarga sample

used in this study was determined as mean ± standard deviation (SD) of

values indicated in the respective labels of mixed commercial products

(Table 1). The prepared sample was analyzed for free (FFA), and total

fatty acid (TFA) profile. All participants were familiar with the bottarga,

and its consumption may range between subjects who do not use it to

those who consume it 1 or 2 times a week.

2.4 | Procedures to assess pleasantness, intensity,
and familiarity in odor and taste for the food product
bottarga

The pleasantness, intensity, and familiarity were assessed for odor

and taste of the mullet bottarga sample using a 7-points Likert-type

scale ranging from 0-not at all to 6: such as 0 = very unpleasant and

6 = very pleasant; 0 = not intense at all and 6 = very intense; 0 = not

familiar at all and 6 = very familiar (Lim, 2011; Rosa et al., 2020).

Olfactory and gustatory stimuli were presented for approximately 2–

3 s and at 20 s intervals by the experimenter. A grated bottarga sam-

ple (approximately a portion of 60 mg at room temperature) was

administered to participants using a minitaster spoon. Participants first

evaluated the bottarga olfactory properties and then gustatory dimen-

sions. Before each experiment participants rinsed their mouths with

water.

All participants were asked to evaluate the pleasantness, inten-

sity, and familiarity of the odor and taste qualities in the grated

TABLE 1 Compositional mean value (obtained for 100 g of
product, as reported in the label*) and fatty acid (FA) composition
expressed as mg/g of edible portion and % of total FA in the grated
bottarga sample used for sensory evaluations

Composition for 100 g of product

Parameter Mean value ± SD

Fat (%) 26.83 ± 3.91

Protein (%) 42.17 ± 2.25

Carbohydrates (%) 0.00 ± 0.00

Salt (%) 4.00 ± 0.50

FA composition

FA common name CA:DB
Mg/g edible
portion % Total FA

Lauric acid 12:0 Trace Trace

Myristic acid 14:0 4.66 ± 0.46 3.13 ± 0.24

Palmitic acid 16:0 16.32 ± 2.49 10.81 ± 0.97

Palmitoleic acid 16:1 n-7 22.40 ± 3.69 14.83 ± 1.30

Hexadecadienoic acid 16:2 2.15 ± 0.30 1.47 ± 0.16

Hexadecatrienoic acid 16:3 1.10 ± 0.16 0.74 ± 0.09

Hexadecatetranoic acid 16:4 0.31 ± 0.14 0.22 ± 0.09

Stearic acid 18:0 7.63 ± 0.79 5.18 ± 0.86

Oleic acid 18:1 n-9 18.87 ± 2.55 12.84 ± 1.91

Cis-Vaccenic acid 18:1 n-7 8.56 ± 1.48 5.70 ± 0.60

Linoleic acid 18:2 n-6 7.63 ± 1.01 5.02 ± 0.60

γ-Linolenic acid 18:3 n-6 0.99 ± 0.51 0.60 ± 0.28

α-Linolenic acid 18:3 n-3 1.64 ± 0.38 1.06 ± 0.17

Stearidonic acid 18:4 n-3 2.56 ± 0.24 1.71 ± 0.06

Eicosatrienoic acid 20:3 n-6 4.00 ± 0.65 2.62 ± 0.27

Arachidonic acid 20:4 n-6 2.49 ± 0.66 1.48 ± 0.94

Eicosapentaenoic acid 20:5 n-3 17.99 ± 1.69 12.10 ± 1.27

Docosapentaenoic acid 22:5 n-3 7.38 ± 0.89 4.90 ± 0.30

Docosahexaenoic acid 22:6 n-3 23.75 ± 2.84 15.59 ± 0.58

Saturated fatty acids SFA 28.48 ± 2.26 19.12 ± 0.58

Monounsaturated fatty

acids

MUFA 49.82 ± 5.53 33.36 ± 0.61

Polyunsaturated fatty

acids

PUFA 70.88 ± 7.03 47.51 ± 0.62

Notes: Carbon Atoms: Double Bonds (CA:DB); FA analysis was performed

in quadruplicate and all data are expressed as mean values ± standard

deviations (SD).

*Food product used for sensory assessment was obtained after pooling

three different commercial samples of mullet grated bottarga.
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bottarga samples. All participants may drink only water 1 h before the

experiment and did not wear any scented products on the day of test-

ing (Masala et al., 2018; Masala, Saba, et al., 2018).

2.5 | Assessment of olfactory function

The olfactory performance of each participant was evaluated using

the Sniffin’ Sticks test (Burghart Messtechnik, Wedel, Germany),

which consists of three olfactory tasks: odor threshold (OT), odor dis-

crimination (Odis), and odor identification (OId) (Hummel et al., 2007;

Hummel, Sekinger, Wolf, Pauli, & Kobal, 1997).

The Sniffin’ Sticks test are pen-like odor-dispensing devices, each

pen, with a length of 14 cm and an inner diameter of 1.3 cm, was posi-

tioned at approximately 2 cm in front of both participants’ nostrils for a
few seconds. All subjects were blindfolded during the OT and Odis task.

First, OT was evaluated using n-butanol with 16 stepwise dilutions

(Fadda, Piras, Doneddu, Saba, & Masala, 2018; Masala et al., 2019,

2020). OT was evaluated using a three-alternative forced-choice task

(3AFC) and the single-staircase technique (Fadda et al., 2018; Masala

et al., 2019, 2020). Scores of OT may range from 16 for a participant

who was able to detect the lowest concentration of n-butanol to 1 for

subjects who were unable to detect the highest concentration.

Second, Odis was assessed using the 3AFC task over 16 trials by

means of three different pens, two containing the same odor, and the

third containing the target odorant. The Odis score is considered as

the sum of the correct responses and ranges from 0 to 16 points

(Oleszkiewicz, Schriver, Croy, Hähner, & Hummel, 2019). Third, OId

was measured by means of 16 common odors presented in a multiple

forced-choice format with four verbal descriptors (three distractors

and one target).

The total score of odor threshold, discrimination, identification is

the TDI. A value of TDI score between 30.75 and 41.25 points is con-

sidered normosmia, between 16.25 and 30.5 points hyposmia, and a

score ≤16 points is indicated functional anosmia (Hummel et al., 2007;

Oleszkiewicz et al., 2019).

2.6 | Gustatory function

The gustatory function was evaluated using the taste strips test

(Burghart Messtechnik, Wedel, Germany) with four concentrations for

each modality: sweet, bitter, sour, and salty (Landis et al., 2009;

Masala et al., 2020). Before the test, the mouths of the participants

were rinsed with water. The score ranged from 0 to 16 and a score <9

was considered hypogeusia.

2.7 | Analysis of fatty acid composition in bottarga
sample

Total lipids were extracted from aliquots (40 mg) of the grated

bottarga sample by the addition of 12 ml of chloroform/methanol

(2/1, v/v) solution for 1 h at room temperature in the dark (Rosa

et al., 2016, 2020). After the addition of 4 ml H2O and centrifugation

at 900�g for 1 h, the lower chloroform phase (total lipid extract) was

separated. Dried aliquots of the chloroform fraction were dissolved in

ethanol and subjected to mild saponification by the addition of 50 μl

of Desferal solution (25 mg/ml of water), 0.5 ml of a water solution of

ascorbic acid (25%, w/v), and 0.25 ml of 10 N KOH, as previously

reported (Rosa et al., 2016, 2020). After saponification, the n-hexane

fraction with total fatty acids (TFA) was collected, the solvent evapo-

rated, and the dried residue was dissolved in acetonitrile (Rosa

et al., 2016, 2020). Analyses of bottarga TFA, representing the sum of

fatty acids present in the food product in their free form (FFA) and

fatty acids liberated from lipid molecules after saponification, were

carried out with an Agilent Technologies 1100 HPLC (Palo Alto, CA)

equipped with a DAD and an Infinity 1260 ELSD detector (HPLC-

DAD/ELSD) as previously reported (Rosa et al., 2016, 2020). Record-

ing and integration of the chromatogram data were carried out

through an Agilent OpenLAB Chromatography data system. Calibra-

tion curves were performed using standards as reported in a previous

study (Rosa et al., 2020). An aliquot of dried chloroform fractions, dis-

solved in methanol, was directly analyzed without saponification by

HPLC-DAD/ELSD with the same chromatographic conditions for the

quantification of FFA in the bottarga sample.

2.8 | Statistical analyses

Statistical analysis was performed by the SPSS software version

23 for Windows (IBM, Armonk, N.Y., USA). The normal distribution of

the data was assessed using the Shapiro–Wilk test. Comparison

between different olfactory and gustatory bottarga dimensions was

assessed by Student’s unpaired t-test with Welch’s correction, which

does not require the assumption of equal variance between

populations. Bivariate correlations were calculated between body

weight versus odor and taste ratings of pleasantness (P), intensity (I),

and familiarity (F) dimensions of the food bottarga product using

Pearson’s coefficient (r).
Moreover, multivariate linear regression analyses were evaluated

in order to assess the effect of olfactory and gustatory pleasantness

(P), intensity (I), and familiarity (F) of bottarga on body weight. In the

multivariate linear regression analysis body weight was a dependent

variable, while pleasantness (P), intensity (I), and familiarity (F) for

bottarga odor and taste were independent variables. The values with

p < .05 were considered significant.

3 | RESULTS

3.1 | Chemical composition of bottarga

The chemical composition (% of fat, protein, and salt) of the grated

bottarga sample used for olfactory and gustatory assessment is

reported in Table 1, as mean ± standard deviation (SD) of values
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indicated in the labels. The tasted sample was characterized by 27% of

fats, 42% of proteins, and 4% of salt. Values of the main saturated

(SFA), monounsaturated (MUFA), and polyunsaturated (PUFA) FA mea-

sured in bottarga sample by HPLC-DAD/ELSD analysis after saponifica-

tion of lipid compounds are shown in Table 1, expressed as mg/g of

edible portion and % of total FA (TFA). Bottarga sample showed 19%

of SFA, mostly palmitic acid (11%), MUFA (approximately 33%), mainly

palmitoleic acid (15%) and oleic acid (13%), and PUFA (48%), largely

constituted by the highly unsaturated n-3 FA, in particular doco-

sahexaenoic acid (DHA, 16%) and eicosapentaenoic acid (EPA, 12%). In

particular, total n-3 PUFA accounted for 53.31 ± 4.87 mg/g of edible

portion. The direct analysis of the chloroform fractions obtained from

the bottarga sample extraction without saponification allowed the

determination of the amount of free fatty acids (FFA) in the food

matrix, which accounted for 27.1 ± 6.1 mg/g of an edible portion (18%

of TFA). The FFA profile resembled that of TFA.

3.2 | Olfactory and gustatory pleasantness (P),
intensity (I), and familiarity (F) of the bottarga

Mean values ± standard deviation of age, height, weight, olfactory,

and gustatory function for all subjects were indicated in Table 2. In

the evaluation of pleasantness (P), intensity (I), and familiarity

(F) dimensions mean values ± standard deviation were 4.08 ± 1.60,

3.99 ± 1.40 and 4.33 ± 1.79 for bottarga odor and 4.14 ± 1.65,

3.98 ± 1.45 and 4.07 ± 1.88 for bottarga taste, respectively, (Figure 1)

considering all participants together. No significant differences

(p > .05) were observed between odor and taste ratings of pleasant-

ness (P), intensity (I), and familiarity (F) dimensions in the bottarga

product. However, the following significant positive correlations were

observed among bottarga odor dimensions: between pleasantness

versus intensity (r = 0.377, p < .01) and versus familiarity (r = 0.452,

p < .01), and also between familiarity versus intensity (r = 0.446,

p < .01) (Table 3a). Whereas, the following positive correlations were

found among bottarga gustatory dimensions: between familiarity ver-

sus intensity (r = 0.348, p < .01), between pleasantness versus inten-

sity (r = 0.346, p < .01) and versus familiarity (r = 0.709, p < .01;

Table 3b). Significant positive correlations were also found between

bottarga odor and taste dimensions, in particular, between odor pleas-

antness versus taste pleasantness (r = 0.555, p < .01), between odor

intensity versus taste intensity (r = 0.308, p < .01) and versus taste

familiarity (r = 0.308, p < .01) (Table 3c).

3.3 | Relation between bottarga sensory
dimensions with the body weight and sex

Then, scores of olfactory and gustatory functions were evaluated in

relation to body weight. The Figure 2a showed the olfactory function

(odor threshold = OT, odor discrimination = Odis, and odor

identification = OId) in subjects with body weight ≤60 and >60 kg.

No significant differences were observed in olfactory function for OT,

Odis, and OId between the two body weight groups. Although, signifi-

cant differences were shown in gustatory function only in salty and

bitter perception between subjects with a body weight > 60

and ≤ 60 kg (Figure 2b). In particular, subjects with a body

weight > 60 kg rated the stimuli as being significantly less salty

(p < .05) and bitter (p < .01). Mean values ± standard deviations for

salty perception were 3.7 ± 0.5 in participants with a body

weight ≤ 60 kg and 3.2 ± 0.6 in subjects with a body weight > 60 kg.

While mean values ± standard deviations for bitter perception were

3.4 ± 0.7 and 2.4 ± 1.3 in subjects with a body weight ≤ 60 kg and

with a body weight > 60 kg, respectively.

No significant correlations were found between odor/taste func-

tions and perceived olfactory and gustatory bottarga intensities.

TABLE 2 Mean values ± standard
deviation of age, height, weight,
olfactory, and gustatory function in all
participants (n = 177)

Parameters Mean ± standard deviation Men (n = 72) Women (n = 105)

Age (years) 37.3 ± 14.2 38.7 ± 14.7 37.2 ± 14.3

Height (m) 1.67 ± 0.08 1.9 ± 0.2 1.6 ± 0.07

Weight (kg) 64.6 ± 16.1 74.8 ± 15.6 57.5 ± 12.6

BMI (kg/m2) 24.8 ± 11 29 ± 16.2 20.4 ± 2.9

Olfactory function

Odor threshold 6.13 ± 3.7 6.9 ± 5.1 5.9 ± 2.5

Odor discrimination 12.3 ± 2.1 11.9 ± 1.9 12.4 ± 1.8

Odor identification 13.7 ± 1.1 13.8 ± 1.3 13.5 ± 1.1

TDI score 32.1 ± 4.2 32.4 ± 5.9 31.8 ± 2.9

Gustatory function

Sweet taste 3.5 ± 0.6 3.5 ± 0.6 3.5 ± 0.7

Salty taste 3.3 ± 0.8 2.9 ± 0.9 3.6 ± 0.6

Sour taste 2.3 ± 0.7 2.3 ± 0.7 3.1 ± 0.8

Bitter taste 3.1 ± 1.0 2.8 ± 1.3 3.1 ± 0.9

Total taste 12.2 ± 1.7 11.6 ± 1.6 12.5 ± 1.7
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However, a significant sex-related effect was observed in olfactory and

gustatory ratings for the intensity of bottarga samples (Figure 3a,b). In

particular, women showed significant higher scores in odor (p < .01)

and taste (p < .001) intensity compared to men. In the odor intensity

perception mean values ± standard deviation were 3.6 ± 1.5 in men

and 4.3 ± 1.3 in women. Whereas as regards familiarity, women

exhibited a high significant (p < .001) scores only in odor and not in

taste perception. In olfactory and gustatory performance, men did not

show any significant differences in relation to body weight (kg) (data

not shown). Also, women did not show any significant differences for

OT, Odis, and OId in relation to body weight (Figure 4a). Whereas con-

sidering taste performance (Figure 4b), women with a body

weight > 60 kg rated the stimuli as being significantly less salty (p < .05)

and bitter (p < .01) compared to those with a body weight ≤ 60 kg.

In order to evaluate the potential role of the body weight on

bottarga olfactory and gustatory dimensions (pleasantness, intensity,

and familiarity) bivariate correlations and multiple linear regression

analyses were performed. In bivariate correlations, negative significant

correlations were found between body weight versus pleasantness

for olfactory and gustatory dimensions (r = �0.272, p < .01 in

bottarga odor; r = �0.268, p < .01 in bottarga taste). Furthermore, a

low significant negative correlation was found between body weight

and familiarity (r = �0.199, p < .05 for bottarga odor; r = �0.160,

p < .05 for bottarga taste) (Table 4a,b). In addition, we calculated the

bivariate correlations between age and the sensory perception of

odor/taste intensity, pleasantness, and familiarity. A significant posi-

tive correlation (r = 0.198, p < .01) was observed only for age and

taste familiarity of the bottarga, while no other correlations emerged

for olfactory and taste dimensions. Consequently, our attention was

focused on body weight and sex.

In order to confirm these correlations multivariate linear regres-

sion analyses were performed using body weight as a dependent vari-

able. Negative significant correlations emerged between body weight

versus bottarga odor (F[3,176] = 5.564, p ≤ .001, Table 5a) and taste

pleasantness (F[3,176] = 5.543, p ≤ .001, Tables 5b), while no contribu-

tions were found for odor intensity and familiarity. These models

explained 8% of variance (R2 = 0.088) in odor and taste dimensions

(Table 5a,b).

F IGURE 1 Ratings of pleasantness (P), intensity (I), and familiarity
(F) dimensions determined for odor and taste of the food product
bottarga (n = 177). Data are presented as mean values ± standard
deviations (SD)

TABLE 3 (a–c) Bivariate correlations
between olfactory and gustatory
dimensions in the bottarga sample

Pleasantness Intensity Familiarity

(a) Odor dimensions of the bottarga

Pleasantness 1

–
r = 0.377

p < .01

r = 0.452

p < .01

Intensity r = 0.377

p < .01

1

–
r = 0.446

p < .01

Familiarity r = 0.452

p < .01

r = 0.446

p < .01

1

–

(b) Taste dimensions of the bottarga

Pleasantness 1

–
r = 0.346

p < .01

r = 0.709

p < .01

Intensity r = 0.346

p < .01

1

–
r = 0.348

p < .01

Familiarity r = 0.709

p < .01

r = 0.348

p < .01

1

–

(c) Odor and taste dimensions of the bottarga

Taste pleasantness Taste intensity Taste familiarity

Odor pleasantness r = 0.555

p < .01

r = 0.138

p > .05

r = 0.415

p < .01

Odor intensity r = 0.118

p > .05

r = 0.308

p < .01

r = 0.188

p < .05

Odor familiarity r = 0.336

p < .01

r = 0.152

p < .05

r = 0.465

p < .01
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With the purpose of evaluating possible sex-related differences in

bottarga olfactory and gustatory perception, we performed multivari-

ate linear regression analyses in men and women using body weight

as a dependent variable. In women emerged the following significant

correlations: body weight was negatively correlated to odor

(F[3,104] = 9.371, p ≤ .0005) and taste pleasantness (F[3,104] = 7.284,

p ≤ .0005) (Table 6a,b) and positively correlated to odor intensity

(F[3,104] = 9.371, p ≤ .001). These models explained 22% of variance

(R2 = 0.218) in odor dimensions and 17% (R2 = 0.178) in taste dimen-

sions. Instead, no significant correlations were observed in men

between body weight versus bottarga odor and taste dimensions.

4 | DISCUSSION

4.1 | Chemical composition of bottarga

Our study evaluated the role of body weight and sex-related differ-

ences in the olfactory and gustatory pleasantness (P), intensity (I), and

familiarity (F) of bottarga, a lipid-rich food product. The marine food

bottarga, a salted and dried mullet ovary product, is a rich source of

health beneficial long-chain n-3 PUFA (mainly EPA and DHA) (13%–

25% of total fatty acids), mostly in the form of wax esters (that repre-

sent about 50%–65% of total lipids) (Rosa et al., 2009, 2016, 2020). It

is considered a highly nutritive food for its richness in vitamins and

well-balanced proteins with essential amino acids (Bledsoe

et al., 2003; Rosa et al., 2009, 2016, 2020). Commercial whole and

grated bottarga samples are generally characterized by a high content

of free fatty acids (FFA) due to hydrolytic processes on lipid compo-

nents induced on the raw matrix by the manufacturing/storage proce-

dures and conditions (Rosa et al., 2009, 2016, 2020). Therefore, the

quality and sensory properties of this product may change according

to the provenance and quality of raw materials, and differences in

manufacturing/storage conditions may affect bottarga physicochemi-

cal characteristics (Rosa et al., 2009, 2016, 2020). According to litera-

ture data, the main components of the bottarga sample used for

sensory assessment were salt, proteins, and lipids, with high levels of

n-3 PUFA (EPA + DHA, 28% of TFA). Moreover, a high amount of

FFA (18% of TFA) was also detected in the tested sample.

Humans showed an attraction for palatable fat-rich foods

(Besnard et al., 2016) and a taste component is implicated in the oro-

sensory detection of dietary lipids (especially long-chain FA).

F IGURE 2 Scores of olfactory functions (OT, odor threshold;
ODis, odor discrimination; OId, odor identification) (a) and gustatory
function (sweet, salty, sour, and bitter) (b) in subjects with a body
weight ≤ 60 kg (n = 98) and > 60 kg (n = 79). Data are presented as
mean values ± standard deviations (SD). **p < .01, *p < .05 (Student’s
unpaired t-test with Welch’s correction) in subjects >60 and ≤ 60 kg

F IGURE 3 Ratings of odor pleasantness, intensity, and familiarity
determined for odor (a) and taste (b) of the food product bottarga in
relation to the sex of participants (72 men and 105 women). Data are
presented as mean values ± standard deviations (SD). ***p < .001,
**p < .01 (Student’s unpaired t-test with Welch’s correction) for
women (W) and men (M)
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Particularly, the FFA level seems to be involved in fatty food recogni-

tion (Besnard et al., 2016). In the murine model, chemoreception of

FFA appears to depend on their carbon chain length and unsaturation,

with a high licking response to unsaturated long-chain FA (like palmitic

acid, oleic acid, linoleic acid, linolenic acid, stearidonic acid,

arachidonic acid, and DHA) (Adachi et al., 2014) and requires a free

carboxylic group (Besnard et al., 2016). The assessment of fat taste in

humans is complex, as some researchers believe FFA does not elicit

perceptual taste qualities (such as sweet, umami, bitter, salty, and sour

tastes) (Liu, Archer, Duesing, Hannan, & Keast, 2016). In a previous

study on the human model, we investigated differences in the sensory

properties (taste and odor) and acceptance of different grated mullet

bottarga samples in relation to their lipid composition (Rosa

et al., 2020). We observed a potential contribution of the FFA amount

in the taste pleasantness and familiarity dimensions of bottarga sam-

ples, while the FFA contribution to bottarga odor dimensions was

inconsistent (Rosa et al., 2020).

4.2 | Relation between bottarga olfactory and
gustatory pleasantness, intensity, and familiarity

First, the relation between olfactory and gustatory pleasantness (P),

intensity (I), and familiarity (F) dimensions of the bottarga was evalu-

ated. All participants enrolled in this study showed normal olfactory

and gustatory function. In general, values of olfactory and gustatory

function determined in men and women are in line with those

reported in previous studies (Masala et al., 2020; Solla et al., 2020).

According to the literature (Distel et al., 1999), our results showed

positive correlations between bottarga olfactory pleasantness versus

intensity, and versus familiarity. In literature is well-known that pleas-

antness, familiarity, and intensity are considered standard dimensions

used to describe odor and food qualities (Delplanque et al., 2008).

These dimensions are not independent since previous studies showed

significant positive correlations between the pleasantness and famil-

iarity of an odor (Bensafi et al., 2002; Distel et al., 1999). In particular,

in line with a previous study (Distel & Hudson, 2001), our data suggest

that a more familiar food odor is judged more pleasant. Moreover, a

previous study (Moss, Miles, Elsley, & Johnson, 2016) suggested that

odor familiarity was related to pleasantness, and a non-linear relation-

ship was observed between odor pleasantness and intensity.

However, these dimensions are not specific only for the olfaction, but

also for taste (Amsellem&Ohla, 2016). In fact, in our data for bottarga gus-

tatory dimensions, positive correlations were found between familiarity

versus intensity, between pleasantness versus intensity, and versus famil-

iarity. Our results, according to a previous study (Amsellem & Ohla, 2016)

suggest that pleasantness and familiarity could be considered a common

subjective dimension in the evaluation of odor and taste stimuli. In particu-

lar, odor familiarity involves cognitive processes such as the activation of

the orbitofrontal cortex involving attention and working memory (Royet

et al., 1999). Instead, themere odor threshold is related to themorphology

of the nasal cavity (Masala et al., 2019).

4.3 | Relation between bottarga sensory
dimensions with the body weight and sex

Then, we analyzed the bottarga olfactory and gustatory perception in

relation to the sex and body weight of the participants. Interestingly,

F IGURE 4 Scores of olfactory functions (OT, odor threshold;
ODis; OId, odor identification) (a) and gustatory function (sweet, salty,
sour, and bitter) (b) in women with a body weight ≤ 60 kg (n = 73)
and > 60 kg (n = 32). Data are presented as mean values ± standard
deviations (SD). **p < .01, *p < .05 (Student’s unpaired t-test with
Welch’s correction) in subjects >60 and ≤ 60 kg

TABLE 4 (a and b) Bivariate correlations between body weight
versus olfactory (a) and gustatory dimensions (b) of bottarga sample
(pleasantness, intensity, and familiarity)

Parameters
Pearson’s
correlation (r)

Significance
(p value)

Body weight 1.000 –

(a) Olfactory dimensions

Pleasantness �0.272 0.01

Intensity �0.056 0.458

Familiarity �0.199 0.01

(b) Gustatory dimensions

Pleasantness �0.268 0.01

Intensity �0.197 0.01

Familiarity �0.160 0.05
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our results showed negative significant correlations between body

weight versus pleasantness in olfactory and gustatory dimensions.

These data according to a previous study (Fernandez-Garcia

et al., 2017), indicated a significantly lower olfactory and gustatory

pleasantness in relation to the increased body weight. This result

could be explained considering a decrease in taste and olfactory

bottarga perception in relation to an increase in body weight. In addi-

tion, our data are in line with the previous study (Fernandez-Garcia

et al., 2017) that reported negative associations between taste func-

tion and body mass index.

The interactions between bodyweight, gustatory, and olfactory func-

tions are complicated due to lots of different physiological parameters that

may influence chemosensory functions such as hormonal influences, hun-

ger, and satiety states (Fernandez-Garcia et al., 2017). Recently, a previous

study (Chen et al., 2022) indicated a nonlinear association between olfac-

tory and gustatory dysfunctions versus bodymass index.

In general, our results showed sex differences in the olfactory and

gustatory function of the participants. Our data, in line with previous

studies (Doty, 1994; Schiffman & Warwick, 1993; Simchen

et al., 2006), indicated that olfactory and gustatory dimensions were

correlated to sex and women showed higher scores than men. The

cause of the higher olfactory perception in women could be related to

complex interactions between the olfactory system versus hormones

and neuroendocrine agents (Doty & Cameron, 2009; Sorokowski

et al., 2019). In women, the higher sensitivity to specific odors could

be also associated with menstrual cycle-related fluctuations

(Nováková, Havlíček, & Roberts, 2014). Moreover, a previous study

(Oliveira-Pinto et al., 2014) indicated that females showed a higher

average number of cells in the olfactory bulb and an increased cell

density compared to males. Sex-related differences in olfactory func-

tion were also observed in children (Schriever et al., 2018) and

patients with Parkinson’s disease (Melis et al., 2019; Solla et al., 2020)

reporting that women had significantly higher scores in olfactory func-

tion than men. A sex-related effect of bottarga was observed in our

previous study not only in the human model but also in the animal

model (Rosa et al., 2020).

In addition, our data suggested complex relationships between sex-

related differences, olfactory and gustatory bottarga chemosensory

dimensions, and body weight. In fact, women exhibited significant nega-

tive correlations between body weight versus odor and taste bottarga

pleasantness, and positive correlations between body weight versus

odor intensity. This result indicated that in women an increase in body

weight was associated with a rise in the bottarga odor intensity percep-

tion. Instead, in men, no significant correlations were observed between

bodyweight versus bottarga odor and taste dimensions.

In taste performance, only women with a body weight > 60 kg

exhibited a significant decrease in salty and bitter perception com-

pared to those with a body weight ≤ 60 kg.

TABLE 5 (a and b) Multivariate linear
regression analyses for bottarga odor (a)
and taste (b) dimensions Model

Unstandardized coefficients Standard coefficients

SignificanceB Std error β t

Body weight as a dependent variable

(a) Odor dimensions of the bottarga

Odor pleasantness �2.534 0.847 �0.250 �2.991 0.003

Odor intensity 1.104 0.966 0.095 1.143 0.255

Odor familiarity �1.168 0.786 �0.128 �1.486 0.139

(b) Taste dimensions of the bottarga

Taste pleasantness �2.797 1.025 �0.284 �2.729 0.007

Taste intensity �1.454 0.883 �0.129 �1.647 0.101

Taste familiarity 0.747 0.904 0.086 0.827 0.410

TABLE 6 (a and b) Multivariate linear
regression analyses for bottarga odor and
taste dimensions in women Model

Unstandardized coefficients Standard coefficients

SignificanceB Std error β t

Body weight as a dependent variable

(a) Odor dimensions of the bottarga

Odor pleasantness �3.248 0.740 �0.423 �4.387 0.0005

Odor intensity 3.429 0.955 0.345 3.589 0.001

Odor familiarity 0.102 0.783 0.013 0.131 0.896

(b) Taste dimensions of the bottarga

Taste pleasantness �3.431 1.109 �0.464 �3.093 0.003

Taste intensity 1.532 0.926 0.158 1.655 0.101

Taste familiarity 0.235 0.976 0.037 0.240 0.810
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As regards bitter perception, our data in line with a previous study

(Simchen et al., 2006) indicated that obesity was associated with

lower bitter taste perception, and it may induce a change in gustatory

bottarga pleasantness and intensity. Moreover, patients with an

impairment in bitter perception showed higher body mass index and

low olfactory function as reported by Chen and Colleagues (2022). It

is important to consider that in humans there are about 30% of sub-

jects who could not identify bitter taste (Bartoshuk & Duffy, 1994;

Tepper et al., 2009). In addition, a previous study (Skrandies &

Zschieschang, 2015) reported that an increased BMI was associated

with a decreased sensitivity to salt taste.

Few studies to date investigated the correlation between body

weight and salty taste in obese subjects. However, Vignini and

Colleagues (2019)) reported a general low taste sensitivity in relation

to an increase of body mass index (BMI), while Bartoshuk, Duffy,

Hayes, Moskowitz, and Snyder (2006) showed that BMI increases in

relation to an increase in sweet taste perception.

Finally, a positive correlation between body weight versus

bottarga odor intensity was observed only in women and not men.

This positive correlation may be explained considering that the rela-

tionship between odor intensity and food acceptability (pleasantness)

is a complex multifactorial mechanism involving different aspects such

as satiety and cultural experience. In particular, the hedonic percep-

tion of an odor is usually explained considering a mechanism of asso-

ciative learning through experience as described in a previous study

(Herz, 2005).

5 | CONCLUSIONS

Our results showed a strong effect of the sex in olfactory and gusta-

tory dimensions of the bottarga, a marine food rich in health-

beneficial n-3 PUFA. Taken together, our results showed in women a

significant negative correlation between body weight versus bottarga

odor and taste pleasantness. The pleasantness of the bottarga flavor

is associated with its salty taste coupled with a lightly bitter and spicy

aftertaste. The significantly lower salty and bitter perception observed

for women with a body weight > 60 kg compared to those with

≤60 kg could justify the negative correlation between body weight

versus bottarga odor and taste pleasantness. Moreover, our data con-

firmed sex-related differences in the evaluation of pleasantness (P),

intensity (I), and familiarity (F) dimensions of bottarga and women

exhibited significantly higher scores in odor and taste dimensions

compared to men. Our data highlight the important role of sex and

body weight in the sensory evaluation of food products.
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