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The Mediterranean Diet has been recognized as one of the healthiest and most sustainable dietary patterns and is
flavor rich due to the use of different seasonings, such as aromatic plants, in dish confection. Based on the hy-
potheses that: 1) gustatory function will affect food choices; 2) seasoning flavors may be differently accepted
according to individuals’ gustatory functions; the aim of the present study was to assess the association between
taste sensitivity and/or preference with Mediterranean Diet adherence and seasoning consumption. A total of
383 adults (18-59 years old; 198 female, 185 male) from North Alentejo region of Portugal were enrolled in this
study, with 291 (145 female and 146 male) also evaluated for gustatory function. Recognition thresholds were
obtained for four tastes (sweet, sour, salty, and bitter) and astringency, as well as preference level for the highest
concentration of each stimulus tested. A validated Food Frequency Questionnaire was filled out, and MD
adherence was extrapolated from the answers of the Food Frequency Questionnaire according to the Mediter-
ranean Diet Adherence Screener (MEDAS) score.

In total, 20.8% of the individuals presented low, 58.2% medium, and 21.0% high adherence. Adherence was
higher in women than men and in older individuals than younger adults. Adherence to the Mediterranean Diet
was positively correlated with aromatic plants consumption but not spices. Seasonings were associated with
gustatory function, and the cluster with higher consumption presented higher preferences for bitter and salty
tastes. Total sodium intake was also higher in this cluster, suggesting that these individuals prefer stronger oral
sensations. In conclusion, this study shows that MD adherence is not high, even in regions with rural charac-
teristics. The observed association of MD and seasoning intake with gustatory function do underline the use-
fulness of this information in strategies aimed at promoting healthy and sustainable eating patterns.

1. Introduction

The Mediterranean Diet (MD) is recognized as one of the healthiest
dietary patterns in the world (Dinu, Pagliai, Casini, & Sofi, 2018). MD is
characterized by high consumption of foods from vegetable origin, such
as fruits, vegetables, legumes, nuts, and cereals; the use of olive oil as the
main fat source; a moderate intake of fish (higher or lower dependent on
geographic position); moderate intake of dairy products, and a low
intake of sweets; red and processed meat, and saturated lipids (Davis,
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Bryan, Hodgson, & Murphy, 2015; Kiani et al., 2022). Alcohol is
included in this dietary pattern, but only wine, at low-moderate levels at
main meals (Santos-Buelga, Gonzalez-Manzano, & Gonzalez-Paramas,
2021). Different tools have been proposed to assess MD adherence. The
Mediterranean Diet Adherence Screener (MEDAS) is a tool developed in
Spain for the PREDIMED project (Martinez-Gonzalez et al., 2012) and is
based only on food patterns (relative amounts of food groups eaten),
ranging from O to 14 points, according to the accomplishment of each
item concerning food groups daily portions and/or proportion.
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However, despite all the existing evidence about the benefits of MD,
adherence to this food pattern is decreasing in Mediterranean countries,
particularly in the younger generation that has dietary patterns with
higher levels of energy, rich in saturated fats, and low in micronutrients
(Mattavelli et al., 2022). For Portugal, this tendency is also true, and
data from the Portuguese Directorate General of Health from 2020
shows that less than Y of the adult Portuguese population has high
adherence to MD (Gregorio, Sousa, Chkoniya, & Graca, 2020). This
document reported that, among different factors, the taste of foods like
vegetables and legumes is perceived by consumer as a barrier to higher
intake. This reinforces the need to go deeper into the knowledge about
how sensory aspects and individual perception can affect MD
acceptance.

One of the usually reported characteristics of MD is its richness in
flavour, brought about by the use of aromatic herbs and spices. Its use is
even pointed out as one health advantage, for making foods more
palatable, reducing the use of salt (Dougkas, Vannereux, & Giboreau,
2019), and for its antioxidant content (Yashin, Yashin, Xia, & Nemzer,
2017). Some of the most well-known aromatic plants used in Mediter-
ranean diets are oregano (Origanum vulgare L.), thyme (Thymus vulgaris
L.), sage (Salvia officinalis L.), rosemary (Rosmarinus officinalis L.), cori-
ander (Coriandrum sativum), mints (genus Mentha) (Delgado, Goncalves,
& Romano, 2023), and other seasonings considerably used, namely
cinnamon (genus Cinnamomum), different types of pepper (Piper nigrum
and Capsicum annuum), garlic (Allium sativum), among others, although
some of these have been introduced lately in Mediterranean countries.

Spices and culinary herbs are used to increase colors, aromas, and
textures that are associated with Mediterranean cuisine, and this is
mainly due to the phenolic compounds they contain (Delgado et al.,
2023). Polyphenolic compounds are recognized for their positive health
effects, including antioxidant and anti-inflammatory properties. In
addition to these important aspects, they also have sensory attributes,
like sourness, bitterness, or even astringency, that can also affect the
aroma of the vegetable product that contain those compounds.

The MD is a vegetable-based food pattern that, although including
foods from animal origin, gets the higher proportion of nutrients and
energy from products of vegetable origin which are sensory challenging.
For example, products with high content of legume protein were re-
ported to have increased unpleasant taste and/or oral sensations, such as
bitter, and astringency (Saint-Eve, Granda, Legay, Cuvelier, & Delarue,
2019). Furthermore, it was recently reviewed that flavour, which con-
siders taste, aroma, and trigeminal sensations, is one of the main barriers
in the acceptance of foods of plant origin (Laureati et al., 2024). Whereas
vegetable products acceptance (and intake) has been observed to be
associated with taste sensitivity (Agovi et al., 2022; De Toffoli et al.,
2019; Louro et al., 2021), less is known for plants used as seasonings.

The objective of the present study was to evaluate the relationship
between MD adherence and seasonings intake in a Portuguese popula-
tion, as well as to investigate if sensory sensitivity (taste and astrin-
gency) is linked to either adherence to MD or preference and intake of
seasonings.

2. Material and methods
2.1. Participants

The number of participants was calculated to allow a representative
sample of the Portuguese region evaluated (North Alentejo region,
Portugal), based on Census of this region of Portugal reported in the
Official National Database Contemporary Portugal (PORDATA,; https://
www.pordata.pt/Home; accessed on March 15, 2016). Based on that
calculation, a convenience sample of 400 participants, with ages be-
tween 20 and 59 years old, was considered, with a final number of 383
participants (198 female and 185 male). Participants were randomly
recruited from all the municipalities of the referred region (Portalegre
district) in order to be representative of the region. On the data
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collection day, participants were asked to arrive at the test room be-
tween 10:00 a.m. and 11:00 a.m., at least 90 min after breakfast intake.
Before the beginning of the study, written informed consent was ob-
tained from all participants. Data was collected between 2017 and 2018.

The study was conducted according to the guidelines of the Decla-
ration of Helsinki. Ethical review and approval were waived for this
study (GD/50418/2017), due to the non-invasive nature of the same and
the existence of an informed consent statement. Written informed con-
sent was obtained from all subjects involved in the study.

2.2. Anthropometric data collection

Height and weight were measured according to the European Health
Examination Survey procedures. The participants were in a standing
position, wearing light cloths and barefoot. A portable stadiometer (Seca
214) and a digital scale accurate to the nearest 0.1 kg (Seca 803) were
used to access height and weight, respectively. The body mass index
(BMI) was calculated by dividing the weight (kg) by the square of the
height (m?). Normal weight, overweight, and obesity were considered
for the values: BMI<25, 25 < BMI<30 and BMI>30, respectively.

2.3. Mediterranean diet adherence and seasonings consumption

Participants were evaluated about their adherence to the Mediter-
ranean Diet (MD) by converting their dietary intake, accessed through a
self-administered, semi-quantitative Food Frequency Questionnaire
(FFQ), validated for Portuguese adults (86 food items) (Lopes, Aro,
Azevedo, Ramos, & Barros, 2007). Before questionnaire completion,
participants were instructed about how questionnaires should be filled
out. Data was extracted using an adapted Portuguese version of the
nutritional analysis software Food Processor Plus (ESHA Research Inc.,
Salem, OR, USA). Further, the results from frequency of intake were
converted into an MD adherence score using Mediterranean Diet
Adherence Screener (MEDAS) questionnaire, which was proposed by the
PREDIMED study (Martinez-Gonzalez et al., 2012). The MEDAS is a
14-item questionnaire where participants are requested to report their
habitual frequency of consumption or amount consumed of 12 foods
characteristics of MD and two cooking habits related to MD. Each of
these items is scored 1 or 0, depending on their positive relation to a MD
pattern. The scores were obtained by calculating them from the FFQ
considering the criteria previously used in the Portuguese population
(Gregorio, Rodrigues, et al., 2020). For categorization of the adherence
to MD, we applied the following criteria: weak adherence, <5; moderate
to fair adherence, 6-9; good or very good adherence, >10 (Marti-
nez-Gonzadlez et al., 2012). Considering that the use of seasonings may
mask the absence of sodium (Taladrid, Laguna, Bartolomé, &
Moreno-Arribas, 2020), FFQ was also used to estimate sodium intake
from the listed food groups.

In addition to the FFQ, a subsample of 287 participants responded to
a questionnaire about aromatic herbs and spices’ intake. An adapted
questionnaire was used, with frequency options, for a period of 1 year,
similar to the Food Frequency Questionnaire (FFQ). The list of 45 aro-
matic herbs and spices included considered all the seasonings tradi-
tionally used in the cuisine of the studied region, previously compiled
and documented by the local association dedicated to regional
gastronomy.

2.4. Taste sensitivity assessment

Taste perception was evaluated using filter paper taste strips (labo-
ratory-made), as previously described and validated for the Portuguese
population (Ribeiro et al., 2016). Taste strips (2 cm in diameter of the
disc contacting the tongue) were prepared using 4 concentrations of
each basic taste in distilled water (bitter 0.0004, 0.0009, 0.0024,
0.0060 g/mL quinine hydrochloride; sweet 0.05, 0.10, 0.20, 0.40 g/mL
sucrose; salty 0.016, 0.040, 0.100, 0.250 g/mL NaCl; and sour 0.050,
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0.090, 0.165, 0.300 g/mL citric acid). The filter papers were soaked in
the solutions, and oven-dried at 60 °C. Control taste strips were prepared
by soaking filter paper in distilled water without tastants. Taste detec-
tion thresholds, suprathresholds, and hedonics (preference) were eval-
uated by requiring participants to answer three types of questions: 1) if
he/she perceived any taste different from the control taste strip (made
using distilled water), for each of the taste strips (yes/no response); for
each of the stimulus, taste threshold detection was considered the
smallest concentration that individuals were able to perceive as different
from control strip; a threshold level was only considered valid if it was
followed by another consonant response (i.e., two consecutive de-
tections). 2) for the highest concentration of each stimulus, an intensity
judgment on a Labeled Magnitude Scale (LMS) (ranging from “barely
detectable” to “strongest imaginable sensation”) was provided as pre-
viously described (Green et al., 1996). 3) for the highest concentration of
each stimulus, the preference level on a 5-point scale (being 1 “hated”
and 5 “highly preferred”) was also provided; in this case a 5-point scale
was chosen to differentiate from the LMS of the suprathresholds, to
avoid confusion by participants. The sensory evaluation was performed
in a quiet room, guaranteeing all the participants rameined calm and
concentrated on the tasks requested.

2.5. Statistical analysis

Statistical analysis was performed using SPSS 28.0 software,
considering an alpha level of 5%. Normality and homoscedasticity were
tested through the Shapiro-Wilk and Levene tests, respectively.

To compare groups of MD adherence concerning categorical vari-
ables, such as sex and BMI groups, the Chi-square test was used. For
continuous variables, such as age, ANOVA was run with Tukey post-hoc.

Linear regression analysis was run to assess how taste sensitivity
(detection thresholds) and/or taste preferences contribute to predicting
the MD score. A stepwise backward procedure was used to obtain the
final model after looking for changes in adjusted R2 and F values for
each retained variable; the assumptions of collinearity (VIF and toler-
ance), non-dependent errors (Dur-Bin-Watson), and homoscedasticity
(residual analysis) were also considered.

Principal component analysis (PCA) was used to estimate the number
of components emerging from seasoning consumption. First, the corre-
lation matrix of the standardized variables was examined, and the
number of components to retain was based on eigenvalues, total
explained variance, and Scree plot examination. The Varimax rotation
was chosen, and the overall Kaiser-Meyer-Olkin (KMO) measure and
Bartlett’s test of sphericity were examined as assumptions of the test.
Further, hierarchical cluster analysis using the farthest neighbour
method for calculating distances between clusters was performed to
obtain the dendrogram and analyse the range of clusters for further
running the K-means method (Marquezin et al., 2019). Cluster analysis
aimed at identifying groups of participants with similar age, sex, BMI,
seasoning intake, sodium intake, and taste parameters. The analysis
included the following variables: age, sex, BMI, the six component
loadings generated from principal component analysis, sodium intake,
and sweet, acid, bitter, and salt intensity and preference. The final
number of clusters was based on the interpretability and reliability of
the cluster solution; the silhouette coefficient and the differences be-
tween clusters assessed by the F-test were used for clustering validation.

3. Results
3.1. Association between age, sex, BMI, and MD adherence

Considering the total number of participants, 21.0% presented a high
adherence to MD, 58.2% a mean, and 20.8% a low adherence to this
dietary pattern.

Comparing the age of participants from the 3 groups of MD adher-
ence, a lower mean age was observed for the participants in low-
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adherence group compared to the high-adherence group (Table 1).
Moreover, MD adherence also differed between sexes, with a higher
proportion of women showing higher adherence than men (Table 1).

Concerning BMI, in this study, 38.6% of participants presented a
normal weight, whereas 35.7% were overweight and 25.5% were obese
(0.2% underweight). Normal-weight adults present lower mean ages
than overweight or obesity classifications [37.8 + 10.5, 42.8 + 10.8,
and 43.4 + 11.1 years old, respectively (mean + standard deviation)].
In terms of BMI, no differences were observed among MD adherence
groups (Table 1).

Considering the differences among ages and between sexes in MD
adherence according to the MEDAS score, a deeper analysis was per-
formed to ascertain how each of the 14 MEDAS items differed between
subgroups. Descriptive statistics of the 14 MEDAS items according to the
age ranges (18-34, 35-49, and 50-59 years) and sexes (men and
women) are presented in Table 2. Although no differences were
observed among age groups, a tendency for higher percentage of in-
dividuals with low adherence was observed in the youngest group.

Looking at each of the MEDAS items, it is of note that young adults
have lower frequencies of olive oil intake, with a lower proportion of
individuals using it as the main source of fat compared to older adults.
This age group (18-34 years old) also presented a higher proportion of
individuals with high consumption of sugar-sweetened beverages. Older
adults also have a higher proportion of individuals meeting fresh fruit
requirements, although the consumption of wine, at levels higher than
those considered “moderate”, is also higher in this age group.

Concerning sex, the differences in the items considered to classify
MD adherence are mainly for red meat consumption, with a greater
proportion of men consuming quantities above recommendations and
consuming even more red meat than white meat. Moreover, a higher
proportion of men consume high amounts of wine, sugar-sweetened
beverages, and pastry.

3.2. MD adherence relationship with taste sensitivity and taste hedonics

The significant associations between sweet taste sensitivity, age, and
MEDAS score are presented in Table 3. An association between sweet
taste sensitivity and MD adherence score was observed. A higher MEDAS
score tends to be found (6.7% of explanation), in older women with
higher sweet taste sensitivity. Concerning taste (or astringency) prefer-
ences, no statistically significant association was observed.

3.3. Seasoning intake and relationship with taste sensitivity and taste
hedonics

The MEDAS score was observed to be significantly and positively
correlated with aromatic plant consumption but not with spices. Apart

Table 1
Demographics of the study sample according to Mediterranean Diet adherence.
Mediterranean Diet adherence groups p-
B . value
Low (N = Medium (N High (N =
80) =223) 60)
Proportion of participants 20.8 58.2 21.0
(%)
Age (mean+standard 38.2 41.2+10.8>° 43.8 0.007°
deviation) +11.2% £11.1°
Sex (%) Women 16.3 55.3 28.4 0.002"
Men 24.7 61.5 13.8
BMI Normal 25.0 57.5 17.5 0.214"
group weight
(%) Overweight 18.9 54.1 27.0
obesity 21.3 63.8 15.0

# One-way ANOVA.
b pearson chi-square. Different uppercase letters mean statistically significant
differences between columns.
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Table 2
Detailed results of Mediterranean Diet Adherence Screener (MEDAS) individual items, according to age and sex.
MEDAS items Meet Age classes p-value Sex p-value
criteria
18-34 35-49 50-65 Women Men
Olive oil consumed in higher proportion than other vegetable oils, Yes 70 118 82 0.012* 142 125 0.532
margarine, and butter (61.9%) (77.1%) (79.6%) (74.7%) (71.8%)
No 43 35 21 48 49
(38.1%) (22.9%) (20.4%) (25.3%) (28.2%)
Quantity of olive oil consumed >54 g per day Yes 52 82 68 0.018* 112 89 0.135
(46.0%) (53.6%) (66.0%) (58.9%) (51.1%)
No 61 71 35 78 85
(54.0%) (46.4%) (34.0%) (41.1%) (48.9%)
Mean frequency of consumption of total vegetables >2-3 portions perday ~ Yes 19 26 18 0.974 38 24 0.116
(16.8%) (17.0%) (17.5%) (20.0%) (13.8%)
No 94 127 85 152 150
(83.2%) (83.0%) (82.5%) (80.0%) (86.2%)
Mean frequency of consumption of total fresh fruit >2-3 portions per day ~ Yes 39 57 52 0.029* 87 63 0.058
(34.5%) (37.3%) (51.0%) (46.0%) (36.2%)
No 74 96 50 102 111
(65.5%) (62.7%) (49.0%) (54.0%) (63.8%)
Quantity of beef, veal, pork, lamb, and hamburgers <100 g Yes 87 125 80 0.664 166 120 <0.001*
(77.0%) (81.2%) (77.7%) (87.4%) (69.0%)
No 26 29 23 24 54
(23.0%) (18.8%) (22.3%) (12.6%) (31.0%)
Quantity of butter and margarine consumed <12 g per day Yes 92 130 91 0.369 159 151 0.406
(81.4%) (84.4%) (88.3%) (83.7%) (86.8%)
No 21 24 12 31 23
(18.6%) (15.6%) (11.7%) (16.3%) (13.2%)
Mean frequency of sugar-sweetened beverages <1 portion per day Yes 76 121 88 0.005* 163 121 <0.001*
(67.3%) (78.6%) (85.4%) (85.8%) (69.5%)
No 37 33 15 27 53
(32.7%) (21.4%) (14.6%) (14.2%) (30.5%)
Frequency of wine consumption>1 portion per day Yes 2 (1.8%) 25 28 <0.001*  13(6.8%) 41 <0.001*
(16.2%) (27.2%) (23.6%)
No 111 129 75 177 133
(98.2%) (83.8%) (72.8%) (93.2%) (73.4%)
Frequency of pulses consumption >3-4 portions per week Yes 27 39 35 0.194 39 61 0.002*
(23.9%) (25.3%) (34.0%) (20.5%) (35.1%)
No 86 115 68 151 113
(76.1%) (74.7%) (66.0%) (79.5%) (64.9%)
Mean frequency of consumption of all fish and seafood items of FFQ >2-3  Yes 68 96 69 0.572 126 105 0.237
portions per day (60.2%) (62.3%) (67.0%) (66.3%) (60.3%)
No 45 58 34 64 69
(39.8%) (37.7%) (33.0%) (33.7%) (39.7%)
Mean frequency of all pastry items of FFQ >2-3 portions per day Yes 83 118 82 0.566 158 121 0.002*
(73.5%) (76.6%) (79.6%) (83.2%) (69.5%)
No 30 36 21 32 53
(26.5%) (23.4%) (20.4%) (16.8%) (30.5%)
Frequency of consumption of all nuts of FFQ >2-3 portions per week Yes 55 69 46 0.793 90 82 0.928
(49.1%) (45.1%) (45.5%) (47.9%) (47.4%)
No 57 84 55 98 91
(50.9%) (54.9%) (54.5%) (52.1%) (52.6%)
Quantity of white meat consumed in grams per day (poultry, chicken, Yes 62 71 43 0.139 122 55 <0.001*
rabbit) higher than the quantity of red meat (beef, veal, pork, lamb, (54.9%) (46.1%) (41.7%) (64.2%) (31.6%)
processed meat) No 51 83 60 68 119
(45.1%) (53.9%) (58.3%) (35.8%) (68.4%)
Frequency of consumption of tomato, onion, and olive oil >2 week Yes 43 58 42 0.881 71 66 0.844
(38.7%) (37.7%) (40.8%) (37.4%) (38.4%)
No 68 96 61 119 106
(61.3%) (62.3%) (59.2%) (62.6%) (61.6%)

from aromatic plants, the only seasoning showing a significant corre-
lation with the MD adherence score was garlic. Nevertheless, the cor-
relations were weak, being moderated only for coriander (Table 4).
PCA with Varimax rotation was run to identify seasoning consump-
tion patterns within the study population. The suitability of PCA was
assessed prior to analysis; the overall Kaiser-Meyer-Olkin (KMO) mea-
sure was 0.73, and the Bartlett’s test of sphericity was statistically sig-
nificant (p < 0.001), indicating that the data was likely factorable.
After Varimax rotation of the factors, PCA revealed six components
that explained 60% of the total variance, as confirmed by visual in-
spection of the scree plot below (Supplementary Fig 1), which were
retained and detailed in Table 5. For interpretation purposes, it can be

assumed that for Component 1: the higher the component, the higher the
consumption of spicy seasonings, such as chilli, powder white, black and
rose pepper, and dry oregano; for Component 2: the higher the
component, the higher the consumption of fresh pepper, green pepper,
and red pepper. Component 3: higher consumption of garlic, cinnamon,
coriander, sweet pepper, mint, bay leaf, parsley, and thyme; Component
4: pennyroyal and thyme; Component 5: powdered garlic and pink
pepper intake; Component 6: lower intake of rosemary but higher intake
of sweet pepper, bay leaf, and flower pepper.

Further, K-means analysis included the following variables: age, sex,
BM]I, the six component loadings generated from principal component
analysis, sodium intake, and sweet, acid, bitter, and salt intensities and
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Linear multiple regression models! between sensory function (detection thresholds and preferences) and Mediterranean Diet adherence.

Dependent variable Independent variable Standardized Coeff () CI (95%) t P value F R2 adj Durbin-Watson
MEDAS score constant 4.205 to 8.494 5.833 <0.001* 3.844 0.067 1.872
Age 0.179 0.011 to 0.064 2.769 0.006*
Sex 0.146 0.090 to 1.276 2.271 0.024*
BMI —0.013 —0.056 to 0.046 —0.196 0.845
Threshold Sweet —0.169 —3.979 to —0.448 —2.471 0.014*
Threshold Salty 0.070 —1.317 to 4.108 1.014 0.312
Threshold Astringency —0.116 —2.263 to 0.090 -1.820 0.070
MEDAS score Constant 4.071 to 8.448 5.651 <0.001* 3.014 0.048 1.943
Age 0.200 0.008 to 0.072 2.478 0.014*
Sex 0.608 —0.058 to 1.275 1.804 0.073
BMI —0.034 —0.091 to 0.024 —1.162 0.247
Bitter preference —0.350 —0.927 to 0.226 —1.200 0.232
1All the models were adjusted for age, sex, and body mass index (BMI).
MEDAS, Mediterranean Diet Adherence Screener.
Table 4
Correlation between the MEDAS score and consumption of aromatic plants (A) and spices (B).
A
Fresh Rosemary Coriander Mint Bay Oregano Fresh pepper Pennyroyal Parsley Thyme
MD Score Pearson rho —0.041 0.353" 0.166" 0.149* 0.158* 0.042 0.186" 0.222° 0.225"
p-value 0.511 0.000 0.007 0.015 0.010 0.506 0.003 0.000 0.000
N 264 265 264 263 261 258 258 261 262
B
Garlic Cinammon Sweet pepper Chilli White pepper Black Pepper Pink pepper
MD Score rho 0.226" 0.026 —0.105 0.011 —0.030 0.035 0.054
p-value 0.000 0.676 0.088 0.856 0.626 0.567 0.378
N 263 267 265 265 263 265 265

MD, Mediterranean Diet.
? Statistically significant at 0.001.

Table 5
Component loadings of seasoning consumption patterns obtained by principal
component analysis with Varimax rotation.

Component

1 2 3 4 5 6
Explained variance (%) 23 33 41 48 54 60
Rosemary 0.303 0.310 —0.415
Powder garlic 0.785
Garlic 0.639 0.311
Cinnamon 0.493
Coriander 0.731
Sweet Pepper 0.403 0.557
Mint 0.528
Bay leaf 0.465 0.385
Chilli 0.630
Dry oregano 0.632
White Pepper 0.812
Black Pepper 0.824
Pink Pepper 0.476 0.655
Fresh Pepper 0.689
Flower Pepper 0.664
Green Pepper 0.914
Red Pepper 0.887
Fresh Pennyroyal 0.773
Dry Pennyroyal 0.864
Parsley 0.374 0.374 0.383
Thyme 0.411 0.482

Coefficients less than 0.3 are omitted.

preferences to generate three clusters, as suggested by the dendrogram
(Supplementary Fig 2). In this case, sodium intake was obtained from
FFQ data and was included in the model due to its participation in
flavoring foods as seasoning, sometimes replaced by aromatic plants and
spices. The analysis identified three reliable clusters (Table 6), with an

average silhouette coefficient of 0.53. The histogram indicates that there
is a good structure to the clusters, with most observations having posi-
tive coefficients (Supplementary Fig 3).

Clusters varied according to sodium intake, Component 1, 3, and 6
scores, sweet, bitter, and salty preference, and bitter and salty supra-
thresholds. Table 6 shows the taxonomy description of the three clusters:
Cluster 1 (named “low seasonings intake”; n = 132) was characterized
by the lower intake of sodium, chilli, dry oregano, and powder white,
black, and pink pepper (Component 1), garlic, cinnamon, coriander,
paprika, mint, bay leaf, parsley, and thyme (Component 3), paprika, bay
leaf, and pepper flower (Component 6); at the same time, the partici-
pants in Cluster 1 also showed lower preferences for bitter and salt
tastes.

Cluster 2 (named ‘high seasonings intake’; n = 41) was characterized
by the opposite profile, that is, the highest intake of sodium and sea-
sonings grouped in Components 1, 3, and 6. The participants showed
higher preferences for sweet, bitter, and salt tastes and lower intensities
for bitter and salt tastes.

Finally, Cluster 3 (named ‘higher bitter and salt intensities’; n = 114)
was characterized by higher bitter and salty sensitivities, moderate total
sodium intake, and low intake of seasonings.

4. Discussion

The results obtained showed that a reduced proportion of adults have
high adherence to MD. The percentage of individuals with high adher-
ence (21%) was even lower than the one reported for the whole Portu-
guese population in 2020, which was 26% (Gregorio, Sousa, et al.,
2020). It was interesting to observe that the mean age of participants
with high adherence is significantly higher than the one of participants
with low adherence, suggesting that young adults have higher de-
viations from traditional MD food patterns than older adults, which was
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Table 6
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Final cluster centers (means) of seasonings and gustatory variables (important differences that identify the

clusters are colored).

Cluster 3
Cluster 1 Cluster 2
High
Low High .
‘ sensitivity to
seasonings seasonings F test
salty and
intake intake
bitter

Number of cases 132 41 114
Sodium intake (from FFQ) 1578.44 4221.03 2638.62 533.1
Component 1 scores -0.16 0.43 -0.06 6.3
Component 2 scores -0.08 0.08 0.01 0.4
Component 3 scores -0.30 0.55 0.09 10.5
Component 4 scores -0.01 0.03 -0.07 0.2
Component 5 scores 0.02 0.18 0.03 0.3
Component 6 scores -0.15 0.19 -0.12 2.1
Sex 0.47 0.56 0.50 0.4
Age 42.29 40.14 41.27 0.6
BMI 26.96 26.71 27.08 0.1
Sweet suprathresholds 2.72 3.07 2.92 0.6
Sweet Pref 3.65 3.97 3.63 24
Bitter suprathresholds 4.95 4.06 5.34 2.4
Bitter Pref 1.43 1.68 1.50 2.0
Sour suprathresholds 5.64 6.11 6.11 0.7
Sour Pref 1.70 1.81 1.64 0.4
Salty suprathresholds 3.87 3.23 4.45 3.0
Salty Pref 2.19 2.72 2.30 35

not reported in the 2020 Portuguese survey (Gregorio, Sousa, et al.,
2020). It is possible to hypothesize that these differences can be due to
the characteristics of the studied population, which comes from the
countryside of Portugal (rural region). Some authors report differences
in food habits between urban and rural populations. For example, Nabdi
and colleagues reported high percentage of people from Morocco rural
areas adhering to Mediterranean Diet compared to the urban areas of the
same country (Nabdi, Boujraf, & Benzagmout, 2022). At the same time,
studies from other locations report that dietary habits are not so
dependent on rurality, but reinforce the effect of age, observing that
young adults have higher deviation from food recommendations than
older adults (Pullen, Kent, Sharman, Schumacher, & Brown, 2021). The
lack of time to prepare meals, as well as the limited skills and knowledge
about how to prepare healthy and tasty foods, and less stable financial
situation are factors that can explain the poor dietary habits of young
adults compared to older ones (Jurado-Gonzalez, Xavier Medina, &
Bach-Faig, 2024; Mazurek-Kusiak, Kobytka, Korcz, & Sosnowska, 2021;
Whatnall et al., 2022).

In order to assess which food items limited the achievement of higher
MEDAS scores, we analyzed the accomplishments of each individual
food item by participants. It was possible to confirm that it is at the level
of vegetables and pulses that most participants fail, with fresh fruit and
nuts also failing in more than 50% of participants. These are products of
vegetable origin, with the associated bitter and sour tastes present at
variable levels, together with a higher fibrous texture. These are sensory
characteristics usually linked to lower food preferences. In the previ-
ously referred study of the Portuguese population, when participants

were asked about the reason for lower intakes of vegetables, vegetable
soup, and legumes, many reported flavor as the main reason, reinforcing
the importance of the sensory aspects of these foods for low intakes.
Different authors highlighted the relevance of sensory characteristics of
foods as responsible for food choices and health performance (Vignini
et al., 2019).

We also observed a significant association between MD adherence
scores and sweet taste sensitivity. The association between higher sweet
taste sensitivity and higher preferences for vegetables and fruits was
previously observed in adults (Louro et al., 2021). This is also consistent
with studies made for other age classes: i) In children, it was observed
that girls with a higher preference for bitter or sour vegetables have
higher sweet taste sensitivity (Rodrigues et al, 2020); ii) In
pre-adolescents, the sensitivity to sweet taste was reported as influ-
encing the sweetness-suppressing effect on bitterness and acidity, which
is important to the liking of bitter or sour foods (Ervina et al., 2021). In
summary, higher sensitivity to sweet taste may allow for a higher in-
tensity of a preferred taste in a low-sweet matrix, such as vegetables.
Even existing, the lack of a stronger association between MD and
sweetness sensitivity can be due to the way through which MEDAS score
is obtained, which allow the same score for individuals with differences
in the intake of some food groups (as an example, a score of 10 can be
obtained by individuals failing to achieve the recommended amounts of
pulses, vegetables, fruits and nuts, or by individuals failing to achieve
the recommendations to sugar, red meat, butter and margarine and
cereals). Apart from sweetness, the influence of other basic tastes
(particularly bitter taste) on vegetable foods acceptance has been
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reported in different studies (De Toffoli et al., 2019; Louro et al., 2021;
Ma & Lu, 2023).

MD adherence is linked with higher consumption of aromatic plants
and garlic. Aromatic plants can be a good source of some bioactives,
including polyphenols (Delgado et al., 2023; Pinto et al., 2021), and
their use in cuisine can have the potential to lower the use of salt or
sodium (Dougkas et al., 2019; Ghawi, Rowland, & Methven, 2014; Rosa,
Pinna, Piras, Porcedda, & Masala, 2022; Wang, Lee, & Lee, 2014), which
is associated with severe cardiovascular problems (Dougkas et al.,
2019).

It is interesting to observe that other spicy seasonings, like pepper or
paprika, known to be considerably used in the geographic region stud-
ied, are not correlated with adherence to MD, highlighting that most of
the distinctive flavors of this food pattern are due to aromatic plants
rather than other seasonings.

Based on the assumption that aromatic plants and seasonings in
general might contribute to a lower need for salt or sodium to increase
food acceptability, it was expected that participants with higher
seasoning consumption would be the ones with lower sodium intake.
However, cluster analysis showed the opposite, with the cluster pre-
senting higher scores for the components related to seasoning con-
sumption being the one that also presented higher sodium intake. Given
the design of the study, we cannot infer with absolute certainty about
the levels of salt added to foods, particularly in culinary practices, nor
can we assume that a participant with higher aromatic plant consump-
tion will also add higher amounts of salt to foods. But it seems to be true
that, in general, those who consume more seasonings have dietary habits
high in sodium. The higher bitter and salty preferences for Cluster 2
allow us to hypothesize that this sodium/seasonings consumption is due
to a higher preference for stronger tastes and flavors, which may result
in higher intakes of processed meats, fast-food products, and salty
snacks, and, consequently, higher sodium intake. A systematic review
concluded that hedonics for salty taste (more than saltiness sensitivity)
predict dietary intake, particularly of salt or sodium (Tan et al., 2021).
The reason why a higher bitter taste preference (i.e. lower bitter taste
aversion) was associated with higher sodium intake is not so obvious
and needs to be clarified in further studies. The intake of sodium in MD
has been accessed in different populations and, unfortunately, without a
reduction in sodium intake associated with higher MD adherence
(Malavolti et al., 2021; Viroli et al., 2021).

The observed relationship between taste sensitivity and preferences
and seasoning intake reinforces how individual gustatory function may
be important in food choices and dietary habits. The present results,
showing that by using aromatic plants, no sodium intake is necessarily
reduced, suggest that cooking literacy may be of particular relevance to
achieve the benefits of including aromatic plants in dishes.

The present study is innovative by studying the relationship between
gustatory function and MD adherence, focusing on the characteristic
habits of Mediterranean cuisine, and rising awareness of the widespread
thought that healthy eating habits can be achieved only through the use
of aromatic plants and spices. Among the five existing basic tastes
(sweet, bitter, sour, salty and umami), umami was the only one not
tested in this study. Umami was definitely accepted as basic taste in
2000, when receptors for glutamate in taste cells were discovered
(Beauchamp, 2024). However, until now, some researchers continue
arguing that it has a mouthfeel component associated, which is different
from the other four basic tastes, besides being not easily recognized by
individuals, particularly not Asian ones (Beauchamp, 2024). Therefore,
only sweetness, bitterness, sourness and saltiness were assessed. Despite
that, umami taste sensitivity had been linked to dietary habits, with
some authors reporting higher vegetable intake by umami high-sensitive
individuals compared to low-sensitive ones (Fluitman et al., 2021).
Further studies assessing the effect of umami taste sensitivity in adhere
to MD would be of interest.

The study has some limitations that need to be highlighted. One of
the limitations is the way how seasoning consumption was assessed. The
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questionnaire used here allow for an estimate of the frequency of con-
sumption of the seasoning items included but does not allow for a good
evaluation of the amounts used since no standard portions exist for these
items. Most of the recipes do not define quantities, making the use of
these constituents very variable from person to person. As well, sodium
intake was calculated from data obtained from FFQ, which may be prone
to errors. No information about the amounts of salt added to foods when
cooking, was collected. To do this, it would be necessary to have
different experimental conditions that allowed participants to simulate
food cooking. Nevertheless, for the general purpose of the present study,
the data gathered from participants reports allowed the understanding
of the relation between intake, preferences and flavor intensity
perception of foods, opening new venues for further studies that aim to
evaluate dietary habits and food choices according to sensory profiles,
rather than uniquely by nutritional profiles.

5. Conclusions

The present work evidences the low MD adherence in this Portuguese
region, in line with what can be found in other countries with Medi-
terranean traditions, showing also that this is mainly due to intakes of
vegetables and pulses in lower amounts than recommended. However, it
is important to consider other aspects when explaining food choices, and
taste sensitivity must be considered when studying the factors respon-
sible for MD adherence.

The traditional MD uses seasonings and aromatic plants, which are
referred to as having a healthy effect on decreasing salt intake. The
present study shows that, although MD is associated with seasoning
intake, this does not necessarily mean a lower intake of salt. Taste
preferences may play an important role, indicating that individuals who
prefer intense flavour have greater consumption of seasonings and so-
dium. This highlights that nutritional recommendations need to go
deeper than simply recommending the use of seasonings to try to reduce
salt intake, it is important to teach individuals to do it. In the sequence of
this study, it would be of interest to deeply look at the individual level of
perception of other sensory qualities, as well as investigating how
different combinations of aromatic plants and spices can increase
acceptance of vegetable based products, according with the individual
sensitivity.
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