Heliyon 10 (2024) e28779

Contents lists available at ScienceDirect

52 CelPress Heliyon

journal homepage: www.cell.com/heliyon

Research article

Exploring tea and herbal infusions consumption patterns and
behaviours: The case of Portuguese consumers

a,c,* a,c,d
b

Ana Catarina Sousa ™", Inés Padua™®", Virginia M.F. Goncalves

Claudia Ribeiro ®¢, Sandra Leal "

2 Associate Laboratory i4HB - Institute for Health and Bioeconomy, University Institute of Health Sciences - CESPU, 4585-116, Gandra, Portugal
® UCIBIO - Applied Molecular Biosciences Unit, Toxicologic Pathology Research Laboratory, University Institute of Health Sciences (1H-TOXRUN,
IUCS-CESPU), 4585-116, Gandra, Portugal
€ UCIBIO - Applied Molecular Biosciences Unit, Translational Toxicology Research Laboratory, University Institute of Health Sciences (1H-TOXRUN,
IUCS-CESPU), 4585-116, Gandra, Portugal
4 UNIPRO - Ordl Pathology and Rehabilitation Research Unit, University Institute of Health Sciences (IUCS-CESPU), 4585-116, Gandra, Portugal

ARTICLE INFO ABSTRACT
Keywords: Consumption of tea and herbal infusions (THIs) have a long history in traditional medicine and
Tea and herbal infusions cultural practices. The health-promoting benefits attributed to THIs are considered influential

Consumption survey
Preferences
Socio-demographic factors
Consumer behaviors

Safe consumption

factors in consumer choices. However, there is limited data on consumer choices and attitudes
that might interfere with the positive effects associated with THIs consumption.

The aim of this study was to investigate the consumption pattern and behavior of THIs con-
sumers in Portugal, assessing the influence of socio-demographic factors on the selection of THIs
products and consumer practices related to these beverages.

An online survey was conducted, and from the collected data, 720 responses met the aim of the
study and were further analyzed. Most of the respondents were female, 74.4%, belonging to the
40-60 age group (40.6%) and were medium consumers of THIs (47.2%). Green tea was the most
consumed type among participants, and its consumption was associated not only with age but
also with the pattern of THIs consumption. Despite that, participants preferred herbal infusions,
with citronella, chamomile, and lemon verbena being the most consumed types. For certain types
of herbal infusions, consumption was associated with age, while other types were preferred by
moderate or heavy consumers. Most participants purchased THIs in supermarkets, registered
trademark and brand stores, in the form of THIs bag. Light consumers use only bag, while me-
dium/heavy consumers indicated the use of other forms. Almost half of the respondents admitted
to not reading the information on product labels before consumption and using THIs after the
expiry date, while only one-third of them declared paying attention to the label instructions.

This study revealed the impact of socio-demographic factors as age on the consumption pat-
terns and preferences of THIs of consumers. Of concern is the neglect of label usage among
Portuguese consumers. This emphasizes the urgency of implementing interventions to guide
proper label use and promote good consumption practices to ensure the quality of THIs products.
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1. Introduction

Tea and herbal infusions (THIs) have a long history in traditional medicine and cultural practices, remaining one of the most
consumed beverages around the world [1]. The high consumer demand for THIs strongly influences the global market, projecting an
increase in tea production, particularly pronounced for green tea [2]. In parallel to teas, there is an increasing popularity of herbal
infusions in different markets in Europe [3-5]. The high demand can be attributed to the natural bioactive molecules in THIs and
consumers’ perception of their recognized health benefits [6,7]. Meanwhile, the true health value attributed to THIs beverages can be
compromised at various stages and, ultimately, by certain consumer behaviors or practices [8-11]. Nevertheless, data on consumer
attitudes and practices regarding beverage preparation are still limited. Further, less is known on the consumption behaviors that can
affect the health-related properties of THIs, and even those that may pose a threat to food safety with negative health consequences.

Tea refers to an aromatic beverage prepared by cured or fresh leaves of Camellia sinensis. The variety of teas is linked with the
genetic diversity of the Camellia plant, environmental factors [12] and processing methods [13,14]. The most usual types of teas are
black, green and white. In the last few years, new consumer forms have been appearing in Europe as Oolong and Pu-erh tea [15,16] or
different preparations such as kombucha tea [17]. Tea consumption has also been associated with protective effects by decreasing
oxidative stress responses and inflammation levels, known for a pivotal role in the pathogenesis of diseases such as cardiovascular,
metabolic, cancer and neurodegenerative diseases [18,19]. Herbal infusions or tisanes are another aromatic drink with therapeutic
properties that is increasingly popular, rising its consumption as a daily beverage [20]. These beverages can be prepared with herbal
(medicinal) plants, fruits, spices or a mixture of both. Herbal infusions may contain a range of bioactive compounds [21] that can
provide a myriad of beneficial effects such as on depression [22], reproductive [23], cancer [24,25] as well as antioxidant,
anti-inflammatory and anti-thrombotic [26].

Despite the popularity of THIs as functional drinks, individual choices go beyond a health interest, being also influenced by sensory
and non-sensory factors [27]. Sensory attributes of THIs such as flavor can, be divided into aroma and taste, both closely related to
their chemical constituents (volatile and non-volatile compounds), including flavonoids, catechins, polyphenols, alkaloids, tannins and
polysaccharide [28,29]. Nevertheless, THIs consumption pattern is also highly influenced by non-sensory factors driving change in
consumption trends, such as demographics, socioeconomics, cultural and environmental factors [30,31]. In general, tea consumption
is a prevalent habit in Europe due to its ancestry, culture, and the link to specific diets that are characteristic of the Mediterranean
region [32]. Despite these influencing factors, the association with health benefits and the affordability of the product may be causing a
change in THIs consumption patterns across European countries.

The per capita tea consumption data provided in the Food Balance for each country serves as a valuable metric to identify the
average consumption within a population. However, this information introduces uncertainties regarding the variability of THIs
consumption, a critical data for characterizing the diverse habits of consumers. Furthermore, these databases and epidemiological
studies, such as the national dietary survey of the Portuguese population, reveal gaps to differentiate between various types of tea and
herbal infusions [33,34]. Another difficulty encountered for a comprehensive assessment of THIs consumption is the great diversity of
products available to consumers. Recognizing that consumers may perceive plant-based beverages as safe food, it is crucial to exercise
heightened caution. Indeed, as reported in the WHO recommendations, some herbal infusions are products of traditional medicine that
need a rational use, as their misuse can pose health risks [20].

The consumption trends of THIs can evolve over time and be specific to each country. For example, tea beverages are more popular
in Turkey, while in Germany, consumption of the fruit and herbal infusions (aromatized or not) surpasses that of tea [1,5]. Among the
un-aromatized varieties, peppermint, chamomile, and fennel are the most popular choices among German consumers [5]. The per
capita tea consumption in the Portuguese population is significantly lower than that in Turkey and Germany [1]. Regarding herbal
infusions in Portugal, the study by Rocha et al. [35] revealed that participants’ preferences were lemon balm, followed by chamomile
and linden, namely among those residing in a subregion within North of Portugal. In that study, assessment of specific tea types was not
included, as well as the socio-demographic factors that affect herbal infusion preferences of Portuguese. From a market research
standpoint, data on the consumption trend of THIs are relevant, but will be insufficient when trying to understand how consumption
choices and behaviors can impact consumer’s health. It is important to overcome the gap between general population assumptions and
the consumer context, especially considering that vulnerable populations may consume THIs beverages.

There is a rising concern for food safety issues related to the consumption of THIs, which may pose challenges to public health due
to toxic secondary metabolites (e.g. phytates and pyrrolizidine alkaloids) [36-40], contaminants [41-44] or contamination with other
plant species. For instance, a recent quality assessment of marketed herbal infusion showed that chamomile crude flowers were most
likely to be adulterated by other plant materials compared to chamomile bags [45]. Furthermore, THIs quality can be lost due to
consumer behavior, including in beverage preparation [46]. In these final processing step, consumer practices can negatively interfere
with the beneficial health-effects of THIs, such as using an inappropriate steeping temperature that changes its chemical composition
[8-10]. However, there are research gaps about the context of THIs consumers, and these insights are needed to provide evidence for
bridging the real consumer context and risk assessment, contributing to consumer protection and public health management.
Therefore, this study focuses on the heterogeneous preferences of consumers regarding THIs products, consumption behaviors and the
attitudes adopted related to beverages.

To the best of our knowledge, this is the first study that provided a comprehensive characterization of Portuguese THIs consumers,
elucidating their preferences and the influence of socio-demographic factors on the patterns of consumption. Additionally, our results
shed light on the practices and behaviors undertaken in beverage preparation, providing insights into attitudes that may impact the
THIs quality and safety of consumption.
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2. Materials and methods

Ethical approval was obtained from the Instituto Universitario de Ciéncias da Satide Research Ethics Committee prior to conducting
the study (reference number: CE/IUCS/CESPU-03/23).

2.1. Design and participants

An online survey was developed on the Google® Forms platform to collect data on THIs consumption preferences and behaviors of
Portuguese consumers, including consumers’ knowledge of brewing instructions and self-reported practices in infusion preparation.

Participants eligible for the study were adult respondents (>18 years old) and with informed consent accepted. The survey was
announced on social media platforms like Facebook®, Instagram®, WhatsApp® and widely disseminated through these channels. The
survey was applied between January and February 2023. A target dichotomous question (No-Yes) “Are you a THIs consumer?” was
included, so that non-consumers were not compelled to complete the survey. The final sample comprised 720 individuals who
completed the questionnaire (Fig. 1).

2.2. Survey

The survey was developed based on a literature review, optimized for readability and clarity, and made available in Portuguese.
Several strategies were used with the aim of organizing and optimizing the construction of the survey so that the responses were
reached in an efficient manner. Therefore, only questions essential to achieve the study’s objectives were formulated, minimizing time-
consuming for the participant. The questions asked were both open and closed-ended.

Socio-demographic data as age, gender, marital status, geographical region, education level (categorical variable) and nationality
(dichotomous variable) were collected in the first section. To allow the free participation of respondents and to respect their privacy,
an option “other” or “no answer” was added in each of these questions.

The main section of the survey is related to the general characterization of THIs consumption pattern, including questions on
frequency, type of tea and herbal infusions consumed, place of purchase, brand, and preparation method. The option “other” was used
specifically to not make the list of teas and infusions exhaustive and decrease the dropout rate and the option “no answer” to give
freedom to the respondent to express or not their preference.

2.2.1. Ethics considerations

On the first page of the survey, the objectives of the study were clearly explained, and the contacts of the researchers were made
available. Before starting, all participants had to read and complete an informed consent form according to the Ethical Principles for
Medical Research involving human subjects expressed in the Declaration of Helsinki and the national legislation. No identifiable
information was collected.

Total of participants
(n=786)

Agreement to
informed consent

| n=785 |

Target question “ Are you a
THIs consumer”

1 Not eligible for the
Yes_l Iﬂl survey (n =65)

THIs consumers that
completed the survey

n =720

Fig. 1. Selection of participants.
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2.2.2. Socio-demographic variables

The age variable of participants was first defined for five categories: 18-29, 30-39, 40-60, 61-74 and 75 or more. This stratification
was adjusted after the questionnaire for elderly respondents who were aggregated into one category “61 or more”.

The gender was questioned through a closed-ended question which included the option “other”. Nationality data was collected

.

through a closed-ended question which included the options “Portuguese”, “no answer” and “other”. Marital status was inquired
through a single-selection question which included the options: “single”, “divorced”, “widowed”, and “married/relationship”.

For the variable geographical area of residence, we used the seven regions according to the Nomenclature of Territorial Units for
Statistical in Portugal (NUTII), namely North, Center, Lisbon metropolitan area, Alentejo, Algarve, Azores and Madeira.

The education level variable was aggregated into four categories: elementary education (basic school education), middle education
(secondary school education), post-secondary (vocational and technical school education) and higher education (all college or uni-

versity degrees).

2.2.3. THIs consumption patterns

The frequency of THIs consumption was estimated based on an adaptation from Rocha et al. [35], using a six-point scale: (1) “less
than one cup/month”, (2) “one to three cups/month”, (3) “two to four cups/week”, (4) “one cup/day”, (5) “two to three cups/day”,
and (6) “more than three cups/day”. THIs consumption variable was aggregated into three categories according to responses: “light
consumers” (drink less than 1 cup/month to 1-3 cups/month); “medium consumers” (drink 2-4 cups/week to 1 cup/day) and, “heavy
consumers” (drink more than one cup every day).

2.2.4. Consumer preferences for types of THIs

To mitigate bias and streamline the survey, a set of questions was designed with ordered categories that revolve around a common
target question. Therefore, consumer preferences about THIs included closed-end questions, checklist questions of relative frequency
and multiple-choice grids.

The respondents’ choices of THIs types were assessed using questions grouped as checklists separately for tea types (variable with 4
items) and herbal infusion types (variable with twelve items). In these checklists, consumers provided answers for each item. The
relative frequency of THIs consumed was recorded on a four-point scale: (0) “never”, (1) “rarely”, (2) “sometimes”, and (3) “the most
consumed”. In both cases, the option “no answer” was included to avoid misreporting.

Data regarding the place of purchase were obtained using a multiple-choice question (variable with seven items) and the relative
frequency for each item. As participants did not choose the “no answer” option, the purchase location variable was adjusted to three
categories: (0) “never/rarely”, (1) “sometimes”, and (2) “most common place of purchase”. Data about purchased brand was inquired
through a list of options (variable with eight items) The selected list included some of the most common brands available in the
Portuguese market, such as Tetley®, Tley®, Lipton®, Gorreana®, Salutem® and white-label brands.

The type of packaging was questioned through a checklist with the five options: “bag”, “loose”, “both”, “pre-prepared”, “extract”.
Since the last two options exhibited very low response frequencies, they were combined into a new category labeled as “other form”. In
the questions related to the type of tea and infusion most consumed and the brand most purchased, the option “other” was included
with a text box to allow the participant to add options.

2.2.5. Practices and behaviors

Consumer attitudes related to THIs preparation were assessed with checklist question and its relative frequency, which included
items such as: reading labels, checking the expiry date, following preparation instructions, and consuming THIs without the labels. A
three-point scale was used for all items: (0) “never/rarely”, (1) “sometimes”, and (2) “usually/always”.

To prepare the beverage, consumers were asked about the type of water and the amount of THIs used in preparation (considering
the recommended dose per cup). The same three-point scale was applied to evaluate the relative frequency of the type of water used by
the consumer.

For THIs quantity that was habitually used in beverage preparation, a choice-list question was applied categorized as follows: (0)
“neither less nor greater”, (1) “less quantity”, (2) “greater quantity” and, (3) “either less or greater”. The same type of question was
used to assess the infusion preparation methods using three options: (1) “add THIs before boiling water”, (2) “add THIs after boiling
water and resting for 5 min”, (3) “add THIs after boiling water and resting for 10 min”. Given that participants could choose all
applicable situations in preparation of infusion, the obtained answers were then classified into four new categories, which were a
combination of all three initial categories.

Following the preparation of the beverage, the consumer was asked about their usual practice, specifically whether they remove the
THIs plant/bag before drinking or after consuming the drink using a dichotomous question (Yes-No). Consumers were also requested to
specify their usual additions to their tea/infusion by choosing from the provided options: “nothing”, “sugar”, “honey”, “cinnamon”, or
“other”.

2.3. Data analysis

All responses were explored using descriptive statistics, which included count, percentage, mean, and plots. Statistical analysis was
performed using Jamovi Software (version v. 2.3.26). The data met the assumptions of the statistical tests used, including whether
normality and homogeneity of variances were formally tested (Shapiro-Wilk, Kolmogorov-Smirnov and Levene’s tests).

The categorical variables, such as socio-demographic (gender, age, geographical region, and education level) and THIs
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consumption groups were analyzed using log-linear regression. In addition, THIs consumption variable was examined using multi-
nomial logistic regression to test interaction with socio-demographic variables (age groups and geographical area). Comparisons of
THIs consumption groups among age groups and geographical area were carried out using Kruskal-Wallis one-way ANOVA, followed
by pair-wise post hoc tests with Dwass-Steel-Critchlow-Fligner corrections.

To reduce the dimensionality of consumer choices for types of tea and herbal infusion, purchase locations, and THIs brands,
Principal Component Analysis (PCA) was employed to summarize these data with a visually oriented approach. The PCA plot allowed
the segmentation of the participants’ choices for further analysis. For the interaction of consumption frequency of tea and herbal
infusion types with THIs consumption and age groups, we employed a Generalized Linear Model, specifically a Quasi-Poisson model
along with the Holm correction method. These analyses were conducted with a 95% confidence interval. To analyze the type of
package used among THIs consumption groups, the Kruskal-Wallis was used. The p-values below 0.05 were considered statistically
significant.

The graphics were performed using RStudio (version R 4.3.0).

3. Results
3.1. Global profile of THIs consumers

3.1.1. Socio-demographic characterization of participants

The socio-demographic profile of the respondents revealed a predominant female representation (74.4%), with 25.6% being male
(Table 1). Considering the age distribution, results showed a majority in the 40-60 age group (40.6%), whereas the lowest percentage
(9.2%) belonged to the age group “61 or more”. Nearly half of the participants (48.8%) were married or in a relationship and 43.5%
were single. Regarding the education level, the higher percentage of the respondents had a high education level (76.9%) with
significantly differences compared to other education levels. The vast majority (98.3%) of participants were Portuguese and, responses
were collected from all seven regions of Portugal (NUTII). The North region had a significantly higher percentage of responses (67.9%),
compared to all other regions. The Azores was the region with the lowest number of responses.

3.1.2. THIs consumption patterns

Responses of participants were categorized as light, medium, and heavy consumers, and the frequencies were determined. Then,
the influence of consumer age on the consumption pattern and variations across regions in Portugal was explored. Among the total
participants (Table 1), 47.2% were categorized as medium consumers of THIs, followed by the light consumers (35.0%). Only 17.8% of
the consumers belong to the heavy consumers group. The THIs consumption patterns exhibited variation between participants aged
18-29 and 40-60 years (p < 0.001, Fig. 2), indicating an age-related association with THIs consumption patterns (Table S1). Light
consumers were more likely to belong to the 18-29 age group, whereas participants aged 40-60 tended to be medium to heavy
consumers (p = 0.004 and p < 0.001, respectively). Furthermore, the average frequency of THIs consumption tended to be lower in the
18-29 age group, with an increasing trend for participants older (Fig. S1). Examining the consumption patterns across NUTII regions,

Table 1
Sociodemographic characteristics and THIs consumption pattern categories of the sample population.
Number (N = 720) Percentage (%) Test statistic (p - value)
Gender Female 536 74.4
Male 184 25.6 p < 0.001
Age group (years) 18-29 242 33.6 p =0.031
30-39 120 16.7 p < 0.001
40-60 292 40.6
more 61 66 9.2 p < 0.001
Marital status Married/relationship 351 48.8
Single 313 43.5
Education level Higher 554 76.9
Secondary 116 16.1 p < 0.001
Post- secondary 28 3.9 p < 0.001
Elementar 21 2.9 p < 0.001
Geographical region (NUTII) North 489 67.9
Center 105 14.6 p < 0.001
Lisbon MA 66 9.2 p < 0.001
Alentejo 24 3.3 p < 0.001
Algarve 13 1.8 p < 0.001
Madeira 12 1.7 p < 0.001
Azores 11 1.5 p < 0.001
THIs consumption pattern Light consumers 252 35.0 p < 0.001
Medium consumers 340 47.2
Heavy consumers 128 17.8 p < 0.001

Respondents were divided into three THIs consumption groups: light (drink <3 cups/month), medium (drink >2 cups/week to < 1 cup/day) and
heavy (>2 cups/day) consumers. Log-Linear Regression using as reference level of female (Gender), 40-60 (Age group), North (Geographical region),
Higher (Education) and, Medium consumers (THIs consumption) for p-values.
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THils consumption groups
N

18-29 30-39 40-60 more 61

Age groups (years)

Fig. 2. THIs consumption pattern by age groups (years). Category scale of THIs consumption: (1) light consumers, (2) medium consumers and (3)
heavy consumers. Kruskal-Wallis one-way ANOVA test: *p < 0.001 compared to 40-60 age group.

medium consumers predominated in all Portuguese regions. In multinomial logistic regression analysis using the North region as the
reference level, there was no observed association between THIs consumption pattern and geographical area of residence of partic-
ipants (Table S1).

3.2. Consumer choices

3.2.1. Type of tea

To unveil the patterns of THIs consumers and their preferences for the four types of tea (black, green, white, and oolong teas), PCA
was employed for segmenting participants based on their choices (as depicted in Fig. 3A). From these beverages, green and black teas
emerged as the most preferred choices among the respondents. Out of the total number of participants (Table S2), 18.8% indicated
green tea as their most consumed beverage, followed by black tea (13.8%), whereas white and oolong teas were preferred by a smaller
percentage of respondents. The results also showed that a higher percentage of medium consumers (10.4%) declared green tea as their
most consumed type of tea, followed by black tea (7.1%) as the second choice.

Green tea, besides being the most frequently mentioned tea type among consumers (Fig. 3B), the frequency of its consumption also
exhibited an association with the pattern of THIs consumption (p = 0.003) and the age of consumers (p = 0.034, Table S3). Indeed, the
mean frequency of green tea consumption was higher in medium consumers than in light consumers (p = 0.003, Fig. 3B). This tea type
was significantly more popular among younger consumers aged 18-30 years when compared to those in the 40-60 age group (p =
C  Black Tea Consumption Pattern

A PCA Correlation Loadings B  Green Tea Consumption Pattern

THIs consumption groups

Light consumers 3-

Oolong tea

i

Dim2 (27%)
°
2

- - i -
1.0 05 00 05

Dim1 (37.3%)

White tea

ntea

Black tea

Green Tea

e

3039 4060
Age group

more 61

= Medium consumers

Heavy consumers

0-never
1-rarely
2- sometimes

Black Tea

1829

30-39 40'60 more 61

Age group

Fig. 3. Consumer’s choices of tea types and consumption patterns. (A) Correlation loadings from the first principal components of PCA on tea types.
(B) Green tea and (C) black tea consumption frequency adjusted for THIs consumption pattern and age groups. The red dots represent mean, and the
colored dashed lines represent tea type consumption trend of THIs consumption groups. p-values from Holm test of Generalized Linear Model
analyzes: p = 0.003 compared to light consumers (red line); *p = 0.02 compared to 40-60 age group. (For interpretation of the references to color
in this figure legend, the reader is referred to the Web version of this article.)
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0.02). In contrast, black tea consumption exhibited consistency across both THIs consumption groups and age groups (Fig. 3C). For
other tea types, results showed a positive association between the consumption of white and oolong teas and THIs groups (p = 0.001
and p = 0.026, respectively), with a tendency to increase among heavy consumers, but no association with age groups (Table S3).

3.2.2. Type of herbal infusions

To identify the consumption patterns among THIs consumers for various types of herbal infusions, the PCA was initially applied to
gain a comprehensive understanding of consumer trends (Fig. 4A). Among all types of herbal infusions, consumers tended to choose
chamomile, citronella, lemon verbena and linden. The most consumed herbal infusions among all respondents were citronella (41.8%),
chamomile (34.4%), and 26.6% for lemon verbena infusion (Table S4). The consumption of citronella and chamomile infusions
exhibited similar patterns across light, medium, and heavy consumers (Fig. 4). However, there was a relationship with the age groups
(p = 0.047, Table S5), it is noteworthy that young consumers (aged 18-29) showed a significant preference for citronella and
chamomile infusions. In detail, those aged 18-29 showed a significant preference for citronella than the 40-60 age group (p = 0.038,
Fig. 4B). Also, the mean of chamomile infusion consumption was significantly higher among young consumers (Fig. 4C) surpassing
both the 40-60 age and more 61 years old groups (p = 0.009 and p = 0.012, respectively). Nevertheless, no differences were found for
THIs consumption pattern.

As for lemon verbena infusion, consumption frequency was influenced by THIs consumption pattern groups (as detailed in
Table S5), but no differences were observed among age groups. It was observed that among medium consumers, individuals in the

A PCA Correlation Loadings B Citronella Infusion Consumption Pattern
10 3-
iChamomne Linden
0.5 1 g
2 24
o
z E
X =
g 00 Hufreseenae oo EETRL sy i O O g
%‘ IN® cherry stem 51
5
's wort: Corn silk )
Sanna THIs consumption groups
057 Light consumers
0- == Medium consumers
. — Heavy consumers
104 18-29 30-39 40-60 more 61
Age group
-1.0 05 0.0 0.5 1.0
Dim1 (31.1%)
C  Chamonmile Infusion Consumption Pattern D  Lemon Verbena Infusion Consumption Pattern
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1-rarely
37 31 & e mostsonsumed
§
[ = B
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E @
© :
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18-29 30-39 40-60 more 61 30-39 40-60 more 61
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Fig. 4. Consumer’s choices of herbal infusion types and consumption patterns. (A) Correlation loadings from the first principal components of PCA
on herbal infusion types. (B) Citronella, (C) chamomile and (D) lemon verbena infusions consumption adjusted for THIs consumption and age
groups. The red dots represent mean, and the colored dashed line represents consumption trend of THIs consumption groups. p-values for Holm test
from Generalized Linear Model analyzes: *p < 0.05, **p = 0.009, compared to 18-29 age group; *p < 0.05, **p = 0.009, (represented by blue and
green lines respectively) compared to light consumers. (For interpretation of the references to color in this figure legend, the reader is referred to the
Web version of this article.)
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30-39 age group tended to consume it less frequently in comparison to consumers in older age groups (Fig. 4D). The mean con-
sumption frequency of lemon verbena infusion was lower in light consumers compared to medium and heavy consumers (p = 0.009
and p = 0.041, respectively). The consumption of peppermint and lemongrass infusions was more frequent among heavy consumers of
older age, whereas these herbal infusions were less popular among young participants (Table S5). Individuals in the 30-39 age group
showed a higher mean frequency consumption of peppermint and lemongrass infusions than those in the 18-29 age group (p = 0.006
and p = 0.005, respectively). Despite the smaller percentage of respondents choosing herbal infusions such as jasmine and St. Jonh’s
wort, the results showed that the consumption of these infusions was higher among older consumers.

The ‘other’ option was utilized by participants to include different types of THIs, and their preferences encompassed spice infusions
like ginger, fennel, and anise, as well as fruit infusions (e.g. red berries) and hibiscus.

3.2.3. Place of THIs purchase, brands and packaging choices

To uncover the preferred places of purchase and the brands most frequently chosen by THIs consumers, PCA was employed to
identify trends among the participants (Fig. 5A). THIs products are predominantly purchased by consumers in supermarkets (85.3%),
with food markets coming in second at 10.4%, followed by tea shops at 4.6% (Fig. 5B). Among the most selected brands, Lipton® led
with 70.3%, followed by Tetley® at 65.6%, and white-label brands with 49.6% (Fig. 5C). Some participants used the “other” option to
add different brands of THIs, including Yogi®, Pukka® and Dom Duarte®. For the THIs product format, most respondents expressed a
preference for bags (51.8%), 42.6% choose both bags and loose leaf, and 5.6% opted for loose leaf (Fig. 5D). A small proportion of
participants reported consuming THIs in other formats (3.8% as ice-tea and 0.7% as extracts). The exclusive use of THIs bags was more
common among light consumers than medium and heavy consumers (p < 0.001, Fig. 5E).

3.3. Consumer practices and behavior in THIs preparation

3.3.1. Practices in beverage preparation

The practices of THIs consumers in beverage preparation are shown in Fig. 6. The majority of participants reported frequently using
tap water (80.2%), with 12.5% opting for bottled water (Fig. 6A). Regarding the amount of product used to prepare the beverage, most
THIs consumers reported using the recommended dose as stated on the package, although 23.0% indicated using a smaller quantity,
and 14.2% used a larger amount. Most of the respondents reported adding the plant leaves or bag to boiled water and steeping for 5
min (52.2%) (Fig. 6C) and then removing the leaf or bag before drinking (59.6%) (Fig. 6D). Despite this, a substantial number of
respondents still reported boiling the leaves (21.3%) and, 14.7% of participants opted to keep the leaf or bag in the beverage while
consuming.

3.3.2. Consumer behaviors
Regarding consumer attitudes related to THIs consumption (Fig. 7), it is noteworthy that 49.5% of the respondents declared not
reading the information on product label before consumption, and 44.6% use THIs products after the expiry date. Only 29.5% of
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Fig. 5. Consumers choices of the THIs purchase place, brand, and packet. (A) Correlation loadings from the first principal components of PCA on
purchase place (top) and brands (bottom). (B) Frequency of THIs purchase place of the consumers. (D) THIs product format choice. (E) Product
format choice by THIs consumption groups. Kruskal-Wallis one-way ANOVA test: *p < 0.001 compared to medium and heavy consumers.
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participants reported consistently paying attention to the instructions and suggestions on preparation methods provided on the
packaging, while the majority occasionally use them, and some individuals admitted to never following this information. As for the
addition of other products (such as sweeteners) to their THIs beverage, most of the participants (70.0%) declared that they do not add
any kind of product to the THIs (Fig. 8).

4. Discussion

Most participants were female, predominantly in the 40-60 age group, followed by young adults aged 18-29, living in the North
region of Portugal and with a high level of education. The majority of respondents declared to be medium consumers of THIs, a
consumption that ranged between two cups per week and one cup per day. The difference in gender among participants in our study
can be partially explained by the tendency of females to be more concerned about healthy eating than males [47,48]. Our results
revealed that socio-demographic factors as age influence the consumption pattern of THIs, aligning with findings reported for the
Portuguese population in the National Food, Nutrition, and Physical Activity Survey 2015-2016 [33]. The North region of Portugal
was identified as one of the NUTII regions where consumers had the highest average daily intake of THIs, as shown in a previous study
[33].

A distinct consumption pattern was identified among THIs consumers, showing that young adults were predominantly light
consumers and the majority of heavy consumers belonged to the 40-60 age groups. However, no variation in the consumption pattern
of THIs was observed between consumers aged 40-60 and the oldest group. This can be attributed to lower response rates among the
oldest participants, an occurrence also observed in other studies [49,50]. Our results highlight the importance of stratifying adult
consumers to better understand the THIs consumption pattern.

Consumer choices can be influenced by various factors such as socio-demographics, traditions, health benefits, and taste, as well as
drivers of consumption trends [25,27,32,51-55]. Consistent with these studies, our findings revealed that consumers’ age had in-
fluence their preferences for the type of THIs beverages. Additionally, we found that consumer choices varied based on their con-
sumption pattern, specifically between light and heavy consumers.

In the context of the four most popular types of tea, consumers identified green tea as the preferred choice, particularly among
young consumers, exhibiting a higher frequency of consumption compared to those aged 40-60. Other types of tea, such as white and
oolong teas, are gaining popularity in Europe, exhibiting an increasing consumption trend [14,16,56]. However, a similar pattern was
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not confirmed for our country. Indeed, the majority of Portuguese consumers reported not knowing white and oolong teas, likely due to
the absence of a strong tea culture and a preference for other THIs beverages [12,28,57]. In accordance with previous findings [35], we

showed that herbal infusions were more popular among Portuguese consumers than tea beverages. This preference for herbal infusions
can be explained by the diversity of herbal medicinal plants traditionally used in Portugal and the culture, as reported previously [57,
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58]. A similar close relationship between traditions and the consumption patterns of consumers was observed in other countries [4,8,
59].

Regarding the consumption of herbal infusions, our results demonstrated that citronella was the most chosen, followed by
chamomile and lemon verbena. However, some age-related differences were found in the consumption pattern of herbal infusions.
Citronella and chamomile beverages were more consumed by young adults compared to participants aged 40-60. Meanwhile,
peppermint and lemongrass were preferably chosen among consumers aged 30-39. Additionally, our results show that heavy con-
sumers of THIs, mostly in the 40-60 age group, were those who reported a higher consumption of lemon verbena. Among the
traditional medicinal plant varieties in Portugal [58], St. Jonh’s wort was chosen by a small number of THIs consumers, all belonging
to the oldest age group. It is recognized that personal health is one of the most important determinants of food choices [60-62],
particularly in the case of older consumers [63,64]. Corroborating these previous findings, we demonstrated a higher consumption of
THIs beverages among older consumers and their distinct preferences compared to young adults.

Consumer behaviors regarding purchase decision are influenced by various non-sensory factors, convenience, price or brand
identification [55,62,65]. As previously reported [35], we observed that supermarkets were the main purchasing establishment for
acquiring THIs products. This can be explained by the convenience for consumers [62], as they can buy groceries and find a diverse
selection of THIs in the same place [63,64]. Concerning brands, Lipton®, Tetley®, and white-label brands were the most common
choices, which may reflect both brand identification, as in the case of Lipton® and Tetley®, and consumers’ potential acceptance of the
quality of white-label brands relative to their price [65]. For THIs packet format, the bag emerged as the most popular choice,
especially among light consumers, probably due to the reduced effort and time required when using bags.

Taken together, our findings suggest that THIs consumption pattern and the related consumption behaviors may be driven by
complex interactions between sensory and non-sensory factors, aligning with other studies [62,65].

The quality of tea and herbal infusions can be affected by the consumer attitudes in preparation of beverages, including brewing
temperature, infusion time and water proportion to THIs product [8,35,46]. For practices in THIs preparation, the majority of par-
ticipants declared using tap water for brewing, following the recommended steeping time, and removing the THIs product before
drinking. These practices can provide an efficient extraction of the bioactive compounds [66]. Nevertheless, we also identified atti-
tudes that may interfere with beverage quality and potentially compromise the safety of consumers. These include using a higher
quantity of THIs product than the recommended dose, using products past their expiration date or utilizing items lacking proper
labeling.

It has been considered that education level can influence food-related behaviors, and individuals with higher education tend to be
more concerned about health benefits and food safety [35,67]. In line with another study [55], we could not find this association,
probably due to the underrepresentation of individuals with lower educational levels. Nonetheless, our identification of some attitudes
adopted by consumers is concerning in a food safety context.

Studies focused on the health benefits related to THIs consumption pointed to its positive effects on chronic disease prevention,
reduced cardiovascular risk, as well as relaxing effects that contribute to maintaining mental health [6,7,26,34]. However, un-
certainties exist regarding the long-term safety of using medicinal plants due to the lack of strong support from toxicological studies
[68]. Furthermore, there are potential risks stemming from excessive consumption due to the possible interference of bioactive
components of THIs with fundamental biological parameters [39,69] that consumers should be aware of. Moreover, greater attention
should be given to herb-drug/pharmaceuticals interactions [58,70], particularly for elderly or individuals with underlying health
conditions.

While THISs are rich in bioactive compounds that positively impact health, their chemical complexity, and the risk of endogenous
and exogenous contamination must be carefully considered [41,71-73]. Furthermore, ensuring the quality of THIs requires more
attention to storage conditions [11], including exposure to light and humidity which could modify the chemical profile of beverages
[10] as reported in the case of green tea [74]. Moreover, an incorrect beverage preparation may facilitate the extraction of toxic
secondary metabolites, which can have a negative impact on vulnerable populations, favoring decline of health conditions [75].
Therefore, it is crucial to advocate for moderate consumption of THIs [39,76], improve food safety knowledge among consumers, and
raise awareness about misleading information regarding ‘naturalness’ and health-related effects.

4.1. Limitations of the study

The current investigation was based on a non-probabilistic sampling design using an online survey. An advantage of this approach
was the accessibility that allowed participation of all individuals across all regions of Portugal. One of the limitations of the study was
the difficulty in collecting representative data on socio-demographic characteristics. Hence, our findings should not be generalized to
the broader Portuguese population but should be interpreted within the specific context of THIs beverage consumers. The study
collected a total of 720 responses (power of 0.76 and effect size of ~0.1) enabling us to identify significant differences among THIs
consumers. While a larger sample size would have yielded a more robust result. The lower response rates from some geographical
regions limited the possibility of gaining more insights into potential regional variations in consumption patterns. As with any cross-
sectional study, it provides a snapshot picture of the consumption pattern that can change over time. Nevertheless, our demonstration
of consumers preferences enables us to extend previous results. Many participants were female, young adults, or older adults (40-60
years old) with a high level of education. Thus, there is a lack of representation of male consumers, those over the age of 61, and
individuals with other levels of education. Consequently, the influence of gender and education level on consumer behavior was not
investigated, and there was also limited insight into the behavior of consumers aged more than 61 years old. Despite this sample bias,
our results align with epidemiological studies that reported higher consumption among females and a lower response rate of older
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participants. Nevertheless, our study highlights associations between socio-demographic factors and THIs consumption behavior,
addressing a gap in the literature. It underscores the need for deeper insight into older consumers. Future research should focus on the
health risk-benefits related to THIs consumption behaviors among vulnerable populations.

5. Conclusion

Our findings have enhanced the understanding of the current patterns of THIs consumption among the Portuguese population,
highlighting the influence of age on both THIs consumption and preferences. The importance lies in the need for moderation in THIs
consumption, especially among older age groups with underlying health conditions. This caution is warranted due to the potential of
interactions between some herbal infusions and prescribed medications. Concerning consumers’ attitudes, approximately half do not
read the labels and use tea after the expiration date, posing a threat to food safety. The study underscores the need for increased
awareness campaigns and pedagogic interventions to improve knowledge of label use and good consumption practices. Furthermore, it
is crucial for competent authorities to ensure control over production and storage conditions, thereby guaranteeing the essential
quality and safety standards of THIs products for consumer protection.
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