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Abstract: Milk from different animals is a staple food consumed since immemorial times all over the

world. However, there is a lack of knowledge in the scientific literature about knowledge related to

milk and its effects on nutrition and health. The objective of this study was to investigate consumers’

knowledge about milk, its composition, and its effects on human health in two different countries.

The study was conducted through a questionnaire survey in Portugal and France and involved

542 participants of whom 332 were French and 210 were Portuguese. For data analysis, we used

basic statistics, parametric tests, tree classification, and factor analysis. The results showed that

some sociodemographic variables significantly influenced the level of knowledge, namely country

(p < 0.001), age (p = 0.029), and the dimension of the household (p < 0.001). Nevertheless, tree

classification analyses revealed that other variables such as education, occupation, and body mass

index showed some discriminating ability. Factor analysis retained 20 items of the 23 initially tested.

The solution contained five factors, two of which had very good internal consistency (alpha values of

0.825 and 0.803). The mean scores for knowledge in practically all factors were consistently higher

for the Portuguese as compared with the French sample. In conclusion, the level of knowledge

about milk composition and its health effects differs according to several sociodemographic variables,

particularly in what constitutes country differences.

Keywords: dairy products; milk consumption; healthy diet; consumer study; survey

1. Introduction

Worldwide, there is a serious problem of malnutrition, and one of the most challenging
problems facing the world’s population is nutrient deficiency. This condition is sometimes
designated as hidden hunger, and it is believed that nutrient deficiency affects about one
third of the world population, with more than 2 billion people suffering from some form of
nutrient deficiency. This problem is not only characteristic of developing countries, thus
encompassing people suffering from chronic hunger or malnutrition as well as people who
are overweight [1].

Nutritional deficiency of micronutrients like vitamins and minerals, has previously
been considered of minor relevance or even ignored due to the absence of immediate
clinical symptoms [2]. However, recent evidence has demonstrated the fundamental
roles of these nutrients, whose deficiency impairs intellectual, cognitive, and physical
development, causing illness and premature death, culminating in an expressive part of the
world population (about one third) living in suboptimal physical and mental conditions [2].
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As a result, the cost of hidden hunger for society is high, as it involves spending on health,
social security, loss of labour productivity, and premature deaths, among others. Therefore,
the great challenge of the modern world is no longer solely to feed the world’s population,
but to nourish it, promoting healthy diets [3].

Several types of reasons can be responsible for nutrient deficiency, including the avail-
ability of foods, particularly those with nutritional quality, the price, culture and tradition,
low nutritional knowledge, and sensory preferences, among others [4–7]. However, studies
have shown that consumers consider the nutritional quality of foods less relevant than
other factors, such as taste or price [4–7]. In the studies by Darmon et al. [8] and Monsivais
and Drewnowski [9], it was observed that food purchase was more influenced by price
than by nutritional value. Similar results were found by Drewnowski et al. [10] and Ward
et al. [11], clearly indicating that food prices can greatly affect the quality of diets, and this is
transversal to different countries, even high-income ones, such as the United States, France,
and Australia. The increase in the price of basic foodstuffs may restrict people’s diets
and generate major socioeconomic impacts and barriers to the sustainable development of
countries worldwide.

According to Shlisky et al. [12], there is a great prevalence worldwide of dietary
calcium deficiency, affecting approximately 50% of the world’s population. This inadequate
access to dietary calcium is global, and although populations in low- and middle-income
countries are at greatest risk, many individuals in high-income countries also do not
consume the amounts of calcium recommended for the good health functioning of the
human body, namely for maintaining strong bones and controlling muscle and nerve
function [13–17]. One other nutrient that is reported as problematic at the global level is
vitamin D, a nutrient that is crucial for bone health in association with calcium but also
has other health effects at the level of fatigue, mood and may also prevent some types of
cancer [18–25].

Milk and dairy products provide important nutrients like calcium, phosphorus, magne-
sium, and proteins, essential for bone formation and repair [26–29]. Adequate consumption
of these products throughout the whole lifecycle allows for maintaining bone density at
adequate levels, protecting against diseases such as osteoporosis [26–29].

Research conducted by Siqueira et al. [30] using the methodology by Wenhold and
Leighton [31] has demonstrated that it is possible to meet certain human nutritional require-
ments at low prices, and specifically that 30% of the daily needs of eight nutrients (protein,
calcium, iron, fibre, vitamins A, C, D, and E) can be obtained through the consumption of
milk, which is pointed out as one of the cheapest sources of nutrients as compared with
other food products [30,32]. Whole milk can supply 30% of a healthy adult’s calcium needs,
and most dairy products meet an individual’s needs at a low cost [30,32]. Dairy products
also occupied the first positions in the ranking of the cost of vitamin D and obtained a
good position in the ranking of protein and vitamin A [30,32]. With the same amount,
consumers can acquire 30% of vitamin D by consuming pasteurized, whole, semi-skimmed,
and skimmed milk; or powdered milk (skimmed and whole) [30,32].

Milk and dairy products contain a wide variety of nutrients, thus allowing consumers
to intake appropriate amounts of nutrients and ingest foods of dietary quality. Health
authorities across the world recognise the health benefits of dairy products and recommend
their consumption as part of a balanced and healthy diet [33]. However, it is also a fact
that misperceptions and a lack of knowledge about the benefits of dairy products are
widespread, and that the promotion of some competing products makes some consumers
unaware of the benefits of dairy products for human health [33]. The work by Florença
et al. [34], exploring food myths and food facts, showed that some Portuguese consumers
believe that milk is bad for their health. In recent years, movements against milk or
against other dairy products have emerged, sometimes linked to vegan activism, which
recommends excluding any food of animal origin from the diet. However, consuming
milk is recommended even in adulthood, bringing countless health benefits, except in
cases where the person is lactose intolerant or allergic to one of its proteins [35]. Some
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commonly available non-dairy beverages are derived from almonds, cashews, coconuts,
hazelnuts, hemp, oats, rice, and soy. Nevertheless, cow’s milk has a higher nutritional
value, possessing a higher protein content and quality compared with most of the non-dairy
competing products, which in most cases have to be fortified with calcium and vitamin D,
although their bioavailability is not established [35].

A study conducted in Denmark, the United States, and the United Kingdom [36]
investigated adult consumers’ knowledge and perceptions about milk fat content, focusing
on country differences. They concluded that a higher percentage of participants from the
United Kingdom and the United States considered milk fat to be either “healthy” or “very
healthy” as compared to Danish consumers. However, consumers from all three countries
recognized the nutritional benefits of milk fat. Finally, they observed that awareness of
milk saturated fat was higher among participants from the United Kingdom as compared
to the other participants.

Considering the nutritional relevance of milk and the importance of knowledge as
one driver for food choice and milk consumption in particular, this work aimed to study
the level of knowledge about milk, specifically its nutritional components and their health
effects, in two different countries and also evaluate if the knowledge was influenced by
some types of sociodemographic characteristics.

2. Materials and Methods

2.1. Instruments and Data Collection

This was a transversal descriptive study designed to gather information about milk
consumption and knowledge. For this project, a questionnaire survey was planned, and
a data collection instrument was prepared specifically for the study. The questionnaire
consisted of four parts, as follows: I. sociodemographic data to characterize the sample; II.
milk consumption habits; III. consumption and purchasing preferences; and IV. knowledge
about the composition and health effects of milk. This last part of the questionnaire was the
focus of the present study, and it contained 23 items for which the participants expressed
their agreement on a 5-point Likert scale (1 = totally disagree, 2 = disagree, 3 = neither
agree nor disagree, 4 = agree, 5 = totally agree) [37]. The Likert scale type of answer
was chosen because it would help measure the level of agreement with certain sentences,
thus measuring the degree of certainty or uncertainty of the participants towards the facts
mentioned and consequently providing a richer kind of information than a yes/no response.
Table A1 in Appendix A shows all items as they were presented to the participants. The
items were developed specifically for this investigation and were prepared by members of
the team from the two countries where the data collection would take place.

Before applying the questionnaire, the study was approved by the Ethics Committee
of the Instituto Politécnico de Viseu with reference No. 11SUB/2020, from 18/11/2020. The
survey was announced on social networks, and an invitation was also sent by email. All
ethical issues were strictly obeyed according to international standards for studies with
human participants, and the privacy of the participants’ personal data was guaranteed, as
was the possibility to stop participation at any moment before submitting the answers to the
questionnaire. Only adult participants were included in the study for being able to provide
self-consent to participate and who voluntarily agreed to participate in the study. The
questionnaire was shared among the participating countries in English and then translated
into the native languages (French and Portuguese) to be answered by individuals from
these two countries. The data were collected from September 2020 until May 2021. The
number of responses obtained was 543, of which 332 were from French participants and
210 were from Portuguese participants. Only one questionnaire (from a French participant)
was not validated due to a high number of unanswered questions, resulting in 542 valid
participations (332 French and 210 Portuguese).
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2.2. Data Analysis

To analyse the data, basic descriptive statistics such as frequency, mean, and standard
deviation were used. Also, parametric tests were used to identify differences between
groups, namely the t-test for independent samples when it was intended to compare two
groups and an Analysis of Variance (ANOVA) with Tukey’s post hoc test to compare the
mean values between three or more groups [38].

To analyse the results for knowledge, we calculated the indices for each of the 23 items,
as the mean value between the scores of the participants. In this case, before the calcu-
lation, the items corresponding to false statements were revered (items It-6 and It-19).
Also, the scale was readjusted to remove the effect of the responses with a score of 3 (in-
different). In addition to the calculation of the indices, the level of knowledge for each
participant was also calculated as the average of all items. Finally, the level of knowledge
was categorized into classes as follows: very low knowledge (−2 ≤ value < −1), low
knowledge (−1 ≤ value ≤ 0), high knowledge (0 < value < 1), and very high knowledge
(1 ≤ value ≤ 2). The use of indices is frequently found in the literature as a way to quantify
the intensity of knowledge or other measuring variables. The indices we used in this work
were calculated as mean values, while other works can also use sum values instead of mean
to express the indices, as in, for example, the work by Florença et al. [34], about food myths
and food facts.

To analyse the comparative influence of the sociodemographic and anthropometric
variables on the level of knowledge, a tree classification analysis was performed. To do
so, the classification and regression trees (CRT) algorithm with cross-validation [39] was
selected. The value for the minimum improvement step was set to 0.001, and the minimum
number of cases for parent and child nodes was fixed at 20 and 10, respectively.

The scale was validated by means of factor analysis (FA), using the method of principal
component analysis (PCA). This recognises if there is a grouping structure between the
items considered. Nonetheless, prior to the application of FA, the data needs to be evaluated
to confirm the possible suitability of applying this kind of statistical treatment. In this matter,
the following steps were considered: (a) analysis of the correlation matrix between the
variables to establish possible associations based on the values of the correlation coefficients;
(b) calculation of the Kaiser–Meyer–Olkin (KMO) measure of the adequacy of the sample;
and (c) carrying out Bartlett’s test to evaluate the significance of the correlations between
variables [40]. The following reference values were used to analyse the KMO: excellent for
0.9 ≤ KMO ≤ 1.0, good for 0.8 ≤ KMO < 0.9, acceptable for 0.7 ≤ KMO < 0.8, tolerable for
0.6 ≤ KMO < 0.7, bad for 0.5 ≤ KMO < 0.6, and unacceptable for KMO < 0.5 [41].

The FA was applied to the items after reversing the false items (It-6 and It-19), so
that the measuring scale would be uniform, i.e., a higher score corresponding to higher
knowledge. The first step in the analysis consisted of verification of the suitability of the
data to apply FA. After that, FA was applied with the extraction method by PCA and using
Varimax rotation. The Kaiser normalization and Eigenvalues higher than 1 were used to
establish the number of factors to extrac. The values of the communalities were used to
identify the percentage of variance explained by the factors [40]. In the analysis, items with
low factor loadings (an absolute value lower than 0.4) were excluded [42,43], because those
have low relevance to the solution. The Cronbach’s alpha (α) coefficient was used to assess
the internal consistency of the factors obtained in FA [40,44]. The reference values for alpha
considered were: acceptable consistency −0.5 < α < 0.7, good consistency −0.7 ≤ α < 0.8,
and very good consistency −0.8 ≤ α ≤ 1 [45–47].

For all data treatment and statistical analyses, the software SPSS version 29 from IBM
Corporation (Armonk, New York, NY, USA) was used, and a level of significance of at least
5% was considered (p < 0.05).
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3. Results

3.1. Sociodemographic Characterization of the Sample

Table 1 presents the sociodemographic characteristics of the participants in the survey,
considering the global sample and also separately for each of the countries. The results
revealed that the majority of the participants were young adults (49.8%), with this class
less represented in the Portuguese samples than in the French samples (percentages of
39.0% and 56.6%, respectively). In what concerns the distribution among sexes, the female
participants were in higher numbers in all cases, representing 65.7% of the global sample,
but evidencing differences between countries, with a much higher percentage of women
in the Portuguese sample than in the French sample (81.0% and 56.0%, respectively). It
is a common trend to find higher participation of women than men in questionnaire
surveys, regardless of the topic, due to their higher disposition and will to participate.
This is a characteristic of using convenience samples. They facilitate recruitment and
data collection while not guaranteeing equal group representativeness [48]. Nevertheless,
they allow obtaining good results in exploratory-type studies [49]. The majority of the
participants were employed (51.5% of the global sample, and 62.9% and 44.3% in the cases
of the Portuguese and French samples, respectively). In terms of education level, most
participants had a university level of education (67.2%), the percentage of which was higher
in the case of the French participants (78.0%) as compared to the Portuguese participants
(50.0%). Finally, in terms of the household, most were composed of four or more persons,
representing 33.0% of the global number of participants, but with some tendency for larger
households in Portugal than in France, i.e., higher percentages of households with 3 or
4+ persons in Portugal (29.5% and 41.0%) as compared with France (18.1% and 28.0%).

Table 1. Sociodemographic characteristics of the participants.

Variables Classes
France

[N = 332]
n (%) 1

Portugal
[N = 210]
n (%) 1

Global
[N = 542]
n (%) 1

Age Young adults (18–25 y) 188 (56.6) 82 (39.0) 270 (49.8)
Adults (26–50 y) 92 (27.7) 100 (47.6) 192 (35.4)

Senior adults (51 y or over) 52 (15.7) 28 (13.3) 80 (14.8)

Sex Female 186 (56.0) 170 (81.0) 356 (65.7)
Male 137 (41.3) 40 (19.0) 177 (32.7)
Other 9 (2.7) 0 (0.0) 9 (1.7)

Occupation Student or working student 157 (47.3) 53 (25.2) 210 (38.7)
Employed 147 (44.3) 132 (62.9) 279 (51.5)

Other (retired, unemployed) 28 (8.4) 26 (11.9) 53 (9.8)

Education Up to secondary school 73 (22.0) 105 (50.0) 178 (32.8)
University level 259 (78.0) 105 (50.0) 364 (67.2)

Household Alone 99 (29.8) 14 (6.7) 113 (20.8)
2 persons 80 (24.1) 48 (22.9) 128 (23.6)
3 persons 60 (18.1) 62 (29.5) 122 (22.5)

4 or more persons 93 (28.0) 86 (41.0) 179 (33.0)
1 n is the number of respondents in each of the groups, and % is the valid percentage.

The sociodemographic characteristics of the sample are pivotal to being able to link
the findings collected regarding knowledge about milk and its effects on human nutrition
and health back to the different types of consumers, not only from different countries but
also belonging to divers sociodemographic categories of sex, age, education, or household.

Table 2 presents the results for the anthropometric characteristics of weight, height,
and body mass index (BMI). From Table 2, it is possible to conclude that weight varied
from 41.0 to 145.0 kg with a mean value of 68.4 ± 15.5 kg considering the global sample,
but with some differences between countries, with an average weight higher for the
Portuguese participants (67.2 ± 13.4 kg). The height varied between 1.5 and 2.0 m, being
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on average 1.7 ± 0.1 m, with a mean value equal for both countries. The BMI ranged
in the global sample from 15.4 to 48.3 kg/m2, with a higher value for the Portuguese
sample (24.5 ± 4.2 kg/m2). Table 2 also shows that the great majority of the participants
in both countries are in the category of normal weight, according to the classification
of the World Health Organization [50] (68.3% for the French sample and 63.8% for the
Portuguese sample). Nevertheless, there is still a relevant percentage of participants who
are overweight (19.0% of the global sample) or obese (10.4% of the global sample).

Table 2. Anthropometric characteristics of the participants.

Variable
France Portugal Global

n Min–Max 1 Mean ± SD 2 n Min–Max Mean ± SD 1 n Min–Max Mean ± SD 1

Weight (kg) 331 41.0–145.0 69.1 ± 16.7 210 42.0–107.0 67.2 ± 13.4 541 41.0–145.0 68.4 ± 15.5
Height (m) 332 1.5–2.0 1.7 ± 0.1 210 1.5–1.95 1.7 ± 0.1 542 1.5–2.0 1.7 ± 0.1

BMI 3 (kg/m2) 331 15.4–48.3 23.5 ± 4.6 210 17.8–39.6 24.5 ± 4.2 541 15.4–48.3 23.9 ± 4.5

BMI Classes 4 % of participants (N = 331) % of participants (N = 210) % of participants (N = 541)

Underweight 5.4% 1.9% 4.1%
Normal weight 68.3% 63.8% 66.5%

Overweight 16.9% 22.4% 19.0%
Obesity 9.4% 11.9% 10.4%

1 Minimum and maximum values; 2 SD = Standard deviation; 3 BMI = Body Mass Index (BMI = weight/height2);
4 Classes of BMI: Underweight = BMI < 18.5 kg/m2, Normal weight = 18.5 ≤ BMI < 25.0 kg/m2, Overweight =
25.0 ≤ BMI < 30.0 kg/m2, Obesity = BMI ≥ 30.0 kg/m2.

3.2. Level of Knowledge about the Consumption of Milk

The scores of the 23 items used to measure knowledge using a Likert scale varying
from 1 to 5, have been recoded as a way to somehow neutralize the effect of the participants
who did not manifest a valid opinion of agreement/disagreement, i.e., those participants
who scored 3 “Neither agree nor disagree”. This approach is current in scientific works
since the midpoint of the Likert scale is the absence of expressing an opinion of agreement
or disagreement, and we want to extract only opinions from participants that manifested
agreement/disagreement regardless of their intensity (just agree/disagree or a more in-
tense opinion of strongly agree/disagree). Additionally, the questions that were given as
false statements (items It-6 and It-19) were reversed before recoding, and in this way, all
items became uniform in the following scale for knowledge: −2 = very low knowledge,
−1 = low knowledge, 0 = no expression of knowledge, 1 = high knowledge, and 2 = very
high knowledge. After the recoding of the items, the indices were calculated for each of the
items as the sum of the scores attributed by the participants. Table 3 shows the results for
the indices considering the samples separately according to country, and Figure 1 presents
the results for the indices by decreasing order of the values for the global sample.

Table 3 reveals some differences between the participants from both countries, but
also some common trends regarding the facts that are of more common knowledge and
those that are less known by the participants. For example, in both countries, the item for
which the knowledge was higher was It-15 (sums of 259 and 198 for Portuguese and French
samples), this being about the role of calcium in bone and tooth health. Also, It-1 comes
on the top list in both countries, being second in Portugal (sum = 164) and third in France
(sum = 188), which relates to the high nutritive value of milk. On the other end of the list
appear items such as It-19 and It-12 for both countries, with very low scores, indicating the
difficulty in identifying information about the need to continue consuming milk after the
age of 30 years and the low vitamin A content of skimmed milk.

The results in Figure 1, relative to the global sample, confirm that item It-15 was the
one with a higher index (sum = 457), revealing that people are well informed about this
specific topic, i.e., the role of calcium as a fundamental micronutrient for the good formation
of bones and teeth. Following this, the other two items with very high indices were items
It-2 and It-1 (sums equal to 366 and 352, respectively), confirming the knowledge of the
participants about the composition of milk in in terms of proteins, carbohydrates, lipids,
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vitamins, minerals, and water, and therefore, its high nutritional value. On the other hand,
the items for which people showed lower levels of knowledge were items It-19 and It-12,
with very low scores (sums of 68 and 54, respectively). While It-19 was reversed for being
presented to the participants in reverse order, It-12 was not reversed. These items relate to
knowledge about the need to continue consuming milk after the age of 30 years and about
the low content of skimmed milk in the fat-soluble vitamin A.

Table 3. Indices for knowledge calculated for each of the participating countries.

Item
No.

Statement

INDICES FOR KNOWLEDGE

France
(N = 238)

Portugal
(N = 143)

It-1 Milk is a food with high nutritional value 188 164
It-2 Milk contains proteins, carbohydrates, lipids, vitamins, minerals, and water 210 156

It-3
Milk provides proteins of high biological value as they contain essential

amino acids
129 122

It-4 The main proteins in milk are caseins and whey proteins 172 83
It-5 Lactose is the main sugar in milk 144 111
It-6 Lactose is directly absorbed by the body, without needing enzymes (REVERSED) 122 15
It-7 Whole milk has a fat content typically over 3.5% 61 42
It-8 Semi-skimmed milk has a fat content of around 1% 87 62
It-9 Skimmed milk has a maximum fat content of 0.5% 51 76
It-10 The main vitamins in milk are vitamins B2, B12, and A 102 88
It-11 Vitamin A is naturally present in milk fat 69 60
It-12 Skimmed milk has very small amounts of vitamin A 38 16
It-13 Milk is a good source of calcium and iodine 160 134
It-14 Milk provides minerals like potassium, zinc, phosphorus, and magnesium 71 105
It-15 Calcium is fundamental for the good formation of bones and teeth 259 198

It-16
Calcium-fortified milk is a great choice to meet daily calcium requirements for

those who do not consume dairy products or other calcium-rich products
97 124

It-17 Vitamin D favours the body’s absorption of calcium 146 123

It-18
Children, as they are in a phase of growth and bone and dental formation, need to
ingest calcium, as well as vitamin A, B complex vitamins, and some minerals that

are present in milk
165 152

It-19
Around the age of 30, the bone mass peak is reached, and therefore there is no

problem if you stop consuming milk (REVERSED)
51 17

It-20 Women, during menopause, tend to lose calcium and, consequently, bone mass 134 159

It-21
Pregnant and breastfeeding women should consume specific amounts of calcium

per day. At this stage, the need for B vitamins also increase
78 130

It-22
The elderly should increase their intake of micronutrients such as B vitamins,

calcium, and iron. A great source of these micronutrients is milk
123 116

It-23 The intake of milk is advised at all stages of life 116 91

Figure 1. Indices for knowledge calculated for the global sample (In grey the highest values, and in
black the lowest values obtained for the sum of scores).
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Based on the scores of all 23 items, a mean score was computed for each of the
participants. These values were then tested for differences between groups according to
sociodemographic characteristics, and those results are shown in Table 4. According to the
results of the statistical tests, significant differences were observed in only three cases for
the variables country (p < 0.001), age class (p = 0.029), and size of the household (p < 0.001).
For these cases, knowledge was higher for participants from Portugal (0.71 ± 0.52) as
compared to France, for senior adults (0.75 ± 0.57) as compared with other age classes, and
for people living in households composed of 4 or more people (0.71 ± 0.44). In all other
cases, no significant differences were observed between groups based on sex, occupation,
education level, or BMI.

Table 4. Knowledge about milk according to sociodemographic and anthropometric characteristics.

Variables Classes
Level of Knowledge

Mean 1 ± SD 2 Significance 3

Country 4 France 0.51 ± 0.49 p < 0.001
Portugal 0.71 ± 0.52

Age 5
Young adults (18–25 y) 0.54 ± 0.45 a p = 0.029

Adults (26–50 y) 0.59 ± 0.56 ab

Senior adults (51 y or over) 0.75 ± 0.57 b

Sex 5
Female 0.59 ± 0.50 p = 0.217
Male 0.58 ± 0.53
Other 0.14 ± 0.20

Occupation 5
Student or working student 0.54 ± 0.44 p = 0.374

Employed 0.61 ± 0.57
Other (retired, unemployed) 0.64 ± 0.47

Education 4 Up to secondary school 0.56 ± 0.49 p = 0.510
University level 0.60 ± 0.52

Household 5

Alone 0.41 ± 0.43 a p < 0.001
2 persons 0.52 ± 0.57 ab

3 persons 0.59 ± 0.56 ab

4 or more persons 0.71 ± 0.44 b

BMI 5,6

Underweight (BMI < 18.5 kg/m2) 0.46 ± 0.30 p = 0.800
Normal weight (18.5 ≤ BMI < 25.0 kg/m2) 0.59 ± 0.51

Overweight (25.0 ≤ BMI < 30.0 kg/m2) 0.59 ± 0.56
Obesity (BMI ≥ 30.0 kg/m2) 0.56 ± 0.44

1 Measurement scale: from −2 (very low knowledge) to 2 (very high knowledge). 2 SD = standard deviation.
3 Significance considered in all tests: p < 0.05. 4 T-test for independent samples. 5 ANOVA with a post hoc Tukey’s
test. The mean values with different superscripts are statistically significantly different. 6 BMI = body mass index.

3.3. Tree Classification of the Level of Knowledge

The level of knowledge was categorized into classes as follows: very low knowledge
(−2 ≤ value < −1), low knowledge (−1 ≤ value ≤ 0), high knowledge (0 < value < 1),
and very high knowledge (1 ≤ value ≤ 2). This variable was used as input for the tree
classification according to the sociodemographic and anthropometric variables (country,
age class, sex, occupation, education, household, and BMI class), thus obtaining the tree
in Figure 2. The tree has five levels deep and 21 nodes, of which 11 are terminal. Of the
seven independent variables considered for the analysis, six were found to be explicative,
meaning that all these influenced the level of knowledge and proved to have discriminating
ability. Only the variable of sex was excluded from the tree classification. The risk estimate
and the corresponding error of the estimate were 0.297 and 0.023 for resubstitution and
0.315 and 0.024 for cross-validation. The model can be considered feasible since there
is an overall prediction capacity of 70.3% probability of correctly classifying the cases
according to the class of knowledge. Considering the first node, which corresponds to the
global sample, the results indicate that 69.0% of the participants have high knowledge and
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nearly 20% (18.9% more precisely) have very high knowledge. The very first variable with
discriminating ability was country, showing a higher percentage of French participants
with a low level of knowledge. In the next level, while for the French participants the
discriminating variable was household, for the Portuguese the discriminating variable was
age class. In the third, fourth, and fifth levels of depth, other variables presented themselves
as having discriminating capacity, namely education, in level 3 for both branches of the
tree, BMI class, and occupation on both branches.

Figure 2. Tree classification for level of knowledge according to sociodemographic and anthropomet-
ric variables.



Appl. Sci. 2024, 14, 3577 10 of 19

3.4. Scale Validation through Factor Analysis

The correlation matrix revealed some associations between the variables, with ten
values above 0.5, with the highest correlation being found between items It-8 and It-9
(r = 0.638). The results of the correlation matrix provide one of the indicators that the data
may be suitable for factor analysis (FA). The second indicator was provided by the results
of the Bartlett’s test, which were significant (p < 0.0005), thus leading to the rejection of the
null hypothesis “H0: The correlation matrix is equal to the identity matrix”. According to
the reference values for the KMO [41], the value obtained of 0.905 is considered excellent,
being a third indicator of the suitability of the data for the application of FA. The anti-image
matrix showed that all the values of MSA (Measure of Sampling Adequacy) were around
0.5 or higher, confirming that all items were adequate to include in the analysis. The lowest
value of MSA was found for a reversed item, MSA = 0.487 for item It-19, and the highest
was MSA = 0.942 for item It-14.

The solution obtained by FA with PCA and Varimax rotation retained six components
with eigenvalues higher than one, and this solution explained more than 50% of variance
(VE = 62.0%). Practically all communalities were higher than 0.5, except for one item (It-14
had communality equal to 0.479), so out of the 23 variables, only one was excluded (item
14). The item with higher communality was It-19 (0.811, corresponding to 81.1% VE), and
the item with the lowest variance explained by the solution was It-16 (communality = 0.506,
50.6% VE). The number of iterations to achieve conversion was ten, and in Table 5 are
shown the results of the first solution obtained with FA. The validation of the solution
was based on the calculated values of Cronbach’s alpha (α), which measure the internal
consistency of each factor [40]. The results in Table 5 show that in two factors, the internal
consistency could improve by deleting specific items.

Based on the values of alpha in Table 5, it was observed that the internal reliability
of the subscales would be improved if items It-6 and It-12 were excluded. Also, item
It-14 was excluded based on the value of the communalities. Therefore, a second FA was
produced, excluding those 3 items and considering in total only the 20 items. This solution,
which explained 61.3% of the variance, corresponded to only five factors, with different
compositions from the previous solution, and the value of KMO was 0.899. The results for
the second FA are shown in Table 6. In all cases, the values of Cronbach’s alpha did not
improve by excluding items, so this was considered the final solution. The values of alpha
were indicative of internal consistency, and they were considered good (factors F2 and F4)
or very good (factors F1 and F3) [45–47].

Based on the scores of the subgroups of items in each factor, a mean score was com-
puted considering the scores given by all participants and separated by country. Results
are shown in Table 7. The mean scores for the items in factors F1, F2, F3, and F4 were
always higher for the Portuguese participants than for the French. Only in the case of factor
F5, the mean value of the French participants was higher than for the Portuguese. This
indicated that the level of knowledge was higher among the Portuguese considering the
group structure defined by the FA, only with the exception of item It.19, which coincided
with factor F5.
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Table 5. First solution obtained through factor analysis.

Factor %VE 1 Items Loadings Cronbach’s Alpha (α)

F1 13.2%

It-17. Vitamin D favours the body’s absorption of calcium 0.508

0.825 2

It-18. Children, as they are in a phase of growth and bone
and dental formation, need to ingest calcium, as well as

vitamin A, B complex vitamins, and some minerals that are
present in milk

0.631

It-20. Women, during menopause, tend to lose calcium and,
consequently, bone mass

0.776

It-21. Pregnant and breastfeeding women should consume
specific amounts of calcium per day. At this stage, the need

for B vitamins also increase
0.734

It-22. The elderly should increase their intake of
micronutrients such as B vitamins, calcium, and iron. A

great source of these micronutrients is milk
0.653

F2 12.3%

It-1. Milk is a food with high nutritional value 0.548

0.626
(with all items)

0.777
(if It-6 is deleted)

It-3. Milk provides proteins of high biological value as they
contain essential amino acids

0.536

It-6. Lactose is directly absorbed by the body without
needing enzymes (REVERSED)

−0.432

It-13. Milk is a good source of calcium and iodine 0.590

It-15. Calcium is fundamental for the good formation of
bones and teeth

0.529

It-16. Calcium-fortified milk is a great choice to meet daily
calcium requirements for those who do not consume dairy

products or other calcium-rich products
0.650

It-23. The intake of milk is advised at all stages of life 0.587

F3 11.2%

It-2. Milk contains proteins, carbohydrates, lipids, vitamins,
minerals, and water

0.745

0.707 2
It-4. The main proteins in milk are caseins and whey proteins 0.654

It-5. Lactose is the main sugar in milk 0.620

F4 10.8%

It-7. Whole milk has a fat content typically over 3.5 0.739

0.780 2It-8. Semi-skimmed milk has a fat content of around 1% 0.809

It-9. Skimmed milk has a maximum fat content of 0.5% 0.720

F5 9.1%

It-10. The main vitamins in milk are vitamins B2, B12, and A 0.703 0.723
(with all items)

0.770
(if It-12 is deleted)

It-11. Vitamin A is naturally present in milk fat 0.747

It-12. Skimmed milk has very small amounts of vitamin A 0.633

F6 5.4%
It-19. Around the age of 30, the bone mass peak is reached,
and therefore there is no problem if you stop consuming

milk (REVERSED)
0.890 N.A. 3

1 VE = variance explained. 2 The value of alpha did not improve with the exclusion of items. 3 N.A. = Not
applicable—single variable in the factor.
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Table 6. Second solution obtained through factor analysis.

Factor %VE 1 Items Loadings Cronbach’s Alpha (α)

F1 15.1%

It-17. Vitamin D favours the body’s absorption of calcium 0.541

0.825 2

It-18. Children, as they are in a phase of growth and bone and
dental formation, need to ingest calcium, as well as vitamins

A, B complex and some minerals that are present in milk
0.635

It-20. Women, during menopause, tend to lose calcium and,
consequently, bone mass

0.749

It-21. Pregnant and breastfeeding women should consume
specific amounts of calcium per day. At this stage, the need for

B vitamins also increases
0.714

It-22. The elderly should increase their intake of
micronutrients such as B vitamins, calcium, and iron. A great

source of these micronutrients is milk
0.674

F2 14.1%

It-1. Milk is a food with high nutritional value 0.648

0.777 2

It-3. Milk provides proteins of high biological value as they
contain essential amino acids

0.580

It-13. Milk is a good source of calcium and iodine 0.604

It-15. Calcium is fundamental for the good formation of bones
and teeth

0.610

It-16. Calcium-fortified milk is a great choice to meet daily
calcium requirements for those who do not consume dairy

products or other calcium-rich products
0.659

It-23. The intake of milk is advised at all stages of life 0.539

F3 14.0%

It-7. Whole milk has a fat content typically over 3.5 0.759

0.803 2

It-8. Semi-skimmed milk has a fat content of around 1% 0.806

It-9. Skimmed milk has a maximum fat content of 0.5% 0.707

It-10. The main vitamins in milk are vitamins B2, B12, and A 0.558

It-11. Vitamin A is naturally present in milk fat 0.566

F4 12.0%

It-2. Milk contains proteins, carbohydrates, lipids, vitamins,
minerals, and water

0.732

0.707 2
It-4. The main proteins in milk are caseins and whey proteins 0.677

It-5. Lactose is the main sugar in milk 0.705

F5 6.1%
It-19. Around the age of 30, the bone mass peak is reached,

and therefore there is no problem if you stop consuming milk
(REVERSED)

0.862 N.A. 3

1 VE = variance explained. 2 The value of alpha did not improve with the exclusion of items. 3 N.A. = Not
applicable—single variable in the factor.
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Table 7. Mean scores for knowledge considering the items in each factor.

Factor Group N Min Max Mean ± Standard Deviation

F1
(5 items)

France 238 1.00 5.00 3.54 ± 0.66
Portugal 143 2.00 5.00 3.95 ± 0.74
Global 381 1.00 5.00 3.70 ± 0.72

F2
(6 items)

France 238 1.50 5.00 3.66 ± 0.71
Portugal 143 1.50 5.00 3.97 ± 0.67
Global 381 1.50 5.00 3.78 ± 0.71

F3
(5 items)

France 238 1.00 5.00 3.31 ± 0.66
Portugal 143 2.00 5.00 3.46 ± 0.71
Global 381 1.00 5.00 3.37 ± 0.68

F4
(3 items)

France 238 1.00 5.00 3.74 ± 0.79
Portugal 143 1.33 5.00 3.82 ± 0.81
Global 381 1.00 5.00 3.77 ± 0.80

F5
(1 item)

France 238 1.00 5.00 3.21 ± 1.19
Portugal 143 1.00 5.00 3.12 ± 1.26
Global 381 1.00 5.00 3.18 ± 1.21

4. Discussion

According to the Food and Agriculture Organization (FAO), the consumption of dairy
products differs significantly from region to region, depending on dietary habits, available
milk processing technologies, market demand, social and cultural development, and level
of product knowledge [51]. The per capita consumption of milk and dairy products exhibits
higher rates in developed countries, while there is a discernible rise in demand for these
products in developing countries (like East and Southeast Asia, Indonesia, and Vietnam)
due to rising income levels and population growth, among other factors [51,52]. Projections
for the European Union anticipate that per capita consumption will either remain stable or
experience a decline in the ensuing decade [53]. Examining specific countries within the
European context, France exhibits higher milk consumption than Portugal, notwithstanding
their shared foods and culinary cultures [53].

Regarding milk on a global scale, most consumers continue to harbour a robustly
positive perception regarding the inherent goodness of milk, acknowledging its substantial
nutritional value [54]. In the context of Portuguese and French countries, knowledge about
milk was assessed by evaluating respondents’ scores on various statements concerning
nutritive components and the impact of consumption on human health. Globally, all
the respondents revealed that they are well informed about the nutritive value of milk.
Moreover, Portuguese and French participants consider milk an important food that should
be consumed at any age, extending beyond the age of 30. This discernment aligns with
observations made among Turkish consumers, reflecting a recognition of the importance of
lifelong milk consumption [54].

The heightened awareness observed in Portuguese and French respondents, evidenced
by their notable understanding of milk’s nutritive value, can be attributed to their elevated
level of education, with 67.2% of participants attaining a high educational level. However,
the French participants showed a higher level of knowledge than the Portuguese, which can
be associated with a higher percentage of young adults and an elevated level of education
observed among the French participants. The role of education in shaping one’s dietary
patterns is unquestionable, and a higher education or university studies contribute to
this [55]. Therefore, knowledge of the nutritional richness of milk is also possible among
people with higher studies. Considering that there is a positive link between choices
and patterns of milk consumption and individuals’ awareness and understanding of the
nutritional composition and potential health impacts of milk, it is reasonable to anticipate
that the French population would surpass the Portuguese population in terms of milk
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knowledge. According to FAO [53], the per capita consumption of milk in 2020 was 201 kg
and 139 kg, respectively, for France and Portugal.

The nutrient-rich composition of milk plays crucial roles in bone health, energy
metabolism, muscle function, development, and maintenance of strong teeth, vitamin
absorption, and overall well-being throughout the lifespan [56,57]. Additionally, milk ex-
erts beneficial effects on the linear growth and body mass index (BMI) of adolescents [56,57].

Inadequate dairy intake has been cited as a primary reason for the high prevalence
of insufficient calcium intake among populations [51]. In this study, participants express
cognizance of the pivotal role played by calcium within milk, contributing indispensably
towards meeting the body’s calcium requirements. Similarly, calcium is perceived as an
important milk nutrient by consumers in Denmark, the United Kingdom, and the United
States [36]. In contrast, a questionnaire performed in west Sumatera revealed that the level
of knowledge about the benefits of fresh cow milk is poor, but the knowledge is higher in
aspects related to purchasing and usage. Moreover, fresh cow milk consumption depends
on consumer product knowledge [58].

However, there exists a prevailing sentiment that the manifold attributes and advan-
tages of this product inadequately align with contemporary lifestyles and expectations [59].
The influences of globalisation on eating habits have led to an increase in the variety of
diets by including new foods, ingredients, and beverages that can contribute to a reduc-
tion in milk consumption. Individual preferences, dietary choices, cultural factors, and
health considerations are other factors that contribute to changes in milk consumption
patterns. In fact, the individual reasons for reducing milk consumption can be complex and
multifaceted and can be influenced by lactose intolerance, allergies, perceptions of dietary
preferences and choices of plant-based or vegan diets, perceptions about the healthiness of
milk, availability and variety of non-dairy milk alternatives, environmental and ethical con-
siderations, cultural habits, price, marketing, and misinformation, among others [54,60–65].
For instance, for the Russian population, the price and the information about milk coming
from not enough reliable sources are the main significant factors in the decline in milk
and dairy product demand and refusal [66]. Besides price, promotion is considered to be
the most influential instrument in Kosovo consumers’ decisions to buy dairy products,
including milk [67]. In Europe and North America, the trend for demand for plant-based
alternatives to traditional dairy products driven by concerns over animal welfare, environ-
mental sustainability, and health shaping the global dairy industry has been associated
with a discernible decline in the consumption of animal-derived milk products. However,
it is crucial to emphasize that plant-based beverages, including almond, oat, rice, hazelnut,
and coconut variants, often positioned in the market as healthy and sustainable substitutes
for milk and dairy products, should not be considered as an alternative to milk. Rather,
these beverages should be regarded as distinct products [68–70].

To enhance knowledge about milk, various programmes and initiatives can be imple-
mented across different sectors, such as consumers, educators, healthcare professionals, and
the dairy industry. The potential programmes can include educational campaigns, school
nutrition programmes, healthcare professional training for the dairy industry, farm-to-table
programmes, and consumer engagement programmes, among others [71].

Moreover, to encourage the adoption of liquid milk products characterized by en-
hanced nutritional profiles and environmental sustainability, information nudges—randomly
dispensed messages featuring diverse content and details—can prove effective. For instance,
the primary information preferences of Chinese consumers are carbon labels, with a notable
emphasis on value, followed by nutrition claims, sustainable production declarations, and
energy conservation certificates. Concurrently, the provision of nutrition-related details
fosters an increased appreciation for nutrition claims among consumers. In contrast, the dis-
semination of environmental information contributes to elevating consumers’ willingness
to prioritize attributes aligned with environmental sustainability [72].
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5. Conclusions

The results of this work showed that the highest level of knowledge was about calcium
being fundamental for the good formation of bones and teeth, but also about the high
nutritional value of milk and its composition in terms of proteins, carbohydrates, lipids,
vitamins, minerals, and water. On the other hand, the lowest knowledge was found
for the low content of vitamin A present in skimmed milk and the consumption of milk
after the age of 30 as a way to maintain good bone health. The mean values for the
level of knowledge were found to vary significantly according to some sociodemographic
variables, such as country, age, and the dimension of the household, but not according to
sex, education, occupation, or body mass index. However, a tree classification showed that
to some extent all the variables had discriminating ability, and those that appeared on the
first and second levels were precisely country, age class, and household, with education
being a discriminating variable in the third level, and BMI and occupation only after the
fourth level. Factor analysis was used to validate the scale, and the results showed that from
the 23 initial items, the validated scale included only 20 items, distributed by five factors,
with good or very good internal consistency in all cases. The mean scores for knowledge in
all factors except one were always higher for the Portuguese sample as compared with the
French sample. These conclusions are beneficial to understand how knowledge about milk
can be improved in both countries to help achieve a better population nutrition status.
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Appendix A

The items of the questionnaire are shown in Table A1.
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Table A1. List of items and answering scale as presented to the participants.

Items
Totally Disagree

1
Disagree

2

Neither Agree Nor
Disagree

3

Agree
4

Totally Agree
5

It-1. Milk is a food with high nutritional value

It-2. Milk contains proteins, carbohydrates, lipids,
vitamins, minerals, and water

It-3. Milk provides proteins of high biological value as
they contain essential amino acids

It.4. The main proteins in milk are caseins and
whey proteins

It-5. Lactose is the main sugar in milk

It-6. Lactose is directly absorbed by the body without
needing enzymes (FALSE)

It-7. Whole milk has a fat content typically over 3.5%

It-8. Semi-skimmed milk has a fat content of around 1%

It-9. Skimmed milk has a maximum fat content of 0.5%

It-10. The main vitamins in milk are vitamins B2, B12,
and A

It-11. Vitamin A is naturally present in milk fat

It-12. Skimmed milk has very small amounts of
vitamin A

It-13. Milk is a good source of calcium and iodine

It-14. Milk provides minerals like potassium, zinc,
phosphorus, and magnesium

It-15. Calcium is fundamental for the good formation of
bones and teeth

It-16. Calcium-fortified milk is a great choice to meet
daily calcium requirements for those who do not

consume dairy products or other calcium-rich products

It-17. Vitamin D favours the body’s absorption
of calcium

It-18. Children, as they are in a phase of growth and
bone and dental formation, need to ingest calcium, as

well as vitamim A, B complex vitaminss, and some
minerals that are present in milk

It-19. Around the age of 30, the bone mass peak is
reached, and therefore there is no problem if you stop

consuming milk (FALSE)

It-20. Women, during menopause, tend to lose calcium
and, consequently, bone mass

It-21. Pregnant and breastfeeding women should
consume specific amounts of calcium per day. At this

stage, the need for B vitamins also increases

It-22. The elderly should increase their intake of
micronutrients such as B vitamins, calcium, and iron. A

great source of these micronutrients is milk

It-23. The intake of milk is advised at all stages of life
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