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Abstract

Antimicrobials are extensively used in livestock to treat common diseases, including mastitis and other bacterial infec-
tions, with around 80% of food-producing animals receiving such treatments. Despite a ban in the EU since 2006, anti-
biotics are still used globally for growth promotion, exacerbating antimicrobial resistance (AMR). From the consumers’
point of view, the potential exposure to resistant zoonotic bacteria in animal-derived food products may represent

a threat to public health. However, consumers knowledge and attitude vary across socio-demographic characteristics
and geographical location. This study aims to evaluate the knowledge, attitudes, and perceptions (KAP) of milk con-
sumers regarding AMR in Pakistan (as a representative of low-to-middle income countries (LMICs)), compared to ltaly
(as a representative of high-income countries (HICs)).

Data were collected via surveys from 401 Pakistani and 550 Italian milk consumers, focusing on socio-demographics,
milk purchasing habits, and awareness of antibiotic residues and AMR. The study identified three principal compo-
nents (PCs) influencing milk consumption: milk quality attributes and tradition, family-dependence, and eating style-

dependence. A cluster analysis categorized consumers into four groups: "Attentive to milk quality attributes," "Loyal

to milk," "Undecided consumer," and "Milk is essential in my food pattern.'

[talian consumers predominantly belonged to the "Attentive to milk quality attributes" group, valuing safety

and health benefits, and were the most informed about AMR. Pakistani consumers, primarily belonging to the "Loyal
to milk" group, exhibited high purchasing frequency influenced by family size but showed limited awareness

about AMR risks. The "Undecided consumer" group, a mix of Italian and Pakistani individuals, lacked strong prefer-
ences and displayed moderate awareness of AMR, influenced by habitual consumption patterns.
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country, High-income country, Cluster analysis

This research underscores the need for targeted educational campaigns to raise awareness about AMR and antibiotic
residues in milk, particularly in LMICs. Survey findings can help to identify targeted action plans and boost policy
development on AMR. Enhancing consumer knowledge through the One-Health approach could mitigate AMR risks
and promote informed decision-making in milk consumption across different socio-economic contexts.

Keywords Antimicrobial resistance, Attitude, Consumer perception, Dairy sector, Knowledge, Low-to-middle income

Background

Antimicrobials are mainly administered in livestock to
treat common diseases, including mastitis, gastrointes-
tinal and respiratory bacterial infections. According to
recent surveys, about 80% of food-producing livestock
undergo pharmacological treatments, including antibi-
otics. Moreover, although banned for growth promo-
tion purposes in the EU since 2006, antibiotics are still
improperly used in many countries worldwide to improve
livestock productivity [1].

Antibiotic sales data are considered the most reliable
indicator to estimate total antibiotic use in livestock.
However, from a global perspective, the absence of har-
monized surveillance systems and standardized collec-
tion methods pose an intrinsic limit to this approach [2].
Whereas the European Surveillance of Veterinary Anti-
microbials Consumption (ESVAC) project has regularly
provided data on the volume of sales of veterinary anti-
microbial medicinal products in the European Union
since 2009, in other low- and middle-income (LMIC)
countries similar initiatives have yet to be implemented
[3]. According to the latter authors, the global antimicro-
bial consumption in chickens, cattle and pigs is expected
to increase by 11.5% over the next six years, with Asia
being the largest consumer of antibiotics destined to
farmed animals. Differences among countries can be
attributed to local antimicrobial stewardship policies to
mitigate the risk of antimicrobial resistance (AMR). It
is in fact well established that a key driver for the emer-
gence of AMR in pathogen and commensal bacteria is
the use and/or the misuse of antimicrobials [4]. This, in
turn, implies a risk for both animal and human health as
resistance genes and bacteria can be transferred among
animals and animal products via the food chain [5]. The
potential exposure of consumers to resistant bacteria
present in some food of animal origin, such as raw meat,
milk and dairy products, is a matter of concern [6]. On
the other hand, it has been postulated that chronic expo-
sure of gut microbiota to antibiotic residues contained in
food is a possible risk factor for AMR development [7].
In both cases, the risk for consumers mainly depends on
food preparation (i.e., cooking method) and consumption
habits. While researchers are aware of risks associated
with the presence of antibiotic residues in food, public

perception is not univocal. Consumers’ knowledge and
attitude may vary across socio-demographic characteris-
tics and geographical location [8]. Assessing and raising
community awareness is a fundamental part of the One-
Health approach to reduce inappropriate use of drugs
and the risk of AMR development.

Due to the content of many essential nutrients, milk
can be considered the most complete and fundamental
food playing a key role in the diet of over 6 billion people
worldwide [9]. Bovine mastitis is one of the most com-
mon diseases impacting on both milk yield and quality
and, despite implementation of preventive control meas-
ures (e.g., pre- and post-milking teat disinfection), treat-
ment mainly relies on the intramammary administration
of antibiotics [10]. The use of veterinary drugs accord-
ing to label prescriptions is critical to avoid drug residue
concentrations in target tissues exceeding the maximum
permitted levels (maximum residue levels—MRLs) [11].
Nevertheless, the problem of antibiotic residues remains
topical in low-to-middle income countries due to the lack
of effective surveillance systems and limited awareness
of farmers and consumers about the possible threat for
human health related to the presence of antimicrobials
in milk [12]. According to a survey conducted in Paki-
stan on a total of 1,000 milk samples, about 10% of them
showed concentrations of penicillin and oxytetracycline
beyond the MRL fixed by the EU (4 pg/kg and 100 pg/kg,
respectively) [13].

Although numerous studies have been conducted to
assess consumers’ knowledge, attitude, and perception
(KAP) regarding antibiotic residues and AMR risks in
the food chain, to our knowledge there is a lack of com-
parative studies between low-to-middle and high-income
countries (LMIC and HIC, respectively) focusing on milk
consumers. Therefore, the aim of the present study was
to assess the effect of consumers’ geographical affiliation
(LMIC - Pakistan vs HIC—Italy), socio-demographic
characteristics, as well as purchasing and consumption
habits of milk, on their KAP on AMR phenomenon.

Methods
Study area
Italy and Pakistan were selected for this study due to
their contrasting socio-economic contexts, regulatory
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environments, and cultural practices related to food
consumption. Italy, a developed country with stringent
food safety regulations and a Mediterranean dietary cul-
ture, was chosen to represent a context where consumer
behavior is influenced by both regulatory frameworks
and cultural practices. Pakistan, a developing country
with diverse dietary habits and less uniformly enforced
food safety regulations, provides a contrasting environ-
ment where economic factors and cultural norms play a

Italy

o Piemonte
v Lombardia o

v Emilia-Romagna

v Veneto

Page 3 of 15

significant role in consumer behavior. These differences
were deemed essential for exploring how varying con-
texts impact consumer attitudes towards milk consump-
tion and food safety.

The study area for each country was delimited to the
main four regions where the largest national produc-
tion of drinking milk is concentrated (Fig. 1). In Paki-
stan, data collection was concentrated in four districts
(Faisalabad, Jhang, Multan, and Okara) belonging to

Asia

Pakistan

Q@ Faisalabad

9 Jhang
9 Multan
9 Okara

Fig. 1 Geographical regions under study in Italy (Europe) and Pakistan (Asia)
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the region of Punjab, where the largest buffalo and cow
populations are located, with 16.019 million and 13.204
million herds, respectively. Punjab is also the major milk
producing province with an annual production of 36.23
million litres, which corresponds to about 67% of total
milk production in Pakistan [14]. Following data pub-
lished by ISMEA (2023) [15], the regions selected in Italy
were instead Lombardy, Piedmont, Emilia-Romagna, and
Veneto, in which 80% of the total national cow popula-
tion and milk production are concentrated. In the same
regions, the highest milk consumption rate was estab-
lished in 2023 [16].

Survey design

Two consumer surveys were developed to collect data
about Pakistani and Italian milk consumers in the two
selected countries. Both surveys were developed into the
same three sections, as shown in Fig. 2. The first section
was designed to assess the socio-demographic profile
of the respondents (i.e., gender, age, educational level,
employment status, family size, annual average income,
and level of income satisfaction). The second section
explored the individuals’ food style and the purchas-
ing behaviour and consumption habits of milk, using
several double check-all-that-apply (CATA) and binary
(Yes/No) questions. In addition, the preferences of con-
sumers towards seven different characteristics of milk
were measured using a 7-point Likert scale. The seven
milk descriptors were selected by means of a thorough
literature review, considering as a selection criterion the

1. Sociodemographic

2. Purchasing behaviour and
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impact of each item in the decision-making process of
milk consumers in both the selected countries: health
benefits, knowledge of the brand/farm [17, 18], fam-
ily tradition/habit, taste, safety, type of milk and price
[19-22]. The last section consisted of five questions
(both binary and categorical answers) related to con-
sumer’s awareness about antibiotic residues in milk and
AMR phenomenon. In general, the survey framework
was formulated according to what reported in previous
studies [23-26]. The structure of the surveys developed
for the two countries was similar. However, some ques-
tions or possible answers were adapted to maintain the
content validity across different social and economic-
demographic contexts. In particular, the annual average
income options were formulated based on the represent-
ative population data of the two countries [27, 28] (Fig. 2)
and expressed in Pakistani Rupee (PKR) and in Euros (€)
for the Pakistani and Italian sample, respectively. Moreo-
ver, due to the different milk consumption habits in the
two countries, the functional unit of the surveys changed,
being the Pakistani questions focused on both cow and
buffalo milk, while the Italian questions were focused on
cow milk only.

Data collection

Two choice experiments were conducted in both coun-
tries through structured questionnaires submitted
online to respondents from April to June 2022 using
mailing lists, social networks, and WhatsApp. A non-
probability sampling method was employed considering

3.AMR knowledge, attitude

variables consumption style of milk and perception
Faisalabad, Lombardy, Cow milk, small
— Jhang, Piedmont, Consumption ruminants, Cowmilk, goat
%‘::: Em-h\a/::»ev::gna, otmit buf:’a‘l'?:llk, Zilkiote: f——— Do you know the AMR phenomenon?

Gender Foodstyle

Milk purchasing
points

Frequencyof

Age range

Education

milk purchasing

Milk
preferences

Employment
status

Familysize

<25.000€
25.000- 40.000€
40.000- 60.000€
>60.000€
I prefernotto
answer

<50.000 PKR
50.000 - 100

Annual average
household
income of the
family

Level ofincome
satisfaction

000 PKR
>100.000 PKR
I prefernotto.
answer

Are you aware of the possibility of
antibiotic(AB) residuesin milk according
to the maximum residual limits set by the

laws?

Do you know that antibiotic/their
residues in milk above maximum
residual limits may lead to antimicrobial
resistance?

Would you buy milkwith AB residues
above regulated MRLs (maximum residue
levels)?

What do you think about the presence of
AB residuesin milk according to the set
MRLs?:

Fig. 2 Survey questionnaires framework addressed to Pakistani and Italian consumers
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a convenience sample of milk consumers in the two
countries [29, 30]. The inclusion criteria, required at the
beginning of the questionnaire under penalty of sur-
vey exclusion, were the geographical affiliation and the
respondent’s age (the legal age established in the coun-
tries). The questionnaires respected the ethical standards
defined by the Declaration of Helsinki and were devel-
oped in the original language of each country (Urdu and
Italian for Pakistan and Italy, respectively). The surveys
were anonymous and did not include sensitive data. An
informed consent was sought and obtained from each
respondent prior to the participation in the survey. The
questionnaires were approved by the Bioethical Commit-
tee of the University of Turin, Italy (approval protocol n.
0169932, 14/03/2022).

The sample size and the individual’s distribution in
the two countries was determined based on practi-
cal constraints, including available resources and access
to respondents. The sample was designed to capture
a diverse cross-section of consumers in each coun-
try, focusing on obtaining a representative sample that
reflects various demographic factors rather than propor-
tional representation of the national populations. This
sample size is consistent with similar studies in the field
[31] and provides sufficient statistical power to detect
meaningful differences and correlations in consumer
attitudes.

Statistical analysis
The software SPSS (version IBM SPSS Inc 28.0, Chicago,
Illinois, USA) was used for all statistical analyses.

Frequency analysis was used to provide a descriptive
summary of the socio-demographic characteristics of the
Pakistani and Italian sample, as well as of the entire sam-
ple of respondents. Statistical difference between the two
samples in terms of size and socio-demographic compo-
sition was tested using the Chi-square (x?) test.

The Shapiro—Wilk test was used to determine whether
the data followed a normal distribution.

The reliability of the scales of milk descriptors (seven
items) was checked using the Cronbach’s alpha test. A
Principal Component Analysis (PCA) with Varimax
rotation was performed starting from the variables of
country, gender, family size, age, food style, frequency
of milk purchase, and preferences towards milk attrib-
utes. PCA is a statistical data simplification technique
that aims to reduce the number of variables that define
a complex multivariate dataset to a smaller number
of latent variables, while minimizing the loss of infor-
mation and making the original data matrix easier to
understand [32, 33]. This multivariate statistical meth-
odology is commonly used in market research, espe-
cially in consumer studies, to assess people’s tastes and
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opinions based on their purchasing behaviour and the
characteristics of the products they use [20, 34-36].
The starting 12 variables were aggregated into a minor
number of orthogonal principal components (PCs). The
influence of a given variable in the component defini-
tion (expressed by the resulting loadings) was rejected
for a value below 0.30, and it was considered to have a
strong influence if it had a ratio above 0.7 [20]. KMO
and Bartlett’s tests were used to evaluate the reliability
of the PCA, while the reliability of the new PCs were
checked using the Cronbach’s alpha test.

The PCA allowed to reduce the dimensionality of
the dataset and to identify the PCs (consumption pat-
terns) that explained most of the variance in the dataset
regarding the attitudes and milk consumption styles/
habits of the consumers involved by synthesizing the
original information into a more manageable and inter-
pretable form. The obtained PCs were the average of
the individual weights (loadings, positive or negative)
of the component per individual. A new matrix was
obtained, consisting of a number of rows equal to the
sample size and a number of columns equal to the num-
ber of PCs that contained the weight of the individual
variable (loadings, positive or negative) per individual.
To link the single new defined consumption pattern to
each respondent, the loadings of each PC were used
as dependent variables for a Cluster Analysis in order
to trace consumption patterns back to individuals and
identify distinct groups of consumers differing in terms
of milk consumption styles and habits. This approach
allowed to discriminate each individual in terms of milk
consumption patterns.

The clusters were formed based on each individual’s
scores on the new identified PC. First, a two-step method
was used to get a sense of how well the entire sample
could be segmented using the Bayesian Information Cri-
terion (BIC) and Akaike Information Criterion (AIC)
indices. In terms of cohesion and silhouette separation,
the test recommended segmentation with 4 clusters as
the best option. Consequently, the K-Means clustering
method was used to obtain the 4 homogeneous con-
sumer groups in terms of socio-demographic charac-
teristics, including country of origin, milk preferences,
consumption patterns, and milk purchasing habits,
which were different from each other. A one-way analysis
of variance (ANOVA) was performed to evaluate the dif-
ferences among the clusters. To define differences among
the clusters, the groups were also analysed in terms of
socio-demographic characteristics, and knowledge, atti-
tude, and perception about AMR [37]. The Chi-square
(x*) test was used to evaluate clusters heterogeneity.
This approach allowed us to group consumers accord-
ing to similar patterns of attitudes, minimizing the loss of
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information resulting from the reduction of the original
variables.

Results
A total of 951 answers, including 401 from Pakistan and
550 from Italy, were collected.

Consumers’ socio-demographic characteristics

Table 1 provides the socio-demographic profile of the
involved consumers’ sample. The sample of milk con-
sumers showed a significantly higher percentage of Ital-
ian than Pakistani respondents (P<0.05). Most Pakistani
individuals were from Faisalabad, while most Italian
respondents were from Piedmont. Although significant
differences have been detected between the two countries
in terms of gender, age range and educational level (in all
cases, P<0.001), in both samples there were mostly men,
aged between 18 and 27 years and with a high educational
level (upper secondary school or master’s degree). Both
samples were also prevalently characterized by a middle-
high average income. Statistically significant differences
in the responses between the two countries in terms of
employment status and family size were also observed (in
both cases, P<0.001). Most Pakistani respondents were
students, and families often had more than four mem-
bers, while the Italian respondents were mostly employed
with a family size on average consisting of three people.
Both Pakistani and Italian respondents mostly defined
their annual average income as satisfying.

Milk consumption patterns

Table 2 summarises the results of the PCA. A total of
three PCs were extracted, accounting for 61.8% of the
total explained variance.

The first component, renamed as "Milk quality attrib-
utes and tradition", accounted for the 31.4% of the total
explained variance and yielded a consumption model in
which milk quality characteristics are strongly considered
in milk selection. This factor summarises a consumption
pattern in which consumers choose milk primarily based
on a combination of brand knowledge, health benefits,
and safety, supported by secondary factors such as tra-
dition, taste and price. In other words, these consumers
are inclined to select products that they know and trust
the brand, that they perceive as healthy and safe, and that
satisfy their family and taste habits, while still consider-
ing price.

The second component, renamed as "Family-depend-
ent" (22.0% of the total explained variance), identifies a
consumption model depicted in function of family hab-
its and composition. This consumption pattern reflects
a condition where milk purchasing habits are strongly
influenced by household size and the need for frequent
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purchases, while differences between countries and pref-
erences for specific types of milk are less relevant.

The third and last component, renamed as "Eating
style-dependent” (8.4% of the total explained variance),
reflects a pattern of milk consumption influenced mainly
by the consumers’ age and eating styles.

Consumers’ profiles

The cluster analysis revealed four consumer groups,
each including consumers sharing a similar attitude and
understanding of milk (Table 3).

The first group was renamed as "Attentive to milk
quality attributes" (38.9% of the total sample) because it
positively depended on the components “Milk quality
attributes and tradition” and “Eating style-dependent’,
while it was negatively defined by the component “Fam-
ily-dependent”. This cluster collected individuals inter-
ested in the quality characteristics of milk that probably
represented a staple food in a defined dietary style. Most
of these consumers were Italian, with a balanced repre-
sentation of men and women. Educationally, the group
was evenly split between those with higher education
(48% with a master’s degree) and those with lower sec-
ondary education (42%). These individuals were predom-
inantly young to middle-aged, with a satisfactory income
level. They were mostly omnivores who purchase cow’s
milk several times a week or even daily. This group was
the most informed about the AMR phenomenon and the
least willing to purchase milk containing antibiotic resi-
dues above MRLs regulated by law. They were convinced
of the negative effects of antibiotic residues in milk on
children’s health, although they were less concerned
about their own health.

The second group, referred to as "Loyal to milk", com-
prised the 37.0% of the sample’s overall population. This
group was positively defined by both the PCs “Family-
dependent” and “Eating style-dependent’, but negatively
by the “Milk quality attributes and tradition” component.

This cluster was almost entirely composed of Pakistani
consumers, particularly men, with a high level of educa-
tion and belonging to large families. These individuals
were young, omnivores, and had a satisfactory income
level. Unlike the first group, their milk purchasing and
consumption behaviour was strongly influenced by fam-
ily needs and dietary habits rather than product quality.
They consumed both cow and buffalo milk with high
weekly frequency, showing a strong loyalty to milk con-
sumption. This group was the least aware of the issues
related to AMR and antibiotic residues in milk. Despite
being convinced of the negative effects of antibiotic resi-
dues on human health, 45% of the respondents belonging
to this group were still willing to consume milk with anti-
biotic residues above the regulated limits.
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Table 1 Socio-demographic features (%) of the Pakistani and Italian respondents, and of the entire consumers’sample

Socio-demographic variables Answers Pakistan Italy Total X2 Sig.2
(n=401) (n=550) (n=951)
425 57.5 100 279 *
Region Faisalabad 385 - 16.6 n.a
Jhang 18.2 - 7.7
Multan 26.6 - 10.8
Okara 16.7 - 6.9
Lombardy - 303 17.2
Piedmont - 392 236
Emilia Romagna - 135 79
Veneto - 17.0 9.2
Gender Man 57.8 518 519 21.0 oxx
Woman 399 475 46.8
| prefer not to answer 23 0.7 13
Age range 18-27 57.3 40.1 474 80.0 Fex
28-37 224 13.8 174
38-47 106 13.0 12.0
48-57 58 16.5 12.0
58-67 33 108 76
>68 0.6 58 36
Education Primary school 20 0.2 1.0 2527 *EE
Lower secondary school 30 8.2 6.0
Upper secondary school 285 426 36.6
Master's degree 66.5 49.0 56.4
Employment status Employee 19.9 46.4 352 1514 *xX
Student 434 254 33.1
Self-employed 94 154 129
Retired 54 96 7.8
Looking for a job 120 1.9 6.1
Houseman/housewife 9.9 1.3 49
Family size (number of family member) 1 0.5 227 13.1 937.0 Hrx
2 1.0 24.3 143
3 7.0 31.8 21.1
4 15.8 151 15.2
>4 757 6.1 36.3
Annual average household income of the family® <50.000 PKR 16.1 - 7.0 n.a
50.000 - 100.000 PKR 440 - 186
>100.000 PKR 39.9 - 16.8
<25.000 € - 16.7 9.8
25.000 - 40.000 € - 323 186
40.000 - 60.000 € - 18.7 10.7
>60.000 € - 8.2 4.8
| prefer not to answer - 24.1 137
Level of income satisfaction Very difficult 58 1.9 35 240 *x%
Difficult 19.6 15.0 17.0
Satisfying 64.0 770 715
Very satisfying 10.6 6.1 8.0

@ PKR Pakistani Rupee; €, Euros
2 Significance level: **P-value < 0.001; *P -value < 0.05. n.a. Not applicable
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Table 2 Results of the rotated component matrix
Variables Principal Components
Milk quality attributes and tradition Family-dependent Eating style-
dependent
Country -0919
Family size 0.820
Age (mean) 0.449
Food style 0.874
Frequency of milk purchasing 0.774
Knowledge of the brand/farm 0.834
Health benefits 0.774
Price 0.669
Family tradition/habit 0.672
Taste 0.860
Safety 0.876
Type of milk -0.646
Cronbach’s Alpha 0.94 0.85
Pearson’s correlation r=0.799

Varimax rotation; Kaiser-Meye—-Olkin index =0.822. Bartlett’s sphericity test: Chi-square =4463.178; P-value =0.000

The third group, referred to as the "Undecided con-
sumer” (16.4% of the total sample), was drawn negatively
by all three obtained PCs and consisted of individuals
who were probably not interested in milk characteristics
and for whom neither type of eating habits or consump-
tion patterns influenced the choice. They were mainly
Italian consumers but also accounted for a good percent-
age of Pakistani consumers. They were especially young
people, balanced in terms of both gender and family size.
Their educational level was high with mainly satisfac-
tory income level. They were mainly omnivores and were
divided into two groups based on their milk purchas-
ing frequency: high and low milk consumers. In terms
of AMR awareness, most of them were informed about
the phenomenon and the potential presence of antibi-
otic residues in milk. They also recognized that antibiotic
residues in milk could contribute to antibiotic resistance
in humans and believed that such residues are dangerous
to both their health and children’s health. However, about
16% of the respondents belonging to this group remained
undecided about the effects of AMR.

The fourth group, referred to as "Milk is essential in my
food pattern” (7.7% of the total sample), resulted in a sub-
stantial correlation with consumers’ eating habits. In fact,
it was positively defined by the component “Eating style-
dependent’, and negatively by the “Milk quality attributes
and tradition” and “Family-dependent” components. This
group, the least numerous one, was represented mainly
by Pakistani consumers, balanced in terms of gender and
age, belonging to large families and with a high educa-
tion level. They often buy milk and consume especially

cow milk. This group accounted for the higher percent-
age of vegan and vegetarian consumers. These consumers
were aware about the AMR phenomenon and the possi-
ble presence of antibiotic residues in milk. In addition, a
large proportion of them thought that antibiotic residues
in milk are dangerous to human health.

Discussion

This research provides a detailed overview of consumer
awareness and concerns towards the problem of AMR in
relation to the individuals’ socio-demographic character-
istics and milk consumption patterns, including also the
effect of the respondents’ geographical affiliation com-
paring a LMIC (Pakistan) and a HIC (Italy).

Milk consumption pattern
The socio-demographic differences between milk con-
sumers in Pakistan and Italy are in line with previous
studies that highlighted how the cultural and socio-eco-
nomic context influence eating habits. For example, an
analysis conducted by Wardle et al. [38] showed that
young adults tend to make food choices more based on
convenience and cultural preferences than older genera-
tions. In our sample, most of the respondents were young
adults, suggesting that their milk consumption habits
may be influenced by both culture and affordability.
Overall, the PCA revealed a variety of complex and
interconnected influences shaping milk consumption
patterns in the two countries. The three obtained PCs
provided significant insights into milk consumption
dynamics in accordance with other studies that examined



Hassan et al. BMC Public Health ~ (2024) 24:3463 Page 9 of 15

Table 3 Cluster definition: food consumption patterns derived by the PCA, and weight of each component in cluster definition, socio-
demographics (%), purchasing behaviour and consumption style (%), and AMR knowledge, attitude and perception (%)

Variables Clusters
Attentive to milk Loyal to milk Undecided Milk is essential in Sig.!
quality attributes (37.0%) consumer my food pattern
(38.9%) (16.4%) (7.7%)
Food consumption patterns F
Milk quality attributes and tradition 1.326 -1.304 -2.211 -0.564 590.669 *EX
Family-dependent -1.450 1.683 -1.027 -0.865 661.252 Hex
Eating style-dependent 0.908 1.707 -0.777 5.350 542.098 xxx
Socio-demographics (%)
X2
Country
Pakistan 0.63 98.36 3333 74.19 625.539 x*
[taly 99.37 1.64 66.67 25.81
Gender
Man 47.34 60.00 5037 41.94 39.513 rx
Woman 52.04 39.02 48.15 50.00
| prefer not to answer 0.63 0.99 154 7.61
Age range
18-27 36.99 56.39 5778 4032 80.143 *xx
28-37 15.05 2295 14.81 17.74
38-47 12.23 11.80 8.15 14.52
48-57 19.75 557 6.67 16.13
58-67 10.66 2.30 8.15 8.06
>68 532 0.99 444 323
Education
Primary school 9.72 4.92 593 9.68 190.121 FEX
Lower secondary school 42.32 7.21 28.15 9.68
Upper secondary school 0.00 2131 5.19 17.74
Master's degree 47.96 65.57 60.74 61.29
Family size
1 24.45 0.00 12.59 8.06 405.043 Frx
2 2226 0.66 1852 11.29
3 32.60 6.23 24.44 9.68
4 15.05 16.39 15.56 17.74
>4 5.64 76.72 28.89 53.23
Level of income satisfaction
Very difficult 251 5.25 444 484 19.021 *
Difficult 14.73 20.00 12.59 22.58
Satisfying 7743 64.26 72.59 61.29
Very satisfying 533 10.16 10.37 11.29
Purchasing behaviour and consumption style (%)
Food style
Omnivore 96.31 99.35 92.86 0.00 22456 n.s
Vegetarian 3.69 0.65 7.14 49.66
Vegan 0.00 0.00 0.00 50.34
Frequency of milk purchase
Less than once a week 17.58 0.35 13.19 327 76.789 **
1-2 times a week 36.70 142 29.45 13.08
From 3 to 5 times a week 18.81 554 552 841

More than 5 times a week 5.50 3.97 7.36 748
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Table 3 (continued)
Variables Clusters
Attentive to milk Loyal to milk Undecided Milk is essential in Sig.
quality attributes (37.0%) consumer my food pattern
(38.9%) (16.4%) (7.7%)
Daily 21.41 88.72 4448 67.76
Milk consumption
Cow milk 90.03 65.78 90.57 78.95 32.643 *
Buffalo milk 211 3262 6.60 15.79
Small ruminant milk 7.85 1.60 283 5.26
AMR knowledge, attitude and perception (%)
Do you know the AMR phenomenon?
Yes 99.37 37.38 88.89 67.74 50.581 Frx
No 0.63 62.30 11.11 29.03
Are you aware of the possibility of antibiotic (AB) residues in milk according to the maximum residual limits (MRL) set by the laws?
Yes 64.58 4262 57.78 66.13 33.728 *xx
No 3542 57.05 42.22 33.87
AB residues in milk over set MRLs can lead to AMR?
Yes 4545 65.57 38.52 43.55 41.544 e
No 54.55 33.44 61.48 56.45
Would you buy milk with AB residues above regulated MRLs?
Yes 35.00 45.00 84.00 65.00 75.702 n.s
No 75.00 55.90 16.00 35.00
What do you think about the presence of AB Hxx
residues in milk according to the set MRLs?
I'think it is dangerous for my health 19.12 54.75 20.74 4194 50.581 o
I think it is more dangerous for children 4201 35.08 4593 29.03 41.544 *xx
I'think it is not dangerous for my health 2257 9.84 17.78 24.19 75.702 FrE
| don't know 16.30 0.00 15.56 3.23 143.017 o

T Significance level: *** P-value < 0.001; ** P-value < 0.01; * P-value < 0.05; n.s.= not significant

determinants of food choices [20, 39]. The first compo-
nent, "Milk quality attributes and tradition”, highlights a
consumption pattern in which milk quality characteris-
tics play a key role in product selection. This result is in
line with published literature that emphasizes the impor-
tance of quality perception in food choice, especially for
those commodities that are part of consumers’ traditional
diets [40]. The positive weight of the variables "health
benefits", "price," "taste,” and "safety" confirms the com-
plexity of influences on milk choice [41, 42]. In addition,
the positive correlation with the variables "family tradi-
tion" and "brand knowledge" indicates that family tradi-
tion and familiarity with the producer are determining
aspects in milk choice. These results support the theory
of "localness" in eating behavior, which suggests that con-
sumers tend to prefer local and familiar food products
[36, 43-45].

The second component, “Family-dependent’, shows
how family size and habits influence milk purchasing
habits. Studies by Chikweche et al. [46] and Ogun-
dijo et al. [46, 47] showed that family size and supply

needs significantly influence food purchasing decisions.
Larger households buy milk more often and in larger
quantities, regardless of their country of residence or
available type of milk. Similar results were described in
other studies, in which both the influence of the fam-
ily context and the eating habits, especially as concerns
food of daily consumption, influenced individuals’ food
choices [43, 48].

The “Eating style-dependent” consumption pattern
indicates that the age and eating style of consumers play
a crucial role in milk consumption, highlighting how
preferences and nutritional needs vary significantly
among different age groups and dietary lifestyles, thus
influencing the type and quantity of milk consumed. It
is known that food preferences vary significantly with
age and lifestyle, as reported by several authors [17,
29, 47, 49]. Our study confirms that young consumers
often adopt strict eating styles, such as vegetarian or
vegan. This result is in line with research that explored
the effect of individual food preferences and dietary
trends on food choice [50].
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Consumers’ heterogeneity and profiles: how do they
perceive the AMR issue?

The use of the different PCs as variables in the cluster
analysis yielded four distinct consumer profiles, each
characterized by different socio-demographic features as
well as by specific attitudes and behaviors towards milk
and the AMR issue.

The “Attentive to milk quality attributes” cluster was
predominantly represented by Italian consumers that val-
ued the quality and tradition of milk as important aspects
for milk choice. As reported by Camanzi et al. [51] and
Krystallis [51, 52], quality-conscious consumers as the
European ones are willing to pay more for products that
they perceive as safe and healthy, in line with the Euro-
pean consumers that tend to value quality and food safety
as the most important factors in their purchasing deci-
sions. This group of consumers was the most informed
about AMR and the least willing to buy milk contain-
ing antibiotic residues. This cluster could represent an
ideal target group for premium products with quality
certifications.

The “Loyal to milk” cluster mainly included Paki-
stani men from large families with high educational
levels. This group was positively defined by the “Family-
dependent” component, suggesting how the food pattern
of this cluster was determined by the influence of fam-
ily size and food habits. They consumed both cow and
buffalo milk, and purchased milk frequently. This could
be related to specific cultural and family traditions [40,
53, 54]. Most members of this group were young, heavy
milk consumers who do not prioritize milk quality dur-
ing purchase. This suggests that they were not the pri-
mary decision-makers but instead relied on the choices
made by other family members, likely due to their young
age. Consequently, the "Loyal to milk" group appeared
indifferent to milk quality yet consumed large quanti-
ties of it as a habitual product within the family context.
These consumers likely trusted the purchasing decisions
made by others, making them less motivated to assess the
quality and safety of the milk they consumed, which in
turn rendered them more indecisive regarding the AMR
issue. Furthermore, the limited attention of this group to
milk quality characteristics may indicate a lack of aware-
ness about the potential risks associated with consum-
ing milk containing antibiotic residues. As a result, this
cluster was more indecisive about AMR, despite recog-
nizing its risks. Their perception of the risks associated
with milk consumption is ambiguous. Although 45% of
them were willing to consume milk with antibiotic resi-
dues above the legal limits, 62% claimed to be unaware
of AMR. However, most of them believed that antibiotic
residues above MRLs can lead to AMR and pose a risk
to their health. Our data suggest that the "Loyal to milk"
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consumers had inadequate awareness of antibiotic resi-
dues and AMR, possibly influenced by their geographical
background. As noted in previous research, inadequate
surveillance systems and ineffective mitigation measures
to reduce antibiotic use can decrease consumer aware-
ness of AMR-related risks [55-57].

In parallel, their trust in a product containing antibiotic
residues below pre-determined levels also suggests sig-
nificant trust in institutions that protect public health by
setting legal thresholds [58]. Education and awareness-
raising can positively influence consumption habits; for
instance, awareness of food safety issues is directly pro-
portional to consumers’ willingness to engage in respon-
sible consumption behaviors [59]. Moreover, it is more
evident in developing countries how low education about
food safety leads to less responsible food choices by the
consumer [60].

The "Undecided consumer" cluster did not show strong
preferences influenced by any of the identified PCs. This
group, comprising both Italian and Pakistani consum-
ers, did not exhibit a strong preference for milk charac-
teristics and seemed to base choices on family customs.
The young age of this cluster suggests that they are more
passive consumers rather than responsible buyers. Stud-
ies by Feindt and Poortvliet [61] and Garcia-Maroto et al.
[62] indicated that undecided consumers often lack suf-
ficient information to make informed choices, suggest-
ing that educational campaigns can positively influence
their decisions. In the current study, the "Undecided con-
sumer” group consisted of well-educated young individu-
als aware of the possible presence of antibiotic residues
in milk. Nevertheless, they continued to consume large
quantities of milk due to established habits. This behavior
implies that theoretical knowledge about AMR does not
always lead to changes in consumption habits, especially
when these habits are deeply rooted. As suggested by
Pentz et al. (2020) [61], low-risk perception may be due
to the familiarity with the products, which justifies their
continued consumption. Despite a certain level of aware-
ness, the "Undecided consumer” group remains a target
for information campaigns aimed at improving under-
standing of AMR-associated risks.

The difference between the "Undecided consumer” and
"Loyal to milk" groups is significant: the latter is charac-
terized by simultaneous disinterest in both quality and
family-influenced eating habits. The "Undecided con-
sumer" group, frequently mentioned in consumer stud-
ies literature, often consists of demotivated individuals
who choose a diet plan without deep-rooted motiva-
tions and are ready to change styles and habits. They may
consume milk simply because they enjoy it. The key dif-
ference with the "Loyal to milk" group, besides the defini-
tion in the weighting of individual PCs, lies in their level
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of knowledge about AMR: the "Undecided consumer”
group appeared confused, knowing about AMR but not
perceiving its danger.

The “Milk is essential in my food pattern” cluster
included Pakistani consumers, especially vegans and veg-
etarians, highly educated, and who frequently purchase
milk probably for their family, in accordance with their
food style. Like the “Loyal to milk” individuals, consum-
ers in this cluster also considered milk essential, but their
consumption is more closely tied to individual dietary
habits and lifestyle choices, such as health conscious-
ness or dietary needs. Unlike the "Loyal to milk" group,
this cluster places greater emphasis on the perceived
health benefits of milk and its role in their overall food
pattern, which may influence their preference for spe-
cific types of milk or brands. These differences under-
score the nuanced motivations behind milk consumption
among different consumer segments. They have high
AMR awareness, but a more relaxed attitude towards the
potential presence of antibiotic residues in milk. Despite
their high awareness of AMR, the consumers belonging
to this cluster believe that antibiotic residues are not haz-
ardous to human health. This group could benefit from
targeted health campaigns addressing the risks associ-
ated with the presence of antibiotic residues in milk.

Both the “Loyal to milk” and “Milk is essential in my
food pattern” clusters were mainly represented by Paki-
stani consumers and were less concerned about the
presence of antibiotic residues in milk than their Italian
counterparts. The result could imply limited awareness
of the potential risks associated with the consumption of
contaminated milk and/or spread of AMR linked to the
geographical affiliation. The differences in food safety and
consumer regulatory regimes between Italy and Paki-
stan are significant and likely contribute to the observed
variations in consumers’ attitudes and behaviors. The
stringent regulations and cultural practices around food
consumption in Italy may foster a more health-conscious
and regulated approach to milk consumption, while the
diverse and less regulated Pakistani context may lead to
varied consumption patterns influenced by cultural and
economic factors. At the same time, worthy of note,
although there are international rules for MRLs in milk,
Pakistani dairy farmers often do not follow these rules
[62]. Our results reflect those by Farhan et al. [62] who
investigated dairy farmers’ awareness of antibiotic use
in livestock farming systems in Pakistan. In this country,
self-medication and misuse of prescribed antimicrobials
are quite common. According to Ramesh and Tripathi
[63], Indian milk consumers were similar to Pakistani
ones as they were also unaware of the potential presence
of antibiotic residues in milk, and they also showed signif-
icantly low concern about the potential health-associated
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risks. Studies showing low awareness of AMR through
the food chain have also been conducted in various other
LMICs, including Ethiopia [64], Sudan [65], Jordan [66],
and Chile [67]. In contrast to the above-mentioned stud-
ies, in the current trial the Pakistani sample had a higher
percentage of young respondents who were educated and
knowledgeable about AMR. This finding suggests that
education is a key factor in increasing awareness of AMR
in LMICs, as also observed in India [63], Thailand [68],
Chile [67] and Jordan [66].

Conclusions

Our data demonstrate that both the geographical affilia-
tion and the age of consumers are crucial and impacting
drivers on AMR awareness and concern. Namely, statis-
tically significant differences on sample distribution have
been observed between Pakistani and Italian consumers,
the first ones being more loyal to milk and the latter more
aware about milk quality. The four clusters identified in
our analysis are clearly differentiated by socio-demo-
graphic characteristics and attitudes towards milk and
AMR. The first group, "Attentive to milk quality attrib-
utes", is composed primarily of Italian consumers, evenly
split by gender and age, with a strong focus on milk
quality and high awareness of AMR. The second group,
"Loyal to milk", consists mostly of young Pakistani men,
influenced by family needs and dietary habits, and shows
less awareness of AMR compared to the first group. The
third group, "Undecided consumer", includes both Italian
and Pakistani consumers who show less interest in milk
characteristics and are somewhat undecided about the
effects of AMR, although being generally well-informed.
Finally, the fourth group, "Milk is essential in my food
pattern”, is mainly composed of Pakistani consumers,
often vegetarians or vegans, who view milk as an essential
part of their diet and have moderate awareness of AMR.
Each cluster represented a different nuance in attitudes
toward milk and, despite some similarities, our analyses
show that the clusters are distinct based on key compo-
nents, such as sociodemographic features, awareness
about AMR and purchase preferences. In particular, our
results provide innovative insights into milk consump-
tion patterns and consumer profiles in the two studied
countries, highlighting socio-demographic and cultural
differences that emerged having significant implications
for marketing strategies and public health policies. Our
study highlights significant differences in the KAP of
milk consumers in Italy and Pakistan. Italian consumers
exhibit high levels of knowledge and a generally posi-
tive attitude towards milk, though health concerns are
influencing a shift in consumption practices. In Pakistan,
while attitudes remain positive, knowledge gaps and risky
consumption practices persist, especially in rural regions.
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These findings underscore the need for targeted interven-
tions in both countries to address specific KAP-related
challenges.

Our findings represent an interesting starting point
for future surveys devoted to deepening how the cul-
tural, educational, and dairy product accessibility can
influence food preferences. Indeed, tailored communi-
cation and marketing strategies could give, in both cul-
tural backgrounds, an effective improvement on public
health promotional campaigns aimed at promoting
healthier and more sustainable eating behaviors. Under-
standing these distinctions can inform targeted market-
ing strategies and public health interventions in both
countries. In fact, based on the findings of our study, we
recommend reinforcing public health messages in Italy
to support balanced milk consumption and addressing
emerging health concerns. In Pakistan, there is a critical
need for educational campaigns to improve milk safety
knowledge, particularly in rural areas, and to promote
safer consumption practices through increased access
to pasteurized milk. In Pakistan, education is a key fac-
tor in promoting awareness, whereas in Italy, external
forces, such as government policies and public and pri-
vate organizations, play a more significant role. Survey
findings may help to identify areas of intervention and
to boost new policies. As concerns LMICs, there is the
need to strengthen consumers’ education to build aware-
ness of food safety. On the other hand, milk consumers’
expectations and concerns can influence the enactment
of new regulations consistent with their demands, and
consequently can positively affect farming practices and
milk safety.

Thus, addressing the global challenge of AMR requires
a concerted effort to educate and raise awareness among
consumers, especially in LMICs. By fostering a better
understanding of AMR, we can promote safer consump-
tion practices and enhance the effectiveness of public
health interventions, thereby contributing to a healthier
global community and an effective One Health approach.

Limitations of the study

The goal of the current study was to compare the socio-
demographic features and habits of Pakistani and
Italian milk consumers, understanding how the above-
mentioned factors affect their knowledge, attitude and
perception of the AMR issue. Even if the cluster analy-
sis provides an in-depth perspective of milk consump-
tion models in two different cultural contexts, the study
has potential limitations. This study provides valuable
insights into consumer attitudes in Italy and Pakistan,
although the findings may not be generalizable to all
developed or developing countries. Future research
could expand the geographical context to include a
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wider range of countries to enhance the global applica-
bility of the obtained results.

It is well known that the use of an online survey
implies self-selection and coverage bias as question-
naires are generally completed by people interested
in the topic and who have Internet access. As repre-
sentativeness of the online data is debatable, caution
should be used in generalizing the results to a broader
population. In addition, while the sample size of 951
respondents provides valuable insights into consum-
ers’ attitudes in Italy and Pakistan, it is important to
acknowledge that the findings may not fully represent
the entire national populations of these countries.
Future research could explore larger and more propor-
tionally representative samples to validate and extend
these findings.

Finally, although the age distribution of the respond-
ents is in line with the composition of the population in
the two countries, the educational level of the Pakistani
sub-sample does not reflect (being higher) the actual
educational level of the overall Pakistani population.
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