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Food labeling can influence, sometimes facilitate, changes in consumer diets to support
environmental sustainability and in response to climate change. However, a significant impediment to
this dietary shift may arise from the consumers’ tendency to underestimate the environmental impact
of their food choices and from their limited knowledge about sustainable certifications. These aspects
are influenced by the characteristics and geographical affiliations of individuals. In such a context, the
aim of this research has been to identify the main factors that drive the food purchasing frequency and
the changes in food consumption associated with consumers’ concerns about climate change and
interest in sustainable food certifications by comparing different food products and countries (ltaly,
France, Germany, Denmark, the USA, and China). A cross-country survey was conducted on 6500
consumers of various food products. The obtained mean scores were then compared, using
generalized linear mixed-effect models, to evaluate the associations between the consumers’ food
purchasing frequency, the importance of sustainable certifications, and changes in food consumption
due to climate change concerns. Much of the variation in food consumption, purchasing behaviors,
and interest in sustainable certifications was found to depend on such factors as age, gender, and
country of origin. Indeed, Chinese consumers exhibited a heightened interest in sustainable food
certifications, yet their consumption scores for all food products overall were higher. Conversely, adult
and elderly Danish consumers demonstrated a decrease in the consumption of cheeses, meat, fruits,
and vegetables, and their interest scores in all sustainable food certifications were lower. Despite the
challenges posed by various consumers’ interests and minimal changes in food consumption
patterns, our findings suggest that sustainable certifications present a promising avenue for
straightforward interventions to promote the adoption of sustainable diets and to address climate
change.

Sustainable consumption involves adopting food behaviors that result in
minimal negative environmental impacts an potentially in turn livelihoods
of future generations’. Some of the drivers that influence consumers’
attitudes and sustainable food choices include social media and certification
labels’. According to*, labels and certifications play important roles in

influencing sustainable behavior, increasing knowledge, creating favorable
opinions about sustainable products, and promoting dietary changes to
reduce climate change’. “Sustainability” and “sustainability certifications”
can both be considered as credence attributes that are currently influencing
consumers’ sustainable food choices’™. The aim of sustainability labels is to

«

"Department of Veterinary Sciences, University of Turin, Largo Paolo Braccini 2, 10095 Grugliasco, Turin, Italy. 2Department of Agricultural, Forest, and Food
Sciences, University of Turin, Largo Paolo Braccini 2, 10095 Grugliasco, Turin, Iltaly. *Independent Researchers, Via Vivaro 21/B, 12051 Alba, Italy. “These authors

contributed equally: Jatziri Mota-Gutierrez, Antonina Sparacino.

e-mail: valentina.merlino@unito.it

npj Science of Food| (2024)8:31


http://crossmark.crossref.org/dialog/?doi=10.1038/s41538-024-00274-x&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41538-024-00274-x&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41538-024-00274-x&domain=pdf
http://orcid.org/0000-0002-6337-2624
http://orcid.org/0000-0002-6337-2624
http://orcid.org/0000-0002-6337-2624
http://orcid.org/0000-0002-6337-2624
http://orcid.org/0000-0002-6337-2624
http://orcid.org/0000-0003-1052-8135
http://orcid.org/0000-0003-1052-8135
http://orcid.org/0000-0003-1052-8135
http://orcid.org/0000-0003-1052-8135
http://orcid.org/0000-0003-1052-8135
http://orcid.org/0000-0003-1894-2058
http://orcid.org/0000-0003-1894-2058
http://orcid.org/0000-0003-1894-2058
http://orcid.org/0000-0003-1894-2058
http://orcid.org/0000-0003-1894-2058
http://orcid.org/0000-0002-9725-1804
http://orcid.org/0000-0002-9725-1804
http://orcid.org/0000-0002-9725-1804
http://orcid.org/0000-0002-9725-1804
http://orcid.org/0000-0002-9725-1804
http://orcid.org/0000-0001-5042-1469
http://orcid.org/0000-0001-5042-1469
http://orcid.org/0000-0001-5042-1469
http://orcid.org/0000-0001-5042-1469
http://orcid.org/0000-0001-5042-1469
mailto:valentina.merlino@unito.it

https://doi.org/10.1038/s41538-024-00274-x

Article

distinguish pro-environmental from pro-social brands’ and to attract
consumers without arousing skepticism'®. However, consumers mainly
associate the concept of “sustainability” with such environmental issues as
greenhouse gas emissions or water use, and they tend to associate ethical and
social sustainable consumption and food processing less with it.

Sustainable food choices are influenced by a complex interaction
between consumers’ environmental concerns and their level of awareness
and knowledge of the sustainability certifications of different types of pro-
ducts and of different food origins. According to ref. 11, consumers in that
period showed greater interest in sustainability certifications of meat than of
other products, and 70% of the participants in their investigation believed
that sustainable production certifications were important'’. Moreover,
vegetables seem to arouse environmental concerns, with ref. 3 indicating
that 60% of their participants considered the environmental impact of
vegetables to be a key purchasing factor’. The situation is more nuanced in
the case of cheeses, where consumers often associate sustainability certifi-
cations with organic cheeses, and the environmental concern about this
product is not as pronounced as it is for meat or vegetables'”. Moreover, a
recent study has shown that age, education, gender, social background,
geographical location, and political factors are all determinants of con-
sumers’ attitudes and sensitivity toward the impact of the climate on food"".

Geographical affiliation, which determines the different socio-political,
cultural, and situational characteristics of individuals, has a great impact on
consumers’ involvement in climate change and food production™.
Research on the impact of individuals” attention to climate change on food
consumption patterns in different countries provides valuable insights into
the relationship between the food choices and active pro-environmental
involvement of comsumers'”'*. Changes in the nutritional aspects of con-
sumers’ diets, caused by the impact of climate change, and interest in sus-
tainable certifications have already been studied elsewhere'”"**'. Existing
research shows that consumers around the world are increasing their
consumption of animal-based products, particularly meat, processed food,
and dairy products, thereby contributing to increasing greenhouse gas
emissions, deforestation, and land degradation®**, Studies in France show
that the average French diet has a relatively high carbon footprint, due to the
consumption of animal-based products, particularly beef and dairy pro-
ducts. However, there is a growing trend among French consumers to adopt
flexitarian and plant-based diets, which may help reduce the overall
environmental impact of food consumption in this country”. Research
suggests that Danish consumers prioritize environmental and ethical con-
siderations when choosing products™”. In this country, consumers have
adopted sustainable eating habits, preferring more organic and local food.
Instead, China’s economic and population growth has led to significant
changes in the population’s food consumption habits, which have resulted
in an increased demand for meat and animal products, even from other
continents™.

Studies indicate that the sensitivity of consumers to environmental
sustainability during food purchases differs across regions and demographic
groups™™. After the COVID-19 pandemic, Chinese women started to
purchase more environmentally friendly food than men™'; however, it was
observed that there were differences in attention to sustainable food certi-
fication according to age. In particular, the younger population showed a
greater awareness of environmental issues and made more conscious sus-
tainable choices on the basis of certifications™. Thus, it is crucial to
understand how socio-demographic factors influence consumers’ percep-
tions of sustainable food certifications and food purchases in different
geographical regions.

At the same time, the levels of awareness, interest, and trust in sus-
tainable certifications play significant roles in influencing the purchasing
decisions of consumers™*. Italian consumers have shown an increasing
interest in environmental sustainability in the food sector’*””. According to a
recent research, 75% of Italian consumers are willing to pay a higher price
for food products from sustainable productions, thus demonstrating they
are highly sensitivity to and aware of the environmental impact of food
products™. Similarly, awareness of and trust in sustainable certifications,

both domestic and international, influence the behavior of Chinese con-
sumers to a great extent, although other product attributes, such as price,
brand reputation, and product quality remain important for consumers’
choices".

Since the literature has indicated that: (1) the assessment of the
importance and perception of environmental certifications appears to be
product-specific, and to be influenced by the characteristics and geographic
affiliation of individuals, (2) in parallel, attention to environmental certifi-
cations and changing eating habits appears to be heterogenous across dif-
ferent European and extracontinental countries, and (3) given the gap in the
literature on research that simultaneously compares these cross-country
aspects by considering consumers’ pro-environmental attitudes toward
different products, this research has posed the following research questions:
(i) how do environmental concerns influence food consumption? (ii) what is
the degree of consumers’ interest in sustainable food certifications? and (iii)
how do gender, age, and country of origin differ in their impact on indivi-
duals’ food decision-making?

Improving knowledge on how consumers’ consumption and pur-
chasing habits change in relation to climate change through in-depth ana-
lysis can help bridge the significant gap between consumers’ interests and
the actions they introduce to be more sustainable. The main objective of this
study has been to provide an overview of food purchasing frequency,
highlighting the changes in food consumption associated with consumers’
concerns about climate change and interest in sustainable food certifica-
tions, and to identify the main factors that drive these changes. To do so,
consumers’ preferences and perceptions about sustainability certifications
were compared considering different foods—such as cheeses, cured meat,
pork and beef, fruits and vegetables-, which are often linked to various
environmental issues™'™". The selected types of food are the most com-
monly consumed food products in the European diet” . In addition, the
collected data of six countries: Italy, France, Germany, Denmark, the USA,
and China were compared. This choice of countries was dictated by the need
to compare different European and non-European countries that were
heterogeneous in terms of culinary tradition, eating styles, individuals’
sensitivity to the issue of sustainability, and food production systems.

Results

A total of 54% of the surveyed respondents were women, 67% were adults
ranging from 18 to 31 years, and 24% had a family composition of 4
components. Gender and age were the main factors that influenced the
frequency of food purchases, the effect of climate change on food con-
sumption, and the level of interest in sustainable food certification across
countries to a great extent.

Gender difference in the purchasing habits, interest in sustain-
able food certifications, and changes in the reported consump-
tion associated with climate change concerns

Table 1 shows that the purchase frequency was higher in U.S. men (P < 0.05)
for all the food categories (fresh cheeses, aged cheeses, cured meat, pork and
beef, fruits and vegetables). In addition, the frequency of purchasing pork
and beef was higher in the men population in almost all the countries, except
China (P < 0.05). The frequency of purchasing aged cheeses and cured meat
was higher for Danish, French, German, and U.S. men (P <0.05). On the
other hand, Chinese, Danish, German, and Italian women reported higher
purchases of vegetables (P<0.05), while German and Italian women
showed higher purchases of fruits (P < 0.05). Interestingly, the men popu-
lations in Denmark, the United States, and France showed a higher interest
in the sustainable certifications of cold cuts, while women from Denmark,
Germany, and Italy showed higher interest scores for the sustainable cer-
tifications of fruits and vegetables (P < 0.05). Significantly higher levels of
change toward the consumption of cured meat and pork and beef due to
climate change were observed in the women population of Denmark,
France, Germany, and Italy (P <0.05). Instead, U.S. men showed lower
levels of change in the consumption of cheeses, cold cuts, meat, fruits, and
vegetables due to climate change (P <0.05).
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Table 1 | The respondents’ demographics and sample characteristics for each studied country

Country Total (%) X2 P value
China (%) Denmark (%) France (%) Germany (%) Italy (%) The USA (%)
Gender
Women 50 49 51 61 60 51 54 63.290 i
Men 50 51 49 39 40 49 46
Age
Adult 67 70 82 65 59 62 67 263.913 o
Elderly 23 13 10 27 31 25 22
Young 11 17 8 9 10 13 11
Family composition
1 component 1 19 17 22 9 14 14 621.423 S
2 components 8 27 20 29 22 23 22
3 components 51 24 30 28 35 29 33
4 components 28 22 25 16 29 26 24
More than 5 components 12 9 9 B 6 9 8
Buyer
Single buyer 95 70 84 78 76 83 81 242347 ok
Two buyers 5 30 17 22 24 17 19

Young = 18-30 years old; Adults = 31-50 years old; Elderly = more than 50 years old. Note: Chi-square test. Significance level: p < 0.001 ***.

Age difference in purchasing behavior, interest in sustainable
food certifications, and changes in the reported consumption
associated with climate change

Both the young and adult age groups showed a significantly higher
frequency of food purchases in all the countries, except in France
(Supplementary materials). Adults from Denmark, Germany, and the
USA showed a higher frequency of purchasing fresh cheeses, aged
cheeses, cured meat, pork, beef, fruits, and vegetables than the elderly
(P <0.05). Moreover, the adults from Germany and the USA were
more interested in cheeses, cured meat, and sustainable meat certifi-
cations than the elderly populations (P < 0.05). The young population
from Denmark showed a significantly higher interest in all food cer-
tification products than the elderly (P < 0.05). However, a lower level
of change toward consuming cheeses, cured meat, meat, fruits, and
vegetables due to climate change was reported for the young Danish,
German, and USA consumers than the elderly (P <0.05). (Table 2).

Country of origin, age, and their interaction with the level of
interest in sustainable food certifications according to gender
High scores of interest in sustainable certifications for cheeses, cured
meat, pork and beef, and fruits and vegetables were observed in all the
countries, with the exception of a specific part of population in Den-
mark and France, as shown in Fig. 1 (and in the Supplementary
materials). The consumers’ interest in sustainable certifications for
food diverged across gender and across the age groups (P <0.05). In
fact, the U.S. adult men population reported higher interest scores in
the certification of sustainable cheeses, cured meat, and fruits and
vegetables than all the other 5 countries (P <0.05). Chinese con-
sumers, both men and women, had higher scores of interest in the
certification of sustainable cheeses, cured meat, pork and beef, and
fruits and vegetable, regardless of the age group. A stronger age effect
was observed for all the sustainable certifications for both women and
men adult Danish consumers, who, however, reported alower interest
score (P<0.05). Moreover, the elderly Italian women and men
population reported high interest scores for the sustainable certifi-
cation of cured meat (P <0.05) with respect to the same consumer
category of Germany, France, and Denmark.

Country of origin, age, and their interaction with changes in
consumption according to gender

In general, most of the respondents had maintained or reduced their
consumption of cheeses, cold cuts, pork and beef, fruits and vege-
tables in all the considered countries, with the exception of the Chi-
nese population who had increased their intake of fruits and
vegetables, regardless of gender or the age group, as shown in Fig. 2
(and in the Supplementary materials, Table 3). The individuals’
consumption changed in relation to the food type across the age
groups (P <0.05). Both the women and men Chinese populations had
higher consumption scores for cheeses, cured meat, pork and beef,
and fruits and vegetables, regardless of the age group, than the other
five countries (P < 0.05). On the other hand, both the women and men
populations in Denmark, in the adult and elderly groups, had a lower
consumption of cheeses, cured meat, pork and beef, and fruits
(P <0.05). No clear trends of significantly lower food consumption
scores were observed in the young population for any food category.

Country of origin, age, and their interaction with food purchasing
habits according to gender

As shown in Fig. 3, the changes in the consumers’ purchasing habits differed
between the age groups (P <0.05) (Supplementary Materials). A higher
frequency of purchasing pork, beef, and vegetables was found in the adult
and elderly women and men population in China (P <0.05). The Italian
elderly women and men population reported a higher frequency of pur-
chasing aged cheeses, beef, and fruits (P < 0.05). However, the elderly Italian
women reported a significantly higher purchase frequency of cured meats
and vegetables, while the men in the same age group reported a higher
purchase frequency of fresh cheeses (P < 0.05). As for the adult population,
Germans and Italians had a higher purchasing frequency of fresh and aged
cheeses, The Chinese respondents preferred to purchase pork, beef, and
vegetables, while the French preferred to purchase aged cheeses (P < 0.05).
Interestingly, the adult men population in the United States showed a higher
frequency of purchasing fresh and aged cheeses (P < 0.05). The differences
in the food purchases of young consumers were less significant between
countries. The young women population in Italy reported a higher fre-
quency of purchasing aged cheeses, pork, and beef than the other countries
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b
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0.0000
0.0383
0.0846

Cured meat
Meat

3.92

3.61

a

Fruits

3.92

3.68

Vegetables

=Very

Slightly uninterested; 3 = Somewhat uninterested; 2

Neither interested nor uninterested, 4

Somewhat interested; 6 = Slightly interested; 5 =

Very interested; 8 = Quite interested, 7 =

Extremely interested, 9 =

Sustainable certification Interest Scale: 10

uninterested, 3

Somewhat uninterested; 1 = Extremely uninterested.

A little less, 1 =Much less.

Much more, 4 = A little more, 3 = Same as before 2
A little less, 1 = Much less.

Changes in the reported consumption behavior Scale: 5

Same as before 2
Different letters indicate statistical differences related to gender differences obtained using a least significant difference test (P < 0.05). P values were adjusted using Bonferroni’s method.

Much more, 4 = A little more, 3 =

Purchasing frequency Scale: 5

(P <0.05). Chinese women reported a higher frequency of purchasing aged
cheeses, beef, fruits, and vegetables (P < 0.05) than the other countries.

Discussion

In our study, we have studied the shifts in consumers’ food purchasing
habits and their interest in sustainable certifications, and we have reported
their changes in consumption in response to climate change across a sample
of six countries: our findings reveal that the Chinese consumers declared a
more pronounced food consumption and showed a stronger inclination
toward sustainable certifications in response to the impacts of climate
change. These results are aligned with those of a study on the Chinese
population that showed an augmented environmental conciousness*. This
shift has in part been attributed the heightened environmental awareness
and sense of responsibility generated by the Covid-19 pandemic, which has
led to an increased reliance on sustainability certifications”, particularly in
the context of fruits and vegetables’".

In general, the consumers tended to perceive health benefits more than
achieving a low environmental impact when choosing a healthy and sus-
tainable diet high in fruits and vegetables™. Previous research shows that the
consumption of a large variety of fruits and vegetables in all the meals of
Danish consumers® is influenced by the green policies implemented over
the last decade, which have enabled consumers to become more aware of
environmental issues and have consequently affected their food choices and
lifestyles™. This could explain our results on the Danish consumers, who
were found to be less interested in sustainable meat certifications. Previous
research that showed that government initiatives are crucial in promoting
sustainable food choices and limiting food waste supports this general
explanation’”’. Energy Star, a U.S. government program that promotes
energy conservation, has been shown to positively influence consumers’
choices regarding sustainable products®.

Other strategies have been implemented to reduce climate change,
such as promoting an increased consumption of fruits and vegetables”, and
raising consumers’ awareness of the importance of the ethical issues that
arise from the consumption of meat. Research indicates that the Danish
population has increased its intake of plant-based diets, in parallel with a
gradual decrease in the consumption of fresh and cured meat™”. Con-
sumers who adopt environmentally friendly behaviors generally report a
reduction in the frequency of meat consumption”. According to Silva et al,
consumers consider sustainability to be a crucial factor in food choices.
Indeed, such concepts as “zero-kilometer” and a focus on consuming locally
sourced and seasonal products have gained popularity among these
consumers’'. However, according to ref. 18 consumers are not fully aware of
the actual impact of livestock production, and not all countries are devel-
oping green energy policies, while discussions are conducted on a macro
level and have not yet reached consumers™. Existing research suggests that
although Italian consumers are aware of the impact of fresh meat on the
planet, the association with the consumption of cured meats, such as salami
and ham, has not been as evident as the concerns raised for the consumption
of fresh meat”. In addition, the close link between culinary culture, gas-
tronomic variety, local history, and local identity regarding the use of dis-
tinct ingredients from each country, such as salami and ham in Italy,
provides a clear understanding of the consumption behavior of different
countries®. Therefore, future research is needed to explore how the history,
geography, climate, culture, and economy of a country can influence
changes in food consumption associated with climate change across dif-
ferent regions and countries.

A key question that emerges from our observational study is: why do
Chinese consumers rely on sustainable certifications more than in other
countries? In China, the “Green Food” certification, which covers food
safety and environmental friendliness, has helped give a positive signal of a
sustainable product to Chinese™ by reducing skepticism caused by the
numerous counterfeits detected in their country*. However, a preference for
green labels is also highly dependent on gender and age. Existing research
indicates that green labels are preferred by men, while organic labels are
preferred by women™. The clear divergence and lack of clarity of sustainable
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Fig. 1 | Heatmaps of the levels of interest in sus- A)
tainable food certifications, and age and country-
of-origin of the consumers according to gender.
A Women and (B) Men. The intensity of the colors 5 8
represents the mean values of the levels of interest in Value
sustainable food certifications and socio-
demographics according to gender. The stars
represent significantly higher mean values.
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certifications may confuse consumers and ultimately affect the dis-
crepancies found between gender™. As far as the age effect is concerned, a
recent study has found that eco-labels are more likely to be read by adults’".
However, according to ref. 15, young Northern European populations are
the most willing to change their eating habits due to climate change, and,
along with Europeans, the U.S. population is willing to reduce meat
consumption”. Future studies could explore a specific supply chain and
simultaneously conduct economic analyses, for example, to examine
respondents’ self-reported willingness to pay and in function of their
financial conditions.

The environmental impact of consumers’ food consumption estimates
can provide evidence that can in turn be used to support policies and
programs that promote sustainable healthy diets. In this context, environ-
mental and social responsibility are increasingly influencing consumers’
food choices™. From the consumers’ perspective, more programs dedicated
to raising the awareness of the environmental concerns of the whole food
supply chain, including the production, storage, delivery, and retailing of
food to reach consumers are needed to facilitate a transition toward more
sustainable consumption. In terms of the food policy framework, further
support for food quality schemes for producers, processors, retailers,
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Fig. 2 | Heatmaps of the changes in the consumers’
consumption associated with climate change A)
concerns, and age and country-of-origin of the
consumers according to gender. A Women and (B) 25 4
Men. The intensity of the colors represents the mean Value
values of the changes in the consumers’ consump-
tion associated with climate change socio-
demographics according to gender. The stars
represent significantly higher mean values. Cheeses
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consumers, and policymakers is required to create a base on the sustain-
ability of the entire food production chain and on the consequent envir-
onmental impact.

The results of this study are robust as far as assumptions about pur-
chase frequency, interest level, and changes in food consumption associated
with climate concerns are concerned. Nevertheless, our method and data are
subject to several limitations, including the exclusion of a ‘nonbinary’ choice
in the survey and the questionnaire was not back-translated.

In general, research on motivations for and against participation may
be a starting point to overcome recruitment difficulties. Memory bias and
self-selection bias are two of the other limitations of online surveys. How-
ever, the fact that the survey was conducted online, thereby allowing par-
ticipants to respond at their own pace, is one of the strengths of the survey,
and the high response, that is, of about 1300 respondents from each country
is another. Honest responses were encouraged by conducting the survey
online, thereby reducing social desirability. Each participant was able to

npj Science of Food | (2024)8:31



Article

https://doi.org/10.1038/s41538-024-00274-x

L0000> 9 S6¢ 2l9 66¢ ¢8l Qq €8¢ S0L 2l900 L1'e eSL €0c 8¢l /e 2oL €v000 9 e¢l¢ LL9 e SSC gL Qe 89C 169 $9883Y0
SUOIEONIUS S|qeuleISNS
1000'0> 9 66} 88'¢C €9'L 867 ® 9G'} 87  €¥59°0 86'0 I¥'S 860 ¥¥'S ¢6'0 /gS 0000> 9 ¢80 L0G B 90k 82S ® 00F IS se|qejelon
1000'0> 9 €0¢ 68¢€ ¢t 9%6Fv ® vrlL 200G 66720 960 67'S 90’ 8¢S €8'0 I¥'S 00000 9 S60 €0S ® SOL 629 B 860 GEG SHnJ4
L000'0> 9 €8t S2¢ 99'L e¥y e IGL  vyy  LLLO0 9 L0F €Y B 80k SSv de 6Lk 29% 10000> O g€t €2¢ ' 09t €Y Qa4 69} ¢l'€ joeg
1000'0> 9 S9'L S9¢C 98't 66'€ B G8F €Ly 00000 9 02+ 90F ®B 9Lk 9¢y ® 2€t €Y 10000> 9 €5 €€€ e G9L vIvy 4 v0¢ 8C€ dod
L000°0> 9 /LSt ¥9¢C 18’1 /6€ B G681 08¢ <2000 9 L0b 9g¥ B L0}k ¥SY B 8LL $9F 1L0000> 4 €€ O0cv ®B €k 9% Qq 6L+ L0V feaw pain)y
L000°0> 9 99t €6C 8L Sy ® 16+ /8€ 2eSHO 960 8EY €0’ VP 60k SS9 10000> 9 ¥E€'L 88€ ® 9Vl 8EY Qe 6S L €0V seseayd paby
1000°0> 4 P9} ar'e 99’} .SV ' 89t ev'vy  16.¢€0 ¢6'0 0L 160 9LV 0k 99'v 10000> 9 VIt 8v ' [C} 8.V Qqe 19'L 0Sv $8893Y0 ysai4
Aousanbayy Buiseyoind
anjea-d as ueaw as ueaw ds ueaw enjea-d as ueaw as ueaw ds ueaw enjea-d as ueaw as ueaw as ueaw
Apepi3 SHNpY Bunox Apepi3 SHNPY Bunox Apepi3 SHNpY Bunox
vsn auL Arey Aueunisy
(a
18€L0 €80 L¥'E /80 ¢9¢ 980 1€ ¥8l00 9 8.0 P¥S€ O 880 99C B 90} 08'€C 00000 9 ¥80 68€ ®© 60 VLY OB 060 <OV se|qejelon
16100 980 I¥E 88'0 89°¢€ /6'0 L€ 1SI00 9 ¥90 6€€ ge 880 IS¢ ®© GO} ¥9'C 19¥00 ® 160 L6EC B 8.0 <clk¥ B SG80 IOV sHni4
#9000 9 660 P¥9¢ 60+ v6¢ ® g’} LL'E L0000> 9 640 08¢ 9 cOL 08¢ ®© 0CF H¥PE G28eo y0'L  29€ G660 ¢cl€ /80 8.¢ 1esN
71000 9 260 *4 €L €6¢c ® 6L°L 6'c 10000> Q9 960 9¢ 4 860 6.¢ ®© SL'L E 6L90 60'L cvE Y0’k 6Y’€E oL vre feaw pain)y
62810 G20 ¢cte /80 /lg€ 96'0 61L°€ 100000> Q9 €0 86¢ d 180 90€ ® ¥I'L SGE€ ¥6000 9 660 LSE B 660 L€ OB VO} B> $8seyd
Joineyaq uondwnsuod papodas sy} ul sebueyd
9560°0 6e¢Cc ¢kl Okc 8521 oy'e v€. ¥LOO0 4 ¢L¢ +¥99 ® 8y¢c IS. ' 95¢ 6¥'.L 16l20 el 1G8 0S5+ v.'8 G’k 28'8 se|qeieben pue suniy
19€¥°0 8€Cc 989 Sv'e  vihl. 65¢ 169 60500 4 0L¢ GS9 O 69¢ 90.L ®B IS¢ 6CL <2v6eO ¥Sh €e8 9L 29’8 85l  8¢'8 resN
¢lo00 9 ¥8¢ V.YV l6c S8S OB ¥L'e 6¥'S L0000> O 8¢ O06v 94 v0E <¢9G ' 08¢ 1S9 8/400 ® 20¢ 9. ®B 9L’ /6. ® 0Z¢c 95L yeaw painy
9790°0 ¥9'¢ ¥99 6€C 169 69'¢c G¥'9 99000 4 96¢ 999 de ¥6¢C¢ VL9 ® G8C ¥99 6.650 06'L <¢I'8 ¢6’L  2c8 €0¢ G0'8 $8s99YD
SUOIEONIUSO S|gqeUleISNS
8€05°0 SO’k €S L0°F LS /60 v0'S 0000 9 /80 96+ ®© /60 €€9 9ge 2€t 8L'S 2000 9 LM 8€S g8 el 89S B CL'L  06'S se|qejelon
11980 Ok 606G (0] S =T R 90'L  PIL'S ¢c00 9 680 L6y ® 90k GKS B 02+ 6LG €000 9 evl  LK'S B g2t LeG e 0OVl 299 sHni4
9610 82t GI'Y eeL  cCeY 8¢l 6cCY 0000 98 0k 9¥'v Q 6¢+ <2€v¥ ®© vyl 28y 1L0000> q 6€L 8EY B lgh  L8F B ELL 6LV joeg
0860°0 8¢t €9°¢ 9L /8€ G9'L I8¢ 10000> 4 Skb  ZVY Q $SL 96€ B €5L  29v 1L0000> O /¥l €5y 49 Gk L0S B 60°L €€G dod
SLELO 62’ 88¢€ (0) 21T 4 6L 62 L0000> 4 62+ ¢FeE Q 6S9F €9¢ ®© €5L SPP 00000 9 ¥8'L €5€ B 6.1 Sy g8 GOl  16E feaw pain)y
05200 (] S S (0 4 ceL  EeY ¢Z’k 92ty 10000> 4 L€k gse q S¥L 9L¢ ' LyL $SP <2000 9 ¥9'L 20v B IGL ¢Chy ge S¥L 6EV seseayd paby
65500 kgL Sev €L  c¢StY SK'L v€v 10000> 9 02k Z2€ Q9 S€L 90Y ® G S9F €y000 9 99t levy B €5L  6SY 9e ¥l GEY $8s99Y0 ysal4
AKouanbauy Buiseyoind
anjeA d as ueaw as uesw ds uesw anend as ueasw as uesw ds uesw anend as ueasw as ueasw as ueasw
Auepi3 SHNpY Buno) Apspi3 SHNpY Buno) Apepi3 SHNPY Buno)
aoue.l4 ylewuaq eulyo

(v

VSN 9y} pue ‘Aje}y ‘Auewar) (g) pue ‘aoueuq “uewuaq ‘euryd (y) :ur suioouod abueyds ajewl|do
yum pajeroosse uoindwnsuod pooy papiodad ay) ul sabueyd pue ‘suoiesljliad pooj 9|qeulBlISNS Ul 1Sa49]ul Jo s|aAd] ‘Aouanbauy Buiseyaind pooy ayy uo 1080 aby | € sjqe L

31

npj Science of Food | (2024)8



https://doi.org/10.1038/s41538-024-00274-x

Article

c Q| — | —
] 3/ 5(8
= 8 3|3
<% dR=1K=]
= a|v|vVv
2 3 -
c
9 ol &8
_g D |
S 1
L S8 3|5
o b€ wv|lo
g of| @
o
Q a|R|%
(] D aifai
() 2 \c
= 3|2 8|3
£ < |E|~N|N
g ol a
o
= a 2|8
g < D |
(72}
2  |3|88ls|-
CHEIEA N
g ElS gl
") o
c Ev—l\
S gIR|g
§ d|S|s
£9
tO < |w
[9] a —
o9 i

< (7] Y
2= | |zs

u S
Q< 53 3|8
0‘“ w El~N|~
o>
Q ©
£ = - HE
.gé; AR KN
38 £ |5
:g %0%8
= 0 < | E| NN
h O
8=
= 0
2:; ol o

al ol
E% Do
S - 2|
n 2|3 |8 |2
- 8 g (0|2 ~|@
g: £ > |E| NN
o8
=G HEE

©
QX z18|8
wg Q of|o
g-g Qo o
o
&0 a| &3
O m (7N M)
€ c >
‘D2 8 (& o~
No T (o <o
-(C)A b |E ol
5< ol o
a2 =

=
o= o8|
Og (7RI RN
L= @

[ =2 [ S
2¢ 3|2 8%
-.-g < |[E|o|N~
§o
-0 ala
[T =)

a): o | o
E® [=NESH
o < 2 Do
00 ch
22 El3l85(s
ig o2 E|s|s
1

o0

3 c

cx

€3

0T ks
oo 1]
= & £
C"J.g 9| .
20 ‘5%
20 ol=
Fia

2.63 b <0.0001

227 a 7.33

8.04 1.98 0.2794 7.51 265 b 8.13

1.76

7.91

1.55

230 a 748 250 b 0.0193 7.83

2.05 ab 7.88

Fruits and Vegetables 8.00

Changes in the reported consumption behavior

0.90 b <0.0001
0.99 b <0.0001
0.96 b <0.0001

0.91

1.06 a 3.27
119 a 2.78
1.09 a 3.05
0.98 a 3.52
0.93 a 3.63

1.02 a 3.75
120 a 3.34
1.06 a 3.58
095 a 3.90
1.03 a 3.90

3.63
3.05
3.59
3.83
3.87

0.70 b 0.0204
0.84 b <0.0001
0.88 b <0.0001

0.80
0.81

0.85 a 2.99
096 a 2.61
098 a 2.51

0.82
0.80

0.89 ab 3.10
1.1

3.15
3.01
2.89
3.75
3.74

0.69 b <0.0001
0.96 b <0.0001
094 b <0.0001
0.79 b <0.0001
0.76 b 0.0025

098 b 3.03
117 a 244

117 a 235
0.91

3.35
2.96
3.01
3.64

115 a

2.99
2.7
2.67
3.83
3.83

Cheeses

2.87
2.90
3.65
3.75

a

1

1283 a

1.21

Cured meat
Meat

1.07 a
0.

a

b <0.0001

0.2974
0.4965

3.62
3.69

87

a 343

099 a

Fruits

0.88 b 0.0013

0.85

0.87 a 3.55

3.68

092 a

Vegetables

=Very

Slightly uninterested; 3 = Somewhat uninterested; 2

Neither interested nor uninterested, 4

Somewhat interested; 6 = Slightly interested; 5 =

Very interested; 8 = Quite interested, 7 =

Extremely interested, 9 =

Sustainable certification Interest Scale: 10

uninterested, 3

Somewhat uninterested; 1 = Extremely uninterested.

A little less, 1 =Much less.

Much more, 4 = A little more, 3 = Same as before 2
A little less, 1 = Much less.

Changes in the reported consumption behavior Scale: 5

Same as before 2
Different letters indicate statistical differences related to gender differences obtained using a least significant difference test (P < 0.05). P values were adjusted using Bonferroni’s method.

Much more, 4 = A little more, 3 =

Purchasing frequency Scale: 5

complete the survey in a private setting, thus removing themselves from the
possible influence or judgment of third parties on the responses.

Overall, our analysis indicates that the considered consumers’ pur-
chasing and consumption of a range of food products underscore a lack of
awareness of the environmental implications of dietary choices on climate
change, as it appears challenging for some consumers to alter their eating
habits. We also show that the frequently debated opinion of using sus-
tainable certifications to reduce climate change does not seem the best
sustainability strategy for all consumers. Indeed, deeply rooted gastronomic
traditions in food culture create a significant challenge for consumers to
reduce their dependence on products of animal origin.

Methods

Data were collected online from January to June 2022 by the Tele-
performance company in consultancy business, data collection, and the
analysis of customers’ experiences. The Computer Assisted Web Inter-
viewing (CAWT) was used as data collection methodology in order to selecta
sample of consumers equally distributed over the chosen areas (nearly 1300
individuals per country). Initially, the questionnaire was drawn up in Italian
and was pre-tested by experts in consumer science. After their approval, the
questionnaire (Supplementary Table 1) was translated into English, Ger-
man, French, Chinese, and Danish by native speakers to allow the
respondents to fully understand the text and to enable maximum efficiency
of the answers. The translated surveys were pre-tested by a minimum of
10 subjects with residence in each of the countries under study who were
unrelated to the project to identify problems related to the phrasing of the
questions, omissions, and other difficulties experienced by respondents, as
has been done in other studies™*. Minor modifications were made related
to the phrasing of the questions and response options. These pre-tests were
used to obtain feedback for the researchers, and the questionnaire was
adjusted accordingly. The online survey was anonymous, and the respon-
dents electronically signed an informed consent form before participating in
the survey and after having read a disclosure sheet that described the project
and survey aims. The study protocol was approved by the Ethical Com-
mittee of the University of Turin (Ref - GD/14849/2020), and all the
researchers participated in the development of the questionnaire and
approved its content and dissemination methods. The research was con-
ducted according to the Declaration of Helsinki guidelines®'. One of the aims
of this work was to examine how such factors as gender, age, and country
influence the frequency of purchasing food, the effect of climate change on
food consumption, and the level of interest in sustainable food certification.

Participants

A multi-country study was developed using a quota sample of 6500
respondents recruited from an online panel from Italy, Germany,
France, the USA, China, and Denmark. The selected countries were
chosen for several reasons. First, the chosen six countries represent a
diversified target of consumers and climate change impacts. Second,
the countries were selected in order to include both high climate
performance countries (i.e., Denmark, France, and Germany) and
lower performance countries, according to Climate Change perfor-
mance Index 2024 (i.e., Italy, China, and the USA)®. Moreover, each
country has unique food habits and attitudes; Italy, for example, has a
strong and long-standing gastronomic tradition, while others, like the
USA, prefer a more traditional cuisine®. The questionnaire was dis-
tributed to the panelists through the survey link and the participants
were not paid for their participation. Resorting to quota sampling
ensured that the sample reflected the adult population, in terms of
age, gender, and race. The rates of completion of the survey for each
country are reported in Supplementary Table 2. The inclusion criteria
of the participants were: (i) individuals who agreed to participate and
who gave their consent for data usage in the first question of the
questionnaire; (ii) the individuals had to be over 18 years of age; (iii)
the individuals had to come from 1 of the following countries: Italy,
Germany, France, the USA, China or Denmark.

npj Science of Food| (2024)8:31



https://doi.org/10.1038/s41538-024-00274-x

Article

Fig. 3 | Heatmaps of the food purchase frequency, !_r’

and age and country-of-origin of the consumers

according to gender. A Women and (B) Men. The

intensity of the colors represents the mean values of I
the food purchasing frequency and socio- value
demographics according to gender. The stars

represent significantly higher mean values.
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Survey design and questionnaire

A cross-sectional questionnaire was developed in four sections. In parti-

cular, the questionnaire included the following measures:

- socio-demographic characteristics (gender, age, family composition);

- food purchasing frequency: this self-constructed scale composed by
seven items (fresh cheeses, aged cheeses, cured meat, pork, beef, fruits,

vegetables) was adapted”>*****®® to measure the actual food purchasing
frequency of the different foods using a 7-point internal scale (ranging
from 1 = never to 7 = more than 5 times per week). Cronbach’s Alpha
was equal to 0.94;

sustainable certifications: this scale was composed of four items (cheeses,
cured meat, meat, fruits, and vegetables) and was developed to rate the
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level of interest of individuals in the sustainable certification, using a 10-
point Likert scale (ranging from 1=not at all important to
10 = extremely important)*****. Cronbach’s Alpha was equal to 0.86.

- Changes in the reported consumption behavior: this scale measures the
level of change in their consumption for five items (cheeses, cured meat,
fresh meat, fruits, vegetables) in function of their concern about the climate
change issue, using a 5-point interval scale (ranging from 1 = much less to
5 = much more)**". Cronbach’s Alpha was equal to 0.90.

The choice of using 5-, 7- and 10-point scales, although unconventional,
was made to obtain responses with different levels of detail according to the
proposed scales™”. The use of scales with a specific number of points is a
common and even recommended practice in some fields and disciplines.
Moreover, it is common practice to opt for a scale with a different number of
points to highlight the relevance or importance of a question and/or to
emphasize particular questions or concepts. In fact, the 10-point scale was
used to achieve a greater precision in the responses and to capture more subtle
nuances in the participants’ opinions. It was used in the developed questions
to measure the level of interest of the participants in sustainable certifications.

The other scales used 5- and 7-points, but these scales do not show any
statistically significant differences in terms of normality and reliability”. The
choice of the 5-point scale to measure the willingness of a participant to
change their consumption habits was made to be more concrete and less
misleading in obtaining a response that analyzes future prospects for sus-
tainable consumption.

The respondents were categorized according to age: (i) young: 18-30,
(i) adults: 31-50, and (iii) elderly: over 51, and according to gender (i)
women and (ii) men.

Statistical analysis

A comparison of the mean scores was made to assess the associations between
the frequency of food purchases (interval variables, seven-point scale) for
different food categories, the levels of interest in sustainable certifications for
each food product (interval variables, ten-point scale), and the level of change
in food consumption due to climate change concerns (interval variables, five-
point scale), and it was carried out using generalized linear mixed-effect
models (glmm). Mixed models were chosen because of their ability to capture
both fixed effects (Gender: women and men; Age: young, adult, and elderly;
and Country: Italy, Germany, France, Denmark, China, and the USA) and
random effects (number of subjects, # = 6500). The P values were adjusted
using Bonferroni’s method and when the mixed model revealed significant
differences (P < 0.05), the least significant difference test was applied. The
mixed models were built and evaluated according to Crawley, (2012), using
version 3.3.2 of R for Windows. Power calculation of the sample size was used
to ensure a significance level = 0.05 and f values = 0.4, using the pwr function
(power = 1). Spearman’s rank correlation coefficient was obtained, as a
measure of the association between changes in food consumption due to
climate change and interest in sustainable food certifications, using the psych
function, and plotted using the corrplot package of R for Windows.

Reporting summary
Further information on research design is available in the Nature Research
Reporting Summary linked to this article.

Data availability
The datasets used and/or analyzed during the current study are available
from the corresponding author upon request.
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