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Abstract—Anthocyanins are a class of polyphenols that have
received widespread recent attention due to their potential health
benefits. However, estimating the dietary intake of anthocyanins
at a population level is a challenging task, due to the difficulty
of scaling dietary surveys. Further, there is limited evidence as
to who regularly consumes anthocyanins, whether temporally,
spatially, or culturally according to levels of socioeconomic depri-
vation. Leveraging a massive retail loyalty card dataset in the UK,
we pair two years of real-world purchasing data for 619,524 regu-
lar shoppers and 207 million shopping baskets with anthocyanin
estimates drawn from polyphenol databases. We subsequently
analyse relative deprivation levels of the neighbourhoods in
which shoppers reside, illustrating how anthocyanin intake varies
according to affluence. Results indicate that deprivation is linked
dramatically with both lower total intake of anthocyanins and
lower breadth of dietary sources for them, potentially aggravating
the incidence of diet-related diseases in the poorest sections of
society.

Index Terms—Anthocyanins, Anthocyanidins, Polyphenols, So-
cioeconomic deprivation, Food insecurity, Shopping Data, Digital
Footprints

I. INTRODUCTION

Anthocyanins, a class of polyphenol, are flavonoid com-
pounds responsible for the red, blue, and purple colours
of many fruits, vegetables, and flowers. Polyphenols have
garnered recent attention within the health literature due to
being ‘highly essential functional foods in our diet’ and with
increasing evidence of potential health benefits, especially in
relation to Non-communicable disease (NCD) [1]. However,
analyses have generally been restricted to smaller cohort
studies, due to the extensive logistical challenges associated
with scaling dietary surveys to larger community levels.

Anthocyanins have emerged as an active area of research
in the study of polyphenols. They are found in the vacuoles
of plant cells and have a structure and colour that varies de-
pending on the pH of the vacuole [2]. While the aglycon core
structure of anthocyanins [3] is anthocyanidin, anthocyanins
are glycosylated - meaning they have sugar molecules attached

to them, rendering them more water-soluble and less stable
than anthocyanidins.

A wide range of potential health benefits of anthocyanin
consumption have been suggested in academic literature [4],
[5], including but not limited to: reduction of cardiovascular
disease risk [6]; reduction of cancer risk [7] [8]; improvement
of cognitive health [9]; and prevention and management of
diabetes and obesity [10]–[12]. Anthocyanins may also help
to mitigate against the development and progression of many
non-communicable and degenerative disorders. The mecha-
nisms through which these touted benefits contribute to health
remains an active and contested area of research, though some
authors [13] note this may be through increasing antioxidant
defences, diminishing free radical damage, reducing chronic
inflammation, and minimising the risk of mutations. With an-
thocyanins becoming the object of increasing medical interest,
attention has been drawn to exactly which people and com-
munities might benefit the most from modifying their dietary
intake. Yet, to date, there remains limited understanding and
a lack of data at population levels as to who is consuming
anthocyanins, and where and when they occur within the
national diet.

A. What is known about anthocyanin consumption and how it
varies by demographic factors?

Studying anthocyanin intake within broad populations is
challenging for a number of reasons. Producers and manu-
facturers of food are not obligated to list anthocyanin content
unlike standard nutritional outcomes; and polyphenols are not
classified as essential nutrients. As the body does not need
polyphenols to survive, they have not historically been a
priority for nutritional research before 1995 [14].

The daily average intake of anthocyanins per capita can also
vary dramatically across nations from several milligrams to
hundreds of milligrams. Gonçalves et al. [13] note that intake
is likely higher in countries with a Mediterranean diet, with



abundant sources of reddish berries, red and blue-coloured
fruits, and red wine. In Europe, ingestion ranges are estimated
in men from 19.8 mg per day (the Netherlands) to 64.9 mg
per day (Italy), and 18.4 mg per day (Spain) to 44.1 mg per
day (Italy) in women - whereas in the USA, Australia, and
Asian countries, the intake has been estimated at 12.5, 24.2,
and 37 mg per day per person, respectively [13].

There are as yet, no recommended guidelines for antho-
cyanin consumption in the UK. Although there is no inter-
national alignment, the recommended daily consumption of
these compounds has previously been evaluated, with China
already recommending a daily intake of 50 mg per person [15].
Benchmarking daily recommendations is impeded due to the
bioavailability of anthocyanins varying according to multiple
factors, such as: diet, food intolerances, quantities in foods,
food processing, cooking methods, and combinatorial or emer-
gent effects of eating different food groups simultaneously [16]
[17] [18].

B. Consumption of anthocyanins at socio-demographic levels

Given the challenges described above, most studies that
examine consumption of anthocyanins often focus on small
cohorts, using self-reported dietary surveys; or focus on
small experimental studies to analyse whether anthocyanin-
containing foods actually become bioavailable after ingestion.
What tends to be missing from existing research is the more
fundamental question of who actually buys foods that contain
anthocyanins in the first place, and which communities and
demographics might be suffering from diminished intake?

Such questions are extremely challenging to answer at both
national and community levels using traditional dietary sur-
veying techniques, due to both prohibitive costs and practical
limitations [19]. However, a potential ameliorating approach
lies in the interrogation of longitudinal shopping data through
loyalty card records to support large-scale observational stud-
ies.

Previous research in the UK evidences that many people
still experience food insecurity [20] [21], being either unable
to procure enough food, or alternatively to secure a nutri-
tionally adequate diet. Many of the people who experience
food insecurity have restricted dietary choices and often have
lower levels of fruit and vegetables in their diet [22] [23].
However, as anthocyanins occur naturally in many different
fruits, vegetables, drinks, and alcoholic beverages, it does not
necessarily follow that they would be exposed to lower levels
of anthocyanins in their diet.

In view of these issues, in this study we make use of
massive anonymised shopping records from a UK retailer
(Co-op Food) to ask the following three research questions:

• Which food groups are the most common sources
of anthocyanins within the UK diet as observed in
retail purchase data? Further, what is the relative share
of specific anthocyanins provided by these distinct food
groups to the national dietary intake?

• How does seasonal variation of produce affect the
consumption of anthocyanins within the UK diet? We
know that many sources of anthocyanins are fresh fruit
and vegetables. Some of these can be grown seasonally
in the UK, but many are also imported throughout the
year in the absence of local supply. It is not clear which
specific anthocyanins in the national diet are affected by
seasonal produce and which are resistant to fluctuation
due to constant supply and demand.

• What is the relationship between socioeconomic
deprivation and the consumption of anthocyanins?
Lastly, we are interested in understanding whether
anthocyanin consumption is affected by the relative
levels of affluence across the country. Imported fruit,
vegetables, and wine can all be more expensive than
equivalent food groups with similar calorific and
essential nutrient profiles. This begs the question of
whether some consumers may be priced out of being
able to purchase polyphenols such as anthocyanins, and
whether any health benefits of anthocyanin consumption
accrue mostly to people with greater disposable incomes.

Our approach in addressing these questions is primarily
descriptive in nature and focuses on creating reliable es-
timates for anthocyanin/anthocyanidin content within Coop
Food products, which can then be associated with other spatial,
temporal and cultural variables for analysis.

II. EXPERIMENTAL METHODOLOGY

A. Data Sources for Anthocyanin Lookup Construction

This study examines anonymised loyalty-card shopping
records from Co-op Food, one of the major grocery retailers in
the UK. The chain has over 2,000 stores and has the greatest
geographical coverage of any UK food retailer, with over 95
per cent of the population living within 5 miles of a store [24].

Data utilised in the study is rigorously anonymised, a pro-
cess undertaken by the retailer prior to analysis, and handled in
full accordance with the UK’s strict confidentiality and privacy
requirements1. With a national scope, the data set reflects
grocery purchases of over 4 million consumers between 2019
and 2021. For each purchase, the data details ‘when’, ‘where’,
‘what’, and ‘how much’ each individual bought. Similarly, for
each item purchased, it was possible to identify descriptors,
such as the ‘quantity’, ‘price’, ‘item description’, ‘size’, and
‘product category’.

Purchases of food items do not correlate exactly with
the consumption of such items, and this disparity introduces
noise into any analysis related to shopping data. To ensure
that shopping records provide insights into the foods people
actually consume, that are as representative as possible, this
study focuses specifically on frequent customers. Here strict

1With analysis taking place under the lawful basis of GDPR 6(1)(e), ‘the
performance of a task in the public interest’ and GDPR 9(2)(j) ‘processing
necessary for scientific research purposes’, and all data strictly aggregated to
privacy-preserving levels of total store sales.



inclusion criteria are used to select frequent customers from
the initial data set. The inclusion criteria applied to each
individual customer record are as follows: 1. The customer
must have had at least one weekly shopping visit for at least
six consecutive months; 2. The customer must have had an
average spend per basket greater or equal to £5; and 3. The
customer must have had an average spend per week of between
£5 and £400.

A total of 619,524 frequent customers meet these criteria,
reflecting purchases of more than 1,106 million items sold
across 207 million transactions (i.e. number of distinct pur-
chases or ‘baskets’). The shopping data covers a time frame
of 909 days from 2019-07-07 until 2021-12-31. The share
of spend committed by these customers to the purchase of
products containing anthocyanins is 10.4%, with over 597,365
customers (96.42% of the sample) purchasing at least one
item containing anthocyanins during the time frame analysed
(suggesting that most shoppers consume products with an-
thocyanins even if they don’t necessarily do so regularly or
knowingly).

Purchased products must be linked to their correspond-
ing anthocyanin content to analyse consumption. For this
anthocyanin lookup process, the open polyphenol database
Phenol-Explorer 3.0 [25] is utilised, reflecting anthocyanin
content values retrieved from scientific papers published in
peer-reviewed journals. Information on the original food de-
scription, the commercial origin of the sample and the number
of analysed samples to produce each original content value is
registered in the database, together with the analytical method
used. Data are screened and, where considered acceptable,
used to produce mean content values for the various antho-
cyanins in a range of foods and beverages.

71 distinct categories of anthocyanins and anthocyanidins
identified through the Phenol Explorer database are used as
the basis for lookup on products sold throughout the retailer’s
network. The method used to conduct the anthocyanin-food
matching process is a form of ‘fuzzy’ text matching using
trigrams in PostgreSQL. This process is performed iteratively
to maximise the number of products included, regardless of
product size, weight, brand, or provenance. Food products
still unmatched after this step are matched manually, until the
Phenol-Explorer database categories are exhausted. From the
initial reference group of 71 categories, 497 food and beverage
products survive, each containing at least one anthocyanin
(from 59 matching categories of anthocyanins and anthocyani-
dins), though many contain multiple different types. Using the
respective weights and sales totals of each product, sales totals
are estimated for each of the 59 categories, and these statistics
are linked to stores and the respective aggregate geographies
in which their customers reside.

B. Feature Engineering Dependent and Independent Variables

For each research question, we are interested in assess-
ing the amount of anthocyanins/anthocyanidins purchased by
regular shoppers. In RQ1 we note a many-to-many rela-
tionship between food groups and anthocyanin compounds,

motivating a focus on calculating total anthocyanin intake
(mg) across core anthocyanin/anthocyanidin groups (Cyanidin,
Delphinidin, Malvidin, Pelargonidin, Peonidin, Petunidin, and
Pyranoanthocyanin). Each of these groups contains a range
of related compounds and these are aggregated to the high-
est level before then studying which food groups contribute
respectively to each of the anthocyanin categories.

For RQ2 we temporally aggregate each antho-
cyanin/anthocyanidin group according to purchases made
across the UK in each month. We chose to focus on January-
December 2020 and January-December 2021 to help illustrate
seasonal variation across two years.

Finally, for RQ3 we aggregate the purchase histories of
anthocyanins and anthocyanidins for retail customers, by the
relative levels of deprivation known to exist in the neighbour-
hoods respective customers reside in. Each store is assigned
a geospatial reference at ‘Lower Super Output Area’ (LSOA)
level, a geographic hierarchy designed to improve the reporting
of small area statistics in England and Wales (LSOAs featuring
between 400 and 1,200 households). We use this geospatial
reference in combination with recent data from the English
Indices of Multiple Deprivation (IMD) [26] to ascertain the
relative level of deprivation. IMD is a publicly available, com-
posite measure of deprivation calculated using data on income,
employment, health, education, housing, living environment
and crime rate, used to rank neighbourhoods relative to one
another. Using these variables, we then study the relationship
between IMD-ranked deciles for customers across England
and the associated average levels of anthocyanin purchased.

III. RESULTS

A. Foods that contribute to dietary intake of anthocyanins

From the 497 matched products we found that 9 high-level
food groups (as defined by Phenol Explorer) are present in the
national diet of customers. We used these high-level categories
as labels unless only one type of food was matched in the
larger group, in which case we listed the individual food type
as the label. The food groups matched across the Phenol-
Explorer and the grocery retailer’s products included: Fruits -
Berries; Fruits - Drupes; Fruit Juices; Jams - Berries; Black
Olives; Leaf Vegetables; Pulses & Beans; Red Onions; and
Wines. A more detailed breakdown of the food groups sub-
categories that were matched in the database can be seen in
Table 1 in the appendix, with products shown alongside the
specific anthocyanin derivatives aggregated for analysis.

The food groups with the largest respective contributions
to total anthocyanin/anthocyanidin intake across the sample
were Wines (Malvidin = 36.35%; Petunidin = 5.45%; Pe-
onidin = 4.18%; and Pyranoanthocyanin 1.4%) and Berries
(Pelargonidin, 19.82%; Delphinidin = 4.96%; and Cyanidin
= 4.3%). Figure 1 illustrates the many-to-many relationship
detected between 7 categories of anthoncyanin/anthocyanidin
intake and the relative share that the 9 high-level food groups
contribute across the population.



Fig. 1: Sankey diagram showing food categories purchased by 619,524 regular customers and their associated contributions
to distinct groups of anthocyanins and anthocyanidins. Food categories are shown by size according to total weight purchased
(grams) and anthocyanin/anthocyanidin categories are shown according to mg derived from each respective food source



Fig. 2: Seasonal variation in the purchasing habits of 619,524 regular shoppers buying anthocyanin/anthocyanidin (mg)
containing products from January 2020 to December 2021. Results are shown on log scale

B. Seasonal variation in the purchasing habits of people
buying anthocyanin/anthocyanidin containing products

Figure 2 depicts the seasonal variation of anthocyanin and
anthocyanidin consumption from January 2020 until December
2021 for the entire sample. Given that wine contributes 51%
to the total dietary anthocyanin intake of the sample, we see
that for many categories there is a fairly consistent and stable
purchasing rate across time (including during peak purchasing
during the 2020 COVID-19 lockdowns). There is, therefore,
a segment of anthocyanin types which are relatively season-
resistant, particularly those that are prevalent in red wine
(i.e. Malvidin, Petunidin, Peonidin, and especially Pyranoan-
thocyanins which are formed by yeast during fermentation
processes or during controlled oxygenation techniques during
the red wine ageing process [27] [28]).

By contrast we see far greater seasonal variation for
Pelargonidin, which is overwhelmingly derived from berries,
many of which grow seasonally in the UK, such as strawberry,
raspberry, and blackcurrant. Similarly, Cyanidin experiences
seasonal variation as it derives principally from berries and
drupes, some of which are grown widely in the UK during
warmer months, such as plums and cherries.

C. Socioeconomic deprivation and dietary intake of antho-
cyanins/anthocyanidins

A linear relationship is clearly evident between the average
consumption of anthocyanins and the deprivation deciles (ac-
cording to the Index of Multiple Deprivation) of the area in
which shoppers reside, as is shown clearly in Figure 3. For
each category of anthocyanidin/anthocyanin we find that the
R2 demonstrates the influence of deprivation on dietary intake:
Total anthocyanins (R2 = 0.94), Cyanidin (R2 = 0.95),
Delphinidin (R2 = 0.95), Malvidin (R2 = 0.92), Pelargonidin
(R2 = 0.97), Peonidin (R2 = 0.91), Petunidin (R2 = 0.94),
and Pyranoanthocyanin (R2 = 0.91).

To help illustrate the potential impact of this linear corre-
lation, we can compare the intakes of shoppers who reside in
the most deprived areas (IMD 1) and the shoppers who reside
in the least deprived areas (IMD 10). Across all measures of
anthocyanin intake we see notable increases when comparing
IMD1 and IMD10: Total anthocyanins (+118.37%), Cyanidin
(+97.44%), Delphinidin (+134.15%), Malvidin (+132.29%),
Pelargonidin (+86.90%), Peonidin (+120.60%), Petunidin
(+140.60%), and Pyranoanthocyanin (+120.60%). These re-
sults provide first evidence at a national scale indicating that
the experience of deprivation (at least when modelled as a
composite variable) is strongly related to the dietary intake
of anthocyanins. This result is perhaps most clearly illustrated



Fig. 3: Average anthocyanin MG per basket, grouped by relative levels of deprivation according to the Index of Multiple
Deprivation. Results are shown on log scale.

when considering Petunidin, which shows the strongest effect
and is almost solely derived from red wine and blueberries,
both of which are products that are relatively expensive to
UK consumers due to the limited scale of national production,
therefore, the essential reliance on importing.

IV. DISCUSSION

To the best of our knowledge, this initial exploratory study
reflects the first attempt to pair national level retail ‘Big
data’ with polyphenol databases to provide estimates of di-
etary intake. Though the approach provides an unprecedented
scale of estimation and a strong signal relating deprivation



deciles to polyphenol intake, it nonetheless has several no-
table limitations. First, there are likely many processed foods
with anthocyanin-containing ingredients that at present, are
impossible to evaluate using this method. This is primarily
a shortcoming of what is currently known about how food
processing affects the prevalence of anthocyanins, and indeed,
polyphenols more generally.

Environmental and genetic factors influencing the uptake of
anthocyanin, post-harvest conditions and preparation methods
drive differences in the levels of these molecules in plant
tissues. It is widely known that temperature drives loss in
anthocyanin levels in food products [29]. Heat processing, a
method widely used in food preservation can cause changes
in colour pigmentation [30] [31]. Currently, cool tempera-
tures favour anthocyanin stability in fruits and anthocyanin-
containing products [32]. Aside from temperature and oxygen
levels [33], light [34], food preservatives like sulphites [35],
and the presence of other antioxidants such as ascorbic acid
[36], can all affect the stability of plant derived anthocyanin
associated compounds in food products (reviewed in ’Antho-
cyanins: Factors affecting their stability and degradation’ [37]).

Taken together, it is clear that several factors influence the
levels of anthocyanins present in the diets of humans. Moving
forward, it will be important to consider these factors in studies
focused on anthocyanins in the human food chain. Similarly,
open databases have captured limited information on how
anthocyanins may vary, as a consequence of the seasonality
and local growing conditions of where fruits and vegetables are
produced. Naturally, this may in some unknown instances lead
to systematic under/over-estimation. Further research to extend
open-access datasets would help to provide greater accuracy of
intake estimates. Additionally, it would be useful to augment
retail data with information on food consumed outside of the
home, for example restaurants, cafes, and in the case of berries,
estimates on foraging, as each of these inevitably contribute
somewhat to overall intake.

Though we do not attempt to provide daily intake rec-
ommendations as described in the introduction, instead pro-
viding analysis at the basket level, it is clear that many
daily averages provided in previous works are inevitably
concealing heterogeneous populations that vary massively
in their intakes. Historically, the conceptualisation of food
and nutrition security has focused on whether people can
acquire enough calories and whether the food they obtain
contains enough essential nutrients. However, if consuming
polyphenols such as anthocyanins provides beneficial health
effects and reduction in diet-related diseases, it may well be
worth revisiting insecurity categorisation, particularly where
the protective effects of food are divided along traditional
socioeconomic fault lines of income, class, and privilege.
We have shown for anthocyanin/anthocyanidin intakes that
there is a clear disparity between the rich and the poor, but
future research should address whether this same disparity
holds across multiple phenol categories, and whether a broader
category of ’polyphenol insecurity’ exists nationally and inter-
nationally. Furthermore, in future research, it will be crucial to

consider adjusting analyses to account for confounding factors
associated with poor health and poverty. These factors include
smoking, alcohol consumption, and inadequate diet. Interest-
ingly, these particular confounding variables have the potential
to be measured and assessed via the same loyalty card data
which could also be used to account for the potential protective
effects of other food categories alongside polyphenols, for
example, dairy and fibre-rich diets [38], [39].

Moreover, this study raises questions about the provenance
of anthocyanins in the national diet and whether year-round
access to these compounds through imported products, such
as berries and wine, may actually exacerbate existing in-
ternational climate inequalities, while simultaneously only
providing health benefits for a select group of people able
to afford them.

The method pioneered in this study provides a preliminary
insight into what is potentially possible for the scientific study
of polyphenols through digital footprint data such as loyalty
card records. We believe the most ’fruitful’ application of this
approach would be to pair large cohort studies focused on
measures of health and disease with longitudinal shopping
data. For those health conditions purported to benefit from
anthocyanin consumption, especially those that are diet-related
diseases, there are clear opportunities to yield otherwise im-
possible insights.

V. ACKNOWLEDGEMENTS

This work was partly supported by the Future Food Bea-
con at University of Nottingham, the Horizon Centre for
Doctoral Training at the University of Nottingham (UKRI
grant EP/S023305/1) and EPSRC grants (EP/V053922/1 and
EP/V51973X/1): ‘the CIVIC Project: A Sustainable Platform
for syndromic-surveillance via Health, Deprivation and Mass
Loyalty-Card Datasets’.

REFERENCES

[1] Ananya Rana, Mrinal Samtiya, Tejpal Dhewa, Vijendra Mishra, and
Rotimi E Aluko. Health benefits of polyphenols: A concise review.
Journal of Food Biochemistry, 46(10):e14264, 2022.

[2] Elisa Petrussa, Enrico Braidot, Marco Zancani, Carlo Peresson,
Alberto Bertolini, Sonia Patui, and Angelo Vianello. Plant
flavonoids—biosynthesis, transport and involvement in stress responses.
International journal of molecular sciences, 14(7):14950–14973, 2013.

[3] Francesca Giampieri, Danila Cianciosi, José M Alvarez-Suarez, José L
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Batista, and Mário Roberto Maróstica Júnior. Current evidence on
cognitive improvement and neuroprotection promoted by anthocyanins.
Current opinion in food science, 26:71–78, 2019.

[10] Yoon-Mi Lee, Young Yoon, Haelim Yoon, Hyun-Min Park, Sooji Song,
and Kyung-Jin Yeum. Dietary anthocyanins against obesity and inflam-
mation. Nutrients, 9(10):1089, 2017.

[11] Elena Azzini, Jasminka Giacometti, Gian Luigi Russo, et al. Antiobesity
effects of anthocyanins in preclinical and clinical studies. Oxidative
medicine and cellular longevity, 2017, 2017.

[12] Honghui Guo and Wenhua Ling. The update of anthocyanins on obesity
and type 2 diabetes: experimental evidence and clinical perspectives.
Reviews in Endocrine and Metabolic Disorders, 16:1–13, 2015.
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