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The global patent landscape of
functionalfood innovation

M Check for updates

An analysis of patent documents reveals a trend of increasing interest in functional food

innovations that may aid future decision-makingin research, business and policymaking.

unctional foods are broadly defined

asfood products that contain specific

ingredients providing health benefits

that go beyond mere nutritive value,

with polyunsaturated fatty acids (for
example, omega-3 fatty acids), antioxidants,
and probiotics, prebiotics and synbiotics
being several of the best-known examples'.
In the European Union, a specific prominent
example of afunctional food approved by the
European Food Safety Agency (EFSA) asacar-
dioprotective agent is a tomato extract that
reduces platelet aggregation and has a similar
effect, although different pathway activity, to
acetylsalicylic acid®.

Technogenic environmental pollution,
changes in nutritional structure and quality,
decreased human motor activity, obesity,
widespread chronic diseases and population
aging collectively pose an increased burden
for the functioning of many body systems.
In this context, it is possible for individuals
to improve their quality of life by improving
nutrition and consuming products with func-
tional health-enhancing purposes®. Nutrition
in general is one of the most important com-
ponents of a lifestyle and is known to have
great impact on a person’s health. The con-
sumption of functional foods can help solve
many problems—substantially reducing the
incidence of disease due to their preventive
effects; accelerating recovery from serious
diseases due to their balanced composition;
providing healthy nutrition for people with
insufficient quantity or quality of traditional
products available; enriching the habitual diet
of all segments of the population with vita-
mins, minerals and other nutrients; increasing
mental and physical endurance; and helping
the population to cope with stress and pos-
sible psychological disorders”.

Patents are granted by governments to
inventors to provide legal protection of their
intellectual property (thatis, developedinven-
tions or innovations). They disclose details

Table 1| Number of patent documents labeled with the diverse functional food

CPC codes
CPC code Definition Patent
document
number

*A23V 2200/30 Foods, ingredients or supplements having a functional effecton 8,412
health

**A23V 2200/302 ...having a modulating effect on age 1,820

**A23V 2200/304 ...having a modulation effect on allergy and risk of allergy 1,088

**A23V 2200/306 ...having an effect on bone mass, for example, osteoporosis 2,098
prevention

**A23V 2200/308 ...having an effect on cancer prevention 4,027

**A23V 2200/31 ...having an effect on comfort perception and well-being 1,07

**A23V 2200/312 ...having an effect on dental health 640

**A23V 2200/314 ...having an effect on lung or respiratory system 1,138

**A23V 2200/316 ...having an effect on regeneration or building of ligaments or 1,517
muscles

**A23V 2200/318 ...having an effect on skin health and hair or coat 5,826

**A23V 2200/32 ...having an effect on the health of the digestive tract 3,139

***A23V 2200/3202 ...Prebiotics, ingredients fermented in the gastrointestinal tract 942
by beneficial microflora

***A23V 2200/3204 ...Probiotics, living bacteria to be ingested for action in the 1,721
digestive tract

**A23V 2200/322 ...having an effect on the health of the nervous system or on 5,320
mental function

**A23V 2200/324 ...having an effect on the immune system 5,829

**A23V 2200/326 ...having effect on cardiovascular health 2,575

**A23V 2200/3262 ...having an effect on blood cholesterol 2,167

**A23V 2200/328 ...having effect on glycemic control and diabetes 4M

**A23V 2200/33 ...High-energy foods and drinks, sports drinks 531

**A23V 2200/332 ...Promoters of weight control and weight loss 4,264

***A23V 2200/3322 ...Low carb—reduced carbohydrate content 226

***A23V 2200/3324 ...Low fat—reduced fat content 297

**A23V 2200/334 ...treating the effects of consuming alcohol, narcotics or other 1,392

addictive behavior, for example, treating hangover or reducing
blood alcohol levels

abouttherespectiveinvention orinnovation,
which are often made publicin patents before
being published in academic articles® on the

subjectorevenare never published assuch (as
companiesinvolved ininventions sometimes
encourage their employees to exclusively
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Ajou University Industry-Academic Cooperation Foundation [IEE]
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CJ Cheilledang Corp. [IFLE

Korea Research Institute of Bioscience and Biotechnology [IFT]
Yonsei University Industry-Academic Cooperation Foundation [IEL]

Korea Institute of Science and Technology [IINET

Fig.1| Annual publication numbers and top patent owners of the functional
food patent documents. a,b, Patent publication counts per year (a) and the top
20 patent owners (b) of the functional food patent documents from the past
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20years.Ina, the annual counts for 2003 and 2023 are artificially low because

of the timing of the covered period (from 1October 2003 to1October 2023).
“Societe Des Produits Nestle SA” is an earlier version of the business name
“Société des Produits Nestlé SA.”

pursue intellectual property protection and
not scientific publications).

Patent classification codes are used to
organize and categorize patents on the
basis of the type of invention or innovation
involved. The Cooperative Patent Classifi-
cation (CPC) represents an extension of the
International Patent Classification that is
jointly managed by the United States Patent
and Trademark Office and the European Pat-
ent Office (https://www.cooperativepatent-
classification.org/home). Importantly, the
CPC provides a dedicated general code for

functional foods—A23V 2200/30, dedicated
to“Foods, ingredients or supplements having
a functional effect on health”—as well as 22
subgroups of this code designated for func-
tional foods targeting specific health indi-
cations. For example, A23V 2200/302 more
specifically covers functional foods with a
modulating effect on aging. In general, pat-
ent protection is granted for a limited time
period (usually 20 years) from the date of
the application, in order to stimulate further
innovation, prevent monopoly and benefit
society by making the innovation accessible

once the patent expiration date has passed
(https://www.wipo.int/).

Thesize of the global market for functional
foodswas estimated at $305.4 billionin 2022.
According to experts, it is expected to reach
approximately $597.1billion by 2032, expand-
ingatacompound annual growth rate of 6.93%
between 2023 and 2032 (https://www.prece-
denceresearch.com/functional-food-market).
Studying the current state, directions and
trends in the creation of functional foods on
the basis of patent information can help one
trackadvanced achievementsinthis spherein
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Table 2 | The most cited functional food patent documents

Patent document Title Citations

WO 2014/082050 A1 Synergistic bacterial compositions and methods of 131
production and use thereof

WO 2007/095638 A2 Boron-containing small molecules as anti-inflammatory 125
agents

WO 2011/110918 A1 Composition comprising probiotic bacteria for use in the 106
treatment of immune disorders

WO 2014/075745 A1 Use of Akkermansia for treating metabolic disorders 104

WO 2010/144508 A1 Glucose-regulating polypeptides and methods of making 86
and using same

US 2012/0171166 A1 Synbiotic combination of probiotic and human milk 85

oligosaccharides to promote growth of beneficial

microbiota

KR 100972116 B1

Method of producing fermentation of herbal medicine, the 84

fermentation produced thereby, and food comprising the

fermentation

US 2009/0181114 A1 Chia seed beverage and related method 76

WO 2017/148596 A1 Compositions comprising bacterial Blautia strains for 7
treating visceral hypersensitivity

US 2017/0143774 A1 Compositions comprising bacterial strains Vil

order to find business partners, monitor the
activities of actual and potential competitors,
and find suitable markets. This research not
only ensures users a high technical level and
competitiveness of products, but alsoreduces
the cost of their creation by eliminating dupli-
cation of research and development. Here, we
aimedtoinvestigate the patent documentsin
the Lens patent database that are covered by
CPC codes assigned to functional foods from
the past 20 years, to gain quantitative insights
and characterize thelandscape of recent func-
tional food innovations.

Results

We queried the Lens patent database (https://
www.lens.org/), which contained 151,313,881
patent documents as of the time of the search,
on7November 2023 toidentify patent records
from the last 20 years (from 1 October 2003
to10ctober2023) tagged with at least one of
the 23 CPC codes designated for functional
foods (Table1and Supplementary Methods).
Thesearchyielded 47,996 patent documents.
Annual document counts increased over time
and ranged between 169 (in 2003) and 5,782
(in2021) (Fig. 1a). Among the top 20 patent
owners (Fig.1b), the largest number of patents
belonged to the Société des Produits Nestlé
SA (112 patents), while Axcella Health Inc. was
ranked 20th (21 patents).

Analysis of the distribution of patent docu-
ments among the 23 functional food CPC
codes (Table1) indicated that the largest num-
ber of patent documents (8,412) belonged to

A23V 2200/30 (the most general category,
“Foods, ingredients or supplements having
afunctional effect on health”) and the lowest
number (226) to A23V 2200/3322, which is
assigned to reduced-carbohydrate-content
products aimed to support weight loss.

The top ten most cited functional food
patent documents (Table 2) had between 131
citations (WO 2014/082050 Al, entitled “Syn-
ergistic bacterial compositions and methods
of production and use thereof”) and 71 cita-
tions (US 2017/0143774 Al, “Compositions
comprising bacterial strains”). The top ten
scientific publications most often cited in
functional foods patent documents (Table 3)
have been cited between 37’ and 16 times®.

To identify frequently mentioned dis-
eases and food crops in the titles of the func-
tional food patent documents, the patent
document details were extracted, saved in
comma-separated value format (.csv) and
subjected to further analysis using Python (see
Supplementary Methods). The top ten dis-
eases occurring most frequently in the titles
ofthe functional food patent documents were
mentioned between 668 (“Obesity”) and 201
(“Respiratory disease”) times (Fig.2a), and the
top ten most frequently referenced food crops
were mentioned between 665 (“Rice”) and 87
(“Radish”) times (Fig. 2b).

Discussion

In this work, we analyzed the patent docu-
ments indexed in the Lens database (with
151,313,881 patent documents as of the time

ofthesearch) that were tagged withthe 23 CPC
codes designated to functional foods in the
last 20 years. We identified 47,996 functional
food patent documents, which were analyzed
for time of publishing, top patent owners, cita-
tions, distributionaccording to CPC code sub-
groups, most cited academic publications, and
most frequently mentioned diseases and food
cropsin the documenttitles.

Previous studies with relevance to func-
tional food patents have examined the pat-
ent documents associated with specific
countries, foods or food groups. At the
country-specific level, Wong et al. discussed
regulations and features associated with
functional food patents in the United States
on the background of several high-profile
Supreme Court rulings, including Mayo,
Mpyriad and Alice’. An examination of the
functional food patent application records
in Brazil for the period 2008-2020 identi-
fied and analyzed 608 patent documents'’,
whereas other, even more narrowly focused
studies have examined patent applications
related to selected functional food prod-
ucts, such as pomegranate juice™ and plant
food supplements with potential benefits
in neurodegenerative and metabolic disor-
ders'. In contrast to these previous works,
the present study was designed toyield quan-
titative data on the worldwide functional
food patenting trends, without limitations
imposed by focusing of specific food or
food group.

Wesselected the 20-year time frame to cover
patent documentation that is still active, as
patent protection is usually granted for
20 years. The annual number of patent docu-
ments hassignificantly increasedinthe course
ofthe study period, fromlessthan1,000 pub-
lished patent documents per year before 2000
toover 5,000 documents per year in the most
recent few years (Fig. 1a). This trend is in line
with the increasing market demands for foods
and nutraceuticals with health-promoting
properties, which was further accelerated by
the COVID-19 pandemic that caused consum-
ersto seek additional means to improve their
health for better protection".

Regardingthe identified top patent owners
(Fig.1b), the top three owners were related to
the Switzerland-based corporation Nestlé SA.
This finding accords with Nestlé’s status as a
leading publicly held food company, whichis
in the Fortune Global 500 ranking of the top
500 (by revenue) corporations worldwide
(https://fortune.com/ranking/global500/)
and has well-established interests™" in func-
tionalfood developments.
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Table 3 | The scientific publications most often cited in the functional foods

patent documents
Citations Title Authors, journal, volume and pages
37 Dietary modulation of the human Gibson, G. R. & Roberfroid, M. J. Nutr. 125,

colonic microbiota: introducing the
concept of prebiotics

1401-1412 (1995)

30 Probiotics: how should they be Salminen, S. et al. Trends Food Sci. Technol. 10,
defined? 107-110 (1999)

22 Molecular-phylogenetic Frank, D. N. et al. Proc. Natl Acad. Sci. USA 104,
characterization of microbial 13780-13785 (2007)
community imbalances in human
inflammatory bowel diseases

22 Dosage-related bifidogenic effects of Moro, G. et al. J. Pedliatr. Gastroenterol. Nutr. 34,
galacto- and fructooligosaccharides in ~ 291-295 (2002)
formula-fed term infants

21 Th17 cell induction by adhesion of Atarashi, K. et al. Cell 163, 367-380 (2015)
microbes to intestinal epithelial cells

21 A decrease of the butyrate-producing Machiels, K. et al. Gut 63, 1275-1283 (2014)
species Roseburia hominis and
Fecalibacterium prausnitzii defines
dysbiosis in patients with ulcerative
colitis

20 Basic laboratory culture methods for Strobel, H. J. Methods Mol. Biol. 581, 247-261
anaerobic bacteria (2009)

20 Microencapsulation of probiotic Kailasapathy, K. Curr. Issues Intest. Microbiol. 3,
bacteria: technology and potential 39-48 (2002)
applications

17 Eubacterium limosum ameliorates Kanauchi, O. et al. World J. Gastroenterol. 12,
experimental colitis and metabolite 1071-1077 (2006)
of microbe attenuates colonic
inflammatory action with increase of
mucosal integrity

16 Gut microbe-derived extracellular Choi, Y. et al. Sci. Rep. 5, 15878-15878 (2015)

vesicles induce insulin resistance,
thereby impairing glucose metabolism
in skeletal muscle

In regard to the disease areas targeted by
the patent documents, the analysis of the 23
functional food CPC codes (targeting diverse
indications, Table 1) not surprisingly revealed
that the highest number of patent documents
(8,412) belonged to the most general category
code (A23V2200/30), “Foods, ingredients or
supplements having a functional effect on
health.” This aligns with the rationale that
using this code would provide the broad-
est coverage of diverse disease indications.
Further, numerous patent documents were
designated for indications such as weight loss
(4,264 documents), glycemic control and dia-
betes (4,111 documents), immunomodulation
(5,829), mental health (5,320), health of skin
and hair (5,826) and cancer prevention (4,027).
These indications mostly align well with the
global burden of diseases, with prominent
representation of conditions associated with
inflammation and metabolism (for example,
diabetes, obesity, cardiovascular diseases),
cancersand mental-health-related disorders”,

which have both high prevalence and severity.
One notable deviation is the high observed
number of patent documents for skin and hair
health, as skin- and hair-associated conditions
are oftenless severe than the other referenced
conditions.

Examination of the top ten most cited
patent documents (Table 2) indicates that
themes related to bacterial compositions,
fermentation and probiotics predominate,
but also reveals a diversity of innovations
targeting other impactful topics, such
as boron-containing anti-inflammatory
molecules (WO 2007/095638 A2),
glucose-regulating polypeptides (WO
2010/144508 A1) and chiaseed beverages (US
2009/0181114 Al). The dominant roles of bac-
terial compositions, probiotics and prebiotics
among the functional food patent documents
wasevenmoreevidentinthetoptenlistofthe
most referenced academic papers, as all of
them dealt with these themes (Table 3). This
trend reflects the growing body of evidence

showing the key role of gut microbiotain regu-
lating numerous health conditions'", as well
asthe possibility of regulating microbial flora
through foods or food ingredients®*”. In this
context, it is also worth noting the compa-
rably high number of patent documents for
functional foods with effects on the health of
the digestive tract (A23V 2200/32, n=3,139;
Table1).

Similarly to the outcomes of the evaluation
of functional food CPC codes (Table 1), the
analysis of the most frequently mentioned
diseases in the titles of functional food pat-
ent documents (Fig. 2a) revealed fairly
good correlation with the global burden
of life-threatening diseases, with a notable
exception again being conditions related to
skin and hair, in particular “hair loss” (men-
tioned 342 times, making it the third most fre-
quently mentioned disease condition). Few
functional foods have been reported so far
in the scientific literature to counteract hair
loss. For example, preclinical research with
Equisetum debile extracts reported a range
of activities counteracting hair loss, includ-
ing inhibition of 5a-reductase and IL-6 secre-
tion, along with antioxidant activity®?, and a
pilot clinical study indicated that a kimchiand
cheonggukjang probiotic productinduce hair
growth promotion and reversal of hair loss®.
Nevertheless, the scarcity of research on the
topicand therelatively low severity of the con-
dition (as compared to other diseases in the
top ten list, Fig. 2a) make the high prevalence
of functional food patent documents target-
ing hair loss rather unexpected. This finding
couldberelated to the high prevalence of hair
lossin the population* and the perceived high
importance of the condition from a psycho-
logical perspective®.

Rice and soybeanwere by far the most com-
monly mentioned food cropsinthetitlesof the
functional food patent documents (Fig. 2b).
Because rice is one of the most common sta-
ple foods worldwide, it comes as no surprise
that extensive innovation efforts have been
invested to improve its health-promoting
properties. A notable example is the “Golden
Rice” engineered to produce -carotene
and intended to be delivered to populations
deficient in vitamin A%, Nevertheless, other
prominent staple food crops, such as wheat
and corn, were not in the top ten list (Fig. 2b).
Instead, garlic was ranked in third place, and
potato (another common staple food) was
also present, along with turmeric (aspice, also
known as curcuma), coffee (reflecting its sta-
tus as one of the most common beverage com-
modities) and mulberry (representingaberry
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Fig.2|Most frequently mentioned diseases and food cropsin the titles of the functional food patent
documents. a,b, Number of mentions of the top ten diseases (a) and the top ten food crops (b) in the titles of
the functional food patent documents from the past 20 years.

fruit with well-established health-promoting
properties”), among others (Fig. 2b).

Conclusions

Focusing onthelast20 years, we examined the
functional food patent literature for the first
time atinternational scale. Increasinginterest
in functional food innovations is observed,
with fewer than 1,000 documents published
annually before the year 2000 and more than
5,000 documents published annually in the
past few years. Examination of the 47,996 pat-
entdocumentsidentified revealed Nestlé SAto
have by far the largest portfolio of functional
food patents. Frequently targeted were dis-
ease areas with both high worldwide burden
and severity (for example, metabolic, inflam-
matory and respiratory diseases, cancer, neu-
rodegenerative diseases), with hair loss being
one notable deviation representing a less
severe condition covered by disproportion-
atelylarge number of patent documents. Pro-
biotics, prebiotics and fermentation represent
highly impactful areas covered by functional
food innovations, and rice, soybean, garlic,
barley, mulberry, bamboo, coffee, turmeric,
potato and radishwere some of the frequently
coveredfood crops. Theinsights and the quan-
titative data provided by this work may be use-
fultosupport futureresearch and innovation

development, as well as policymaking and
business decision-making with relevance to
the functional foods area.
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