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Microalgae as a novel food

Potential and legal framework

Tomke F. Priser, Peggy G. Braun, Claudia Wiacek

Abstract

Microalgae such as Chlorella and spirulina have high dietary potential,
because they contain a large number of nutrients which seem to make
them predestined for use in human nutrition. They are characterised by fast
growth and enable low-resource production of important nutrients, such
as n-3 fatty acids.

Alongside a few approved species of microalgae, there are several thousand
microalgae that are not used in human nutrition despite their interesting
nutrient profile. The reasons for this are explored in this outline paper and
can be traced back to Europe’s legal framework for consumer protection.
As a result of the Regulation on novel foods, foods are only approved for
use on the European market after a time-consuming investigation process,
in order to protect consumers from unsafe foodstuffs.
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Microalgae

The name “algae” is a collective term for a large
polyphyletic group of living things including
both plants and bacteria. What they almost all
have in common is that they contain chlorophyll
and are thus also able to produce energy from
light, carbon dioxide and water through oxygen-
etic photosynthesis [1]. They differ from mosses
and ferns in that algae are not specialised for life
on land [2]. Even this very general definition is
incomplete and excludes whole taxa of algae
which have lost the ability to photosynthesise
over the course of their development [1, 2].

The algae group is divided into microalgae and
macroalgae, whereby macroalgae are multi-
celled organisms visible to the naked eye
which form stems and leaves. Microalgae on
the other hand are microscopically small, sin-
gle-celled organisms which are however vis-
ible macroscopically when collected together
in groups [3]. These microalgae include green
algae and diatoms, but also lesser-known
groups like the dinoflagellates and Eustigmat-
aceae [1, 4]. There is at present still no consen-
sus among phycologists on the classification
of cyanobacteria within the group of microal-
gae, since, like all eukaryotic microalgae, they
have the ability for oxygenic photosynthesis,
but are on the other hand prokaryotic [4, 5].
Most of the metabolic products known as
algal toxins are produced by this group [6].
The heterogeneity within the group of mi-
croalgae makes it necessary to adapt cultiva-
tion conditions for the individual species of
algae and their uses in order to create the ideal
growth conditions for specific species [7].
Cultivation is done either in closed photobio-
reactors and fermenters or in open systems,
known as open ponds [4, 8]. It is possible to
cultivate algae autotrophically or allow them
to grow heterotrophically with external carbon
sources [7]. The proportions of the microalgal
components can also be changed by the culti-
vation method and thus optimised for the spe-
cific use. This is how algae accumulate under
conditions where there is a limited supply of
nutrients e.g. triglyceride and starch [9, 10].
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Microalgae in the food industry

Microalgae such as Chlorella and spirulina have considerable die-
tary potential due to their spectrum of nutrients. They thus be-
came a focus of research as early as 1950 and the first microalgae
were cultivated and marketed on a commercial scale from 1960
[8]. Since then interest in microalgae has steadily increased due to
their adaptability and the number of different constituents which
can be obtained from them [8, 11]. Whereas initially microalgae
were sold mainly as nutritional supplements in the form of pow-
ders, capsules, and tablets, today they are also incorporated into
various products like pasta, smoothies, soft drinks, chocolate, and
ice cream [12, 13]. In 2018 the global market volume for microal-
gae products was already USD 9.9 billion and with a projected
annual growth rate of over 7% market volume could reach USD
14.99 billion by 2024 [14]. There are large production plants in
countries such as Israel, United States, Australia and China. In
Germany too there are at least 13 plants producing microalgae
[15].

The algae marketed as spirulina algae are Arthrospira platensis and
Arthrospira maxima. Both are spiral-shaped cyanobacteria, with
Arthrospira platensis being the more common [16]. Since these are
blue-green algae, i.e. bacteria capable of photosynthesis, it is not
correct to classify these species as microalgae, even though they
are marketed as such [5]. Spirulina is promoted mainly for its
protein and vitamin B,, content. Tablets of dried spirulina have
a vitamin B,, content of 120-240 ug/100 g, although 83% is in
the form of non-bioavailable pseudovitamin By, [17]. The protein
content in spirulina is around 50-60% of the dry mass with a
biological value of 50-70 [18]. The biological value of the pro-
teins also depends on the preparation of the algae, boiled spirulina
algae have a biological value of 48-54, the raw value is 60-65 and
when dried the biological value even rises to 68-78 [18, 19]. What
is less well-known is the use of phycobiliproteins, in particular
phycocyanin extract from spirulina, as a natural blue colourant
[8]. In 2018 this had achieved a market value of USD 112.3 mil-
lion [20] and was approved by the European Food Safety Author-
ity (EFSA) as a colourant.

Three species of the green algae genus Chlorella are approved; these
are Chlorella luteoviridis, Chlorella pyrenoidosa and Chlorella vul-
garis [21]. Chlorella vulgaris was described by Beijerinck in 1890
and at the time was the first microalgae species propagated in
a pure culture [22, 23]. Its protein content is similar to that of
spirulina at 51-58% of dry mass [9]. Unlike cyanobacteria, eu-
karyotic microalgae cannot themselves produce vitamin By, [24].
Chlorella spp. are however able to absorb and accumulate the bio-
available vitamin B, which is produced by bacteria and present
in the ambient medium [25, 26]. This means that they can serve
as a vegan source of vitamin By,.

Marine dinoflagellates of the species Crypthecodinium cohnii are
cultivated heterotrophically with various external carbon sources
like glucose or ethanol. They can produce large quantities of n-3
fatty acid docosahexaenoic acid (DHA) [27]. This unsaturated
fatty acid has an anti-inflammatory, neuroprotective effect and
is important for development of the brain and visual acuity in
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infants [28]. For this reason, unsaturated n-3
fatty acids are added to many baby milk prod-
ucts. The production of unicellular oils from
oil-producing microalgae like Crypthecodinium
cohnii represent an alternative to fish oils oth-
erwise widely used.

However, even microalgae not approved up to
now have major potential. For instance, not
only does the dry mass of Phaeodactylum tri-
cornutum contain 1.7-5.0% of eicosapentaenoic
acid (EPA) [29], it also contains the carotenoid
fucoxanthin [30]. The extract from this alga
also has anti-inflammatory effects on human
blood cells [31].

The microalga Microchloropsis salina also
stores EPA (up to 9% of its dry mass) and
forms alpha tocopherol, a form of vitamin E
[32, 33].

This paper explores why up to now compar-
atively few of the over 200,000 species of mi-
croalgae are commercially available [34]. One
reason is that with effect from 15 May 1997
novel foods may only be introduced to the Eu-
ropean market after exhaustive testing. The
legal basis for this is the Regulation on novel
foods (Regulation (EU) 2015,/2283), which is
intended to protect consumers from insuffi-
ciently tested and potentially unsafe food-
stuffs [35].

Legal situation in the European
Union

Legal framework

Which components of the algae approved in
the European Union (EU) up to now may be
used and in which foodstuffs they may be in-
corporated is regulated, depending on the date
of their approval, by the novel food catalogue
and the Regulation on novel foods (Regulation
(EU) 2015,2283) [8, 21, 35]. Independently
of this, all algal products are subject to the
same general legal provisions as other food,
for instance Regulation (EC) No 178,/2002,
Regulation (EC) No 852/2004 on the hygiene
of foodstuffs and Regulation (EU) 2017/625
on official controls on all foods, the Regulation
(EU) No 1169,/2011 on the provision of food
information to consumers and Regulation (EC)
No 1881/2006 setting maximum levels for
inanimate contamination [8, 36-41]. Where
health-related claims are made for the sale of
algal products, these must be in conformity
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with the Regulation (EC) No 1924,/2006 [42]. Since, unlike for
other food groups, there are no specific microbiological maxi-
mum levels for algae, the criteria set out in Regulation (EC) No
2073/2005 are applied [43]. Additionally, when microalgae are
marketed as nutritional supplements they are also subject to the
provisions of the German Ordinance on Nutritional Supplements
(Verordnung tiber Nahrungserganzungsmittel, NemV) [44, 45].

Microalgae approved in the EU

Probably the best-known microalgae available on the market are
the spirulina and Chlorella algae described above [46]. In all legis-
lation it must be borne in mind that the introduction of molecular
biological methods has resulted in ongoing changes to the taxon-
omy of microalgae, whereas previously their classification was
done on the basis of morphological and cytological characteristics
[47]. This means that the names of the algae used in the legislation
and catalogues are often no longer the ones by which they are
known in line with the latest scientific research [48, 49]. Thus,
the species approved as a food under the designation Chlorella py-
renoidosa is now regarded as outdated [50]. In new studies it has
been shown that the algae classified in collections under this name
belonged to other species and phyla, such as Chlorella vulgaris,
Chlorella sorokiniana, Coelastrella vacuolata, Graesiella emersonii,
or Auxenochlorella protothecoides and that there is in fact no ac-
tual Chlorella pyrenoidosa [50]. The species Chlorella luteoviridis has
also undergone several taxonomic revisions since its classification
in the novel food catalogue. The scientific consensus here is that
the algae do not belong to the genus Chlorella, but rather to the
genus Heterochlorella and thus must be designated Heterochlorella
luteoviridis [50]. Of the three Chlorella species listed in the novel
food catalogue, only Chlorella vulgaris is a currently valid taxo-
nomic name of a species of microalgae. The other two species do
not exist according to scientific consensus. However, microalgae
are still sold under the names Chlorella pyrenoidosa and Chlorella
luteoviridis, whilst the species actually referred to by this designa-
tion is not listed in the novel food catalogue [21]. In order to find
solutions to these problems a group of experts from the European
Committee for Standardization (CEN, Comité Européen de Norma-
lisation) is currently developing criteria by which the nomencla-
ture of algae in Europe could be homogenised and establishing
standardised examination processes to classify the species of algae
used [51]. Over the course of this five-year project examination
methods for the various components of algae and microbiologi-
cal reference values for algae products are to be established and
standardised [51].

Novel food catalogue

Some algae, such as Chlorella, have long been used in human
nutrition. This means that even before 15 May 1997 they were
consumed in significant quantities in at least one Member State
of the EU [8, 21]. Foods that were already consumed before this
date are treated as not novel and are fundamentally approved for
use in products [35]. They are listed in the novel food catalogue
as soon as information is available to the European Commission
on consumption to a significant degree [21, 35].

The novel food catalogue is administered by the European Com-
mission, which enters information obtained from the EU Member
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States obtained in turn from firms and com-
panies [21, 35]. The companies have to pro-
vide corresponding proof that the foods were
already consumed before 1997 [21, 35]. This
means that the catalogue is not a definitive list
and only serves as a guide as to whether a
food is classified as novel [21]. The cyanobac-
teria Aphanizomenon flosaquae var. Flosaquae
and Arthospira platensis and the green algae
Chlorella luteoviridis, Chlorella pyrenoidosa and
Chlorella vulgaris are listed as microalgae in
the novel food catalogue [21].

The Regulation on novel foods

(EU) 2015/2283

The Regulation on novel foods governs the
use and approval of foods which were not
yet consumed to a significant degree before
1997 [35]. The first Regulation on novel foods
came into force in 1997 as Regulation (EC)
No 258/97 [52]. It was replaced in 2018 by
Regulation (EU) 2015,/2283 and the associated
implementing regulations [35]. Since 1997
five microalgae species have been approved as
novel foods [35, 53]. Only in the case of the
microalgae Odontella aurita and Tetraselmis
chuii may the whole biomass be used in cer-
tain foodstuffs with defined maximum levels
in each case [53]. For Ulkenia sp. and Schizo-
chytrium sp. only the extracted algae oils are
approved [53]. For the microalgae Haemato-
coccus pluvialis on the other hand only the as-
taxanthin-rich oleoresin is approved for use
in food supplements, but not as a food [53].
Unlike the microalgae not considered novel
foods, the approval for these five algae is very
precisely restricted [53]. They are only ap-
proved in specific foodstuffs and with defined
maximum levels [53]. As at the publication
date of this paper, fucoxanthin from Phaeo-
dactylum tricornutum is under investigation
[54]. ¢ Table 1 gives an overview of the algae
species newly approved under Commission
Implementing Regulation (EU) 2017,/2470
and their approved components.

Approval procedure in line with the
Regulation on novel foods

Novel foods are only approved to be placed
on the market once they are included by way
of an implementing act in the Union list of
authorised novel foods included in Council
Implementing Regulation (EU) 2017,/2470
which is part of Council Regulation (EU)
2015/2283 [35]. In the Regulation on novel
foods it is stipulated in this respect that the
food must not represent a risk for human
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health. In addition, consumers may not be misled about the novel
foods and there must be no disadvantage for the consumer when
an already approved food is replaced [35].

The final decision as to whether and under what conditions an
application can be made is a matter for the European Commission
[35]. This body also decides whether a food is considered a novel
food and on the final labelling [35]. In addition, the Commission
forwards the application to the other Member States and to the
public before a decision is made [35]. If the result is positive the
food is added to the Union list of authorised novel foods by an
implementing act [35, 53].

Algae species approved
under Commission Imple-

Components approved under (EU)
2017/2470

menting Regulation (EU)

2017/2470

Odontella aurita

whole alga

Tetraselmis chuii whole alga

oil (rich in DHA and EPA) (phylum not

precisely defined in Commission Imple-

menting Regulation [EU] 2017/2470)

- oil (rich in DHA and EPA) (phylum not
precisely defined in Commission Imple-
menting Regulation [EU] 2017/2470)

- oil from the phylum ATCC PTA-9695

- oil (phylum not precisely defined in
Commission Implementing Regula-
tion [EU] 2017/2470)

- oil from phylum T18

Ulkenia sp.

Schizochytrium sp.

Haematococcus pluvialis oleoresin rich in astaxanthin

Tab. 1: Algae species approved under Commission Implementing
Regulation (EU) 2017/2470 (adapted in line with [53])

There is a simplified procedure for traditional foods from third
countries which have been consumed there for over 25 years. In
this case the applicant must only send the Commission notifica-
tion which is passed on to the Member States and the authorities
[35, 551. If no justified objection is raised by these bodies as re-
gards the safety of the traditional food, the Commission approves
introduction to the market and the Union list of authorised novel
foods is updated immediately [35, 55].

Role of the EFSA

A novel food must be safe and in order to test this precondition the
European Commission can request a scientific opinion from the
EFSA [35, 41, 56]. The EFSA is then in direct contact with the food
producer, evaluates the application submitted and can also request
further investigations of the novel food in order to evaluate the
risk [35, 56]. However, the final decision is made by the European
Commission on the basis of the expert report from the EFSA [35].

Microalgae in third countries

Regulation (EU) 2015/2283 only applies in the Member States of
the EU [35]. In third countries corresponding national provisions
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apply. A large proportion of the microalgae
produced originates in East Asia, Australia and
the USA and is therefore not subject to Eu-
ropean legislation [57]. Such microalgae are
interesting for the European market because
the approval of traditional foods from third
countries is simplified [55]. Approval of these
microalgae thus represents an alternative to
the more complex approval of microalgae not
yet approved as foods.

In Asia it is predominantly Chlorella and spir-
ulina that are cultivated as traditional foods
[57, 58]. But in China, for instance, the mi-
croalgae Dunaliella salina, Haematococcus plu-
vialis, Chlorella pyrenoidosa, Euglena gracilis
and Nostoc sphaeroides are also approved as
novel foods [59, 60].

The biomass from spirulina and Chlorella,
B-carotene from Dunaliella salina and oil
from Cypthecodinium cohnii are considered
traditional foods in Australia [58, 61, 62].
However, only Schizochytrium sp. (oil and bi-
omass) and Ulkenia sp. (oil) are approved as
novel foods in Australia [63].

In the USA the precondition for use of a sub-
stance as a food or a food ingredient is inclu-
sion on the GRAS (generally recognised as safe)
list of the US Food and Drug Administration
(FDA) [64]. GRAS status has been granted to
Chlorella protothecoides (biomass and extract),
spirulina (biomass and phycocyanin extract),
Dunaliella bardawil (biomass), Haematococcus
pluvialis (astaxanthin-rich extract), Proto-
theca moriformis (oil and fat), Ulkenia sp. (oil),
Crypthecodinium cohnii (oil) and Schizochytrium
sp. (oil) [65] (¢ Table 2). The oil of the dino-
flagellates Crypthecodinium cohnii is used in
baby food in the USA, since this oil consists al-
most exclusively of docosahexaenoic acid [66].

Possible sources of risk for
consumers

The goal of Regulation (EU) 2015/2283 is to
protect consumers from unsafe foods and food
fraud. In the case of microalgae such risks can
occur as a result of impurities during their
cultivation or due to intrinsic components of
the microalgae.

Impurities from outside can be minimised, as
in the case of other foods too, by cultivation
conditions or later further processing. Con-
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Chlorella protothecoides  biomass 469, 519
oil 384
Arthrospira platensis biomass 127, 417
(spirulina) phycocyanin extract 424
Dunaliella bardawil biomass 351
Haematococcus pluvialis  astaxanthin-rich 294, 580
extract
Ulkenia sp. SAM2179 oil 319
Crypthecodinium cohnii  oil 41
Schizochytrium sp. oil 137, 553, 677, 731,
732,776,777
Prototheca moriformis oil 527, 754
fat 673

Tab. 2: Microalgae with GRAS status [own diagram]
GRAS = generally recognised as safe; GRN No. = GRAS notice

tamination with heavy metals can occur, e.g. by the algae ab-
sorbing and accumulating matter from their environment [67]. In
closed systems with water free from heavy metals this is therefore
not a problem. The maximum levels for such inanimate contam-
ination are stipulated in Regulation (EC) No 1881,/2006. Animate
contaminants, like bacteria or fungi, also get into the culture from
outside and should be reduced by suitable management and treat-
ment of the algae before their use as a food. Thus, for instance,
through drying and disrupting Scenedesmus biomass, it has been
possible to achieve a reduction of microbiological flora from 4 x
107 CFU' /ml algae culture to 1 x 10° CFU/g algae powder at a
concentration of 0.48 g/1 dry biomass per litre of algae culture
[68]. However, the lack of microbiological reference values does
present a problem, i.e. there are no unified rules for the microbio-
logical structure of microalgal products. When commercial trad-
ers give their own specifications these vary considerably.

Another risk is contamination with undesirable species of mi-
croalgae. For instance, when harvesting Aphanizomenon flosaquae
var. Flosaquae (AFA algae) from the Klamath Lake — the only place
from which these microalgae are harvested — there may be con-
tamination with microalgae of the species Microcystis aeruginosa,
which can produce microcystin LR [69, 70]. In animal models and
human cell lines this substance has shown genotoxic and hepa-
totoxic properties [71, 72]. As a result, the Oregon Department
of Agriculture (ODA) has established a maximum level of 1 ug
microcystin LR/g AFA algae product [73]. There is no other lim-
itation for microcystin in algae products anywhere in the world,
so this is also applicable for exports to the EU [73, 74]. Neverthe-
less, an anonymous online survey by Rzymski et al. indicated that
consumers who were taking AFA algae products showed signifi-
cantly higher damaging side-effects than consumers of Chlorella
or spirulina products [75].

Not due to conditions in the system are hazards represented by
the microalgae themselves. Species from the groups of cyanobac-
teria and dinoflagellates in particular can produce a wide range of
toxins which can also get into the food chain via fish and mussels
that absorb these algae. However, no species of microalgae with
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the capacity to produce toxins is approved
as a food and when new microalgae are ap-
proved for use by way of the Regulation on
novel foods the EFSA requires a subchronic
cytotoxicity test over 90 days [56, 76]. An-
other risk in single-celled microorganisms is
the relatively high content of purines, which
are a component of nucleic acids [77]. In the
human body these are broken down into uric
acid and can increase the risk of gout if high
levels are absorbed [78]. Compared to yeasts
(11% of dry matter) and bacteria (up to 18%
of dry matter) the content of nucleic acids in
algae is fairly low at 4-6% of dry matter [77,
78]. This also applies to cyanobacteria like
spirulina [79]. Since the safe dose of nucleic
acids from single-celled protein has been es-
tablished at 2 g per day, this would mean a
daily intake of approx. 40 g of algae [80].

Conclusion

Even the few microalgae known and inves-
tigated up to now produce a wide range of
nutrients (fatty acids, pigments, proteins, vi-
tamins, precursors to vitamins) and thus have
potential for various fields of use. They grow
considerably faster than land plants and it is
also relatively easy to influence the quantity
of their constituents by cultivation method
[9]. As a result of these properties they are be-
coming ever more popular, particularly in the
field of functional foods and nutraceuticals, as
demonstrated by the steadily increasing num-
ber of microalgal products in supermarkets.
At present only a few different species of algae
are used since their use must be authorised.
The strict legal provisions are intended to pro-
tect consumers from insufficiently researched
and potentially unsafe foodstuffs. In order to
enable innovation in the algal product sector
despite this fact, the homogenisation of stan-
dards within Europe by the European Com-
mittee for Standardisation (CEN) is a first step
to making the approval of new algal products
more transparent and thus simpler. Another
option would be the approval of algae such
as Microchloropsis sp., which are already used
in aquaculture. Experience acquired from long
years of their use as a feedstuff could be used
instead of toxicity studies for these microalgae
[33]. The easier approval of microalgae from
third countries could enable new algae species

' CFU = colony forming unit
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to expand the limited range available on the
European market [55]. More intense coopera-
tion between industry and the scientific com-
munity is also desirable and could accelerate
discoveries on the potential of microalgae and
their approval. Overall, the approval of addi-
tional species of algae with their specific nutri-
ent profiles would open up new opportunities
for use and ensure that the high potential of
these microorganisms was fully exploited.
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