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Abstract

The nutritional value of microalgae considered a challenge for strengthening the immune system
and that comes down to the richness of these biomasses by varied compositions and very abundant in
proteins, carbohydrates, lipids, vitamins and oligoelements. This article provides a new avenue for
using microalgae as a dietary supplement for diabetic patients during the COVID-19 pandemic, in fact,
the study features a selection of twenty most requested microalgae globally. After determining the
protein, carbohydrate and lipid compositions for each species, a statistical study targeted by the
principal component analysis was carried out to classify the microalgae into three groups. According to
international health recommendations and nutritional regulations intended for diabetic patients and
other parts of the energy supply to strengthen the immune system against COVID-19, a group of three
species (Biddulphia sp., Navicula uncerta and Nitzschia sp.) has been selected, thus they can use as food
supplements.
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Introduction

For almost two years, the COVID-19 pandemic has
significantly impacted the lives of people around the
world [1]. Despite the available therapeutic arsenal,
no treatment protocol has been unanimously
accepted by the medical community [2]. The use of
several drugs among them hydroxychloroquine is
still controversial today. The most common
treatment protocol, which is based only on
azithromycin and enoxaparin (for the most severe
cases), does not prevent the deaths of thousands
around the world [3].

As of February 18, 2021, at least seven different
vaccines have been made available in countries
through three platforms. Vaccination should target
vulnerable populations in all countries as a priority.
Vaccines save millions of lives every year. Their
mode of action is to train and prepare the immune
system (the body's natural defenses) to recognize
and fight the viruses and bacteria they target. Thus,
if the body is subsequently exposed to these same
pathogens, it is immediately ready to destroy them,
which helps prevent disease [4-6].

Faced with this inability of doctors to find
solutions to treat people with COVID-19, the media
have been conveying the idea for several months
that dietary supplements rich in vitamins and trace
elements are effective for the prevention and
treatment of COVID-19, among them microalgae [7-
8]. The use of microalgae as a natural food has been
known for centuries. Used by the Mayans, Spiruling,
for example, is still harvested and consumed by the
inhabitants of the shores of Lake Chad [9]. It was
used as food, for its nutritional richness, in Asia,
Africa and Mexico. The Chinese used the common
Nostoc microalgae for food more than 2,000 years
ago [10]. Also, Epidemiological studies carried out in
Asia had shown a lower incidence of breast, colon
and prostate cancer linked to their regular
consumption [11]. The nutritional value of algae can
be explained in large part by the joint presence of
three main categories of components: fibers,
minerals and proteins, but also by the presence of
metabolites with antioxidant and anti-radical
properties such as carotenoids, polyphenols,
vitamins as well as polyunsaturated fatty acids [12-

14]

This study deals with the possibility of using
microalgae as food supplements according to their
composition in proteins, carbohydrates and lipids
for diabetics during the COVID-19 pandemic
according to the international recommendations in
force to balance blood sugar on the part, and on the
other hand to strengthen the immune system
against viruses.

Methods
Data sources

This study was carried out from December 2020
to July 2021, during the COVID-19 pandemic.
Guidelines and official documents from government
and non-government sectors, all providing
recommendations on food and nutrition during the
COVID-19 pandemic, were eligible for inclusion. The
literature relating to specific nutritional or
pharmacological treatment of already infected
patients was excluded.

The descriptors "CovID", "COVID-19",
"coronavirus" AND "diet" OR '"nutrition" AND
"algae" OR '"microalga" AND '"composition" OR
"proteins” OR "carbohydrates" OR "lipids" were
used to search for guidelines, position papers and
official documents in Google Scholar, PubMed and
SCGELO databases. The Boolean operators "AND"
and "OR" were used to combine terms used in the
literature search. Publications in all languages were
searched. Three authors (A.M.F, AAA. and AT.)
searched and reviewed all references independently
in a 2-step process. All selected documents have
been recovered and duplicates have been excluded.
The titles and abstracts were then reviewed to
identify studies that potentially met the eligibility
criteria.

Study design

According to the international recommendations
of the health sectors, a description has determined
the nutritional intake of proteins, carbohydrates and
lipids for the diet intended for diabetics to balance
blood sugar and also intended for patients infected
with COVID-19 to strengthen the immune system.

The Twenty (20) microalgae were selected
according to the first which have avery high number
of studies done on a global scale. The selected
species are: Anabaena cylindrica, Aphanizomenon
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flos-aquae, Arthrospira maxima, Biddulphia sp.,
Chaetoceros sp., Chlamydomonas rheinhardii,
Chlorella pyrenoidosa, Chlorella vulgaris, Dunaliella
salina, Euglena  gracilis, Isochrysis  galbana,
Nannochloropsis sp., Navicula incerta, Nitzschia sp.,
Porphyridium cruentum, Scenedesmus obliquus,
Spirogyra sp., Spirulina platensis, Synechococcus sp.
and Tetraselmissp. As a result, the protein,
carbohydrate and lipid compositions were
determined for each species [15-18].

Statistical methods

The relationship between the twenty selected
microalgae and their protein, carbohydrate and lipid
compositions has been studied by principal
component analysis (PCA) and hierarchical
classification [19]. These two statistical methods are
one of the most important approaches to explore
multivariate data. The goal is to know and identify
clusters of similar objects in a dataset of variables
studied, more precisely, on the dietary vision of
diabetic patients during the COVID-19 pandemic.

Results and discussion

Strengthening the immune system is where
science meets a healthy lifestyle. Healthy eating
habits will help develop balanced immunity and
improve health, especially diabetic patients during
the COVID-19 pandemic. The nutritional value of
microalgae is linked to the simultaneous presence of
several components: fibers, minerals, proteins,
vitamins and antioxidants. Indeed, it is for this
reason that certain species of algae are widely used
as food supplements [20].

Table 1 shows the twenty most studied
microalgae  worldwide  with  their nutrient
compositions of proteins, carbohydrates and lipids.
A quick reading of the results shows that all the
most studied microalgae have a high protein
composition and moderate carbohydrate and lipid
compositions.

Figure 1 represents the statistical study made by
the PCA of the relationship between microalgae and
their nutritional compositions. The axes F1 and F2
were retained, their variabilities being 50.14% and
26.93% respectively, corresponding to a total of
76.83% of the information. Figure 2 shows the
dendrogram corresponding to the Ascending

Hierarchical Classification (ACH) of microalgae
according to the variables of their composition in
proteins, carbohydrates and lipids.

Analysis of these results can give a breakdown of
microalgae into three groups (Table 2):

e The 1 group assembles 6 species: Anabaena
cylindrica, ~ Aphanizomenon  flos-aquae,
Chlorella  pyrenoidosa, Dunaliella  salina,
Porphyridium cruentum and Spirogyra sp.
Microalgae in this group are characterized
by high protein and carbohydrate content.

e The 2™ group assembles 3 species:
Biddulphia sp., Navicula uncerta and Nitzschia
sp. Microalgae of this group are
characterized by moderate protein and lipid
contents and low carbohydrate contents.

e The 3™ group assembles 11 species:
Arthrospira  maxima, Chaetoceros  sp.,
Chlamydomonas rheinhardii, Chlorella
vulgaris, Euglena gracilis, Isochrysis galbana,
Nannochloropsis sp., Scenedesmus obliquus,
Spirulina platensis, Synechococcus sp. and
Tetraselmis sp. Microalgae in this group are
characterized by a high protein content and
moderate carbohydrate and fat content.

According to international recommendations, the
nutrition of patients infected with COVID-19 require
very important energy inputs to strengthen their
immune systems by consuming proteins,
carbohydrates and lipids, but on the other hand, the
consideration of diabetic patients of this period
infection, which should not be exceeded a well-
defined carbohydrate content (50%: recommended
minimum is 180 to 200 g per day) or a total absence
of carbohydrates in food supplements [21-22]. In
addition, the specification of this model is directed
to the 2" group which contains the three
microalgae: Biddulphia sp., Navicula uncerta and
Nitzschia sp. These species will be considered as
food supplements well suited for diabetics to
strengthen their immune system against COVID-19.
We note that the 1* group of microalgae is not
recommended for diabetics according to the highest
carbohydrate content.

In general, microalgae are used in food for their
richness in carbohydrates, proteins, enzymes and
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fibers. In addition, many vitamins and minerals
like vitamin A, ¢, B1, B2, B6, D, niacin, iodine,
potassium, iron, magnesium and calcium are found
abundantly in all species of microalgae [23-24].

In human nutrition, two valuation approaches
exist: the first consists of targeting consumption of
the entire microalgae, and the second approach
concerns the extraction, transformation and
packaging of bioactive molecules [25]. Microalgae
according to the first approach are sold directly as
food supplements, without further processing apart
from drying. Over several decades, 75% of the annual
biomass production of microalgae has been
consumed (or sold on the market) as biomass. The
existing commercial forms being biomass in
powders, tablets, capsules or lozenges. According
to the second approach, a multitude of high added
value compounds are produced from microalgae
such as polyunsaturated fatty acids (PUFA),
carotenoids, proteins and phycobiliproteins. In
addition, thanks to their ability to synthesize all
amino acids, they represent a potential source for
the supply of these molecules to strengthen the
immune system [26].

Microalgae are also considered a potential source
of polyunsaturated fatty acids, intended for human
consumption. They synthesize PUFAs of the w3
series such as eicosapentaenoic acid "EPA'",
docosahexaenoic acid "DHA" and o-linoleic acid
"LNA", and PUFAs of the w6 series such as
arachidonic acid and linoleic acid [27].

Nutraceuticals have been defined as foods or
food products that can simultaneously provide
nutritional and pharmaceutical benefits to the body
such as prevention and treatment of disease.
Nutraceuticals recommend microalgae which can be
either a complete food product or dietary
supplements.

Conclusion

The work found during this study shows the good
nutritional quality of the twenty selected microalgae
which are most in demand worldwide. Their
compositions and energy contributions offer the
advantage of using them as food supplements
during infection with COVID-19. In addition, the
statistical study carried out by the principal
component analysis (PCA) makes it possible to

classify the species into three groups, hence the
second which contains the three species Biddulphia
sp., Navicula uncerta and Nitzschia sp. can be used as
food supplements for diabetic patients at during
COVID-19, due to their very low protein and
carbohydrate compositions, as well as their richness
in well-adequate content in vitamins and trace
elements which remain important for treating
certain complications of these two diseases.
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Table 1. General composition of different microalgae (% of dry matter).

Alga Proteins Carbohydrates Lipids
Anabaena cylindrica 56 30 7
Aphanizomenon flos-aquae 62 23 3
Arthrospira maxima 60 13 6
Biddulphia sp. 20 9 15
Chaetoceros sp. 47 1 12
Chlamydomonas rheinhardii 48 17 21
Chlorella pyrenoidosa 57 26 2
Chlorella vulgaris 58 17 22
Dunaliella salina 57 32 6
Euglena gracilis 61 18 20
Isochrysis galbana 45 22 15
Nannochloropsis sp. 58 16 16
Navicula incerta 11 7 24
Nitzschia sp. 14 6 12
Porphyridium cruentum 39 57 14
Scenedesmus obliquus 56 10 12
Spirogyra sp. 6 33 1
Spirulina platensis 46 8 9
Synechococcus sp. 63 15 11
Tetraselmis sp. 42 15 15

Table 2. Classification of selected microalgae according to the PCA.

Group 1 Group 2 Group3
Anabaena cylindrica Biddulphia sp. Arthrospira maxima
Aphanizomenon flos-aquae Navicula uncerta Chaetoceros sp.
Chlorella pyrenoidosa Nitzschia sp. Chlamydomonas rheinhardii
Dunaliella salina Chlorella vulgaris
Porphyridium cruentum Euglena gracilis
Spirogyra sp. Isochrysis galbana

Nannochloropsis sp.
Scenedesmus obliquus
Spirulina platensis
Synechococcus sp
Tetraselmis sp.
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Figure 1. Statistical study by PCA of the relationship between microalgae and their nutrient composition.
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Figure 2. Dendrogram corresponding to the hierarchical classification of microalgae according to their
nutritional compositions.
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