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Abstract

Natural molecules of different origins and mainly those from marine algae create a range of natural
bioactive principles with strong therapeutic potential. bioactive compounds present in many species
of algae have particularly interesting nutritional properties. This study focuses on determining the
phytochemical and nutritional compounds as well as the antioxidant, antibacterial and antifungal activity
of marine green algae. Ulva rigida harvested on the Algerian coast. The different extracts of the ulva
were analyzed and subjected to several physicochemical and biological tests. The results of the various
dosages of primary and secondary metabolites revealed that Ulva rigida is rich in water-soluble proteins,
total sugars and polyphenols while they are low in amino acids and total lipids. This algae studied is an
excellent natural source of antioxidants and has great antibacterial activity, which is not the case for the
antifungal activity which was found to be very weak against the yeast strains studied. All these in vitro
results are only a first step towards the search for naturally active biological substances from this green
algae with the aim of using it in the bioformulation of various food and agro-food products. Further tests
are planned to confirm the bio-activity of the algae.
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Introduction

Marine organisms and their environments are a significant source of active molecules
with a unique chemical structure. Algae which are generally attached to a substrate are part of
these organisms [1]. Coastal populations have long used marine plants as a source of food due
to their high nutritional values. This value is justified by several factors including the presence
of a variety of minerals which provide essential macroelements and trace elements, proteins
in significant quantities, vitamins and a reduced quantity of fat. Algae of the genus Ulva have
been used in various fields and are considered today excellent feeds and dietary supplements
for livestock, [2] showed that they can be considered as an average quality substrate for goats.
From another perspective, it would be interesting to replace synthetic preservatives with
natural substances of plant origin, micro-algae and macro-algae [3]. Green algae Ulva rigida
is a marine organism that is attracting increasing interest due to its remarkable nutritional
value. This algae, also known as sea lettuce, has a composition rich in essential nutrients,
making it a potentially beneficial food for our health.

This work aims to evaluate the nutritional and phytochemical quality by highlighting its
key components, its potential benefits for humans and how it can be used in food as well
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as other areas. by closely examining its composition of nutrients
and bioactive substances. In order to better understand its
potential benefits for human health, this study also aims to study
the antioxidant, antibacterial and antifungal activity of green algae.
Ulva rigida with a view to using it in the bioformulation of various
agro-food products in the future.

Material and Methods

Ulva rigida was collected in February 2023 at the width of “the
broken boat beach” located east of Algiers between 36°76’754”06N
and 32°22’15”05E. the sample is preserved in sea water and
transported inside a box in a black plastic bag. The plant was
washed well and then taken to traditional air drying. A methanolic
extract previously prepared from the algae powder according to

the protocol described in Figure 1 was produced and stored at a
temperature of 4 °C to be used for the various analyses; we started
with a phytochemical screening based on colorimetric reactions
to verify the presence of bioactive compounds by precipitation,
then a quantitative evaluation of the primary metabolites (content
of total sugars and ethanol solubles, amino acids, crude proteins
and water soluble as well as the rate in fat) and secondary
(level of total polyphenols, tannins and falvonoids) according
to Spectrophotometric methods as well as the evaluation of the
different biological activities (antioxidant and antimicrobial). The
physicochemical parameters carried out are: humidity, ash content,
refractive index and pH. A sample of sea water from the harvest site
was also analyzed to determine the physicochemical characteristics
of the plant’s living environment. These include pH, conductivity,
hardness, dissolved oxygen, salinity and turbidity.

10g of dry plant matter is crushed

N

N

.

maceration in 100ml of 70% methanol with stirring

for 24 hours at room temperature and in the dark

the mixture is filtered by filter paper and the extractis
kept at a temperature of 4° away from light

NS

Figure 1: Steps for preparing the methanolic extract of algae.

Result and Discussion
Seawater analyzes

Analysis of the seawater from the collection site was carried
out within 24 hours of collection. The measurements are made
at a temperature of 25 °C (Table 1). The results of [4] show that
algae absorb nutrients initially present in seawater until they
are exhausted. The medium is not concentrated, the longer the
culture lasts, the more the algae have a lack of nitrogen, the more

their growth will slow down. Analyzes of sea water are important
to estimate the phytochemical and nutritional quality of the
algae. Salinity acts on the algae either by dissolving the salt in the
water or by concentrating the salt in the water. These temporary
or permanent changes can harm the life of the algae. Areas with
variable salinity limit the adaptation of algae. This instability affects
the metabolism, sometimes disrupting it to such an extent that it
leads to the elimination of species. Only green algae succeed in
adapting [5].

Table 1: Results of physico-chemical parameters of seawater.

pH

8.45 (+0.0208)

Conductivity (uS/cm)

1768

Dissolved oxygen (mg/L)

0, concentration: 10.71 (+0.034)

0, saturation (%): 117 (£0)

Salinity TDS (mg/L)

884

Turbidity (NTU)

1.26 (+0.0208)

Qualitative analysis of hardness

Formation of a stable and persistent foam with a height of 2.3cm# 0.41633

Quantitative hardness analysis (°F)

625
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Extract yield

The active compounds are present in algae in small quantities,
the extraction of secondary molecules from the algae is a method
which makes it possible to obtain a concentrated extract with the
slightest change in the characteristics of these molecules. It is
obtained after 24 hours of maceration in methanol, this will help
us determine the yield of extract from 10g of crushed and dried
algae. The yield of the extract is estimated at (22.62%%0.037).
The extraction yield depends on the nature of the solvent, its
composition and its concentration, the extraction method as well as
the physicochemical properties of the compounds to be extracted
[6].

Physicochemical characterization of U. rigida

pH: The pH of the green alga U. rigida is (5.98+0.0152), we see
that our sample is relatively acidic [4]. Observed in his study on two
species of the same genus: Ulva armoricana and Ulva obscura which
tolerate great variability in pH. However, pH levels that are too high
(around 10) are harmful to the cultivation of these plants. The pH
in a range of suitable values for good cultivation of these algae can
be between 7.5 and 9.5 [7].

Water content: According to the literature, the ratio of water
content of Ulva rigida contains between 76% and 83.56% water
[8]. The raw water content of our sample for 1g of fresh algae is
evaluated at 79.4% (+0.8962) which is in correspondence with
the result of [8]. According to [5], the mass of water present in
the algae is responsible for the penetration of light depending on
the quantity and quality of this algae. This value depends on the
nutrients contained in the medium.

Ash content: The calculation of the ash content was done
according to the following equation:

TC %=(weight of crucible and sample after ashing - weight of
empty crucible (g)) / mass of sample (g) *100.

The crude ash content obtained for 2g of crushed dry algae is
estimated at 16.625% (+0.01). Algae have a higher ash content than
land plants. Therefore, the biochemical composition of sea lettuce
varies depending on geographic distribution and seasons as well
as important environmental factors (water temperature, salinity,
light, available nutrients and minerals) [9]. The mineral content in
algae generally varies between 8% and 40% [10,11], however in
Ulva rigida varies from one study to another at an interval of [11%,
35%] such is the result obtained for this work.

Primary metabolites

Total protein content: Several studies have shown that the
amino acid composition varies depending on the species, geographic
region and life stage [10]. The crude protein content of our algae is
21.89%. The protein content of marine algae mainly depends on
the species and environmental conditions [12], other studies have
shown that the protein content is high in some locations compared
to others. This is due to the level of pollution and low temperature
of these regions [11].

Water-soluble proteins: According to the calculations carried
out according to the equation provided by the calibration curve, the
value of water-soluble proteins is estimated at 100.69 mg/g of DM
(£0.46). The extraction and dosage of proteins must be adapted
to the matrix to be studied and lead to a total [12] extraction
without modification of the latter, the content varies according to
several parameters. Noted in his research an increase in protein
levels due to pollution. According to a study by [13], a change of
season influences the protein content, and reaches its maximum in
December.

Amino acids: The level of free amino acids in algae of the Ulva
genus is estimated at: 0.834 mg/g of DM (+0.0033). The essential
amino acid profiles of Ulva rigida and Ulva lactuca appear to be
relatively close to those of legumes and oilseed plants. Aspartic acid
is the most abundant amino acid in the species Ulva rigida, it is rich
in glycine, alanine and poor in histidine, methionine and cysteine
[14].

Dosage of total ethanol-soluble sugars

We recorded an average content estimated at 178.2mg/g of DM
(+0.0466) which is considered relatively low which can be explained
on the one hand. By the state of the plant material that we used
in the dry state while [15], who considers that the carbohydrates
of Ulva rigida contain 426mg/g of FW of soluble polysaccharides
used the lethal alga costs. On the other hand, by the influence of
luminosity on the sugar composition of algae. This was affirmed by
the observation of [4]. In his study on algae of the family Ulvaceae
in particular the species Ulva armoricana and he mentioned that
there had been a strong decrease in the total sugar content with the
decrease in the glucose content when they are placed in the dark,
which was exactly our case.

Starch dosage: Green algae accumulate only a small amount of
starch and that amounts to around 20 to 40% of total sugars [16].
The starch content of this sample is estimated at 11.5 mg/g of DM
and which presents only 6.45% of all polysaccharides. Our result
expressed as a percentage is perceptibly low when comparing it
with the percentage of [16] and this shows that starch degradation
was accelerated in the dark confirmed by many authors [16-19].

Total lipids, fat: The lipid content of our sample of Ulva
rigida extract was found to be relatively low with a content of 1%.
However, our result still remains within the range of standards
when comparing with previous work on the same species which
indicates that the total lipid content in Ulva rigida is variable from
0.79 to 12% [8] depending on environmental factors, cultivation
technique, composition of the environment and species.

Secondary metabolites

Dosage of polyphenols: Phenolic compounds exhibit various
biological activities including antioxidant and antimicrobial
properties. There are at least 8000 different bioactive polyphenols.
The average content of polyphenols that we recorded in Ulva rigida
is estimated at 38.77mg Eq AG/g of DM (+0.03329).According to
[20], different results are difficult to compare with bibliographic
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results, because the use of different extraction methods reduces
the possibility of comparison between studies. The studies of [21],
on Ulva rigida show that the total phenolic content is of the order
of 9mg/g (mg of phloroglucinol acid equivalent per g of dry algae
extract). The average content of polyphenols that we recorded in
Ulvarigidais estimated at 38.77mg Eq AG/g DM (+0.03329). Studies
by [21], show that the total phenolic content of Ulva rigida is of the
order of 9mg/g (mg of phloroglucinol acid equivalent per g of dry
algae extract) and also confirms that the rate varies considerably
depending on the type and polarity of the extraction solvents, while
the values mentioned by on Ulva lactuca and Euglypha compressa by
[22] show that the contents of polyphenols extracted by methanol
are of the order of 52.67 and 14.47+0.60 respectively.

Flavonoids: The flavonoid content of algae of the genus Ulvae
contains varying levels between 4-8mg/g of dry matter. Information
on the flavonoid content of algae is rare. A recent study on the
distribution of flavonoids in 27 species of marine algae showed that
they had a completely different flavonoid composition from fruits
and vegetables [23]. Other studies have reported that algae macros

are rich in catechins, flavonols [24]. The level of flavonoids present
in the methanolic extract of Ulva rigida at the dosage carried out
is : 87.97mg/g of DM (+0.0032). There are few studies on the
flavonoid content of marine algae [25]. The results of the analysis
of report that the algae of the genus Ulva contains variant contents
between (40.46 as a maximum value for the chloroform extract and
a minimum value of 4.39ug/mg for methanolic extract). How algae
is stored and exposure to light can affect flavonoid levels [26].

Photosynthetic pigments: The contents of chlorophylls a
and chlorophylls b and carotenoids in the Ulva rigida extract are
represented in mg/g of FW in Table 2 and Figure 2. According to
[8], the rate of chlorophyll a of Ulva rigida which was harvested in
the Chilika region in India is 13%, that of chlorophyll b of 7.5% and
that of carotenoids is 4.5%. The chlorophyll content was estimated
at 21%. The contents of photosynthetic pigments in our sample and
those of Satpati are relatively close, the content of chlorophyll a and
chlorophyll b of our sample is greater in relation to the carotenoid
content, these results are in agreement with the study of [8].

0.4 A
0.3
0.2

0.1

Chlorophyll a Chlorophyll b

Contents of photosynthetic pigments in mg/g

5
gV

L

Chla + CHIb Carotenoids

Figure 2: Contents of photosynthetic pigments in mg/g of FW.

Table 2: Contents of photosynthetic pigments.

Units CHla

CHIb

CHla+CHIb Cart

Ulva rigida 0.354 (+0.0707)

0.227 (£0.6748)

0.750 (£0.9772) 0.172 (+0.5303)

Antioxidant activity: The results of the percentages of DPPH
inhibition are mentioned in (Table 3). According to the results
obtained (IC50 value is 32pg/ml), we notice a proportional
relationship between the concentration and the percentage of
inhibition. At a low concentration of 20ug/ml, the methanolic
extract shows a low DPPH reduction percentage of approximately
1.26%, at a medium high concentration 28ug/ml. The DPPH
reduction percentage is estimated at a value of 30.84%. The IC50
value expressed in pg/ml was determined from the regression line
of the percentage of inhibition as a function of the concentration for
each sample.

Table 3: The concentrations carried out for the percentage
inhibition assay.

Concentrations 20 24 28 32 36
(ng/ml)
PI (%) 1.26% | 14.08% | 30.84% | 49.50% | 64.08%

Antibacterial activity: The study of the antibacterial and
antifungal power is carried out by diffusion on solid medium using
the disk method, it makes it possible to estimate the antibacterial
effect of our extract by measuring the diameter of the inhibition
zones around the discs impregnated in the methanolic extract
(Figure 3). The results of this analysis are presented in the following
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(Table 4). The algae extract has a strong effect on E. coli, their
inhibition zone is 30mm#0.7, Pseudomonas has less sensitivity
than E. coli, their inhibition diameter is approximately 22mm=+0.4.
As for Staphylococcus aureus, they proved to be more resistant to
the extract compared to other species of bacteria with a diameter of

Table 4: Inhibition diameter for each bacteria.

20mm#0.2. Comparing with the control, the results show that Gram-
negative bacteria (Escherichia coli and Pseudomonas aeruginosa)
are more sensitive than Gram-positive bacteria (Staphylococcus
aureus).

Bacteria

Escherichia coli

Staphylococcus aureus

Pseudomonas aeruginosa

Diameters

30mm=0.7

20mm=0.2

22mm=0.4

Sensitivity

++

+

+

35 Diameters inhibition zone{mm)

30
25
20
15
10

[Tyl

Escherichia coli

Staphvilococcus Psendomonas
aurens

Figure 3: Evaluation of the antibacterial activity of the methanolic extract of Ulva rigida.

Antifungal activity: Considering the problem of spoilage
and mold damage to fruits and vegetables, many studies have
been conducted on the antifungal effects of natural plant-derived
products. The results are expressed in Table 4. The methanolic

extract of Ulva rigida has no significant or even non-existent
antifungal activity, this will allow it to be used in the preparation
and formulation of cheeses based on mushrooms (Table 5).

Table 5: Result of the antifungal activity of the two strains studied.

The strains Rizopus negricans Aspergillus flavus
Witness

Diameter Presence of sensitivity 16mm (+0.7071)
Absence of a clear zone of inhibition, however
observation of a cessation of yeast proliferation

Sensitivity in the parts where the extract was applied, hence +
sensitivity (reduction in fungal load around the

discs)
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Conclusion

Marine algae are a potentially rich source of primary and
secondary metabolites and also possess bioactive compounds that
inhibit the growth of certain pathogenic Gram-positive and Gram-
negative bacteria as well as certain fungi. Among these metabolites,
we find vitamins, fatty acids, antioxidants such as polyphenols.

It is in this context that we undertook this study which is
part of the valorization of marine green algal biomass from the
Algerian coasts. This study focused on the phytochemical analysis
and determination of nutritional quality as well as the evaluation
of biological activities, namely the antioxidant, antimicrobial and
antifungal activities of a green marine alga Ulva rigida, a species
common in the coast. Algerian, with a view to defining its still
poorly known potential with the aim of using it for bioformulation
of various agro-food products. The plant material was used in both
its fresh and dry states, and also with a methanolic extract. The
results indicate an extract yield estimated at 22.62% (+0.037) for
methanol. The dosage of the different nutrients made it possible to
record a high total phenol content of 0.383mg EAG/mg extracted.
The quantitative dosage of the main classes of primary and
secondary metabolites made it possible to record a high content
of total proteins with a percentage of 21% of which the water-
soluble proteins present a value of (100.69mg/g of DM +0.46), a
content of polyphenols (38.77mg Eq AG/g DM +/-0.03329) and
a low total lipid content which presents only 1% DM. Concerning
the antioxidant activity, we highlight the capacity of the extract
of the algae studied to reduce DDPH. This extract has significant
antioxidant activity which presents strong anti-radical activity, with
an IC50 of 32pg/ml which indicates that the algae studied is a good
natural source of antioxidants. The antibacterial activity determined
by methanolic extract of our alga against bacterial strains shows
that Gram-negative bacteria are more sensitive than Gram-positive
with an inhibition diameter of 30mm=+0.7mm. For Escherichia coli
and 20mm=0.2 for Staphylococcus aureus. While for the effect the
two mushrooms studied are resistant to the methanolic extract.
Rhizopus nigricans presented a slight sensitivity presented by a
reduction in the fungal load around the discs and on the other hand
a low diameter of 16mm (+0.7071) was recorded for Aspergillus
flavus. In perspective, [ am interested in the incorporation of this
algae in the organic formulation of foods to prevent several diseases
thanks to their high nutritional potential, this would require a more
in-depth and more detailed study of this plant
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