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Abstract: This study examined the macro and trace element contents as well
as the cytotoxicity of Laurencia obtusa, Ulva lactuca, and Padina pavonica
algae collected from the Mediterranean coast of Egypt (Alexandria coast).
The results indicated that the seaweed samples contained high concentrations

Keywords: of Ca, Cl, Mg, K, Na, P and Fe. The Cu and Zn contents of the algae were in

the ranges of 0.39-0.95 mg/100 g dw and 0.11-0.49 mg/100 g dw respective-
Algae minerals, ly. Fresh red algae contained the highest level of Zn and Cu, whereas the io-
Laurencia obtusa, dine level was 1.52, 1.27 and 1.01 mg/100g in fresh each of Padina
Ulva lactuca, pavonica, Laurencia obtuse and Ulva lactuca respectively. Fresh red, fresh
Padina pavonica green, dry green, dry red, in addition to fresh and dried brown algae had
Brine shrimp method, maximum lead (Pb) levels of 0.16, 0.14, 0.13, 0.12, 0.04 and 0.02 g/100 g
Cytotoxicity respectively. Fresh red algae contained the highest Cd and Mn levels, where-

as dried brown algae exhibited the lowest Cd and Mn concentration. Differ-
ent extracts of fresh and dried brown algae exhibited significant larvicidal
activity against brine shrimp. LCs values indicated that dry samples were
more cytotoxic than fresh samples.

1 Introduction There are 250 macroalgae species that are com-
mercially used around the world and 150 of them are

Seaweeds are primitive macrophytic algae with ~ consumed by humans (Veena et al 2007). Seaweed, or

no true roots, stems, or leaves. They belong to the  marine macroalgae, is an important biological re-
Phaeophyta (brown), Chlorophyta (green), and  sources, as it contains a diverse range of bioactive
Rhodophyta (red) seaweed families (Ganesan et al ~ compounds. Many marine macroalgae have long been
2020). In many countries, seaweeds are important ~ used as medicines and food ingredients in various
coastal resources for human consumption and the  parts of the world (MiSurcova et al 2011). Because of
environment. Seaweeds were widely consumed their low lipid content, high polysaccharide concentra-
fresh, dried, or added to prepared foods, particu-  tion, mineral content, polyunsaturated fatty acid con-
larly in Asian countries (Pefalver et al 2020). tent, vitamins, and dietary fiber, seaweeds are consid-
ered a healthy food source. The beneficial properties
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of seaweed primarily due to result from polysac-
charides, sterols, polyphenols, and other bioactive
molecules. These compounds have antioxidant,
anti-inflammatory, anti-cancer, and anti-diabetic
properties (Pefalver et al 2020). The nutritional
value of seaweed is estimated by their mineral
content, which includes magnesium, sodium, po-
tassium, phosphorous, iron, iodine, and zinc (Bo-
canegra et al 2009). Because of their marine habi-
tat, seaweed has a high and diverse mineral con-
tent. Seaweed contains all of the essential and
trace minerals that humans require (Vashuki et al
2020). Thus, seaweed is an ideal candidate for use
as ingredients in the food industry for the devel-
opment of functional foods (Circunciso et al
2018). Seaweed may be used as a NaCl substitute
in processed foods to reduce sodium consumption
along with increased levels of potassium and other
minerals that would otherwise be lacking in NaCl-
salted foods.

The high mineral content (8%-40%) in sea-
weed is linked to several factors including the
seaweed phylum, its geographic location, and the
season. It is also associated with environmental
and physiological changes. Public awareness of
health issues has increased in recent years. As a
result, the demand for seaweed as a source of food
and biochemical resources has steadily increased
(Vashuki et al 2020). Adults may consume edible
seaweeds as a food supplement to obtain their dai-
ly macro, micro, and trace element needs (Rupé-
rez 2002).

Ash content varies from 21 to 32 ¢/100 g,
whereas 20 mg/100 g is considered high and is
associated with mineral elements. Furthermore,
the presence of high mineral levels in seaweed has
important implications in the food industry (Gane-
san et al 2020). Seaweed accumulates heavy met-
als because the marine environment contains a
wide range of mineral concentrations, and heavy
metals can accumulate in organs after long-term
consumption (Abirami and Kowsalya 2012).

In addition to the cell wall of seaweeds, other
chemical and physical parameters (oxidation of
minerals, seawater temperature, pH, salinity, light,
etc.) may influence mineral uptake. Most of these
variables influence macroalgae chemical composi-
tion, are seasonally dependent, and influence nu-
trient uptake mechanisms. The morphological
properties and life phase of macroalgae must also
be considered (Circunciso et al 2018). Regulatory
bodies should establish guidelines for the amount

and quality of seaweed for consumption, as well as
potential drug-seaweed interactions (Kumar and
Sharma 2020).

The goal of study was to examine the content of
macro elements (Na, Ca, K, Mg, Fe, ClI, and P), trace
elements (Zn, Cu, and I), and toxic elements (Cd, Pb,
Co, Mn, and Cr) in three different seaweeds from the
Mediterranean coast of Egypt including red (Lauren-
cia obtusa), green (Ulva lactuca), and brown (Padina
pavonica) (Alexandria coast) varieties.

2 Materials and Methods
2.1 Sample collection and preparation

Different macroalgae species representing different
classes, including red (Laurencia obtusa family Rho-
domelaceae), green (Ulva lactuca family Ulvaceae),
and brown (Padina pavonica family Dictyotaceae,
were collected from three locations (Abu Qir Bay)
along the Egyptian Mediterranean coast (Alexandria)
during June 2019. To remove foreign particles, sand
particles, and epiphytes, the seaweed was collected by
hand and immediately washed with sea water. The
samples were then preserved in an ice-box and trans-
ported to the NRC laboratory, where they were thor-
oughly washed with tap water to remove salt on the
surface. The samples were identified in Faculty of
Science, Alexandria University according to morpho-
logical inspection (Aleem 1993).

Dry seaweed prepared by drying in an air oven
(SHELLAB - Model 1350FX - Made in USA) at 40°C
+ 2°C (about 4 h) until dryness. The dried samples
were ground and sieved with a 1 mm size mesh. The
ground algae samples were stored at room temperature
in plastic bags until further analysis.

2.2 Estimation of mineral content

Ash contents were determined according to meth-
ods reported by the AOAC (2005). Mineral contents
of Na and K were determined in diluted solutions of
ash samples with an emission flame photometer
(Brown and Lilleland 1946). The following nutrient
minerals (%odry weight) were measured: Nitrogen (N)
was determined by the modified micro-Kjeldahl
method (Pregl 1945); P-was determined by Chapman
and Pratt (1961). Cu, Fe, Zn, I, and Mg in ppm were
estimated using atomic absorption spectrometry (spec-
tronic 21 D) as described by Jackson (1973). Co, Cd,
Mn, Cr, and Pb were measured by ICP-MS using
Thermo Elemental X 7 instrument.
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2.3 Cytotoxicity bioassay
2.3.1 Algae extract preparation

To determine the cytotoxicity of non-polar and
polar components, dried algae was extracted se-
quentially with four different solvents: petroleum
ether, chloroform, isopropanol, and water. The
algae were soaked overnight in shaking incubator
under aseptic conditions and then filtered through
Whatman filter paper 1. Using a rotary evapora-
tor, the extracts were concentrated at low tempera-
ture (40°C) and pressure.

2.3.2 Brine shrimp lethality bioassay (BSLBA)

The cytotoxicity of the algae extracts was in-
vestigated using a brine shrimp lethality bioassay
(BSLBA). The BSLBA is a simple method for
determining the toxicity of various substances.
The lethality bioassay for brine shrimp is a predic-
tor of cytotoxicity and harmful activity (Krishna-
raju et al 2005). This in vivo lethality assay has
been used in a registered study of cytotoxic and
antitumor agents with great success.

Brine shrimp eggs were a gift from the Ramsis
Damian AqualLab in Hurgada, Egypt. The brine
shrimp (Artemia salina) were hatched for 48 hiin a
vessel filled with sterile artificial seawater (dis-
solve 38 g of sea salt, NaCl in 1000 mL distilled
water, adjust pH to 8.5 using 1N sodium hydrox-
ide). The active shrimp were collected and used
for the experiment (Krishnaraju et al 2005).

Small amounts of dry Artemia salina cysts
were sprinkled into a dark-covered-beaker. After
24 hours, a 0.06% yeast solution was added to a
hatching beaker for every liter of saltwater to feed
the Artemia larvae, otherwise, they would die dur-
ing the 3" or 4th instar stage (Parra et al 2001).
The temperature (37°C) as well as the food quan-
tity and quality influence molting into the next
larval phase (Lalisan et al 2014). The active nau-
plii free of eggshells were transferred (10 each)
using a Pasteur capillary pipette into a tube in the
light after 36 hours of incubation at room tem-
perature (25°C—28°C) (Sharma et al 2013). Each
tube was used to test one concentration and one
type of extract. It is necessary to use nauplii from
identical generations for all concentrations of the
tested compound (Ogugu et al 2012).

Brine (4.5 mL solution) was added to all test
tubes. A set of dilutions were prepared for the
tested substance (extract) and 0.5 mL was added
to each tube. After drawing 10 active shrimp into
each test tube with a glass capillary tube, the solu-

tion was thoroughly mixed with a cyclo-mixer. The
surviving larvae were counted after incubating at 25°C
for 24 h and the lethality concentration (LCsp) was
calculated.

2.3 Statistical analysis

All measurements were performed in triplicate and
the data are presented as the mean + SD. The data
were subjected to an analysis of variance. The analysis
was carried out using the proc-ANOVA procedure
based on ASSISTAT Version 7.7 beta (2014).

3 Results and Discussion
3.1 Mineral composition of algae

The necessary nutrients required for human nutri-
tion may be found in marine algae (Mabeau and
Fleurence 1993). The ash content of food provides a
general overview of its mineral value. The ash content
of various algae samples in our study ranged from
21.91t0 28.94 ¢/100 g (Table 1).

The major minerals, trace elements (g/100g dw),
and toxic elements (mg/100g dw) in the three algae,
Ulva lactuca, Laurencia obtusa, and Padina pavonica,
are listed in Table 1. The results indicated that the
samples contained high levels of Ca, Cl, Mg, K, Na, P,
and Fe. It is known that the element content of algae
may be influenced by a variety of environmental fac-
tors, such as element concentration in water (Andrade
et al 2004), interactions between minerals, light inten-
sity, pH, salinity, and metabolic factors, such as ele-
ment dilution caused by algae growth. In addition,
metabolic requirements regulate element concentration
in seaweed to a large extent (Zbikowski et al 2006).

All of the species examined exhibited high levels
of macro elements. Padina pavonica (fresh brown
seaweed) had the highest Ca content (3.00 g/100 g
dw), followed by Ulva lactuca (fresh green algae),
whereas Laurencia obtusa had the lowest (1.71 g/100
g dw) (dry red algae). Fresh Laurencia obtusa had the
highest CI content (1.69 g/100 g dw) and dry Ulva
lactuca had the lowest (1.52 g/100 g dw).

Calcium was found to be the most important min-
eral in seaweeds with a much higher concentration
compared with terrestrial foods according to MacAr-
tain et al (2007). Mineral content varies by species,
wave exposure, season, physiological factors, envi-
ronmental factors, processing type, and mineralization
methods (Mabeau and Fleurence 1993). According to
MacArtain et al (2007), 8 g dw of U. lactuca vyields
260 mg of calcium or approximately 37% of the RNI
values for adult males.
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Table 1. Ash and mineral contents in the three algae, Ulva lactuca, Laurencia obtusa, and Padina pavonica

Sea Ulva lactuca Laurencia obtusa Padina pavonica
Elements
Water Dry Fresh Dry Fresh Dry Fresh
Ash % 21.91f £ 22.20e 28.41b + 28.94a 25.00d + 25.11c+
0.002 0.02 0.002 0.02 0.01 0.01
0/100g
Ca 3.88 2.10 2.21 1.71 1.84 2.88 3.00
Na 0.49 0.31 0.35 0.37 0.38 0.39 0.41
Cl 2.65 1.52 1.64 1.68 1.69 1.59 1.62
K 0.68 0.59 0.60 0.47 0.49 0.60 0.61
Mg 2.34 2.19 2.22 2.37 2.40 2.01 2.09
P 0.19 0.12 0.12 0.10 0.11 0.14 0.15
mg/100 g
Fe 176.55 91.11 93.92 94.88 99.89 103.95 109.66
Zn 0.87 0.13 0.16 0.45 0.49 0.11 0.13
Cu 111 0.51 0.54 0.78 0.95 0.39 0.42
I 2.01 0.59 0.82 0.97 1.01 1.27 1.52
Hg/100 g
Mn 1.01 0.13 0.14 0.33 0.39 0.12 0.17

Fresh and dried brown algae had the highest
sodium content (0.41 and 0.39 mg/100 g dw, re-
spectively), whereas dried and fresh green algae
exhibited the lowest (0.31 and 0.35 mg/100 g dw,
respectively) (Table 1). In the present study, fresh
brown algae had high levels of K and P (0.61 and
0.15 mg/100 g dw, respectively), whereas low
levels of K and P were found in dry red algae
(0.47 mg/100 g dw and 0.10 mg/100 g dw, respec-
tively).

Brown seaweed accumulates an enormous va-
riety of elements and are an excellent source of
major, minor, and trace elements. Thus, brown
seaweed is known for its effectiveness as a dietary
supplement or as part of a well-balanced diet. In
all of the algae studied; the Na/K ratios ranged
from 0.53 to 0.77. Olives and sausages, however,
had Na/K ratios of 43.63 and 4.89. This is signifi-
cant from the perspective of nutrition because
NaCl consumption and diets with a high Na/K
ratio are associated with hypertension. Magnesi-
um is a co-factor in a variety of enzyme-
dependent biochemical reactions that occur in the
body. It is important for brain and liver function
as well nerve calmness, because it is involved in
ATP-dependent metabolic reactions. Magnesium

also contributes to cell growth, tissue elasticity, and
neuromuscular functions (Vashuki et al 2020).

Fresh Laurencia obtuse had a high level of magne-
sium (2.40 ¢g/100 g dw), whereas dry Padina pavonica
had 7.64 mg/100 g dw (Table 1). Ferrous levels
ranged from 91.11 mg/100 g dw (dry green algae) to
109.66 mg/100 g dw (wet green algae). The DRI for
Thai males and females aged 19 to 50 years was 10.2
mg/100 g for males and 24.7 mg/100 g for females,
respectively.

Copper (Cu) and zinc (Zn) levels in the tested al-
gae ranged from 0.39 to 0.95 mg/100 g and 0.11 to
0.49 mg/100 g, respectively, for the trace elements
(Table 1). Fresh red algae exhibited the highest copper
and zinc concentrations. Copper intake in the diet
should not exceed 10,000 mg/100 g for females and
12,000 mg/100 g for males. Mabeau and Fleurence
(1993) and Rupérez (2002) reported that the concen-
tration of the elements were within the ranges found in
other seaweed studies. Fresh Padina pavonica, dried
Padina pavonica, fresh Laurencia obtuse, dried Lau-
rencia obtuse, fresh Ulva lactuca, and dried Ulva lac-
tuca contained 1.52, 1.27, 1.01, 0.97, 0.82, and 0.59
mg/100 g dw of iodine, respectively. lodine intake is
recommended at 0.15 mg per day worldwide (Roleda
and Hurd 2019).
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lodine is required for the synthesis of thyroid
hormones such as thyroxine and triiodothyronine,
which are important regulators of human physio-
logical processes (Haldimann et al 2005). Iron,
like iodine, plays an important role in various cel-
lular functions, particularly in oxygen transport
and it is a component of several enzymes involved
in electron transport and DNA synthesis (Pun-
tarulo 2005).

The toxic elements (ug/100g dw) in the three
algae studied (Ulva lactuca, Laurencia obtusa,
and Padina pavonica) are listed in Table 2. Fresh
red, fresh green, dry green, dry red, fresh, and
dried brown algae had maximum lead (Pb) values
of 0.16, 0.14, 0.13, 0.12, 0.04, and 0.02 ug/100 g,
respectively (Table 2). Almela et al (2006) meas-
ured 1 mg Pb/100 g.

Fresh red seaweed (0.59 pg/100 g dw) had
highest Cd content. In contrast, dried brown algae
had the lowest Cd (0.12 pg/100 g dry weight).
Laurencia obtuse (0.39 pg/100 g dw) was found to
have a high manganese content. Padina pavonica,
a dried brown algae, had a concentration of 0.12
Mg/100 g dw. The highest levels of Mn were
found in red seaweed according to Circunciso et al
(2018). The relatively high concentrations of
some heavy metals in seaweed reflect two factors:
the high metal concentration in the study area and
the ability of algae to absorb them (Karez et al
1994).

3.2 Toxicological evaluation of Algae

BSLA has been widely used to assess the tox-
icity of a wide range of plant compounds over the
last three decades (Hamidi et al 2014). To screen
the toxicity of marine natural products, BSLA is
used as an alternative bioassay technique (Carbal-
lo et al 2002). The lethality assay for brine shrimp
(Artemia sp.) may be used to detect toxic com-
pounds in extracts. The cytotoxicity of aqueous
extracts can be efficiently screened using this low-
cost and simple assay (Hamidi et al 2014). Carbal-
lo et al (2002) proposed a brine shrimp lethality
assay based on the ability of cytotoxic compounds
to inactivate nauplii in laboratory hatched brine
shrimp (Artemia sp). This method was developed
to determine the bioactive and cytotoxic effects of
synthetic compounds in a safe, practical, and

inexpensive manner (Almeida et al 2002). Moreover,
several studies have shown consistency with the LCsp
values obtained from the BSLA and other assays
(Hamidi et al 2014).

Different extracts of fresh and dry brown algae
(Padina pavonica) exhibited good larvicidal activity
against brine shrimp (Table 3 and Fig 1). In isopro-
panol extracts of fresh and dry brown algae, the LCsg
values were 840 mg dw/L and 510 mg dw/L respec-
tively. The lowest LCso values were found in various
extracts of fresh and dried red algae (Laurencia ob-
tusa). The isopropanol extract from fresh Laurencia
obtusa had an LCs value of 260 mg dw/L, whereas
dry Laurencia obtuse yielded 220 mg dw/L. Accord-
ing to Premarathna et al (2020), the red seaweed spe-
cies had significantly lower LCsy values when com-
pared to all other brown and green algae samples. Ul-
va lactuca from Negombo (northwestern coastal area)
had the highest LCso value of all the green seaweed
samples tested.

These findings revealed that the LCso in the fresh
samples were higher than those in the dry samples. As
a result, the higher LCso value, the better the algae
from a health and nutritional standpoint. An LCs val-
ue of 840 mg dw/L is required for brine shrimp mor-
tality. Clarkson's toxicity criterion classifies plant ex-
tracts with LCso values greater than 1000 g/mL as
non-toxic, extracts with an LCso between 500 and
1000 g/mL as low toxic, extracts with an LCso be-
tween 100 and 500 g/mL are medium toxic, and ex-
tracts with an LCs value of 0 - 100 g/mL as highly
toxic (Hamidi et al 2014).

Based on the tested concentrations, Ulva lactuca
(green seaweed), Caulerpa racemosa, and Caulerpa ser
tularioides, and the brown seaweed species, Padina
antillarum, did not cause mortality. In L929 cells, the
majority of the aqueous algae extracts exhibited no
cytotoxic effects. Migration and cell proliferation were
observed in L929 cells treated with the majority of the
aqueous brown seaweed extracts. Furthermore, with
the exception of the red seaweed, Jania adhaereus,
almost all of the tested aqueous extracts of brown,
green and red seaweed had no cytotoxic effects on
L929 cells (Premarathna et al 2020). For the quantities
that are commonly consumed, none of the seaweed
studied would present a significant risk of toxicity.
When compared to other fruits and vegetables, algae
contain a variety of valuable minerals and carbohy-
drates that benefit human health. Thus, seaweed may
be part of a balanced and healthy diet (Smith et al
2010).
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Table 2. Toxic elements (ug/100 g) in three algae: Ulva lactuca, Laurencia obtusa, and Padina pavonica

Ulva lactuca Laurencia obtusa Padina pavonica
Elements Sea Water —
Dry Fresh Dry Fresh Dry Fresh
Cd 0.91 0.15 0.17 0.48 0.59 0.12 0.15
Pb 0.81 0.13 0.14 0.12 0.16 0.02 0.04
Cr 0.72 0.00 0.00 0.00 0.00 0.00 0.00
Co 0.79 0.00 0.00 0.00 0.00 0.00 0.00

Table 3. LCs values in mg/L of extract for different algae samples after incubating for 24 h. The 50% lethal
concentration for brine shrimp nauplii was considered the LCso value

Solvent/Material Moisture Petroleum ether | Chloroform Iso-propanol Water
Padina pavonica dried 9.17%0.001 400 370 510 470
Laurencia obtusa dried 9.63°+0.003 150 130 220 200
Ulva lactuca dried 10.20%+0.003 280 260 330 310
Padina pavonica fresh 76.14°+0.003 780 720 840 810
Laurencia obtusa fresh 82.45%+0.001 180 160 260 210
Ulva lactuca fresh 81.20°+0.001 330 300 400 390
LCs, values mg /L

200

500

700

600

500

400

300

=

200
! i I i
0

Ulva lactuca fresh  Ulva lactuca dried  Laurencia obtusa  Lanrencia obtusa Padina pavenica Padina pavenica
Sresh dried Sresh dried

e Petroleum ether extract === Chloroform extract == JTso-propanol extract Water extract

Fig 1. LCs values in mg/L of extracts of different algae samples after incubation for 24 h. 50%
lethal concentration for brine shrimp nauplii was considered as LCso value
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Padina pavonica

4 Conclusion

In the present study, we found that edible
brown, red, and green algae may be used as a food
supplement to help meet the recommended daily
intake of several macro, micro and trace elements.
Seaweed is recommended as useful additive to
functional ingredients and used for the develop-
ment of functional food products.
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