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The biochemical and mineral compositions of six brown seaweeds collected during spring season from Red Sea at Hurghada
coast were determined to evaluate their significance in animal nutrition. The results suggested that the highest ash and
protein contents were recorded in Padina gymnospora (45.48%) and Sargassum muticum (5.31%), respectively. The
carbohydrates content was > 24.0% in the studied seaweeds, while the fat content ranged from 0.11 to 0.27%, and the
essential amino acids formed 38.13-42.34% of the total amino acids. Both Padina gymnospora and Turbinaria sp. had the
majority of measured phenolic compounds. Also, the studied seaweed species were rich in vitamin B, (> 105.0 ppm), except
Sargassum aspirofolium. The highest/lowest vitamin C content existed in Sargassum muticum (11.76 ppm) and Sargassum
aspirofolium (3.96 ppm), respectively. Moreover, the tested seaweeds exhibited high amounts of essential minerals.
Therefore, Red Sea brown seaweeds are good food sources for animal nutrition.
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Introduction

Seaweeds are one of the most important
commercially renewable marine resources of the world
with long life history. They have been used since
ancient times as food, fodder, fertilizer and raw
material for many industries and as a source of
medicinal drugs'. More reports revealed that marine
algae are rich sources of antioxidant compounds with
potential free radical scavenging activity™. Therefore,
algal species as alternative materials to extract natural
anti-oxidative compounds have attracted much
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combination of light and high oxygen concentrations as
well as heavy metals and high salt concentrations in
their environment, which induce the promotion of
oxidative stress in their tissues™. This fact implies that
seaweed cells have some protective mechanisms and
compounds®. Generally, marine algae have higher
antioxidant activity due to higher contents of non-
enzymatic antioxidant components, such as ascorbic
acid, phenols, and flavonoids. Several studies have
demonstrated that seaweeds are excellent sources of
components, such as polysaccharides, tannins,

flavonoids, phenolic acids, bromophenols and
carotenoids, which have exhibited different biological
activities”'". Brown seaweeds have higher antioxidant
potential in comparison with red and green seaweeds
and contain compounds not found in terrestrial plants''.
Marine algae are often termed as super-food due to
their high concentration of carbohydrates and proteins;
while the lipid content is very low in seaweeds'.
Generally, algal protein is called complete protein as it
contains most of the required essential amino acids,
unlike most plant foods that have lower percentage of
in ntilization'” Vitamins are essential nutrients
woaoronmn coge M specific and  vital

Tuncuons 1n a variety or poay systems and are crucial
for maintaining optimal health'*. Marine algae are rich
sources of vitamins A, B,, B,, B;, By, C and E.
Vitamins C, and E are potent antioxidants while
vitamin A plays an important role in cell growth and
differentiation, but vitamins B are precursors for
enzyme cofactors'®. Moreover, many of the essential
minerals accumulate in marine algae at much higher
levels than in terrestrial plants®. Compounds isolated
from seaweeds especially brown algae have various
functional biological activities, namely, antibacterial,
antioxidant, anti-inflammatory, anti-coagulant, anti-
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viral, antifungal, and apoptotic activities'. Therefore,
the aim of this study was to evaluate the nutritional
value of six marine brown algae collected from Red
Sea at Hurghada coast (Egypt) to assess their validity
towards animal consumption.

Materials and Methods
Collection and preparation of algal samples

The brown algae Cystosira myrica, Padina
gymnospora, Sargassum aspirofolium, Sargassum
latifolium, Sargassum muticum and Turbinaria sp.
(Fig. 1) were collected from Red Sea at Hurghada
coast, Egypt (Fig. 2), during spring season from April
to June. Table 1 summarized the climatic conditions
at Hurghada during spring season (obtained from
Egyptian Meteorological Authority, Cairo). All
samples were brought to laboratory in plastic bags
containing sea water to prevent evaporation.
Epiphytic and extraneous matters were removed by
washing the samples several times with tap water and
then distilled water to separate different impurities.
The algal samples were then dried in the air at room
temperature to constant weight and kept in plastic
bags for biochemical analysis.

Red Sea water analysis

Sea water constituents were analyzed by using
inductively coupled argon plasma (ICAP 6500, Duo
Thermos scientific, England); 1000 mg/L multi-element
certified standard solution (Merck, Germany) was used
as stock solution for instrument standardization.

Biochemical analysis of algal samples

Moisture, ash, carbohydrates, fats and crude
proteins (%) of algae species were determined
according to the official methods of analysis of the
Association of Official Analytical Chemists'®,

Amino acids

The amino acids composition of algae species was
determined according to Pellet and Young'’, using
amino acid analyzer (S-2100, Germany). Briefly, the
amino acids were separated by a condition of amino
acid analyzer for hydro-lysate program using citrate
buffer at pH 2.2, a column temperature of 57 °C, a
flow rate of 0.25 ml/min for ninhydrin pump, and a
flow rate of 0.45 ml/min for quaternary pump. A
photometric detection was done at 440 nm for
proline and 570 nm for the other amino acids after an
oxidative decarboxylation reaction to the amino acid
with ninhydrin to give a Riemann's purple

compound. Essential amino acids index was

calculated by the equation,

Total essential amino acids

Essential amino acids index = . - x 100
Total amino acid

Fig 1 — Collected marine brown algal species from Red Sea at
Hurghada coast during spring season from April to June.
Cystosira myrica (A), Padina gymnospora (B), Sargassum
aspirofolium (C), Sargassum latifolium (D), Sargassum muticum
(E), Turbinaria sp. (F).
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Fig 2 — Coast of Hurghada, Egypt. x: Sample-collection area.
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Phenolic compounds and vitamins

The phenolic compounds and vitamin contents of
algae species were measured by high performance
liquid chromatograph (HPLC, HP 3000 series,
Agilent Technologies, Newtown, PA, USA), equipped
with an auto sampler and a diode-array detector. The
algal phenolic compounds were extracted in absolute
methanol (5 g of alga in 10 ml absolute methanol).
The algal vitamins were also extracted in absolute
methanol, but the filtrate was extracted again with
equal volume of diethyl ether after adding 2 ml KOH
(90%), and the upper layer was collected and
concentrated to 2 ml. Then, the algal phenolic
compounds and vitamins extracts were injected into
the HPLC analyzer; the analytical column was C-18
guard column. The mobile phase consisted of

Table 1 — The climatic conditions at Hurghada during spring
season (obtained from Egyptian Meteorological Authority, Cairo)

Climatic conditions Mean + SE
Low temperature (°C) 22.0+1.3
High temperature (°C) 32114
Ambient temperature (°C) 269+1.3
Humidity (%) 37.3+2.1
THI 24.5+1.1
Wind speed (m/s) 7.1+0.3
Horizontal visibility (km) 9.8+0.2
Dew point (°C) 106 £1.6
Atmospheric pressure (mm Hg) 758.7+£1.0

km: kilometer, mm Hg: Millimeter of mercury, m/s: meter per
second, SE: Standard error, THI: Temperature humidity index.
THI = Ambient temperature — [(0.31 — 0.31RH) x (Ambient
temperature — 14.4)] Where: RH (Relative Humidity) = Humidity
(%)/100.

methanol (solvent A) and 2% acetic acid in water
(v/v) (solvent B). The flow rate was kept at 1 ml/min
for a total run time of 15 min. The wave lengths were
240, 245 and 250 nm. Peaks were identified by
congruent retention times and UV spectra and
compared with those of the standards (Sigma-Aldrich
GmbH, Steinheim, Germany).

Minerals and heavy metals

Minerals and heavy metals contents of algae
species were also determined by using inductively
coupled argon plasma (ICAP 6500).

Results and Discussion

Physicochemical  characterization,  inorganic
content, and the concentration of metals and trace
elements of Red Sea water at Hurghada Coast.

The results in Table 2 showed that water salinity was
41.6 g/L. The high salinity in Red Sea at Hurghada
Coast is attributed to the enhancement of water
evaporation in the closed areas'®'. The pH is one of
the vital environmental characteristics for the survival,
growth and physiology of aquatic organisms. It was 7.8
at Hurghada Coast (Table 2). Another study also
reported that the salinity of Red Sea at Hurghada coast
ranged between 40.23 and 41.43 g/L, and pH between
7.78 and 8.07, throughout the yearlg. Also the results
clarified that nitrate, ammonia and total nitrogen
concentrations in the Red Sea water were 3.5, 5.4 and
9.1 mg/L, respectively. The concentration of major
elements such as calcium, magnesium and potassium in
the Red Sea water ranged from 0.33 to 1.27 g/L, while

Table 2 — The physicochemical characterization, inorganic content, and the concentration of metals and trace elements of Red Sea water

at Hurghada Coast.
Physicochemical characterization Inorganic content Trace elements (mg/L)
Parameter Amount Parameter Amount  Parameter Amount
Electrical conductivity (uS/cm) 84400 Ammonia (mg/L) 5.4 Aluminum 0.0576
pH 7.8 Bicarbonate (g/L) 0.07 Barium <0.003
Salinity (g/L) 41.6 Carbonate (g/L) 0.03 Boron 4.514
Total dissolved solids (g/L) 48.13 Chloride (g/L) 26.6 Cadmium <0.0007
Nitrate (mg/L) 3.5 Chromium <0.01
Sulfate (g/L) 4.0 Cobalt <0.002
Total nitrogen (mg/L) 9.1 Copper <0.007
Metals (g/L) Iron <0.02
Parameter Amount  Lead <0.008
Calcium 0.82 Manganese <0.003
Magnesium 1.27 Molybdenum <0.005
Potassium 0.33 Nickel 0.0025
Sodium 15.0 Vanadium <0.009
Zinc 0.0072

uS/cm: Micro-Siemens per centimetre
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sodium concentration was 15 g/L. (Table 2). Trace
elements are natural constituents in marine
environment and are divided into two subclasses: (a)
Cobalt, copper, iron, manganese and zinc that are
necessary for the biochemical processes, but may be
toxic at high concentrations and (b) Cadmium,
chromium, lead and mercury that are not necessary for
the biochemical processes and considered as the most
important contaminates in the aquatic environment.
Trace element contents of the Red Sea water at
Hurghada Coast are presented in Table 2. The results
showed that the concentration of trace elements in the
Red Sea water decreased in the following order: Boron
(4.514 mg/L) > aluminum (0.0576 mg/L) > the rest of
trace elements (< 0.05 mg/L).

The nutrient compositions of the brown algal species
collected from Red Sea at Hurghada coast

As shown in Table 3, the moisture and dry matter
contents of the Red Sea brown algal species were
87.91-94.09% and 5.91-12.09%, respectively. The
highest ash content was found in Padina
gymnospora (45.48%), while Sargassum
aspirofolium had the lowest ash content (19.60%), as
shown in Table 3. Another study stated that the ash
content of Padina gymnospora isolated from
Malaysia coasts was 45.04% of dry weight'>. In
addition, Rupérez”® reported that the brown
seaweeds contain higher amounts of ash (21.37-
45.04%) than green and red seaweeds and most
terrestrial vegetables. The amount of ash content
varies with environmental, geographical and
physiological variations®*>. High invariable ash
content indicates the presence of appreciable amount
of diverse mineral components™.

In the present study, the highest carbohydrates
content was recorded in Padina gymnospora (41.66%)
followed by Sargassum latifolium (41.42%) and
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Sargassum aspirofolium (39.25%). While, Sargassum
muticun had the minimum carbohydrates content
(24.79%) compared with other algal species (Table 3).
The fat content ranged from 0.11 to 0.27% in the
collected brown seaweeds (Table 3). Typically,
seaweeds are rich in carbohydrates, but they are not
considered to be good source of lipid'>*. The ammonia
content of the Red Sea brown algal species was
2.03-5.10 mg/g dry weight (Table 3). The highest
protein content recorded in species Sargassum muticum
(5.31%) followed by Sargassum latifolium (4.38%). On
the other hand, Cystosira myrica had the minimum
protein content (2.81%) as compared to the other algal
species (Table 3). Earlier studies recorded that the
protein content in seaweeds ranged from 5 to 24% of dry
weight. The variation in protein content of seaweeds can
be due to different species, seasonal period and
geographic area”™”". Table 4 showed the amino acids
profile of the six species of brown seaweeds studied.
The results indicated that the essential amino acids
forming (38.13-42.34%) of the total amino acids in all
studied brown seaweed species indicating a high quality
protein that could be used as a complementary source of
food proteins for animal nutrition, since the essential
amino acids represented about 40% of total amino
acids”*. Holdt and Kraan® and Balboa ef al.*' reported
that seaweed species are rich sources of the acidic amino
acids (aspartic acid and glutamic acid); whilst threonine,
lysine, tryptophan, sulfur amino acids (cysteine and
methionine) and histidine have been perceived as
limiting amino acids in algal proteins, although their
levels are higher than those found in terrestrial plants.
Indeed, the data presented in Table 4 showed that
aspartic acid and glutamine represented the most
predominant amino acids in brown seaweed species, but
cysteine existed in low concentration.

Table 5 showed the phenolic compounds profile of
the six brown seaweeds as determined by HPLC. The

Table 3 — Amount of ammonia, dry matter, moisture, Ash, carbohydrates, proteins and fats in the brown algal species collected from

Red Sea at Hurghada coast.

Parameters Cystosira Padina Sargassum Sargassum Sargassum Turbinaria Sp.
myrica gymnospora aspirofolium latifolium muticum

Moisture (%) 90.47 94.09 88.08 88.22 87.91 91.32

Dry matter (%) 9.53 591 11.92 11.78 12.09 8.68

Ash (%) 27.96 45.48 19.60 26.16 20.68 23.98

Carbohydrates (%) 33.75 41.66 39.25 41.42 24.79 26.85

Proteins (%) 2.81 4.13 3.50 4.38 5.31 3.88

Ammonia 5.10 2.03 3.08 2.81 3.13 2.71

(mg/g dry weight)

Fats (%) 0.11 0.13 0.17 0.27 0.12 0.20
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results showed that Turbinaria sp. and Padina
gymnospora had the following phenolic compounds:
Coumarin, ellagic acid and resorcinol acid. Also,
coumarin was detected in Cystosira myrica, while
resorcinol acid was detected in Sargassum latifolium.
Naphthalene was found in Sargassum aspirofolium,
Sargassum latifolium and Padina Sp. Kaempherol and
phenanthrene were detected in all studied algae,
except Cystosira myrica and Sargassum aspirofolium,
respectively. Such phytochemicals showed many
beneficial biological effects including
anticarcinogenic, antioxidant, antimicrobial, and
antithrombotic activities®.

Riboflavin (vitamin B,) is needed for growth and
good health'®. It is essential for cellular aerobic
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respiration that completely oxidized carbohydrates,
proteins and fats to produce high amounts of
energy. For example, riboflavin changes pyridoxine
(vitamin Bg) and folic acids, which are essential for
transamination reactions and protein metabolism,
into forms that the body can use'*. Our results
showed that the Red Sea brown algae are good food
sources of vitamin B,; hence it represented 105.25-
232.29 ppm, except Sargassum aspirofolium that had
only 20.9 ppm of vitamin B, (Table 6). Ascorbic
acid (vitamin C) is one of the antioxidants molecules
that scavenge free radicals and protect the body from
reactive oxygen and nitrogen species'***. Vitamin C
content ranged from 3.96 to 11.76 ppm exhibiting

Table 4 — The amino acid composition (mg/g dry weight) of the brown algal species collected from Red Sea at Hurghada coast.

Amino acids Cystosira Padina Sargassum Sargassum Sargassum Turbinaria
myrica gymnospora aspirofolium latifolium muticum Sp.
Non-essential amino acids
Alanine 1.71 0.78 1.10 1.01 1.45 1.61
Arginine 0.85 0.47 0.54 0.51 0.72 0.73
Aspartic acid 3.00 1.44 1.83 1.56 2.25 241
Cysteine 0.18 0.09 0.12 0.11 0.07 ND
Glutamine 3.65 1.54 2.23 1.62 2.50 2.82
Glycine 1.17 0.65 0.85 0.66 1.15 1.17
Proline 0.80 0.41 0.66 0.55 0.80 0.88
Serine 1.13 0.66 0.85 0.68 1.05 1.14
Tyrosine 0.41 0.30 0.33 0.27 0.36 0.49
Total (non-essential amino acids) 12.90 6.34 8.51 6.97 10.35 11.25
Essential amino acids
Histidine 0.57 0.36 0.41 0.26 0.58 0.52
Isoleucine 1.04 0.54 0.74 0.69 0.96 1.05
Leucine 1.61 0.90 1.24 1.08 1.60 1.82
Lysine 1.19 0.64 0.78 0.72 1.03 1.17
Methionine 0.33 0.18 0.30 0.25 0.36 0.44
Phenylalanine 0.91 0.58 0.77 0.59 0.96 1.00
Threonine 0.92 0.53 0.67 0.52 0.85 0.89
Valine 1.38 0.70 0.96 0.91 1.26 1.35
Total (Essential amino acids) 7.95 4.43 5.87 5.02 7.60 8.24
Total amino acids 20.85 10.77 14.38 11.99 17.95 19.49
Essential amino acids index 38.13 41.13 40.82 41.87 42.34 42.28
ND: Not detected
Table 5 — Phenolic compounds (ppm) of the brown algal species collected from Red Sea at Hurghada coast.
Phenolic compounds Cystosira  Padina gymnospora Sargassum Sargassum Sargassum Turbinaria Sp.
myrica aspirofolium latifolium muticum
Coumarin 220.6 51.8 ND ND ND 229.2
Ellagic acid ND 0.354 ND ND ND 0.480
Kaempherol ND 113 141.9 151.8 126.3 9.7
Naphthalene ND 0.003 0.058 0.004 ND ND
Phenanthrene 0.002 0.003 ND 0.001 0.045 0.003
Resorcinol acid ND 16.0 ND 0.3 ND 7.3

ND: Not detected. Ferulic acid was not detected in all studied brown algal species.
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different species variation. The highest/lowest
vitamin C content existed in Sargassum muticum and
Sargassum aspirofolium, respectively (Table 6).
Therefore, Sargassum muticum is rich in both
vitamins B, and C.

Table 7 indicated that most of the seaweeds
evaluated in the present study exhibited high
amounts of potassium, calcium, magnesium and
iron, which were relatively higher than seaweeds
collected from areas outside Red Sea’™’>*°. Some
seaweed accumulates more potassium than other
elements, whereas potassium is an essential
element for the growth and metabolic activities of
seaweeds’*. The high potassium content of all
investigated seaweeds species (12-78 mg/g dry
weight, Table 7) indicated that these marine algae
were considered to be the major source for
extraction of potash. Calcium content ranged
between 9.7 and 19.4 mg/g dry weight and
magnesium content ranged between 4.5 and 9.3
mg/g dry weight in Red Sea brown algal species
(Table 7); their concentrations were higher than
that in the seaweeds collected from Iran coasts™.
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The elements content in seaweeds may be
dependent on various environmental factors,
including concentrations of elements in water,
interactions between elements, salinity, pH and
light intensity’*. Sometimes, concentrations of
elements in seaweeds are regulated to a large
extent by metabolic requirements®’. Seaweeds are
able to selectively absorb minerals from the
surrounding sea water and accumulate them in
their cells*"**. Iron content was higher in Cystosira
myrica (0.993 mg/g dry weight) followed by
Padina gymnospora (0.842 mg/g dry weight) and
Sarsassum aspirofolium (0.802 mg/g dry weight),
and the lowest iron content was found in
Turbinaria sp. (0.48 mg/g dry weight) as shown in
Table (7). The concentration of other trace
elements (chromium, manganese, phosphor and
zinc) in the studied brown seaweed were similar to
that recorded by others in tropical and cultivated
seaweeds and in seaweeds collected from
northeastern Mediterranean coast and Bulgarian
Black Sea Coast and were below the toxic
limits®" ",

Table 6 — Amount of vitamins B, & C (ppm) of the brown algal species collected from Red Sea at Hurghada coast.

Brown algae Vitamin B, (ppm) Vitamin C (ppm)
Cystosira myrica 105.25 7.68
0111Padina gymnospora 192.06 5.71
Sargassum aspirofolium 20.90 3.96
Sargassum latifolium 232.29 6.68
Sargassum muticum 169.46 11.76
Turbinaria sp. 140.31 8.13

Table 7 — Elements content (mg/g dry weight) of the brown algal species collected from Red Sea at Hurghada coast.

Elements Cystosira Padina Sargassum Sargassum Sargassum Turbinaria
myrica gymnospora aspirofolium latifolium muticum sp.
Aluminum 0.569 0.707 0.502 0.288 0.366 0.167
Boron 0.131 0.234 0.088 0.107 0.013 0.285
Cadmium <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Calcium 14.500 19.360 15.200 15.200 15.256 9.769
Chromium 0.006 0.005 0.005 0.005 0.005 0.005
Cobalt <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Copper 0.004 0.007 0.009 0.003 0.003 0.003
Iron 0.993 0.842 0.802 0.695 0.537 0.488
Lead <0.005 <0.005 0.005 <0.001 0.001 <0.001
Magnesium 6.409 8.204 5.778 9.264 6.777 4.513
Manganese 0.025 0.026 0.027 0.012 0.025 0.008
Molybdenum <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Nickel 0.004 0.004 0.006 0.002 0.003 0.002
Phosphor 0.5422 0.6374 0.5339 0.6276 0.4528 0.3939
Potassium 49 16 12 35 13 78
Vanadium 0.006 0.008 <0.005 0.005 <0.005 <0.005
Zinc 0.077 0.082 0.316 0.323 0.128 0.038
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Conclusion

The Red Sea brown seaweeds are good food
sources of high quality protein that contains high
amount of essential amino acids, and are rich in
vitamins, minerals and phenolic compounds, which
are strong antioxidants. Thus, the Red Sea brown
seaweed may be used as food additives to improve
feed quality, performance, productivity and health
of the animals.
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