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ABSTRACT: Our present-day knowledge of the phytochemical characterization of edaphic microalgae is still largely limited due to the difficult
challenges of isolation and identification. In this investigation, we highlighted the significant values of phytochemical compounds in four different
edaphic algal species (Vaucheria geminata, Pleurochloris pyrenoidosa, Botrydiopsis eriensis, and Scenedesmus obliquus). Results revealed 17
different amino acids in all the investigated algae with dominance of arginine, glutamic acid and alanine as non-essential and Leucine was the
dominant essential amino acids. Maximum content of amino acids was in P. pyrenoidosa with the highest value of essential amino acids (33.28
%). Furthermore, the ratio of essential to non-essential amino acids was nearly 1 in all algal taxa. High performance liquid chromatography (HPLC)
analysis for sugars showed that mannose was the dominant sugar in both V. geminata and B. eriensis whilst arabinose and rhamnose constituted
the major sugars in P. pyrenoidosa and S. obliquus, respectively. By using Gas chromatography—mass spectrometry (GC-MS), 21 different fatty
acids methyl esters were identified in all algal taxa with dominance of C16/C18 types. Note of worth, polyunsaturated fatty acids were only
detected in the three yellow green algae where the percentage of unsaturated fatty acids were greater than the saturated one with ratio up to
12.8 in B. eriensis. Dominant fatty acids identified were palmitic acid in V. geminata, linoleic acid in P. pyrenoidosa, w-3 a-linolenic acid in B.
eriensis, and w-9 oleic acid in S. obliquus. Considering the above characteristic amino acids, fatty acids and sugars of algal taxa, we can suggest
them for possible utilization in food, feed and pharmaceutical industries.
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INTRODUCTION organisms for investigations of secondary metabolites
with medical and pharmaceutical importance
(Bhattacharjee, 2016; Senousy et al., 2020).
Microalgae are widely used in nutrition worldwide
and are an important source of amino acids,
carbohydrates, and fatty acids. Microalgae have great
nutritional properties not only in food production for
humans but also as feedstock for domestic animals
(Hashemian et al., 2019; Williamson et al., 2024).
Microalgae are utilized severally in poultry production
and aquaculture. In which algal protein is used to
improve the immune system, lipid metabolism and
reproductive performance (Swiatkiewicz et al., 2015;
Ritu et al., 2023). Fatty acids (FAs) are a substantial
part of lipids divided into several groups with respect
to their structure, physiological role and biological
effects (Nelson and Cox, 2008). Algal lipids represent
major dietary constituents for primary consumers
where they are a source of energy and essential
nutrients (Rosch et al., 2019; Kumar et al., 2021).

Algae are a diverse group of photosynthetic organisms
representing the most abundant primary producers
among all living organisms. They are usually
inhabitants of aquatic biotopes either freshwater or
marine habitats. Although they are widespread in a
wide range of ecological habitats including air, soil or
even extreme habitats such as hot springs, deserts or
cold regions (Round, 1984). Algae that occur in
terrestrial habitats including either in or on soil
surfaces are called edaphic algae where they occur as
free living or as resting spores (Metting, 1981). The
characterization of terrestrial algal species is
important for exploring their diversity and revealing
their phytochemical composition. They have the
ability of long survival over a long time and are
adapted to adverse conditions such as xeric habitats
(Gupta and Agrawal, 2006; Nayaka et al., 2017). To
cope with different environmental conditions, algae
synthesize and accumulate diverse phytochemical

compounds with wide applications in all fields ( Rai Amino acids composition is very important in

and Gaur, 2012; Yang et al., 2023). The advantages of
using microalgae as a feedstock source are rapid
growth with minimal nutritional requirements and
high biomass content (Osorio-Reyes et al 2023).
Besides, microalgae do not compete for cultivated
land and can be grown in wastewater. Microalgae
have different physiological, biochemical and
molecular strategies providing them with high
biomass and lipid production (Osundeko et al., 2019;
El-Sheekh et al., 2023). They constitute promising
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determining differences in the nutritional value of
microalgal species and the quality of protein depends
especially on its essential amino acid content (Haque
et al., 2016). They are essential for the growth of all
living organisms, providing the required protein and
energy (Shah et al.,, 2018). On the other hand,
carbohydrates can make up a large percentage of the
total biomass of algae and mostly serve as storage and
structure molecules. Their cell walls contain a variety
of different intracellular and extracellular
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polysaccharides which represent bioactive materials
in pharmaceutical, nutritional and cosmetics
applications (Colusse et al., 2022; Tyagi and Sarma,
2024).

The study of edaphic algae is important for revealing
their phytochemical constituents as well as exploiting
them in different applications. They are considered as
promising natural sources for different valuable
compounds. The objective of the present
investigation was to assess the significance of some
phytochemical compounds from edaphic algae for
further incorporation into human nutrition, animal
feeding or in pharmaceutical industries.

MATERIALS AND METHODS
Sample collection and preparation

Four edaphic algal samples were selected to perform
some phytochemical analyses where obtained from
the Phycology lab Botany Department Faculty of
Science Ain Shams University and identified according
to our previous work El-Tablawy et al (2020). The
investigated algae include one on soil alga Vaucheria
geminata (Vaucher) De Candolle as well, as three
axenic algae isolated according to Anderson (2005)
including two vyellow-green algae (Pleurochloris
pyrenoidosa Pasch and Botrydiopsis eriensis Snow)
and one green alga (Scenedesmus obliquus Turpin
Kutz). Each isolate was cultivated in a sterilized BG 11
media for further mass culture and incubated under
continuous light intensity and 24 £1°C temperature
for two weeks. After that, algal cultures were
harvested by centrifugation and preserved dry at
room temperature until phytochemical analyses.

Algal growth

The growth curve for each of the three algal isolates
was evaluated by measuring the optical density (OD)
daily at 680 nm using Unico 1201 spectrophotometer
during exponential, linear and stationary phase. In
addition, biomass of each alga was estimated
according to the modified method of Buono et al
(2016) at the same previous growth stages by
centrifugation of 1 liter of the algal culture and then
the algal pellets were dried at 80 °C until constant
weight, a linear relationship between OD and dry
weight (DW) was determined for each algal strain.

Amino acids analysis

For qualitative and quantitative determinations, free
amino acids were extracted according to AOAC
(2012). The system used for the analysis of amino
acids was high performance Amino Acid analyzer

(Biochrom 30) and the software used for data
collection and processing is EZ Chrom.

Fractions of carbohydrates by High Performance
Liquid Chromatography (HPLC)

Chromatographic separation was accomplished using
HPLC device (GBC, Australia) on a KROMASIL column
(150 mm x 4.6 mm) with a UV/Vis detector and LC
1110 Pump. The HPLC analysis was performed using
acetonitrile: water (75: 25 v/v) as mobile phase with
a flow rate 1 ml/min and chromatograms were
registered at UV 195 nm. The identification of
carbohydrate compounds was accomplished by
comparing their retention times with those of pure
standards. Quantitative evaluation and consequent
calculation were performed using Win Chrome
Chromatography Ver. 1.3 software.

Analysis of fatty acids by Gas Chromatography-mass
spectrophotometer (GC-MS)

A modified method of Folch et al (1957) was used to
extract the lipids of algal samples several times with
chloroform/methanol (2:1). Preparation of fatty acid
methyl esters (FAMEs) from lipid extract was
performed using commercial aqueous HCl as
described by Ichihara and Fukubayashi (2010). GC-MS
analysis was performed using Agilent Technologies
7890B GC Systems combined with 5977A Mass
Selective Detector and Capillary column HP-5MS
Capillary; 30.0 mx0.25 mm IDx0.25 pm film. The
carrier gas was helium at a pressure of 16.9 psi with
1 ul injection. The sample was analyzed with the
column held initially for 3 min at 40°C after injection,
then the temperature increased to 300°C with a
20°C/min heating ramp, with a 2 min hold. Injection
was carried out in splitless mode at 300 °C. MS scan
range was (m/z): 40-550 atomic mass units (AMU)
under electron impact (El) ionization (70 eV). Finally,
FAMEs were identified by comparing their
fragmentation pattern with NIST library.

Statistical analysis

Data are reported as mean * standard deviation from
triplicate determination. The phytochemical analysis
was compared using one-way ANOVA (SPSS for
Windows, version 20) to identify the significant
difference between samples (p< 0.05) (Snedecor,
2008).

RESULTS

The stationary phase of the axenic isolated edaphic
algae was reached through continuous reading of the
optical density of the algal culture (650 nm) to a
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constant value. From Figure 1, the isolated algae
shared a similar pattern of growth stages at
exponential, linear and stationary phase. Although, B.
eriensis exhibited slightly slower growth rate than the
other two algae under study. By measuring the dry
biomass of each alga at the same previous growth
algal stages and under the same growth conditions.
Maximum biomass (up to 1g/I dwt) was evaluated for
P. pyrenoidosa followed by B. eriensis while only 0.5
g/l dwt was detected in S. obliquus (Figure 2).

Amino acids contents

From Table 1, the maximum percentage (80.26 %) of
amino acids contents was detected in P. pyrenoidosa
with the highest value of essential amino acids (33.28
%), while V. geminata showed the minimum value
(16.19 %). Concerning amino acids composition,
results revealed the presence of 17 different amino
acids in all investigated algae with different quantities
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Figure 1. Growth stages of the isolated algal taxa; P. pyrenoidosa, B.
eriensis and S. obliquus.
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Figure 2. Biomass yield (g/I dwt) of the isolated algal taxa; P.
pyrenoidosa, B. eriensis and S. obliquus at exponential, linear and
stationary growth stage.

Egyptian J. of Phycol. Vol. 26, 2025, (1-11)

including 10 essential and 7 non-essential amino
acids. Leucine was the dominant essential amino
acids among all algal taxa under study, while cysteine
and Histidine recorded the minimum values in all of
them. Meanwhile, glutamic acid arginine and alanine
were the most dominant non-essential amino acids.
In V. geminata and B. eriensis, glutamic acid
accounted for 1.88 % and 3.15 % respectively, while
arginine in P. pyrenoidosa and alanine in S. obliquus
accounted for 11.3 % and 3.63 % respectively.
Moreover, the ratio of EAA / Non-EAA was 1 among all
algal taxa under study, where the lowest value (0.71)
was detected in P. pyrenoidosa. Also, the EAA over
total amino acids was below 1 in all algae under
investigation with a minimum value (0.414),
especially in P. pyrenoidosa. The results for essential
amino acids in P. pyrenoidosa exhibited remarkably
high levels of leucine, lysine and valine (5.98, 5.05 and
4.65 % respectively) whilst the lowest value (1.45 %)
was noticed for cystine. Regarding non-essential
amino acids, P. pyrenoidosa was rich in arginine (11.3
%) as well as a high ratio of glutamic acid and alanine
(8.51 and 8.38 %) whereas, the lowest content (3.4 %)
was noticed for serine.

Carbohydrate composition

Results of the sugars composition of each alga
analyzed with HPLC (Table 2) revealed the presence of
8 sugars in almost all algae under investigation. By
comparing sugars analysis in all algae under study, P.
pyrenoidosa showed maximum values for arabinose,
glucose and galactose while mannose, fructose and
sucrose recorded the highest values in V. geminata.
On the other hand, B. eriensis sugars were
characterized by mannose while S. obliquus was
characterized with xylose and rhamnose.

Fatty acids composition

GC-MS analysis of methyl esters of the algal taxa
revealed about 21 different fatty acids ranging from
C14 to C23 (Table 3). About half of them belong to
C16/C18 saturated or unsaturated fatty acids. Fatty
acids are composed mainly of 6 saturated (SFAs) and
15 unsaturated fatty acids including 8 mono-
unsaturated (MUFAs) and 7 polyunsaturated fatty
acids (PUFAs). About 13 different fatty acids methyl
esters were detected in the extract of V. geminata.
Major fatty acids detected in the lipid extract of V.
geminata (Figure 3) were palmitic acid (C16:0) (19.47
%) followed by the 16E-octadecenoic acid (C18:1)
(7.95 %) and myristic acid (C14:0) (6.70 %).
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Table 1. Essential and non-essential amino acids percentages of V. geminata, P. pyrenoidosa, B. eriensis and S. obliquus.

Amino acids Side chain class V. geminata = P. pyrenoidosa @ B. eriensis S. obliquus
Essential amino acids (EAA) %

Cystine Sulfur-containing 0.52¢+0.012 1.452+£0.012 0.66°¢0.021 = 0.84°+0.017
Histidine Basic aromatic 0.359+0.015 1.61°+0.018 0.73°+0.018 = 0.41°+0.006
Isoleucine Aliphatic 0.89°+0.017 2.85°+0.011 1.12°+0.014 = 1.16°+0.008
Leucine Aliphatic 1.349+0.011 5.98°+0.005 2.35¢40.011 = 2.43+0.008
Lysine Basic 1.279+0.008 5.05°+0.011 1.68¢0.011 = 1.73°+0.008
Methionine Sulfur-containing 0.549+0.012 2.272+0.008 0.70°¢0.012 = 0.95°+0.008
Phenylalanine Aromatic 0.989+0.008 3.672+0.008 1.56°¢0.005 = 1.64°+0.005
Threonine Hydroxyl-containing = 0.809+0.005 3.98%+0.014 1.42°4¢0.005 = 1.51°+0.005
Tyrosine Aromatic 0.729+0.005 1.77°+0.011 1.22°+0.008 = 0.90°+0.011
Valine Aliphatic 0.949+0.005 4.65°+0.005 1.72°¢0.008 = 1.85°+0.011
Total (EEA) 8.35 33.28 13.16 13.42
Non-essential amino acids (Non-EAA) %

Alanine Aliphatic 1.129+0.011 8.3821+0.02 2.80°+0.005 = 3.63"+0.014
Arginine Basic 0.869+0.008 11.30°+0.008 1.52°4¢0.014 = 1.75°+0.014
Aspartic acid Acid 1.76910.014 7.10°+0.008 2.48°+0.008 = 2.71°+0.02
Glutamic acid Acid 1.889+0.012 8.51°+0.005 3.15°40.017 = 3.50°+0.014
Glycine Aliphatic 0.879+0.014 4.67°+0.012 1.59°¢0.017 = 2.28°+0.014
Proline Cyclic 0.659+0.014 3.622+0.017 1.37°¢0.008 = 1.55°+0.005
Serine Hydroxyl-containing = 0.709+0.005 3.40°+0.026 1.33°¢0.005 = 1.38°+0.005
Total (Non-EAA) 7.84 46.98 14.24 16.8
Total AAs % 16.19 80.26 27.4 30.22
EAA/Non-EAA 1.065 0.708 0.924 0.799
EAA/Total AA 0.516 0.414 0.480 0.444

*Values are expressed as average + standard error. Different letters indicate a significant difference at the level of p< 0.05.

Table 2. HPLC sugars composition in V. geminata, P. pyrenoidosa, B. eriensis and S. obliquus. Values are expressed as ug/g fwt

Retention time  Sugars name Chemical structure V. geminata P. pyrenoidosa  B. eriensis S. obliquus
3.5 Xylose Aldose 0.72°+0.008 1.322+£0.012 0.44°£0.003 = 1.332+0.011
4.7 Fructose Ketose 1.632+0.013 0.839+0.004 1.25*+0.011 = 0.95°+0.009
5.3 Arabinose Aldose 1.15+0.007 1.6940.013 N.D 1.41+0.011
6.2 Mannose Aldose 1.87°+0.013 1.39+0.009 1.99°+0.015 N.D
7 Galactose Aldose 0.96°+0.008 1.452+0.016 0.669+0.005 = 1.15°+0.014
7.9 Glucose Aldose 1.16°£0.008 1.652+0.012 N.D 1.37°+0.010
8.8 Sucrose Disaccharide 1.64°+0.016 1.22°+0.013 1.12¢4¢0.011 = 0.679+0.007
10.5 Rhamnose Deoxy sugar 1.35°+0.007 1.43+0.012 N.D 1.68°+0.013

*ND: not detected. Values are expressed as average * standard error. Different letters indicate a significant difference at the level of p< 0.05.

Minor constituents were hypogeic acid (C16:1), 6E-
hexadecenoic acid (C16:1), myristoleic acid (C14:1),
13E-octadecenoic acid (C18:1) and oleic acid (C18:1).
The polyunsaturated w-3 a-linolenic acid (C18:3),
linoelaidic acid (C18:2), 13,16-octadecadienoic acid
(C18:2), 10,12-tricosadiynoic acid (C23:2) and 5,8,11-
eicosatriynoic acid (C20:3). Regard to P. pyrenoidosa,
10 fatty acids were detected. The main percentage
was for the PUFA linoleic acid (C18:2) (41.72 %)
followed by palmitic acid (C16:0) (29.02 %) as
represented in Figure 4. While low percentage were
recognized for pentadecanoic acid (C14:0), margaric
acid (C17:0), behenic acid (C22:0), and lignoceric acid
(C24:0) as well as minor constituents of the PUFA w-3
a-linolenic acid (C18:3), 7,10-hexadecadienoic acid

(C16:2) and the MUFA 14-octadecenoic acid (C18:1)
and oleic acid (C18:1). On the other hand, only two
fatty acids were detected in the chloroform: methanol
extract of B. eriensis (Figure 5). The major portion of
lipid extract (91.24 %) composed of w-3 a-linolenic
acid (C18:3) while palmitic acid (C16:0) accounted
only for low percentage. Also, the extract of S.
obliquus showed only 3 fatty acids (Figure 6) mainly
composed of w-9 oleic acid (C18:1) followed by
palmitic acid (C16:0) as well as trace amount of cis-13-
eicosenoic acid (C20:1). Moreover, it was noticeable
from Table 3 that in all tested algae the percentage of
the UFAs was greater than the SFAs with ratio of
UFAs/SFAs > 1 and reach up to 12.8 in B. eriensis.
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Table 3. Relative percentages of the fatty acids detected by GC-MS in the chloroform:methanol extracts of V. geminata, P. pyrenoidosa, B. eriensis
and S. obliquus. Peak area (or percentage composition) identified are relative to other constituents within the same extract.

. Molecular Common V. P. B. S.
Fatty acids . . Omrerf) n
formula name geminata pyrenoidosa eriensis obliquus
Saturated FAs
14:0 Tetradecanoic acid C14H2502 Myristic acid 6.70 - - -
15:0 Pentadecanoic acid Ci5H3002 - 4.12 - -
16:0 Hexadecanoic acid Ci16H3202 Palmitic acid 19.47 29.02 7.12 27.37
17:0 Heptadecanoic acid Ci17H3402 Margaric acid - 0.55 - -
22:0 Docosanoic acid Ci18H3402 Behenic acid - 0.56 - -
24:0 Tetracosanoic acid Ca4H4302 ngr;céicderlc - 0.56 - -
%Sum of SFAs 26.17 34.81 7.12 27.37
Monounsaturated FAs
14:1(n-5) cis-9E-Tetradecenoic acid C14H2602 Myg:glelc 4.58 - - -
16:1(n-9) cis-7Z-Hexadecenoic acid Ci6H3002 Hypogeic acid 5.15 - - -
161:(1)§n- 6E-hexadecenoic acid C16H3002 461 - - -
18:1(n-2) 16E-Octadecenoic acid Ci18H3402 7.95 - - -
18:1(n-5) 13E-Octadecenoic acid Ci18H3402 4.52 - - -
18:1 14-Octadecenoic acid Ci18H3402 - 0.57 - -
18:1(n-9) cis-9Z-Octadecenoic acid Ci18H3402 Oleic Acid 4.45 0.52 - 59.77
20:1(n-7) cis-13-Eicosenoic acid C20H3302 Paullinic acid - - - 0.37
%Sum of MUFAs 31.26 1.09 - 60.14
Polyunsaturated FAs
16:2(n-6) 7,10-Hexadecadienoic acid Ci16H2802 - 2.46 - -
18:2(n-2) 13,16-Octadecadienoic acid Ci18H3202 4.70 - - -
18:2(n-6) 9E,12E-Octadecadienoic acid CisH3202 Lm(;tzlizldm 5.52 - - -
18:2(n-6) C’S'C’s'gz'122:2gade°ad'e”°'° CisH20; Linoleic acid - 4172 - -
. . . w-3 a-
18:3(n-3) 97,127,15Z-Octadecatrienoic acid Ci18H3002 . L 5.52 4.45 91.24 -
Linolenic acid
20:3(n-9) 5,8,11-Eicosatriynoic acid Ca0H2502 Mead acid 4.44 - - -
23:2 10,12-Tricosadiynoic acid C23H3502 4,51 - - -
%Sum of PUFAs 24.69 48.63 91.24 -
%Sum of UFAs 56.95 49.72 91.24 60.14
%Sum of FAs 83.12 84.53 98.36 87.51
%0Others 17.78 16.04 1.64 12.49
UFAs/SFAs 2.14 1.43 12.81 2.20
DISCUSSION Arginine represented the dominant amino acid in P.
. . . . . pyrenoidosa. Previous studies of Fleurence (1999),
The nutritional quality of certain proteins s

determined by the content and availability of their
amino acids (Schaafsma, 2000). All essential amino
acids (EAA) and non-essential amino acids (Non-EAA)
were represented in all algal taxa under study. Amino
acids analysis revealed that the maximum content
was recorded in P. pyrenoidosa (about 80% dw). The
most dominant amino acids were arginine, glutamic
acid and alanine in comparison to other amino acids
in all algae. The total EEA of P pyrenoidosa was
relatively high (33.28 %) in comparison to the most
commonly used algal protein source Spirulina
platensis (31.16 %) (Bashir et al., 2016). In addition,
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Kakinuma et al (2001); Admassu, et al (2018) pointed
that arginine, aspartic and glutamic acid were the
most abundantly occurring Non-EAA in many algae
while cystine typically occurs at low levels (Ursu et al.,
2014). In addition, our results showed similar ratios of
amino acids for S. obliquus with that of FAO/WHO
(1973). Algal amino acids have many nutritional
values and could be used as a supplement in a wide
variety of food products with favourable effects on
both energy and health (Hayes et al, 2017).
Microalgal peptides have also been reported by many
authors to display anticancer activities (Wang and
Zhang, 2013).
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Figure 6. GC-MS chromatograph of fatty acids methyl esters in S. obliquus.
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Figure 3. GC-MS chromatograph of fatty acids methyl esters in V. geminata.
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Figure 4. GC-MS chromatograph of fatty acids methyl esters in P. pyrenoidosa.
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Arginine is considered a precursor for creatine, which
plays an essential role in the energy metabolism of
muscle (Khajali and Wideman, 2010) and the
regulation of blood pressure (Schneider et al., 2015).
Glutamic acid is used by almost all living organisms in
the biosynthesis of their proteins, and its sodium salt
is used as a food additive and flavour enhancer (Jinap
and Hajeb, 2010). On the other hand, aspartic acid is
a precursor of many essential amino acids (Azevedo
etal., 2006) .

In addition, studies of Xue et al. (2020) exploited the
adsorption characterization of aspartic acid and lysine
onto nanoparticles suggesting their use in biomedical
applications. Data also revealed the presence of
sulphur-containing amino acids (Cystine and
Methionine) in all investigated algae. Methionine is a
precursor for cysteine as well as the key antioxidant
glutathione (Colovic et al., 2018). According to
Grimble (2002), methionine acts as a methyl donor in
the synthesis of creatine which is essential for muscle
energy generation. Moreover, the ratio of EAA to Non-
EAA was nearest 1 for all studied algal taxa. That ratio
is comparable to other standard reference proteins
such as egg albumin, Soybean, Chlorella and Spirulina
(Tibbetts et al., 2015) indicating that the potential use
of the investigated algal taxa in animal and fish
feeding. Despite the low protein content and amino
acid content noticed in V. geminata in relative to other
algal samples, a relatively higher ratio (1.07) of
essential amino acids was observed indicating good
quality of its protein content (Brown and leffrey,
1992).

To study the quality of algal carbohydrates, sugars
composition of the same algal taxa was fractionated
using HPLC. Glucose was not the principal sugar,
instead mannose was the dominant sugar in both V.
geminata and B. eriensis while arabinose and
rhamnose for P. pyrenoidosa and S. obliquus. While
other sugars such as xylose, fructose, sucrose and
galactose were detected in varying proportions for
each alga. In agreement, the study of Aspinall (2014)
on the carbohydrate hydrolysate of the yellow-green
alga Tribonema equale, yielded the same complex
mixture of sugars. Works of Singab et al (2018)
revealed the antiviral, cytotoxic, antioxidant and anti-
cholinesterase properties of S obliquus
polysaccharides. According to Brown (1991), the
nutritional quality may be related to the proportion of
glucose in the hydrolysable carbohydrate of algae.
Results indicated that P. pyrenoidosa, had the highest
glucose content (1.65ug/g Fwt) of all tested algae, so
it might be of high nutritional quality.
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Moreover, high values of the monosaccharide
mannose were detected among all sugars, reaching
their maximum in B. eriensis and V. geminata.
Mannose is characterised by nutritional and health-
beneficial value and is used as a food supplement,
cosmetics and the synthesis of Mannitol (Morita et al.,
2013; Hu et al., 2016). Arabinose recorded also high
values after mannose, especially in P. pyrenoidosa.
Arabinose is commercialized as a sweetener and
inhibitor of sucrase and is usually used as a food
additive for diabetic patients (Inoue et al., 2000).
Rhamnose recorded its greatest value (1.68) in the
sugar constituents of the green alga S. obliquus.
Similarly, in a previous study of Abo-Shady et a/ (1993)
rhamnose was the common sugar of some green
algae.

Fatty acids analysis with GC-MS of algae under
investigation revealed remarkable difference in algal
fatty acids profiles with a predominance of C16/C18
FAs where palmitic, oleic, linoleic, and linolenic acid
were the most abundant FAs. Fatty acids vary widely
among algal taxa, groups, growth stages as well as
with environmental conditions. However, changing
algal culture conditions and harvesting at specific
growth phases may enable different FA composition
of microalgal culture (Maltsev and Maltseva, 2021).
Noticeably, the lipid extract of V. geminata recorded a
wide range of fatty acids (C14- C23). The presence of
long-chain FAs in the extract of V. geminata may be a
taxonomic trait of this alga or as a precursor for long-
chain hydrocarbons (zhila et al., 2001). Palmitic acid
was the dominant FA in addition to considerable
values of 16-octadecenoic acid and myristic acid
which agreed with studies of Orhan et a/ (2003) on V.
sessilis. Palmitic acid is a saturated fatty acid with
antioxidant and antimicrobial activities and strong
activity against cancer cells (Ertas et al., 2016; Bharath
etal., 2021).

Lipid extract of V. geminata revealed also minor
constituents of MUFA including myristoleic acid, 7-
hexadecenoic, and oleic acid as well as PUFA such as
linoelaidic acid and a-linolenic acid. Myristoleic acid is
an w5 uncommon FA which conferred protection
against cardiovascular diseases (Schwingshackl and
Hoffmann, 2012). Also, 7-hexadecenoic acid is an
uncommon w9 FA described by Balsinde (2017) with
its anti-inflammatory characteristics was detected
only in the lipid extract of the studied V. geminata. On
the other hand, linoleic acid followed by palmitic acid
was the dominant FA in the isolated yellow-green alga
P. pyrenoidosa. Linoleic acid is PUFA w-6 fatty acid
representing one of the two essential fatty acids for
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humans which must be obtained through their diet
and has great potential in human nutrition (Jandacek,
2017). Besides, the rare w-6 fatty acid 7,10-
hexadecadienoic acid was observed as a minor
constituent in the lipid profile of P. pyrenoidosa.
Which was evaluated for its antimicrobial,
antioxidant, and anti-inflammatory  activities
(Buszewski et al., 2019). In B. eriensis, only two fatty
acids were detected; the major was a-linolenic acid,
and the minor constituent is palmitic acid. Alpha-
linolenic acid is w-3 PUFA, which the human body
must obtain from food components for good health,
as well as reduces the risk of cardiovascular diseases (
Yin et al.,, 2023) . In aquaculture, better growth is
obtained when marine animals fed on PUFA-rich
microalgae (Vijayaram et al., 2024).

Yellow-green algae become the focus of intensive
research due to their high lipid productivity, especially
PUFAs as well as other interesting lipids (Krzemiriska
et al., 2020). In relevant to the green alga S. obliquus,
oleic acid was the major fatty acid followed by
palmitic acid. This percentage (60 %) was similar to
previous studies of Abomohra et al., (2013) and
Salama et a/ (2013). The microalgal extract containing
oleic acid exhibited antimicrobial and antioxidant
capabilities (Conde et al., 2021). Oleic acid is an w-9
essential fatty acid which decreases the susceptibility
to heart attack risk and arthrosclerosis (Macri et al.,
2015). Results revealed also, a minor constituent of
cis-13-eicosenoic acid in S. obliquus which has been
found to have antimicrobial activity. The most
favorable lipid profile is obtained when UFAs replace
or are greater than SFAs which is associated with
reduced cardiovascular disease (Djuricic and Calder,
2021). This was noticed in all algal taxa under
investigation, particularly S. obliquus.

CONCLUSION

In conclusion, the studied edaphic microalgae have all
the needed components for human nutrition and
animal feeding. The ratio of essential and non-
essential amino acids was ~1 among all algal taxa,
where the highest value (1.07) was detected in
Vaucheria geminata. In addition, various fractions of
sugars were evaluated such as mannose, rhamnose,
glucose, arabinose, galactose and fructose. Also,
remarkable differences in algal fatty acids profiles
were observed throughout this study. In Vaucheria
geminata 13 fatty acids representing about 82.12 % of
the total constituents were identified, only 2 of them
belonging to SFAs, while 11 were from USFAs.
Similarly, Pleurochloris pyrenoidosa contained 10 FA

about 84.53 % of the total constituents, of them 5
SFAs and 5 UFAs were characterized. It was noted that
only two fatty acids were detected in Botrydiopsis
eriensis representing a large proportion (98.36 %) of
the total constituents composed mainly of PUFA (w-3
a-Linolenic acid) and low portion of palmitic acid.
Also, Scenedesmus obliquus showed only 3 fatty acids
(87.51 %) with a high ratio of MUFAs to SFAs
composed mainly of w-9 oleic acid followed by
palmitic acid.

This investigation indicated that not only green algae
have different and important applications in human
life but also members of Xanthophycophyta will play
an important applied role in the future of animal
feeds, human foods, the drugs industry, as well as
biodiesel production.
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