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Abstract:

This study examined the potential of Spirogyra subsalsa, a freshwater green
alga collected from the Tigris River (Al-Rashidiya, Baghdad) during January 2024,
as a natural source of bioactive secondary metabolites. The water’s physicochem-
ical parameters—such as pH, salinity, conductivity, and key minerals—indicated
a moderately alkaline, low-nutrient environment, which may favor secondary me-
tabolite production. The ethanolic extract obtained via Soxhlet extraction was an-
alyzed using FTIR spectroscopy and standard phytochemical screening tests. The
results revealed the presence of alkaloids, glycosides, flavonoids, and terpenoids,
while tannins and saponins were absent. These findings support the potential of S.
subsalsa as a renewable, eco-friendly source of compounds with possible pharma-
ceutical ,environmental and Biological applications.

Keywords: Secondary metabolites, Spirogyra subsalsa, Eco-friendly source.

wob o doddiuadl dygi Wi SWSpoll il ilosdl yoodll
dJledll gl LSl plaiuiog 32200 J:;.na.o..’: :Spirogyra subsalsa
sy colw ool L e ygil caaw
8UsJl pgle s, pglell duls d pniiuoll deolall

oA

J,ia_sj d>b 4a 4 wsubsalsa Spirogyra th Ll OUIGYI G lLeSud ) dul )l odoa cosun
bl o, gbT.2024 Ly /W1 05518 (3 Glusy il J1aalan) Loms g o s e ol
LS M L) s 555 08 G B s (o LAR iaiiee Uinas 8 Aoy gl oLl AslacS 5041
2 o= Soxhlet (oMW 5lea pluseiuly Clodald L SN el Wl Lo J pad ) o5 4 S
s k@l Ll Caasdl ol ol B (FTIR) o okl o a1 Lblas plisuiul allS
(Dl g Al g el 5 A5 el s 5 el SR s Bags 5 536 LS 100 525 (s el
S. subsalsa pl sl L5156) Hleda pes . ol plalls (LU olaadl u_w:&}?‘(l N
YLl @ anall ol dadl s (U o o dla 22l LS el el oo s pliis oncds JdaaS
ey Azl LTl

) dall jslall  Spirogyra subsalsa « g 51 G LS 5o tde il S| S




Phytochemical Screening of Secondary Metabolites Extracted
from Spirogyra subsalsa .....................ccocoeviniiiiinianinne,

Saja Anwer Ali and Ahmed S. Dwaish

|| 300

Introduction :

Recently, exploring natural sourc-
es for biologically active compounds
has been growing interest , especially
as the world shifts toward safer and
more sustainable alternatives to syn-
thetic chemicals. Among these natural
resources, freshwater green algae have
gained attention for their remarkable
ability to produce a wide variety of
beneficial compounds (AlRrubaie et
al.,2019). These algae are rich in sec-
ondary metabolites including flavo-
noids, alkaloids, phenolics, terpenoids,
and saponins—that are known for their
antioxidant, antimicrobial, anti-inflam-
matory, and even anticancer properties
(Harborne, 1998; Parekh & Chanda,
2007; ElI Gamal, 2010; Ibrahim et al.,
2023). One such alga is Spirogyra sub-
salsa, a filamentous green alga found
abundantly in freshwater ecosystems
like rivers, ponds, and lakes , it holds
promise as a sustainable source of bio-
mass (Costa et al., 2022). S. subsalsa
has received limited scientific atten-
tion compared to more studied species
like Spirulina or Chlorella. Its poten-
tial chemical diversity and bioactivity

remain largely unexplored (Demiriz
Yiicer, 2024).

Previous studies on related Spiro-
gyra species have shown that they can
produce a variety of useful secondary
metabolites with pharmaceutical, ag-
ricultural, and environmental appli-
cations (Sofowora, 1993; Edeoga et
al., 2005). Additionally, using envi-
ronmentally friendly solvents such as
ethanol and non-destructive analysis
methods like Fourier-transform infra-
red spectroscopy (FTIR) aligns with
the goals of green chemistry and sus-
tainable research (APHA, 2017; Har-
borne, 1998).

This study, therefore, seeks to exam-
ine the phytochemical content of Spir-
ogyra subsalsa using ethanolic Sox-
hlet extraction and FTIR analysis. By
doing so, it aims to evaluate the alga’s
potential as a renewable, eco-friend-
ly source of biologically active com-
pounds—offering insight into a large-
ly overlooked but potentially valuable
freshwater species.
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Materials and Methods

Sample Collection and Prepara-
tion

Spirogyra subsalsa was collected
from the Tigris River at the Al-Rashidi-
ya region, Baghdad, Iraq, during the
January of 2024. Collection sites were
selected based on algal abundance and
accessibility. Samples were careful-
ly scraped from submerged rocks and
sediment using sterilized tools to avoid
contamination. The algal biomass was
transported to the laboratory in clean
polyethylene containers filled with riv-
er water to maintain freshness. Upon
arrival, samples were thoroughly rinsed
with distilled water to eliminate debris,
sediments, and associated microorgan-
isms, then prepared for extraction and
biochemical analyses.

Physicochemical Analysis of Wa-
ter

Water samples from the collection
site were gathered in sterilized poly-
ethylene bottles and analyzed immedi-
ately using standard protocols (APHA,
2017). The measured parameters in-
cluded:

The physicochemical parameters

of the water samples were measured
following standard methods (APHA,
2017). pH was determined using a
calibrated digital pH meter (HANNA
HI98107), and temperature was re-
corded on-site with a portable ther-
mometer (Thermo Scientific TCT100).
Electrical conductivity (EC) and sa-
linity were measured using a conduc-
tivity/salinity meter (WTW InoLab
Cond 7110). Nitrate (NOs") and phos-
phate (PO+*) concentrations were an-
alyzed spectrophotometrically using a
Shimadzu UV-1800 spectrophotome-
ter. Calcium (Ca*) and magnesium
(Mg*") were quantified by EDTA com-
plexometric titration, while chloride
(CI") was determined by argentometric
titration using silver nitrate following
the Mohr method.

Each parameter was measured in
triplicate to ensure accuracy and repro-
ducibility.

Ethanolic Soxhlet Extraction of
Secondary Metabolites :

Dried algal biomass was finely pow-
dered using a mechanical grinder. Ap-
proximately 50 grams of the powder

underwent Soxhlet extraction using
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95% ethanol for 6 hours. Continuous
solvent reflux facilitated effective dis-
solution of bioactive compounds. The
resulting extract was concentrated us-
ing a rotary evaporator under reduced
pressure at 40°C to remove ethanol,
yielding a crude extract. This extract
was stored at 4°C in amber-colored
bottles for further analyses (Handa et
al., 2008).

FTIR Analysis

Groups:

of Functional

To identify functional groups asso-
ciated with bioactive compounds, Fou-
rier-transform infrared spectroscopy
(FTIR) was conducted. A small portion
of the dried extract was mixed with
potassium bromide (KBr) and pressed
into a thin pellet. Spectral analysis was
performed over the range of 4000-
400 cm™ using an FTIR spectrome-
ter at room temperature. The absorp-
tion peaks were interpreted to identify
functional groups such as hydroxyl,
carbonyl, amine, and aromatic rings—
indicative of classes like phenolics,
flavonoids, and alkaloids (Silverstein
et al., 2014).

Phytochemical Screening :

Preliminary screening of the ethan-
olic extract was performed using stan-
dard qualitative methods to assess the
presence of key secondary metabolites.
The tested groups included alkaloids,
flavonoids, phenolics, tannins, sapo-
nins, glycosides, and terpenoids (Har-
borne, 1998).

Results and Discussion
Spirogyra subsalsa - Kuetzing. Fil-
aments of slender cells 26-28 Mm in
Liameter 148-35 .Mm long. with plane
anel walls. Chloroplast solitary, mak-
ing 1/2-3 turns in one cell, as showed in
figure (1) and this agree with (Al-hus-
sieny, 2018) and (Xiong et al., 2022)
(Prescott,1982) Zygospores ellipsoid
with median spore wall Smooth.
The classification of genus as below:
Division: Chlorophyta
Class. Chlorophyceae.
order: Zygnematales.
Family, Zygnemataceae
Genus : Spirogyra
Species: Subsalsa
Spirogyra subsalsa were include
classed based on visual characteristics

and microscopic examinations. Fila-
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mentous green algae does not branch.
Pyrenoids are usually present in a cell’s
thick chloroplast. Cells often have one
end that is broader than the other. In
other cases, cells seem bulbous or al-
most spherical (Hirn, 1900). The key
distinguishing feature is the rings at

the broader extremities, which develop
during cellular division. This appear-
ance 1is caused by each ring represent-
ing a cell division, which can be seen
inside the filament with careful focus-

ing under favorable conditions (Xiong
et al, 2021).

Figure (1): Spirogyra subsalsa under microscope 40 X.

Water Sample Characteristics:

The physicochemical parameters
represent the water from which Spir-
ogyra subsalsa was isolated table (1).
These measurements provide import-
ant context for understanding the en-
vironmental conditions influence the

alga’s growth and biochemical compo-
sition (APHA, 2017; Hem, 1985).
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Table (1):Test Physic-chemical Parameters Values of the Water sample

Test Mean + SE
Air tem. 302
Water tem. 20+2
Ec(uS/cm) 1754 + 18
pH 82+04
Ca(mg/1) 175+5
Mg(mg/l) 49+3.5
CI (mg/1) 85+4.3
SAL% 0.7+0.1
PO4(mg/1) BDL
NO3(mg/l) BDL
NO2(mg/l) BDL

SE: Standard error,

These charac-

teristics reflect a typical freshwater

physicochemical

environment with moderate miner-
al content and low nutrient pollution,
conditions that are conducive to the
growth of Spirogyra subsalsa (Sawyer
et al., 2003; WHO, 2017).
Environmental conditions such
as pH, temperature, mineral content
(Ca*, Mg**, Cl"), salinity, and nutri-
ent levels significantly affect the pro-
duction of secondary metabolites in
Spirogyra subsalsa. Slightly alkaline
pH and moderate temperatures pro-
mote enzymatic activities involved in

metabolite biosynthesis. Minerals like

BDL : below detective limit

calcium and magnesium act as cofac-
tors essential for metabolic process-
es. Low nutrient availability and mild
salinity can induce stress responses in
the alga, stimulating the synthesis of
bioactive secondary compounds as de-
fense mechanisms (Singh et al., 2018;
Patel et al., 2021).

The FTIR spectrum of the Spiro-
gyra subsalsa ethanolic Extract :

By revealing key functional orga-
nizations indicative of bioactive com-
pounds. Below figure (2) are outcomes
of the spectral functions and their clini-

cal implications.
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Figure (2): FTIR analysis for Spirigyra subsalsa extract

12/19/2024 12:41:41 PM

A broad absorption band around
~3300 cm™, corresponding to O—H or
N-H stretching vibrations, indicates
the presence of hydroxyl-containing
compounds (e.g., phenols, alcohols)
or amine groups (e.g., proteins) (Sil-
verstein et al., 2014). Phenolic com-
pounds, commonly found in algae, are
known for their antimicrobial proper-
ties, primarily through disruption of
microbial membranes (Cowan, 1999).
Absorption peaks near 2921 cm™ and
2850 cm™ are associated with C—H
stretching vibrations, typical of ali-
phatic hydrocarbons, such as those
found in fatty acids or lipids (Larkin,

2017). Algal fatty acids, such as lauric
acid, have been reported to lyse bac-
terial cell membranes, contributing to
their antimicrobial action (Desbois &
Smith, 2010).

A strong peak around ~1650 cm™
is attributed to C=0O stretching, par-
ticularly amide I bands, indicative of
proteins or peptides, or possibly ke-
tones (Silverstein et al., 2014). Antimi-
crobial peptides (AMPs), for instance,
often function by targeting and dis-
rupting bacterial cell walls (Hancock
& Sahl, 2006). Additionally, peaks at
1452 ecm™ and 1375 cm™ correspond
to C—H bending vibrations, typically
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from methyl or methylene groups, sup-
porting the presence of lipids. These
groups may interact synergistically
with other bioactive compounds to en-
hance antimicrobial efficacy (Gonzélez
et al., 2021).

Active Compounds Detected in Spi-
rogyra subsalsa Extract:

The phytochemical screening of the
ethanolic extract of Spirogyra subsal-
sa revealed the presence of several im-
portant secondary metabolites, includ-
ing alkaloids, glycosides, flavonoids,
and terpenoids, while saponins and
tannins were absent table (2).

Table (2):Active compounds
in Spirogyra subsalsa crude extracts

Chemicals Ethanolic
Compounds Spirogyra Extract
Alkaloids +
Glycosides +
Saponins -
Tannins -
Flavonoids +
Terbenoid +

+ Presence of active compound ,
- Absent of active compound

The presence of alkaloids in Spiro-
gyra subsalsa suggests it may possess

important pharmacological properties,
such as antimicrobial and analgesic ef-
fects. Alkaloids are well-known for
their biological activity and play a key
role in plant defense mechanisms (Har-
borne, 1998). Similarly, the detection
of glycosides points to the presence of
compounds that may have cardiotonic
or other therapeutic activities. These
molecules are commonly found in both
plants and algae and contribute to a va-
riety of biological effects (Sofowora,
1993 , Mohd & Fadzureena, 2016).
Flavonoids were also identified and
are particularly notable for their strong
antioxidant properties, which help pro-
tect cells from oxidative stress caused
by free radicals. Additionally, flavo-
noids are known to have anti-inflam-
matory and antiviral actions (Parekh
& Chanda, 2007). The detection of
terpenoids suggests the presence of
volatile and non-volatile compounds
with a wide range of health-promot-
ing effects, including antibacterial and
anticancer activities (Al-Fatlawi &
Hassan, 2022). On the other hand, the
absence of saponins and tannins might
be due to the specific nature of the eth-

anolic extraction process or the envi-
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ronmental conditions under which the
alga was collected. These compounds
are sensitive to both ecological factors
and extraction methods, which can in-
fluence their presence or concentration
(Singh et al., 2018).

Overall, these findings confirm that
Spirogyra subsalsa is capable of pro-
ducing a diverse range of bioactive
secondary metabolites, making it a
promising sustainable source of phar-
macologically and environmentally
valuable compounds.

The physicochemical properties
of the water where the alga was col-
lected—such as a slightly alkaline pH
(8.2 £ 0.4), moderate temperature (20
+ 2°C), and moderate electrical con-
ductivity (1754 £ 18 puS/cm)—-create
favorable conditions for its growth
and metabolism. These environmen-
tal parameters significantly affect the
biosynthesis of secondary metabolites,
including the alkaloids, glycosides,
flavonoids, and terpenoids detected in
the ethanolic extract. Essential mineral
ions like calcium (175 £ 5 mg/L), mag-
nesium (49 + 3.5 mg/L), and chloride
(85 £ 4.3 mg/L) serve as cofactors in

enzymatic reactions, supporting meta-

bolic processes that lead to the produc-
tion of bioactive compounds (Guedes
& Malcata, 2012). Interestingly, low
levels of nutrients (phosphate, nitrate,
and nitrite below detection limits) may
act as mild stressors, stimulating the al-
ga’s defense mechanisms and encour-
aging the accumulation of protective
secondary metabolites with antioxi-
dant functions (Patel et al., 2021).

The moderate salinity (0.7 £ 0.1%)
and mineral composition of the envi-
ronment also shape the alga’s meta-
bolic profile, which could explain the
absence of compounds like saponins
and tannins in this study. These re-
sults highlight the important role of
environmental conditions in influenc-
ing the chemical makeup of Spirogyra
subsalsa and support its potential as a
renewable source of biologically ac-
tive substances.

Conclusions:

Spirogyra subsalsa shows great
potential as a natural producer of
valuable secondary metabolites like
alkaloids,
and terpenoids, which are known

glycosides, flavonoids,

for their possible biological activi-
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ties. Environmental factors—such
as moderate water alkalinity, the
presence of minerals, and low nu-
trient levels—Ilikely played a role in
stimulating the production of these
compounds. FTIR analysis con-
firmed the presence of functional
groups typically associated with bio-
active substances. Altogether, these
findings suggest that this alga could
serve as a sustainable and natural
source of bioactive compounds with
promising applications in medicine

and environmental protection.
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