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Abstract. Maganga PY, Mbusi LD, Hamisi MI, Mgina CA, Lyimo TJ. 2024. Bioactive compounds of seven seagrass species from the
Western Indian Ocean identified by Gas Chromatography-Mass Spectrometry. Asian J Nat Prod Biochem 22: 74-91. Seven seagrass
species from the coast of Tanzania, namely Cymodocea serrulata, Halodule uninervis, Enhalus acoroides, Cymodocea rotundata,
Syringodium isoetifolium, Thalassia hemprichii, and Thalassodendron ciliatum, were previously reported to have antibacterial activity
against pathogenic microorganisms. This study presents the results of quantitative analysis of the phytocompound composition of
hexane extracts of these seagrass species using Gas Chromatography-Mass Spectrometry technique. Overall, 24 known biologically
active phytocompounds were revealed, with commonly found compounds being steroids, namely stigmasta-5,22-dien-3-ol acetate and
3p sitosterol acetate. On the other hand, 3/-cholest-5-en-3-ol tetradecanoate was found only in C. rotundata and T. ciliatum.
Hydrocarbons (1-nonadecene and tetracosane) and a diterpene (phytol acetate) were found only in H. uninervis and T. ciliatum. In
addition, pentadecanal and n-hexadecanoic acid were found in C. rotundata and T. hemprichii, respectively, while heneicosane and
hexadecanoic acid methyl ester were found in 7. ciliatum only. Moreover, 7. ciliatum was found to contain more compounds than other
seagrass species. This study reports for the first time the occurrence of fourteen compounds from seagrass species. All seven seagrass
species are rich sources of phytocompounds with various pharmacological properties, such as antimicrobial, antioxidant, and
antiinflammatory activities.
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INTRODUCTION (Ascherson) Dandy, Thalassodendron ciliatum (Forsk.) den

Hartog., T. leptocaule MC Duarte, Bandeira & Romeiras,

Seagrasses are plants that live submerged in shallow
water areas of temperate, subtropical, and tropical seas
(Kannan and Thangaradjou 2005; Togashi et al. 2007).
They are monocotyledonous plants belonging to four plant
families, Posidoniaceae, Zosteraceae, Hydrocharitaceae,
and Cymodoceaceae, which have successfully adapted to
the marine ecosystems (Ravikumar et al. 2010). There are
60 seagrass species belonging to 13 genera distributed all
over the world (Gacia et al. 2003). Seven genera
(Cymodocea, Enhalus, Halodule, Halophila, Syringodium,
Thalassia, and Thalassodendron) are tropical. The
remaining six genera (Amphibolis,  Heterzostera,
Phyllospadi, Posidonia, Pseudalthenia, and Zostera) are
largely confined to temperate waters (Ravikumar et al.
2010). The coastal zones of the Western Indian Ocean
(WIO) region harbor 14 known species that comprise about
25% of all seagrasses worldwide (Amone-Mabuto et al.
2017). The species occurring in the WIO region are
Enhalus acoroides (U.) Royle, Halophila minor (Zoll.) den
Hartog, H. ovalis (R. Br.) Hook. f., H. stipulacee (Forsk.)
Aschers., Thalassia hemprichii (Ehrenberg) Asherson,
Zostera capensis Setchell, Cymodocea rotundata Ehrenb.
et Hempr. ex Aschers., C. serrulata (R. Br.) Aschers. et
Magnus, Halodule uninervis (Forsk.) Aschers. in Bossier,
H. wrightii  Ascherson, Syringodium  isoetifolium

and Ruppia maritina L. (Gullstrom et al. 2002; Duarte et al.
2012). The distribution of seagrasses depends on a series of
physical factors such as temperature, turbidity, salinity,
substrate type, and light availability, where the presence or
absence of species depends on their unique adaptation and
ability to tolerate those environmental factors (Ha et al.
2019). Twelve seagrass species have been encountered in
Tanzania, with the most extensive meadows found on
beaches or cliffs and adjacent fringing reefs (Ochieng and
Eftemeijer 2003; Hamisi et al. 2004).

Seagrasses are rich sources of secondary metabolites
that are believed to be a defense mechanism for these
plants, some of which are potential antimicrobial
compounds that reduce or control microbial growth
(Kannan et al. 2010a; Sangeetha and Asokan 2016; Hamisi
et al. 2023). Therefore, recognizing seagrass's potential,
several endeavors have been made globally from which
various secondary metabolites with pharmacological
properties have been extracted and tested. Gono et al.
(2022) reported the antiviral, antibacterial, antifungal,
antiprotozoal, antifertility, and pharmacological properties
of seagrass extracts. Furthermore, seagrass extracts of H.
pinifolia, H. ovalis, and T. hemprichii from the southeast
coast of India were reported to have antiviral activity
(Premanathan et al. 1992). In addition, Kannan et al.
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(2010a) reported the antibacterial activity of seagrasses H.
stipulacea, C. serrulata, and H. pinifolia from the
Mandapam coast, India. Moreover, Saranya et al. (2017)
reported that the seagrasses H. ovalis and T. hemprichii
collected from the Keelakarai Coast, Ramnad, Tamil Nadu,
have interesting biochemical and bioactive potentials.

In Tanzania, seagrasses have been used as traditional
medicine. These include E. acoroides, whose roots are
popularly used as remedial against stings of rays, muscle
pain, wounds, and stomach problems. When burned with
other herbs, this species produces smoke (mafusho), which
a patient inhales as vapors to cure fever by lowering body
temperature. Another species, Cymodocea spp., is utilized
to combat malaria and cough (De La Torre-Castro and
Ronnback 2004). T. ciliatum is known for its effectiveness
in treating various ailments (Abdelhameed et al. 2018).
Furthermore, combinations of seagrasses, including
Thalassia and Cymodocea, are recognized for their use in
treating fever and skin diseases. In a previous study,
Hamisi et al. (2023) reported that extracts from seven
common seagrass species—C. serrulata, H. uninervis, E.
acoroides, C. rotundata, S. isoetifolium, T. hemprichii, and
T. ciliatum—exhibited potential antibacterial activities. In
this study, we further analyzed the phytocompound
composition of these  seagrasses using  Gas
Chromatography-Mass Spectrometry to complement the
existing knowledge and provide scientific evidence for
their potential in pharmaceutical development.

MATERIALS AND METHODS

Seagrasses collection
Seven seagrass species, namely C. serrulata, H.
uninervis, E. acoroides, C. rotundata, S. isoetifolium, T.

hemprichii, and T. ciliatum, were collected during low tides
from the coastal areas of Mjimwema (06°50'S, 39°21'E), 4
km south of the Dar es Salaam harbor, and from Bagamoyo
(6°27'32"S, 38°56'E) between the Bagamoyo fish landing
site and Kaole ruins (Figure 1). Seagrasses were identified
in the field and the laboratory using standard identification
guidebooks (Oliveira et al. 2005; Richmond 2011).
Sampling was done by uprooting seagrasses using a shovel.
The seagrass leaves (phyllosphere) and the below-ground
parts (roots/rhizome) were separated using scissors and
transported to the University of Dar es Salaam, Department
of Molecular Biology and Biotechnology laboratories for
processing and analysis.

Preparation of seagrasses for analysis

In the laboratory, the collected seagrass samples were
washed twice to three times with fresh water to remove
debris. Both leaves and roots were air dried under shade for
10 to 14 days to a constant weight (Figure 2) and then
mechanically pulverized to obtain a fine powder using a
Thomas Wiley Laboratory mill model 4 (Philadelphia,
USA).

Preparation of extracts

Approximately 100 g of the powdered sample of each
species was soaked in 500 mL of n-hexane at room
temperature in a shaker (Edmund Buhler 7400) for 48
hours. The filtrates were then subjected to a rotary
evaporator (BUCHI rotary vapor model R-210) to
evaporate the solvent and get the crude extract (Kannan et
al. 2010b). Table 1 displays the quantity of extracts
obtained from each seagrass species following solvent
extraction. The extracts were stored at 4°C before analysis
using Gas Chromatography-Mass Spectrometry (GC-MS).

39°00"E

39°300"E

6°30'0”S

7°0'0"S

7,515 km
|

39°30°0"E

39°00"E

Figure 1. A map showing sampling stations at Mjimwema and Bagamoyo, Tanzania
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Figure 2. Photographs showing the seven seagrass species on laboratory benches to attain a constant weight: A. C. rotundata, B. C.
serrulata, C. E. acoroides, D. H. uninervis, E. T. ciliatum, F. T. hemprichii and, G. S. isoetifolium

Table 1. Amount of extracts yield for each seagrass species

Seagrass Leaves Amountof Amountof Extracts
species /roots  powder (g) solvent (ml) yield (g)
C. rotundata  Leaves 100 500 0.513
Roots 100 500 0.274
C. serrulata  Leaves 100 500 0.541
Roots 100 500 0.523
H. uninervis  Leaves 100 500 0.561
Roots NA NA NA
T. hemprichii  Leaves 100 500 0.830
Roots 100 500 0.235
T. ciliatum Leaves 100 500 0.377
Roots 100 500 0.226
S. isoetifolium Leaves 100 500 0.605
Roots 100 500 0.360
E. acoroides  Leaves NA NA NA
Roots 100 500 0.1

Note: NA: Not Analysed

Gas Chromatography-Mass Spectrometry analysis
Analysis of the extracts was done by GC-MS, whereby
1 pL of the crude extract in 1 mL of dichloromethane was
injected into the instrument. The peaks were recorded in a
GCMS-QP 2010 Ultra (Shimadzu instrument) operating in
electron ionization (EI) mode (MS) at 70 eV and a flame
ionization detector (FID) for GC. A Restek-5MS column
(30 m x 0.25 mm x 0.25 pm) was used. The oven
temperature program was 90°C to 280°C and was held at
90°C for 2 minutes. The temperature was increased to
280°C for 8 minutes (hold time) at 6°C per minute. The
injection temperature was 250°C with split injection mode.
Helium was used as carrier gas at a flow rate of 1.21 mL
min'. The ion source temperature and interface
temperature in MS were 230°C and 300°C, respectively.

The identification of compounds in the sample was
performed via the scan method, which involved the use of
the Mass Spectral Library & Search Software (NIST 11).
The quantification of the compounds in the samples was
then performed based on percentage composition using the
peak integration method, whereby the ion allowance was
20% (Elkhateeb et al. 2019).

RESULTS AND DISCUSSION

GC-MS revealed biologically active phytocompounds
GC-MS is often referred to as the "gold standard" for
analytical substance identification because it is highly
effective for specific test analysis (Perez et al. 2016). GC-
MS can be used to identify various substances within a test
sample, including hydrocarbons, alcohols, acids, esters,
alkaloids, steroids, amino and nitro compounds, and can be
used to identify trace amounts of materials (Saravanan et al.
2014). This study revealed the presence of 24 different
biologically active phytocompounds from the hexane
extracts of the seven seagrass species, as shown in Table 2
and Supplementary Material Figures S.1-12. Furthermore,
the most common phytocompounds observed in all
seagrass species, except for S. isoetifolium, were stigmasta-
5,22-dien-3-0l acetate and 3-B, B-sitosterol acetate. The
abundance of stigmasta-5,22-dien-3f-0l acetate ranged
from 5.01 to 62.4% and 1.08 to 22.3% for the seagrass
leaves and root extracts, respectively. The 3/ sitosterol
acetate abundance ranged from 2.69 to 11.6% and 0.88 to
16.7% for the leaf and root extracts, respectively. These
results are similar to other findings that have reported the
same compounds in various seagrass species, including
Cymodocea serrulata (Pushpabharathi et al. 2018).
Stigmasta-5,22-dien-3$-ol acetate and 3f-sitosterol acetate
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have been reported to possess various bioactive properties,
as summarized in Table 3. The presence of these
compounds may, therefore, explain and support the local
use of the seagrass species in the WIO region for various
treatments. Analysis of the results from different seagrass
species  revealed that they contain  different
phytocompounds with various compositions, as presented
in the following sections.

Phytocompounds from Cymodocea serrulata extracts

Eight (8) compounds were identified in both the leaves
and roots of seagrass C. serrulata extracts. The prevailing
compounds in the leaves were stigmasta-5,22-dien-3/-ol,
acetate (62.4%), 6,10,14-trimethyl-2-pentadecanone
(13.0%), and 3f-sitosterol acetate (11.6%), whereas cyclic
octaatomic sulfur (65.3%), heptadecane (12.0%) and
hexadecane (10.2%) were found in the roots (Table 2).
Among these compounds, stigmasta-5,22-dien-35-ol,
acetate, 2-pentadecanone, and 6,10,14-trimethyl-, have
been reported on the same seagrass from India by
Pushpabharathi et al. (2018). However, Pushpabharathi et
al. (2018) reported five compounds using ethanol extracts
while Das et al. (2023) reported the compounds
hexadecane and heptadecane among other compounds from
the same seagrass that revealed a total of 104
phytocompounds from chloroform, ethanol, and distilled
water from C. serrulata samples from Palk Bay, India.
Moreover, other researchers have detected several
compounds from this seagrass species, but none were
similar to the compounds extracted from this study. For
example, Vijayalingam and Rajesh (2019) revealed nine
compounds using ethanol extracts, and Jeevith et al. (2019)
detected 26 compounds from the same seagrass using
methanol extracts. Thus, to our knowledge, in this study,
six compounds from seagrass C. serrulata extracts have
been identified for the first time.

Phytocompounds from Cymodocea rotundata extracts

The extracts of the seagrass C. rotundata were found to
contain 10 phytocompounds from both the leaves and
roots. The main chemical components in the leaves were
stigmasta-5,22-dien-3$-0l acetate (41.9%), pentadecanal
(28.7%), and 6,10,14-trimethyl-2-pentadecanone (16.0%),
whereas in the roots, the main chemical compounds were
cyclic octaatomic sulfur (56.0%), heptadecane (15.6%),
and hexadecane (13.4%). The steroid cholest-5-en-3-ol
(3p)-, tetradecanoate was uniquely obtained from this
seagrass. None of the revealed phytocompounds match the
compounds reported by Perez et al. (2018), who used
dichloromethane extract on the same seagrass. Hence, the
current study has identified ten compounds previously
unreported from C. rotundata.

Phytocompounds from Halodule uninervis extracts

In the seagrass, H. uninervis extracts, 13
phytocompounds were found in leaves, as shown in Table
1. The significant phytocompounds detected in H.
uninervis were tetracosane (33.4%), 1-nonadecene
(13.1%), and p4-sitosterol-3-one (15.5%). Interestingly,
among the studied species, steroid compounds f4-

sitosterol-3-one and cholestadien-3-one were detected only
in H. uninervis (Table 2). However, the revealed
phytocompounds have never been detected in this seagrass
species. Using ethyl acetate, Parthasarathi et al. (2021)
reported 23 phytocompounds from the same seagrass H.
uninervis extracts, but none of the compounds identified
matched those releaved in this study.

Phytocompounds from Enhalus acoroides extracts

The GC-MS analysis of E. acoroides revealed only four
compounds. The major phytocompounds identified from
this seagrass were cyclic octaatomic sulfur (97.4%),
followed by stigmasta-5,22-dien-34-ol acetate (1.08%). Out
of the four compounds, cyclic octaatomic sulfur has
previously been reported from the same species by Selvam
et al. (2022). The study by Amudha et al. (2018) revealed
29 phytocompounds from ethyl acetate crude extracts of
this seagrass species from Devipattinam, Ramanathapuram,
India. Another study by Vijayalingam and Rajesh (2019)
reported 10 phytocompounds from ethanol extracts from
the same seagrass species found in India. In both cases,
none of the reported compounds were the same as these
hereby reported.

Phytocompounds from Syringodium isoetifolium
extracts

The seagrass S. isoetifolium extracts were found to
contain six phytocompounds in both the leaves and roots.
The major phytocompounds in the leaves were 2,4-di-tert-
butylphenol (30.9%), 1-pentadecene (17.1%), and 1-
tridecene (16.0%), while in the roots the notable
compounds were 2,4-di-tert-butylphenol (30.9%), 1-
pentadecene (18.2%), and 1-tridecene (16.6%). All six
revealed phytocompounds have not been reported from this
species elsewhere. The study by Vijayalingam and Rajesh
(2019) revealed eight compounds from ethanol of the same
species collected from Seeniyappa Dharka, India, while
that conducted by Jeevitha et al. (2019) reported 25
compounds from methanol of the species obtained from the
Gulf of Mannar, Tamil Nad. However, none of these
previous studies reported the same compounds obtained in
this present study.

Phytocompounds from Thalassia hemprichii extracts

Nine phytocompounds were detected in the leaves and
roots of the seagrass T. hemprichii hexane extracts. The
significant phytocompounds from the leaves were cyclic
octaatomic sulfur (54.0%), stigmasta-5,22-dien-33-ol
acetate (10.6%), and n-hexadecanoic acid (8.7%). In
comparison, in the roots, the significant phytocompounds
were cyclic octa atomic sulfur (63.5%), 1-pentadecene
(6.86%), and 3p-sitosterol acetate (6.19%). Furthermore,
the fatty acid (n-hexadecanoic acid) was found only in 7.
hemprichii. None of the phytocompounds hereby revealed
have been reported from the same seagrass species growing
elsewhere. For example, Hassan et al. (2022) analyzed T.
hemprichii collected from the Red Sea, Egypt and reported
the existence of nine phytocompounds from hexane extract,
but none of the compounds are similar to those found in
this study.
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Table 2. Phytocompounds identified in hexane extracts of seven seagrass species and their relative abundance

Peak Area %

SN RT Name of the compound Formula MW CS HU EA CR SI TH TC
L R L R L R L R L R L R L R
1 16.76  2-Pentadecanone, 6,10,14-trimethyl- CisH360 268.0 13.0 0.85 - - NA - 16.0 0.46 - - - - 2.67 -
2 18.12  Pentadecanoic acid, 14-methyl-, methyl ester Ci7H3402  270.0 691 3.16 - - - - 476 2.14 - - - - - 0.33
3 19.52  Cyclic octaatomic sulfur Ss 256.5 - 65.3 - - NA 974 - 56.0 - - 53.97 63.50 - 554
4  20.82 Hexadecane Ci6Hse 226.4 - 10.2 - - NA - - 13.4 - - - - - 0.74
5 23.69 Heptadecane Ci7Hs6 240.5 - 12.0 - - NA  0.62 - 15.6 - - - - - 0.16
6 35.03 Stigmasta-5,22-dien-3-ol, acetate C31Hs002 4540 624 692 501 NA NA 1.08 419 575 - - 1095  6.19 - 22.3
7 35.79  3p-Sitosterol acetate C31Hs202 4567 116 157 318 NA NA 088 7.17 581 - - 2.69 3.88 - 16.7
8 4.58  1-Dodecene Ci2H2a 168.3 - - 0.69 NA - - - 10.8 105 4.44 4.08 2.37 -
9 8.37  1-Tridecene Ci3Hae 162.2 - - 1.17 NA - - - - 16.0 16.6 543 6.10 3.22 -
10 10.78  2,4-Di-tert-butylphenol C14H220 206.3 - - 1.32 NA - - - - 352 309 - -
11 1227 1-Pentadecene CisHso 210.4 - - 143 NA - - - - 17.1 182  6.58 6.86  3.57 -
12 1589 1-Heptadecene Ci7Hz4 238.5 - - 2.12 NA - - - - 122 147 534 5.66  3.26 -
13 19.18 1-Nonadecene CioHss 266.5 - - 13.1 - - - - - - - - - 2.87 -
14 20.81 Tetracosane C24H50 338.7 - - 334 - - - - - - - - - 14.9 -
15 21.01 Phytol, acetate C22H4202 256.5 - - 12.0 - - - - - - - - - 17.6 -
16 2219 (2)-9-Tricosene C23 Has 322.6 - - 3.60 - - - - - 872  9.09 - - - -
17  36.88 4,22-Cholestadien-3-one C27H420 382.6 - - 6.79 - - - - - - - - - - -
18 37.85 p4-Sitosterol-3-one C29H4s0 412.7 - - 15.5 - - - - - - - - - - -
19 21.01 Pentadecanal- Ci5H300 226 - - - - - 28.7 - - - - - - -
20  33.41 Cholesta-3,5-diene C27Haa 368 6.10 - - - - 1.46 - - - 1.86 1.00 093 -
21  34.62 Cholest-5-en-3-ol (3f)-, tetradecanoate C41H7202 386.6 - - - - - - - 0.81 - - - - - 4.44
22 1871 n-Hexadecanoic acid Ci6H3202 256.4 - - - - - - - - - - 8.71 2.72 - -
23 17.68 Heneicosane C21Ha4 296.5 - - - - - - - - - - - - 42.1 -
24  18.12 Hexadecanoicacid, methyl ester C17H3402 270 - - - - - - - - - - - 6.52 -

Note: -: Absent, NA: Not Determine, RT: Retention Time, MW: Molecular Weight, L: Leaves, R: Roots, CS: C. serrulata, HU: H. uninervis, EA:E. acoroides, CR: C. rotundata, SI: S.
isoetifolium, TH: T. hemprichii and TC: T. ciliatum
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Table 3. Biological activities of reported compounds in the hexane extracts of seagrasses

79

SN Compound name Structure Nature of Biological activity
compound
o) Antihypertensive activity and vasodilatation
1 2-Pentadecanone, 6,10,14-trimethyl- )\/\)\/\)\/\)}\ Essential oil affect  cerebral and  basilar  arteries
(Pushpabharathi et al. 2018)
0] Many odd-length amino acids are derived from
Pentadecanoic acid, 14-methyl-, methyl . pentadecanoic acid. Act as a biological marker
2 e Fatty acids . A .
ester (0] for dietary milk intake (Pushpabharathi et al.
2018)
S’S_S\s
3 Cyclic octa atomic sulfur é é Sulfur Pesticide (Steudel and Chivers 2019)
\S _ S/
Alkane . .
4 Hexadecane P SN N P N Antibacterial (Kumaresan et al. 2015)
hydrocarbon
5 Heptadecane P SN e P N Sfliiilg;ﬁ chain Antifungal (Abubackerand and Devi 2015)
H
/ Antiosteoarthritic, ~ Antihypercholesterolemi,
6 Stigmasta-5,22-dien-3f -ol, acetate H Steroids cytotoxicity, — antitumour, hypoglycaemlc,
antimutagenic, antioxidant, Anti-inflammatory,
and CNS effects (Kaur et al. 2011)
Anti-inflammatory, antineoplastic, antipyretic,
7 3B-Sitosterol acetate Steroids and immunomodulating activity (Amudha et
al. 2018)
8 1-Dodecene P a4 Alkene Antibacterial (Togashi 2007)
9 1-Tridecene S~ TN TN TN TSN Alkene Antibacterial activity (Kumar et al. 2011)
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OH
. Antifungal (Sang and Kim  2012),
10 2,4-Di-tert-butylphenol Phenol Antimalarial (Kusch et al. 2011)
11 1-Pentadecene N~ T N N S NN Alkene Antimicrobial (Dubal et al. 2015)
Artificial ripening of fruits, metabolism of
12 1-Heptadecene A e P P a P a Alkene aromatic compounds in animals antimicrobial
(Lakshmi and Bindu 2017)
Antituberculosis anticancer. antioxidant.
- \/\/\/\/\/\/\/\/\/ tutu : y s R
13 1-Nonadecene Alkene antimicrobial (Amudha et al. 2018)
Cytotoxicity =~ against  cancerous  cells,
Antidiarrheal,  Antibacterial, = Cardiotonic,
Straight chain laxative, Anthelmintic and removes fatigue,
14 Tetracosane .. . .
alkane Anti-inflammatory, used in peptic ulcer
treatment, Anticorrosive, Antioxidant, and
Antitrichomonas (Prabhanna and Jayaraj 2018)
o
15 Phytol acetate )\M J\ Diterpene Antimicrobial activity (Mundt et al. 2003)
0
16 9-Tricosene Alkene 2H(;)lusseﬂy pheromone (Got ebiowskia et al.
= )
17 4,22-Cholestadien-3-one Cholesterol Anticancer (Patil and Singh 2022)
18 p4-Sitosterol-3-one Steroids Anticancer (Singariya et al. 2014)
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19

20

21

22

23

24

Pentadecanal

Cholesta-3,5-diene

3 -Cholest-5-en-3-ol, tetradecanoate

n-Hexadecanoic acid

Heneicosane

Hexadecanoicacid, methyl ester

Long-chain fatty
aldehyde

Cholesterol

Steroids

Palmitic acid

Straight chain
alkane

Fatty acids

Antimicrobial, a volatile oil component and a
plant metabolite (Ogunwande et al. 2013)

Wound healing property and skin protector
activities (Sayik et al. 2017)

Antibacterial, antioxidant (Thanigaivel et al.
2015)

Antioxidant, hypocholesterolemic, nematicide,
ant-androgenic hemolytic, and Alpha reductase
inhibitor (Vijayalingam and Rajesh 2019)
Antioxidant and antimicrobial (Nimbeshaho et
al. 2020)

Antibacterial and antifungal activity (Wagh et
al. 2006)
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Phytocompounds from Thalassodendron ciliatum
extracts

The seagrass T. ciliatum had more phytocompounds
compared to other studied seagrass species. Eighteen
phytocompounds were found in this seagrass species, of
which eleven and seven were found in the leaf and root
extracts, respectively. The predominant phyto-
compounds from the leaves were heneicosane (42.1%),
phytol, acetate (17.6%), and tetracosane (14.9%), while
those from the roots were cyclic octaatomic sulfur
(55.4%), 3p-sitosterol acetate (22.3%), and 1-dodecene
(16.7%). Furthermore, hydrocarbon (heneicosane) and
fatty acid (hexadecanoic acid, methyl ester) were found
only in the leaves of this seagrass. Of the 18 revealed
phytocompounds, only one compound, fatty acid methyl
ester (14-methyl-pentadecanoic acid methyl ester), was
reported from another study conducted in the Red Sea,
Egypt, by Goda et al. (2020), identifies 21 compounds
from similar seagrass extracted using the same solvent
(hexane).

Discussion

As observed in this study, the differences in the
composition of the phytocompounds could be attributed
to differences in geographical location, the type of
seagrass species, and the solvent used. For instance, the
variations in phytocompounds in similar seagrass
species extracted using similar solvents are most likely
due to differences in geographical location (Khanzadi
and Tajur 2015). Despite the differences resulting from
similar seagrass species, the different solvents used
could be attributed to differences in polarity. The
solvent used in this study was hexane, which is nonpolar
as opposed to the polar solvents used by most of the
researchers  above.  Additionally, the  mineral
composition, soil type, temperature, light, and water
content are frequently reported factors affecting plant
total phytochemical contents (Rao and Rao 2007,
Hansen et al. 2010).

A comparison of the seven seagrasses from our
study revealed that the seagrass 7. ciliatum had more
phytocompounds compared to other studied seagrass
species, whereas hydrocarbon (heneicosane) and fatty
acid (hexadecanoic acid, methyl ester) were found only
in the leaves of this seagrass, and they are known for
their antimicrobial and antioxidant properties (Wagh et
al. 2006; Nimbeshaho et al. 2020). The seagrass T.
ciliatum 1is traditionally popular for the treatment of
smallpox and fever (De la Torre-Castro and Ronnbéck
2004); this function corresponds to the functions of 3 -
sitosterol  acetate, 1-dodecene, 1-tridecene, and
hexadecane. Additionally, the steroid compounds f4-
Sitosterol-3-one and 4,22-cholestadien-3-one, which are
known for their antineoplastic activities (Singariya et al.
2014; Patil and Singh 2022) were detected only in H.
uninervis. Furthermore, the steroid cholest-5-en-3-ol

(3p)-, tetradecanoate was only obtained from C.
rotundata and is known to have bioactivities
(Thanigaivel et al. 2015). Traditionally, Cymodocea
spp. have been reported to be used as remedies for skin
diseases, fever, and cough and are believed to help
during pregnancy as tranquilizers for babies (De la
Torre-Castro and Ronnbdck 2004). These findings
correlate well with the bioactivities of the identified
compounds, such as 3f-sitosterol acetate, cholesta-3,5-
diene, heptadecane, and pentadecanal, which are known
for their antipyretic and wound healing properties, skin
protector activities, and antifungal and antimicrobial
activities (Table 2). The fatty acid (n-hexadecanoic
acid), a compound reported to exhibit various bioactive
properties (Vijayalingam and Rajesh 2019), was found
exclusively in 7. hemprichii. Additionally, compounds
such as heptadecane, stigmasta-5,22-dien-3$-o0l acetate,
and 3pfsitosterol acetate are recognized for their
antimicrobial properties and their ability to reduce fever.
Kaur et al. (2011), Abubackerand and Devi (2015), and
Amudha et al. (2018) are found in the roots of E.
acoroides. The anticipated function of the compounds
mentioned above correlates well with the traditional use
of seagrass. Thus, E. acoroides have been widely used
against stings of special kinds of rays and scorpions
(Kannan et al. 2010b) as well as against fever, muscle
pains, wounds, and stomachs (De la Torre-Castro and
Ronnbick 2004).

Generally, seagrasses are rich in antimicrobial,
antioxidant, and anti-inflammatory compounds due to
the phytocompounds identified. They have therefore
been reported to display antibacterial (Hamisi et al.
2023), antifungal, antimalarial (Kim et al. 2021),
antioxidantactivities, increased glutathione
sulfotransferase ~ (GST) enzyme activity, lipid
peroxidation, ferric reducing (Kim et al. 2021), and anti-
Inflammatorymuscle aches, wounds, and abdominal
pain (Kim et al. 2021).

The present GC-MS analysis revealed multivarious
bioactive compounds with diverse chemical structures
among which stigmasta-5,22-dien-3$-ol acetate and 3/-
sitosterol acetate were the most common. The structures
of the identified compounds and their corresponding
known biological activities are presented in Table 3.
The compounds 3f-Sitosterol acetate and stigmasta-
5,22-dien-3f-0l acetate are reported to be steroids
derived from lanosterol, a tetracyclic triterpenoid that
can be used to produce oxy-generated derivatives of
cholesterol and lanosterol. This finding demonstrated
that oxysterols may be natural regulators of cholesterol
biosynthesis in intact cells (Wang et al. 2008). Phytol
acetate, a diterpene, has several biological activities
such as anti-inflammatory, antimicrobial and
antispasmodic activities. Furthermore, diterpenes have
been shown to exhibit cardiovascular effects (Tirapelli
et al. 2008). In this study, straight-chain alkanes such as
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heptadecane, were reported from C. serrulata, E.
acoroides, and C. rotundata and are known to have
antimicrobial properties (Vijayalingam and Rajesh
2019). This alkane was previously reported in C.
serrulata by Das et al. (2023) from Palk Bay, India.

Generally, the findings of this study revealed the
presence of wuseful chemical compounds such as
essential oils, fatty acids, steroids, cholesterol, phenol,
diterpenes, straight chain alkanes, and alkenes from
seven seagrass species found along the Tanzania coast
of the Western Indian Ocean, some of which are known
for different bioactivities that reflect the traditional use
of these seagrasses. A total of 24 known
phytocompounds were identified across the examined
species, with notable common compounds including
stigmasta-5,22-dien-3-0l acetate and 3p-sitosterol
acetate. Additionally, certain unique compounds, such
as 3f-cholest-5-en-3-o0l tetradecanoate and phytol
acetate were found in specific species. The 7. ciliatum,
in particular, exhibited a greater variety of compounds
compared to the other seagrass species studied. This
research is the first to report fourteen compounds in
these seagrass species, underscoring their potential as
sources of pharmacologically significant substances
with antimicrobial, antioxidant, and anti-inflammatory
properties. The findings contribute to the frontier of
knowledge on phytochemicals present in seagrass
species growing in the Western Indian Ocean, a scarcity
explored ecosystem. We recommend further assessment
of the efficacy and safety of these phytocompounds
through in vitro and in vivo studies to understand their
mechanisms of action and potential therapeutic
applications. Additionally, to fully elucidate the
spectrum of bioactive compounds present, we suggest
exploring other extraction methods and analytical
techniques to identify additional compounds.

ACKNOWLEDGEMENTS

The authors appreciate the University of Dar es
Salaam (UDSM), Tanzania for providing financial
support to carry out this research for the benefit and
well-being of the scientific community through project
number CoNAS MBB 20036. The authors are also
pleased to extend their genuine thanks to Dr. Fortunatus
Sungwa, a chief laboratory scientist at the Chemistry
Department, UDSM, for help in performing the GC-MS
analysis and Prof. Stephen Nyandoro for his valuable
contributions to scientific writing methods and language
editorials.

REFERENCES

Abdelhameed RF, Ibrahim AK, Yamada K, Ahmed SA. 2018.
Cytotoxic and antiinflammatory compounds from Red Sea grass
Thalassodendron ciliatum. Med Chem Res 27: 1238-1244. DOI:
10.1007/s00044-018-2143-7.

Abubackerand MN, Devi PK. 2015. In vitro antifungal potentials of
bioactive compounds Heptadecane, 9-hexyl and Ethy iso-
allocholate isolated from Lepidagathis cristata  Willd.
(Acanthaceae) leaf. Br Biomed Bull 3 (3): 336-343.

Amone-Mabuto M, Bandeira S, da Silva A S. 2017. Long-term
changes in seagrass coverage and potential links to climate-
related factors: The case of Inhambane Bay, southern
Mozambique. WIO J Mar Sci 16 (2): 13-25.

Amudha P, Jayalakshmi M, Pushpabharathi N, Vanitha V. 2018.
Identification of bioactive components in Enhalus acoroides
seagrass extract by Gas Chromatography-Mass Spectrometry.
Asian J Pharm Clin Res 11 (10): 313-317. DOI:
10.22159/ajpcr.2018.v11i10.25577.

Das D, Arulkumar A, Paramasivam S, Lopez-Santamarina A, del
Carmen Mondragon A, Miranda Lopez JM. 2023. Phytochemical
Constituents, Antimicrobial Properties and Bioactivity of Marine
Red Seaweed (Kappaphycus alvarezii) and Seagrass (Cymodocea
serrulata). Foods 12: 2811. DOI: 10.3390/foods12142811.

De la Torre-Castro M, Ronnbéck P. 2004. Links between humans and
sea grasses-an example from tropical East Africa. Ocean Coast
Manag 47: 361-387. DOI: 10.1016/j.ocecoaman.2004.07.005.

Duarte C, Bandeira S, Romeiras MM. 2012. Systematics and Ecology
of a new species of seagrass (Thalassodentron, Cymodoceaceae)
from southeast African coasts. Novon 22: 16-24. DOL
10.3417/2010079.

Dubal K, Patil S, Dongare M, Kale M. 2015. Investigation of chemical
composition from Dryopteris chochleata (D. Don) C.Chr.
(Dryopteridaceae). Asian J Pharm Clin Res 8 (4): 311-314.

Elkhateeb WA, Daba GM, Sheir D, El-Dein AN, Fayad W, Elmahdy
EM, Shaheen MNF, Thomas PW, Wen D. 2019. GC-MS analysis
and in-vitro hypocholesterolemic, anti-rotavirus, antihuman colon
carcinoma activities of the crude extract of a Japanese
Ganoderma spp. Egypt Pharm J 18 (2): 102-110. DOLI:
10.4103/epj.epj_50_18.

Gacia E, Duarte CM, Marba N, Terrados J, Kennedy H, Fortes MD,
Tri NH. 2003. Sediment deposition and production in SE-Asia
seagrass meadows. Estuar Coast Shelf Sci 56 (5-6): 909-919.
DOI: 10.1016/S0272-7714(02)00286-X.

Goda MS, Eltamany EE, Habib ES, Hassanean H, Ahmed SAE,
Abdelhameed RFA, Ibrahim AK. 2020. Gas Chromatography-
Mass Spectrometry analysis of marine seagrass Thalassodendron
ciliatum collected from Red Sea. Rec Pharm Biomed Sci 4 (2): 1-
15. DOI: 10.21608/rpbs.2020.27958.1058.

Got ebiowskia M, Cerkowniak M, Urbanek A, Dawgul M, Kamysz
W, Bogus MI, Stepnowski P. 2015. Identification and antifungal
activity of novel organic compounds found in cuticular and
internal lipids of medically important flies. Microbiol Res 170:
213-222. DOLI: 10.1016/j.micres.2014.06.004.

Gono CMP, Ahmadi P, Hertiani T, Septiana E, Putra MY, Chianese
G. 2022. A comprehensive update on the bioactive compounds
from seagrasses. Mar Drugs 20 (7): 406. DOL
10.3390/md20070406.

Gullstrom M, de la Torre-Castro M, Bandeira SO, Bjork M, Dahlberg
M, Kautsky N, Rénnbick P, Ohman MC. 2002. Seagrass
ecosystems in the Western Indian Ocean. Ambio 31: 588-596.
DOLI: 10.1579/0044-7447-31.7.588.

Ha TTH, Huong LM, Cuong LH, Tuan ND, Chi HK, Hang TTN, Nghi
DH, Ly DTP, Imbs AB, Long PQ. 2019. Evaluation of biological
activities of some seaweed and seagrass species in the coastal area
of Vietnam. Vietnam J Mar Sci Technol 19 (3): 405-414. DOIL:
10.15625/1859-3097/19/3/14060.

Hamisi M1, Lucy DM, Thomas JL. 2023. Antibacterial activity against
Salmonella typhi and phytochemical screening of seven seagrass



84 ASIAN J NAT PROD BIOCHEM 22 (2): 74-91, December 2024

species from the coast of Tanzania. WIO J Mar Sci 22 (1): 83-93.
DOI: 10.4314/wiojms.v22il1.9.

Hamisi MI, Lyimo TJ, Muruke M. 2004. Cyanobacterial occurrence
and diversity in seagrass meadows in coastal Tanzania. WIO J
Mar Sci 3 (2): 113-122. DOI: 10.4314/wiojms.v3i2.28455.

Hansen M, Bengtsson GB, Borge GI, Berge L, Wold AB. 2010. Red
cabbage, a vegetable rich in health related glucosinolates. Acta
Hortic 867: 61-65. DOI: 10.17660/ActaHortic.2010.867.6.

Hassan AZ, El-Hagrassi AM, Salem SM, Rady HM, Shaaban M.
2022. Chemical assessment and anticancer activity study of
diverse marine organisms from Red Sea Riviera. Egypt J Chem
65 (13): 1567-1578. DOI: 10.21608/ejchem.2022.140095.6163.

Jeevitha M, Athiperumalsami T, Venkataraman, K. 2019. Gas
Chromatography-Mass ~ Spectrometry analysis of selected
seagrasses of Gulf of Mannar, Tamil Nadu. Seaweed Res Utiliz
36 (1&2): 156-162.

Kannan L, Thangaradjou T. 2005. Seagrass ecosystem: Importance
and need for conservation. In: Souvenir National Symposium on
Marine Plants, their chemistry and utilization. Seaweed Res Utiliz
27:76-78.

Kannan RRR, Arumugam R, Anantharaman P. 2010a. Antibacterial
potential of three seagrasses against human pathogens. Asian Pac
J Trop Med 3 (11): 890-893. DOI: 10.1016/S1995-
7645(10)60214-3.

Kannan RRR, Arumugam R, Meenakshi S, Anantharaman P. 2010b.
Thin layer chromatography analysis of antioxidant constituents of
seagrasses of Gulf of Mannar Biosphere Reserve, South India. Intl
J Chem Res 2 (3): 1526-1530.

Kaur N, Chaudhary J, Jain A, Kishore L. 2011. Stigmasterol: A
comprehensive review. Intl J Pharm Sci Res 2 (9): 2259-2265.
DOL: 10.13040/1JPSR.0975-8232.

Khanzadi FK, Tajur RR. 2015. Effect of geographical distributions on
the nutrient composition, phytochemical profile and antioxidant
activity of Morus nigra. Pak J Pharm Sci 28 (5): 1671-1678.

Kim DH, Mahomoodally MF, Sadeer NB, Seok PG, Zengin G,
Palaniveloo K, Khalil AA, Rauf A, Rengasamy KRR. 2021.
Nutritional and bioactive potential of seagrasses: A review. S Afr
J Bot 137: 216-227. DOI: 10.1016/j.5ajb.2020.10.018.

Kumar V, Bhatnagar AK, Srivastava JN. 2011. Antibacterial activity
of crude extracts of Spirulina platensis and its structural
elucidation of bioactive compound. J Med Plants Res 5 (32):
7043-7048. DOIL: 10.5897/JMPR11.1175.

Kumaresan S, Senthilkumar V, Stephen A, Balakumar BS. 2015. GC-
MS analysis and pass-assisted prediction of biological activity
spectra of extract of Phomopsis sp. isolated from Andrographis
paniculata. World J Pharm Res 4 (1): 1035-1053.

Kusch P, Deininger S, Specht S, Maniako R, Haubrich S,
Pommerening T, Lin TKP, Hoerauf A, Kaiser A. 2011. In vitro
and in vivo antimalarial activity assays of seeds from Balanites
aegyptiaca: Compounds of the extract show growth inhibition and
activity against plasmodial aminopeptidase. J Parasitol Res 2011:
368692. DOLI: 10.1155/2011/368692.

Lakshmi M, Bindu RN. 2017. GC-MS analysis of the chloroform
extract of bark of Terminalia Travancorensis Wight & Arn.
(Combretaceae). Intl J Pharm Sci Res 8 (2): 794-798. DOIL:
10.13040/1JPSR.0975-8232.8(2).794-98.

Mundt S, Kreitlow S, Jansen R. 2003. Fattyacids with antibacterial
activity from the Cyanobacterium Ocillatona redeke/HUBOS1. J
Appl Phycol 15 (2): 263-267. DOI: 10.1023/A:1023889813697.

Nimbeshaho F, Mwangi CN, Orina F, Chacha M, Adipo N, Moody
JO, Kigondu EM. 2020. Antimycobacterial activities, cytotoxicity
and phytochemical screening of extracts for three medicinal
plants growing in Kenya. ] Med Plants Res 14 (4): 129-143. DOI:
10.5897/JMPR2020.6905.

Ochieng CA, Eftemeijer PLA. 2003. The seagrass of Kenya and
Tanzania. In: Green EP, Short FT (eds). World Atlas of
Seagrasses. UNEP-WCMC. University of California Press,
Barkeley, USA.

Ogunwande A, Avoseh NO, Flamini G, Hassan AS, Ogunmoye AO,
Ogunsanwo AO, Yusuf KO, Kelechi, AO, Tiamiyu ZA, Tabowei

GO. 2013. Essential oils from the leaves of six medicinal plants of
Nigeria. Nat Prod Commun 8 (2): 243-248. DOL
10.1177/1934578X1300800229.

Oliveira EC, Osterlund K, Mtolera MSP. 2005. Marine Plants of
Tanzania; A Field Gide to the Seaweeds and Segrassess.
Sida/Department for Research Cooperation, SAREC.

Parthasarathi P, Umamaheswari A, Banupriya R, Elumalai S. 2021.
Phytochemical screening and in-vitro anticancer activity of ethyl
acetate fraction of seagrass Halodule uninervis from Mandapam
Coastal Region, Rameswaram, Gulf of Mannar, India. Intl J
Pharm Sci  Drug Res 13 (6): 677-684. DOL
10.25004/1JPSDR.2021.130611.

Patil K, Singh DM. 2022. GC-MS Analysis of fresh water
Cylindrospermum sp. PCC518, Cylindrospermum sp. PCC 567
ethanol and hexane extracts. Intl ] Herb Med 10 (3): 15-25.

Perez ER, Knapp JA, Horn CK, Stillman SL, Evans JE, Arfsten DP.
2016. Comparison of LC-MS-MS and GC-MS analysis of
Benzodiazepine compounds included in the drug demand
reduction urinalysis program. J Anal Toxicol 40 (3): 201-207.
DOI: 10.1093/jat/bkv140.

Perez J, Shen CC, Ragasa CY. 2018. Chemical constituents of
Cymodocea rotundata Asch. and Schweinf. Pharmacogn J 10 (4):
620-621. DOI: 10.5530/p;j.2018.4.101.

Prabhanna B, Jayaraj M. 2018. GC-MS analysis of bioactive
compounds from ethanolic leaf extract of Waltheria Indica linn
and their pharmacological activities. Intl J Pharm Sci Res 9 (5):
2005-2010. DOIL: 10.13040/IJPSR.0975-8232.9(5).2005-10.

Premanathan M, Chandra K, Bajbai SK, Kathiresan K. 1992. A survey
of some Indian medicinal plants for antiviral activity. Bot Mar 35
(4): 321-324. DOL: 10.1515/botm.1992.35.4.321.

Pushpabharathi N, Jayalakshmi M, Amudha P, Vanitha V. 2018.
Identification of bioactive compounds in Cymodocea serrulata-a
seagrass by Gas Chromatography-mass spectroscopy. Asian J
Pharm Clin Res 11 9): 317-320. DOL
10.22159/ajpcr.2018.v1119.26744.

Rao AV, Rao LG 2007. Carotenoids and human health. Pharmacol
Res 55:207-216. DOIL: 10.1016/j.phrs.2007.01.012.

Ravikumar S, Thajuddin N, Suganthi P, Jacob IS, Vinodkumar T.
2010. Bioactive potential of seagrass bacteria against human
bacterial pathogens. J Environ Biol 31 (3): 387-389.

Richmond MD. 2011. A Field Guide to the Seashores of Eastern
Africa and the Western Indian Ocean Islands. 3rd Edition,
Swedish International Development Agency (SIDA) Stockholm,
Sweden, Western Indian Ocean Marine Science Association.

Sang MK, Kim KD. 2012. The volatile-producing Flavobacterium
johnsoniae strain GSE09 shows biocontrol activity against
Phytophthora capsici in pepper. J Appl Microbiol 113 (2): 383-
398. DOI: 10.1111/4.1365-2672.2012.05330.x.

Sangeetha J, Asokan S. 2016. Phytochemical analysis and
antibacterial activity of the three different seagrass extracts. Intl J
Adv Res 4 (5): 1451-1457. DOI: 10.21474/1JARO1/471.

Saranya K, Balamani K, Kokila P, Maruthupandian A, Viji M. 2017.
Biochemical and bioactive potential of seagrass Halophila ovalis
(R. Brown) JD Hooker and Thalassia hemprichii (Ehrenb. Ex
solms) Asch. Intl J Adv Interdiscipl Res 4 (3): 51-55. DOIL
10.29191/ijaidr.2017.4.3.10.

Saravanan P, Chandramohan G, Mariajancyrani J,
Shanmugasundaram P. 2014. GC-MS analysis of phytochemical
constituents in ethanolic bark extract of Ficus religiosa Linn. Intl
J Pharm Pharm Sci 6 (1): 457-460.

Sayik A, Yusufoglu AS, Acik L, Turker G, Aydin B, Arslan L. 2017.
DNA- binding, biological activities, and chemical composition of
wild growing Epilobium angustifolium L. extracts from
canakkale. Turk J Turk Chem Soc Sect A 4 (3): 811-840. DOI:
10.18596/jotcsa.319789.

Selvam MS, Tresina PS, Benjamin J, Mohan VR. 2022. Assessment of
phytochemical, FT-IR and GC-MS fingerprint profiling of marine
angiosperms Enhalus acoroides (L.f) Royle and Syringodium
isoetifolium (Asch) Dandy, Gulf of Mannar Biosphere Reserve,



MAGANGA et al. — Bioactive compounds of seagrass species 85

Tamil Nadu, Asian J Biol Life Sci 11 (2): 468-475. DOL
10.5530/ajbls.2022.11.64.

Singariya P, Padma K, Krishan KM. 2014. Isolation of new steroids of
Kala Dhaman grass (Cenchrus setigerus) and evaluation of their
bioactivity. Braz Arch Biol Technol 57 (1): 62-69. DOL
10.1590/S1516-89132014000100010.

Steudel R, Chivers T. 2019. The role of polysulfide dianions and
radical anions in the chemical, physical and biological sciences,
including sulfur-based batteries. Chem Soc Rev 48 (12): 3279.
DOI: 10.1039/C8CS00826D.

Thanigaivel S, Hindu SV, Vijayakumar S, Mukherjee A,
Chandrasekaran N. Thomas J. 2015. Differential solvent
extraction of two seaweeds and their efficacy in controlling
Aeromonas salmonicida infection in Oreochromis mossambicus:
A novel therapeutic Aquaculture 443: 56-64. DOL
10.1016/j.aquaculture.2015.03.010.

Tirapelli CR, Ambrosio SR, da Costa FB, de Oliveira AM. 2008.
Diterpenes: a therapeutic promise for cardiovascular diseases.

Recent Pat Cardiovasc Drug Discov 3 (1): 1-8. DOL

10.2174/157489008783331689.

Togashi N, Shiraishi, A, Nishizaka M, Matsuoka K, Endo K,
Hamashima H, Inoue Y. 2007. Antibacterial activity of long-chain
fatty alcohols against Staphylococcus aureus. Molecules 12 (2):
139-148. DOI: 10.3390/12020139.

Vijayalingam TA, Rajesh NV. 2019. Seagrasses as potential source of
fodder for livestock: Complete proximate and Gas
Chromatography-Mass Spectrometry (GC-MS) analysis. Ann
Phytomed 8 (2): 93-98. DOI: 10.21276/ap.2019.8.2.10.

Wagh P, Rai M, Deshmukh SK, Durate MTC. 2006. Bioactivity of
oils of Trigonella foenum-graecum an Pongamia pinnata. Afr J
Biotechnol 6 (13): 1592-1596.

Wang Y, Rogers PM, Su C, Varga G, Stayrook KR, Burris TP. 2008.
Regulation of cholesterologenesis by the oxysterol receptor,
LXRalpha. J Biol Chem 2283 (39): 26332-26339. DOI:
10.1074/jbc.M804808200.



86 ASIAN J NAT PROD BIOCHEM 22 (2): 74-91, December 2024

SUPPLEMENTARY MATERIAL

Representative chromatogram of hexane extracts of seven seagrasses
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Figure S2. Chromatogram of hexane extracts of Cymodocea rotundata roots
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Figure S10. Chromatogram of hexane extracts of Cymodocea serrulata roots
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Figure S12. Chromatogram of hexane extracts of Halodule uninervis roots



