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The search for marine phytochemicals as an alternative antioxidant source has gained considerable 
attention in the past few decades. This study attempts to determine the biochemical composition and antioxidant 
activity of five seagrass species, i.e., Enhalus acoroides, Halophila spinulosa, Cymodocea serrulata, Halodule 
uninervis and Syringodium isoetifolium based on their leaf and rhizome. The seagrass methanolic extracts were 
used to determine the total phenolic content (TPC), total flavonoid content (TFC), ferric reducing antioxidant 
power activity (FRAP), 2,2-diphenyl-1-picrylhydrazyl activity (DPPH) and 2,2’-azino-bis (3-ethylbenzothiazoline-
6-sulphonic acid activity (ABTS). Significantly higher (p<0.05) TFC was obtained in seagrass leaves compared 
to rhizomes for all species, with H. spinulosa getting the highest record of 68.37 ± 2.92 mg QE/g. A very strong 
correlation was observed between rhizome’s TPC and FRAP (r=0.99, p<0.05), and DPPH (r=0.97, p<0.05) and 
ABTS (r=0.99, p<0.05) activities, indicating the antioxidant activities are attributable to phenolic compounds 
from seagrass extracts. Total phenolic content was highest in E. acoroides rhizomes (76.19 ± 3.37 mg GAE/g) 
and the rhizome of this species possessed significantly higher (p<0.05) antioxidant activity in terms of FRAP 
(10.56 ± 0.74 x 10-4 mg Fe2+/g), DPPH (114.99 ± 2.17 µM TE/g) and ABTS (144.34 ± 10.67 µM TE/g) compared 
to similar parts of other seagrass species. These values were also significantly higher (p<0.05) than synthetic 
antioxidant butylated hydroxytoluene (FRAP activity 3.70 ± 0.12 x 10-4 mg Fe2+/g and DPPH activity 45.80 ± 
0.83 µM TE/g) and commercial ascorbic acid (DPPH activity 94.33 ± 0.42 µM TE/g), suggesting their potentials 
as alternative natural antioxidant sources. Further studies are required to isolate and identify these compounds 
that are responsible for the antioxidant activity.

Exploring antioxidant potential ofmarine 
macrophytes, e.g., seagrass and macroalgae, as 
alternative sources for synthetic chemicals in food, 
pharmaceuticals and cosmetics has gained substantial 
importance in the past few decades (Newsmaster 
et al. 2011; Wells et al. 2016; Ruocco et al. 2016). 
The use of synthetic chemicals, e.g., butylated 
hydroxyanisole (BHA) and butylated hydroxytoluene 
(BHT) in food and cosmetic products can contribute 
to the development of cancer cells if consumed over 
a prolonged period of time (Kahl and Kappus 1993). 
Antioxidants are vital for preventing cell oxidative 
damage caused by reactive oxygen species (ROS), 
which can lead to various degenerative diseases 

and cancer (Bagchi et al. 2000). Phytochemicals 
derived from marine plants are excellent sources of 
antioxidants since they are safer and exhibit potent 
pharmacological properties against various human 
diseases (Wells et al. 2016). Marine macroalgae 
are utilized as food, food additives, emulsifying and 
gelling agents (de Jesus Raposo et al. 2014), oral care 
products (Pimentel et al. 2017) and supplementary 
diet products (Ale et al. 2011). In contrast, seagrasses 
are only being used as traditional food and medicine 
in some rural coastal areas of Africa (de la Torre-
Castro and Ronneback 2004) and India (Newsmaster 
et al. 2011), and their industrial demand is low due 
to lack of scientific information. However, in recent 
years, seagrasses have been investigated for various 
medicinal purposes. Thalassia testudinum, for 
example, has been found to be rich in thalassiolin B, a 
compound that exhibits antiviral (Rowley et al. 2002), 
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antinoceptive (Garateix et al. 2011), hepatoprotective 
(Rodeiro et al. 2012) and neuroprotective (Menendez 
et al. 2014) properties. Hence, this study aims to 
determine the biochemical and antioxidant activity 
of five seagrass species that are common and found 
in abundance at the seagrass meadow of Tanjung 
Adang Laut shoal, Sungai Pulai estuary, Johor, 
Malaysia.

Materials and Methods

Seagrass collection

Specimens of the following five seagrass 
species were collected from the seagrass meadow 
of Tanjung Adang Laut shoal, Johor (Figure 1) during 
the low spring tide:  Enhalus acoroides L.f. (Royle) 
(1°19’49.5372”N, 103°34’0.7572”E), Halophila 
spinulosa (R. Brown)  Ascherson (1°19’49.3136”N, 
103°33’53.8120”E), Cymodocea serrulata (R. 
Brown) Ascherson et Magnus (1°19’50.3708”N, 
103°33’53.2184”E), Halodule uninervis (Forsskål) 
Ascherson (1°19’50.3508”N, 103°33’54.9684”E) 
and Syringodium isoetifolium (Ascherson) Dandy 
(1°19’51.7116”N, 103°34’5.0694”E). Approximately 
50-100 g of fresh seagrass were collected for each 
species. They were cleaned of debris, attached 
substrate and epiphytes, rinsed with seawater and 
then placed into separate labelled resealable plastic 
bags. The samples were then kept in an ice chest 
prior to transporting to the laboratory.

Seagrass extract preparation

Specimens of each species were separated into 
leaf and rhizome parts, then cleaned and rinsed with 
distilled water. The cleaned samples were placed 
in separate folded aluminum foil packets and dried 
at 40°C in an air-circulating Memmert UF160 oven 

(Memmert, Germany). The dried samples were then 
ground into a fine powder using a blender (Panasonic, 
Japan). The powder samples were used for the 
extraction process following Kannan et al. (2013), 
with some modification. Briefly, each powder sample 
was extracted with absolute methanol in a ratio of 
1:10 (w:v) for 24 hours on a Protech model 719 orbital 
shaker (Protech, Malaysia). The mixture was filtered 
through Whatman filter paper no. 1 (Sigma-Aldrich, 
USA), and the residue retained on the filter paper was 
rinsed twice with five parts of methanol. The filtrates 
were pooled and vacuum dried at 55°C and 200-250 
mbar in a rotary vacuum evaporator IKA®RV 10 (IKA, 
Germany). The dried extracts were weighed and 
expressed as percentage of the dry plant material.

Biochemical and antioxidant activity assays

Prior to the tests, the sample extracts were 
prepared in methanol at concentrations of 5 mg/mL and 
150 µg/mL for biochemical and antioxidant analyses, 
respectively. The total phenolic content (TPC) of the 
samples was determined using Folin-Ciocalteau 
assay (Zhang et al. 2006). Total flavonoid content 
(TFC) of the seagrass extracts was determined with 
aluminum nitrate colorimetric assay according to He 
et al. (2012). Antioxidant activity of the extracts and 
commercial antioxidant (butylated hydrotoluene and 
ascorbic acid) were measured using several assays 
including ferric reducing antioxidant power activity 
(FRAP) (Benzie and Strain 1996), 2,2-diphenyl-1-
picrylhydrazyl activity (DPPH) (Cheng et al. 2006) and 
2,2’-azino-bis(3-ethylbenzothiazoline-6-sulphonic 
acid activity (ABTS) (Re et al. 1999). Each of the 
assays was performed in four replicates. 

Statistical analysis

All results of the biochemical and antioxidant 
parameters are reported as mean 
± standard deviation. Two-way 
analysis of variance was performed 
to compare the mean differences 
of seagrass species and parts, 
and to determine the interaction 
between the two factors (ANOVA, 
p<0.05). If significant differences 
existed, pairwise comparisons 
using Duncan Multiple Range 
Test (p<0.05) was employed on 
seagrass species, while  Student’s 
t-test (p<0.05) was used to compare 
parts. Principal components 
analysis (PCA), Agglomerative 
hierarchical clustering (AHC) and 

Figure 1. Seagrass collection sites at Tanjung Adang Laut shoal, Sungai Pulai estuary, Johor, 
Malaysia. Map Source: (a) ArcGIS 10.3 for Desktop and (b) Google Earth Image ©2018 CNES/
Airbus labelled with global positioning system (GPS) coordinates according to seagrass species.
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Table 1. Two-way ANOVA table of seagrass species and parts.

Source

Species

Part

Species*Part

Error

Total

DF Sum of squares Mean squares

Pearson’s correlation analyses were 
conducted between the variables of 
seagrass biochemical and antioxidant 
data. All statistical analyses were 
performed using XLSTAT version 2014 
software (Addinsoft, New York, USA).

Results 

Biochemical properties

The yields of crude extracts from the 
present study in comparison with those 
from other studies are illustrated in Fig. 
2. Seagrass rhizomes contained higher 
extract yields of 6.80%-8.51% compared 
to 4.36%-5.83% from leaves. Among the 
seagrass species, Enhalus acoroides 
rhizomes contained the highest crude 
extract yield of 8.51%, while the lowest was 
recorded in Halophila spinulosa leaves 
(4.36%). Two-way analysis of variance 
showed that there is an interaction effect 
between seagrass species and parts 
(Table 1), indicating that different parts of 
the seagrass species possessed different 
biochemical and antioxidant properties. 
Variations of TPC in seagrass leaves 
and rhizomes were detected and are 
illustrated in Fig. 3. For rhizomes, the 
TPC trend is as follows; E. acoroides 
(76.19 ± 3.37 mg GAE/g) > H. uninervis (34.38 ± 1.73 
mg GAE/g) > C. serrulata (15.26 ± 0.65 mg GAE/g) > 
S. isoetifolium (6.54 ± 0.51 mg GAE/g) > H. spinulosa 
(3.41 ± 0.21 mg GAE/g) (DMRT, p<0.05). Seagrass 
leaves contained significantly higher flavonoids 
compared to rhizomes across all seagrass species 
(Fig. 4, t-test, p<0.05), i.e., H. spinulosa leaves with 
highest TFC value of 68.37 ± 2.92 mg quercetin 
equivalent/g extract followed by H. uninervis (56.83 
± 2.82 mg QE/g) > S. isoetifolium (41.47 ± 1.45 mg 
QE/g) > E. acoroides (39.15 ± 3.29 mg QE/g) > C. 

Figure 2. Extract yields (%) of seagrasses in the present study and reported values 
for other marine macrophytes. Seagrass vegetative parts are indicated by L: leaves, 
R: rhizomes, W: whole and Rt: roots. Bold capital letters in the parentheses refer to 
H: Hydrocharitaceae, C: Cymodoceaceae and S: Sargassaceae. 
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serrulata (30.29 ± 1.60 mg QE/g) (DMRT, p<0.05). In 
seagrass rhizomes, H. uninervis contained high TFC 
(14.06 ± 0.93 mg QE/g) compared to H. spinulosa 
(10.16 ± 0.74 mg QE/g) > E. acoroides (7.00 ± 1.39 
mg QE/g), S. isoetifolium (6.14 ± 0.59 mg QE/g) and 
C. serrulata (5.86 ± 0.55 mg QE/g) (DMRT, p<0.05). 

Antioxidant activities

With respect to seagrass leaves FRAP activity, 
the following showed a high-to-low activity trend: H. 
uninervis (2.43 ± 0.06 x 10-4 mg Fe2+/g) > E. acoroides 
(1.80 ± 0.08 x 10-4 mg Fe2+/g) > S. isoetifolium (1.04 ± 
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0.05 x 10-4 mg Fe2+/g) and H. spinulosa (1.03 
± 0.08 x 10-4 mg Fe2+/g) > C. serrulata (0.76 
± 0.09 x 10-4 mg Fe2+/g) (Fig. 5). In contrast, 
seagrass rhizomes of E. acoroides (10.56 
± 0.74 x 10-4 mg Fe2+/g) and H. uninervis 
(4.31 ± 0.25 x 10-4 mg Fe2+/g) possessed 
significantly higher FRAP activity compared 
to other studied species. DPPH quenching 
ability of leaves and rhizomes ranged from 
25.77 ± 6.49 µM Trolox equivalent/g extract 
(S. isoetifolium) to 55.00 ± 4.18 µM TE/g 
(H. uninervis) and 26.84 ± 3.43 µM TE/g 
(H. spinulosa) to 114.99 ± 2.17 µM TE/g 
(E. acoroides), respectively, as depicted in 
Fig. 6. For seagrass rhizomes, E. acoroides 
possessed the highest DPPH activity 
compared to other seagrass species. ABTS 
scavenging activity of seagrass leaves and 
rhizomes ranged from 23.62 ± 7.56 µM 
Trolox equivalent/g extract (S. isoetifolium) 
to 55.06 ± 5.66 µM TE/g (H. uninervis) and 
4.04 ± 0.79 µM TE/g (H. spinulosa) to 144.34 
± 10.67 µM TE/g (E. acoroides), respectively 
(Fig. 7). 

Discussion

The present results are higher compared 
to those in  other studies showing seagrass 
leaf extracts ranging between 1.29%-1.98% 
(Vijayakumar et al. 2014) (Fig. 2), and can 
be influenced by the extraction solvent used 
(Santoso et al. 2012). For instance, instead 
of using aqueous ethanol employed by 
Vijayakumar et al. (2014), this study used 
methanol, a less polar solvent (Santoso et 
al. 2012) that allows an increased amount of 
less polar chemicals to be extracted from the 
plant materials, and thus resulting in a higher 
yield. In addition, the yields from the present 
study are also comparable to yields from 
the brown seaweed Sargassum with values 
of 3.43%-6.54% extracted using methanol/
chloroform (Luo et al. 2010). 

Phenolic compounds derived from marine 
macrophytes are reported to have antioxidant 
activity that can be used for development of 
natural products (Luo et al. 2010; Kannan et 
al. 2013; Jeyapragash et al. 2016). Previous 
reported TPC values of seagrasses E. 
acoroides (Santoso et al. 2012; Kannan et 
al. 2013), C. serrulata (Kannan et al. 2013), 
H. uninervis (Jeyapragash et al. 2016) and S. 

Figure 3. Total phenolic content (TPC) for seagrass leaves and rhizomes compared 
with other previous studies. Seagrass vegetative parts are indicated by L: leaves, 
R: rhizomes and W: whole. Values are mean ± standard deviation. Significant 
differences among seagrass vegetative parts are represented by upper case 
letters (A>B, t-test, p<0.05), while significant differences among seagrass species 
are represented by lower case letters (a>b>c>d>e, Duncan’s multiple range test, 
p<0.05) in the parentheses. Bold capital letters in the parentheses refer to H: 
Hydrocharitaceae and C: Cymodoceaceae.

Figure 4. Total flavonoid content (TFC) of extracts from seagrass leaves and 
rhizomes in the present study compared with those from other studies. Seagrass 
vegetative parts are indicated by L: leaves and R: rhizomes. Values are mean ± 
standard deviation. Significant differences between seagrass vegetative parts are 
represented by capital alphabet (A>B, t-test, p<0.05), while significant differences 
between seagrass species are represented by small alphabet (a>b>c>d, Duncan’s 
multiple range test, p<0.05) in the parentheses. Bold capital letters in the parentheses 
refer to H: Hydrocharitaceae and C: Cymodoceaceae
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isoetifolium (Santoso et al. 2012; Kannan 
et al. 2013) were much lower than values 
obtained in this present study (Fig. 3), and 
these may be attributed to differences 
in plant material, type of extraction 
solvent used and geographical location 
(Esmaeili et al. 2015). The use of whole 
seagrass plants reduces the accumulated 
phenolic content in the extracts (Santoso 
et al. 2012) as compared to the use of 
separate vegetative parts, e.g. leaves and 
rhizomes, in this study. The use of different 
types of solvents, e.g., aqueous methanol 
(Kannan et al. 2013) and aqueous ethanol 
(Jeyapragash et al. 2016) which have 
stronger polarity, may only attract strong 
polar compounds as compared to methanol 
which can extract compounds that are less 
polar than the aforementioned solvents. 
The latter can thus extract a wide variety 
of phenolic compounds. Furthermore, 
geographical location may also influence 
the phenolic production and composition 
in seagrasses, as shown by seagrass 
from Indonesia (Santoso et al. 2012) and 
India (Kannan et al. 2013; Jeyapragash 
et al. 2016) yielding different phenolic 
content. Changes in weather, climate and 
water parameters (e.g., temperature, light 
intensity and salinity) can also affect the 
biological activity pathway to synthesize 
phenolic compounds (Grignon-Dubois et 
al. 2012). 

Flavonoids make up a vital secondary 
metabolite class in plants which work 
against various biotic and abiotic 
stressors through their cytotoxicity and 
antioxidant abilities (Pourcel et al. 2007). 
Significantly higher flavonoid content was 
recorded in seagrass leaves compared 
to rhizomes (Fig. 4). Biosynthesis of 
flavonoids are usually derived from 
chloroplasts which are in leaves, and can 
easily be recognized through their green 
colouration (Hernandez et al. 2009). On 
the contrary, seagrass rhizomes. which 
are usually buried in the substrate and 
not exposed to sunlight, lack chloroplasts 
that are responsible for synthesizing 
flavonoid compounds. A comparison with 
other studies shows that seagrasses in 
the present study possessed TFC values 
which were at least 10 times higher than 

 

Figure 5. FRAP activity of extracts from seagrass leaves and rhizomes in the 
present study compared with those from other studies. Seagrass vegetative parts 
are indicated by L: leaves, R: rhizomes and W: whole. Values are mean ± standard 
deviation. Significant differences between seagrass vegetative parts are represented 
by capital alphabet (A>B, t-test, p<0.05), while significant differences between 
seagrass species are represented by small alphabet (a>b>c>d>e>f, Duncan’s 
multiple range test, p<0.05) in the parentheses. *For comparison Reported data units 
were converted from x 10-3 mM Fe2+ equivalent/g to x 10-4 mg Fe2+ equivalent/g. Bold 
capital letters in the parentheses refer to H: Hydrocharitaceae, C: Cymodoceaceae, 
Cd: Codiaceae, G: Galaxauraceae and D: Dictyotaceae.

Figure 6. DPPH activity of extracts from seagrass leaves and rhizomes in the present 
study compared with those from other studies. Seagrass vegetative parts are indicated 
by L: leaves, R: rhizomes and W: whole. Values are mean ± standard deviation. 
Significant differences between seagrass vegetative parts are represented by capital 
alphabet (A>B, t-test, p<0.05), while significant differences between seagrass 
species are represented by small alphabet (a>b>c>d>e>f, Duncan’s multiple range 
test, p<0.05) in the parentheses. Bold capital letters in the parentheses refer to H: 
Hydrocharitaceae, C: Cymodoceaceae, D: Dictyotaceae and F: Fucaceae.
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those reported in Kannan et al. (2013). Similar to 
TPC, such large differences may be dependent on the 
type of extraction solvent and geographical location 
(Esmaeili et al. 2015). 

FRAP assays measure the reducing ability of 
an extract through the formation of blue coloured 
ferrous tripyyridyl triazine (Fe2+-TPTZ) generated 
from the reaction between ferric 
tripyridyl triazine (Fe3+-TPTZ) and 
antioxidant agent (Benzie and Strain 
1996). Rhizomes of E. acoroides and 
H. uninervis possessed significantly 
higher FRAP activity compared to the 
synthetic BHT and to estimates from 
previous reports on other seagrass 
species such as Thalassodendron 
ciliatum (1.28 x 10-4 mg Fe2+/g) and 
Halophila stipulacea (0.17 x 10-4 mg 
Fe2+/g) and macroalgae (Codium 
arabicum (0.11 x 10-4 mg Fe2+/g) and 
Galaxaura rugosa (0.17 x 10-4 mg 
Fe2+/g) (Ramah et al. 2014). These 
are indicative of their potentials as 
sources of natural antioxidants (Fig. 
5). 

DPPH assay is based on electron 
transfer, whereby the antioxidant 
agent donates a hydrogen atom or 
an electron to the DPPH radical, and 
reduces the radical from violet colour 

atom or electron transfer from the antioxidant 
agent (Re et al. 1999). The significantly high ABTS 
scavenging activity values of BHT are likely due to the 
nonpolar tendency of the ABTS reagent that favour 
hydrophobic molecules (Schaich et al. 2015). As a 
result, the seagrass extracts obtained with a more 
polar solvent (methanol) exhibited low ABTS activity 
(Fig. 7), and the values were still higher compared 

Figure 7. ABTS activity of extracts from seagrass leaves and rhizomes in the present 
study compared with those from other studies. Seagrass vegetative parts are indicated by 
L: leaves, R: rhizomes and W: whole. Values are mean ± standard deviation. Significant 
differences between seagrass vegetative parts are represented by capital alphabet (A>B, 
t-test, p<0.05), while significant differences between seagrass species are represented by 
small alphabet (a>b>c>d, Duncan’s multiple range test, p<0.05) in the parentheses.  Bold 
capital letters in the parentheses refer to H: Hydrocharitaceae, C: Cymodoceaceae, S: 
Sargassaceae and Sc: Scytosiphonaceae.

into a stable colourless form (Cheng 
et al. 2006).  A strong correlation was 
found between TPC and seagrass 
leaves (r=0.89, p<0.05) and rhizomes 
(r=0.97, p<0.05) (Table 2), similar to 
previous findings by Santoso et al. 
(2012) and Jeyapragash et al. (2016). 
DPPH activities of both seagrass 
leaves and rhizomes were also 
higher compared to those reported 
for marine macroalgae Padina minor 
(0.57 µM TE/g, Amornlerdpison et 
al. 2007) and Ascophyllum nodosum 
(15.53 µM TE/g, Apostolidis et al. 
2011) (Fig. 6). 

Similar to DPPH, ABTS assay 
is also based on the electron 
transfer mechanism. The generated 
unstable ABTS radical cation 
indicated by the blue green colour 
solution can be neutralized into a 
colourless solution by hydrogen 

Table 2. Correlation matrix between seagrass biochemical and 
antioxidant properties for seagrass leaves and rhizomes. Values in bold 
are significant at a=0.05.

Variables
Seagrass leaves

TPC
TFC

FRAP
DPPH
ABTS

TPC TFC FRAP DPPH ABTS

1
0.146
0.639
0.898
0.889

1
0.280
-0.268
-0.323

1
0.471
0.489

1
0.984 1

Seagrass rhizomes

TPC
TFC

FRAP
DPPH
ABTS

1
0.02
0.99
0.97
0.99

1
-0.04
0.22
-0.02

1
0.96
0.99

1
0.96 1
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to those previously reported on T. ciliatum (0.96 µM 
TE/g) and H. uninervis (1.40 µM TE/g) (Ramah et al. 
2014). The high ABTS values of E. acoroides and H. 
uninervis rhizomes were higher than reported values 
for the macroalgae Sargassum sp. (41.05 µM TE/g) 
and Iyengaria sp. (37.98 µM TE/g) (Butt et al. 2013). 

Based on similarities in extract composition 
using PCA and AHC, the seagrasses can be grouped 
into rhizomes (Group A) and leaves (Group B) (Fig. 
8). Group A is found to have low TFC value. As 
earlier explained, rhizomes lack chloroplasts where 
flavonoids are synthesized (Hernandez et al. 2009), 
as compared to Group B comprised of seagrass 
leaves with high TFC values. Although flavonoids 
have been reported to exhibit antioxidant properties 
(Rice-Evans 1995; Halliwell et al. 2005), the high TFC 
in group B has low antioxidant activity. This is due 
to the fact that flavonoids are not the only naturally 
occurring antioxidant compound in seagrasses. 
Unlike TFC assay, TPC assay targets a wider variety 
of phenolic compounds including flavonoids, tannins, 
phenolic acids, chalcones and coumarins (Giada 
2013) found in the extracts, thus the cumulative 
amounts of such compounds correlated strongly with 
antioxidant activity. 

Our findings showed that E. acoroides rhizomes 
which contained the highest TPC (76.19 ± 3.37 
mg GAE/g extract) possessed significantly higher 
antioxidant activity for FRAP (10.56 ± 0.74 x 10-4 mg 
Fe2+/g), DPPH (114.99 ± 2.17 µM TE/g) and ABTS 
(144.34 ± 10.67 µM TE/g) compared to other seagrass 
species. These values were also significantly 
higher (p<0.05) than synthetic antioxidant butylated 

Figure 8. (a) Principal component analysis (PCA) biplot and (b) agglomerative hierarchy cluster analysis (AHC) dendrogram 
based on seagrass biochemical and antioxidant properties. The seagrasses are labeled as EA: Enhalus acoroides, HS: Halophila 
spinulosa, CS: Cymodocea serrulata, HU: Halodule uninervis and SI: Syringodium isoetifolium according to vegetative parts L: 
leaves and R: rhizomes.

hydroxytoluene (FRAP activity 3.70 ± 0.12 x 10-4 mg 
Fe2+/g and DPPH activity 45.80 ± 0.83 µM TE/g) and 
commercial ascorbic acid (DPPH activity 94.33 ± 0.42 
µM TE/g), suggesting their potentials as alternative 
natural antioxidant sources. However, further studies 
are required to isolate and identify the specific 
compounds in seagrasses that are responsible for 
the antioxidant activity.
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