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Abstract
Ulva lactuca (Ul) is a green macroalgae that contains commercially valuable molecules components. The
purpose of this study was to evaluate and compare seasonal variations of antioxidant activity (AOA) of
U. l. sample harvested from locations of Tang, Chabahar and Gowatr in the northern coast of the Oman
Sea (IRAN). Sampling was carried out during April to May (spring) and October to November (autumn)
2020, representing pre- and post-monsoon, respectively. No significant difference (P > 0.05) were observed
between samples harvested in pre- and post-monsoon from all three locations, except for the ferric
reducing antioxidant power (FRAP) content. The FRAP on post-monsoon shows a significant difference
between all studied locations (P < 0.05). In this season, the FRAP content was measured 69 ± 0.05; 0.60 ± 
0.06 and 0.50 ± 0.06 mg GAE g− 1 for Tang, Chabahar and Gowatr, respectively (P < 0.05). However, a high
linear correlation (> 0.95) was calculated for parameters showing a significant contribution by β-carotene
(βC) with FRAP content (R = -0.004) in pre-monsoon, as well as total phenolic content (TPC) with
anthocyanin content (ACN) (R = -0.013); Half-maximal inhibitory concentration (IC50) with total flavonoid
content (TFC) (R = -0.010) and radical scavenging activity assay (DPPH) with IC50 content (R = 0.022) in
post-monsoon. AOA analysis along with PCA (principal component analysis) in pre-monsoon confirm
relationships and FRAP, TPC, ACN and βC determined sample distribution along PC1 (main components
1), while DPPH, IC50 and TFC along the PC2. However, in post monsoons all parameters determined
sample distribution along PC1.

Introduction
Due to the special geographical features and ecological valuables, the Oman Sea and coasts are known
as one of the rarest ecosystems in the worldwide (Al-Majed et al. 2008). Algae is one of the most
important organism’s lives in these Sea (Egan et al. 2013).

The findings of recent decades have been reported macroalgae are containing many potent antioxidants,
antimicrobials, antivirus, anti-inflammatory, antitumor and anticancer traditional properties, which make
them for suitable ingredients to possible applications such as nutraceuticals, pharmaceuticals, cosmetic
industries and functional foods (dominguez and loret 2019; Arguel and Sapin 2020; Cagalj et al. 2021).

Green algae as the most diverse algae group in the world has become the focus of many studies,
because they are easily accessible and extracts from them are a rich source of antioxidants, carotenoids,
polyphenols and flavonoid compounds, as well as natural colorant in various natural product classes
(Pérez et al. 2016; Handajani and Prabowo 2020; Prasedya et al. 2020; Fournière et al. 2021). Among the
various green algae species from the genus Ulva lactuca L. to the Chlorophyta phylum (Ulvaceae family,
order Ulvales) is one of the most common species that abound in the north coast of the Oman Sea, Iran
(Sohrabipour and Rabii 1999). This species contains commercially valuable biologically active molecules
components which are important in different industries.
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The study of the bioactive components of algae has increased in recent years and most of the focus has
been on the identification of new components (Mekinic et al. 2019; Medina-Torres et al. 2017; Sanjeewa
et al. 2017). But, the high potential impact of seasonal variations on metabolite and bioactivity profiles of
algae, often was ignored in analytical studies and drug discovery.

Although, the effects of various seasonal acclimation on algae bioactive compounds have been reported
in various studies (Prasedya et al. 2019; Karkhaneh Yousefi et al. 2020). But, the monsoon acclimation
was not well studied (Billones et al. 2016; Mahdi Abkenar et al. 2021). The monsoon has a significant
impact on the environmental and ecological features of the Oman Sea and coasts (Mahdi Abkenar et al.
2021). Algal bloom is one of the most important phenomenon of the monsoon effects (Hunter 1993).

Despite the fact that antioxidant activity (AOA) and the content of phenolic compounds of algae have
been widely investigated, comprehensive studies on qualitative and quantitative characteristics in various
seasonal conditions using various AOA measurement methods are still lacking. In addition, information
about AOA of the Ul from the northern coast of the Oman Sea is rather limited. Due to effect of
environmental indices on mitigate oxidative damage of algae in this study we evaluate and compare
seasonal variations of antioxidant components (total phenol, flavonoids, β-carotene and anthocyanin
contents) and AOA of Ul sample harvested in three different locations of Tang, Chabahar and Gowatr in
the Oman Sea coast (IRAN) at different seasonal variation of pre (spring) - and post (autumn) monsoon.

Materials And Methods
Chemicals

Sulfuric acid, Folin–Ciocalteu reagent, and aluminum chloride were from Merck (Germany); ammonium
molybdate, potassium acetate, DPPH (2, 2-diphenyl-1- picrylhydrazyl), and sodium phosphate, gallic acid,
rutin, ascorbic acid, were from Sigma-Aldrich (Germany). 

Seaweeds collection

Seaweed Ulva lactuca (Ul) specimens were obtained during the low tide times (according to the tide time
table obtained from www.tideforecast. com) in 2020 for two seasons during April to May (pre-monsoon)
and October to November (post-Monsoon) representing the autumn and spring randomly from the
northern coasts of the Gulf of Oman, Iran (Tang port: Longitude, 25˚ 35՜ 79˝ N; Latitude: 59˚ 89՜ 02˝ E,
Chabahar port: Longitude, 25˚ 27՜ 71˝ N; Latitude: 60˚ 66՜ 77˝ E; and Gowatr port: Longitude, 25˚ 17՜ 59˝
N; Latitude: 61˚ 50՜ 22˝ E). Seaweed taxonomic was determined by the off-shore fisheries research
center. Algae was identified by Aleem (1993), they belonged to the family: U. lactuca Linnaeus from
Chlorophyta.

Preparation of algae methanolic extract 

After the collection, algae is taken to the laboratory in a plastic bag that contains sea water to prevent
evaporation. Epiphytic and foreign materials are removed by first being washed in sea water and then
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distilled water to separate the potential contaminants. Dry samples were prepared by drying fresh
seaweed in the air at room temperature for 7 days to dry and stored in a plastic bag for further analysis.
(González del Val et al. 2001).

For the Ul extract preparation, first dry samples are based and powdered. Then 20 g of  the Ul powder
which was dried in air and added to 10 mL of 80% methanol and stored at 37 °C for 6 hours in an orbital
shaker incubator (AXYOS, Australia) and centrifugation (Kubota, KN-70, HD8292, Japan) in 1500 × RPM
for 15 minutes. After 72 hours of obtaining agent extracts centrifuged. Finally, the extract obtained was
filtered by WHATMAN no.1 filter paper and was concentrated to dry to produce a rough extract residue.
Extract was diluted with solvents (50 mg mL-1) and stored at 4C used for further analysis
(Chidambararajan et al. 2019).

Antioxidant activity (AOA)

The AOA of the Ul extract was determined with two different mechanisms of action, i.e., hydrogen atom
transfer (HAD) (DDPH) and electron transfer (ET) (FRAB) (Granato, et al. 2018).

2, 2-diphenyl-1-picrylhydrazyl (DPPH %) radical scavenging ability

The DPPH scavenging activity assay of the Ul extract was investigated following Duan et al (2006).
Briefly, 1 mL of 0.15 mM DPPH were added to a different extract dilution (amounted to 1 mL). Then, the
reaction mixture was incubated in the dark at room temperature for 30 minutes. Its absorbance was
measured at 517 nm using a spectrophotometer (ELISA Reader Epock, USA). DPPH (%) free radical
referral activity is calculated using the following equation (Chidambarajan et al. 2019).

The half-maximal inhibitory concentration (IC50) were calculated by the linear regression analysis and
expressed as mean of three determinations. IC50 was used as an index to compare the AOA of
individuals. Ascorbic acid was used as positive control and reducing power was expressed as mg
ascorbic acid equivalents (AAE) per mL dry weight of sample (DW).

Ferric Reducing Antioxidant Power (FRAP) Assay

The FRAP assay were determined using the Oyazu (1986) modification method. Briefly, 1 mL the Ul
extract was added to 1 mL 0.2 M phosphate buffer (PSB, pH=6.6) and 1 mL of 1% potassium
ferricyanide. The mixture was incubated at 50 °C for 20 minutes and 1 mL of 10% of TCA was added to
this reaction mixture. Aliquot 1 mL from the incubation mixture were mixed with 1 mL of distilled water
and 0.2 mL of 0.1% ferric chloride in the test tube. Absorbance was measured at 700 nm. Gallic acid was
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used as a standard power and reduction expressed as equivalent to mg gallic acid (GAE) per g dry weight
sample (DW).

 

 

Total Phenolic and Flavonoid Content 

Total phenolic content (TPC) of the Ul extract were determined by the Folin-Ciocalteu method (Cagalj et
al., 2021) using a UV spectrophotometer (Shimatzu, UV-160A, Japan) with minor modification. Briefly, 20
μl of the Ul extract reacted with 1.50 mL of distilled water and 125 μL of 10% of folin-Ciocalteu reagent.
The solution was mixed and after a minute, 375 μL of 20% sodium carbonate solution and 475 μL
distilled water were added. The mixture was left in the dark for 2h at room temperature. Absorbance was
read at 720 nm using a spectrophotometer. The Standard curve (0-500 mg L-1) was prepared using galic
acid for calculation of phenolic content (y = 0.004-x, r2 = 0.9999). The TPC were expressed as mg Gallic
acid equivalents (GAE) per g dry weight sample (DW).

Total content flavonoids (TFC) of extract the Ul assessed using the aluminum chloride colorimetric
method described by Cagalj et al. (2021). Briefly, 250 μL the Ul extract was mixed with 750 μL 96%
ethanol, 50 μL 10% (w/v) aluminum chloride, 50 μL 1M sodium acetate, and 1400 μL distilled water. The
mixture was stored for 30 minutes at room temperature. Absorbance was read at 415 nm using a
spectrophotometer. Standard calibration curve (0-100 μg mL-1) is plotted using a Quercetin solution (Y =
0.0076-0.0042, r2 = 0.9412). TFC is expressed as mg Quercetin equivalent (QE) per g dry weight sample
(DW).

Total anthocyanin content

Determination of total anthocyanin content was measured using a differential protocol
spectrophotometric pH, as described by Muanda (2001) with minor modifications. Briefly, 0.5 mL of the Ul
extract was mixed with 3.5 mL of 0.025 M potassium chloride buffer; PH=1. The mixture was stirred and
left at room temperature for 15 minutes. Then, the absorbance was measured at 515 and 700 nm against
distilled water as blank.  Then, the extract combined with 3.5 mL 0.025 M sodium acetate buffer; pH=4.5.
Again, the mixture was stirred and left at room temperature for 15 minutes. Absorbance of mixture was
measured at the same wavelength (512 and 700 nm). Total anthocyanin content was calculated using
the following equation:

Where A is absorbance= (Aλ515–Aλ700) pH 1.0 – (A515–A700) pH 4.5; MW is molecular weight for
cyanidin-3-glucoside = 484.2; DF is the factor of the extract; ɛ is the molar absorbtivity of cyanidin-3-
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glucoside =24825; C is the concentration of the buffer in mg mL-1 =0.025. The results were expressed as
milligram of cyanidin-3-glucoside equivalents (mg C-3-GE) per 100 gram of dry weight of sample (DW). 

The β-Carotene content

Quantification of β-carotene were carried out following Eijckelhoff and Dekker (1995) with minor
modification. Briefly, 20 g the Ul crude extract was solubilized in 10 mL 85% acetone-hexane and
centrifuged at 3000 rpm for 15 minutes at 4 °C. Then, the absorbance measured at 453, 505, 645 and 663
nm using a UV spectrophotometer (Shimatzu, UV -160A, Japan). The contents of the β-carotene are
calculated according to the following equations and expressed as mg per g of dry weight (DW).

Statistical analysis

All statistical analysis was conducted using SPSS Software (New York, USA) version 16.0 in a triplicate.
Shapiro-Wilk and Levenes tests were used to check the normality and homogeneity of variance,
respectively. To determine whether there are differences between means, ANOVA analysis and Duncan's
new multiple distance test is applied to correlate the potential of antioxidants in the samples. In addition,
compression is made between monitored factors and locations in pre and post monsoon with
independent sample tests. A principal component analysis (PCA) was carried out to obtain an overview of
the equations and differences in antioxidant activities and properties of the Ul extract to detect patterns in
the data and to reduce the dimensions of information for discrimination analysis. Data is declared a
means of ± standard deviation (SD) of three replication determinations. P value <0.05.

Results
DPPH (%) scavenging activity

Table 1, indicating no significant variation of scavenging effects from Ulva lactuca (Ul) extract tested at
1, 10, 100 and 1000 μg mL-1 on the DPPH (%) of methanolic extract of  the Ul harvested in pre- and post-
monsoon among three locations of Tang chabahar and Gowatr (P> 0.05).

Table 1 

DPPH radical scavenging activity (%DPPH) of 1, 10, 100 and 1000 μg mL-1 of the Ul extracts in different
seasons.
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Seasons Concentration (μg mL-1) Stations

Tang Chabahar Gowatr

Pre- (Spring) 1 39.46±1.37 35.72±1.74 37.9±1.91

10 42.19±83 39.80±2.01 40.15±0.45

100 47.28±3.34 45.20±1.15 46.79±0.74

1000 50.43±1.19 48.96±1.23 50.90±3.01

Post- (autumn) 1 47.19±0.85 44.76±0.99 41.38±1.09

10 54.27±3.45 52.96±1.36 49.76±2.59

100 57.98±2.36 55.80±2.78 52.26±2.34

1000 60.50±2.54 59.12±2.46 55.81±2.19

Ascorbic acid 55.1±1.00 55.1±1.00 55.1±1.00

*Data were presented as the average of four replicates standard deviation (±SD).

IC50

As can be seen in the Fig 3, The IC50 content of ascorbic acid as a standard antioxidant has not shown a

significant difference (P <0.05) between both pre- (104.48± 6.96 mg AAE mL-1) and post- (108.41±7.89
mg AAE mL-1) monsoon (sig= 0.28; t= -111; DF = 15.75). However, no significant different were observed
between three locations of Tang, Chabahar and Gowatr during pre and post monsoon (P> 0.05). IC50

content in the Ul extract in pre-monsoons ranged from 94.41 to 115.40 mg AAE mL-1, whereas in post
monsoons were found in 98.51 to 118.71 mg AAE mL-1.

Ferric Reducing Power Assay (FRAP)

The Fig 4, presents the compression of the FRAP content in the Ul extract among three different locations
and seasonal variations on the Northern coast of the Oman Sea. According to the results there was no
significant difference found between the Ul extract which was harvested in pre- (0.58±0.08 mg GAE g-1

DW) and post- (0.59±0.09 mg GAE g-1 DW) monsoon (sig= 0.85; t= -0.18; DF= 15.59). However, there was
no significant difference found in three locations of samples harvested at pre-monsoon (p> 0.05);
Meanwhile, a statistically significant difference was observed in the samples harvested in post-monsoon
between all locations (P <0.05). The highest (0.69 ± 0.05 mg GAE g-1 DW) and the lowest (0.50±0.06 mg
GAE g-1 DW) of the FRAP content were observed at the Tang and Gowatr site, respectively. The FRAP
content measurement in the Ul sample harvested from Chabahar was 0.60±0.06 mg GAE g-1 DW. The
content of this index in the Ul extract harvested in the pre-monsoons ranges from 0.42 to 0.71 mg GEA g-1

DW, and the sample harvested in the post-monsoon was 0.44 to 0.75 mg GEA g-1 DW.
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Total Phenolic content (TPC)

Compression of The TPC content in the Ul. extract presented in the Fig 5. Based on the results for both
pre- (3.32±0.77 mg GAE g-1 DW) and post- (3.38±1.00 mg GAE g-1 DW) monsoon, no significant variations
were observed (sig= 0.27; t= -1.13; DF= 15.97). However, no significant differences were observed
between three different locations of Tang, Chabahar and Gowatr during pre and post monsoon (P> 0.05).
The TPC compounds in extract harvested in the pre-monsoons range from 2.14 to 4.13 mg GAE g-1 DW,
whereas foe samples harvested in the post monsoon were found at 2.15 to 4.95 mg GAE g-1 DW.

Total Flavonoid Content (TFC)

As shown in the Fig 6, there were no significant differences between the pre- (0.38±0.11mg QE g-1 DW)
and the post- (0.35±0.07 mg QE g-1 DW) monsoon for methanolic the Ul extract (Sig = 0.54; T=0.62;
DF=14.04), as well as between three different locations of Tang, Chabahar and Gowatr during pre and
post monsoon (p> 0.05). The content of total flavonoid compounds in the pre-monsoons ranges from
0.22 to 0.55 QE g-1 DW, while the post monsoon was found at 0.25 to 0.47 mg QE g-1 DW.

Anthocyanin Content (ACN) 

Fig 7, showing no significant (P> 0.05) seasonal variation for the anthocyanin content  from the Ul
extracts harvested in pre (3.41±0.44 mg C-3-GE 100g-1 DW) and post (3.70±0.37 mg C-3- GE 100g-1 DW)
monsoon (Sig= 0.15; t= -1.49; DF = 15.57). However, no significant were observed for the samples
harvested in three different locations of Tang, Chabahar and the Gowatr during pre and post monsoon
(P> 0.05). The content of anthocyanin compounds in the pre-monsoons ranges from 2.87 to 3.71 mg C-3-
GE 100g-1 DW, while in the post monsoon was found at 2.98 to 4.03 mg C-3-GE 100g-1 DW.

The β-Carotene content (βC)

Fig 8, showing no significant seasonal variations (P> 0.05) in the contents of βC the Ul extract in the pre
(0.76±0.10 mg g-1 DW) and the post (0.80±0.14 mg g-1 DW) monsoon (Sig= 0.53; t= -0.63; DF= 14.62),
and among the three differential Tang locations, chabahar and Gowatr during pre and post monsoon (p>
0.05). The β-carotene content in methanolic extract of the Ul harvested in pre-monsoon ranges from 0.57
to 0.88 mg g-1 DW, while on the post monsoon found in 0.49 to 0.97 mg g-1 DW.

Correlation analysis

Pearson correlation analysis was carried out to determine the relationship between each antioxidant
activity index and properties in different seasonal sampling. As shown in Table 2, there is a significant
negative correlation between FAR with β-carotene content (r= -0.004; p <0.05) in pre-monsoon.

Table 2 

Pearson’s correlation coefficients between the variables to pre-monsoon
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Indices DDPH IC50 FRAP TPC TFC ACN βC

DPPH 1 -0.219 0.467 -0.378 -0.105 -0.028 -0.203

IC50 -0.219 1 -0.112 -0.159 0.373 -0.115 -0.258

FRAB 0.467 -0.112 1 0.544 0.058 0.297 -0.004

TPC -0.378 -0.159 0.544 1 -0.106 0.230 0.441

TFC -0.105 0.373 0.058 -0.106 1 0.269 -0.246

Anthocyanin -0.028 -0.115 0.297 0.230 0.269 1 0.181

β-carotene -0.203 -0.258 -0.004* 0.441 -0.246 0.181 1

                 *=P<0.05 

However, on post monsoon there were a significant negative correlation between TPC with Anthocyanin
content (r= -0.013; P <0.05), as well as between IC50 with TFC content (r = -0.010; P <0.05). There were
also a significantly positive correlation between DPPH with IC50 content (r = 0.022; P <0.05). 

Table 3 

Pearson’s correlation coefficients between the variables to post-monsoon

Variables DPPH IC50 FRAP TPC TFC ACN βC

DPPH 1 0.022* 0.427 -0.088 0.327 0.053 0.061

IC50 0.022 1 0.544 0.340 -0.010* 0.643 0.578

FRAP 0.427 0.544 1 0.247 0.486 0.373 0.160

TPC -0.088 0.340 0.247 1 -0.203 -0.013* -0.057

TFC 0.327 -0.010* 0.486 -0.203 1 0.419 -0.155

Anthocyanin. 0.053 0.643 0.373 -0.013* 0.419 1 0.687

β-carotene 0.061 0.578 0.160 -0.057 -0.155 0.687 1

                 *=P<0.05 

Based on the PCA results in pre monsoon, the first three PCs (principal components) were extracted with
the value of eigenvalue greater than 1 and together they explain 72.58% of the total variance (Table 4).
PC1 explained 28.76% of data set variations and PC2 explained 22.27% (Fig 9). According to the value
loaded, which expresses the correlation between PCs and variables, it can be stated that FRAP, TPC,
anthocyanin and β-carotene were determined by the sample distribution along PC1, while DPPH, IC50 and
TFC along PC2 (Fig 9a). This was proven evidenced by high r Pearson’s correlation coefficients between
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these variables and suggests that the AOA from the Ul extract was mainly associated with phenolic
compounds. PCA analysis confirmed that the Ul harvested in Tang, Chabahar and Gowatr possess high
AOA and phenolic compounds, including DPPH, TPC and FRAP contents (Fig 9b). 

Table 4 

eigenvectors and eigenvalues of the first three principal components (PCs) for 7 qualitative pod
characters in pre-monsoon

Variable Principal components

  PC1 PC2 PC3

Eigenvalue 2.013 1.559 1.508

Variability (%) 28.763 22.271 21.547

Cumulative (%) 28.763 51.034 72.581

  Eigenvectors

DPPH -0.026 0.743 -0.176

IC50 -0.355 -0.172 0.446

FRAP 0.426 0.501 0.262

TPC 0.586 -0.208 0.177

TFC -0.187 0.027 0.671

Anthocyanin 0.330 0.080 0.435

β-carotene 0.453 -0.343 -0.175

On post monsoon, the first three PCA of the Ul were extracted with eigenvalue value greater than 1 and
together they explained 79.49% of the total variance (Table 4). PC1 explained 38.48% of variations of
data sets and PC2 explained 23.36% (Fig 10). According to the value loaded, which expresses the
correlation between PCs and variables, can be stated that all studied parameters (DPPH, IC50, FRAP, TPC,
TFC, Anthocyanin and β-carotene) determine the distribution of the samples along PC1 (Fig. 10a). This is
proven by the high R Pearson correlation coefficient between these variables and suggests that the AOA
from the Ul extract were mainly associated with phenolic compounds. PCA analysis confirmed that
samples harvested for Tang showed high AOA and phenolic compounds, including total anthocyanin,
IC50, FRAP, β-carotene and TFC contents (Fig. 10b).

Table 5 

eigenvectors and eigenvalues of the first three principal components (PCs) for 7 qualitative pod
characters in post-monsoon 
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Variable Principal components

  PC1 PC2 PC3

Eigenvalue 2.693 1.635 1.236

Variability (%) 38.466 23.364 17.662

Cumulative (%) 38.466 61.830 79.492

  Eigenvectors

DPPH 0.192 0.494 0.088

IC50 0.504 -0.301 0.155

FRAP 0.449 0.291 0.364

TPC 0.110 -0.276 0.762

TFC 0.241 0.605 -0.094

Anthocyanin 0.521 -0.080 -0.313

β-carotene 0.407 -0.362 -0.385

Discussion
Generally, in this study antioxidant activity of the Ul extract that harvested during pre- (spring) and post-
(autumn) monsoon do not shows significant differences between the variables tested, except for FRAP
content. Our results indicate that the FRAP content has a significant difference between seaweed
harvested on post-monsoon between all three locations. The highest and lowest activity of the FRAP
content were in Tang (0.69 ± 0.05 mg GAE g− 1) and Gowatr (0.50 ± 0.06 mg GAE g− 1), respectively.
However, the FRAP content measured in Chabahar was 0.60 ± 0.06 mg GAE g− 1. These results indicate
that AOA does not change with an increase or decrease of temperature during the pre and post monsoon,
except for the FRAP content. This observation was supported by previously studies in other seaweed
which also reported a different AOA test (Fellah et al. 2017; Jelandar et al. 2017; Farasat et al. 2013, 2014;
Liu et al. 2011; Horincar et al. 2011). The FRAP concentration reported in this manuscript is similar to the
reported for the Ul (0.60 ± 0.12 mg GAE g− 1) harvested in the autumn on the intertidal coast of Chabahar
(Iran), using methanolic extract (Sarani Yaztapeh 2020). Moulazadeh et al (2021) reported that the
Persian Gulf patched the Ul extract collected in the autumn had 64.89 ± 11.33 µmol Fe2+/g.
Sivaramakrishnan et al (2017) measure AOA and phenolic compounds of four green macroalgae
(Halimeda Tuna, Halimeda Macroloba, enteromorpha sp. and Acetabularia Acetabulum) were collected
from the coast of South Andaman (India) in three different locations. According to the author reporting
the FRAP content was around from 152.89 ± 2.53 to 164.3 ± 1.04 µg g− 1. Likewise, seasonal variations of
the FRAP content followed the patterns reported for Halopetrical Scoparia in the same study as
significant differences found in the spring and fall (Fellah et al. 2017). Karkhaneh Yousefi et al (2020) by
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measured the FRAP content in four different brown algae (Dictyota indica, Padina tenuis, Colpomenia
sinuosa and Iyengaria stellata) harvested from Qeshm Island (Persian Gulf) reported that Antioxidant
activities of all summer collected seaweeds were lower than the winter ones which were in accordance
with their fucoxanthin contents. Contrary to our results, Trigui et al (2013) observed the highest free
radical scavenging activity in U. rigida extract collected at the end of winter (February) and the beginning
of spring (March) compared to the end of summer (August) and the beginning of fall (September-
October). Based on the results, the authors suggested AOA increase with a decrease of temperature
(Trigui et al. 2013).

However, variations of the FRAP concentration obtained from the Ul and other seaweed species can be
associated with environmental factors such as various species compositions, seasonal variations,
salinity, irradiation and inorganic and phosphorus nitrogen and the type of extraction solvent used (Oucif
et al. 2017; Aruelles et al. 2018; Aruelles et al. 2021). Increased solar radiation and UV exposure during
summer have also been associated with an increase in the production of antioxidant compounds in
intertidal macroalgae at the monsoon (Garcia-Vaquero et al. 2021). In addition, inorganic nutrition
released from shrimp farms in Gowatr is considered to be ignored compared to nitrogen background
concentrations that occur naturally (Marinho et al. 2015c).

To investigate whether AOA from the Ul extract studied, a significant correlation was observed in the pre-
monsoon between the FRAP with β-carotene contents and other antioxidant values ​​except FRAP. It shows
carotenoids having antioxidant activities in reducing Fe3+ radicals on the Ul. Here, there was a significant
correlation between IC50 with free radical of DPPH, IC50 with TPC, and TPC with anthocyanin content in
the post monsoon confirm the literature report and may indicate that this compounds are responsible for
AOA or at least involved in the reaction of the effect at the post monsoon, which is appropriate with many
previous studies aruelles (2021); Arguelles and Sapin 2020; Jesumani et al (2020); Sanger et al (2019);
Sivaramakrishnan et al (2017); Farasat et al (2013; 2014); Chew et al. (2008).

Likewise, a lower correlation between β-carotene with DPPH content, IC50, TPC, TFC and Anthocyanin
which is only a phenolic compound that is not involved in AOA through this path but there may be several
effects involving other active compounds.

Conclusion
In the current study, the assessment of the Ul antioxidant activities and properties extract which was
harvested from three different locations during per (spring) and post (autumn) monsoon was evaluated.
The FRAP content in post monsoons shows a significant difference between all three locations. The
highest and lowest FARP content were found in the Tang and Gowatr, respectively. Perhaps, the location
of Tang sampling does not yet have extreme environmental pollution compared to Chabahar and Gowatr
such as lower tidal ranges that contribute to the sunlight exposure, and disposal of industrial human
activities such as fisheries and waste making it into the sea. Based on the obtained results from this
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study we could claim that macroalgae (Ulva lactuca) provides promising antioxidant properties that can
be used in various food and pharmaceutical industries.

Abbreviations
Ul = Ulva lactuca

AOA = Antioxidant activity

FRAP= Ferric reducing antioxidant power

TFC= Total flavonoid content 

TPC= Total phenolic content

ACN = Total anthocyanin content

βC = β-carotene

Declarations
Data Availability Statements

The datasets generated during and/or analysed during the current study are available from the
corresponding author on reasonable request. 

Author Contributions Statement

Ali Mahdi Abkenar conceived the original idea. Developed the theory and performed the computations.
Verified the analytical methods. Carried out the experiment.   Discussed the results and wrote the final
manuscript. 

Conflict of interest

The author declare that they have no known competing financial interests or personal relationships that
could have appeared to influence the work reported in this paper.

References
1. Aleem AA (1993) The marine algae of Alexandria, Egypt. 139P.

2. Allen LB, Sitonen PH, Thomposon HC (1997) Methods for the determination of arsenic, copper, lead
and tin in sucrose, corn syrups and high fructose corn syrups by inductively coupled plasma atomic
emission spectrophotometry. J Agric Food Chem 45: 162–165.



Page 14/23

3. Antolovich M, Prenzler PD, Patsalides E, Mc Donald S, Robards K (2002). Methods for testing
antioxidant activity. Analyst 127(1):183-198.

4. Arguelles EDLR (2021) Evaluation of Antioxidant Capacity, Tyrosinase Inhibition, and Antibacterial
Activities of Brown Seaweed, Sargassum ilicifolium (Turner) C. Agardh 1820 for Cosmeceutical
application. J Fish Environ 45 (1):64-77.

5. Arguelles EDLR, Monsalud RG, Sapin AB (2019) Chemical composition and In vitro antioxidant and
antibacterial activities of Sargassum vulgare C. Agardh from Lobo, Batangas, Philippines. J Int Soc
Southeast Asian Agri Sci 25(1): 112-122.

6. Arguelles EDLR, Sapin AB (2020) Bioactive properties of Sargassum siliquosum J. Agardh (Fucales,
Ochrophyta) and its potential as source of skin-lightening active ingredient for cosmetic application.
J Appli Pharm Sci 10(7):51-58.

7. Astorg P (1997) Food carotenoids and cancer prevention: an overview of current research. Trends
Food Sci. Technol 8:406–413.

8. Azam MS, Choi J, Lee MS, Kim HR (2017) Hypopigmenting effects of brown algaederived
phytochemicals: A review on molecular mechanisms. Mar Drugs 15(10):297. DOI:
10.3390/md15100297.

9. Benita M, Dubinsky Z, Iluz D (2018) Padina Pavonica: Morphology and Calcification Functions and
Mechanism. Am J Plant Sci 9:1156–1168.

10. Bernardini G, Minetti M, Polizzotto G, Biazzo M, Santucci A (2018) Pro-Apoptotic Activity of French
Polynesian Padina Pavonica Extract on Human Osteosarcoma Cells. Mar Drugs 16:504.

11. Billones X.K, Quiao M.A, Roa E.C, Roxas, P.G (2016). Potential Antioxidant Activity ofThree
Kappaphycus spp. Cultivars (Rhodophyta, Solieriaceae) Collected during Two Monsoon Seasons in
Kolambugan, Lanao del Norte, Philippines. DOI: 10.48031/msunjear.2016.04.01

12. Biris-Dorhoi ES, Michiu D, Pop CR, Rotar AM, Tofana M, Pop OL, Socaci SA, Farcas AC (2020)
Macroalgae-A Sustainable Source of Chemical Compounds with Biological Activities. Nutrients
12:3085.

13. Čagalj M, Skroza D, Tabanelli G, Özogul F, Šimat, V (2021) Maximizing the antioxidant capacity of
Padina pavonica by choosing the right drying and extraction methods. Processes 9(4):587.

14. Chewa YL, Lima, YY, Omara M, Khoo KS (2008) Antioxidant activity of three edible seaweeds from
two areas in South East Asia. LWT 41:1067-1072.

15. Chidambararajan P, Keerthana V, Priyadharshini K, Sakthivel B (2019) In vitro antioxidant and
anticancer activity of Ulva lactuca l. using molt-3 cell line. Asian J Pharma Clin Reas 12(5):75-78. 

16. Cotas J, Leandro A, Monteiro P, Pacheco D, Figueirinha A, Gonca˛lves AMM, Da Silva GJ, Pereira L
(2020) Seaweed Phenolics: From Extraction to Applications. Mar Drugs 18:384.

17. Dominguez H, Loret EP (2019) Ulva lactuca, A Source of Troubles and Potential Riches. Mar Drugs
17:357. Doi: 10.3390/md17060357.



Page 15/23

18. Duan X.J, Zhang WW, Li XM, Wang BG (2006) Evaluation of antioxidant property of extract and
fractions obtained from a red alga, Polysiphonia urceolata. Food Chem 95:37-43.

19. Egan S, Harder T, Burke C, Steinberg P, Kjelleberg S, Thomas T (2013) The seaweed holobiont:
understanding seaweed-bacteria interactions. FEMS Microbiol Rev 37:462–476.

20. Farasat M, Khavari-Nejad RA, Nabavi SMB, Namjooyan F (2014) Antioxidant Activity, Total Phenolics
and Flavonoid Contents of some Edible Green Seaweeds from Northern Coasts of the Persian Gulf.
 Iranian J Pharma Res13 (1):163-170.

21. Farasat M, Khavari-Nejad RA, Seyed Nabavi M.B, Namjooyan F (2013) Antioxidant Properties of
Some Filamentous Green Algae (Chaetomorpha Genus).  Brazilian Arch. Biol. Tech. 56(6):921-927. 

22. Fellah F, Louaileche H, Dehbi-Zebboudj A, Touati N (2017) Seasonal variations in the phenolic
compound content and antioxidant activities of three selected species of seaweeds from Tiskerth
islet, Bejaia, Algeria. J mater Environ Sci 8(12):4451-4456.

23. Fournière M, Bedoux G, Lebonvallet N, Lescchiera R, Goff-Pain CL, Bourgougnon N, Latire T (2021)
Poly-and oligosaccharide ulva sp. Fractions from enzyme-assisted extraction modulate the
metabolism of extracellular matrix in human skin fibroblasts: Potential in anti-aging dermo-cosmetic
applications. Mar Drugs 19:156.

24. Garcia-Vaquero M, Rajauria G, Miranda M, Sweeney T, Lopez-Alonso M, O’Doherty J (2021) Seasonal
Variation of the Proximate Composition, Mineral Content, Fatty Acid Profiles and Other
Phytochemical Constituents of Selected Brown Macroalgae. Mar Drugs 19:204. https://
doi.org/10.3390/md19040204.

25. Granato D, Shahidi F, Wrolstad R, Kilmartin P, Melton LD, Hidalgo FJ, Miyashita K, Camp JV, Alasalvar
C, Ismail AB, Elmore S, Birch GG, Charalampopoulos D, Astley SB, Pegg R, Zhou P, Finglas P. (2018).
Antioxidant activity, total phenolics and flavonoids contents: Should we ban in vitro screening
methods?. Food Chem 264:471-475. DOI: 10.1016/j.foodchem.2018.04.012.

26. Handajani F, Prabowo S (2020). Sargassum duplicatum extract reduced artritis severity score and
periarticular tissue matrix metalloproteinase- 1 (MMP-1) expression in Ajuvan artritis exposed to cold
stressor. Sys Rev Pharm 11:302–307.

27. Heavisides E, Rouger C, Reichel AF, Ulrich C, Wenzel-Storjohann A, Sebens S, Tasdemir D (2018)
Seasonal variations in the metabolome and bioactivity profile of Fucus vesiculosus extracted by an
optimised, pressurised liquid extraction protocol. Mar Drugs 16(12):503.

28. Horincar VB, Parfene G, Bahrim G (2011) Evalution of bioactive compounds in extracts obtained
from three Romanian marine algae species. AC Romanian Biotechnological Letters 16(6):71-78. 

29. Hunter JR (1983). Aspects of the dynamics of the residual circulation of the Arabian Gulf. In Coastal
oceanography (ed. H.G. Gade et al.), pp. 31-42. NewYork: Plenum Press.

30. Jeloodar N, Farasat M, Tadayoni M (2017) Antioxidant Capacity of Methanolic Extracts of Some
Brown, Red and Green Seaweeds of The Persian Gulf. 2nd conferences & Exhibition on Methods to
Increase the Shelf-life of Food Products, winter. 2017, Tehran, IRAN. 13p.



Page 16/23

31. Jesumani V, Du H, Pei P, Aslam M, Huang N (2020). Comparative study on skin protection activity of
polyphenol-rich extract and polysaccharide-rich extract from Sargassum vachellianum. PLoS ONE
15(1):e0227308. DOI: 10.1371/journal.pone.0227308.

32. Jose GM, Kurup, GM (2016) In vitro antioxidant properties of edible marine algae Sargassum
swartzii, Ulva fasciata and Chaetomorpha antennina of Kerala Coast. J Pharma Rep 4(6):100-112.

33. Karkhaneh yousefi M, Seyed Hashtroudi M, Mashinchian Moradi A, Ghasempour A (2020) Seasonal
variation of fucoxanthin content in four species of brown seaweeds from Qeshm Island, Persian Gulf
and evaluation of their antibacterial and antioxidant activities. Iranian J Fish Sci 19(5): 2394-2408.
doi: 10.22092/ijfs.2020.122396.

34. Khairy HM, El-Sheikh MA (2015) Antioxidant activity and mineral composition of three Mediterranean
common seaweeds from Abu-Qir Bay, Egypt. Saudi J Biol Sci 22:623-630. 

35. Kokabi M, Yousefzadi M, Ali ahmadi A, Feghhi MA, Keshavarz M (2013) Antioxidant Activity of
Extracts of Selected Algae from the Persian Gulf, Iranian J Persian Gulf (Mar. Sci.) 4(12):45-50.

36. Ling, ALM, Yasir S, Matanjun P, Abu Bakar, MF (2015) Effect of Different Drying Techniques on the
Phytochemical Content and Antioxidant Activity of Kappaphycus Alvarezii. J Appl Phycol 27:1717–
1723.

37. Liu CC, Zhao Gl, Li YN, Ding Z, Liu QG, Li JL (2011) Contribution of phenolics and flavonoids to
antioxidant activity of ethanol extract from Eichhornia crassipes. Adv Mater Res 156-157: 1372-
1377.

38. Lovri´c V, Putnik P, Bursa´c Kovaˇcevi´c, D, Juki´c M, Dragovi´c-Uzelac V (2017) The Effect of
Microwave-Assisted Extraction on the Phenolic Compounds and Antioxidant Capacity of Blackthorn
Flowers. Food Technol Biotechnol 55:243–250.

39. Luo HY, Wang B, Yu CG, Qu YL, Su CL (2010). Evaluation of antioxidant activities of five selected
brown seaweeds from China. J Med Plants Res 4(8):2557-2565.

40. MacArtain P, Gill CIR, Brooks M, Campbell R, Rowland IR (2007). Nutritional value of edible seaweeds.
Nutr Rev 65:535–543.

41. Mahdi Abkenar A, Yahyavi M, Esmaeili M, Rombenso A (2021) High bioaccumulation factors and
ecological risk index of Cd, and Hg in Indian white shrimp, hooded oyster, brown algae and sediment
in northern coasts of the Gulf of Oman before and after a monsoon. Reg. Stud. Mar. Sci 41:101552.

42. Mantri V.A, Dineshkumar R, Yadav A, Eswaran K, Shanmugam M, Gajaria T.K (2022) Projections for
profitability assessment parameters under short-term, medium-term and long-term evaluation for
three farming techniques of Kappaphycus alvarezii along eastern coast of India. Aquaculture,
737912.

43. Mau JL, Tsai SY, Tseng YH, Huang SJ (2005) Antioxidant properties of methanolic extracts from
Ganoderma tsugae. Food chem 93(4), 641-649.

44. Medina-Torres N, Ayora-Talavera T, Espinosa-Andrews H, Sánchez-Contreras, A, Pacheco N (2017)
Ultrasound Assisted Extraction for the Recovery of Phenolic Compounds from Vegetable Sources.
Agronomy 7(3): 47.



Page 17/23

45. Muralidhar AP, Karthireddy S, Chandra P, Kalidas C, Naik RP (2010) Comparative studies on fatty acid
composition of three marine macroalgae collected from Mandapam region: south east coast of
India. World Appli Sci 11(8):958-965.

46. Muzolf‑Panek M, Stuper‑Szablewska, K (2021) Comprehensive study on the antioxidant capacity
and phenolic profiles of black seed and other spices and herbs: effect of solvent and time of
extraction. J Food Meas Charact 15:4561–4574.

47. NRC, National Research Council (1982) Diet, Nutr. Cancer. National Academy Press, Washington, DC.

48. Oyaizu, M (1986) Studies on products of browning reaction prepared from glucosamine. Jpn J Nutr
44: 307-314.

49. Pérez M, Falqué E, Domínguez, H (2016) Antimicrobial action of compounds from marine seaweed.
Mar Drugs 14 (3): 52.

50. Prasedya ES, Martyasari NWR, Apriani R, Mayshara S, Fanani RA, Sunarpi H (2019) Antioxidant
activity of Ulva lactuca L. from different coastal locations of Lombok Island, Indonesia. Proceedings
of the 2nd International Conference on Bioscience, Biotechnology, and Biometrics 2019 AIP Conf.
Proc. 2199, 020003-1–020003-6; https://doi.org/10.1063/1.5141281

51. Reynolds RM, (1993) Physical oceanography of the Gulf, Strait of Hormuz, and the Gulf of Oman:
results from the Mitchell Expedition. Mar Pollut Bull 27: 35-60. DOI. 10.1016/0025-326X (93)90007-7

52. Sanger G, Rarung LK, Kaseger B.E, Assa JR, Agustin AT (2019) Phenolic content and antioxidant
activities of five seaweeds from North Sulawesi, Indonesia. AACL Bioflux 12(6):2041-2050.

53. Sanjeewa KKA, Lee JS, Kim WS, Jeon YJ (2017) The potential of brown-algae polysaccharides for
the development of anticancer agents: An update on anticancer effects reported for fucoidan and
laminaran. Carbohydr Polym 177:451–459.

54. Sarani Yaztapeh E, Hosseini Tabatabaei MR, Abkenar AM (2021) The compression of antioxidant
activity and β-carotene extracted from three species of native algae of Oman Sea (Ulva lactuca,
Sargassum ilicifolium and Nizimuddinia zanardini). Iranian J Fish Sci 29(6):53-63.

55. Sarani Yaztapeh, E (2020) Quantitative evaluation of the content of the polyphenolic compounds,
anthocyanin & β- caroten of three endemic seaweed specis in chabahar zoone and evaluation of
their antioxidant effect. Thesis of Ms.c.  Islamic Azad University Zahedan Branch, 92P.

56. Silberfeld T, Bittner L, Fernández-García C, Cruaud C, Rousseau F, de Reviers B, Leliaert F, Payri, CE, De
Clerck O (2013) Species Diversity, Phylogeny and Large Scale Biogeographic Patterns of the Genus
Padina (Phaeophyceae, Dictyotales). J Phycol 49:130-142.

57. Sirbu R, Stanciu G, Tomescu A, Ionescu AM, Cadar E (2019) Evaluation of Antioxidant and
Antimicrobial Activity in Relation to Total Phenolic Content of Green Algae from Black Sea. Rev Chim
(Bucharest) 70(4):1197-1203.

58. Sivaramakrishnan T, Swain S, Saravanan K, Kiruba Sankar R, Dam Roy S, Biswas L, Shalini B (2017)
In Vitro Antioxidant and Free Radical Scavenging Activity and Chemometric Approach to Reveal Their
Variability in Green Macroalgae from South Andaman Coast of India. Tur J Fish Aqua Sci 17:639-
648.



Page 18/23

59. Smith MM, Heemstra P.C (1986). Smith’s Sea Fishes. Springer-Varlag, Heidelberg, 1047P.

60. Sohrabipour J, Rabii, R (1999) Alist of marine algae of seashores of Persian Gulf and Oman Sea in
Hormozgan province. Iran J Bot 8:131-162.

61. Thinakaran T, Sivakumar K (2012). Seasonal variation and biochemical studies on certain seaweed
from Pamban Coast, Gulf of Mannar biosphere review. Int J Res Biol Sci 2:39–44.

62. Trigui N, Gasmi L, Zouari I, Tounsi S (2013) Seasonal variation in phenolic composition, antibacterial
and antioxidant activities of Ulva rigida (Chlorophyta) and assessment of antiacetylcholinesterase
potential. J Appli Phycol 25:319–328.

63. USDA, 2010. National nutrient database for standard reference, Release 23, September 2010.
Composition of foods raw, processed, prepared.

64. Val A, Platas G, Basilio A, Cabello A, Gorrochategui J, Suay I, Vicente F, Portillo E, Jiménez del Río M,
Reina G.G, Peláez F (2001) Screening of antimicrobial activities in red, green and brown macroalgae
from Gran Canaria (Canary Islands, Spain). Int Microbiol 4(1):35-40.

Figures

Figure 1

a sampling points on the Oman Sea, Iran.
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Figure 2

a green macroalgae (Ul)

Figure 3

comparison of the IC50 content in the Ul extract between different locations (left) and monsoon
conditions (right) in the northern coats of the Oman Sea (P> 0.05). Mean ± standard deviation.
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Figure 4

comparison of the FRAP content in the Ul extract between different locations (left) and monsoon
conditions (right) of the northern coats of the Oman Sea (P> 0.05). Mean ± standard deviation.

Figure 5

comparison of the TPC content in the Ul extract between different locations (left) and monsoon
conditions (right) of the northern coats of the Oman Sea (P> 0.05). Mean ± standard deviation.
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Figure 6

comparison of the TFC content in the Ul extract between different locations (left) and monsoon
conditions (right) of the northern coats of the Oman Sea (P> 0.05). Mean ± standard deviation.

Figure 7

comparison of the ACN in the Ul extract between different locations (left) and monsoon conditions (right)
of the northern coats of the Oman Sea (P> 0.05). Mean ± standard deviation.
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Figure 8

comparison of the βC content in the Ul extract between different locations (left) and monsoon conditions
(right) the northern coats of the Oman Sea (P >0.05). Mean ± standard deviation

Figure 9

projections of the variables (a) on to the factor plane defined by principal components (PC1 and PC2);
Projection of the scores (b) onto the factor pane in different location.
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Figure 10

projections of the variables (a) onto the factor plane defined by principal components (PC1 and PC2); b
Projection of the scores (b) onto the factor plane in different location


