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Marine macroalgae are very rich source of phenolic compounds endowed with
antioxidant and antimicrobial properties. The aim of this study was to evaluate the
bioactivity composition of three selected green, brown and red algae – viz., Halimeda
opuntia, Padina pavonica and Halymenia sp., respectively from Jeddah coast in Saudi
Arabia. The antimicrobial properties against pathogenic Grame positive, Grame negative
bacteria and fungi were tested. In vitro antioxidant activities including 1, 1-Diphenyl -2-
picrylhydrazyl (DPPH) radical scavenging, antityrosenase activity  and lipid peroxidation
activity were studied. The highest amount of phenolic compound was found in the
extract obtained from Padina pavonica this extract also showed good antioxidant activity
expressed by its capacity to scavenge superoxide anion and to inhibit lipid peroxidation.
Halimeda opuntia, Padina pavonica exhibited good antioxidant activity when compared
to Halymenia sp. The maximum antimicrobial activity was shown by the extract of
Halimeda opuntia, Padina pavonica  against Klebsiella pneumoniae ATCC 27736
(32mm). The results showed that marine macroalgae exhibited varying degrees of
antioxidant and antimicrobial properties.
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Oxidation is essential for living
organisms. Oxidation is a chemical reaction that
transfers electrons or hydrogen from a substance
to an oxidizing agent1. Reactive oxygen species
(ROS) are produced during oxidation2. Excessive
accumulation of ROS will result in cellular injuries,
including lipid peroxidation, protein oxidation, and
DNA damage, which are involved in development
of a variety of diseases including cellular aging,
mutagenesis, carcinogenesis, hepatopathies,
diabetes, and neurodegeneration3. Damages to the
functioning cells later on will cause chronic

diseases such as cancers, coronary heart disease,
Alzheimer and Parkinson.

An antioxidant is a molecule that inhibits
the oxidation of other molecules. Antioxidants
terminate these chain reactions by removing free
radical intermediates, and inhibit other oxidation
reactions. Almost all organisms possess antioxidant
defense systems including endogenous and
exogenous antioxidants. Endogenous antioxidants
that naturally present in the body are divided into
two; enzymatic antioxidants, including glutathione
peroxidases, superoxide dismutase and catalase4

and also nonenzymatic antioxidant, including -
tocopherol (vitamin E), -carotene, ascorbate
(vitamin C), and glutathione5. Incomplete
protection of endogenous antioxidants is covered
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by the antioxidants from the outside source, which
is known as exogenous antioxidants; including
vitamin A, C, E, polyphenols and carotenoids that
are obtained through daily food consumption6.
However, these systems are insufficient to prevent
the damage entirely in some cases7.

The antioxidant is needed to counter act
the oxidation process by slowing down or
completely terminate the process. Epidemiological
and clinical studies on plant-based foods such as
vegetables, fruits and medicinal plants have proved
that terrestrial plants are rich with antioxidants
compounds8-9. Macroalgae are the most important
source of natural antioxidants10-11. They are exposed
to very high ultra violet (UV) radiation, high salinity
and intensive photosynthetic activities that will
lead to the formation of oxidative stress. The
presence of carotenoids, photosynthesis pigments
and other antioxidative agents is the adaptation
mechanism to protect them from the oxidation
damages. It has been demonstrated that natural
products from marine algae such as
phycoerythrobilin, chlorophyll a, chlorophyll b and
fucoxanthin which are accessory pigments have
established antioxidant activities12. Algae have a
broad spectrum of chemical such as polyphenolic
compounds13 and biological activities including
antioxidant and free radical scavenging
properties14-16. Epidemiological studies have
indicated that regular consumption of foods rich
in phenolic compounds is associated with reduced
risk of cardiovascular diseases, neurodegenerative
diseases, and certain cancers17-18.

Marine macroalgae are considered as
source of bioactive compounds which have broad
spectrum of biological activities. Compounds have
been detected in green, brown and red algae with
antiviral, antifungal and antibacterial activities19-

21. Many marine Macroalgae were screened for their
antimicrobial activity. Extracted substances from
marine algae have antibacterial and antifungal
activities22-24. Synthetic antimicrobials and
antioxidant compounds are commonly used in food
industry for preserving food and its quality but
those have been suspected of toxic and exerting
carcinogenic effect.  So the aim of the present study
was to estimate the biochemical activities of marine
microalgae collected from Jeddah coast, Saudi
Arabia, and find the correlations between the
antioxidant and antimicrobial activities.

MATERIALS AND METHODS

Chemicals and reagents
Dimethyl sulfoxide (DMSO), sodium

carbonate, potassium dihydrogen phosphate, di-
potassium hydrogen phosphate and iron (III)
chloride 6-hydrate were purchased from Fisher
Scientific (Louhgborough, UK). Trichloroacetic
acid, 1,1-diphenyl-2-picrylhydrazyl, iron (II) sulfate
7-hydrate, b-carotene (Type 1: synthetic), 1,1-
Diphenyl-2-picrylhydrazyl (DPPH) Folin–
Ciocalteau’s reagent, thiobarbituric acid and
linoleic acid were obtained from Fluka (Buchs,
Switzerland). Potassium ferricyanide was obtained
from Unilab (Mandaluyong City, The Philippines)
sodium phosphate buffer, pH 7, methanol and L-
(+)-ascorbic acid were purchased from Merck
(Darmstadt, Germany). Muller Hinton Agar (MHA),
nutrient Agar medium (Difco).
Microorganisms

The organisms used were: Gram positive
bacteria namely Bacillus megaterium ATCC 25848,
Bacillus subtilus NRRL B-543,  Sarcina lutea
ATCC27853 and Staphylococcus aureus; NRRL
B-313, Gram negative bacteria Escherichia coli;
NRRL B-210, Pseudomonas aeruginosa NRRL B23
27853, Klebsiella pneumoniae ATCC 27736 and
proteus vulgaris NRRL B-123. The pathogenic
yeast was Candida albicans NRRL Y-477 and
fungi Aspergillus niger  NRRL-3. These
microorganisms were obtained from Natural
Research center, Department of Chemistry of
Natural and Microbial product, Cairo, Egypt. The
Gram positive and negative bacteria were grown
and maintained in  nutrient agar media, also the
pathogenic yeast and fungi were grown and
maintained in MHA medium21.
Seaweed Collection and Processing

Three marine macroalgae samples,
Halimeda opuntia, Padina pavonica and
Halymenia sp., were collected from Jeddah coast
2013. The algal sample was handpicked and washed
thoroughly with seawater to remove all the
impurities, sand particles and epiphytes and then
washed thoroughly using tap water. They were
shade dried. The dried algae were finally pulverized
in the commercial grinder and the powdered algae
samples were stored at 4°C and used for further
analysis.
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Solvent Extraction
Extraction of the algae was carried out

with methanol. The solvent was evaporated using
rotary vacuum evaporator. Stock solutions of the
crude extract was prepared by dissolving the extract
using DMSO25.
Biochemical Analysis

The three algae species were tested for
their in vitro antioxidant activity by using different
assays. Different concentration of the solvent
extracted test samples were used viz, 0.2, 0.4 0.6,
0.8 and 1.0 mg/ml were used for the assay.
Standards were also taken in their respective
concentrations.
Estimation of Total Phenolics (TPC)

Total phenolic content (TPC) of algae
extracts was determined using the Folin–
Ciocalteau assay26. The reaction mixture contained
1ml of algae extracts, 0.5ml of the Folin–Ciocalteu
reagent, 0.75ml of 20g/100ml sodium carbonate and
3ml of pure water. The mixture was heated in a
water bath at 40°C for 20 min and then cooled. The
absorbance at 765nm was measured
spectrophotometer (Hitachi U-2001, model 121-
0032) and used to calculate the phenolic contents
using gallic acid as a standard. The total phenolic
contents were then expressed as gallic acid
equivalent (GAE), in mg/g dry sample. All
experiments were performed in duplicate.
DPPH radical-scavenging activity

One milliliter of Algae extracts with
different dilutions was added to 2 ml of DPPH (5.9
mg/100 ml methanol) against control27. All tubes
were incubated for 30min and the absorbance
measured at 517 nm. The DPPH scavenging ability
was calculated as

 I(%) = ( 1- AS/ AC ) × 100 ...(1)
Where AC is the absorbance of the

control reaction (containing all reagents except the
tested compound) and AS is the absorbance of
the tested compound. The % of  inhibition was
determined from a graph plotting percentage
inhibition against extract concentration. All
experiments were performed in duplicate.
Lipid peroxidation inhibition (LPI) activity

The antioxidant activity of algae extracts
was determined by measuring the % inhibition of
peroxidation in a linoleic acid system as described
by28. The dried extracts (5 mg) for each treatment
was added to a solution containing linoleic acid

(0.13 ml), 99.8% ethanol (10 ml) and 0.2 M sodium
phosphate buffer, pH 7, (10.0 ml). The resulting
mixture was then diluted to 25.0 ml with distilled
water. To 2.0 ml of the sample solution, was added
1.0 ml of 20% aq. trichloroacetic acid and 2.0 ml of
aq. thiobarbituric acid (TBA) solution. The final
sample concentration was 0.02% w/v. The mixture
was placed in a boiling water bath for 10 minutes.
After cooling, it was centrifuged at 3000 rpm for
20 minutes. Absorbance of the supernatant was
measured at 532 nm. Antioxidant activity was
recorded based on absorbance on the final day.
In both methods, antioxidant activity is described
by percent inhibition. After stirring (3 min), the
absorption was measured at 530 nm. A control
was performed with linoleic acid but without
extracts. ascorbic acid (200 ppm) was used as a
positive control. The maximum peroxidation level
observed as 168 h (7 days) in the sample that
contained no antioxidant component was used
as a test point. Percent inhibition of linoleic acid
peroxidation was calculated to express antioxidant
activity.
Percent inhibition of linoleic acid peroxidation:
= [(Absorbance of control - Absorbance of sample)/
Absorbance of control)] × 100 ...(2)
Tyrosinase inhibition

Tyrosinase inhibitory activity was
determined by a spectrophotometric method, as
described by29 using a modified dopachrome
method with L-DOPA as the substrate. A 5 mg
aliquot of the extract was weighed and dissolved
in 2 ml of 50% DMSO. Then, 40 ll of sample was
added to 80 ll of 0.1 M phosphate buffer (pH 6.8),
40 ll of 0.02 mg/ml tyrosinase and 40 ll of L-DOPA
(2.5 mM) in a well of a 96-well microtitre plate. The
samples were incubated for 30 min at 37 °C. Each
sample was accompanied by a blank that contains
all components except L-DOPA. Absorbance was
measured at 475 nm, using 700 nm as a reference.
The extract of Hibiscus tiliaceus was used as the
positive control. Results were compared with a
control and a blank containing 50% DMSO in place
of the sample solution. Kojic acid and quercetin
were used as the positive controls. The percentage
of tyrosinase inhibition was calculated as:

%I = [(A control - A sample)/ A control)] × 100
Where %I inhibition percentage and A is

the absorbance.
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Antimicrobial Assay
Screening of antimicrobial activity was

performed by well diffusion technique30. The
nutrient agar ((NA) for pathogenic bacteria and
Muller Hinton Agar for fungi. The plates were
seeded with 0.1 ml of the standardized inoculums
of each test organism. The inoculums were spread
evenly over plates with glass spreader. The seeded
plates were allowed to dry in the incubator at 37° C
for 20 minutes. A standard cork borer of 8 mm was
used to cut uniform wells on the surface of media
and 100 µl of each extract was introduced in the
wells. The inoculated plates were incubated at 30-
37° C for 24-96 hours and zone of inhibition was
measured to the nearest millimeter (mm). The zone
of inhibition produced by the algae extracts was
compared with DMS as negative control 31.
Statistical Analysis

All experiments were conducted in
triplicate (n=3). The mean of parameter phenol and
antioxidant actifity were examined for significant
by analysis of variance (ANOVA) using statgraphic
Centuion XVI. Significant differences between the
mean of parameters were determined by using the
LSD test (P<0.05)

RESULTS AND DISCUSSIONS

In the present study the green Halimeda
opuntia extract showed a good radical scavenging
activity followed by red Halymenia sp., while the
brown Padina pavonica showed the lowest mean
antioxidant activity (Fig 1). Likewise earlier report
demonstrated that the brown algae showed
maximum antioxidant activity exhibited higher
phenolic content32. A good DPPH scavenging
activity of the macroalgae extracted from the brown
seaweed Padina pavonica was also studied33. The
DPPH free radicals scavenging activity in different
sp., brown macroalge  methanol extracts exceeded
54%, the most active seaweed species being green
Halimeda opuntia (61%), followed by red
Halymenia sp (54%) and brown Padina pavonica
(36%)34. The brown algae L. variegata showed
maximum inhibition in the DPPH radical scavenging
assay35. In another studies the brown algae F.
vesiculosus exhibited maximum DPPH radical
scavenging activity compared to the red algae36. A
comparison study on the antioxidant activity of
red and brown algae showed that the scavenging

Fig. 1. (DPPH) radical-scavenging activity and
Tyrosinase inhibition activity of Marine macralgae

Fig. 2. Total phenolic content (TPC) of Halimeda
opuntia, Padina pavonica and Halymenia sp

Fig. 3. Inhibition of linoleic acid oxidation by marine
macroalgae samples, Halimeda opuntia, Padina
pavonica and Halymenia sp.

activity of all samples on the DPPH radical was
found to be strong. In general, the scavenging
effects on the DPPH radical increased sharply with
increasing concentration of all the samples and
standards to a certain extent and then slowly
increased. The difference in the DPPH radical
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scavenging activity of each extract in different
extracts included that the extracting solvent used
would affect the radical scavenging potency. This
may be due to the different polarities of each
antioxidant compound group present in the
seaweeds37.

The antityrosinase activity also showed
in Fig (1) tyrosinase inhibitors are chemical agents
capable of reducing enzymatic reactions, such as
food browning and melanisation of human skin.
Therefore, these agents have good commercial
potential in both food processing and cosmetic
industries. The methanolic extract of 3 macroalgae
were screened. Halimeda opuntia showed the
highest anti-tyrosinase activity and Halymenia sp
60% and 34%  of inhibition  respectively, but
slightly lower inhibition apper with Padina
pavonica 15%. The results obtained were similar
to those of 38-39 who did mass screening on several
algae species in samples with an inhibition
percentage above 50% and were described to have
high tyrosinase inhibition activity. Tyrosinase
inhibition activity was comparable to Etlingera
sp. (fulgens, elatior), which fell in the range of 49–
55% 40.

The Phenolic compound are commonly
found in algae  and have been reported to have
several biological activity including antioxidant
properties. Early reports revealed that marine sea
weeds extracts, especially their polyphenols, have
antioxidant activity41. Total phenolic content (TPC)
of marine macroalgae of methanolic Halimeda
opuntia, Padina pavonica and Halymenia sp.,

were reported in  (Fig 2). The data showed that, the
highest value of total phenolic content were
appeared in brown and green algae 55 and 49 mg/
gdw respectively, while the red algae recorded the
lowest total phenolic content 42mg/gdw.

The existence of phenolic compounds in
green, brown and red macroalgae is understood to
be associated with their protective mechanisms
during certain adverse conditions. Higher amount
of phenolic compounds is produced during the
hot climate and during the early stage of the growth
in order to prevent the photooxidative damage and
sea grazers, respectively41. On the other hand there
are a positive correlation between the DPPH-
scavenging activity and total phenolic content of
the extracts suggests that the presence of phenolic
contents within the algae might be the major
contributors to the antioxidant activity of H.
discoidea. Many studies have examined the role
of phenolic contents in relation to the antioxidant
activity42.

The compounds belong to phenolic,
flavonoid, tanin, and alkaloid groups, and the
compounds with many sulfide groups. In addition,
a series of polyphenolic compounds and related
phenolic compounds such as epigallocathecin,
cathechol, caffeic acid, myricetin and hespedirin
have been isolated from the same genus Halimeda
macroloba43. Proton donation causes the violet
colored-DPPH radical turn to colorless non-radical
compounds. Thus, the radical capture activity
could be counted from DPPH radical scavenging.
The remaining DPPH radical content was

Fig. 4. The diameter of inhibition zone (mm)
surrounding Marine macroalgae  impregnated wells in
presence of various microorganisms

Fig. 5. Agar plates containing zones of inhibition among
the Gram negative bacteria Klebsiella pneumonia, where
(A) Halimeda opuntia, (B) Padina pavonica (C)
Halymenia sp and (D) control
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spectrophotometrically measured at  517 nm44. The
inhibitory ability against the free radicals is affected
by the extent of extract concentration. The DPPH
test was extensively used in natural product studies
for antioxidant isolation and extract and pure
compound ability to absorb the radicals.

The results showed in Fig (2) revealed
that phenolic compounds existed in the algae
extract had significantly contributed to the
antioxidant property. However, negative correlation
between total phenolic contents and antioxidant
capacity did exist in some studies41. The mechanism
of phenolic compound as an antioxidant relies on
the structure of aromatic rings that attached to the
hydroxyl groups45. The hydrogen atom of the
hydroxyl group will be donated to the unstable
free radicals and thus terminating the oxidative
activity. However, negative correlation between
total phenolic contents and antioxidant capacity
did exist in some studies46.

The inhibition of lipid peroxidation of
seaweed extracts is shown in Fig. 3. Autooxidation
of linoleic acid without the addition of algal extracts
or commercial antioxidants was accompanied by a
rapid increased in absorbance that reached 1.340
in 7 days (control). The inhibitory effect of green
algae at 0.5 mg mL-1 is equivalent to BHT and
significantly higher than the effects of commercial
antioxidants tested. Red algae also showed
inhibitory effect of lipid peroxidation, significantly
higher than BHA and - tocopherol. In this assay,
the antioxidant activity of brown algae showed
the lowest antioxidant activity; nevertheless, its
inhibitory effect is equivalent to that of -
tocopherol. These data are in accordance with
previous studies that have demonstrated the
inhibition of lipid peroxidation by extracts from
Rhodophyta47, Phaeophyta48 and Chlorophyta49.

Moreover, these results suggest that
antioxidants from C. baileyana and A. longicaulis
are more effective as chain breaking molecules
rather than reductors, whereas those of
L. variegata have very good reductive capacity,
but low chain breaking capacity50. In the future,
identification of these molecules will be helpful to
understand the different antioxidant mechanisms
observed in this study.

The antimicrobial effects of crude
methanol extracts of three species of marine algae

(green, red, and brown) on the growth of various
Gram positive, negative bacteria and fungi  using
agar diffusion method are shown in Fig (4). The
extracts showed a significant antibacterial activity
against Gram positive as well as Gram negative
bacteria that confirms previous findings51-52. The
algal methanolic extracts displayed different
degrees of antimicrobial activities against different
microorganism, whereas green algae have high
active against all tested bacteria Halimeda opuntia
(green algae) which was in agreement with other
reports53, while brown Padina pavonica showed
moderated activity against tested strains the
Halymenia sp. found to be more resistant. The
Bacillus subtilus, Staphylococcus aureus  and
Sarcina lutea were found to be more sensitive
(widest zones of inhibition) among the Gram
negative bacteria (Klebsiella pneumonia
Escherichia coli and P. aeruginosa), Candida
albicans and Aspergillus niger  was found to be
more resistant.

On the other hand, most of tested algae
showed inhibitory activity against the tested
bacteria (Klebsiella pneumoniae  B. subtilis,  S.
aureus and Bacillus subtilus) fig (5). In general,
the Gram negative bacteria were more resistant
(without zones of inhibition), than the Gram positive
bacteria.

Overall, antibacterial activity of
methanolic extracts in (Fig4) showed algae
profoundly distinct antibacterial activity by having
observable inhibition with diameters ranging
from12 to 32 mm on tested bacteria. In this study,
the brown and green algae extracts were found
more active than red algae extracts, however green
algal extracts yield higher antibacterial activity than
brown algae extracts which was in parallel with
earlier investigation54. Most of the active
compounds of marine algae show antibacterial
activities. Many metabolites isolated from marine
algae have been shown to possess bioactive
effects55. However, Antimicrobial activity depends
on algal species and on extraction efficiency of
their active compounds as well as location, seasons
of the year and temperature of the water. In contrast,
our results showed that the methanol extract of U.
lactuca inhibited all the test organisms. This
difference may be attributed to location or seasonal
variations56.
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CONCLUSION

In conclusion, Marine algal natural
products are rich sources of antioxidants. In fact,
some marine algae are edible. Our results indicate
that the antioxidant properties of three kinds of
algae have been investigated the algal species
collected in the current study from Jeddah coast
represents rich source of valuable medicine
compounds and their extracts exhibit a significant
capacity of antibacterial activities especially green
algae. In the future, therefore screening their
natural products will be of great interest and further
studies should be undertaken to characterize the
active compounds residing in these types of algae
as well as to evaluate the effects of each individual
compound on microorganisms. Moreover,
toxicological studies are need to be performed for
drug discovery
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