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DETERMINATION OF THE PHENOLIC COMPOUNDS
AND ANTIOXIDATIVE CAPACITY IN RED ALGAE
GRACILARIA BURSA-PASTORIS

Gamze Yildiz, Özgür Vatan, Serap Çelikler, and Şükran Dere
Uludag University, Science and Arts Faculty, Biology Department, Bursa, Turkey

There is an increasing demand for natural antioxidant molecules in order to replace the
synthetic additives in the food industry. Gracilaria bursa-pastoris (Gmelin) Silva was
analyzed to determine its bioactive components including; the total phenolic content, total
antioxidant capacity (lipid and water-soluble), vitamins (A, E and C), total protein and total
carbohydrate content. In addition, the bioactive components of Gracilaria bursa-pastoris
were compared with some plants and seaweeds having antioxidant capacity. This study
showed that Gracilaria bursa-pastoris contained a high total phenolic content, vitamin E,
vitamin C and the antioxidant capacity. Gracilaria bursa-pastoris can be utilized as a source
of natural antioxidant molecules and could be useful for food industry.
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INTRODUCTION

Reactive oxygen species (ROS) such as hydrogen peroxide, superoxide radicals,
hydroxyl radicals and singlet oxygen are physiological metabolites formed during aero-
bic life as a result of the metabolism of oxygen. Excessive production of such molecular
compounds can cause damage to bio-molecules such as proteins, lipids, DNA and cell
membranes etc. This damage can induce different kinds of diseases in human body.[1]

ROS is scavenged by antioxidant molecules; as ascorbate, glutathione, and tocopherol and
by enzymes; such as superoxide dismutase, catalase, and ascorbate peroxidase and glu-
tathione reductase.[2] For these reasons, many products with antioxidant properties are
widely used in order to minimize oxidative damage to living cells and to prevent oxidative
deterioration of food.

Many researches have reported that plant-derived antioxidants have beneficial effect
on human health.[3,4] The human diet has an important role in protection against oxidative
stress because many crucial antioxidants cannot be synthesized by human body. Therefore,
the antioxidant molecules must be obtained through diet.

Seaweeds are potential renewable resource in marine environment. In addition, sea-
weeds provide excellent source of bioactive compounds such as vitamins, minerals, dietary
fiber and various functional polysaccharides.[5] The observations suggest that these bioac-
tive compounds have strong antioxidant properties. In addition, most seaweeds also contain
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sulphated polysaccharides with biological properties in cell wall, whereas most terres-
trial plants do not.[6] The antioxidant molecules play a very important role in the food
industry for the prevention of lipid peroxidation. BHA (butylated hydroxyanisol) and BHT
(butylated hydroxytoluene) are synthetic antioxidants, commonly used for maintenance
of foodstuff.[7] However, in most countries there are some limitations in using synthetic
antioxidant compounds in the food products because of their side effects.[8] Thus, it is
essential to develop and utilize effective natural antioxidant molecules. Natural antioxi-
dant such as a-tocopherol, phenols and b-carotene found in higher plants are being use in
the food industry to inhibit lipid peroxidation and they can protect the human body from
free radicals and retard the progress of many chronic diseases.[9] The reports on antioxidant
properties of seaweeds extracts from Turkey are also very limited. Therefore, in this study
total phenolic content, total antioxidant capacity (in soluble of lipid and water), total pro-
tein, total carbohydrate and vitamin (A, C and E) contents were determined in Gracilaria
bursa-pastoris (Gmelin) Silva, in order to identify the new resources of natural antioxidant
molecules.

MATERIALS AND METHODS

Collection of Samples

G. bursa-pastoris was freshly collected from the Marmara Sea coast of Turkey during
November, 2007. The samples were kept in seawater until they arrive to the laboratory.
The samples were immediately washed with tap water and with distilled water to remove
epiphytes, salt and dirty particles after arrival. The clean algae were frozen and stored at
−20◦C until used for experiments.

Chemicals

Folin-Ciocalteau Reagent (F-9252), Gallic Acid (G-7384), and Alfa-Tocopherol
(T-3251), L-Ascorbic acid were purchased from Sigma Chemical Co. (St. Louis, MO,
USA). 2,6 Dichlorophenol indophenol, trichloroacetic acid were obtained from Merck,
(Darmstadt, Germany). All other solvents and chemicals were of analytical grade.

Total Phenolic Content

Total phenolic contents of crude methanol extract were measured using Folin
Ciocalteu’s method as described by Taga et al.[10] 100 µL aliquot of sample was mixed
with 2 mL of 2 % Na2CO3 and allowed to stand for 2 min at room temperature. After
incubation, 100 µL of 50% Folin Ciocalteu’s phenol reagent was added, and the reaction
mixture was mixed thoroughly and allowed to stand for 30 min at room temperature in the
dark. The absorbance was measured at 720 nm and total phenolic content was calculated
with a gallic acid standard and expressed as gallic acid equivalent per gram of fresh tissue.

Total Antioxidant Capacity (Water and Lipid-Soluble)

For the determination of lipid-soluble antioxidant capacity, samples were homoge-
nized with hexane and shaken for 1 h at 4◦C in the dark. After centrifugation at 6000 g for
10 min, the supernatant was transferred to new tubes. Sample of hexanic extracts (200 µL)
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were placed in Eppendorf tubes, dried out and re-dissolved in the same volume of ethanol.
These ethanolic solutions were supplemented with 1 mL phosphomolybdenum reagent (32
mM sodium phosphate, 4 mM ammonium molybdate, 0.6 M sulfuric acid) and incubated
at 95◦C for 90 min. Finally, the absorbance at 695 nm was measured. Lipid-soluble antioxi-
dant capacity was expressed as equivalents of α-tocopherol in micromoles of α-tocopherol
per gram of fresh tissue.[11]

For the determination of water-soluble antioxidant capacity samples of water extracts
(200 µL) were supplemented with 1 ml phosphomolybdenum reagent and incubated
at 95◦C for 90 min. Finally, the absorbance at 695 nm was measured. Water-soluble
antioxidant capacity was expressed as the equivalent of L-ascorbic acid in micromoles
of L-ascorbic acid per gram of fresh tissue.[11]

Vitamin (E, C, and A) Contents

Vitamin E content was determined by using a method described by Prieto et al.[11] 0.1
mL hexanic extract of algae was mixed with 1 mL phosphomolybdenum reagent solution
and incubated at 37◦C for 90 min with vigorous shaking. The absorbance was measured
at 695 nm. Vitamin E content was expressed as α-tocopherol equivalents per 100 gram of
fresh tissue.

Ascorbic acid concentrations were determined by the titrimetic method as
Association of Official Analytical Chemists (AOAC) no 967.21 using 2,6-dichlorophenol
indophenol as a titrant.[12] For the determination of vitamin A, the samples were extracted
with hexane. Vitamin A content was determined and calculated by using a method
described by Rutkowski et al.[13]

Determination of Total Soluble Carbohydrate and Total Protein

Total Soluble Carbohydrate was assayed by anthrone-sulphuric acid method which
involved extraction with 15% trichloroacetic acid.[14] The absorbance was measured at
620 nm. Total protein content was determined spectrophotometrically at 595 nm and
concentrations were calculated by comparing with a calibration curve of bovine serum
albumin.[15]

Statistical Analysis

Three samples were prepared for each experiment. The data were presented as mean
± standard deviation.

RESULTS AND DISCUSSION

Total Phenolic Content

Using the Folin Ciocalteu method phenolic content of G. bursa-pastoris was investi-
gated and expressed as mg gallic acid/g (Table 1). Phenolic compounds are commonly
found in plants and have been reported to have several biological activities includ-
ing the antioxidant activity. The major part of antioxidant molecules are polyphenolic
compounds.[16] Therefore, a number of studies have focused on the biological activities
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Table 1 The bioactive molecules and antioxidant capacity of Gracilaria bursa-
pastoris. (mean ± SD), (n=3).

Gracilaria bursa-pastoris

CALT (μmol α-tocopherol/g) 254.56 ± 11.61
CAHT (μmol L-ascorbic acid/g) 587.25 ± 62.13
Vitamin E (mg α-tocopherol/100g) 57.0 ± 38.0
Vitamin A (μM) 1.31 ± 0.36
Vitamin C (mg L-ascorbic acid/100g) 21.6 ± 8.0
Total phenol (mg gallic acid/g) 0.35 ± 0.05
Total protein (%) 41.5 ± 4.95
Total carbohydrate (%) 35.49 ± 5.27

CAHT, Water soluble antioxidant capacity; CALT, Lipid soluble antioxidant
capacity.

of phenolic compounds. In this study, the red algae G. bursa-pastoris was found to con-
tain total phenolic compound of 0.35 mg Gallic acid/g. The total phenolic content in
the G. bursa-pastoris was higher than the amount in the Codium fragile (0.27 mg gallic
acid/g) and Gracilaria gracilis (0.10 mg gallic acid/g).[17] Phenolic compounds are widely
distributed in seaweeds and are known to exhibit higher antioxidative activities and chemo-
preventive agents.[18] According to this result, it is clearly indicated that G. bursa-pastoris
have a high antioxidant activity.

Total Antioxidant Capacity (Water and Lipid-Soluble)

Total water-soluble and lipid-soluble antioxidant capacity of G. bursa-pastoris is pre-
sented on Table 1. Kumaran and Karunakaran[19] have reported total antioxidant activity
is between the range of 245 to 376 mg ascorbic acid equivalent/g in higher plant extracts.
In addition, Mohamed et al.[20] observed the highest levels of water-soluble antioxidant
capacity of 277.7 µmol L-ascorbic acid/g in wheat germ and the highest level of lipid-
soluble antioxidant capacity of 118.5 µmol α-tocopherol/g in chilly pepper seeds. Total
lipid soluble (254.56 µmol α-tocopherol/g = 110 mg α-tocopherol/g) and water solu-
ble (587.25 µmol L-ascorbic acid/g = 103 mg L-ascorbic acid/g) antioxidant capacity of
G. bursa-pastoris was found nearly 2 times higher than that of these observations. The pos-
itive correlation between polyphenolic content of algae and its antioxidant activity is well
documented.[21] In this study G. bursa-pastoris showed an excessive antioxidant capac-
ity. Therefore, this could be as a result of its high polyphenolic content and characteristic
pigments.

Vitamin (E, C and A) Contents

Seaweeds are an important unconventional source of liposoluble and hydrosoluble
vitamins (such as; riboflavin, thiamine, β-carotene and tocopherols), commonly consumed
as fresh or dried in many coastal areas. Vitamin E is the major liposoluble antioxidant
responsible for protecting the polyunsaturated fatty acids in membranes against lipid per-
oxidation, free radicals and singlet oxygen species.[22] α-tocopherol is the most common
form of Vitamin E present in nature and it is the most biologically active form.
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Ortiz et al.[23] found that 258.0 mg/kg α-tocopherol in Durvillaea antarctica stem.
On the other hand, Ching and Mohamed[24] investigated α-tocopherol content in 62 edible
tropical plants. In their study, the highest α-tocopherol content was found to be 42.68
mg α-tocopherol/100 g fresh weight in Sauropus androgynus. According to this study,
G. bursa-pastoris showed an excessively high value (57 mg α-tocopherol/100 g FW) when
compared above results.

Ascorbic acid, also referred as L-Ascorbic acid or Vitamin C, is a water-soluble
vitamin and it is mainly used in therapy as anti-infections in cells.[25] The vitamin C content
in G. bursa-pastoris is 21.6 mg ascorbic acid/100 g and this value is higher than some
of the consumable vegetables such as; banana (9.83 mg A.A/100 g), tomato (12.16 mg
A.A/100 g), green cabbage (8.55 mg A.A/100 g), spinach ( 14.22 mg A.A/100 g) [26] On
the other hand, the mean ascorbic acid content found in this study is in agreement with
the value reported for Gracilaria changgi (28.5 mg A.A/100 g ).[27] Another antioxidant
molecule vitamin A was found to be 1.31 μM in G. bursa-pastoris.

Total Carbohydrate Content

Marine plants characteristically contain sulfated polysaccharides that are not found
land plants. In recent years, sulfated polysaccharides from marine algae have been reported
to have antioxidant activity.[28] Their activity depends on several structural parameters such
as the degree of sulfation, the molecular weight and the sulfation positions. In this study,
G. bursa-pastoris showed high carbohydrate content (Table 1). However, Ortiz et al.[23]

found that carbohydrate content of U. lactuca was 61.5% which is higher than the observed
values in this study (35.49%).

Total Protein Content

Total protein content of G. bursa-pastoris is illustrated in Table 1. The mean protein
content found in this study is roughly 2 folds higher than the values reported for various
macroalgae.[23] G. bursa-pastoris showed a high protein content similar to traditional high
protein seaweed sources, which makes them a healthy food for human or animal nutrition.

CONCLUSION

G. bursa-pastoris, a red algae also found in Turkey, was analyzed for its biologi-
cally active components, antioxidant capacity and phenolic compounds. The antioxidants
are essentially needed in body system and they are considered to be important in human
defense system. It is well known that the marine algae have got phenolic compounds
and antioxidant activity. However, this is the first report of a large scale investigation on
the bioactive components of G. bursa-pastoris. The results obtained in this study shows
that G. bursa-pastoris can be utilized as a source of natural antioxidant compounds. This
finding clearly demonstrated that G. bursa-pastoris can be used in the development of
therapeutic products. Moreover, G. bursa-pastoris is an easily accessible source of natural
antioxidant molecules can be a possible food supplement or can be used in pharmaceutical
applications.
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