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ABSTRACT

Nowadays, seaweeds have been considered as sources of bioactive 
compounds used for antioxidant and anti-pathogen in medical experiments and 
cosmetic ingredients including used as elicitor for induced resistance in 
agricultural sciences. Acanthophora spicifera is a non-valuable red seaweed 
that can be found in Andaman sea and gulf of Thailand. In this study, we have 
used this red seaweed to search for its bioactive compounds that could be 
served as alternative sources. Two methods were compared between extracted 
with hot water and methanol. Using hot water, we obtained high content of 
phenolic; in contrast, using methanol gave high amount of flavonoid. The 
phenolic content using hot water was 3.42 mg gallic acid equivalent/g dry 
weight and flavonoid content extracted with methanol was 2.93 mg rutin 
equivalent/g DW. We measured in vitro antioxidant activities using DPPH 
(2,2-diphenyl-1-picrylhydrazyl) and FRAP (ferric reducing antioxidant power)
methods. For DPPH, the IC50 of DPPH scavenging activity using hot water and 
methanol were 7.33 mg and 25.32 mg, respectively. For FRAP, the hot water 
extract had reducing activity higher than the methanol extract which were 8.08 
and 4.66 mg ascorbic acid equivalent/g DW, respectively. In conclusion, the 
hot water extract had antioxidant activity higher than the methanol extract. 
These results provided the evident of using low cost extraction method but 
obtained higher amount of active compounds; consequently, could up value of 
this non-valuable seaweed. The ABTS Scavenging of (2,2-azinobis-(3-
ethylbenzothiazoline-6-sulfonic acid)) activity, anti-tyrosinase and 
antibacterial activities will be further conducted before applying these active 
compounds on food and cosmetic industries.
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INTRODUCTION

Nowadays, the demand of antioxidant using for daily life is becoming 
more important because exposures to free radical by using drugs, by contacting 
with pollution and cigarette smoke are increased.  Free radicals are unstable 
atoms or molecules which can oxidize neighboring molecules to make 
themselves more stable that is the result of free radical chain reaction.  Free 
radicals are derived from both endogenous and exogenous sources. 
Endogenous sources include lipid oxidation and xanthine oxidase which can 
catalyse xanthine to uric acid and hydrogen peroxide radical.  For exogenous 
sources; there are UV, X-ray, gamma-ray, ozone and cigarette smoke. Most of 
the free radicals are in the form of reactive oxygen species such as oxygen 
radical and superoxide radical.  These reactive oxygen species can cause 
oxidative stress.  They can damage tissues leading to many diseases such as 
Parkinson and Alzheimer diseases. Antioxidants are substances that can inhibit 
or repress oxidation slowly by giving hydrogen radical that make free radical 
become more stable.  Our body also produces some antioxidants, which are 
known as endogenous antioxidants such as glutathione peroxidase. 
Antioxidants that come from outside the body are called exogenous including 
ascorbic acid, phenolic, flavonoid and carotenoid. 

Seaweeds are considered to be a rich source of antioxidant ( Cahyana, 
Shuto, & Kinoshita, 1992; Lim, Cheung, Ooi, & Ang, 2002) .  Different types 
of solvents have been used to extract antioxidants from various species of 
seaweeds (Yan, Chuda, Suzuki, & Nagata, 1999). For example, Aroa Lopes et 
al., (2011) used water, water: methanol (1:1), methanol and ethanol to extract 
bioactive compounds from Stypocaulon scoparium alga.  The water extract 
showed the highest antioxidant activity and highest phenolic content than other 
solvents.  Massoumeh et al. , ( 2014)  used methanol to extract phenolic and 
flavonoid from four Ulva species (Ulva clathrata (Roth) C. Agardh, Ulva linza
Linnaeus, Ulva flexuosa Wulfen and Ulva intestinalis Linnaeus). They showed 
that methanolic extract had higher flavonoid than phenolic contents in all of 
four Ulva species.  In our study, we aimed to analyze antioxidant activity of 
phenolic and flavonoid contents extracted from Acanthophora spicifera by 
comparing two extraction methods (hot water and methanolic extractions). 
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MATERIAL AND METHODS

Materials
Ascorbic acid, Folin-ciocalteu reagent, and methanol were purchased 

from Merck company. Gallic acid, DPPH, TPTZ (2,4,6-tripyridyl- striazine), 
and rutin were purchased from Sigma Chemical Co (St. Louis, MO, USA). All 
of chemicals and reagent used were of analytical grade.

Preparation of extracts
Hot water extract. was prepared by boiling 5 g red alga powder in 500 

ml of distilled water at 80°C for 60 min. Then, filtered and centrifuged at 6,500 
rpm for 20 min. The supernatant was lyophilized and stored at 4 °C until use.

Methanolic extract.  was prepared by overnight mixing 5 g red alga 
powder in 500 ml of methanol at room temperature.  Then, methanol solution 
was collected from remaining red alga residue by passing through Whatman 
filter paper (No. 4). The solution was concentrated and made into dried powder 
by rotary evaporation and lyophilization techniques, respectively.  The dried 
powder was kept at 4°C until use. 

Determination of phenolic content
The phenolic content was determined by Folin- Ciocalteu method 

previously described by Moreira et al., (2008). Each extract solution (0.2 ml) 
was added to 0.5 ml of 1 N Folin-Ciocalteu reagent. After 5 min, 1 ml of 20% 
sodium carbonate was added. After incubation of mixtures at room temperature 
for 10 min, the absorbance at 730 nm was measured. Gallic acid (2.5-12.5 ug) 
was used for the standard calibration curve and the results were presented as 
gallic acid equivalent (GAE)/g DW of alga.

Determination of flavonoid content
Flavonoid content was determined by Aluminium chloride colorimetric 

method. Each sample (0.25ml) was diluted in 0.25 ml methanol and added of 
1.5 ml ethanol, 2.8 ml distilled water, 0.1 ml of 10% aluminum chloride and 
0. 1 ml of 1 M potassium acetate.  The mixture was incubated at room 
temperature for 30 min and analyzed by measurement of absorbance at 415 nm 
using rutin (5-25 ug) as standard. Flavonoid content was expressed as mg rutin 
equivalent (RE)/ g DWof alga powder
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In vitro antioxidant activities 
DPPH assay ( 2,2- diphenyl- 1- picrylhydrazyl) .  DPPH radical 

scavenging activity was determined by a modified method previously 
described by Wang et al., (2012). Briefly, extract solutions (0.2 ml) was reacted 
with 1 ml of 0.1 mM DPPH solution in methanol.  The mixture was stood at 
room temperature in the dark for 30 min. Absorbance was measured at 517 nm 
in order to calculate for IC50 ( IC50 value was defined as an effective 
concentration for scavenge 50%  radical) .  Trolox ( 6- Hydroxy- 2,5,7,8-
tetramethylchroman-2-carboxylic acid) was used as positive control. 

FRAP assay ( ferric reducing antioxidant power) .  FRAP assay was 
analyzed by modified method previously described by Benzie and Strain, 
(1996) .  Prepared FRAP reagent ( 3 ml)  containing 100 ml of 0. 3 M acetate 
buffer pH 3.6, 10 ml of 10 mM TPTZ solution, and 10 ml of 20 mM ferric 
chloride solution was mixed with 0.10 ml of sample solutions and incubated at 
room temperature for 6 min. Absorbance was measured at 593 nm. L-ascorbic 
acid ( 2- 10 ug)  was used for the standard calibration curve.  The results of 
reducing ability were presented as mg L-ascorbic acid equivalent (AAE)/g DW 
of alga powder.

RESULTS

Phenolic and Flavonoid Contents
The phenolic and flavonoid contents of hot water and methanolic 

extracts from red algae (A. spicifera) were determined and presented in term of 
mg of Gallic Acid Equivalents ( mg GAE)  and mg of Rutin Equivalents (mg 
RE), respectively (Figure 1). The hot water extract had higher phenolic content 
than the methanolic extract which were 3.42±22.40 and 1.02±22.40 mg gallic 
acid equivalent/ g DW, respectively ( Figure 1) .  In contrast, the methanolic 
extract had higher flavonoid content than the hot water extract which were 
2.93±19.74 and 0. 58±71. 17 mg rutin equivalent/ g DW, respectively ( Figure 
1) .  The results suggested that two extraction methods had different ability to 
extract phenolic and flavonoid from A. spicifera
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Figure 1. Phenolic and flavonoid contents presented as mg GAE and mg  
RE, respectively, of hot water and methanolic extracts from A. 
spicifera 

DPPH radical scavenging activity
Obtained extracts were also used for determination of DPPH radical 

scavenging activity.  Hot water extract showed higher DPPH scavenging 
activity than methanolic extract (Table 1) .  The IC50 values of hot water and 
methanolic extracts were 7.33±0.023 and 25.32±0.034 mg, respectively (Table 
1) .  The result indicated that hot water did could extract higher DPPH 
scavenging activity compounds than methanol.

Table 1. IC50 of hot water and methanolic extracts in DPPH radical 
scavenging activity

Sample IC50 of DPPH scavenging activity (mg)
Hot water        7.33 ±0.023
Methanol                                      25.32±0.034
L-ascorbic acid                           0.0055±0.005

3.42±22.40

1.02±22.40

0.58±71.17

2.93±19.74
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Ferric Reducing Antioxidant Power (FRAP)
FRAP is assayed based on ability of antioxidants that can reduce Fe3+

to Fe2+ in the presence of TPTZ (Zengin et al. , 2015) , resulting in forming of 
intense blue Fe2+ TPTZ complex which has maximum absorption at 593 nm. 
L-ascorbic acid (2-10 ug) was used for a standard calibration curve. The results 
of reducing ability were expressed as mg L-ascorbic acid equivalent (AAE)/g 
DW of alga powder.  As shown in table 2, the FRAP value of the hot water 
extract (8.08± 0.25 mg AAE/g dry weight) was higher than that of methanolic 
extract (4.66± 0.14 mg AAE/g DW). The result indicated that hot water could 
did extract higher ferric reducing antioxidant compounds than methanol had. 

Table 2. Ferric reducing antioxidant power ability of hot water and methanolic 
extract 

DISCUSSION

The chemical extraction depends on the types of solvents with varying 
polarities, pH, extraction time and temperature as well as on the chemical 
composition of the sample ( Aroa et al. , 2011) .  From our results two methods 
which are hot water and methanol extractions were compared.  We found that 
hot water extract gave higher phenolic compounds than methanolic extract, in 
contrast, methanolic extract gave high amount of flavonoid. Aroa et al., (2011) 
also showed that after using solvent to extract phenolic from alga (Stypocaulon 
scoparium) , water extract showed higher phenolic content than methanol 
extract. Hot water was the effective solvent for phenolic extraction which was 
similar to the finding reported by Xu et al. , ( 2007) .  They used hot water to 
extract phenolic compounds from citrus peel and detected that phenolic content 
was correlated with temperature used. Massoumeh et al., (2014) used methanol 
to extract and found that the major component of the extract was flavonoid. 
From our result, content of phenolic was related to the antioxidant activity of 
the extract rather than the content of flavonoid.  It has been demonstrated that 

Sample Reducing ability (mg AAE/g DW)

Hot water
Methanol

8.08± 0.25
4.66± 0.14
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phenolic compounds are one of the most effective antioxidants in marine algae 
(Zakaria et al., 2011)

CONCLUSION

The hot water and methanolic extracts from red alga A. spicifera gave 
high phenolic and flavonoid contents, respectively.  The DPPH scavenging 
activity and ferric reducing power ability of hot water extract were higher than 
methanolic extract. These results provided the evident of using low cost 
extraction method but obtained higher amount of active compounds. Our study 
could be up value of this non-valuable seaweed. These active compounds could 
be further considered for applying on food and cosmetic industries.
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