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Abstract: The objective of the study was to isolate phenolic compound from the Sargassum hystrix crude
extract by sequential solvent extraction using ethyl acetate, dichloromethane and butanol. I vitro antioxidant
activity of fractionated cytoplasmic and membrane bound extracts were investigated. Tn addition to total
phenolic content, the antioxidant activity were studied using 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical
scavenging activity, metal chelating ability and Singlet Oxygen Quenching (SOQ) activity. Singlet oxygen
quenching activity was examined using limoleic acid as substrate, contaming 100 ppm erythrosine as a
photosensitizer. The results showed that the membrane bound fractions had higher total phenolic compound,
radical scavenging activity, ferrous ion-chelating ability and smglet oxygen quenching activity than
cytoplasmic fractions (p<0.05). Among the eight fractions from membrane bound and cytoplasmic extracts
1solated by differential solvent extraction, aqueous and butanol fractions of membrane bound extracts showed
the highest DPPH radical scavenging, metal chelating ability and singlet oxygen quenching activity. The 1Cy,
and metal chelating activity of aqueous fractions were 0.2740.02 mg mL.~" and 51.5346.63%, respectively and
butanol fractions were 0.3320.03 mg mI.~" and 44.7543.33%, respectively. The butanol and aqueous fractions
could act as SOQ at 75 ppm and 80 ppm, respectively. These results suggested that butanol and aqueous
fractions were the most potent radical scavenger, metal chelator and singlet oxygen quencher.
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INTRODUCTION

Brown algae have attracted an emerging interest
mainly for their bioactive substances which have great
chances to be used as antioxidant (Nagai and
Yukimoto, 2003; Nakai et al, 2006). Antioxidant
compounds play an important role against various
diseases (e.g., chronic mflammation, atherosclerosis,
cancer and cardiovascular disorders) and aging processes
(Kohen and Nyska, 2002; Mudgal et af., 2010). Moreover,
nterest 1n employing antioxidants from natural sources 1s
considerably enhanced by consumer preference for
natural products and concern about the potential toxic
effects of  synthetic antioxidant (Safer and
Nughamish, 1999, Odukoya et al., 2007; Tibiri et al., 2007,
Zubia et al., 2007; Hasan et al., 2010; Annegowda et al.,
2010).

Earlier report revealed that phenolic compounds were
one of the most effective antioxidant in brown algae

(Nagai and Yukimoto, 2003). Many studies showed that
phlorotanning were the main phenolic compounds
detected in brown algae (Koivikko, 2008). Phlorotanmin is
a group of phenolic compounds which are formed by the
polymerization of phloroglucinol (1,3,5 trihydroxybenzene)
monomer units and synthesized in the acetate-malonate
pathway in marme alga (Ragan and Glombitza, 1986,
Arnold and Targett, 2000). Phenolic substances in brown
algae are found in physodes, membrane-bound vesicles.
It has been suggested that phlorotanmns become
compoenents of brown algal cell walls when physodes fuse
with cell membrane and the phlorotammins are secreted
from cells, complexing finally with alginic acid
(Schoenwaelder and Clayton, 1998; Koeivikko, 2008). As
the secondary roles, phenolic compounds are important
inplant defense mechanism against invading bacteria and
other types of environmental stress, such as wounding
and excessive light or ultraviolet radiation (Amsler, 2008).
In addition, phlorotannin are known to release, 1.e., exude,
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into  the surrounding seawater (Swanson and
Druehl, 2002; Koivikko, 2008). Therefore, Koivikko et al.
(2005) divided phlorotanmn into three parts, there are
soluble phlorotanmin from algal matrix or cytoplasmic
phlorotannin, cell-wall bound phlorotannin that attached
to the membrane or cell wall and exuded phlorotannin.

Phlorotanmns isolated and purified from several
brown algae have been reported to possess strong
antioxidant activity which may be associated with their
unique molecular skeleton (Ahn et al, 2007). The
multifunctional antioxidant activity of polyphenols 1s
highly related to phenol rings which act as electron traps
to scavenge peroxy and hydroxyl radicals. Antioxidant
activity of phenolic acids and their derivatives depends
on the number and position of hydroxyl groups bound to
the aromatic ring, the bindmng site and the type of
substituent (Sroka and Cisowski, 2003). Marine algae, like
other photosynthesizing plants, are exposed to a
combination of light and oxygen that leads to the
formation of free radicals and other strong oxidizing
agents. However, the absence of oxidative damage in the
structural components of macroalga (i.e., polyunsaturated
fatty acids) and their stability to oxidation during storage
suggest that their cells have protective antioxidative
defense systems (Matsukawa et al., 1997, Zubia et al.,
2007). Phlorotannins from brown algae have up to eight
mnterconnected rings. They are therefore more potent free
radical scavenger than other polyphenols derived from
terrestrial plants, including green tea catechins which only
have three to fowr rings (Cox et al., 2010). Tt was
recogmzed that polyphenols can act as antioxidants by
radical scavenging (Sroka and Cisowski, 2003), smglet
oxygen quenching (Mukai et al., 2005) and metal chelation
mechamsm (Andjelkovic et al., 2006).

Antioxidative properties of seaweed extracts have
been studied in several geographic regions but only a few
studies have been performed on tropical seaweed species
(Anggadiredja et al., 1997, Lim et al., 2002; Santoso et al.,
2004, Zubia et ai., 2007; Chandini et al., 2008). Lack of
mformation about the antioxidant activity of tropical
macroalgae is surprising since these species are expected
to develop a very effective antioxidant defense system
due to the strong 1V radiation m the tropical environment
(Zubia et al, 2007, Matanjn et al., 2008). In fact,
previous studies have demonstrated that UV radiation
induces the promotion of antioxidant defense in
macroalgae (Aguilera et af., 2002; Bischof et al., 2002).
The genus Sargassum, kind of brown algae, had been
studied extensively showing high antioxidant potential in
vitro (Anggadiredja et al., 1997; Matsukawa et al., 1997,
Yan et al., 1998; Lim et al., 2002; Santoso et al., 2004,
Heo et al., 2005, Kim et al, 2005, Park et al, 2005,
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Cho et al., 2007, Zubia et al., 2007, 2008, Kuda et al., 2005)
but there are no publications on the antioxidant activities
of Sargassum from Yogyakarta, Indonesia, especially on
cytoplasmic and membrane bound extract.

The coastlines of Gunung Kidul, Yogyakarta,
Indonesia has abundant resource of seaweed, especially
brown algae Sargassum sp. but little effort has been made
to explore the antioxidant potential of seaweed harvested
from this area. Previous research screened many spesies
of seaweed commonly found in the coastal waters of the
Gumung Kidul and Jepara Indonesia for their antioxidant
activity. The study showed that cytoplasmic and
membrane bound extract from Sargassum hystrix had the
highest antioxidant activity compared to other spesies. In
additiory, the membrane bound had higher antioxidant
activity than cytoplasmic extract. Therefore the aim of the
present study was to isolate phenolic compound from the
crude cytoplasmic and membrane bound extract by
sequentially solvent extraction with ethyl acetate,
dichloromethane butanol and water. In addition to total
phenolic content, the antioxidant activity of crude and
fractionated extracts were studied using 2,2-diphenyl-1-
piarylhydrazyl (DPPH) radical scavenging activity, ferrous
1on-chelating ability and smglet oxygen quenching
activity.

MATERIALS AND METHODS

Plant material: The brown algae Sargassum hystric were
collected from the coastal area of Gunung Kidul (8°8°1” S;
110°33’16” E), Yogyakarta, Indonesia in October 2009. The
washed seaweed was stored at -20°C until used. The
seaweed was dried with oven at 535°C for 4 h before used.

Chemicals:  2,2-diphenyl-1-picrylhydrazyl  (DPPH),
Folin-Ciocalteu’s phenol reagent, ethylene diamine tetra
acetic acid (EDTA), 3-(2-pyridyl)-5,6-di (p-sulfophenyl)-
1,2, 4-triazine disodium salt (ferrozine), linoleic acid,
ammomum thiocyanate, tocopherol and phloroglucinol
were purchased from Sigma-Aldrich Co. Methanol, ferro
chloride, butanol, ethyl acetate, dichloromethane were
purchased from E. Merk (Darmstadt, Germany).

Preparation of seaweed extracts: Crude extracts of
Sargassum sp. were prepared using the modified method
from Lim et @l. (2002), Haider et al. (2009) and Ye et al.
(2009). Ten grams of dried seaweed were immersed in
100 mL methanol (MeOH) and shaked for 1 h at 40°C,
followed by centrifuging the extract to collect the
supernatant. The extraction was repeated three times. The
supernatant were transferred to a comical flask and then
washed with chloroform m a separatory funmel to remove
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pigments. The extracts were evaporated with rotary
vacuum evaporator until all solvent had evaporated. The
extracts were called as cytoplasmic extract. The residues
from the extractions of cytoplasmic extract were dried
(30 min, 60°C) with oven. The dried residue (200 mg) were
extracted with 8 mL of 1 M sodium hydroxide (NaOH),
stirred for 2 h and neutralized with H,PO, (Koivikko et al.,
2005; Koiwvikko, 2008). The extracts were called as
membrane bound extract. The two extracts were
evaporated and freeze dried, then dissolved in distilled
water. The extracts were partitioned sequentially with
three different solvents, ethyl acetate (EtOAc),
dichloromethane (DCM) and n-butanol (n-BuQOH) to
fractionate the polar and nonpolar compounds in the
methanol crude extract. The resulting fouwr extract
evaporated to dryness in a rotary evaporator. They were
kept in the dark and stored at 4°C prior to analysis. The
each fraction and crude methanol extract were determined
for total phenolic compound, free radical scavenging
activity, ferrous 1on chelating ability and singlet oxygen
quenching activity.

Antioxidant assay

Total Phenolic Content (TPC): Total phenolic
content was determined spectrophotometrically by
Follin-Ciocalteau method (Chandimi ef al., 2008). Total
content of phenolic compounds was calculated based on
a standard curve of phloroglucimol. The phenolic content
was expressed as g of Phloroglucinel Equivalents (PGE)
per 100 g of extract (Zubia et al., 2007). This analysis was
made in triplicate for each extract.

Free Radical Scavenging Activity (RSA): The free radical
scavenging activity was determined according to the
method of Chandini et ¢l (2008) and Samchai et @, (2009)
with slightly modification. One milliliter seaweed extracts
with various concentration was mixed with 2 ml. of
0.08 mM methanolic solution of DPPH. The mixture was
then vortexed and left for 30 min at room temperature in
the dark and the absorbance was measured at 517 nm.
BHT was used as the positive control.

A curve of extract concentration against % DPPH
scavenging activity was made to estimate the
concentration of extract needed to scavenge 50% of
radicals. This value was known as IC,, (Inhibition
Concentration) and expressed in terms of mg mL™
(Senevirathne et al., 2006). As a blank was one milliliter of
methanol mixed with 2 mL of 0.08 mM methanolic solution
of DPPH. The result was calculated using the following
equation:

A
Radical scavenging activity (%6) = [1-(—22) »100%]
A‘blank
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Ferrous Ton-Chelating (FIC) ability: The ferrous ion-
chelating ability was determined according to the
method of Ye et al. (2009) and Wang et al. (2009). EDTA
was used as the positive control. The result was
expressed as percentage of chelating ability (% chelating
ability), using following equation:

(A

-A
Ferrous ion-chelating ability (%) = [I-M]XIOO%

control

FeCl;solution substituted by distilled water was used
as blank and the sample substituted by distilled water was
used as negative control.

Singlet Oxygen Quenching (SOQ) activity of seaweed
extracts on erythrosine sensitized photooxidation: The
procedure was according to Swryanto et al. (2004). The
various concentration of seaweed extracts were mixed
with 1% linoleic acid and 100 ppm erythrosine as
photosensitizer in methanol solution. The bottles were
sealed air-tight with teflon septa and placed m the light
box. The light intensity was 4000 hx at room temperature.
Peroxide values were determined for 6 h according to the
method from Chapman and Mackay (1949).

Statistical analysis: The test for antioxidant activity and
total phenol content were carried out in triplicate. The
data was recorded as MeantSD. The means of all
parameters were examined for sigmificance by Analysis of
Variance (ANOVA) with Duncan’s significant difference
post-hoc test using Microsoft Excel 2007, The p-value of
less than 0.05 was considered significant. A linier and non
limer regression analysis was used to determine
correlation coefficient between total phenolic content and
IC;y, total phenolic content and ferrous ion-chelating
ability; TC5, and SOQ.

RESULTS AND DISCUSSION

Total Phenolic Content (TPC): The cytoplasmic and
membrane bound extract were sequentially separated into
four fractions, including FtOA¢, DCM and BuOH-soluble
fractions and the final aqueous residue, by liqud-liquid
partition. The total phenolic contents of the fractionated
extracts were determined from regression equation of
standard curve y = 3.91x+0.002 (Fig. 1) and expressed as
gram of Phloroglucinol Equivalents (PGE) per 100 g of
extract.

There were sigmficant differences (p<0.05) in total
phenolic compound among the crude extract and its
fractions. The total phenolic content revealed that
fractionated membrane bound extracts showed higher
yields than fractionated cytoplasmic extracts. The amount
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varied from 0.15-4.78 g PGE/100 g dried extract for
cytoplasmic extract and 1.16-18.58 g PGE/100 g dried
extract for membrane bound extract. The results were
higher than Zubia et af. (2008) and Haider et af. (2009)
who reported a phenolic content of Sargassum species
from Karachi Pakistan, Tahiti and Qingdao, China. In fact,
the production of antioxidant compounds, like phenolics,
are influenced by several extrinsic factors (herbivory
pressure, irradiance, depth, salinity, nutrients, tidal cycle,
etc.) and intrinsic factors (type, age and reproductive
stage) (Amsler and Fairhead, 2005, Connan et «l., 2006;
Connan et al., 2007). Therefore, phenolic content of
seaweeds could be subjected to great intra specific
variation, even at very small scales.

The phenolic contents of fractionated seaweed
extracts were sigmficantly different among the fractions
(p<0.05). The EtOAc fraction which was ntermediate
polarity solvent showed the highest phenolic content
among cytoplasmic extracts, as the result from
Mokhbel et al. (2006) and Okpuzor et al. (2009). On the
contrary, the aqueous fraction which was the highest
polarity solvent showed the highest phenclic content
among membrane bound extract. Tt indicated that the
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Fig. 1: Standard curve of phloroglucinel for determination
of total phenolic content

phenolic compounds from membrane bound extracts were
more soluble in polar solvent than cytoplasmic extract.

Free Radical Scavenging Activity (RSA): The parameter
used to measure the free radical scavenging activity was
IC;,. The DPPH radical-scavenging activity n the study
was reported after 30 reaction times for all samples
evaluated. The less IC;; showed the higher antioxidant
activity of plant fractions (Maisuthisakul et al., 2007;
Uddin et al., 2008).

The presented data in Table 1 indicated that 1C; were
inthe range of 0.27 to 3.98 mg mL.~' for membrane bound
and 1.59 to 15.92 mg mL ™" for cytoplasmic extracts. The
activities of these fractions were observed to be
significantly (p<t0.05) higher than that of crude extract,
except DCM fractions. Among the four different polarity
fractions 1solated from cytoplasmic extract by solvent
partition, the EtOAc fraction appeared to posses the
highest antioxidant activity (p<0.05) with IC,, value of
1.59+0.04 mg mL~™". The aqueus, n-BuZH and DCM
revealed only moderate and low activities. Tt indicated that
compounds with strongest radical-scavenging activity in
cytoplasmic extract had medium polarity. The results were
similar with the research from Kang et al. (2004),
Duan et al. (2006) and Wang et al. (2009) that reported
EtOAc fraction contained phlorotannin compound, had
the highest antioxidant activity compared with DCM,
n-BuOH and aqueus. On the contrary, the aqueous and
n-BuOH fractions had the highest antioxidant activity
among membrane bound extract, with IC,; value of
0.2740.02 and 0.33+0.03 mg mL .

The results indicated that the fractions with high
polarity solvents exhibited the highest antioxidant
activity than low and medium polarity solvent. The active
component as an antioxidant in the membrane bound
fraction seemed to be more soluble in polar solvents than
the cytoplasmic fraction (Duan et af., 2006). Tt was
probably caused by high molecular weight fractions
within the extracts. The high molecular weight
fractions from the kelps S. kjellmanianum and Ecklonia
cava containing polymers such as tetrafuhalol, dieckol,

Table 1: Total phenolic content, IC50 RSA DPPH and ferrous ion-chelating ability of fractionated cytoplasmic and membrane bound extract

Total phenolic content (g PGE/100 g dried extract)

IC50 RSA DPPH (mg mL™") Ferrous ion-chelating ability (%)

Fractions Cytoplasmic Membrane bound Cytoplasmic Membrane bound  Cytoplasmic Membrane bound
Crude Extract 1.21+0.14* 9.95+0.85° 13.86=1.17° 1.01+0.08 0.84+0.11° 12.65+1.414
EtOAc 4.78+0.31° 11.1240.94° 1.59+0.04° 0.55+0.04° 14.67+2.8% 18.99+1.43°
DCM 0.15+0.03% 1.16:£0.34¢ 15.92+0.22° 3.98+0.14 11.29+40.62° 6.97+2.18°
Bu-OH 1.42+0.31° 11.13£1.93¢ 4.45+0.39° 0.3340.03¢ 12.6142,06° 44,7543.33"
AQU 0.69+0.1%° 18.58+3.61° 2.75+0.114 0.27+0.02¢ 17.40+0.23" 51.53+6.63"
Control-BHT 0.10+0.02° 0.10+0.02°

Control-EDTA 2 ppm 95.00£0.122 95.00+0.120

Each value is expressed as meantSD of three replicates. Values in the same columnn followed by different letter are significantly different (p<0.05)
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Table 2: Comrelation and determination coefficient of fractionated cytoplasmic and membrane bound extract

Correlation coefficient () Determination coefficient (R?)

Treatmerts Fractions Linier Non linier Linier Non linier
Total phenolic content vs. IC,, Cytoplasmic -0.59 -0.71 0.35 0.50
Membrane bound -0.88 -0.99 0.78 0.99
Total phenolic content vs ferrous ion-chelating ability  Cytoplasmic ns ns 0.04 0.04
Membrane bound 0.81 0.87 0.65 0.76
TCsp ws. 80Q Cytoplasmic 0.76 0.81 0.58 0.66
Membrane bound 0.85 0.93 0.73 0.86

phlorofucofiroeckol and 6-6" bieckol were more polar and
conferring greater free radical quenching activity than low
molecular weight fractions containing phloroglucinel and
eckol (Kum et al., 2004; Nakamura ef al., 1996, Yan et al.,
1996). Nevertheless, the results of this fractionation had
a lower antioxidant activity than the commercial
antioxidant BHT.

There was significant negative correlation (p<0.05)
observed between total phenolic content and the 1C,; of
cytoplasmic and membrane bound fractions, as shown in
Table 2. These results indicated that the higher phenol
concentration, the less IC; or higher the ability to bind
DPPH. Positive correlation between phenolic contents
and antioxidant activities have often been reported in
Sargassum spesies (Kang et al., 2003; Kim et af., 2005;
Connan et al., 2006, Nakai et al., 2006, Zhang et ol., 2007,
Zubia et al., 2008).

The IC,, of the membrane bound fractions were
3-14 times stronger than the scavenging activity of
cytoplasmic extract. The fractionated membrane bound
extracts also exhibited relatively higher DPPH radical
scavenging activities than Sargassum from Mexico waters
(Zubia et al., 2007). It was probably caused by the
function of the cell walls and membranes as an effective
optical barrier attenuating incident UV radiation before
reaching intracellular organelles and biomolecules
(Holzinger and Lutz, 2006). Phenolic compounds were
assumed to protect algal thalli from photodestruction by
UV radiation (Pavia and Toth, 2000) and to exhibit
free-radical scavenging properties (Nakai et al, 2006,
Connan et al., 2006). In addition, Pavia et al (1997)
showed that the phlorotannin content m A. nodosum
increased when seaweeds were exposed to increase levels
of UV-B radiation in a field experiment and posses a lugh
antioxidant activity.

The coefficient of determination (R} of total phenolic
content and IC,; is presented in Table 2. The R’ value
indicated that scavenging effect of fractions was not
limited to phenolic compound. The activity may also come
from the presence of other compounds, such as protein or
peptides, acid, low-molecular-weight
polysacchandes, fucoidarn, maillard reaction products and

ascorbic

mycosporines-like amino acids (Kuda et al., 2005, 2006;
Kuda and Tkemori, 2009; Wang et al., 2009, Zubia et al.,
2008). Among those 1solated from Sargassum species are
meroterpencids from S. siliguastrum (Jang et al., 2005),
plastoquinones from S. micracanthum (Iwashima et al.,
2005) and some aromatic compounds from S. thunbergii
(Seo et al., 2007).

Ferrous Ton-chelating (FIC) ability: The ability of
cytoplasmic and membrane bound extract as the ferrous
1on-chelating was shown m Table 1. Metal chelating
ability of seaweed fractions were tested at a concentration
2.15mgmL " for cytoplasmic extract and 0.81 mg mL ™" for
membrane bound extract. The fractions from membrane
bound showed higher ferrous ion-chelating ability than
cytoplasmic extracts. The activity was in the range of
11.29-17.40% for cytoplasmic and 6.97-51.53% for
membrane bound. The highest activity was found in
aqueus and butanol extract. Nevertheless, when compared
with the positive control 2 ppm EDTA, the results of
fractionation had a lower activity. Andjelkovic et al.
(2006} reported that the ability of phenolic compounds to
chelate ron were far lower than that of EDTA.

The ferrous 1on chelating ability had positive
correlation with total phenolic compound of membrane
bound fractions but no significant correlation was
observed on cytoplasmic fractions (Table 2). The
coefficient of determination (R®) of cytoplasmic and
membrane bound extract are presented in Table 2. The
higher determination coefficient in membrane bound was
probably caused that phenolic compounds in membrane
bound were potent ferrous 1on chelator and could form
complexes with metal ions, as protection against toxic
metal 1ons (Ragan and Glombitza, 1986; Toth and
Pavia, 2000; Chew et al., 2008; Senevirathne et af., 2006).
Metal chelating potency of phenolic compounds are
dependent upon their umque phenolic structure and the
mumber and location of the hydroxyl groups
(Santoso et al., 2004; Andjelkovic et al., 2006). The metal
chelating ability of polyphenols is related to the presence
of ortho-dihydroxy  polyphenols (Khokhar and
Apenten, 2003).
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In contrast, the results of cytoplasmic fractions were
not as good as membrane bound fractions as metal
chelator. Tt was in agreement with the findings of
Saiga et al. (2003) and Wang et al. (2009), that explamned
ferrous ion-chelating capacity and phlorotannmin did not
appear to be very effective metal chelator. The
components such as polysaccharides, proteins or
peptides in the extracts have also been reported to
possess the abilities to chelate metal ions. Tn addition, the
study conducted by Toth and Pavia (2000) showed that
other compounds such as polysaccharides, e.g., alginates,
fucoidan and or phytochelatins were more effective than
phlorotannins for detoxification and resistance to copper
accumulation in 4. rodosum. The ferrous binding
capacities of a quantity of dietary fibers, such as
carrageenan, agar, alginate and fucoidan may have caused
the decrease of ferrous ion in the assay system m this
study (Kuda et al., 1998, 2005).

Singlet Oxygen Quenching (SOQ) activity of
fractionated seaweed extracts on erythrosine sensitized
photooxidation: Photooxidation occurs when there 1s
light, triplet oxygen and photosensitizer (Mm and
Boff, 2002). Type I photo-sensitized reaction involves the
formation of superoxide anion and other radicals due to
the transfer of hydrogen atoms or electrons by interaction
of triplet sensitizer with molecular or other components.
Type I reaction involves the generation of singlet oxygen
by the energy transfer from an excited triplet sensitizer to
a triplet oxygen. The photochemical processes i the food
systems are dependent on the types and concentration of
sensitizers and substrates in the system (Jung et ol., 1999;
Swyanto et al, 2004). Erythrosine is efficient
photochemical sensitizers for the formation of singlet
oxygen (Pan et al., 2005). The formation of singlet oxygen
by erythrosine as photosensitizer accelerated lipid
peroxidation (Yang et al., 2002). The antioxidant as singlet
oxygen quencher is capable to capturing singlet oxygen,
so that unsaturated fatty acids damage becomes
obstructed. The damage or oxidation of linoleic acid in the
system was determined by measuring the peroxide values
for 6 h (Jung et al., 1999; Pan et al., 2005; Suryanto et al.,
2004). There are few antioxidants that can be used for the
protection of foods from the photosensitized oxidation.
These are ascorbic acid, ascorbyl palmitate, carotenoids
and tocopherols (Jung et al., 1999).

The effect of fractionated S. hysirix as antioxidant on
photooxidation of linoleic acid system is presented in
Fig 2a-h. Photooxidation was performed under
accelerated condition using fluorescent lights with an
intensity of 4000 lux and samples were exposed to light for
up to 6 h at room temperature, with erythrosine as a
sensitizer. Intense light exposwe m photooxidation

induced an increased rate of peroxide formation 1 the o1l
(Mukai et al., 2005).
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Figure 2 showed the effects of different concentration
of fractionated cytoplasmic and membrane bound extract
on erythrosine-sensitized photooxidation of linoleic acid
during 6 h, with linoleic acid system without antioxidant
as control. As the illumination time increased, the peroxide
value of the control increased, resulting in peroxide value
of 6.96 meq kg™ oil after 6 h. The presented data showed
that the addition of antioxidants could mtubit peroxide
formation rate compared to the control (p<0.05). These
proved that antioxidants derived from the fractionation of
extract could act as a Singlet Oxygen Quencher (SOQ).
The results indicated that the fractions have great
potential for the protection of numerous foods from
light-induced deterioration.

Linoleic acid system without sensitizer (Control-WS)
did not show a sigmficant increase m peroxide value
(p=0.05) and proved that without sensitizer, singlet
oxygen could not be generated. Min and Boff (2002)
stated that singlet oxygen can be generated from triplet
oxygen in the presence of sensitizer and light. However,
the SOQ activities of the fractions were not as good as
100 ppm tocopherol as positive control (p<0.05).

Figure 2a and b showed that the EtOAc fraction
significantly (p<0.05) inhibited peroxide value formation
compared to the control, with minimum mhibitory
concentration were 1900 and 270 ppm for cytoplasmic and
membrane bound extract, respectively. Figure 2¢ and d
showed that mmimum mhibitory concentration of DCM
fractions were 4200 and 400 ppm for cytoplasmic and
membrane bound extract, respectively. The minimum
inhubitory concentration of n-BuOH and aqueus extract
were presented at Fig. 2e-h. The results showed that the
n-BuOH extracts could significantly (p<0.05) inhibit
peroxide formation compared to the control at 2770 ppm
and 75 ppm for cytoplasmic and membrane bound,
respectively. The aqueus extract could significantly
(p<0.05) mhibit peroxide formation at 4800 ppm and
80 ppm for cytoplasmic and membrane bound,
respectively.

To evaluate SOQ activity among the fractions, the
minimal concentration of each fraction that inhibited
peroxide formation was collected (Table 3). The data
indicated that the fractions from membrane bound extract
had higher activity as SOQ than cytoplasmic extract. In

Table 3: Minirmm concentration of fractionated cytoplasmic and membrane
bound extract as Singlet Oxygen Quencher

Extract Fractions Minimum concentration as $OQ (ppm)
Cytoplasmic Etiy1 acetate 1900
Dichloromethane 4200
Butanol 2770
Aqueous 4800
Membrane bound Etity] acetate 270
Dichloromethane 400
Butanol 75
Aqueous 80
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—— EtOAc 950 ppm
—b— EtOAc 1900 ppm
—i— EtOAc 3800 ppm
—o— Control-WS
—— Control
—o—TOC 100

&

(meq g™ oil)

Peroxide value

—— DCM 2100 ppm.
—i— DCM 4200 ppm
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Fig. 2(a-h): Effect of fractionated cytoplasmic (left column) and membrane bound (right colummn) extract from S. Aystrix
on the erythrosine-sensitized photooxidation of linoleic acid in methanol during 6 h fluorescent light
llummation (4000 lux) at room temperature EtOAc: Ethyl acetate, DCM: Dichloromethane, BuOH: Butanol,
AQU: Aqueous, TOC: Tocopherol, WS: Without sensitizer

the membrane bound extract, SOQ activity was found in
the range of 75-400 ppm with the highest activity at
n-BuOH and aqueous fractions. In the cytoplasmic
extract, SOQ can be seen in the range of 1900-4800 ppm
with the highest activity at EtOAc. These indicated that
EtOAc 1solated from cytoplasmic extract and n-BuOH and
aqueous fraction isolated from membrane bound extract
were the most effective fractions as SOQ. In membrane
bound fraction, as the polarity of the extracting solvent
mcreased, the antioxidative activity of the extract
also increased. This result indicated that the
antiphotooxidative components in the membrane bound
fractions had strong polar properties and easily extracted
with highly polar solvent.
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A significant positive correlaton was found
between the IC,, and minimum concentration of
fractionated cytoplasmic and membrane bound extracts,
as shown in Table 2. The results were supported by
Mukai et al. (2005) that found free radical scavenging
and smglet oxygen quenching activity correlate to
each other.

The determination coefficient {R?) between IC,; and
minimum  inhibitory  concentration as  SOQ  1s
presented in Table 2. The results showed that SOQ
activity might also come from the presence of other
carotenoid compounds,
and halocynthiaxanthin

brown seaweed such
fucoxanthin, fucoxanthinol

(Sachindra et al., 2007).
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CONCLUSION

The fractions from f{ractionated membrane bound
extracts were the source of more potent antioxidants as
radical scavenger, ferrous-ion chelator and singlet oxygen
quencher than that of cytoplasmic fractions, with the
highest antioxidant activity were aqueous and butanol
fraction, respectively. The present findings appear useful
inleading to further experiments on the identification and
characterization specific compounds that are responsible
for the relatively high entioxidant activities in the fractions
of S. hystrix.
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