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Abstract

The aquaculture industry commonly makes use of microalgae as live feed. Chaetoceros sp., a diatom, and
Nannochloropsis sp., a unicellular green microalga, have both been reported to contain a substantial amount of
polyunsaturated fatty acids and carotenoids. Their potential as natural sources of antioxidants has gained recent
attention. This study focuses on determining the antioxidant properties of the different solvent extracts, namely
hexane, dichloromethane, chloroform and methanol, from both microalgae. The evaluation of antioxidant
capacities was done by Folin-ciocalteu, 1,1-diphenyl-2-picrylhydrazyl radical-scavenging, metal chelating,
nitro-blue tetrazolium reduction and ferric-reducing antioxidant power assay. Results showed that the non-polar
solvent extracts from the diatom were highest in antioxidant power, whereas both polar and non-polar solvent
extracts of green microalgac showed good antioxidant potential. In general, Chaetoceros sp. had higher
antioxidant capacities than Nannochloropsis sp. This study suggests that different solvent extracts contain
different potential antioxidant compounds able to scavenge different types of free radicals.
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1. Introduction

In recent years, marine microorganisms have been the subject of much interest related to their neutraceutical
properties, as well as their use as alternative food sources, as reported in Africa, India and Mexico (Aoronson &
Dubinsky, 1982). Nutrient-rich marine microalgae offer a promising field of study, to uncover new applications
for these uses. Indeed, the ability of marine microalgae to synthesize secondary metabolites, a quality unlikely to
be found in terrestrial organisms, increases its potential to become a new biomedical resource (Katsumi, 1997).
Chaetoceros sp., a diatom in the class of Bacillariophycae, has gained attention due to its valuable
polyunsaturated fatty profile. Furthermore, it is widely cultivated as live feed for bivalves and crustaceans (Tolga,
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Yasar & Sevket, 2003). Nannochloropsis sp., on the other hand, is a unicellular green alga, spherical in shape,
with diameter of about 2-5 um, belonging to the eustigmatophyceae class. It plays an important role in the food
chain system, and is also commonly used as live feed; thus, it is widely cultivated in fish hatcheries and shrimp
farms (Gwo, Chiu, Chou & Cheng, 2005).

Lately, more and more marine microalgae have been suspected of having strong antioxidant properties, including
Fucus vesiculosus (Antonio, Isabel, Raquel & Fulgencio, 2001), Ecklonia cava (Yasantha, Kim & Jeon, 2006),
Petalonia binghamiae (Takashi, Tomoko & Sayuri, 2006) and Scytosiphon lomentaria (Takashi, Makiko,
Tomoko & Yoko, 2004). An antioxidant is generally defined as any substance that effectively prevents or delays
the adverse effects caused by free radicals, even when the amount of the antioxidant substance is less than the
substance to be oxidized (Halliwell & Gutteridge, 1999). Normally, aerobic metabolisms produce free radicals, a
common necessity, but one which can be considered abnormal when the amounts are out of the normal range.
External causes, such as radiation, cigarette smoke and pollutants, may also indirectly produce free radicals
(Christophersen, Jun, Jorgensen & Skibsted, 1991). Free radicals can be produced during every step in a chain
reaction; thus, it is important for an antioxidant to prevent the chain initiation step by scavenging the initiator
radical (Saha, Lajis, Israf, Hamzah, Khozirah, Khamis et al., 2004).

In this present study, both Chaetoceros sp. and Nannochloropsis sp. were evaluated for their antioxidant
capacities using different solvent extracts with differing polarities. These solvents were hexane, dichloromethane,
chloroform and methanol extract, tested against different types of radicals by Folin-ciocalteu,
1,1-diphenyl-2-picrylhydrazyl (DPPH) radical-scavenging, ferrous reducing, ferrous ion chelating, nitro-blue
tetrazolium (NBT) reduction, ferric-reducing antioxidant power (FRAP) and ABTS radical cation decolorization
assay.

2. Materials and method
2.1 Chemicals

All solvents were of analytical grade, and chemicals including hydrochloric acid, hypoxanthine, xanthine
oxidase, nitroblue tetrazolium chloride and EDTA were purchased from Merck (Darmstadt, Germany). All other
chemicals of analytical grade were purchased from Sigma-Aldrich (MO, USA), unless otherwise noted.

2.2 Marine microalgae cultivation and sample preparation

Sources of two microalgae, Chaetoceros sp. and Nannochloropsis sp., were provided by the Marine and
Aquaculture Laboratory of Institute Bioscience, Universiti Putra Malaysia. Microalgae were cultivated in
artificial seawater with a salinity of 30 ppt. Conway media (a main mineral solution, a trace metal solution, a
silicate solution and a vitamin solution) were added as nutrient sources for growth. The entire growth medium
was adjusted to pH 8 and the microalgae were grown with aeration in illuminated conditions at room temperature.
They were harvested after 5-7 days (the stationary phase) and centrifuged (using Hitachi high Speed Refrigerated
Centrifuge Models CR22G II/CR 21G 1II) at 8000 rpm and 23°C, for 10 minutes for the green microalgae or 20
minutes for the diatom. Then, the harvested microalgae were rinsed with either distilled water for the green
microalgae or ammonium sulfate for the diatom. The preparation was then centrifuged again and freeze-dried
(using Labconco 77540) for long-term storage.

2.3 Sample extract preparation

Two grams of freeze-dried powder was soaked in 500 ml of either hexane, dichloromethane, chloroform or
methanol, and was shaken for 24 hours, then filtered through filter paper. The solvent was then evaporated in a
rotary evaporator (EYELA N-1000S-WD) at 35°C until dried, and kept at -20°C until further analysis was
begun.

2.4 Antioxidant evaluation assays
2.4.1 DPPH Radical Scavenging Assay

The total antioxidant capacity was evaluated using a stable DPPH" radical following the Tarozzi, Marchesi,
Cantelli-Forti & Hrelia (2004) method, with a slight modification of the concentration and volume used. A
sample solution was added into each well for a final concentration of 1 mg/ml, with an additional 100 pl of
methanol added as a medium for the reaction. Finally, 5 pul of DPPH solution (2.5 mg/ml) was added. All the
results were expressed as pmol Trolox Equivalent (TE) per gram of dry weight of the microalgae.

2.4.2 Superoxide Anion Scavenging Assay

Measurement of the superoxide radical scavenging was done by nitroblue tetrazolium chloride (NBT) assay.
This assay was conducted following the Lee, Yoon, Kim and Lim (2004) method, with slight modifications.
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Solution A containing 0.2 mM Hypoxanthine (in potassium hydroxide), 0.1 mM NBT (in 50 mM potassium
phosphate buffer with a pH of 7.5), 0.05 mM EDTA solution and 50 mM potassium phosphate buffer with a pH
of 7.5 was prepared in a ratio of 4:2:1:13. Solution B contained 0.08 U/ml of xanthine oxidase that was diluted
with 50 mM potassium phosphate buffer. Solution C was prepared in 1 N HCI. The reaction started when 20 pl
of the sample solution was added to 100 pl of solution A followed by solution B. Then, the mixture was
incubated in a 37°C incubator for 20 minutes. Then, solution C was added to terminate the reaction before
absorbance was measured at 540 nm. All the results were expressed as pmol Trolox Equivalent (TE) per gram
dry weight of the microalgae.

2.4.3 Ferric-Reducing Antioxidant Power (FRAP) Assay

The FRAP assay was carried out as suggested by Omidreza, Antonio, Rita, Giancarlo & Luciano (2005), with a
modified concentration. FRAP reagents were freshly prepared for each measurement by mixing 10 mM 2,4,6-
tripyridyl triazine (TPTZ) in 40 mM of HCI, 0.3 M of pH 3.6 acetate buffer and 20 mM ferric chloride (from
Acros organics, Belgium) in double-distilled water in a ratio of 1:10:1. A volume of 180 pl of 37°C pre-warmed
FRAP reagent was added with 20 pl of the sample solution and incubated at 37°C for 30 minutes, before
absorbance at 593 nm was measured. All the results were expressed as pmol Trolox Equivalent (TE) per gram
dry weight of the microalgae.

2.4.4 Ferrous-lon Chelating Assay

The ferrous ion chelating assay was carried out according to Decker and Welch (1990). First, 100 pl of the
sample solution were added to 100 pl of double-distilled water, followed by 25 ul of 0.5 mM ferrous chloride.
Absorbance was measured at 550 nm before as well as 20 minutes (at room temperature) after 2.5 mM of
ferrozine (final concentration) was added. All the results were expressed as pumol EDTA equivalent per gram dry
weight of the microalgae.

2.4.5 Determination of Total Phenolic Content

The assay of the total phenolic content was carried out following Blaise, Owen, Stephen, Anthony & Thomas
(2009). The initial solution was prepared by mixing 300 ul of 3% HCI with 200 pl of the sample extract. The
prepared mixture was vortexed vigorously and left for 3 minutes. Then, 100 pl of the initial solution was added
into 1000 pl of 3% sodium bicarbonate. The new mixture was vortexed vigorously and left for 2 minutes before
20 pl of the Folin-Ciocalteu reagent was added. The new solution was vortexed and left for 30 minutes at room
temperature. After that, 200 ul of the final solution was loaded into each well of a 96-well plate. All experiments
were run in triplicates and the results were reported in pmol of gallic acid equivalents per one gram of dried
extract.

2.5 Statistical Analysis

All the results were calculated as mean value + the standard deviation (SD)(n = 3). A computer software
statistical package for social sciences version 17.0 (SPSS Inc, IL, USA) was used to analyze the data. One way
ANOVA and Duncan post-hoc tests were applied to test for significant differences at p< 0.05. The correlation
between antioxidant assay and total phenolic content was analyzed using the Pearson correlation test.

3. Results and Discussion
3.1 DPPH Radical Scavenging Assay

The radical-scavenging power could be easily determined by DPPH (Singh & Rajini, 2004). Highly
antioxidative substances will make the conversion from the purple chromogen radical (DPPH®) to the pale
yellow hydrazine. Table 1 shows the antioxidant effects of the different-polarity solvents extracted. For the
extract of Chaetoceros sp., chloroform extract showed the highest radicals-scavenging power among all of the
solvents extracted with 106.68 = 0.91 pmol TE per gram of dried extract. Although both chloroform and
dichloromethane are very similar in chemical structure, the more powerful antioxidant substance was found in
chloroform extract, which could scavenge the DPPH® radicals. As for extracts from Nannochloropsis sp., the
dichloromethane extract showed the highest radical-scavenging power among all the solvents extracted, followed
by the methanolic extract with 30.60 + 4.6 and 23.18 = 0.6 umol TE per gram of dried extract, respectively.
Following Hanaa, Hussein & Gamal (2008), dichloromethane was used to extract carotenoid and tocopherol;
thus, it is possible that the presence of these compounds contributed to the high scavenging power.

3.2 Superoxide Anion Scavenging Assay

A superoxide anion (O,") can be generated by a xanthine oxidase/hypoxanthine system: when the xanthine is
catalyzed by xanthine oxidase, uric acid and superoxide radicals are also produced. Thus, superoxide reduces
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nitroblue tetrazolium (NBT) to blue formazon. Competition for superoxide occurs when an antioxidative
substance is added with NBT (Lee, Jung, Seok, Kimb & Yun, 2006). Superoxide itself does not cause much
oxidative damage, but since it is an initiator in the radicals-production chain reaction, such as highly reactive
hydroxyl radical (HO®), peroxynitrate (OONO) and singlet oxygen, it should be removed to indirectly reduce
the number of radicals (Kim, & Jeon, 2006). In this study, dichloromethane extract of Chaetoceros sp. showed
remarkable superoxide scavenging power, at 1029.11 = 0.7 umol TE/gram of dried extract (Table 1), which
might be due to the presence of tocopherol or carotenoid in the extract (Miller, Rice-Evans, Davies, Gopinathan
& Milner, 1993). The chloroform extract of Chaetoceros sp., which showed high scavenging power in the DPPH
assay, failed to show any potential to scavenge superoxide radicals. On the other hand, the methanolic extract of
Nannochloropsis sp. had a significantly higher superoxide scavenging power, at 3224.46 + 1.2 pmol TE/gram of
dried extract. Methanolic extract might contain unknown active compounds that effectively scavenged
superoxide radicals. Identification of the compounds is needed for further evaluation.

3.3 Ferric-Reducing Antioxidant Power (FRAP) Assay

This assay is based on the expectation that ferric-reducing power is directly proportional to antioxidant capacity:
in previous research, most ferric reducing agents also possessed antioxidative properties. Normally, ferrous ions
do not reach extreme levels in any given biological system, due to the production of the highly reactive hydroxyl
radical, from the Fenton reaction, when it reacts with hydrogen peroxide. Nevertheless, this indirect antioxidant
determination assay at low pH levels is still widely in use. It is important to note here that not all reducing agents
are antioxidative substances, or vise versa. Conversion of the ferric ion to the ferrous ion, which bonds to
tripyridyltriazine to form Fe*’-TPTZ blue complex, can be measured at 593 nm (Benzie & Strain, 1999). The
limitation of this assay is that the SH-group containing the antioxidative substance cannot be measured (Ronald
& Guohua, 1999). Chloroform extract from Chaetoceros sp. achieved the most powerful reducing ability among
all of the solvent extracts (Table 1). This result indicates that chloroform extract may contain most of the
antioxidative substances in these algae. The dichloromethane extract of Nannochloropsis sp. attained the most
powerful reducing ability, at 470.72 + 0.59 pmol TE per gram of dried extract, which means that this extract
may be rich in carotenoids with high antioxidant properties.

3.4 Ferrous-Ion Chelating (FIC) Assay

The ability to chelate off the ferrous ion is important to avoid a Fenton reaction, which would produce the most
harmful radical, the hydroxyl radical. The production of the hydroxyl radical is a key initial step to producing
other harmful radicals, which should be avoided. Indeed, ferrous ions may be released in the breakdown of red
blood cells, causing the levels of ferrous ion in the body to increase (Prasad, Engelman, Jones & Das, 1989). For
Chaetoceros sp., the results showed that hexane extract had the most chelating ability, and that chloroform
extract gave the least chelating power. This result suggested that most substances found in hexane extract
contained the protonated form, one of the indicators of chelating properties, which was found least in chloroform
extract. For Nannochloropsis sp., the methanol extract had the most chelating ability, and the dichloromethane
and chloroform extracts did not have chelating power. Thus, methanol extract may contain some compounds that
contain the protonated form that is highly needed for chelating properties.

3.5 Determination of Total Phenolic Content

The phenolic compound and its derivatives, including simple phenols, flavonoids, phenylproponoids, tannins,
lignins and many other substances, contain aromatic rings and hydroxyl groups that will determine the radical
scavenging power of the compound (Dziedziz & Hudson, 1983). Many phenolic compounds have been reported
as antioxidants, such as pheophytin from green microalgae (Nishibori & Namiki, 1988) and phlorotannins from
brown microalgae (Nagayama, Shibata, Fujimoto, Honjo & Nakamura, 2003), but they might not be major
contributors to the antioxidant capacities of microalgae (Li, Cheng, Wong, Fan, Chen, & Jiang, 2007). In this
study, the hexane extract of Chaetoceros sp. was found to have the highest total phenolic content. Surprisingly,
the methanol extract from the same species showed negative results for phenolic content, but it showed high
antioxidant capacities in other assays, indicating that the high antioxidant capacity is not related to the phenolic
compounds, consistent with the study by Nagayama, Shibata, Fujimoto, Honjo & Nakamura (2003). All of the
solvent extracts from Nannochloropsis sp. showed relatively lower total phenolic content than the extract of
Chaetoceros sp. (Fig 1).

3.6 The correlation between antioxidant capacity and total phenolic content

The correlation between the DPPH assay and the phenolic contents was found to be insignificant (R* = 0.144)
(Fig.2). Both the NBT and the FRAP assay results showed an inverse correlation when plotted with the total
phenolic content (R?= -0.296 and -0.306, respectively). Only the FIC assay results significantly correlated (p<
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0.05) with the total phenolic content (R*=0.804). This indicates that phenolic compounds might not be a major
contributor to the antioxidant capacities for either of these microalgae. The fact that the microalgae contain
various antioxidant compounds, such as carotenoids, polyunsaturated fatty acids and polysaccharides, further
supports this observation (Mohamed, 2008; Holtin, Kuehnle, Rehbein, Schuler, Nicholson, & Albert, 2009).
Although phenolic compounds are found to be the major contributor to antioxidant activities in many
higher-order species of such as plants, this might hold true for microalgae. Dixon & Palva (1995) demonstrated
that antioxidants such as phenolic compounds are in plants part of a complex defense mechanism against a wide
range of stresses, and thus accumulate in response to these stresses. The microalgae in this study were cultured in
controlled conditions, and thus might not have been exposed to stresses, causing fewer phenolic compounds to
be produced, as compared to plants.

4. Conclusion

In this study, the antioxidant properties and total phenolic content of various extracts of a diatom, Chaetoceros
sp., and a green microalgae, Nannochloropsis sp., were determined. Chaetoceros sp. extracts showed a higher
antioxidant capacity (p< 0.05) than Nannochloropsis sp. extracts did. The results also showed that different
solvent extracts contained different antioxidant capacities in terms of reducing and radical-scavenging power.
The correlation between the antioxidant properties and the total phenolic content was not significant (p>0.05),
indicating that phenolic compounds might not be a major source of the antioxidant properties found in these two
microalgae. Further study on other antioxidant compounds from these microalgae should be undertaken to
confirm this observation.
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Table 1. Evaluation of the antioxidant effects of different-polarity solvents extracted by different radical

screening tests for Chaetoceros sp. and Nannochloropsis sp.

Solvent Extraction/ DPPH NBT FRAP FIC
umol EDTA eq/

Species umol TE/ g DE pmol TE/ g DE pmol TE/ g DE o DE

Hexane

Chaetoceros sp. 31.81+£0.81° 652.23+£0.79° 171.54 £2.56° 82.39 £ 0.81%

Nannochloropsis sp. 14.04 £ 4.97° 678.28 £ 0.73" 186.07 + 1.82° 15.70 £ 0.20™

Dichloromethane

Chaetoceros sp. 35.15+ 1.38* 1029.11 +0.70° 225.17 +1.34° 25.74 +7.69°

Nannochloropsis sp. 30.60 + 4.60° - 470.72 + 0.60° -

Chloroform

Chaetoceros sp. 106.68 +0.91¢ - 609.80 = 0.55 3.25+2.08°

Nannochloropsis sp. 1527 +1.03° 227.91 +£2.73¢ 321.22 +£0.74° -

Methanol

Chaetoceros sp. 39.22 £2.52° 803. 31 +60.38" 492.50 + 0.56° 16.71 + 3.68™

Nannochloropsis sp. 23.18 +0.55° 3224.49 +1.20° 221.16 + 0.90° 24.049 + 5.62°

All results represent the mean =+ one standard deviation (n=3)

Within the same column, results followed by different letters are significantly different at p < 0.05
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Figure 1. Total phenolic content of various extracts from the two microalgae
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