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Abstract Amphora coffeaeformis and Achnanthes longipes are commonly found as dominant 
benthic microalgae in Jeju coastal water throughout the year. In order to investigate pharmaceutical 
uses of these diatoms, each single species was isolated with micropipette under phase contrast 
microscope and subcultured with synthetic seawater media which was enriched with F/2 media, 
trace metal solution and Na2SiO3). Growth characteristics of these species were also determined 
with different combination of salinity, nutrients concentration and temperature. Thereafter, mass 
culture of each species was done based on the maximum growth condition. Biomass was collected 
after two weeks of mass culture and freeze dried for antioxidant study. The antioxidant properties 
of different fractions (n-hexane, chloroform and ethylacetate) obtained by solvent fractionation 
of 80% methanolic extract of two microalgae were investigated for free radical, reactive oxygen 
species scavenging (Super oxide, Hydrogen peroxide, Hydroxyl radical and Nitric oxide), metal 
chelating and lipid peroxidation inhibition activities. All fractions of A. longipes showed higher 
DPPH∙ (free radical) scavenging activities (n-hexane: 89.0%, Chloroform: 76.0%, Ethylacetate: 
66.0%, Methanol: 90.6% and aqueous residue: 63.0%). N-hexane fraction of A. longipes showed 
significantly higher activity (49.0%) on nitric-oxide. Ethylacetate fraction of A. longipes and aque-
ous residue of A. coffeaeformis exhibited 64.0% and 75.6% metal chelating activity which was 
higher than commercial antioxidants (α-tocopherol: 18.0% and BHT: 16.0%). The n-hexane frac-
tion of A. coffeaeformis had 67.5% activity on DPPH∙. Chloroform and n-hexane fractions of 
A. coffeaeformis exhibited 46.2% and 47.6% H2O2 scavenging effects which were closely similar 
to commercial antioxidants (α-tocopherol: 49.2% and BHT: 58.6%). Chloroform and ethylacetate 
fractions of A. longipes and fraction of n-hexane and chloroform of A. coffeaeformis showed 
better lipid peroxidation activities than α-tocopherol. These data suggest that both organic and 
aqueous fractions have good antioxidative compounds with different antioxidant properties.
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Introduction

Algae make up roughly half of the global primary 
productivity [10] which provides the aquatic food webs 
from ponds to oceans. Among the marine algae, dia-
toms are the major group of phytoplankton that serves 
as an essential food source in shellfish aquaculture [34]. 

Estimation of the diatoms growth rate has been, and 
will be, an important component of marine science 
studies. Like other marine organisms, the ecophysiol-
ogy of diatoms is influenced by environmental factors, 
such as water temperature, salinity, light intensity, and 
nutrient concentrations [37,8,36]. Temperature is an im-
portant factor controlling the algal growth in natural 



Two Benthic Diatoms from Korea 175

environments [35] and growth response to temperature 
may be essential in regulating the predominance of phy-
toplankton species [17]. It is well known that salinity 
is an important abiotic factor affecting phytoplankton 
growth. Wide ranges of salinity and temperature may 
explain frequent appearance of phytoplankton through-
out the year in the ocean [20].

However, Jeju is located at the southern coast of 
Republic of Korea, characterized by volcanic rocky in-
ter-tidal and sub-tidal zones that are subjected to strong 
wave action. The waters off the west coast of Jeju is 
influenced by Yellow Sea Warm Current from winter 
to spring, in contrast the waters receive runoff from 
Changjiang River during summer [28,22]. The temper-
ature and salinity of the coastal waters fluctuate widely 
and the benthic diatoms are available throughout the 
year. Among the benthic diatoms, Amphora coffeae-
formis and Achnanthes longipes have been found 
throughout the year with high abundance (more than 
10% abundance in total phytoplankton community) in 
winter and in autumn [1,4]. Traditionally cultured wild 
mixed benthic diatoms on wavy plates are used as live 
feed in commercial shellfish hatcheries in Jeju. Due to 
technical problem in benthic diatom mass culture sys-
tem, the abalone seedling production from the aqua-
culture farms is still very low in relation to its increas-
ing demand in Korea [21]. At present, benthic diatoms 
are cultured based on the natural conditions with the 
application of fertilizer for aquaculture purposes. But 
this traditional production of benthic diatoms cannot 
fulfill the demands year-round for rapidly expanding 
aquaculture sector due to phytoplanmkton population 
fluctuations resulted from natural environmental 
dynamics. The development of sustainable and suitable 
technique for the mass culture of benthic diatoms is 
necessary to meet up aquaculture demand and for other 
advanced study such extraction of pharmaceutical and 
nutraceutical ingredients. For mass culture of benthic 
diatoms, the most important task is the selection of spe-
cies which depends on i) the availability of the species 
year-round, and ii) their optimal environmental con-
ditions for growth. Therefore, isolation of single spe-
cies, finding out their best growth condition with differ-
ent environmental factors and finally the development 
of low-cost mass culture technique are utmost important 
for further study of benthic diatoms.

However, microalgae are increasingly being pro-
moted in the human diet as nutraceutical and health 

food products. Much effort has been expended to search 
new compounds of therapeutic potential, and it was 
demonstrated that all taxa of micoralgae possess anti-
bacterial, antifungal and anticancer ability [38]. Several 
microalgal species of Chlorella, Spirulina, and 
Dunaliella, are grown commercially for producing β- 
carotene and phycocyanin. The antioxidative activity of 
phycocyanobilin from Spirulina platensis was evaluated 
against oxidation of methyl linoleate in a hydrophobic 
system or using phosphatidylcholine liposomes [33]. 
Phycocyanobilin effectively inhibited peroxidation of 
the methyl linoleate, which was characterized by a pro-
longed induction period.

Among the microalgae, Spirulina platensis [19], 
Botryococcus braunii [31] and Dunaliella salina [18] 
are important sources of antioxidants for human 
consumption. There are few published reports about the 
benthic diatoms related to antioxidant activity or 
properties. The benthic diatom, Grammatophora marin 
and Navicula incerta showed very good antioxidant ac-
tivities, especially for metal chelating and DPPH 
(1,1-diphenyl-2-picrylhydrazyl) free-radical-scavenging 
activity [3,2]. However, the objectives of the present 
study were isolation, growth characteristics study and 
investigation of the antioxidant properties of the benthic 
diatom A. coffeaeformis and A. longipes.

Materials and Methods

Isolation of Amphora coffeaeformis and
Achnanthes longipes

The isolation procedure was performed as described 
by Affan et al. [3]. In summary, benthic diatoms at-
tached to a wavy plastic plate (‘‘papan’’) were collected 
from the abalone culture hatchery of the National 
Fisheries Research and Development Institute (NFRDI), 
Jeju, Korea. The diatoms were removed from the papan 
with a brush and diluted with seawater. A 1 mL diluted 
sample was transferred to a Sedgwick-Rafter (S-R) 
counting chamber, and single cell was micropipetted 
from the counting chamber under an inverted micro-
scope (Olympus IX71, Olympus, Tokyo, Japan). For 
subculture, each cell was transferred to a multi-well 
plate where synthetic seawater medium was kept. The 
synthetic seawater culture medium was prepared by di-
lution of sea salt (Energy Savers Unlimited Inc., 
Carson, CA, USA) with distilled water and enriched 
with F / 2 medium nutrients (Aquacenter Inc., Leland, 
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MS, USA), trace metals (Aquacenter Inc.), and meta-
silicate anhydrous crystals (Na2SiO3). The isolation 
process was performed until a monostrain was obtained. 
To identify the subcultured benthic diatom, samples 
were observed with a phase-contrast Zeiss Axioplan mi-
croscope (Carl Zeiss, Oberkochen, Germany) at X 400 
magnification. By following the above procedure, two 
species of benthic diatioms were identified as mono-
strain sample identified as A. coffeaeformis and A. 
longipes. Thereafter, the mono-strain sample was 
streaked onto an agar plate with 2% agar (w / v), 0.04% 
F /2 (v/ v) nutrient medium, and autoclaved seawater. 
The monostrain colony was then transferred to a 250 
mL flask containing 100 mL of synthetic seawater cul-
ture medium and antibiotics. Seven different dosages 
of antibiotic cocktail were used (100-250 unit mL-1 pen-
icillin, 100-250 μg mL-1 streptomycin, and 200-500 μg 
mL-1 neomycin). Doses were increased by 25 units pen-
icillin mL-1, 25 μg streptomycin mL-1, and 50 μg neo-
mycin mL-1 (P 4083; Sigma Aldrich Corp, St. Louis, 
MO, USA). About 10 mL of each A. coffeaeformis and 
A. longipes sample was transferred from the antibiotic 
medium to a 250 mL flask with 100 mL of culture 
medium. The cultured sample was streaked again on 
the bacto-agar media to observe for bacterial presence. 
In this way, we obtained an axenic strain of A. coffeae-
formis and A. longipes for further study.

Growth characteristics experiments

For growth characteristics study, synthetic seawater 
culture medium was used as mentioned above by pro-
viding three different salinities: 25, 30, and 35 psu. The 
optimal growth conditions of A. coffeaeformis and A. 
longipes were investigated under three culture parame-
ters: water temperature (15oC, 20oC, 25oC), salinity (25, 
30, 35 psu), and nutrient concentration (F / 4 = 50%, 
F / 2 = 100%, F = 200%). For nutrient enrichment to 
the synthetic seawater culture media, each of the A and 
B solutions of F / 2 media (Aquacenter Inc.) were added 
at 1 mL per 7.75 L synthetic seawater, plus 13 μL trace 
element solution (Aquacenter Inc.) and 13 μg L-1 meta-
silicate anhydrous crystal. The synthetic seawater cul-
ture medium was used for the growth characteristics 
experiments and mass culture. Each 500 mL flask with 
250 mL culture media was inoculated with approx-
imately 20 cells mL-1 of each species. The cultures were 
grown under fluorescent lights (180 μmol photons m-2 
s-1) on a 12:12 light:dark cycle for 2 weeks. Each treat-

ment was replicated twice. A 1 mL sample was col-
lected from each culture flask every 2 d and fixed with 
Lugol’s iodine solution. The fixed sample was diluted, 
and the cells were counted using an S-R counting cham-
ber with an inverted microscope at X 400 
magnification. For growth curve of each sample, we 
counted the replicates and used the mean value.

The specific growth rate μ is defined as the increase 
in cell density per unit time [30], and formulated as 
follows:

μ (day -1) =
ln (X2/X1)

t2 - t1  (1)

, where, X2 = cell density at the end of selected time 
interval (between inoculation and 
maximum cell density occurring day).

X1 = cell density at the beginning of selected time 
interval. 

t2 - t1 = elapsed time between selected time intervals, 
d (day).

Mass culture and sample preparation for an-
tioxidant assay

Mass culture of A. coffeaeformis and A. longipes was 
performed in 20 L polycarbonate transparent bottles 
(Nalgene, Rochester, NY, USA) under the optimal 
growth condition (i.e., C5 and E6 culture condition in 
Fig. 3C and 4B) using synthetic seawater enriched with 
F / 2 nutrients under the same irradiance as given above. 
Distilled water was added in the mass culture bottles 
regularly to maintain the salinity, and continuous aera-
tion was provided during the culture. The biomass was 
filtered from the culture medium using Advantec filter 
paper (Tokyo, Japan). The biomass from both bottles 
was collected and transferred to a petri dish and stored 
in a freezer at 70oC for 24 h. The sample was then 
freeze-dried at 50oC at 5 m torr. 

Antioxidant assay chemicals

The 1,1-diphenyl-2-picrylhydrazyl (DPPH), sodium 
nitroprusside, xanthine, xanthine oxidase from butter-
milk, nitro blue tetrazolium salt (NBT), BHT, a-toco-
pherol, 3-(2-pyridyl)- 5,6-di (p-sulfophenyl)-1,2,4-tria-
zinedisodium salt (ferrozine), potassium ferricyanide 
[K3Fe(CN)6], Folin-Ciocalteu reagent, and linoleic acid 
were purchased from Sigma. The 2, 2-azinobis 
(3-ethylbenzthiazoline)-6-sulfonic acid (ABTS) and 
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2-deoxyribose were purchased from Fluka Chemie AG, 
Buchs, Switzerland. All other chemicals used were ana-
lytical grade, supplied by Fluka or Sigma.

Preparation of 80% methanol extract and
solvent fractions

Five gram freeze-dried powdered sample of A. cof-
feaeformis and A. longipes were immersed separately 
in 80% methanol (500 ml) and placed in a shaking in-
cubator for 24 h at 25oC. The macerated mixture was 
filtered and the 80% methanol extract was collected and 
concentrated. The extracts obtained were in sequence 
fractionated in a separatory funnel with different organ-
ic solvents, such as n-hexane, chloroform, and ethyl-
acetate, respectively (Fig. 1). Each fraction was con-
centrated and redissolved in methanol to a concentration 
of 2 mg/ ml. All activities of fractions were compared 
with standard antioxidants (BHT and α- tocopherol) dis-
solved in methanol.

Fig. 1. Scheme of solvent fractionation of A. coffeaeformis 
and A. longipes. Fig.1. Presence of bacterial colonies with 
the concentration antibiotics in the culture media of Amphora 
coffeaeformis (a) and Achnanthes longipes (b). Dose 1 
(penicillin 100 units mL-1, streptomycie 100 mg mL-1 and 
neomycin 200 mg mL-1). Each succeeding dose was increased 
by 25 untis penicillin, 25 mg streptomycin and 50 mg neo-
mycin per mL. 

DPPH free radical scavenging activity

This assay involved the scavenging of stable DPPH 
radicals by the radical-scavenging components of A. 
coffeaeformis and A. longipes extracts, respectively us-
ing Brand-Williams modified method [5]. A 2 mL frac-
tion of each species of benthic diatoms extract was 
mixed thoroughly with 2 mL freshly prepared 3 × 10-5 
M DPPH solution in DMSO. The reaction mixture was 
incubated for 1 h, and the absorbance of the supernatant 
was measured at 517 nm using an Opron 3000 UV-VIS 
spectrophotometer (Hanson Tech. Co. Ltd., Seoul, and 
Republic of Korea).

Superoxide anion scavenging assay

The superoxide-anion scavenging effect was tested 
following Nagai method [27]. The reaction mixture 
consisted of 0.48 mL of 0.05 M sodium carbonate buf-
fer (pH 10.5), 0.02 mL of 3 mM xanthine, 0.02 mL 
of 3 mM EDTA, 0.02 mL of 0.15% BSA, 0.02 mL 
of 0.75 mM NBT, and 0.02 mL of each species benthic 
diatoms extract. After incubation at 25oC for 10 min, 
the reaction was started by adding 6 mU xanthine oxi-
dase and maintained at 25oC for 20 min. The reaction 
was stopped by adding 0.02 mL of 6 mM CuCl2. The 
absorbance was measured using a Sunrise microplate 
reader (Tecan Co. Ltd., Salzburg, Austria) at 560 nm. 

Hydrogen peroxide scavenging activity

Hydrogen-peroxide scavenging activity was de-
termined following method of Rice-Evans et al. [32]. 
A sample was prepared in a 96-microwell plate by mix-
ing 80 μL of A. coffeaeformis and A. longipes extract, 
respectively to 100 μL of PBS (0.1 M, pH 5.0), and 
20 μL of 10 mMH2O2, and the sample was incubated 
at 37oC for 5 min. Then, 30 μL ABTS (1.25 mM) and 
30 μL peroxidase (1 unit mL-1) were added, and the 
mixture was incubated at 37oC for 10 min. The absorb-
ance was recorded at 405 nm. 

Hydroxyl radical scavenging activity

The hydroxyl-radicals scavenging effect was de-
termined according to the method described by Chung 
et al. [6]. A Fenton reaction mixture (200 μL of 10mM 
FeSO4.7H2O, 200 μL of 10 mM EDTA, and 200 μL 
of 10 mM 2-deoxyribose) was mixed with 1.2 mL of 
0.1 M PBS (pH 7.4) and 200 μL of A . coffeaeformis 
and A. longipes extract, respectively. Then, 200 μL of 
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10 mM H2O2 was added, and the mixture was incubated 
at 37oC for 4 h, after which 1 mL of 2.8% trichloro-
acetic acid (TCA) and 1 mL of 1% 2-thiobarbituric acid 
(TBA) were added, and the mixture was kept in a bath 
of boiling water for 10 min. After cooling, the mixture 
was centrifuged for 5 min at 395g, and the absorbance 
was measured at 532 nm.

Nitric oxide radical inhibition assay

The nitric-oxide-radical inhibition effect was de-
termined following the method described by Garrat 
[12]. A mixture of 2 mL of 10 mM sodium nitroprus-
side in 0.5 mL of PBS (pH 7.4) and 0.5 mL of A. cof-
feaeformis and A. longipes extract was incubated sepa-
rately at 25oC for 150 min. From this, 0.5 mL was re-
moved and added to 1.0 mL of sulfanilic acid reagent 
(0.33% in 20% glacial acetic acid) and incubated at 
room temperature for 5 min. Finally, 1.0 mL naph-
thylethylenediamine dihydrochloride (0.1% w / v) was 
added, and the mixture was incubated at room temper-
ature for 30 min. The absorbance was measured at 540 
nm.

Metal chelating assay

Metal-chelating ability was determined according to 
the method described by Decker and Welch [7]. The 
mixture sample was prepared by adding 5 mL of A. 
coffeaeformis and A. longipes extract, respectively to 
a solution of 0.1 mL of 2 mM FeCl2. The reaction was 
started by adding 0.2 mL of 5 mM ferrozine solution. 
The reaction mixture was incubated, with shaking, at 
room temperature for 10 min. The absorbance was 
measured at 562 nm.

Determination of antioxidant activity using
the ferric thiocyanate (FTC) method

This assay was performed following the method of 
Kikuzaki and Nakatani [23]. The mixture, consisting 
of 2 mL of each benthic diatoms species extract (100 
mg L-1), to 2 mL of 2.51% linoleic acid in ethanol, 
4 mL of 0.05 M PBS (pH 7.0), and 2 mL of distilled 
water, was kept in the dark at 40oC. From this mixture, 
0.1 mL was added to 9.7 mL of 75% ethanol and 0.1 
mL of 30% ammonium thiocyanate. After 5 min, 0.1 
mL of 0.02 M ferrous chloride in 3.5% HCl was 
added. The absorbance was measured every 24 h for 
7 d.

Scavenging activity/chelating ability calcu-
lation

The radical scavenging activity/chelating ability was 
calculated using the following equation:

[1-(Ai -Aj)/Ac] × 100 (2)

, where Ai is the absorbance of A. coffeaeformis and 
A. longipes extract, respectively mixed with reactive 
oxygen or nitrogen compounds, Aj is the absorbance 
of the each species of benthic diatoms that is A. coffeae-
formis and A. longipes extract without the reactive com-
pounds, and Ac is the absorbance of the control.

Statistical analysis

All the experiments to determine growth character-
istics were conducted in duplicate (n = 2). The experi-
ments to estimate antioxidant activity were conducted 
in triplicate (n = 3). The mean values of each treatment 
were compared using one-way analysis of variance 
(ANOVA) followed by Tukey’s tests. A P-value of 
<0.05 was considered as significant. All statistical anal-
yses were performed using SPSS Statistical Software, 
version 11.5 (Edinburgh, Scotland).

Results

Axenic strain

Bacterial cell was found when the mono-strain stock 
was observed with inverted microscope. Thereafter, the 
presence of bacteria in the mono-strain stock was con-
firmed by streaking on agar plates at the same con-
ditions of A. coffeaeformis and A. longipes culture. The 
antibiotics penicillin, streptomycin, and neomycin were 
used individually to eradicate the bacteria from the 
mono-strain stock but failed to result in an axenic strain 
of A. coffeaeformis and A. longipes, even though the 
dose was lethal to A. coffeaeformis and A. longipes. 
A cocktail of antibiotics was tested at different dosages, 
and the axenic strain was obtained using 200 units pen-
icillin mL-1, 200 μg streptomycin mL-1, and 400 μg neo-
mycin mL-1 added to the culture medium (Fig. 2A and 
2B).

Growth characteristics and mass culture
production

The both benthic diatoms species that is A. coffeae-
formis and A. longipes grew in all culture conditions 
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Fig. 2. Growth curve of Amphora coffeaeformis at 15oC, 20oC 
and 25oC water temperature with F/4 (50%), F/2 (100%) and 
F (200%) nutrient concentrations and 25, 30 and 35 psu 
salinity. Culture conditions: A1 (25 psu, F/4 nutrients), A2 
(25 psu, F/2 nutrients), A3 (25 psu, F nutrients), A 4 (30 
psu, F/4 nutrients), A5 (30 psu, F/2 nutrients), A6 (30 psu, 
F nutrients), A7 (35 psu, F/4 nutrients), A7 (35 psu, F/2 nu-
trients) and A9 (35 psu, F/4 nutrients) in 15oC water. 
Conditions B (20oC water) and C conditions (25oC water) 
same as A with regard to salinity and nutrient concentrations.

with different maximum cell abundance. They also 
showed good sigmoid growth (Fig. 3 and 4). The max-
imum cell densities occurred either 10 or 12 d after 
being inoculated in all treatments. In 15oC water, with 
various salinities and nutrient concentrations, the specif-
ic growth rate of A. coffeaeformis varied from 0.81 to 
1.01 d-1 and the maximum cell density (4.56 × 104 cells 
mL-1) occurred at 1.01 d-1 on day 10 after being in-
oculated in medium with 30 psu salinity and F nutrient 
concentration (Table 1). In 20oC water, the specific 
growth rate was 0.83-1.03 d-1 among several salinities 
and nutrient concentrations. The maximum cell density 
of A. coffeaeformis at temperature of 20oC was 5.73 
×104 cells mL-1 on day 10 after being inoculated in 

Fig. 3. Growth curve of Achnanthes longipes at 15oC, 20oC 
and 25oC water temperature with F/4 (50%), F/2 (100%) and 
F (200%) nutrient concentrations and 25, 30 and 35 psu 
salinity. Culture conditions: D1 (25 psu, F/4 nutrients), D2 
(25 psu, F/2 nutrients), D3 (25 psu, F nutrients), E4 (30 psu, 
F/4 nutrients), D5 (30 psu, F/2 nutrients), D6 (30 psu, F nu-
trients), D7 (35 psu, F/4 nutrients), D8 (35 psu, F/2 nutrients) 
and D9 (35 psu, F/4 nutrients) in 15oC water. Conditions E 
(20oC water) and F conditions (25oC water) same as D with 
regard to salinity and nutrient concentrations. 

medium with salinity of 35 psu and F nutrient concen-
tration (i.e., the B9 culture condition; Table 1). The cell 
density of A. coffeaeformis was the greatest in 25oC 
water temperature which was followed by 20oC and 
15oC (Fig. 3c, 3b and 3a). Among, the all culture con-
ditions, the highest cell density was 7.47 ×104 cells 
mL-1 in the 25oC water temperature with salinity of 30 
psu and nutrients concentration of F/2 (Fig. 3c), and 
maximum cell density occurring on day 12 after being 
inoculated was significantly higher (P < 0.01) than that 
of all other culture conditions. Mass culture of A. cof-
feaeformis was done under the optimal growth con-
dition (i.e., C5 culture condition: temperature of 25oC, 
salinity of 30 psu and F/2 nutrient concentrations). The 
biomass production of A. coffeaeformis was 1.1 g L-1 
of culture media as dry weight basis after two week 
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Fig. 4. Antioxidant activity of different organic solvent frac-
tions from Amphora coffeaeformis (a) Achnanthes longipes 
(b), compared to butylated hydroxytoluene BHT and a- toco-
pherol at 1 mg ml -1 of concentration of ethanol, as assessed 
by linoleic acid. 

of mass culture. 
In 15oC of water temperature, the maximum cell den-

sity of A. longipes varied from 3.83 to 5.59 ×104 cells 
mL-1 with the highest in D6 culture condition where 
the culture media was composed of 30 psu salinity and 
F nutrients concentration (Fig. 4a). The specific growth 
rate varied from 0.63 to 0.79 d-1, and the maximum 
cell density was found at the growth rate of 0.68 d-1 
(Table 2). In 20oC of water temperature, the highest 
cell density occurrence varied from 4.92 to 6.96 ×104 

cells mL-1, and the maximum cell density was counted 
at the maximum growth rate of 1.05 d-1 in E6 culture 
conditions where the salinity and nutrients concen-
tration was 30 psu and F, respectively (Fig. 4b and 
Table 2). In 25oC of water temperature, the maximum 
cell density varied from 2.84 to 4.54 ×104 cells mL-1. 
The specific growth rate varied from 0.73 to 0.97 d-1, 
and the maximum cell density (4.54 ×104 cells mL-1) 
among the all culture conditions of 25oC water temper-
ature was found at the maximum specific growth rate 
(0.97 d-1) where the media was composed of 25 psu 

Table 1. The maximum specific growth rate (μ day –1) of 
A. coffeaeformis at different temperature (oC), salinity (psu) 
and nutrient concentrations (%), and maximum growth occur-
ring duration (day)

Culture conditions
μ (day–1) Cells×104 Day

Treatment (oC) (psu) (%) 

A1 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 
B1 
B2 
B3 
B4 
B5 
B6 
B7 
B8 
B9 
C1 
C2 
C3 
C4 
C5 
C6 
C7 
C8 
C9 

15 
15 
15 
15 
15 
15 
15 
15 
15 
20 
20 
20 
20 
20 
20 
20 
20 
20 
25 
25 
25 
25 
25 
25 
25 
25 
25 

25 
25 
25 
30 
30 
30 
35 
35 
35 
25 
25 
25 
30 
30 
30 
35 
35 
35 
25 
25 
25 
30 
30 
30 
35 
35 
35 

 50 
100 
200 
 50 
100 
200 
 50 
100 
200 
 50 
100 
200 
 50 
100 
200 
 50 
100 
200 
 50 
100 
200 
 50 
100 
200 
 50 
100 
200 

0.81 
0.95 
0.98 
0.95 
0.96 
1.01 
0.97 
0.83 
0.98 
0.95 
0.83 
1.00 
0.99 
0.99 
0.84 
0.84 
1.03 
1.03 
0.98 
0.85 
1.04 
0.86 
0.88 
0.88 
0.85 
0.87
0.85 

3.08 
2.49 
3.42 
2.52 
2.74 
4.56
3.12 
4.09 
3.54 
2.43 
4.19 
4.14 
3.90 
3.72 
4.59 
3.12 
5.30 
5.73 
3.34 
5.16 
6.02 
5.58 
7.47 
7.11 
4.76 
6.24 
5.23 

12 
10 
10 
10 
10 
10 
10 
12 
10 
10 
12 
10 
10 
10 
12 
12 
10 
10 
10 
12 
10 
12 
12 
12 
12 
12 
12 

of salinity and F nutrients concentration (Fig. 4c and 
Table 2). However, among the all culture conditions, 
the highest cell density was in E6 culture condition. 
Therefore, E6 culture condition was selected for mass 
culture of A. longipes.

Antioxidant activities

The DPPH-free-radical scavenging rate varied from 
18.9 to 67.5% and 63.0 to 90.6% among the hexane, 
chloroform, ethylacetate, aqueous and methanolic of A. 
coffeaeformis and A. longipes, respectively (Table 3 and 
4). Hexane extraction of A. coffeaeformis showed the 
highest DPPH-free-radical scavenging activity in com-
parison to other extraction, and the value was statisti-
cally higher than BHT but lower than α-tocopherol. All 
the extraction of A. longipes showed higher 
DPPH-free-radical scavenging effect in comparison to 
BHT, and the methanolic extraction showed the highest 
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Table 3. Antioxidative effects of different A. coffeaeformis extracts

Extracts
DPPH 

scavenging 
activity (%)

Hydrogen 
peroxide scavenging 

activity %

Superoxide 
anion scavenging 

activity %

Hydroxyl 
radical

activity %

Nitric oxide
scavenging
activity %

Metal- 
chelating 

activity %

Hexane
Chloroform
Ethylacetat
Aqueous
Methanol
α-Tocopherol
BHT

67.5b±0.21
35.5d±0.19
23.4e±0.15
18.9g±0.19
22.8f±0.13
97.9a±0.13
65.4c±0.14

48.6b±0.11
47.2c±0.12
21.5f±0.11
19.2g±0.11
23.4e±0.10
49.2b±0.13
58.6a±0.18

27.4f±0.09
15.1g±0.5
34.1c±0.6
31.4d±0.05
28.1e±0.5
93.1b±0.09
93.4a±0.11

55.6a±0.15
13.4c±0.09
6.4e±0.21
8.0d±0.19
4.0f±0.13

57.0a±0.11
43.0b±0.10

3.0g±0.02
6.0f±0.03

16.8d±0.02
29.6a±0.05
14.8e±0.5
25.0c±0.05
26.0b±0.06

1.8f±0.11
2.1f±0.11

43.3c±0.10
75.6a±0.09
51.1b±0.15
18.0d±0.12
16.0e±0.09

The values represent the mean ± SD of 2 mg/ml determined from triplicate samples. Values followed by the superscript 
letters a, b, c, d, e, f and g indicate a significant difference (p<0.05).

Table 2. The maximum specific growth rate (μ day –1) of 
A. longipes at different temperature (oC), salinity (psu) and 
nutrient concentrations (%), and maximum growth occurring 
duration (day)

Culture conditions
μ (day–1) Cells×104 Day

Treatment (oC) (psu) (%)
D1
D2
D3
D4
D5
D6
D7
D8
D9
E1
E2
E3
E4
E5
E6
E7
E8
E9
F1
F2
F3
F4
F5
F6
F7
F8
F9

15 
15 
15 
15 
15 
15 
15 
15 
15 
20 
20 
20 
20 
20 
20 
20 
20 
20 
25 
25 
25 
25 
25 
25 
25 
25 
25 

25 
25 
25 
30 
30 
30 
35 
35 
35 
25 
25 
25 
30 
30 
30 
35 
35 
35 
25 
25 
25 
30 
30 
30 
35 
35 
35 

 50
100
200
 50
100
200
 50
100
200
 50
100
200
 50
100
200
 50
100
200
 50
100
200
 50
100
200
 50
100
200

0.63
0.64
0.66
0.63
0.65
0.68
0.64
0.65
0.79
0.65
0.79
0.80
0.65
0.79
1.05
0.66
0.80
0.79
0.73
0.75
0.97
0.93
0.93
0.96
0.74
0.76
0.95

3.83
4.52
5.62
3.93
4.70
5.59
4.19
4.87
5.59
4.92
5.32
5.99
5.13
5.60
6.96
5.22
5.69
5.55
2.84
3.64
4.54
3.33
3.49
4.28
3.39
3.81
4.04

12
12
12
12
12
12
12
12
10
12
10
10
12
10
10
12
10
10
10
10
8
8

10
8

10
10
8

(90.6%) scavenging effect than those of other ex-
tractions (Table 4). Hydrogen peroxide scavenging rate 
was 19.2 to 47.6% and 14.0 to 28.0% among the ex-
tracts of A. coffeaeformis and A. longipes, respectively 
(Table 3 and 4). Among the extracts of two benthic 

diatoms, hexane (48.6%) and chloroform (47.2%) ex-
tracts of A. coffeaeformis had higher hydrogen peroxide 
scavenging activity which was statistically similar with 
α-tocopherol (Table 3). All the extracts of two benthic 
diatoms had less superoxide anion scavenging effect in 
comparison to commercial antioxidants. Hydroxyl radi-
cal scavenging rate was 4.0 to 55.6% and 13.0 to 24.0% 
among the extracts of A. coffeaeformis and A. longipes, 
respectively (Table 3 and 4). Hexane extract of A. cof-
feaeformis had the highest hydroxyl radical scavenging 
effect which was statistically higher than BHT and sim-
ilar to α-tocopherol, and the remaining extracts had less 
activity (Table 3). Nitric oxide scavenging rate was 3.0 
to 29.6% and 1.0 to 49.0% among the extracts of A. 
coffeaeformis and A. longipes, respectively, with hexane 
(49.0%) extracts of A. longipes showing the highest rate 
which was almost two times more than commercial an-
tioxidants (Table 4). All of the extracts of two benthic 
diatoms showed very strong metal-chelating effects 
which were significantly higher (P<0.05) than that of 
α-tocopherol and BHT (18.0% and 16.0%, re-
spectively). The aqueous extract of A. coffeaeformis and 
ethylacetate extraction of A. longipes had the highest 
metal-chelating activity among the all extractions 
(Table 3 and 4).

Antioxidant activity with ferric thiocyanate was de-
termined at 40oC for 7 d. As shown in Figure 4a and 
4b, the linoleic acid emulsion without A. coffeaeformis 
and A. longipes extracts (the control) resulted in an in-
crease in lipid peroxidation, and the absorbance in-
creased significantly (P < 0.05). Among all the extracts 
of A. coffeaeformis and A. longipes, the ethylacetate and 
chloroform extracts exhibited notable antioxidant activ-
ity, which exceeded that of α-tocopherol. No significant 
difference was observed among the activity of BHT and 
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Table 4. Antioxidative effects of different A. longipes extracts

Extracts
DPPH 

scavenging 
activity (%)

Hydrogen
peroxide scavenging

activity %

Superoxide 
anion scavenging 

activity %

Hydroxyl 
radical 

activity %

Nitric oxide 
scavenging 
activity %

Metal- 
chelating

activity %

Hexane
Chloroform
Ethylacetat
Aqueous
Methanol
α-Tocopherol
BHT

89.0c±0.21
76.0d±0.19
66.0e±0.15
63.0g±0.19
90.6b±0.13
97.9a±0.13
65.4f±0.14

28.0c±0.11
24.0d±0.12
18.0e±0.11
14.0f±0.11
14.0f±0.10
49.2b±0.13
58.6a±0.18

26.0d±0.09
22.0f±0.5
5.0g±0.6

44.0c±0.05
24.0e±0.5
93.1b±0.09
93.4a±0.11

13.0g±0.15
15.0f±0.09
17.0e±0.21
24.0c±0.19
18.0d±0.13
57.0b±0.11
43.0a±0.10

49.0a±0.02
1.0e±0.03
1.0e±0.02

14.0c±0.05
8.0d±0.5

25.0b±0.05
26.0b±0.06

44.0b±0.11
14.0f±0.11
64.0a±0.10
22.0d±0.09
40.0c±0.15
18.0ef±0.12
16.0ef±0.09

The values represent the mean ± SD of 2 mg/ml determined from triplicate samples. Values followed by the superscript 
letters a, b, c, d, e, f and g indicate a significant difference (p<0.05).

α-tocopherol and the ethylacetate and chloroform ex-
tracts (P < 0.05) of two benthic diatoms. None of the 
remaining extracts showed notable antioxidant activity 
compared to the commercial antioxidants.

DISCUSSION

Axenic strain

Bacteria grew with A. coffeaeformis and A. longipes 

Fig. 5. Antioxidant activity of different organic solvent frac-
tions from Amphora coffeaeformis (a) Achnanthes longipes 
(b), compared to butylated hydroxytoluene BHT and α-toco-
pherol at 1 mg ml-1 of concentration of ethanol as assessed 
by linoleic acid. 

in the culture media and decomposed diatom cells. We 
used antibiotics to make the strain axenic because the 
bacteria could have influenced the antioxidant proper-
ties of A. coffeaeformis and A. longipes the extracts, 
by releasing their cellular compounds. The successful 
antibiotic dosages were lower than those (gentamycin, 
0.05 mg L-1; penicillin-G, 16 mg mL-1; and streptomy-
cin, 0.8 mg mL-1) used by Kotaki et al. [25] to get 
the axenic culture of domoic acid producing Nitzschia 
species. Our previous study [2] about obtaining an ax-
enic strain of Navicula incerta, the antibiotics applying 
dosages was similar to this study results though the bac-
terial colonies were different on the agar plate up to 
getting axenic species of A. coffeaeformis and A. 
longipes. However, the optimal antibiotic dosages may 
be dependent on the bacterial load or on the presence 
of specific bacteria, such as gram-negative or gram-pos-
itive species. For eradication of both species of bacteria, 
neomycin and streptomycin were used, since neomycin 
is principally active against gram-positive bacteria, 
whereas streptomycin is mostly active against gram 
negative bacteria, and the penicillin family is active 
against both [14]. Therefore, our successful result of 
applying antibiotics dosages for obtaining of axenic 
benthic diatom is suggesting that an antibiotic cocktail 
is more effective to eradicate the bacteria under benthic 
diatom culture conditions.

Growth characteristics and approximate cel-
lular composition

Measuring growth rates is an informative way to as-
certain the activity of microbial populations, which can 
increase at exponential rates. Significant biological in-
formation for the mass culture of algae can be obtained 
by determining growth characteristics under controlled, 
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measurable conditions and can be used to create a 
high-density mass-culture system. We determined the 
limitations of A. coffeaeformis and A. longipes growth 
characteristics by using different temperature, salinity, 
and nutrient concentrations. F / 2 medium and meta-sili-
cate anhydrous crystal (Na2SiO3) were used as a nu-
trient source, as it is commercially available, easy to 
use, and suited to our goal of producing this alga com-
mercially for industrial and aquaculture use.

The cell density of A. coffeaeformis was greater at 
the low (15oC) and moderate (20oC) water temperatures 
than at high (25oC) temperature, with the greatest cell 
densities. The growth pattern of this species suggests 
that it is eurythermal and euryhaline, but high temper-
ature and moderate salinity with moderate nutrients may 
create the most favorable conditions for growth. This 
finding is well agreed with results of Affan and Lee 
[1] who found more than 10% A. coffeaeformis cell 
abundance to the total phytoplankton during monitoring 
the seasonal dynamics of phytoplankton and environ-
mental factors in coastal Jeju Island waters. They found 
the highest cell abundance of A. coffeaeformis in spring 
bloom. Our result suggests that the maximum biomass 
of A. coffeaeformis in commercial aquaculture can be 
obtained at temperature 25oC with moderate salinity (30 
psu) and nutrient concentrations (F/2). 

A. longipes was found to grow well in all the ex-
perimental conditions with wide range of temperature 
and salinity. The growth pattern of this species also 
seems to be eurythermal and euryhaline with eutrophic 
habitat as highest cell density was found to be occurred 
in a condition with moderate temperature and with max-
imum nutrient concentrations (F/2). The culture con-
dition which showed the most favorable to A. longipes 
to reach the greatest cell abundance than that of other 
conditions is agreed with in situ blooming of this 
species. Affan et al. [4] reported that A. longipes abun-
dance was remarkably higher to the total phytoplankton 
during autumn bloom at the West coast of Jeju Island, 
when nutrients concentration was higher with moderate 
temperature and salinity. Thus, we suggest that E6 cul-
ture condition can be used to produce A. longipes in 
commercial scale.

Evaluation of antioxidant effects of Amphora
coffeaeformis and Achnanthes longipes

Cells generate reactive oxygen species (ROS) such 
as free radicals, nitric oxide, hydrogen peroxide during 

normal metabolism. ROS oxidize lipids, proteins and 
can damage the DNA, therefore, normal cellular metab-
olism can breakdown. Plants have numerous antioxidant 
defense systems and because of that they are not sus-
ceptible to damage by ROS. Recently the interest about 
the antioxidants from the natural resources like plant 
has been increasing because of their reducing power 
on ROS, since they produce polyphenolics, and nitrogen 
containing compounds, phytosterols, carotenoids and 
chlorophyll derivatives. In the present study, anti-
oxidant potentiality was determined by using different 
kinds of antioxidant assays from the 80% methanolic, 
hexane, chloroform and ethylacetate extract of A. cof-
feaeformis and A. longipes. However, very few phyto-
plankton such as Spirulina platensis, Dunaliella salina 
and Botryococcus braunii [19,18,31] are known about 
their antioxidants properties. In this study, hexane ex-
tract of A. coffeaeformis and all the extracts of A. long-
ipes showed more DPPH free radical scavenging effi-
cacy than BHT. Methanol and hexane extracts of A. 
longipes had better the antioxidant ability on scaveng-
ing of DPPH free radicals which was statistically sim-
ilar with α-tocopherol and higher than BHT. In our pre-
vious study, benthic diatoms, Grammatophora marina 
and Navicula incerta had the more DPPH free radical 
scavenging activity when the antioxidants were ex-
tracted with methanol and neutrase enzymes [3,2]. Form 
the results of this and previous study, it can be sug-
gested that the benthic diatoms can be a good source 
of antioxidants which is responsible for scavenging of 
DPPH free radicals.

H2O2, a reactive non-radical compound is very im-
portant as it can penetrate biological membranes. The 
extract of A. coffeaeformis with the solvent of hexane 
had the more hydrogen peroxide scavenging activity 
than α-tocopherol and BHT among all the extracts of 
A. coffeaeformis and A. longipes. Although H2O2 itself 
is not very reactive, it may convert into more reactive 
species, such as singlet oxygen and hydroxyl radicals 
[16]. Thus, removing H2O2 is very important for the 
protection of living systems. In the previous and this 
study, it was found that n-hexane is the most suitable 
solvent for the extraction of H2O2 peroxide scavenging 
antioxidants from benthic diatoms than even from the 
enzymatic extraction [3,2].

The superoxide anion is an oxygen-centered, se-
lectively reactive radical produced by a number of en-
zyme systems in auto-oxidation reactions and by 
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non-enzymatic electron transfers that reduce molecular 
oxygen univalently. It also reduces certain iron com-
plexes, such as cytochrome c. The effects of the super-
oxide anion can be exaggerated, as it produces other 
kinds of cell-damaging free radicals and oxidizing 
agents [26]. The superoxide anion has been implicated 
in several pathophysiological processes because of its 
conversion into more reactive species, such as hydrogen 
peroxide, singlet oxygen, and the hydroxyl radical, 
which initiate oxidative damage in lipids, proteins, and 
DNA [29]. The superoxide-anion scavenging efficacy 
of A. coffeaeformis and A. longipes from all the extracts 
were inferior to inferior to α-tocopherol and BHT. 

The hydroxyl radical is the most reactive ROS be-
cause of its strong affinity for various biomolecules. 
It can extract hydrogen atoms from phospholipid mem-
branes and perform peroxidic reactions with lipids [24]. 
Extract of A. coffeaeformis with n-hexane showed the 
better hydroxyl radical scavenging activity than all the 
extract of both benthic diatoms, and the scavenging 
ability was statistically similar with α-tocopherol and 
superior to BHT. Nitric oxide is a gaseous free radical 
which has important functions for the physiological and 
pathological conditions, like renal injuries. N-hexane 
extracts of A. longipes showed high nitric oxide- scav-
enging activity, significantly higher than standard com-
mercial antioxidants. Thus, n-hexane is a strong solvent 
to get hydroxyl radical and nitric oxide scavenging anti-
oxidants from A. coffeaeformis and A. longipes.

Metal-chelating activity can reduce the concentration 
of catalyzing transition metals in lipid peroxidation [9]. 
Ferrozine complexes with ferrous ions can initiate lipid 
peroxidation by the Fenton reaction and accelerate per-
oxidation by decomposing lipid hydroperoxides into 
peroxyl and alkoxyl radicals [16,11]. Furthermore, che-
lating agents that form σ-bonds with a metal are effec-
tive as secondary antioxidants because they reduce the 
redox potential and thereby stabilize the oxidized form 
of the metal ion [13]. The chloroform and hexane ex-
tracts of A. coffeaeformis had very negligible anti-
oxidants activity, but the extract of aqueous, ethyl-
acetate and methanol showed the scavenging efficacy 
4-fold, 2.5-fold and 3-fold than commercial antioxidants. 
All the extracts of A. longipes showed excellent metal 
chelating activity than that of commercial antioxidants, 
and the chloroform extract had 3.5-fold and 4-fold more 
metal chelating activity than BHT and α-tocopherol. 
These results suggest that both of these species have 
a high ability to bind iron. 

FTC method is used to determine the amount of per-
oxide generated at the initial stage of lipid peroxidation. 
During the linoleic acid oxidation, peroxides formed 
and these compounds oxidize Fe2+ to Fe3+ and making 
a complex with SCN−. In this method, the concen-
tration of peroxide decreases as the antioxidant activity 
increases. Thus, high absorbance is an indication of 
high concentration of formed peroxides. Fractions of 
hexane and chloroform extracts of A. coofeaeformis 
showed better results than α-tocopherol and statistically 
similar to BHT. Ethylacetate and chloroform extracts 
of A. longipes had better effect of reducing the per-
oxides than α-tocopherol, but the ethylacetate extract 
showed statistically similar efficacy to BHT. It can be 
suggested that can be used for inhibition of the lipid 
peroxidation, and can also be used for food additives.

We used different solvents for our extractions and 
then compared their antioxidant activities with commer-
cial antioxidants. The extracts of two benthic diatoms 
showed better results from different extracts, especially 
metal-chelating and free-radical activity. Except in 
aquaculture, diatom culture for biotechnologically ap-
plications is still at an early stage of development. 
Further progress will depend on the advances in culti-
vation, including lower costs and sustainable 
techniques. A. coffeaeformis and A. longipes showed 
more antioxidant activity in DPPH, superoxide, nitric 
oxide, and the metal-chelating assays than commercial 
antioxidants. These results indicate that these algae may 
be a good candidate for a natural antioxidant source 
and could be applied in the functional food field. 
Further studies are necessary to isolate and purify the 
biochemical compounds responsible for antioxidant ef-
fects and to characterize their in vivo antioxidant activ-
ity and related antioxidant mechanisms. 
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