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Abstract

Navicula sp. is one of the famous benthic diatom consumed by abalone. Currently the
Navicula sp is cultivated in large scale by the National Fisheries Research & Development

Institute (NFRDI) in order to decrease the mortality of abalone spat caused by prey scarcity.

Benthic diatom is known to have a strong influence on survivability between the stage of
dashboard attached to the feeding and become shell length 5mm. Recently, benthic diatom
are cultivated in abalone farms accretionary on PVC. But the efficient growth of abalone spat
are affected due to the growth of the other unexpected species on the PVC. Thus, we explored
the possibilities of growth-promoting substances of diatoms which allows the cultivation of
the healthy abalone spats. Alginic acid, fucoidan, Scyosiphon lomentaria, Ecklonia cava,
Ecklonia cava boiled extracts (EBE), Porphyra tenera were used this study to assess the

growth promoting effect of Navicula sp..

Among the growth promoting substances used in his study, EBE exhibited the best growth
promoting activity. With comparison to the market products used as growth promoters of
diatom, EBE exhibited a significant increase in the growth of diatom. The effects of
Phosphate Fertilizer (PF), Nitrogenous manure (NM) and Sodium silicate (SS) have

previously been reported in other studies.

During this study attempts were made to identify the optimal composition of mixtures of PF,

NM and SS with that of EBE to identify in the increase of growth of the diatom.

It was observed that the growth of Navicula sp. was enhanced by the Navicula sp. growth

promotuing substance (NGPS) mixture compared with the existing market products.



Successfully, we were able to find a growth-promoting substance of diatoms that enables the

cultivation of healthy abalones with reduced mortality.
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1. INTRODUCTION

Abalone is an important and valuable aquaculture species throughout the world (Watson eta
al., 2004). Among the estimated 100 abalone species 20 species are known as the catchable
macrospecies which inhabit temperate waters. Mainly 5 species of abalone are cultivated in
Korea, that includes Haliotis divwesicolor (relatively small in size), H. gigantean, H. discus
and H. sieboldii that inhabit warm water currents, and H. discus hannai that grows in cold
water. Abalone aquaculture has developed very rapidly in Korea. During the mid 1990s,
abalone aqua culture have given an annual production of about 100 tons. Since then the yield
has increased to an estimate of 9,000 tons by the 2012. Modernization of abalone aquaculture
in Korea began during early 1970s, since then diatom feed stocks have been cultured by
allowing diatom to naturally grow on PVC plates. According to recent studies, the major
problems in abalone aqua culture have been identified as mass mortality and reduced
productivity, etc. (NA., 1996). In spite of the increasing number of studies caring out about
the nutrition of settled abalone juveniles, the growth and survival rate of abalones during the
early juvenile stages still have some un solved issues (Gordon et al., 2006; Baek et al., 2003).
One of the cause is that the growth of the juvenile abalones are affected based on their feed of
diatoms. Success of commercial abalone production depends on their growth and survival.
Recently interest has been devoted to improve success in culturing the highly vulnerable
postlarval and early juvenile stages by focusing on their particular feeding requirements
(Takamin et al., 1997; Kawamura et al., 1998 a,b,c; Daume et al., 2000; Watson et al., 2004).
Benthic diatoms are considered as the main source of principal food for settled abalone and
juveniles until they develop up to 3 mm shell length at which they can start to consume

macroalgae (Kawamura et al., 1995; Daume et al., 2000; Watson et al., 2004;). Naturally
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occurring benthic diatoms are cultivated in seed production hatcheries of abalone on plastic
plates. These are then used as a primary source food for juvenile abalone (Kawamura et al.,
1995). Benthic diatoms can be cultured and grow rapidly in certain conditions provided
with necessary nutrition such as nitrogen, phosphorus and silica as well as the basic
ecological factors such as illumination, water temperature and so on (Uriarte et al., 2006;
Yang et al., 2014). Despite the importance of diatoms in abalone culture, the relationships
between nitrate enrichment, protein content and dietary value have only been examined for a
single benthic diatom species and a single species of abalone post-larvae. The edible marine
algae including Ecklonia cava, Porphyra sp, and Scyosiphon lomentaria contains a high
nutritional value with vitamins, minerals and other functional components such as
phlorotannins, sulfated polysaccharids, and sterols. During this study, evaluations were made
on the growth effect of benthic diatom administrated with various marine algae extracts as
promoters of growth with certified chemical compounds that provide basic nutritional

requirements of diatoms.
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2.Materials and methods

2.1 Diatom Culture

Marine microalgae Navicula sp. was purchased from the Korea Marine Microalgae Culture
Center (KMMCC). Medium used was /2 (Guillard and Ryther, 1962), that was sterilized for
30 minutes at 121°C prioriar to use. Diatom was cultured in under following conditions: 20°C,

Lux 5,000, ona 12:12 h L: D photo cycle (Watsom et al,.2004).

2.2 Preparation of samples

Alginic acid, fucoidan, Scyosiphon lomentaria, Ecklonia cava, Ecklonia cava boiled extracts
(EBE), Porphyra tenera, market product 1 (MP 1) and market product 2 (MP 2) were used as
the Benthic diatom feed. Each 200 pg of sample was treated into Petri dishes following, 20ml

of 1 mg/ml /2 medium and 200 pl of diatom.

2.3 Measurement of chlorophyll-a content

To determine the chlorophyll-a, first, diatoms are collected using centrifugation. After the
centrifugation, supernatants were removed and 10 mL of 90% acetone was added into each of
the collected diatoms. Then, the samples were sonicated for 1 hour in order to break down the
cell walls and kept under 4°C in dark for 24 h. After the incubation period, the fluorescence
was observed at 642.5/660 nm using black well plates as an indication of diatoms with

removed the cell walls.
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2.4 proximate composition of EBE

Approximate chemical composition of the marine microalgae was determined according to
AOAC method (1990). Crude carbohydrate was determined by phenol-sulfuric acid reaction
(absorbance at 480 nm, using glucose as the calibration standard), crude lipid content was
determined using Soxhlet method and the crude ash content was determined by incinerating
at 550°C in the dry-type furnace for 6 hours. The amount of crude protein was determined by
Lowry method, measuring absorbance at 540 nm using bovine serum albumin as the

calibration standard (Lowry et al., 1951) (Table. 1).

2.5 Measurement of minerals composition of EBE

First, EBE was freeze-dried for 24 h and the minerals content was measured using wet
digestion method. Minerals were detected with the use of ICP (Inductively Coupled Plasma:

Lactain 8440 Plasmalab) (Kim et al.,1997) (Table. 2).
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Components Moistures Ash Carbohydrates Proteins Lipids

Contents (%) 4.1 20.2 66.2 94 0.1

Table .1 Chemical composition of EBE (%)
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Test items Standard Results Unit Method
Boron - 18.94
Phosphorus - 74.14
zZinc - 2.62
Copper - 1.56
Magnesium - 728.45 Korean Food
mg / 100g StandardsnCodex9.1.
Manganese - 4.62 2.1
Iron - 8.94
Potassium - 3115.95
Calcium - 532.21
Sodium - 2104.73

Table 2. Concentrations of minerals in EBE
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2.6 Separation of active ingredients from EBE

EBE was separated to determine the impact on diatom growth. The EBE (500 mL) was mixed
well with 1.0 L of 99.5% ethanol at 4 €C. After 24 h, the supernatant liquid was collected by
centrifugation at 12,000 x g for 20 min at 4C (Reference). To obtain the polyphenols and
minerals, the supernatant liquid was mechanically stirred with ethyl acetate for 24 h at room
temperature. In addition, sediment fraction was mixed with ammonium sulfate to obtain the
proteins and carbohydrates, respectively. Proteins and carbohydrates were lyophilized for

further experiments.

2.7 Developing growth-promoting substances of diatom

Phosphate fertilizer (PF) (Haifa Chemicals Ltd.), Nitrogenous manure (NM) (Namhae
chemical) was purchased from NH (NongHyup), Sodium silicate (SS) was purchased from
the Daejung Chemicals & Metals LTD. ESL was purchased from Taerim LTD. Synthesis of

growth-promoting substances for optimal condition.

2.8 UPLC analysis

A Dionex UltiMate 3000 UPLC system (Dionex, Sunnyvale, CA, USA) and a Thermo
Scientific Q Exactive mass spectrometer with a heated electrospray ionization source (HESI)
(Thermo Fisher Sci-entific, Bremen, Germany) were employed for the analysis of
theoligosaccharide. Chromatographic separation was performed using a Waters ACQUITY
UPLC BEH Amide column (2.1 mm x 150 mm; Waters Corporation, Milford, MA, USA).

17



(Tie et al., 2015). The mobile phase was acetonitrile — water in gradient mode as follows :
acetonitrile — water (0 min ~ 5 min : 95:05 v/v, ~ 10min : 70:30 v/v, ~ 15min : 60:40 v/v, ~

18min : 40:60 v/v, ~ 25min 100:0 v/v).

2.8 Statistical analysis

All the measurements were made in triplicate and all the values were represented as mean *

SEM. The results were analyzed using an ANOVA test. P < 0.05 was considered significant
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Ecklonia cava boiled extracts

Ethanol sedimentation method

l

Supernatant liquid

DW : Ethanol = 1:2

Sediment

Ammonium sulfate

Ethyl acetate

l l Proteins Carbohydrates

Polyphenols Minerals

Fig. 1. Extraction approaches of EBE using solvent-solvent partition chromatography.
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3. Results

3.1 Feed efficiency of benthic diatom

Benthic diatom Navicula sp. was prepared at KMMCC and Wando for a comparative analysis
of growth efficiency as fed benthic diatom. (Fig. 2). Navicula sp. was purchased from at
KMMCC. As shown in Fig 2A, Alginic acid and EBE indicated a higher growth rate than that
of control. Among them, EBE showed the highest growth rate of 154% compared with the
control group. Especially, this value is better with comparison to the market product of
growth-promoting substance. These data indicate that EBE affects the growth of benthic

diatom.

As shown in Fig 2B, Navicula sp. harvested from wando growth rate of Scytosiphon
lomentaria, EBE, Porphyra tenera, and market control increased higher than that of control.
Among them, EBE showed the highest growth rate of 184% compared with the control group.
Especially, this value is better than that of the MP1, growth-promoting substance. These data
suggests that EBE affects the growth of benthic diatom. This tendency equally identified EBE

affects the growth of benthic diatom at KMMCC and Wando.

According to the microscopic observations made using magnification levels of 40x, 100x,
200x, 400x EBE exhibited the highest growth rate (biomass and density) compared with the
control group (fig. 3). These results suggests that EBE, possess growth-promoting activity on

benthic diatoms.
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Fig. 2. In order to confirm growth of diatom, 200ug of each sample was treated into Petri

dishes with 20ml of 1 mg/ml f/2 medium and 200 ul of diatom. Values having different

superscripts are significantly different at P< 0.05.
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E. cava
Control boiled extracts

N\

Control

E. cava
boiled extracts

Fig. 3. An increased growth was observed for EBE treated-diatom compared to the growth of
non-treated (control) diatom under microscopic magnification levels of 40, 100, 200, and

400x.
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3.2 Development of growth-promoting substance of benthic diatom

Results for the growth promoting activity of benthic diatom with the treatment of growth-
promoting substance EBE and MP 1 are shown in Fig. 4. EBE was treated into Petri dishes
with concentrations of 0.1 mg/ml, 0.5 mg/ml, 1 mg/ml. These results indicates a growth of
101 %, 114 % and 165 % respectively for the concentrations of 0.1mg/ml, 0.5 mg/ml and 1
mg/ml. EBE shows the highest growth rate of 184% compared with the MP 1 under the same
concentration. Additionally the growth of the diatoms increase with increasing concentrations
of EBE. These data shows that the identified EBE affects the growth of diatom. In addition,
development of growth-promoting substance with added phosphate, nitrogen and silica is
found to be an effective growth promoter for diatom (Daume et al., 2003). Use of this growth
promotory substance replaces the use of expensive phosphate, nitrogen, silica market
products with PF, NM, SS. Therefore use of this novel growth promotory substance benefit

the mass cultivation of abalone in an industrial scale.

PF, NM, to determine the appropriate concentration of the mixture of the SS and the EBE
Experimental results for each concentration as follows (Fig. 5). Results confirmed for each

concentration, all the graphs 1mg/ml is the most active were excellent.

As shown Fig. 6, EBE and MP1 indicated an increased growth of 145% and
117%respectively at concentrations of Growth of mixtures of EBE, PF and NM indicated a
growth of 244%, whereas mixture of PF and NM indicated an increase growth of 172.9%. In
addition, the growth of diatoms was high in EBE mixed with PF, NM and SS (306.5%).
When the concentration of SS was increased up to 2mg/ml, we observed that the growth of

diatoms increased slightly (310.2%). Also, the growth of diatoms in MP1 mixed with NM, PF
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and SS indicated an increase in growth (267.0%). SS at the concentration of 2mg/ml
indicated a slight increase in growth (270.2%). Although SS is considered as a necessary
growth factor for diatoms, no differences was observed for the increase of growth with
increasing concentrations of SS. The highest level of growth was observed for the EBE
mixed with PF, NM and SS each at the concentration of 2mg/ml. But we confirmed that the
most efficient concentration of SS was 1mg/ml according commercial specifications as only a

little difference of growth was observed between 1mg/ml and 2mg/ml concentrations of SS.
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Fig. 4. Effect on growth of Navicula sp. with various concentrations of EBE and MP at the
concentration of 1 mg/ml fluoresence intensity of chlorophyll-a at the wavelength of was

analyzed as a measurement of the amount of diatom. Values marked by * denote a significant

difference at P< 0.05.
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Fig. 5. Effect on growth of Navicula sp. with various concentrations of Phosphate-
fertilizer(PF), Nitrogenous manure(NM) and sodium silicate(SS). Fluoresence intensity of
chlorophyll-a at the wavelength of was analyzed as a measurement of the amount of diatom.

Standard error is represented by the error bars.
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3.3 Confirmation of the Growth effectof NPGS

The results for the growth of diatoms treated with NPGS are indicated in Fig .7. MP1 and
MP?2 are two of the marketed products recently used in commercial abalone farms in Wando.
According these results the growth of diatoms with treated MP1 (133.88%) and MP2
(151.79%), indicates a relatively low growth compared to EBE (164.62%) and NGPS
(231.21%) treated group. In other words, EBE indicates higher efficiency of growth
compared to existing market products. Especially, the activities in NGPS mixed material was

the most.

3.4 Separation of the active ingredient from EBE

Figure 8 indicates the growth of diatoms treated with carbohydrate, protein, polyphenol and
minerals purified from EBE. The growth of diatoms respectively indicates values of 188.55%,
112.21%, 102.41% and 101.11% for EBE, carbohydrate, protein, polyphenol and minerals.

These results suggests that the growth of diatom in minerals indicates similar level as in EBE.
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Fig. 7. The growth of Navicula sp. treated with MP 1, MP 2 EBE and NGPS. NGPS indicates

an increased growth compared with the control (non-treated).
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Fig. 8. The growth of diatoms treated with carbohydrate, protein, polyphenol and minerals
purified from EBE. The growth effects of Navicula sp. of EBE comparing with control (non-

treated), carbohydrate, protein, polyphenol and minerals.
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3.5 Confirm of functional components of EBE

We have identified at growth of diatom by component in EBE. Therefore, separate of proteins,
carbohydrates, minerals and polyphenols from EBE. This result of confirmed at after separate,

there is an effect on growth in minerals.

3.6 UPLC analysis of EBE, treated EBE diatom and non-treated EBE diatom

A comparison of UPLC data between diatoms treated with EBE (B), non-treated EBE (C) and
EBE (A) are shown in Fig. 9. EBE is treated in diatom for growth comparison at treated EBE
and non-treated EBE. According to UPLC data one of the active ingredient in diatoms treated
with EBE was estimated as 6,6 — bieckol. EBE treated at diatom UPLC was confirmed in the
substance to be estimated 6,6 — bieckol. Additionally the UPLC peak corresponding to
bieckol confirmed the presence of the compound in E.cava (Fig. 10). This result, comfirmed

while diatom growth condense as 6,6 — bieckol.
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4. Discussion

Abalone farms in Korea is maintaining their demand at a high level as National Fisheries
Research & Development Institute (NFRDI) succeeded in producing the artificial seed since
1970 (Han et al., 2006). Although abalone farms in Korea have the best techniques around the
world, the major problem of spat mortality haven't been solved. To sustainably, Adhesive
diatoms are well known as a essential growth factor for the production of artificial seeds for

the abalone (NA, 1996).

The juvenile abalones are known to feed on benthic diatoms until they reach 5mm in size.
Recent evidence suggests that abalone mortality have increased up to 40% due to the lack of
sufficient diet. Therefore, the growth of diatom that affects the settlement, survival and
growth rate of abalone is of utmost importance for the severability of juvenile abalones (Kin
et al,.). In this regard we investigated on finding growth accelerators of diatoms to decrease
the mortality of juvenile abalones. Evidently, EBE was found to be a suitable material for the
growth acceleration of diatoms in terms of commercial aspect. Although the EBE extracted
from Ecklonia cava is the remaining water solution for desalination and rinse using steam,
that contains a lot of nutrients in the Ecklonia cava. Thus the EBE has a lot of application

possibilities despite of by-product.

According to the findings of this study EBE had a pronounced effect on the growth of
diatoms. It was undoughtily proved that treatment of EBE, increased the number of diatoms

as well as it’s growth rate.

It was assumed that the prey for the abalone is more plentiful higher the density of diatoms.

Therefore the abalone can feed on more quantity of diatoms compared to non-EBE treatmed
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group. Therefore, this method allows to decrease the mortality of juvenile abalones. Also,
these findings suggests that the growth of diatoms in EBE increased compared with existing
market products. A much faster growth was observed after introducing number of minerals to

the EBE.

The EBE was found to contain 66.2% carbohydrate and minerals. Additionally, fucose that is
the principle ingredient of Fucoidan in these carbohydrates was estimated as 35.68 %.
Generally, the use of market products such as cheap fertilizers which contain essential
minerals affects the growth of diatoms. But these market products have relatively low
concentration of Fucose in comparison to EBE mixture. As a result, EBE can be employed as
an effective mixture to increases the growth rate of diatoms. In this regard EBE can provide
diatoms with growth factors through biomagnification and the resulting juvenile abalones that

feed on those diatoms may become high-quality spats.

The biomagnification effects of PF, NM and SS have already been reported in several other
studies. During this study a method was optimized to use a mixture of PF, NM and SS with
EBE to identify the growth increase of abalone. The diatoms treated with NGPS mixture had

an increased growth rate compared with existing market products.

The presence of eckol in diatoms was confirmed of through UPLC. 6,6 - bieckol is has
previouslly been reported as an effective antibacterial (Fukuyama et al,. 1989), antioxidant
(Kang et al,. 2004), anti-inflammatory (Jung et al,. 2009) and anticancer (Hwang et al,. 2006)

natural product. Abalone spat fed with these diatoms, have benefitial effects on human.

Although these experiments were carried out under the controlled conditions in the laboratory

it is thought that these novel findings are applicable to reduce the mortality of abalone in
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farms. Further studies are required to determine the essential minerals that directly affects the
growth of these diatoms and the active component of EBE that enhance the growth of

abalone spat.
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