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SUMMARY

Part 1. Summary of research and development project

Spirulina is spiral bacteria belonged to a cyanobacterium group which initially have
photosynthetic capacity nearly 3.5 billion years ago before the human was born. Also, it
plays a major role in food chain and has been considered as one of the most nutritious,
complete and effective food on earth. Spirulina is interesting microorganism due to its ability
of synthesizing food independence from other organisms, so it synthesizes nutrition itself.
Spirulina is well-known to be a ‘high level of natural chloro-nutrients’ which have all
nutrients needed for organisms, particularly, protein and nutrients contained in brightly colored
vegetables; 10 times more beta-carotene than carrot, 8§ times more protein than tofu, 50 times
more iron than spinach, 5 times more calcium than milk, and etc. Moreover, major 5
nutrients for human bodies (protein 65%, carbohydrate 20%, mineral 7%, fat 5%, and vitamin
3%) and 20 thousands kinds of nutrients were packed in Spirulina. The various compositions
rate of Spirulina is similar with that of human, so ingestion of Spirulina is easier for
patients, elders, and children have weak digestive function with more than 95% of
digestion-absorption rate. Spirulina is strong alkaline complete food which is not occurring
imbalance of nutrition with long-term ingestion. World Health Organization (WHO) and the
U.S. Food and Drug Administration (FDA) have been given an official recognition to use of
Spirulina for consumption. However, only fresh water Spirulina has been researched and
developed while the research and product development with marine Spirulina are inadequate
up to now.

S. platensis pacifica and S. platensis biofator are two dominant species with higher quality
which have shown improved and mass production for decades. Domestic companies are
importing ingredients of Spirulina from Hawaii for improving the quality of products, but the
supply through mass culture is not able to reach the demand. S. maxima, which is the major
species in this study, have 10% more protein than S. platensis, and inhabit brackish water
zone where salinity is relatively high. Furthermore, the unit cost of production can be
decreased since Spirulina can be cultured in different marine culture conditions. Though the
study about S. maxima was conducted in foreign labs, the commercialization was failed due
to lack of physiological studies on optimum growth conditions. Therefore, for the research
and development of Spirulina, optimum growth conditions and culture medium for mass

culture should be established.
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In this study, we investigated the mass culture technology of marine Spirulina which has
not been established previously. So, we pushed forward this study to secure international
patent through mass culture and specific medium of Spirulina based on newly developed
technologies by our researchers, and to establish major technologies for microalgae
development. Furthermore, Spirulina can be contributed to fight against hunger as well as
worth of functionality through the interactions with South Pacific nations; because Spirulina is

health food contained enough protein contents.

Part 2. Technology trends in domestic and foreign countries

1. Technology trends in domestic countries

O The studies using microalgac are weighted toward freshwater microalgae, and the
researches about commercialization of bioactive substances are limited in 3-4 species

of microalgae.

O Under the domestic conditions most of microalgae are weighted toward bioactive
substances of freshwater microalgae and its commercialization, but required resources

are dependent on import due to lack of research about its mass culture.

O Most of research have been focused on microalgae mass culture which can be used
as feeds for living organisms. Moreover, other research area which is techniques
associated with functional material extraction from microalgae are below the standard.
However, numerous patents for small scale of culture facility of microalgae have been

obtained.

O Though domestic levels of food science compared to the best-advanced countries' levels
are about 65%, development of food science relative technologies which are base of
functional food is needed because the gap of major technologies is over 5 years and

most of technologies are just started.

O Characteristic of domestic technology levels compared to advanced countries' is that
international competitiveness of functional food resource industry is very vulnerable;
20-30% of levels in major technologies while over 60% of levels in down-stream

technology.
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2. Technology trends in foreign countries

@)

Various studies about microalgae have been proceeded for efficient utility because the
microalgae is used in live food of zooplankton (e.g., Rotifer) for aquiculture, fuel,
vitamin, (3-carotene, highly unsaturated fatty acid (e.g., EPA), protein, and high valued

materials (e.g., natural color).

The real studies on industrial utility of microalgae was started from mass culture of
diatom in Germany during the Second World War in 1940s to produce vegetable fats

and oil.

U.S. concentrated on the study of process commercialization producing resource of
bioenergy by culturing microalgae which have high contents of hydrocarbon until
middle of 1990. However, they changed the research direction to commercialization of
high valued living organism, and are investigating producible/ useful substances and

techniques for utilization.

National Science Foundation (NSF) founded MarBEC at Hawaii university, and are
producing useful substances. Moreover, Cyanotech located in western Big Island is
producing a large amount of pigment and functional food from Spirulina, and have the

world-best quality and competitiveness in the world market.

In U.S. and Japan, various studies have proven that most of Spirulina have
physiological function (e.g., antivirus, antibacteria, anticancer) and potential source of
raw materials for medicines, health functional foods, additives, and oxidants.

Furthermore, this research and industrialization are increasing explosively.

Japan has conducted research to secure base technology in wide area such as
commercialization by searching useful substances of new living organisms and
development of photobioreactor during 10 years from 1990 to 1999. Marine
Biotechnology Institute (MBI) invested about 1.58 billion yen and is leading this

research.

Dainiponinki chemical industry, top maker of Spirulina in Japan, is supplying about
160 ton for food (except pigment) and thermostable 'Spirulina extract' from
hydrothermal vent for drink, and expected that it will be granted food business

licensing for specific sanitary of fine chemical.

Doyo enzymatic chemical industry is supplying 'Hawaiian Spirulinag' of Cyanotech in
U.S, which is organically cultured material approved by QAIl/San Diego CA (standard
certificate authority in U.S.), and is cultured and produced in ISO 9002 certificated
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factory. Because of using deep ocean water (depth of 600m) off the coast of Hawaii,
various minerals are contained in this Spirulina. In addition, this chemical industry is
dependant on drying technology without destroying carotenoids. Another resource

supplying company is Dokai Rokuso in Japan.

O Considering commercialization technology of high valued living organic resources in
U.S. and Japan, development of base technology increasing the productivity
phenomenally is needed for development of the highly competitive technology

comparing to foreign technologies.

Part 3. Performances and results about research and development

1. Introduction

In this study, we found optimum growth condition to induce brand of domestic Spirulina,
its mass production and industrialization which has failed commercial applications due to
various technical reasons previously. In addition, we verified the values of marine Spirulina
as a candidate of functional substances as well as protein-based nutritional side by analyzing
protein and pigments (e.g., phycocyanin) contents at each growth condition, and by evaluating
bioactive substances at various extraction conditions. Furthermore, we proved that the values
of marine Spirulina as one of the main future marine resources by constructing large scale of
mass culture facility as an intermediate step before commercialization of marine Spirulina

which is the final objective and examining its effectiveness.

2. Separation and identification of domestic marine Spirulina

To genetically identify Spirulina species harvested from Jeju island, we extracted genomic
DNA from the Spirulina and amplified the 16s ribosomal RNA sequence and analyzed
nucleotide sequence. The result showed that it consists of 1,122 base pair. Phylogenetic
analysis done by Neighbor-Joining method with MEGA 4.0 program showed that the
sequence was most close (>99%) to Spirulina (=Arthrospira) maxima.

3. Investigation of optimum growth condition of marine Spirulina

We compared our biomass productivity through various nutrient compounds with that in
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existing commercialized medium to investigate optimum growth condition for marine
Spirulina. Particularly, we analyzed Spirulina productivities with variations of phosphate,
nitrogen and carbon which are major factors for growth, and studied culture in response to
various salinities and environmental changes. As a result, a variety of biomass productivities
were observed at each condition. Especially, productivity of Spirulina cultured in pretreated
marine medium with organic carbon was about 1.5 times increased than that cultured in
existing medium. Based on these results, we cultured Spirulina in 10 ton of culture facility to
develop mass producing technology on the ground. Consequently, we concluded that the
developed technology is appropriate for mass culture of Spirulina, and expected that
productivity of Spirulina can be increased with lower price than existing medium and

Spirulina products.

4. Components changes with variations of growth condition of marine Spirulina

Components changes with variations of growth conditions of marine Spirulina was
confirmed by analyzing protein, carbohydrate, lipid, moisture and ash contents based on
AOAC methods. Particularly, we analyzed the general components' changes responded to
phosphate, nitrogen, and carbon which are major factors for growth, and also to salinity,
environmental conditions, and drying method. As a result, contents of general components
showed larger changes in contents changes of carbon and nitrogen than in that of phosphate,
and contents of general components were changed with wvariation of organic carbon
pretreatment and drying methods. Especially, protein contents, major components of Spirulina,
were largely changed by amount of removed inorganic compounds, and presented over 60%
in optimum growth condition. Consequently, developed marine Spirulina in this study can be

replacing commercialized Spirulina on the market in nutritional side.

5. Establishment of extraction process of functional materials from marine Spirulina

Extraction efficiencies were analyzed by using various methods such as water, solvent,
ultrasonic waves, ultra-pressure, and high pressured liquefaction to extract effectively
functional materials from marine Spirulina. Consequently, marine Spirulina showed high
extraction efficiency at high pressure (e.g., ultra-pressure, high pressured liquefaction),
however, pressure equipments are very expensive. In addition, structure of bioactive
substances of S. maxima which is composed of large polysaccharide and protein can be

destroyed, denatured, and embrittle tissues by using high pressure extraction technology. In

— XVil —



these reasons, low temperature-ultrasonic waves technology was selected as an optimum
extraction condition, because it separates effectively protein and polysaccharide with low cost
(i.e., increase extraction efficiency) and are less denaturing bioactive substances. The factors
affecting ultrasonic waves technology were the ratio of solvents, extracting temperature,
ultrasonic waves, and extracting duration in this order. The elution degree of bioactive
substances were detected that low temperature-ultrasonic waves technology was same with or
higher than other extraction technologies based on HPLC comparative analysis. Moreover,
extracted materials by ultrasonic waves showed possibility of bioactive assessment research

with low cytotoxicity.

6. Bioactivity assessment of substances extracted from marine Spirulina

To assess bioactivity of substances, we extracted substances from Spirulina by using
solvent, water, and ultrasonic waves. These extracted substances were analyzed for radical
scavenging activity, lipid peroxidation inhibiting activity, skin-lightening effect, anti-diabetic
effect, and anti-inflammatory effect. As a result, extracted substance by solvents showed
higher anti-oxidant activity than that by water, but extracted substance by water detected
higher anti-diabetic effect than that by solvents. According to results of ultrasonic extraction,
high proportion of extracted substances were amino acids playing important role in growth of
born, skin, and muscular tissue and hemoglobin, and were inorganic components supporting
skin immunity. Their immunity and anti-inflammatory inhibiting effect was increased
depending on increasing concentrations of substances, and the substances by ultrasonic
extraction demonstrated higher bioactivity than those by other extraction methods. Moreover, it
was observed that substances extracted from Spirulina give the most effective anti-oxidant and
skin-lightening effect. Therefore, these results prove that marine Spirulina is outstanding in
functional aspect as well as nutritional aspect and is one of the promising marine resources

in the future.

7. Pilot plant scale research for marine Spirulina culture and utilization

We studied pilot plant scale research as a pre-step for industrial mass culture model of
marine Spirulina. Culture facilities were installed and practiced in Jeju Island (10 ton, 2
facilities) and at Korea Ocean Research and Development Institute in Ansan city (20 ton, 2
facilities; 300 L, 2 facilities; 10 L, 30 facilities). Temperature was controlled to around 22°C

in winter and 28°C in summer, and pH was 10~11. Biomass was maintained about 0.8 g/L
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in Jeju Island and about 1.2 g/L in Ansan. For nutritional/functional assessment of marine
Spirulina largely cultured in pilot plant, we have done a comparative analysis in 10 kinds of
Spirulina and 7 kinds of Chlorella by sailing companies and nationality on the market.
Marine Spirulina largely cultured in pilot plant showed lower protein contents than 'Earth
Spirulina’ and Chlorella from Taiwan which had the highest protein contents, but higher
protein contents than Spirulina from Canada and Chlorella from Australia. And chlorophyll-a
contents in marine Spirulina were lower than 'Earth Spirulina', but higher than other Spirulina
products on the market. In case of phycocyanin, largely cultured Spirulina in Ansan was the
highest, and Spirulina cultured both in Jeju and Ansan showed higher contents than Spirulina

products on the market; the largest content was more than 4 times.

Part 4. Economic analysis and ripple impact

1. Economic analysis

Comparing to cost of the relevant industries, economic analysis (economic validity) is to
get the economic value of those industries from social and national point of view, and
evaluates how much does net economic welfare increases and how much is optimal scale of
investment. Various factors are combined for these economic analysis; social rate of discount
was 5.5% which was suggested by the Korea Development Institute (KDI; October 2011);
base year of cost-benefit analysis was December 2010; planning horizons were planned 3
years (2012~2014, demonstration of Spirulina development), 25 years (2015~2039, after
development), and total 28 years (2012~2039, incidence of benefits); R&D contribution to
prevent over estimation of benefit was 28.1% which was guided by Korea Institute of
Science & Technology Evaluation and Planning (KISTEP). Added value creation benefit was
newly calculated by added value creation benefit formula; multiply increment of market scale
by 48.74% of success rate of commercialization, 24.61% of added value ratio, 28.1% of
R&D contribution, and 15% of business contribution. Overall cost-benefit analysis was put
together with estimated cost and benefit data and summarized in Table 1; Net Present Value
(NPV) was about 272.9 billion won and higher than 0, benefit/cost ratio (b/c ratio) was 2.29
and exceeded 1.0, and inner rate of return (IRR) was 27.92% and exceeded 5.5%. Indeed,
these results suggest that technical development of marine Spirulina production and added

value research secured economic validity.
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[Table I] Results summary of economic analysis of Spirulina business

Classification Net present value Benefit/cost ratio Inner rate of return
(NPV) (B/C ratio) (IRR)
Value 272,853 (million won) 2.29 27.929%

2. Ripple impact

Economic ripple impact by Spirulina development business is composed of sum of direct
and indirect impact by using inducing demand model. Direct impact is primary impact
vitalizing relative production, added value, and employment, and indirect impact is secondary
impact inducing production, added value, and employment of other industries. Moreover,
ripple impact analyzes 3 categories of produce inducing impact, added value inducing impact,
and employment inducing impact.

Produce inducing impact was the highest in 'health/medical products; and followed in "

estate and industrial services;, while the lowest in 'printing and copying; and 'public
administration and national defenses. Totally, it was analyzed that 1 won of production
increase in Spirulina development business induces 0.3979 won of production in other
industries. In addition, produce inducing impact was estimated when the construction and
operating costs during 28 years from 2012 to 2039 was presumed as 223.4 billion won.
Considering 1.0 of produce inducing impact on Spirulina development business, produce
inducing impact in other businesses is 0.3979 won by 1 won of production increase in
Spirulina development business. Accordingly, 312.29 billion won of produce inducing impact
will be created with 223.4 billion won invested from 2012 to 2039 and 88.89 billion won of

indirect impact.

Added value inducing impact by outsourcing Spirulina development business was the
highest in Testate and industrial services; and followed in "wholesale-retails, while the lowest
in et ceteraj and 'public administration and national defense;. Totally, it was analyzed that
1 won of production increase in Spirulina development business induces 0.1412 won of added
value. Investment of added value is 0.2461 won in total investment of Spirulina development
business. Therefore, totally 86.52 billion won of added value inducing impact will be created
with 54.98 billion won of direct added value inducing impact and 31.54 billion won of
indirect added value inducing impact considering 223.4 billion won invested from 2012 to

2039.
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Employment inducing impact by outsourcing Spirulina development business was the
highest in "wholesale-retail; and followed in 'estate and industrial services, while the lowest
in Tet cetera; and "public administration and national defense;. Totally, it was analyzed that
1 billion won of production increase in Spirulina development business induces 2.5173 people
of employment. Employment ratio is 2.6347 people to totally calculated 1 billion won of
Spirulina development business. Thus, it was analyzed that 1 billion won of production
increase in Spirulina development business induces 5.1520 people of employment. Totally,
1,151.0 people of employment will be induced with 562.4 people of direct employment
inducing impact and 588.6 people of indirect employment inducing impact considering 223.4

billion won invested from 2012 to 2039.

Research and development inducing impact by outsourcing Spirulina development business
was the highest in Thealth/medical products; and followed in 'electricity and electronics,,

while the lowest in public administration and national defense; and '

et ceteray. Totally, it
was analyzed that 1 won of production increase in Spirulina development business induces
0.0029 won of research and development in other businesses. Research and development is
0.0185 won in Spirulina development business. Consequently, it was analyzed that 1 won of
production increase in Spirulina development business induces 0.0214 won of total research
and development business inducing impact. As a result, 4.78 billion won of research and
development inducing impact will be created with 4.14 billion won of direct research and

development inducing impact and 0.64 billion won of indirect research and development

inducing impact considering 223.4 billion won invested from 2012 to 2039.

Part 5. Patent analysis map of Spirulina

O Total 2,386 of searching results on patents relative to Spirulina were filtered twice, and
overlapped patents were removed among 1,139 of filtered patents, and then the final

949 of patents were quantitatively analyzed.
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[Figure 1] International patents application trends relative to Spirulina

Japan and China is leading technologies relative to Spirulina and blue-green algae, and

patents in Korea increased from early 2000s.

Emphasized areas of companies in Korea, Japan, and China are functional investigating

technology of Spirulina and its culture technology.

Main research leader of technologies relative to Spirulina was Dainippon Ink and

Chemicals in Japan.

Main research leaders of technologies relative to algae (except Spirulina) were

Univesity of Hawaii, Dainippon Ink and Chemicals, and Hagiwara Yoshihide.

In functional investigating technologies of Spirulina, proportions of immune control and
anti-allergy were the highest in medicine/ health functional food area, and proportion of

anti-twinkle was the highest in cosmetic area.

In culture technologies of Spirulina, proportion of production methods was the highest,

and investigating methods and medium development area were followed.
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Part

6. Plan to utilize the research and development results

Utilization of research and development results

Utilization in useful products to solve food shortage, in improvement of coastal
environment, and in supporting basis of residents

Utilization in creating environment/sea-friendly spaces for harmony with environment
and leisure activities in ocean

Diversification of resource production after mass culture using submarine ground water,
underground freshwater, and deep water

Introduce a leading role in development and utilization of marine microalgae resources
Contribution to the development of the nation's economy and conservation of coastal
environment with sustainable development of marine microalgae

Securing system to dominate marine life industry of the future after programming high
valued substances of marine life

Conservation of marine microalgae resources in foreign countries is valuable resource
and useful national asset; because it will be a resource for development of domestic

medicine/pharmacy

O Establishment of industrial promotion for microalgae mass culture

2. Expected outputs

(1) Technical aspects

O Quantifying economically valuable microalgae development and culture methods in an

aseptic

Enhancing technology for development and mass culture of useful microalgae which is
high in international scarcity value

Vitalizing extraction research of functional substances and its utilization

Numerous international patents are able to acquired for industrialization

Because bio-industry is needing complex technologies not only one in new marine
bio-substances development process, overall accumulated development, extraction and

separation, bioprocess, and safety evaluation technologies are inducing accompanied all

technologies

O Products are able to improve and newly develop since derived technologies are

applicable to industrial areas such as medicine, food, environment, and chemical
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(2) Economical/industrial aspects

O Auvailable utilization in local governments, and lower the additional cost after construction
of culture facility

O Supplying Spirulina as a resource of high valued functional food

O Replacing imported Spirulina resource, medicinal, organotropic, dietary supplement on
the market

O Vitalizations of future industries using extracted functional substances

O Securing base technology of high valued substances for effective utilization of marine
bio-resource

O Material developing technologies as well as medicinal materials are able to export with
enormous royalty

O To expand employment by vitalization of marine bio-related venture opening will
support to solve the problem of youth unemployment

O Crucial factor of nation's prosperity in 21st century through securing stability of
essential resource for survival which are increased rapidly by population growth and
industrialization

O As submarine ground water, underground freshwater, and deep water are recycleable
resource, the economic gap in culture and food development technologies with U.S.
and Japan will be reduced; U.S. and Japan already were developed in culture and food

with industrialization

(3) Sociocultural aspects

O Conservation and resource management of domestic useful microalgae
O Enhancing social health through managing useful microalgae and securing mass culture
technology

O Expanding market of medicine/dietary supplement for aging trends

3. Prospect of further research and development

O Assessment of the effect on natural substances for replacing existing medicine, organotropy
and dietary supplement

O Establishment of industrial promotion for useful microalgae

O Research on development of functional substances using microalgae for support sustainable/effective
management and utilization based on our ability about remarkable technology

O Efficient management and utilization of microalgae as a internationally useful resource

are coincide with national interests based on development of marine biotechnology
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[ 1-1] 29 EUE s

at7] 913

o =X -
Chemicals (Part 1) A& AleF7HED) AHE-F A H] 31

NaHCO3 2722 g 9 244 .98
Na2CO3 8.06 g 21 169.26
K2HPO4 1.00 g 20 20
Distilled water to 500.0 ml
H R Az F 81 -8-(Y)/liter 434
Chemicals (Part 2) A8 AleFA7HE) ALEF Y
NaNO3 5.00 g 15 75
K2S04 2.00 g 25 50
NaCl 2.00 g 10 20
MgS04 - TH20 0.40 g 14 5.6
CaCl12 - 2H20 002 g 28 0.56
FeSO4 - 7TH20 002 g 28 0.56
EDTANa2 0.16 g 46 7.36
Micronutrient solution 10.0 ml 0.057 0.57
Vitamin solution 5.00 ml 1.18 5.9
Distilled water to 500.0 ml
i 2 A 2 FH]-E-(Y)/liter 166
Autoclave Parts 1 and 2 separately at 15 psi, allow to cool then mix aseptically.
Chemicals(micronutrient  sol) A8 Al F A7) AL
ZnSO4 - 7TH20 0.001 g 14 0.014
MnSO4 - 7TH20 0.002 g 50 0.1
H3BO3 0.010 g 16 0.16
Na2MoO4 - 2H20 0.001 g 110 0.11
Co(NO3)2 - 6H20 0.001 g 120 0.12
CuSO4 - SH20 0.00005 g 25 0.00125
FeSO4 - TH20 0.70 g 28 19.6
EDTANa2 0.80 g 46 36.8
Distilled water to 1 L
May be stored frozen at -20C.
Chemicals(Vitamin sol) AL Al SFATHRD) A&
Biotin 0.0002 g 42,000 8.4
Calcium pantothenate 0.02 g 770 15.4
Cyanocobalamin 0.004 g 175,000 700
Folic acid 0.0004 ¢ 1,520 0.608
Inositol 1.00 g 400 400
Nicotinic acid 002 g 800 16
Thiamine HCI 0.10 g 400 40
Thymine 0.60 g
Distilled water to 1 L

May be stored frozen at -20C.
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O 2005 A7HA] 44 29 EUAIES F 9 6wt B HxolH, 2007 7€l 25
gﬂb}(splruhn FEEY Aol 958 2 dAAFeE A H] HERORE E
A7 F9EZ oF 36 ton 3 AW D)) 7 AF Fhsn Je Ao, =
WollMe 288, A3754F 2 AF37HE T2 s i ad 14, & 1-2).

(29 14] 292} AAED F9Tie) 52 BR(1977-2006, TR A=)

[ 1-2] 2007d 7¢ vty 29 EEv 9 FAKFI9HY AR)

selEe 1571 YA RET S
A= =, "= Ak} 200701 6,150
JE, v AHF 200702 525

33, YE, v ANAFE, FAka) 200703 5,233

3T, T, 48 e AT, FA 200704 7,533

Audt, &, 72AHE, v 7 AT, HelEd 200705 1,119

dE, "=, v AR A FE 200706 3,009

3T AHFF 20070711 97

s F4HE 20070702 3,000

d2 FAHeE 20070702 423

JE AHFF 20070702 180

RIRCS AR 20070712 1,600

IR AR 20070723 660

SRS AHFE 20070730 180

FANE AHFFL 20070721 22




- ;Tgr FYF7} A= ATY Fke)
)= F2kE 20070707 701
H] = AHFE 20070713 100
AAFE TUFTF 30,532 kg
49 (83,358,520)
I}-4-T =T LA 200707 1,000
= A3t 200707 33
T HEE, 200707 50
% FAka) 200707 1,000
)= Ak 200707 500
H] = Ak 200707 25
)= FAke) 200707 1,001
)= FAka) 200707 100
e A TR}, 200707 2,300
= SR 200707 6
ZE A FE 200707 7
39 € Je FA5F 6,022 kg
k) (854,198)
29 EYdY Y TTH 36,554 kg
) ($3,412,718)
O FPUYHE FEFdle T8 FEI2 Y=, T, 48, HY, =7, vt w2AE,
e, =Y, ZTHE £0 2 AFEXAEFEY 958 29Edy 22 1 kg 7H4&
9, tabletO 2 FAAE AFL 110 Glkg 7FECE oF 137H GAlNA F=dstar Aok
(% 1-3).
[3E 1-3] 2007 7€ 71, SElvety] 29 &8y 994 93 (9383 AR)
e FAddnd A3 A HHs E-MAIL
1 2003-12-18  (F)El ol vlo] 2 A 051-464-4981  kang6168@yahoo.co.kr
2 2002-10-12 (FHHEERHET|= o]A % 051-868-4312  globallife@kotis.net
30 1999-05-24 ()Y Id A 031-242-8942  daedeokpharma@yahoo.co.kr
4 1998-11-24 AlstAts AE 032-563-5744
5 1998-01-12 EigB et R, HEAE 02-574-4870 hannahsworld@hanmail.net
6 1997-05-22  (FHR AR AE ] o]o]F  02-443-0865
7 1995-12-07  (F)EFo|olZ 2o} A=l 02-539-6993  jeni bang@yahoo.co.kr
8 1992-03-06 (F)F+ZE54 FEE  02-3431-6767  woojo@wo0jo.com
9 1991-07-12 (F)aHEeFd o4 02-842-3211 sktradingco@hotmail.com
10 1988-09-05  (F)aL =3 A A4 031-712-7871  kpe@ktnet.co.kr
11 1988-01-16 (F)E=F-LA3AE wl£3Z 02-2186-8720  gskima@pulmuone.co.kr
L=acl s
12 1986-03-27  (F)LAAvZ 3k 055-385-5826/7 yscho@ilshinchemical.co.kr
13 1983-01-23 (AR BAA 032-262-3535
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A2d Sl s 2 EEUe £ ® $F

AF Agoziyg Egd 29U 5 FHgdez 8R1st7] 13l genomic DNA
£ #25}lal Cyanobacteria®] 16s rRNA F3AE SZAIZ 4 U= primers AA| A 2}5H
PCRS 330t} Forward primere 5-GCGKCHGATTAGCTAGTTGG-3’$} #o] A|Zsl o
™, reverse primer= 5‘-CGDATTCACCGCMGTATGC-3’¢} o] A&st3 T PCRS Ex Taq
DNA polymeraseS AF&-3le] =35t on wkgzHo7 %7] 94T 58S & 5 94T 30%,
50C 30z, 72C 1% 20%E 303] ®bEsha, vixete g 12T sEg WA S59
AHE2 1% agarose geloll A 217|953l EtBr G412 53l 133, Gel purification kitS
ol BABIAT. d7IMEe] BHL vtAEA(F) st sPslen, O d3E E
2 nucleotide BLAST programs ©]-&3 TAES 893, MEGA 4.0 program®]
Neighbor-Joining methodE ©]-&3) AlES 435t

KORDI-3 strain (S. maxima)2| 16s rRNA sequence &4 (1122 bp)

GCGGCTGATTAGCTAGTTGGTGAGGTAAAGGCTCACCAAGGCGACGATCAGTAGCTGGTCTGAGAGGATGATCAGCCACACT
GGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATTTTCCGCAATGGGCGCAAGCCTGACGGAGCAAGA
CCGCGTGGGGGAGGAAGGCTCTTGGGTTGTAAACCCCTTTTCTCAAGGAAGAACACAATGACGGTACTTGAGGAATAAGCCT
CGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGAGGCAAGCGTTATCCGGAATGATTGGGCGTAAAGCGTCCGTAGG
TGGCTGTTCAAGTCTGCTGTCAAAGACAGTGGCTTAACTACTGAAAGGCAGTGGAAACTGAACAGCTAGAGTACGGTAGGGG
CAGAGGGAATTCCCGGTGTAGCGGTGAAATGCGTAGATATCGGGAAGAACACCGGTGGCGAAAGCGCTCTGCTGGGCCGTAA
CTGACACTGAGGGACGAAAGCTAGGGGAGCGAATGGGATTAGATACCCCAGTAGTCCTAGCCGTAAACGATGGAAACTAGGT
GTAGCCTGTATCGACCCGGGCTGTGCCGAAGCTAACGCGTTAAGTTTCCCGCCTGGGGAGTACGCACGCAAGTGTGAAACTC
AAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGTATGTGGTTTAATTCGATGCAACGCGAAGAACCTTACCAGGGCTTGA
CATGTCCGGAATCTTGGTGAAAGCCGAGAGTGCCTTCGGGAGCCGGAACACAGGTGGTGCATGGCTGTCGTCAGCTCGTGTC
GTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTCGTCCTTAGTTGCCATCATTCAGTTGGGCACTTTAGGGAGACT
GCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCATCATGCCCCTTACGTCCTGGGCTACACACGTACTACAATG
GGGGGGACAAAGGGTAGCCAAGACGCGAGTCTGAGCCAATCCCGTAAACCTCTCCTCAGTTCAGATTGCAGGCTGCAACTCG
CCTGCATGAAGGAGGAATCGCTAGTAATCGCAGGTCAGCATACTGCGGTGAATACG

[Z2¥ 3-1] Spirulina maxima(KORDI-3 strain)®] 16s rRNA sequence 23}



L L= oL

" AT e
AL e

AN L

1=
I

[
B[ cuttrmtor ramatnar
o | Attsge ooy
Ju KORDLE

L E AL O L
23 ST DA
Epectraros s
Attrrene grortere
O D TRCRT SO
LEADHTEFT AgLETT
Apfanapsy

Fackrerd

s 283 292819 16s tRNA 97149 BA43 1122 bpo)

o

==
AN, MEGA 4.0 program®] Neighbor-Joining methodE ©]-&3l Al5S B3 23 239 E&ET
U] st o 2 B+ Spirulina(=Arthrospira) maxima®l 99% °]’49] &2 fFAIEE UE=



A3A stk 2 EUe HH A%

op

150°

140°E

130°E

11S1'WE

JISUNE

stoll A A8

& ofs] Aa%

)3

/Kg)\

tpom 4%

)

DEGERN

H

99)

3l

5



[3£ 3-1] Zarrouk's Media®] 273

Chemicals name Amount per liter of water
Sodium bicarbonate (NaHCO3) 6.00 g
Sodium carbonate (Na>CO3) 1.00 g
Sodium chloride (NaCl) 1.50 g
Dipotassium phosphate (K,HPO,) 0.50 g
Potassium sulfate (K>SOy) 1.00 g
Calcium chloride dihydrate (CaCl,.2H,0) 0.04 ¢
Magnesium Sulfate Heptahydrate (MgSO4.7H,0) 020 g
Ferrous Sulphate Heptahydrate (FeSO.4.7H,0) 0.01 g
Na-EDTA 0.08 g
Soil 2.00 g
Sodium nitrate (NaNOs) 250 g

[ 3-2] A AFE-E Media 24

43 s W= 24
HAYOF Sodium nitrate (NaNO3) 7} A3
1 SHTE o83 Modified Zarruok’s media A 3=
2 A 5l5 ©]-8-3F Modified Zarruok’s media #| %
3 X SFE o83 Modified Zarruok’s media A%
4 2559 SFFE o83 Modified Zarruok’s media #| 3=
5 1559 AE ©]83 Modified Zarruok’s media A%
6 ¢ RFFE o] 83 Modified Zarruok’s media A Z(-K2HPO4)
AArYo g HRTFY Urea(84)E A
7 SHFFE o]&3 Modified Zarruok’s media®] A%
8 A &t5E ©]8-3 Modified Zarruok’s media®] #| =
9 XSFE o83 Modified Zarruok’s media®] A%
10 15T SHFFE ©]83 Modified Zarruok’s media®] Az
11 25T AHE ©]&3 Modified Zarruok’s media®] A=
12 s} 55 ©]-83F Modified Zarruok’s media®] A|Z(-K2HPO4)
A s AHE
X2 Y& FE9 Baking powder + Sodium nitrate + K2HPO4ES Z+7};
13 A7ystar, walel A Fo] nietel] rheheke ¥, 4FS(supernatant)®] 3
FHES 3} culture media® AFE-




A4 U5 Hj A 2= A
14 A& 13 + Sodium nitrate
15 A& 13 + Fertilizer grade Urea
16 A3 13 + Sodium nitrate + Fertilizer grade Urea
17 A3 13 + NaNO3 # 7} Zarruok’s media
18 213 13 + Urea 37} Zarruok’s media
19 A% 13 + NaNO39} Urea 54| %7} Zarruok’s media
X2 Y& F%9 Baking powder + Sodium nitrate + K2HPO4E Z+7z}t
20 A7), WA A% AAT 4F % culture media® AL
21 21¥ 20 + Sodium nitrate
22 A3 20 + Fertilizer grade Urea
23 A3 20 + sodium nitrate + Fertilizer grade urea
24 2148 20 + NaNO3 &7} Zarruok’s media
25 A¥ 20 + Urea 37} Zarruok’s media
26 AE 20 + NaNO3%} Urea A 7} Zarruok’s media
M2 Y8 FE9 Baking powder + Sodium nitrate + K2HPO4E Z}7}
7 Ak W 99F AAT 42 4 culure medin ALS
28 A& 27 + Sodium nitrate
29 A& 27 + Fertilizer grade Urea
30 A3 27 + Sodium nitrate + Fertilizer grade urea
31 A% 27 + NaNO3 # 7} Zarruok’s media
32 A% 27 + Urea 7} Zarruok’s media
33 A3d 27 + NaNO39} Urea &2 F7} Zarruok’s media
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t}. vlo]mZ Y| Alo}F Chuuk 7] A4 9] S. maxima AJAHE 25cme] W& AT} 259 x4 wl ok
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4~6 LA WA C1 viERANA FAEAL, Blo] I HE wsith BS €Y sz Fo
AAkeFe B3 (1.55gL)y7F Boh #3431, C37F HE wsith dEYoke E§ B2} C2 wjdx
AN B 1094, LA 20%2] Bt MiAE wgs] £ o]F wF 1294 S. maxima
A7-e B2olA] Bl =9k (1.10 gLy C27F 2 HE whskth 2338 3FA] &8 25 cm A9
A H LEE 340CoI07] wie] B & 2= 7IQIste] 1 ko] we Ro=w
s}t T},

medium, == Zarrouk's mediumE H3 3 SOT mediumsS ARSI 194, NaHCO3,
Na2CO3 ¥ NaNO3 53 22 Hlu
1, 2E AR5 B 7HA] uulES BEA ST E ARESHIE JAAINE A6lE - 18
£ MAE NPsts A2 AAX 29y ks A8l tds] 88 Fiold & F

Aok ol BAE HFe) A o) ATAME 9=HA e AohAee Askr

i
(o,
jul
[
e
R=7
e
e
ey
e
30
£
N
=
e
~
w2
2
&
o
]
o
2
to
ol
ol

humic soil& AHg-slel wjk WiXE AZSGT) Mdse] AnE ot AA) A5E A}
§311, 53] FE ARo] Bo| FhE FS A 74 AR AH FeSO4 - TH209] B
Z oJokolo T 47FA 9] AE E9A] 1.5

o,
A
o
tlo e
e
2
4
>
o
ol
32
vy
o
)
ol
BN
)
2
X

f
[-'O
X
flo
ot
o
.
i
i
o
il
o,
ofo
et
e
rot
N
N
N
N
yo, M
fr
poy
o
il
i)
(e}
4



25

Al A2 A3 <—Bl1l 4+~ B2 B3 - Cl1l-0-C2—xC3

20

15

Biomass (gL)

1.0

0.0

[:LBI 3-9] Zb wjekz AW ik A2t AAe 2
3. Phosphate 3% 2 AEWs] WE A9EPU 4% £H

S. maximat® Y@io] =2 TFoA A AESHIESZA, wlY A SOT wjA|7} 5=
2 20tk a2y} SOT A 24 T tlFES AASkE NaHCO3 ¢} Na2C039] T} wi-¢-
F1, AFE ©]&3 SOT A= A7} galA o224, A= S. maximaZ} F3tA] E3)
3 N X7} AFEE T @o] Stk o] ©de Bekslaizl SOTH)A|7E ofd si4=9} A= &
A9E o] &3 wiA 9 WrE Y31, S maximad] AAEES =Y F AE wiXE TEL
2 stk £ A@dAE s o83t WiAE ¥HE0] S. maxima Wi Al B z
HEFE9 A Phosphate (K2HPO4) =S 1Al 3ttt 4 AEBEFEE 15 ~ 30%,
K2HPO49] %= 0.75 ~ 1.25 g/L *é?si—a}ai:a, O3 2o 2407 iR E



[ 34 AHSE WA 9] 7Y

Chemicals g/L Stz)gc/lz si)orﬁlﬁl)on
NaHCO; 5.5
Na,COs 3.5
MAIOR NaNOs 2.80
K>HPO, (0.75~1.25g/L)
K,S04 1.00
MgS0,.7H,0 0.15
MnCl, 0.015 2.5
MnSO4 0.015 2.5
ZnS0O, 0.015 2.5
TRACE METALS FexSO4 0.750 2.5
H3BO; 2.000 10.0
Na;Mo004.2H,0 0.010 2.0
CuS04.5H,0 0.010 0.2
Germiniu dioxide 1.000 1.0
[ 3-5] 49 =1
Salinity (%o) K>HPO4 (g/L)
Al 15 0.75
A2 15 1.00
A3 15 1.25
B1 20 0.75
B2 20 1.00
B3 20 1.25
C1 25 0.75
C2 25 1.00
C3 25 1.25
D1 30 0.75
D2 30 1.00
D3 30 1.25

oF 28Uzt MiFetl o, S. maximad] 27 HFE== 7 wiAvIH 0.035 /L HESA
2} HjFe BATCHWYH o2 A3ttt 29 IH4 02 pH PIE7]E °]&-38l] pHE =433

1, W) F 20 mLg ofustel ARG oA RAE ZYstel vlo] Lul S AL,

an)



35
30 | T*TAL ®A2 4—A3 30 ] —+B1 -=—B2 ——B3
2 25 325
< 20 250
3 s N
S . §1A5
& 10 - & 10
05 05
00 00
0 2 4 6 8 10 12 14 16 18 20 22 24 26 2€ 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28
Days Days
35
30 | =+ = =+ 35
_ 30 1 ——p1 —=—D2 ——D3
=25 =2 25
220 G
g | 7 20 |
E : £ 15
Z 10 | g 10
0.5 05 -
00 00

0 2 4 6
Days

[Z" 3-10] Hpo]Quf2 W3}

8 10 12 14 16 18 20 22 24 26 28

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28

Days

ol
Ay
o

Hjok Az} D2 wjA| A mpolQwml A7t 3.075 /L B 7 A Uebhtar, 1ol bkl B2 Hj
Aol A wloleml 27} 253 gL 2 7P WA Uehdoh @] m2 wsle wlolovs
F3A aEAEel wol AEE we 4 ZPe BASAHG AW nE dREE
o] ujA| A K2HPO4 o] 1.0 gL ¥ W =2 nlo]Qufj 28 HQl Ao Z Hol K2HPO4 &
2 1.0 gL o] HA zolgte AS & & AT E3 pH= B39} D3 HiA|A 7Y w2
e B, Al vjA|A 7P Be 3hs Bt

106 108

s | TUAL A A 106 | Bl —=—B2 ——B3

102 | 104

102

o 100 1 = 100 |
= 98 | o
96 96

94 94 |

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28
Days Days

106

108 EE— —+—D1 —=—D2 D3

106 1 104

104 - 102 |
= 102 1 Z 100
= 100 | 9s |

98 -

96 |

96 -

-

4 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 Dore
Days Y

[F1¥ 3-11] pH W3} 57



4. Phosphate source ¥ @E WS}t & 2SI AR 4

i

S. maximaS H|S7] Y8l 71E SOT mediumol] <
A~

S 77 WEAA 38Ut wi e 3 F A B4 FdEH

3} phosphate source (K2HPO4, P205)

[3E 3-6] 9+ 2 phosphate source =4 H3}
A2 (%) K,HPO, (g/L) P,0s (g/L)
A2KPR 15 1 -
SOTR 35 - -
A2SOTR 15 - -
D2SOTR 30 - -
APR 15 - 1

20

T T T T T T T T T T T
o 2 4 6 8 10 12 14 16 18 20 22 24 23 38
Incubation tine (days)

[2" 3-12] iR E 2 FE W3] wE S. maxima®] biomass W3}




14

0O 2 4 6 8 10 12 14 16 18 20 22 24 283 38
Incubation timre (days)

[Z2% 3-13] IR 2 FF WHelo] wE S. maximae] pH H3}

Ao AL8-F phosphate 39 Hlal 23, P205 HA| BT K2HPO4H| Aol A =2 Hlo] L

£ K2HPO48) A7} SOTH A2} &7 Spirulina®] B Aol o] &7}5Alo
Wi, i AZAAES v w3lS u), SOT #iAIHT ¢ & S o]g3oaH

AFE Eth pHE A2KPRI} APROIA] ThA: = o Jehlgou =8 o

ot —
o
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5. Carbon source W3}o] W& A¥E A 4

S. maximaZ HjE}7] 98] 7]1E SOT mediumo] NaHCO39] <2 wW3K8.25 g/L)A1Z F

o]
=
B 2] S A}8-3}¢] non-fed batch conditionol| A 25Y7F BiYS 3+ & XA A8 S35}t



[ 3-7) AHSE HlA o] T4

Stock solution

Chemicals g/L (2/250mL)
NaHCO; 8.25
Na,COs -
MAIOR NaNO; 2.80
K,HPO, 1.00
K>SOy 1.00
MgS04.7H,0 0.15
MnCl, 0.015 2.5
MnSOy 0.015 2.5
ZnSO;4 0.015 2.5
IRACE METALS FexSOy4 0.750 2.5
H;BO; 2.000 10.0
Na;M004.2H,0 0.010 2.0
CuS04.5H,0 0.010 0.2
Germiniu dioxide 1.000 1.0
Spirulina maxima®] Z7|HFFEE 0.2 gLZ ko] 2010 29 28YURE 39 25U7HA] <oF

25917 WjFAT, 220 7

[,

A0 = p

T

E7|E °]&3te] pHE

& ot 123 AHx e FAE FAHst HoleWAE

33t o, 3= H(before), F(after)e] Hlo] QM ~E =3}

Bionmass (/L

14

12

10

o8

Q6 |

04

02

Q0

29595, W F

A, 59 BHo

At

——SOr —&— A2KPR

/\

Amf\
A R

A

(o} 2 4 5BH5AH 7 9 10BHIOAH 12 14 15BHISAH 17

Day

19 20BH2O0AH 2 24 25

[Z1® 3-14] Carbon source W 3}o] W S. maxima®] biomass W3}

— 44 —
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—a— SOTR
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5°‘N‘vi§‘w‘w‘ E‘g‘ﬁ‘s‘@‘5‘9‘9‘@‘5‘&‘&‘&

Incubation tinre (days)

[Z2¥ 3-15] Carbon source ®H3}ol] W2 S, maxima®] pH W3}

WF Ak, AMH oz SOTM AN M who] Qujz2Bh AKPO4H) A A 2] Hlo] 2.uf 27}
U ¥& e BYa, 3¢ Folx 7]1E9 SOTHAdMY] Hlolemjae M gasigort

AKPO4HRA S| M 9] ol e ot 23] F7hstarh ol 71Ee] SOTHART A2e 24
o MAA wFFo A SOTHART B APE HH0E A4S o 5D & Aee B

oE

Nitrogen (NaNO3) -0l wE S. maxima AAAE24S AAI5FE T SOT ¥R 9 AK A
£ 47} 3052 F YA N source?] S 2T 6 IFS S Z Z} harvesting time
A

e
R84 =
biomass$} pHE A8, AL Mg 155 WY 2E= ol Nitrogen source®] ¥ =

A% 153 W QAR dake BAshar



[3E 3-8] SOT HiA|9} AK wjX]e] 15 Nitrogen source =73

NaNO; (g/L)

SOTHR 2.5

S20THR 2.8

) S30THR 3.1

Harvesting group

AKPHR 2.5

A2KPHR 2.8

A3KPHR 3.1

SOTCR 2.5

S20TCR 2.8

. S30TCR 3.1
Continuous growth group

AKPCR 2.5

A2KPCR 2.8

A3KPCR 3.1

59 ZHH O F harvesting= 3F$1IL harvesting 59| biomasse} pHE 243}t

Biomass (gl)

Before harvesting

09

0.8 -

0.7

0.6 -

0.5 -

04 -

0.3

0.2 -

0.1

st



06
05 -
04 - —a— AKPHR
% —— A2KPHR
0.37 —O—Am
—— SOMTHR
i —— S20THR
02 —+— S30THR
0.1 -
1]
1st 2nd 3rd 4th 5th 6th
Harvesting timre

[C28 3-16] Nitrogen source ¥3}ol W2 S. maxima2] biomass 3}

biomass &2 %7] 0.62~0.83 g/LAlA AFS A28} AL harvestingA]v}o) 0.1~0.3 g/L W
2] 9] biomassES FHIPUTE v ZAAE=E s B vk 7]+ SOT vlA2] biomass’}

o wskou wjdrizte] 2ojd4E AK HHXM]HQ] biomass7} T Bo] o= RS <18t
Aot Nitrogen source -2 2.8 ¢g/LE FH7Is| & W 7P & 4% 45 & AU
(2% 3-16).

Harvesting 259 pH W8} 7o) 81% Ao ek, Wil meh pHt F7)ehe
AL Blslgon] AR 06-10 A=) FA7L 4+d AL SASATHIY 3-17)



Before harvesting

1

10.8 -

10.6 -

104 -

102 -

10

938 -

96 -

94 -

92

—— AKPHR
—0— AZKPHR
—— ABKPHR
—o— SOTHR
—— S20THR
—— S30THR

1st 2nd 3rd 4th

1st 2d 3rd 4th
Harvesting time

—a— AKPHR
—— AZKPHR
—— ABKPHR
—— SOTHR
—— S20THR
—— S30THR

[Z2¥ 3-17] Nitrogen source ¥3}ol W2 S. maxima®] pH W3}
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W3l me ~ysd 4% B4

2 AFoM = G5 o83t AHES wiXE TE7] $13l Spirulina2] HjA|] F2 ©o)

oJ7t= BAFE(Na2CO3 and NaHCO3)S AH8-3h= 4l 5 f71gaz A

A5 HEAT B3 G FEo] W Spirulina maxima®] A7dS ot 7] 9]
j

F5(20, 30, 40 psu)=

[} 3-9] AF&E iAo FAAE

A group B group C group
Al A2 A3 B1 B2 B3 Cl1 C2 C3
Nutrient (mL/L) 5 7.5 10 5 7.5 10 5 7.5 10
Salinity (psu) 20 30 40

2721 SOTHIA|$} A, B, C 71& E5F 0.037 g9 Spirulina maximas FE3t 16Y€ &%
gt Bt BE LECA 2¢9ntt) pH, 42, G, vho] iz, HIAAE (Um) S 57831
ot vlo]emj e HjFd 20 mLe AFste] AXRAZ] AFRA 9 FAE SATI FA Ao

£ AN, MRS W IS T e H(12)02 ALske,

(1) HIAAZE ; tmx = Ln (N/NY) / (t-t1)
(2) #i7HAIZE td = Ln 2 / M

A 15 A, 7] 20 psu BOh 169 ¥, °F 1~2 psu 74319, SOTS 749 E3 14
psucll A 12 psu & A4Stk ol v Al SRHTFY F7HH FEoE Qs EE aiAY

Qre YA seshs 23S YTk

BIES A%, ATFHT 2F ¥ 30 puolA WS ALsGont, TR F7HE



0 2 4 6 8 (b 8 () 12 14 16
Days

Salinity (psu)
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X ————X \Y/X _X \9_’_)( \;

45

0 2 4 6 8 (b 8 (a) 12 14 16
Days

——Cd ®+-C 4+ —*x=S0r

40

35

Salinity (psu)
&

0 2 4 6 8 (b 8(a) 12 14 16
Days

[28 3-18] Z} I Hix|¥E f|&EHs)




—— Al —B—A2 —&—A3 +SC)TI _
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6
(¢] 2 4 6 8 8@ 12 14 16
Days
11
——Bl —®-B2 —4—B3 —%—SOT
,w
10 ¢ T
9
8 /
7
6
(¢} 2 4 6 8 (b 8 () 12 14 16
Days
11
——C & CQ Q3 —*—SOr L
10 g —F— = * -
9 *
E
8,
7,
6
0 2 4 6 8 (b 8 () 12 14 16
Days

[2¥ 3-19] Z} 21§ ¥iA|¥ pH W3}

ATIE iR pHE 7.5 2 S| wjde AlFFstlou, mig 294 pHE H53] S8t
A, 1 F, FUHE SRGY FFoZ 3 pHE 8.97-9.842 A3 FUlehe BEFS B
Atk wF 16€4 SOT ¥iA2] pH7} 104002 714 =4 Vebta, ATLE F Al XA
9.6082 7H E& FS Bich



Z7] pH 7.5 oA wiFS AlASHAAL, BOFE 3, w294 pHe 543 S718kler,
1 %, pHE 893~9.66% XX 3] S7tshe 4 B3
9312 71 =2 @S Rt

_n

. Bl 1624 B15 = Bl vjA|oA

CILEE Wi 2¢¥A pHE H43] S7F6tdal, 1 %, pHe 8.97-9.732 X A3] F7lehe
BEFE A A 16€4 C1F 5 Cl wiAA 9.28 7P 52 @S B
Spirulina< bicarbonate ¥+ carbonate”} &5+ <A F FAHANA Z S5 HA
HSE 011203 el ATk B AWolA WSt E% pH WBE Lol A7)
iAo A pH 7.59014 AlZFsto] wEA] F7Fstt7t pH 9~1002 A FAH= BF
_]

7} HiAY] pHE Plude W 98 s&7F W2 wiALFE pHYE =3k, wiA W

o o rln
e
32

o T

G F=7F 92 Al Bl, Cl iAo =& pH 7S HOl ASZ Hol o] coal *8]3+
ol L YRS HUIel vARFY AFS =2 F UE AoE AlgdEY.

Ao o] YR EE 26 ~ 31C XS B, Spirulina®] A FLE=21 30 ~ 40
C 2oy 25 32 S BIATHTH 3-20).

——AlL W= A2 —A— A3 —>—S0T

2 4 6 8 8(a) ©» 14 16
Days
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[1¥ 3-20] 7} 1§ WiAE &= W3}

169 &t Mg, 29 AL E nlo|ew2E S, 8Y HASE F WY *’F
S st 7 wiA ] vlo]emj2E BlwEith 8YA A WA F8 o]F, nlo| e 7
St oA E7kshe AES BAch wik 1694, Al, A2, A3vRA]A] 0.90, 0.73, 0.92 g/L
o] wpo]QujAE AAI(LY 3-21), 7 HY &S B3l Al A2, A3u|A| oA 1.82, 1.72, 1.91

l‘>

gL vlo|emi~E A& F AUT ATF FAAA= AR nlo]uf XA Zho] T BWSke
U, SOTHU} 23 v 72te Bgch a8y} wiek 82U Bl 448 (umax)©] 04191 SOTS} B

S23H A2uf Ao A 0.41 /dayE B1S=3F A4S BATHE 3-10).

Hik 6, 8LA B3jAZE hE miA|el mls] HlwA =& ARe B, i 16UA,
Bl, B2, B3uj A9} wlo]@mjz= 1.09, 0.85, 1.0 gL & YeRRI(2Y 27), 7 ¥ #3345 &
& B1, B2, B3ujA|ollA 220, 1.98, 224 g/L Hlo]LuAE IS >
1.96 g/Le] wlolevzml B3ujz|e] wlolou 27l 7hd @okan, vl 89A wAFEL B2
HiZ| 7} 0.44 /day= U] 2 44S EATHE 3-10).
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169 &<t vlFslHA C1Ee iAo SOTEY wl§- =2 A4 4E
AR, Cl, C2, C3MAY] Hlo]QmjAE= 1.08, 1.11, 1.18 gL 2 YERG(1E 27), T W $
g5 E3) Cl1, €2, C3HiA|A] 2.51, 241, 2.57 gL vlo|QmjAS A8 = Utk C2F Fol
A C3ufA 9] npo]lujz Fho] ZBE wokar, wik 8UA HIAAGE(umax)S CIHIA7} 0.46

[day= T £ A4S BATHE 3-10).

[3£ 3-10] 2 viR|ol| A 483t nlo] Qujo] <F HIAYLE 2 Hj7AZE

Biomass (g/L) Specific growth rate (Lmax) Doubling time
Al 1.82 0.43 1.72
A2 1.72 0.41 1.69
A3 1.91 0.41 1.69
B1 2.20 0.42 1.63
B2 1.98 0.43 1.62
B3 2.24 0.44 1.58
Cl 2.51 0.46 1.52
C2 241 0.45 1.56
C3 2.57 0.45 1.53
SOT 1.96 0.41 1.70

Hlo] Qe AZHRX|OIA 191 gLZ ATZEA 7HE Ekal, BaFolME B3ujxY] ulo]
QuiA7t 244 g/LE SOTRUT 4t & IF FolA C2EQ Hlo|Qujar}t =9ka, =1
Z 3R A 2,57 gLE 71 =& ulo] 2mjAs Ac) wlolQu 2 AJate frEARE A
Aelgk sigrell M LR w2 Y HEgE AW @2 wdx
YUtk GEE5E7F 20 psu )l AZFEOE 9EE5E7F 40 psu §l CAFoA =2 AFES B
A AL Z Hol o]z dlFol v B2 IS 5 Spirulina S0l a3 A8 Fol
o2y ule]l ATt =A et ACE AR HIAAE(umax)S 71skETA <l
2 M e REY &5 Hile JRE AFse FHoEA, 7P =
FS UEPAE viF 8Y7bA 9] HIAGET w7 A HlaE] R YTHE 3-10). L Ad}, HIAY
FE(max) C, B, A A Z ATFS SOT9F HIsdlal, B, CLFS SOTEY =74 YEse
o, AAHOZE CaFAAMY o] 7P Holgs ¢ & AT 2 5 C1 wiAlA 046

/[day 2 7V w2 AFES BT
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=
X
Hir
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o
=



(29 3-22] BRIA QY

wl kel 29y

— 56 —



vvvvvvvvvvvvvvvvvvvvvvvvvvvvvv

e 0

108

10.6
104 -
102
10

E_ 9.8 1
96 -

94 4
92+

9

88 -

86

[19 3-23] i Age] =2 w3}

vvvvvvvvvvvvvvvvvvvvvvvvvvvvvv

SIS SIS IS S S SIS SIS SIS

Net biomass weight (dwt gll)

[29 3-24] tHEFul< A2 pH W3}

f&;ﬁ’&é‘&é‘»"@@~

S S S L S I SIS

[ 3-25] thEul e Aol A 83 S maxima®] AZA FF W3}



2 A, F2E 234Co0A 341C9 Wgl S B, pHE ¥l 27] 93589 A
4 F7FelAT) o] 713t F 2 EuY] Ak 7] 4RVE Al
aAdZ7 e B9, 13]0] oF 1 dwt g/Lo] AAES B, F 53]9) 38 AA)E}

7154 pH9Jr Biomass AAHe A|4=201 AHyA 7} EITH=0.8795). o]&
FAIZ WA Z A= Abset, ok Mg pHos A
Wes HAFT dA AP A AP glom, T4 A BAEFS
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1. Phosphate &+

S. maximaS v]%3L7] Yl 71E SOT mediumo] @3 K2HPO4S ZHZF WH3IA|A 5S5LF 2
2 28UZE iSRS 3 & AN RS B4

?3 T’E"(%O) KzHPO4
SMALI 15 0.75
SMA2 15 1
SMA3 15 1.25
SMBI1 20 0.75
SMB2 20 1
SMB3 20 1.25
SMC1 25 0.75
SMC2 25 1
SMC3 25 1.25
SMD1 30 0.75
SMD2 30 1
SMD3 30 1.25
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29 EY W e 9 E B4 AOAC(1990)0l whet R A
| W, A Soxhletd, 2 A L Kjeldahl] 1231 3)&E2 A2 Fspgo=r =Hsla
EHEslE A3 Dubois 5(1956)] phenol sulfuric acidf 2.2 A3}

[ 3-12] % 2 K2HPO4 24 Wslo] me vy 24

Protein Ash Carbohydrate Moisture Lipid

SMA1 43.81 34.11 11.61 2.27 8.19
SMA2 42.22 38.97 5.27 4.99 8.55
SMA3 44.27 33.18 10.05 4.19 8.31
SMB1 38.93 39.59 11.01 2.80 7.67
SMB2 36.39 38.06 12.89 4.34 8.32
SMB3 36.84 41.17 7.34 7.38 7.27
SMC1 31.71 40.10 10.08 12.83 5.28
SMC2 40.01 39.82 8.22 3.93 8.02
SMC3 32.90 38.93 13.32 8.73 6.12
SMD1 32.95 42.27 15.58 3.04 6.16
SMD2 33.45 42.91 12.33 4.89 6.42
SMD3 32.99 44.14 10.09 6.28 6.51

O A, 29EHUEY F4EQ protein FS A IE(15%)NA M =& TS Y
ERA LAl K2HPO4 el mhe Wdhe 719 gle Aoz yeigth 3 9257t =2
= @A gife] Eolee AE RIS IR B dE HE] w2 FFS
HehEH o2l AlEe £ F SEF Aol ol FolAA &t sl Tl e F7IY
Feol gl 7] wEel yehd AdEta A wEbA SREFg2 FoluA o
AEE =4 F e A7 gHHeE Jgsolor & Aotk gdtE g2 dA A
2 oF 5~15%, FEITFS oF 2~12%, AL oF 6-8%2) B WolA yehsth

2. Phosphate source @ @3} W& FAHAAE &4

S. maximas B|Y3H7] 93] 71 SOT medium®l] &3} phosphate source (K2ZHPO4, P205)

g 27 WahAA 38U S B F AR BASGL,
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3. Carbon source ¥H3}of| w
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105C 7}
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2~B o
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§ 7132 SOT medium®] NaHCO39] %2 WH3}(8.25 g/L)AlZ!
AOAC(1990)¢] twhz}
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b1 9
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}& non-fed batch condition®] 4] 252

HE b} ehhe Lur
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i gakel F7HE wolth olF MR Pa
S5 olal Helelel ashEs) dael 2 }6}‘—:— A%E e, whEo] NaHCO3S) %
& 2As)F AKPRS] ZSoli Z7] vd e SOTRY W) thi whll vehgou)
harvesting A1 Pich T gpo] YF AAHE AL HAY 5 Ak o€ 71E SOT
AR AR 2Ae] WAl HAFoEA SOTHART § APH Ao AN

H =4 F 5e HoEH

ol

H}C’]Pﬂﬂﬁlgl 3’1]1'?:91 OJ% ol @A S Fo]7] 218k Nitrogen (NaNO3) s

sourceQ] FS AT 6 252 U SZE 7 harvesting time YHHIE ?}%’ﬁ% B30, o
B

.
S ougd 1ES R AR FLe BAG,

[3£ 3-15] SOT A9} AK Hj#|2] 1&% Nitrogen source Z=7g

NaNOs (g/L)
SOTHR 2.5
S20THR 2.8
S30THR 3.1
Harvesting group
AKPHR 2.5
A2KPHR 2.8
A3KPHR 3.1
SOTCR 2.5
S20TCR 2.8
S30TCR 3.1
Continuous growth group
AKPCR 2.5
A2KPCR 2.8
A3KPCR 3.1

SAZXH, A2 Soxhlet'H, _1_?1"31.4 1o Kjeldahlm g 3EL AA 3
E=3lE A 32 Dubois 5(1956)2] phenol sulfuric acidf] 0.2 =4 3}Ath
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1 A3}, SOT 159 7% Nitrogen source®] $HeFel] wE vl d3bere] Wl {94 A
o7} A Yel}A] o} AK 1E2] 7-F Nitrogen source’} %2 AKPHROIA 713 =
S ol S JERo ™ SRS harvesting time©] E01E4E TASeE AES YERY
Atk 3F FHFE F LFoNA EF harvesting timeo] solEFE 2gH FUbste AEFES
e a, s 45 AQstae dAFozs & WslE YehlA &skth 2%
o] A§, SOT IFoNA< 10~13%S FAsk= ¥HH AK Z1F-o| A+ harvesting time©] 591
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5. f718a WA 9 4F Wsle] BE FAHE 24

e
e

TANE FE olgate] AHF wMAS WE7] 918 Spirulina®] HjA|o] F= @ol
EF2FA(Na2CO3 and NaHCO3)S AME3he ti4l Sl fr71e4a= A8 s

= o} 3k G Fo wE Spirulina maxima®] A4S GolR 7] Sl theFst dE

EE(20, 30, 40 pswE FASIAL, HAAG ol Hrbete YRS T FE6, T

10 mhHE FH7Fste] oo W& IvHdEdtds F4sHA
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O 8UA| 483} Spirulina maxima2] LHFA

EE wjA|e A 4283t Spirulina maxima®] YRHIE BAAF, o] dEFo] 7Y Bk

I, I oS 3, 8535, Ad, £8 o2 Uegth ATEdAE Tl E(38.7-46.7%),

3]35(20.1~31%), ©F3E(13.9~204%) X2 e, A7 SOTeF HIS=g whald
(45.7%) s Bon, dtY s57F =& wA(A2, ASWIANYFE 3] ol

Bt BIHA7F & wiA| 5ol Bl 7P B ©ilE eF47%)e EFE UL, B
5 G S Tt =55 IRY Tl SUkske AFE EA vlelenj27t 7t
B CaF A A AvrH oz SOTol Hla] @ d ghafo] vtu, 3)F9] o] =

A
BEFE BHoH, & A2 HIsg PSS BATHE 3-30).
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(26.24~44.55%), T2 (25.24~43.16%), 3]¥8-(14.26~23.56%)2] <=0 2 Vet ATIE-2] v x|

59 wiA= BaEY HIeH deldEY g@slEe] g8l o =4 JYEREARE 3]1E 9
e BAFEY O =2 g RYt(d™ 3-31).

wEpa] e AekS FQF e 7|E A8HIX|Ql SOTHRY coals F7Fshe] AA 2]t
7|7t 83 F G52 o)L 0 ZH S, maximal] =& HlO] QU AE AL S QS Aol:
[e]

& molerzol X B We f-84%e) Aol 15T Ao ARdth

T

Hir

6. oF2] thBHlSF Al vz R AE A2 Wt mE 7448 4

[ 3-16] ¥R ZA 2 Axuby

SM1 SM2 SM3 SM4 SM5 SM6 SM7 SM8 SM9 SM10

NaHCO; 0.5 0.5 0.5 0.5 0.5 0.5
Baking soda 3.17 4 4 3.17 1 4 4 1 3.17 1
Na,CO; 0.25 1 1 0.25 1 1 0.25
NaNOs3 1.25 1.25 1.25 1.25 1.5 1.25 1.25 1.5 1.25 1.5
Urea 2 2 2 2 4 2 2 4 2 4
K>HPO4 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
K>S04 0.15 0.5 0.5 0.15 0.5 0.5 0.15
MgSOy4 0.06 0.1 0.1 0.06 0.2 0.1 0.1 0.2 0.06 0.2
NaOH 0.4 0.4 0.4
Na,EDTA 0.1 0.1 0.1
] ]
HlF % 7‘:':—] % 7‘:'i /\Eﬂj /\Eﬂ’ Al }é] ’ }\E] s Al Al A)
Zﬂ—%OH 7_]; 7_‘11 o= o = ELH )\]9/] /\]9] LH LH LH
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8.71
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] d&el 8§ BA U2
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29.02
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[ 3-20] 4t 2¥E2ue] 2av Ao tie 5 & vl

Flaction . Ultrasonification
Sample Temp.(C) Yield (%. w/w)
Solvents (30 kHz)
60 O 21.5
Spirulina Water
100 O 17.6
maxima
EtOH 80 O 9.2

3 3209 Zo] E 60T, 100C, oere 80C BT o3 W) xjgst A 94 I 199
Aol vluste o & FF F&5 UEeH, 53], 2539 B A2 60C I F=
0] 21.5%= 7MY & F= &S eIt 253 3 F& A =2 FF FE&ES U
B olfire 78 AEEY 8% 7 2L AIER EZEY A 2 WY o3 =2
& IS HQ Aoz AN, 233 Ve BAAE oF Ave AHEC] d=FHA
), BEEEA, AE e 35 FH4E o FA4 JAF FES 53 15FY 2 A58
I ZRE o]fdle] & 58S U Aoz AlgdETh wex 283 & e 58
AEEY &7 7 AR 249 A S& 2P o3t FE25 T8 o 2 A
g A4S Uglo], AIE% 764 2% 2 AAEAY 7teAds =9 AoE dAdd

sl B4k 29 EL} 100g Bl el B3} A Qo] 77}t SolrkA &
= 3%k F=7](FOOD CIP-70-350-80, Ilshin autoclave, Daejeon, Korea)E ©]
&3t 5,000 bard] ZO=E 5, 1587 1Y FE2E A &, 23 FFo] Ed AEE F

7

2 g7 Y4717 B2E 2 Sk 10w SRFE SR ko] 60Tl 12413
]

It 29 gy S8 vl

il
ofr

[} 321] A2 & FE2271 1

Sample High pressure Solvent/Temp.(C) Yields(%, w/w)
HPES* Smin Water/60 242
HPE15* 15min Water/60 23.9

* HPES : Water extracts at 60°C after high pressure process for 5 min
** HPEL5 : Water extracts at 60C after high pressure process for 15 min
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wjH] 2 ultrasonification®] 4

97 A2 =3l w

0:10

Solvent ratio(v/v)
10:0
5:5

=

=

Time(hr)
o #73)

TE

] 2 ultrasonification®] 4 QAe] thal] 3 FF9] Lo(3*) orthogonal matrix

100
F 60C, 80C, 100C, = AIZFS Z+Z} 1(hr), 2(hr), 3(hr)S ©]&, SvjH]=

60
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SFAT.
zol
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Temperature(C)
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[3 3-24] &4 =9 Eete) §vlFES 918 Ly3") RSMS) 2§

Tempoerature Time (min) Solvent ratio ultrasoni'ﬁcation ’
Run (©) B (v/v) (min) Extract yield (%)
A C D
No.1 1 1 1 1 17.4
No.2 1 2 2 2 15.6
No.3 1 3 3 3 11.2
No.4 2 1 2 3 14.3
No.5 2 2 3 2 8.9
No.6 2 3 1 1 15.2
No.7 3 1 3 2 9.2
No.8 3 2 1 3 14.9
No.9 3 3 2 1 13.6
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# 325914+ RSM 93] Z+ <Q1A} solvent ratio, extraction temperature, extraction time,
ultrasonification®] &FHZ AXFSIQYoH, AxF §319] 77 ¢=A4S HY oS Hol= R

oz HE Ak

[3 3-25] RSMell 23t 84t AuEgute] 2904 &4

solvent ratio
A B C D
K 39.60 36.30 40.00 34.80
K> 37.20 36.30 37.40 36.50
K3 33.10 37.30 32.50 38.60
ki 13.20 12.10 13.33 11.60
ks 12.40 12.10 12.47 12.17
ks 11.03 12.43 10.83 12.87
R 2.1 0.33 2.50 1.27
Optimal level 1 3 1 3




K4= 2 lipid yield at 4,
k= K3
R4= max{ pA}-min{ p4}

71 A3}, solvent ratio > extraction temperature > ultrasonification > extraction time2] TAZ=

F2ol d&Fs vz

Extraction time
(hr)
5%

Utrasonification

(k"E) Solvent ratio
21% v/v)
42%

Tenperature (C)
32%

N Ternperature (°C) E Utrasonification (kHz) 7 Extraction time (hr) B Solvent ratio (v/v)
(19 3-33] F258 T2 vIAE 7 Ao v

ol EWt ARk ate] WlES HH, SriH] 42%, FE2E 32%, 5T A 21%,
A7 5%E YEtth AF7A9) A3S F9ete] B, 40 kHz ultrasonificationS: 3

=
g 3o, F&F 2% 60T, & 100%, F= A7t 3(hr) ZA0A F= sl Ao AY &5
oJ
AA

7. HPLCE %3 8 AISAEA vl

HPLC HluL #4& T3 & Ay 24 245 gofsir|9ls] 4 5 AN 7 =
& FE 8L B HiF 29EY FE2ES o835t HAS 930 filtering(d.5  filter
paper) 3Tk HPLC(Hewlett Packard HP1100, USA)ES Al&3sl¥or, ojuf AHLS

Phenomenex(250x4.60mm Smicron)2 AF8-3}9 k. 217 &0 2= HPLCE acetonitrile ¥ 575

£ 289 &R E9sle] ARSI S, flow ratew 0.3, wavelengthe 254nmS.= Hr3o] 30
=3t S48, I8 409 HPLC ¥aE5 T3 = FE=° £dd #8 A= &4 =4
2 S
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(d)

[C1¥ 3-34] S. maxima FZE2] HPLC 3= ®]1l. (a) Water Ex. 60C, (b) Water Ex. 60C
with ultrasonification, (c) High pressure, (d) High temperature and high pressure, (e)
Spirulina platensis



(e) peak™S. platensis®] standardE 22> AOSZ A Tl AlF EZ<QI Chlorophyll a2 73
S 13E09]  04mg/glZ 7HE =A UERG O™, Pheophorbide a®] 73-%- 0.2mg/g, (-Carotene
2 2380 03mg/glE EFTH
Zt % 79 wE HPLC ¥=E Blwdle] B, (a)9] 60C &

akol]l Hls] N EZY 57 F 7t F HA ¥ 7/4\%
E_S}O%, 3E ol Ho]= peak”} Pheophorbide ad A OS2 H T} (b)
=2 71 &5 F20 v el 4 FUtsisen

O
53, Pheophorbide a®t 13Z el yehd A4 o AlG Z2<] Chlorophyll a®] §Z&&o] =2
Al

E o i

it
i)
M
Ach
lo
A
o
u_?l_[

A 71 A& 2 5 Atk S maxima®] M4 © Al ERE xS 93] HAo] Lo
A &1 88 AE & F Ut Y21y F=9 peake LY A3} FF9] peakot HIS
St Al o] YERIAIRE, o= peake] WA peak] &5 FIA FEO wE A EH &
Zo] "WoldS & F Atk (d)9] nFNHI} FE9 peaks 13ETIS}F 238 o] YERG peaks
Rl Ay Chlorophyll , B- < 3mg/lgs YE

arotene 2.2 E.o|H, Pheophorbide a®] 4% 714 =
o Hla etholl ehd A& ‘4 §=o] 2
HPLC peak l"i_réﬂ A 23¢FE, 1gA3S

8. AAA E(HEK293)o i3 AEE=A AF

7t FZ2E9 §8& Y 49 9S B ZAMEZHEK293)0 gt ME=AS Hrt
st MESAL sulforhodamine B (SRB) assay WHS 53l <QI7F 41 A3l HEK293

(ATTC USA)S o]-&3te] 2431tk HEK293 AlEZ 96 well plateol] 4~5x10* cells/ml & £
g T 24X2F FF HIK3TTC, 5% CO2)F ¥, HEEE 0.2, 04, 0.6, 0.8, 1.0 mg/ml = Az
Z4zre]l A5 100 ul 2 H7lste] 48A17F F3F vl viko] g5 H o AT A&
A AL 27+ 10% (w/v) trichloroacetic acid (TCA) 100 pl S 7}3te] 4Tl A 147 Z<F Wt
A% & SRTE 4-53] AHst TCAE AAStL Aol plates =3 5 2 wellell 1%
(V) OFHIEALe] =91 0.4% (w/v) SRBEN-S 100 nl¥ H71etar oA 308 FoF GAA
Atk A=A ¢hS SRB FMAL 1% oMHEALF A0 453 & AFH, Az A7l T

10 mM Tris buffer 100 plE FH7lste] MBS ol F 540 nmol A microplate reader
-

(Molecular Devices, USA)E ©]-8-3}) &3



0.8 1.0

—/— extracts from water ultrasonification at 60'C
0.6

—&— High pressure
—O— High temperature and high pressure

—m— extracts from water at 60'C

0.4
Concentration (mg/mL)

0.2

0.0

25

20 A
15 1
10 ~

7}. Results are expressed

3

by

F=4

HE F55 4

as mean = S.D.M of data obtained from three independent experiments. “P<0.001,

¥ 2

=3
1o

To-

s

[1¥ 3-35]

A

=
|ZEAL 02~1.0 mg/ml F= o]EF

=

=4S sulforhodamine B assay

ST
X

®p<0.005, “P<0.01 vs. control.

S. maxima

ol

fveel
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o

oo

= B3t

sd=

AX 18.5%, =1 F=ENA 18.4%, 1L
[e)

7kl tigh A x3e] 7}

3

&3l

QI A1 5 Fo] 59 1.0 mg/mloA] 60C water FZE0]

=

=499 Yehiio.

-
X

P1d=e] 88824

A

AA 17.2%<] A
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Aol AAHoE m7te] )
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1) S maxima FEE9] AX

S. maxima (SM1~SM10)9] SjFEE2 A Z3}7] ¢18] 80% methanol, 80% acetone, 100%

methanol, 100% acetone= F7}sle] 12A17HY] 33] HHE &3+ & AFsty FEES A 5
=

F5to] AR AHESAT F84 F5E 2% SO FREE A AN 33 W
F281 F28L FAAES ] AR Agadth

2) Fastast A4

@ DPPH A4 &84

F2E9 Yz &4 A= Blois (1958)9] WS WEsle] HAAFASF (Electron
donating ability, EDA)S. & Z=43}3th 1.5x10° M DPPH (1,1-diphenyl-2-picrylhydrazyl) -& <3
190 well =55 10 WE Pal 53237F wnkste] 3027 W7l F 517 nmollM FRES =

Agste] izl Uik FF=] A HIEEA AT TS eIt

100 -

8

DPPH radical scavenging activity (%)
2]

3

80M1 80MR 80VB 80VKH 80MG 80MG 8OM7 80MB 80VD 80MIO 80A1 80A2 80A3 80A4 80A5 80A6 80A7 80A8 80A0 80A10 BHA AA  Toco

[1¥ 3-36] S. maxima®] 80% -&"]FZE%E<] DPPH 2tz &AL



8

DPPH radical scavenging activity (%)
8

5

wm M M3 M M5 M6 W MB MDD MO A1 2 A3 M A5 A6 AT A8 M A0 BHA AA Toco

[1¥ 3-37] S. maxima®] 100% -&"}FZE<] DPPH &tz &AL

120

m,
m,
m,
0,
SIVieD
s

8

DPPH radical scavenging activity (%9
8

SviD SV2Db SVBD SivdD SV7D SVBD SMHOD BHA  AA

[18 3-38] S. maxima®)] A &% DPPH &z AASA

1 A3} 80% methanold} 80% acetoneF==o A= 40% W]9ke] v+& DPPH #Ht)jd &~AE
A e 100% SmiFE=cAE SM59] methanolFZ& ol ARF °F 54%°] DPPH 2}

U2 24842 JEIR Ue A FERAAE 45% vwe] e BHL Uil 8



A F2E0 A%, SM2DOlA 7HE =L 56.17%2] DPPH @tz AASAES el
SM3D, SM8DAIME ¢F 50% ©]’d2] 943 DPPH 2tz LA FAsATh

@ It AAEA

ikt i AAEAELS Muller 5(1985)9] #Holl wet 333tk =, 0.1 M phosphate
buffer (pH 5.0) 100 ul®} sampleE 96 microwell plateo| A &3FA1ZIT) TFA] 20 ule] hydrogen
peroxideE FH7FA7]aL 37CoA 587F ¥bgAIITE ¥hgo] £ £ 125 mM ABTS ¢
peroxidase (1 uniml)E Z}Z} 30 uld7beted HEH oz 37CoA 1087F ¥HSA]A ELISA

readerS AFE-3] 405 nmollA FAEZE =3 A)

8

8

Hydrogen peroxide scavenging activity (%9
8

80MVH 80V 80M3 80VM 80MG 80VE 80MI7 80OVB 80VD 80VHO 80A1 80A2 80A3 80A4 80A5 80A6 80A7 80A8 80A0 80A10 BHA AA Toco

[Z™ 3-39] S. maxima®] 80% §viFE=2] HrIslri 2ASA



3

Hydrogen peroxide scavenging activity (%9
8

M MR M3 M4 M5 M6 M7 MB MB MIO Al A2 A3 M A5 M A7 A A A0 BHA AA Toco

[2% 3-40] S. maxima®] 100% Sv}FEE9] Haldlys 274

120
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8 8 8 8
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e
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5—
g—

3

I Ay 80% SuFEES A9l acetoneF
)

65.71%2] =2 IEFLn 2A8EE UERL




79-o1E methanolFEE9) M5oIA 8585%2] 713 H& alges 2ARYL Yehila,
acetoneTZEEC1 A2, Al0, AlAE oF 80%c)/de] -3 Iitstrl 2ARHS FUs3
O B3 M2, A5, A6, A7, A8 FZEFECIME oF 70% olde] T isen LATEE
HERRAAL, o] #A= & o2 A3 BHASH Tocopherol Btk HISStAY &2 o w2
ddehs AL SAlele F84 FE2E29] A9ols, SMIDAIA 47.89%°) 7HE =2 At
shrds A S JEMIRIAL, SM6D, SMBDAIAE oF 40% o]/de] #abstri AASES

3) AAAS A& HA

A A8 QA EIE linoleic acidE 71 A TE 3] Mitsuda 5(1996)3 Sidwell 5(1954)
o] ¥hHoll 93t thiobarbituric acid(TBA)7}E ©]-8-3Fth =, linoleic acidE 0.03M°] H ==
0.1M phosphate buffer (pH 7.0)2} ethanol E3-&vl] (4:1,v/v)oll FH7Fsle] 712-8AS ZA5}A
th. 7128 20 mio 0.1M phosphate buffer 19.2 mi2} 1% A|E-& 0.8 mlE 75t 40+
1Ca2710A4 124]3F ZHA 02 84XZMEA] RS Al7|HA A5 AjFste] AAHo=
TBAZ}S =33tk TBAZIS] =& Alg9 2.0 mlo] 35% TCA (trichloroacetic acid)-& <}
1.0 ml¢} 0.75% TBA(Sigma T-5500)A1¢F 2.0 mliE 7}sle] E313t & e FFFoA 407
F WA A Lo WZEAL acetic acid 1.0 mi} chloroform 2.0 mlE 7}3F3ith 3,000%xgol)

A SR QAR U AT F3EE 532mmollX S48k TBARLS T-8FAH

Lipid peraoxidation_80M

018
—a— contral
016
014 —— A
—o— Toco
012 —a— 80IVH
. —— 80IVI2
E, 017 —o— SOVB
g 0.08 | —o— 80V
—x— 80M5
0.06 + —<— 80IVIB
—x— 80M7
004 —x— 80IVIB
—— 80IVD
002 —+— 80IVHO
o
o 1 2 3 4
Inculbation tinre (days)



Albs (]

Lipid peroxidation_80A

0.18
0.16 —— control
—0— BHA
0.14 —— AA
—o— Toco
012 —— 80Ad
—— 80A2
E o1 —e— 80A3
—o— 804
g 0.08 —x— 8086
0.06 —— 80L6
—x— 80A7
004 —— 8048
—— 80£0
002 —+— 80410
0
o 1 2 3 4
Incubation tine (days)

[29 3-42] S. maximaS] 80% E&vFEE2] XAFsksl A4

Lipid peraxidation M

015

01

0.05

1) 1 2 3 4
Incubation tine (days)



Lipid peraxidation_A

02

015

01

Abs (]

0.05

(o] 1 2 3 a4
Incubation tinre (days)

[C1¥ 3-43] S. maxima2] 100% SlFE52] A FHtsl AL

0.18
0.16 /.
—&— control
0.14
—— BHA
—— AA
0.12
—o— Toco
—— SIVMID
E 01
£ —— SVI2D
—e— S\VIBD
g 0.08
—o— Sv4dD
—— S\VI6D
0.06 -
—%— SM7D
0.04 -
—— SIVI0OD
0.02 -
(o]

o 1 2 3 a
Incubation time (days)

[LH 3-44] S. maxima®] &7 FE2E AAAAs} A2

1=

AA TS} ARG S Golr 7] Q) 72T A 4LTE wiEAIA SRR A, BE
FEZ2EANA AEZAHYE A &2 controlol] Y| X AHskE AL S Hol= AL ERIe)
Atk 80% BulFEES] 79, methanolFEES! 80MSAlA] BHA (57.84%)5 A< wie}
AR 57.42%9] ¢ A@AFH{LE AAEES ERRIAL, 80MI, 80M6, 80M7, 80MS,
80AL, 80ASOIXAE °F 40% o179 $-g AAH} LIS A EHRE Hole= AL Itk



100% &WFEE9 Z-9l=, methanolFEES] M8oA 67.43%= 713 53 At}
QA S-S eSS, M1, M2, M4, M5, M7, M10, Al, A2, A8, A9IA= <F 60% ©]/d<]
e AdIE AAEHRE Hole AS IS F&AY FEEY AT, SM4DeA
4991%= 7V 3 AdHLIE JAaHE YA, YA FEEANAE 40% P
w$e A4S YEAT

4) "B aI HA

S. maxima FEE°| Zr= v G tyrosinase SAEHZ FHES SIAUTE S, 0.1 M
phosphate buffer (pH 6.5) 140 pl o 7]2<] L-tyrosine 40 pl ¢} FEE 10 wl & H7MAIZIGh
21 % mushroom tyrosinase (2100 units/ml)E 10 wl F7}s}e] 490 nmol A S =5 SA 3
=4 5 37CoAA 1287 w-gA]A WHSAHEQ] dopachrome ©] AAEE AEE 490 nmolA
§ 5435 F Uebd F3E9 2ol S8l nHads S5

100 -

8

8

Tyrosinase inhibitory effect (%9

8

80VMH 8OM2 80VB 80VM4 8OM5 80VE6 80M7 80VB 80VD 80MHO 80A1 80A2 80A3 80A4 80A5 80A6 80A7 80A8 80A9 80AI0 PTU

[Z2% 3-45] S. maxima®) 80% &vjFZE-9o] n)w g w}



100 -

Tyrosinase inhibitory effect (%)

wm M2 M3 M N5 M6 M7 VB %] Mo Al A2 A3 A A5 r6 A7 A8 A A0 PTU

[29 3-46] S. maxima2] 100% SvjFEE2] v

=
ol
i)

T AR, R FEE0] 40% PTke] B tyrosinase ﬁxﬂ%ug—% YeP A=, 80% &
W FE 5o A= 80M3, 100% SFEEN = M3A = =
A,

W{Nv
ﬂlll'l
ofN
N
5y
o
E
g
=)
ot
_\?_l‘

5 = &3 HA

S. maxima FZ=2°| zte = EIE a-glucosidase AAaHE SHS UL =
-glucosidaseS 2 g/l bovine serum albumin 3} 0.2 g/l NaNs©] 3% 100 mM phosphate buffer
(pH 7.0)0l =o]al o]RAS aagHoZ ARSI 7122 p-Nitrophenyl-a-D-glucopyranoside
5 2L bufferd] =9 F ARESIATE AP 54 50 wl ol FEE 10 wE AH7kske] 405
mmol| A FEEE S AA 58T REEAIZ § 718 50 WE et el
A 5EZE A\ 405 nmo|A THA] SFEE % J3}te] a-glucosidase”}

AAH = A=S T8l FT= ZHE AT

oo o
>
oy
ui
rE
olo
o
— 7
mi
a9
o
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304
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SiveD SIVBD SIviD SivVED SMITD SIiveD SM1(lDacarb0$

Glucosidase inhibitory effect (%9

[Z19 3-47] S. maxima2] 84 F=E9 ddx a7

I A3, SMI0DAIA 7 -3k a-glucosidase A E7(52.50%) YWERN S, SM3D,
SM8DO A X 50% ©]d2] 43+ a-glucosidase A &35 15T

2. 8 R F84 FEHd TE s 2YEue] A8 4

1) S. maxima FZEE9 A=x

S. maxima (SS1, FRP1, LS2)9] |u|FEES A|Z3H7] 2138 80% methanol I} 80% acetone
= AA7hete] 12A1RHA 33 RbE =3
o 84 FE=Y BT S FFF
o]

59 7% autoclaveZAANA F=3}

e 38

2) Fikstas HA

@ DPPH =tz &AL
FEE Uz L7 B4
donating ability, EDA)S.Z =

T Blois (1958)%] WHS W3ste] HAFIE (Electron

_"
o1
A3tk 1.5x10" M DPPH (1,1-diphenyl-2-picrylhydrazyl) -& <3



190 plol] F=5 10 wE ¥ 5x7F aWsty] 3083 ¥H3A171 & 517 nmollA] S3EE =

gkl tixzTol tie FBEY e HEEA AAgolss YEUth

100

8 8 8

DPPH radical scavenging activity (%9

<]

80M | 80A 8O0V | 8A 8OM 80A| D |  AD D| A D | A

SS1 FRP1 LS2 SS1 RP1 LS2 Toco, AA | BHA

[1¥ 3-48] S. maxima 5Z%°| DPPH &tz &AL

7 A3 ss1e] BFFEC] 5024%2 7MY =8 DPPHEH D £A84¢ yehila, ssi
9] 80% acetoneFEE, FRP19] EFZE, LS29] 80% acctoneFZE £O2 ¥ &S Yy
WAtk fujEEE9] A9dE 80% acetone FEE0] 80% methanol FEEo| H|E E&
DPPH 2}tz &AEA S Uil 784 F289 Aol 558
%<& DPPH ]z &AEA4S et

@ kst AAEA

HislrA AAZDALS Muller 5(1985)e] Wl whe} 435ttt =, 0.1 M phosphate
buffer (pH 5.0) 100 ul<} sampleE 96 microwell plateoﬂ A E3HA1Z1TE A 20 plY hydrogen
peroxideE FH7FA171aL 37CoA 587 HESAIZITE ®Ego] £ £ 125 mM ABTS <}
peroxidase (1 unitml)E Z}7} 30 wH7ste HFZHoZ 37CAA 10837F HHS-A]A ELISA
readerE AH8-3l 405 nmolA =S SA3I T



120

8

8

8

Hydrogen peraxide scavenging activity (%9
8

<

80M| 80A 80M 80A 8OM 80A D | A D AD| D | A

SSi FRP1 LS2 SS1 FRP1 LS2 Toco| AA | BHA

B>

[28 3-49] S. maxima F=E2 HLlslea

ke

B ol A A8H A FAHEAIQ] Tocopherol(38.58%)3 BHA(79.33%) Xt}
2 FAAY. T3 SS19] 80% methanol, 80% acetoneFZ=, LS22] 80% methanol F+Z= o 4]
T 70% oo gk ISl A AASAS YERITE dAlF R ujFEEdA &
JFEEEY ¢S ISkl AAGAES Hole AS gRskith

1 A3}, FRP1Y 80% acetone FE=Eo|A 84.82%% 7HF =& I3l4Ah AAZAAS Y
=

v

T e AAEA
FA7 S A 84L& 2-deoxyribose oxidation WHS W3l ALESIATE WA
10mM FeSO4 - 7H20, 10mM EDTA 12]3L 10mM 2-deoxyribose 200 ulE EgA)ZIth o] B
&9 sample E3FA17]aL 0.1M phosphate buffer (pH 7.4 EFAIA HF EFo] 1.8 m7}
HEE 3t :LELTL WA 200 ple] hydrogen peroxideS 3 7FA1A 37TCollA 4413F WA 71T},
g0l 1 & 2.8% TCAS} 1.0% TBAE 27+ 1 ml¥ H7MA7IAL B =l 1027 B34
A 532nmollA FHFTE S5t &S SAIITH
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8 8 8

Hydraxyl radical scavenging activity (%49

N

80M| 80A 80M 8A 8OM 80A D | A D AD| D | A

SS1 FRP1 LS2 SS1 FRP1 LS2 Toco| AA | BHA

[1% 3-50] S. maxima F=E9 4] o2 AL

2 A}, LS29] 80% methanol FEEoIA 7836% =2 7HE ES FAVIEHZ AASAS
YR A=), o)A dA) F8Eal = FESEAIQ] Tocopherol(69.45%), Ascorbi acid(23.59%),
BHA(77.55%) Bt} =& 434t} SS19] 80% methanol 535, 80% acetone =5, LS29)
80% acetone =&, FRP19] FFFEE00XE 60% o] 73 Fi7etd 2AS4S

ittt

SR LEE L
S, maxima FZ=E°] Zt= VM E I tyrosinase JAEHE SAHES FY¥TE F, 01 M
phosphate buffer (pH 6.5) 140 ul o] 7]&<Q1 L-tyrosine 40 ul ¢} FZES 10 W & H7PAZ]
21 % mushroom tyrosinase (2100 units/ml)E 10 wl 78t 490 nmoA SFE=E =43
=S4 & 37CAA 1287F ¥H-AIA HHg4HERQ] dopachrome ©] A= HAEE 490 nmolA]

A ZAF F et FUEe] Aol Bl vluane Zgsqrk
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Tyrosinase inhibitory effect (%9

1 A3 LS29] 80% methanol =5 A] 38.84% =2 FHEE F /M =& mwansE
Bl oy FE2E HAAHOZ 40% v|vke] Y tyrosinase JAEHE Hole AL 5T}

4 I3 &7 HA

S. maxima FEE°] 2 I EHE a-glucosidase A GHZ SHS ¥ =,
-glucosidaseS 2 g/l bovine serum albumin¥} 0.2 g/l NaNs;©] ¥-F% 100 mM phosphate buffer
(pH 7.0)¢l =0]i o|AE FAEHo=Z ARESIYTE 7182 p-Nitrophenyl-a-D-glucopyranoside

£ 22 bufferd] = F ARESIAT AFLE 5h 50 ul o] FEE 10 WE H7ISH 405
mmol|A FEEE S AA 58T REEAIZ § 718 50 WE FUhete] el

= =20
A 587 A wRgAIZITE HES-o] i F 405 nmoll A A B EE S35 a-glucosidase’}

>



Guoosichse inhibitory effect (%)

3. 33t FETAH WE st 2y e g3 Y

o
of
o
p—

T 05C Az, 37 e 550 TN FHIHS o
3] stk 29 FFS micro-kjeldahl WS ©18F T AEEA 7| (Kielteo
protein analyzer, Tecator, Sweden)=, ZA|%} &2 Soxhlet HS ©|&3lo] B3} A3
R G e SHAE AR #he 100014 W go g stk

[ 3:26] 14t =9 Eeiupel W soEeie] AR A

Component S. maxima(% (w/w) S. platensis(% (w/w)
Carbohydrate 14.42 16.21
Crude Protein 56.59 56.14
Crude fat 0.94 0.75
Water 5.03 4.92
Ash 23.02 20.98




it 2o EE vl g5 29EUe] 9AAE 242 St 29Eye @ Ro]
56.59%2 71 =& HLS 2R3 o, e5slEy i o] Zhz}b 1442, 23.02%=E H]
WA FE HlES YA old HlE) st 2yEuel g 2y EY BF AW
T e e A9E BTk

@ F714d = &4

F714(Ca, P, Mg, K, Na, Fe, Zn, Cu, Mn) &% £42 A5E 550C 3|st2 oA 3]38}A|

3 2o Faks sl fA7I AR =ZHo T AHLI T ICP-ASE(inductively coupled

plasma, JA38 PLUS, ISA insatrument S.A., Longjumeau, France)Z 43} th

[ 3-27] st v Eeube &=

A NER M EEC R

Composition S. maxima(mg/100g) S. platensis(mg/100g)
Ca 2.38 1.16
Fe 5.347 3.02
K 24.26 25.32
Mg 3.52 2.03
Mn 0.03 1.23
Na 65.80 56.32
Zn 0.01 1.32
P 13.31 10.62
2714 B4 JEFO| 6580 mg100gC 2 60% ©dS AAsAL: F 2uEy 2
T UESY 2E0] WY $r1de TASGon, 53 sii 2ugete] ZE IY
Ao =9o] Hie AR B4 ~nsd v B u&e AAsy e HO2 1}
Ebst T
@ ofr|=t o 4
ofuliedt ke AOACHS] W ofvlit AR BASAT %, AR 10 g€ W
otAlEL2 EAZl F 60T2 dry ovenoll X ofzpx]ol]l HAM HA|7]aL viajsiint. 424

Aol vlAE 5 mgS 5t 6 N-HCl 5 mlS

b 73l AlF TR o] 50

mle] AT &7]ar

7hete] @718
27

(=1 =R
=

B35l 110TCofA] 244
HCIQ_OH oz ;d— M]o]

o

QAR X3 of7]o] 2 N NaOHEY 2 mlE ¥ F3k3F & 5000 rpmollA] 30&7H
QARSI FEAL R Hsle] 60T & Aola Aartas BIIWA FHen
ZHFES 0.02 N HCI 20 mlo] =o]il et & A|ggd oz A3t



[ 328) 314 =9 Eebsh B 2 Gt opveit 24 24

Composition S. maxima(%) S. platensis(%)
Threonine 5.26 5.92
Serine 5303 4.79
Glutamic acid 15.08 14.93
Proline 3.43 4.51
Glycine 5.48 5.07
Alanine 8.23 7.61
Cystine 0.27 0.56
Valine 6.63 6.76
Methionine 1.37 3.10
Isoleucine 5.94 6.76
Leucine 9.83 0.85
Tyrosine 4.57 0.56
Phenylalanine 5.03 6.76
Lysine 5.26 7.04
Ammonia 0.27 1411
Histidine 1.60 2.54
Tryptophan 0.07 0.00
Arginine 6.86 10.42
100.00 100.00

i =g uet g 29EuY] opmket 24 #2427 Glutamic acid®] FHFe]
15.08%2 T4 ofv|=alz: @o RRS i}ﬂﬂﬂ ANew, G5 29 EE v} Hluste] 3
T oAt 7% F PRI leucined} tyrosine®] o]l Zbzt 9.83, 457%E Y53 Wol
=o] ATk Lewcine2 M, I, F5x29] 443 A4, dlnaznle Fo3 FAEEY
opu|i=ito @ T AuEEY Bt st 29 EEue] A4 QAle] Bad g ofneitke
ol diF o g FRat 75 AFLEA Y JHA] W Wk ojg} o]F o]§3te 1ZHY

A HHACE AgHe AFE ARZA olgste] IY B Ko 7o T Hog A

(

2 249 A5 AF YE 24

HAA3 F= FAH F, A 219 S. maxima ZFEEY LY I F= 100C Z4A9

219] S. maxima ZF=E-S Association of Official Agricultural Chemists(AOAC)®H ol wz} &4
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AL T el 105C Aoz, 3 e 550CeAA 233
&S micro-kjeldahl *HS ©]-&3F @A 245724 7](Kjeltec
protein analyzer, Tecator, Sweden)Z, ZA|W d&F-S Soxhlet HE o]83t] EAsIHY. 43
T FHFE 99 SBXE IS = 100014 Wl o2 StHTh

[3E 3-29] a4k 29 &8y FE2E9 gk 4

Component WE(% (w/w) HPE15(% (w/w)
Carbohydrate 18.24 16.24
Crude Protein 50.34 58.15
Crude fat 0.63 0.85
Water 3.89 4.14
Ash 26.9 20.62

* WE : Water extracts at 100C
** HPE15 : Water extracts at 60°C after high pressure process for 15 min

ald
i
il
1o
aul
¥
e
i
)
ot
H
o
o,
N
N

3 329} o] IutEA BEAAy 239 S. maxima = Z}7
16.24%, 20.62%= URE @4 FFol vls)] WEoto), o] nls] Aol 58.15%= 7P =
[e)

il
< BHlES AAsta o, AN FE dE2 tFes 2 A94E Hith

membrane filter2 JH3SIaL FEA A]2FQ] methanol : triethylamine : water : phenylisothio-
cyanate(PITC) &N (7:1:1:1, vv)& F7letd 79k AxsAth ©lF pico-tag HHel whet
HPLC (JASCO, Japan) & A3ttt olu #2ZF-S column: pico-tag, column temp.: 40C,
eluent: pico-tag eluent A & B, flow rate: 1.0 mL/min, chart speed: 1.0 cm/min, detector: UV 254
nm, injection volume: 10 plo]AT}. o]ol] W& ojv|=t &&F B4 Ay v 2.



[} 3-30] 34 29 EY Y FEE9] ojv|=qt 24 B4

Composition WE(%) HPE15(%)

Threonine 5.32 5.28
Serine 4.08 5.05
Glutamic acid 15.30 17.10
Proline 5.89 3.49
Glycine 6.23 545
Alanine 10.32 8.69
Cystine 1.58 0.69
Valine 5.39 6.65
Methionine 1.56 1.34
Isoleucine 6.37 6.99
Leucine 8.9 11.89
Tyrosine 3.36 5.59
Phenylalanine 5.31 4.99
Lysine 7.21 5.11
Ammonia 0.98 1.01
Histidine 2.37 1.72
Tryptophan 1.87 1.03
Arginine 7.96 7.93

100.00 100.00

* WE : Water extracts at 100C
** HPE15 : Water extracts at 60°C after high pressure process for 15 min

S. maxima®] 19%9] opn|:=2t ZAS Yeld 23, 2319 FE559 Glutamic acid®] $HaF
o] 17.10%% T4 oh|x=Ats B2 FES AAsaL deH, 5 ot 7% F sl

leucine®} Tyrosine®] &&Fo| Z+z}h 11.

89%, 5.59%= ¥t A4 FE Wluste F2 A
Bt 53], Leucine> W, 3%, 25229 A4 A4, dReS2W Fa3t 78945
O E S mnima] A3 ] WaF B ofulcive] Fakol FhHo T Fyste
|
z3|

N5 HEOEAC AN B B okl ol olgdtel A7k QAo =3

PEFE AREA o] 85t ¥F WY Tl 7o & Aoz AlgH:

P, Mg, K, Na, Fe, Zn, Cu, Mn) &% & A|FE 550C 33 Zolr] 334
71 3Ee] diks 7]—6}04 SA7] dAFOZE 83k ¥ ICP-ASE(inductively coupled
2 439t ICP-ASES] 25

— 100 —



Z712 POWER: 1 kW for aqueous, nebulizer pressure: 3.5 bars for meinhasd type C, aerosol
flow rate: 0.3 L/min®|o™, Z} F7]1d9] HE3AL Ca 393.37, Mg 279.55, K 766.49, Na
588.99, P 213.62, Fe 238.20, Zn 213.86, Cu 224.80, Mn 766.49 nm©| %}

[ 3-31] st 2y ey 289 7712 24 4

Composition WE(mg/100g) HPE15(mg/100g)

Ca 1.02 2.58

Fe 5.83 6.32

K 13.95 25.96
Mg 4.95 3.62
Mn 0.09 0.16

Na 56.10 66.12

Zn 0.10 0.12

P 10.19 13.33

* WE : Water extracts at 100C
** HPE15 : Water extracts at 60°C after high pressure process for 15 min

Fr1de] 2447 239 FEE YEF] 66.12 mg/100 g2 60% ©1/3S AT

2
T UEFY 2F0] UREe PrAe TAsgon, 55 2ug
oy

3) 71574 &AstE #g 5 £49 in vitro Y 24 FA4

(D Prostaglandin E2(PGE2) production inhibition

gutr oz dF % FFo T I Z prostaglandin(PG)e] A== 7132 LPS,
SNP &= UV A=) 23] interleukin-1(IL-1), tumor necrosis factor(TNF), interleukin-6(IL-6) 7
2 9354 cytokine©] FH]E|H, phospholipase Ay(PLA,)7} €433} 31 PLAO| &3l A|3E9te]
phospholipid®l| A4 arachidonic acid”} #HB]%|o] MU arachidonic acid’} cyclooxygenase(Cox)®ll
93] PGE W3l HAHS 53l o]FolA= Ao Z HUFJY (Bemnstein and Chen 1994). &=
Sk UV ZAR= cyclooxygenase enzyme®] &S ZA| W3} A|AH =2 PGE, Hd#HS Uehf+=
Aoz AIAM (Liou et al. 2007), wWebA, S maxima®] AF2]A-S ©]83+ Prostaglandin
E2(PGE;) A4 JAS =A3FA . 217t fibroblaste] CCD-986sk A EZE 10% FBSSF DMEM HY
o] esta] 1x10° cells/ml 2 3t Th o] ekl aspirinS- 50 uMeo| H == FHrlste] A
of &= Cox 849 XS HIZIGZH o E AAAA FL3 PGE, ol 2 + U=F
At e AX gy AEE 96 well AE wjFE] 247 wellell 20 2 37138}
37C, 5% CO, #lF7]olA 2417 B¢t UV 5o BEE o]&3ta] UVA(63 Jem)S ZAFSH

2 KON R
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o g & AEZE well vfgol] F2SE oy F2E A|3ZE phosphate buffered saline(PBS)-2-

2 28] AHS F, W0l dol Y AEE AP A8

PG= Levd (pgnl
2

0] 02 o4 06 08 1
GConcertration (ng/mL)

——WE ——HE5 W HPE1S

(b) WVimadiation

0] 02 o4 06 08 1
Concentration (ng/mL)

——WE ——HES5 ——HPE1S

[2® 3-53] Effects of Spirulina maxima extraction on PGE, secretion of human fibroblast
CCD-986sk by Non-UV irradiation and UV irradiation. The results were expressed
as the average of triplicate samples. The wvaluese represent the meantstandard
deviation.

*Non UV control : 874 pg/mL, UV irradiation : 2,738 pg/mL
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**WE : water extract at 100°C, control
HPES5 : holding high pressure for 5 min at 60°C with water solvent
HPE15 : holding high pressure for 15 min at 60°C with water solvent

9 3-539] (a)© UVE ZAKSHA| ¥ AlZAX Y PGE, YIEE Uehd 2o =, A8
7 dzEzTe B-% 874 pgmls HEAIY. I8y EE FEEY AF tixzdd Hlb)

92 PGE, HdALEE Yefor, 3%k FE5E(15min)e 45 Huls

AAFS JE A2 AR T A7} R 2738 pgmle JeRRgem, 94 23gt
FR(5mine] A% A} % 10 mgmLolA 1010 pymLo 2 71 & PGE, 7hE ek
ek 2T ALY 2AF A AZAN AT S PGE2] ol A9H FFol g T
vsl o 36 ol Frkshe e & & 9tk oled FE UVE QT IL1% TNFS 2

cytokine®] #HIE S. maxima®] & 4 30| AsgS JepdTh

(2 DPPH radical scavenging activity

54 B2 Uik ket dAs SAs= WH L, DPPH radical 27 &/ 3hdsid
M= tFez o] 7Fed WRlolth o] 22 redicale Zte EEFA H
SIHEE EtOH §9oM= Hepo g Waldny ey kst d4s 2 &2
3}Alsl &4 E2Zo] DPPHY radicalS &7AA|AH &4 S
A8 2F-8-(electron donating abilities, EDA)2 Z}7}9] FEE9

l-picrylhydrazyl)®] Axlgod gtz 7z A|g9o] dadS

DPPH (2,2-diphenyl-
, e 1 nl, AlE 10

AN

oxl

ol

52

A

N 2
%

ul, 100 mM sodium acetate buffer (pH 5.5) 990ul =S EF3F A|g o] 05 mM DPPH £
(Abs. EtOH soln.) 0.5 mlE YW1 wwhslal, oA s8I v8-8 F=3 & FE radical?]
EEE UV spectrometerS ©]83ta] 517 nmolA AT AR 5(%)2  [(1-As/Ac)x
10012 YERAAL, Aset Acoll AR 29 F3E ¢S 22 didste] Alklstanh
As
EDA(%) =1 - —— x 100
Ac

fAs: FEE PN FYT, Ac: FEE RAAT FI=

— 103 —



120

WE
HPES
100 4 EZXd HPE15

80 A

60 -

40 +

20 -

04 0.6 0.8

Concentration (mg/mL)

[Z2® 3-54] Scavenging effect of Spirulina maxima from three different extraction process. The
results were expressed as the average of triplicate samples. The valuese represent the
meantstandard deviation.

*WE : water extract at 100C, control
HPES : holding high pressure for 5 min at 60°C with water solvent
HPE1S5 : holding high pressure for 15 min at 60°C with water solvent

saksl g4 =4 Wi el 31l DPPH radical &7 & SAWE o] 8314, S maxima

Z59] DPPH radical 227 @48 19 3-549] YePHATE S maxima® BE FEES &
gEHO T FUIES ¥Rl & £ Qo UFE =2 dA4S Hl 2ut 2 A

—_
|9,

T b
BN
e 2 ke

Fo] %52 1.0 mgmLolA 93%2] DPPH radical 27 A4S HQ 58 37 A] B}
=

Al 5% O =2 248 dEhlo] a9t A2 Al A AlZte] #8 £49 &2

)
)

@ Nitric Oxide(NO) production activity

A A 9] NOS(nitric oxide synthase)= /¢ EAIst= Ao] olYz}, TNF-y, TNF-a2} 22
o] 7}A] cytokine®|t} LPS(E. coli el hpopolysaccharlde) T AlTUEAY JES o}
NOS 327} 28 fFrgozi Yehtr] wj&o oS &lstaat S maxima N ES LPSS
o= g H FAgoza NO9 AHss SRt AME AEFE vk e 17741
PAAEE A8 o™, MEE 10% FBSSE RPMI 1640 Hi Aol njFsled 24 well platel]
4.5x10" cellswell®] FEE Yo oS, A|ES A7 AR HArlelA &8 F 74 28 Wr
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o % 37C, 5% CO, vjF7]ol 48217t TSt w3k & LPS(lipipilysaccharide)E 200 ng/well
o sz AYsle 447 5 AEE WA 45 50w Aske] A ¥
GriessA ©F(1% sulfanilamide/0.1% N-(1-naphthyl)- ethylenediamine dihtdrochloride/2.5% h3po4)<-
7yt Ao 1087 WHAIZl F, microplate readerE ©]-83t 540 nme] STHE=E =
A, Nitrite?] FEZZ = sodium nitriteE A3 S W, T2 32 uMoAFE 0.25 uM7}X
RPMI 1640 HjA| 2 2uj¥ 3| Asto] AL FF343 Hlaste] ALksio

A

OWE B HPES @ HPE1S

. 2

control LPS

[Z2% 3-55] Stimulation of nitric oxide production on macrophage, J774.1, in adding 1.0 mg/mL
of Spirulina maxima extraction from three different extraction process. The results
were expressed as the average of triplicate samples. The valuese represent the
meantstandard deviation.

*WE : water extract at 100°C, control
HPES5 : holding high pressure for 5 min at 60°C with water solvent
HPE1S5 : holding high pressure for 15 min at 60°C with water solvent

3 A% 4 M AEZ gz2Ty Hlaste] 2 xolE

g0 & 4= 9o} PSS} &3 ] A, LPS = A7 A] 103 uyMET, €

53] e NO WAL Holm, IS I5E B FEEC) B¢ B8 uMEA 1Y we
gt stollA Gl WA, AxEete] wytgE B SO

2]
o7t & X% A
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@ Hyaluronidase inhibition activity

S. maxima®] HF A B FHF a3 ARES IRIsty] #8| F5E9] Hyaluronidase &4
A3 3= =4 3}tk Hyaluronidase A E3-= Rooster Combol|4] Bd%E N-acetylglucosamine
o] &S BEBFEZAR Aol A4S FHSIATE 0.1 M acetate buffer(pH 3.5)0 =<1
hyaluronidase (7,900 uniudtjdhels t/mL) 50 uloll Alg9] FE2EFS HISFE7F 0.2, 04, 0.6, 0.8,
1.0 mg/mlo] HEZ 20 ul 7}star, @49 &A= 938l 125 mMe] CaCl, 200 plE &3

37C 8 2dellA] 2083 MlFAIA T HETLS DMSO &5 Wi 8 oA 20871
HH &3ttt Ca”® BA3H  hyaluronidase &80l 0.1 M acetate buffer(pH 3.5)° ¢
hyaluronic acid (12 mg/5 ml) 250 ulE H7lete] TA] 58 AellA 4023t vl Fatdt. vl <f
0.4 N NaOH &< 100 nl®} 0.4 M potassium tetraborate 100 plE ¥Hg &3+ H7lsle] 2
© FxAA 3EZF A F WA AT WAAIZ] 9E3-Eof dimethyl aminobenzaldehyde
8- (p-dimethyl amino-benzaldehyde 4 g, 100% acetic acid 350 ml % 10 N HCl 50 ml &&oH)
328 mE W& EFE] H7eE F 37C F8 oA 2027 vide ¥ 585 nmA| FREE
ST A& o2 o] Aiketa, G40 A4S 50% Adfste sEE WAt
oete] T, o1 ICy RO FTh

Hyaluronidase Inhibition(%) = [(ODc-ODs)/ODc] x 100

o714 ODc= thZET2] OD(optical density)©]3l, ODs= Al& -8-42] 585 nmol|A¢] ODgkelt).

rﬂa

ot 0

=

80
CIWE
70 HPE5
=4 HPE15 i
60 1 % i
=
g = —
50 e ==
vl -
I
e
g
40 1 ==
==
==
==
30 1 H==
==
==
H==
==
20 - ==
=
:::I:I:
10 4 TEE
T
-
==
o — o o
0 T -I- .I- .I-

0.6 0.8 1.0

Concentration (mg/mL)

[Z1¥ 3-56] Hyaluronidase inhibition activity of S. maxima under different extraction conditions.
The results were expressed as the average of triplicate samples. The valuese represent
the meantstandard deviation.

*WE : water extract at 100C, control
HPES : holding high pressure for 5 min at 60°C with water solvent
HPE15 : holding high pressure for 15 min at 60°C with water solvent
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min 61% > Cﬂ# FEE(54%)CE %231 15 min A A, =& A3 A
7V &7 }z}?% %}é o] %

1
AE oz %om N B §8 ARl AE woz 47 8% o] Ues) fEelth

(® Tyrosinase inhibition assay

Tyrosinase A 4L FH vWlads z2be 7] ol tigh #ilo] EobAA
I 7FAP7Y dsskar o, B Ao A 2] Tyrosinase €A &3= dopachrome™ S ©]-8-3}
o SA3FT. =, 150112 mushroom tyrosinase-150 unit(Sigma Chemical Co) 225u1(2.5umM)
9] L-tyrosine, 225111-4 0.4M Hepes buffer(pH 6.8), Zlfi] 3001l 9] ethanol&9 =& Alg(1
ngnhEAS HE T B 5B AFE B F 475 molA] SIS 2424 290
Tyrosinase A& T3 o] S35 TH

Tyrosinase inhibition (%) = (D-C)-(B-A) / (D-C)x 100

A%t BE A7 AR5 7= &9 wief A3 wid Y F3= oW, C& D= 74 A
55 YA go &9 vt M} Fo] FFEo|th Tyrosinase JA| &3= 10002 UeRE
g AAE orlstar, 02 W A E sHA| Esle A om|gith

60

C—1WE
HPES5
50 1 == HPE15

40

30 +

20 +

10 A

0.4 0.6

Concentration (mg/mL)

[Z2% 3-57] Inhibition of tyrosinase activity of S. maxima by various extraction conditions. The
results were expressed as the average of triplicate samples. The valuese represent the
meantstandard deviation.

*WE : water extract at 100°C, control
HPES5 : holding high pressure for 5 min at 60°C with water solvent
HPE15 : holding high pressure for 15 min at 60°C with water solvent
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718, F274 5o Aa o] Fofshs debd Mae tyrosine . ZHF tyrosinaseo] ]3]
dopachrome©. & ¥31 A-FAIuk-g-S AX YA o]eh e Wepd MAE AAEr] ¢
A FFAAIR] tyrosinasee] TS JAsh= Aol et 1 A I9 3-577 o)
3%t FE7]1 9% 15 min FEFE9] tyrosinase SAI1E©] 1.0 mg/mLAA 45%9] 71 =

A& HERA AT

=
o
|

1

N
A
12
>
i
ox
Ho
olX
™,
t:olu
A=)
W

cytokine FHIF F3!
I} 2 cytokine #H|FF =74

|

g
o )5 3% e WY

X

X2 T Al (Jurket)2} B Al3E(Raji)E ©]-&3l AS3FATH

AES] BFL 10% FBSE Frdh= RPMI 1640 HiA|ellA 5% CO2, 37CellA wlFslalen,
W75 57 a3 24 well platedl] AEE 1.0x10" cellsymle] =27 B33 6dZol )
FtaA wld Z; well9 cellS hemacytometer® A|ETE =S5ty S SHEE A=
WS A8 TE Cytokine IL-69F TNF-a9 AFS kits AMEste] S48y BTE82S
ol- g3l At ETF4d7 vl cytokined] WS SF3IA

[ 3-32] ©bFeE =M F28 it 29Ey #2229 T, B Al A3dst £49

Cultivation time (day) | 5 3 4 5 6

Extraction condition of sample

Extracts from water 334002 43+0.04°  62+005° 83£0.06° 10.8£0.07° 12.8+0.08°

Viable cell ultrasonification at 60°C
T cell density Extracts from waterat [00°C ~ 3.120.08  4.0£0.07°  5.5£0.11°  7.320.13*  9.5£0.16" 11.30.18°
(*10* cells/mL) Extracts from EtOH 80°C 2.8£0.06  3.5£0.09° 5.8+0.07°  7.3+0.08"  9.120.10°  11+0.09"
Control 28£0.10  3.540.13  4.8+009° 63+0.07° 8.5+0.11° 103%0.16
Extracts from water 314006  43+0.03  63£008  84+0.10° 9.8:0.11"  11.3+0.09°
Viable cell ultrasonification at 60°C
B cell density Extracts from water at 100°C ~ 2.820.09  3.8+0.10° 6.2+0.11°  7.8£0.13*  9.3%0.10° 10.8+0.7°
(*10* cells/mL) Extracts from EtOH 80°C 2.8£0.07 33£009° 4.8£0.07° 63£0.06° 8.4+0.08  9.3%0.09°
Control 258007  3.1£008° 4.5£0.12°  5.8+0.08*  7.5:0.09°  9.2+0.08
§ - e = — _ — -
QIzte) WeAAel @ A3ke e W HMEL) TAE, BAES W 37 Aok 3
= =] ST ST o] = = [e] o :
A] Sste] Wl BAES THES 4% ZWEAE HEwsh YF=o] B2 cytokined]
1:] = O =) = —] YA O O S L= = ‘:]
2olg 29 $3) ATk TAEY ARwe) A% 2 YTl BT 23 19y
[e) = = =] S5k O = le) = o o
H 6Y7MA] AEFZHSR Frlele FEFS Ueden, HAd A5EE JERd 6dA 100C
- = o, - = [e) © [e]
E FEE, 80C ogts FEES 77 11.3%, 11.0%9 AS=E eI eH, 60C %<
. S = 4 e}
B B FZE9 A9 128x10° cellymlZ 71 =& H{EE

10.3x10° cells/mle] o} Hlake] Lo Solmom =SS Foldt 2= 9qlth BAE
AL A¢e THESY A= FARE 295 Rl Jd 4555 el 6
60C 23 B B FZE9 A 11.3x10° cellymlZ FA7F 2T 9.0x10" cells/mlE.th
BAZ ASEE Z7IN 7] Aoz vehgdtt
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[ZZA extracts from water ultrasonification at 60'C
extracts from water at 100'C

5 { E== extracts from EtOH at 80'C

1 control

Specific secretion of IL-6
(x10™pg/cell)
w

[ZZA extracts from water ultrasonification at 60'C
extracts from water at 100'C

5 extracts from EtOH at 80'C

[ control

Specific secretion of TNF-a
(x10 4 pg/cell)
w

Cultivation time (day)

[2™ 3-58] AZF WY TAHEAA cytokine H & 24

HA M| L Eo0] EH]EE= cytokined] HHIHS 19 3587 3-590] JEMATE THIESY A5
AN ZAs AFolA 7} FEAE FHVME B AE T cyokine®] HHIE AR, FHu)
AES Uebd 694 IL-69F TNFas 7P ol #Hlste 60C 259 B3 & FEEA]

7} 5.08x10™ pg/eell, 4.90x10™ pg/cellS ERISHH, 247+ 3.93x10™* pg/cell, 4.60x10™ pg/eell S

d3
- 1
HlskE tizatel Bls) S7Hd BRlFs UEhd As I 5 AN
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[ZZA extracts from water ultrasonification at 60'C
extracts from water at 100'C

5 4 EE== extracts from EtOH at 80'C

[ control

Specific secretion of IL-6
(x10™pg/cell)
w

V77] extracts from water ultrasonification at 60'C
6 - extracts from water at 100'C
= extracts from EtOH at 80'C

[ control

Specific secretion of TNF-a
(x10™pg/cell)

Cultivation time (day)

[C2% 3-59] 3T WS BAHEA cytokine FH| & FA]

vz 7 A 2 BM 2] A5S T3] BH = cytokine =
et ME F IL-69F TNF-a2] Ev|FAM 60C 223 WY & FE2EA FE3I 1L
TNF-aZ Z}z} 5.38x10™ pg/eell, 5.89x10™ pgleell® ZHz: 3.87x10™ pg/eell, 4.67x10™ pg/eell

M el Hal e fold F71E narh

\r

&
o

o
ME

@ Natural killer (NK) cell®] W53 &3}

NK-92MI cellsS a-MEM ] X]¢|] 2 mM L-glutamine, 0.2 mM myoinositol, 20 mM folic acid,
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349 A viF § AEE A4St ASAs FHEFATE NK-92MI cells 23 well plate
ol 4.5x10° cells/mlZ 900 ul® EF3}aL 24217t F BHES 45 NS 7t plateo] 100 ul® F
oslod wjeF 482417 & 6 FOF NK-92MI cell®] G EE cell counterS ©]-&3l] Aolgle=

AEFE 243} NK-92MI celld] BAEE =H3Ic)

NK AZe] Wiz G 4P ¥ 48 WY BAZY A% 3 ANE ASEs)
BE=o] B cytokined] UF S S F3 UG A% /b B DAL Uk 60T %

£ WY B FE2ES AL 37959 T 22ES WD
5 7 "jekl-S NK AMEo| H7 gt mE A8 To WaE Hrlelr & R+ vwsh
of B4 SASIAT 64 ¢ AEEE BESUCH AR HR ST v Azl
met felHez Frbshe e dEhida, UM we ASES dEhd 6dA 1240x10°

x=
™, o]2M ZA QRS xsha IS & F Utk

14 14

[ extracts from water ultrasonification at 60'C (NK cell)
12 4 —&— extracts from water ultrasonification at 60'C (B cell)

- 12

Pei-

- 1] —
g T m ] z
) 10 /E/ - 10 &
3 - P 3
.
% 6 - /E/ L6 S
S5 {// 5
T 4] 2

2 -2

0 T T T T T T 0

1 2 3 4 5 6

Cultivation time (day)

[Z2¥ 3-60] Natural killer (NK) cell®] WES3 &3}
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Z3% FF 415 min)e F3I FEE BLS HH3} 72 82 7Y FE=Y £

H
HS OY 649} o] =44 wl=4 &ul(DW, Butanol, Ethyl acetate, Chloroform, Hexane)E ©]

[Dissolved with HZO]

Butanol (3 times)

| |

Butanol H,0 layer

Ethyl acetate (3 times)

Ethyl acetate H,0 layer

Chloroform (3 times)

Chloroform H,0 layer

Hexane (3 times)

Hexane H,0 layer

(17 361] h4F 29} FEE) F9E BY mAs

N
A

=z ]
=

Jm

3 ¥ 5§ =4 A7E ¥ 3337 o] JeEuth

(3 3-33] 548 289= ¥ & &
Fraction Yield(%)
Hexane 3.5
Chloroform 4.3
Ethyl acetate 4.6
Butanol 20.04
DW 50.31

g 23 DW 29 FolA 5031%= 7PF =A UE $ow, Butanol w8 FollA
20.04%, Ethyl acetate (4.6%), Chloroform (4.3%) “12]3l Hexane (3.5%) 8% o2 & F
S5 Uehdd we}, dotey, Hed, kst 84 59 12 A E4S UE E AL
iRzl

tt
)
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A7A S 2vgeite] Mg 2 o]4¢ AT Pilot Plant Scale
AT

1. Spirulina maxima®] i F FAIE 75 2 AF8E 4

1) Spirulina maxima®] o Fa] FA|H T3
Spirulina maxima O} g8 FAAE-2 ATl 1085 thEduldAlAd Lo it Sealgd+4
B wdg ZHE RS 208F FF 27|15 X3 8 Fo JoH, 300Ly FF

I=]
R 20 8 10LFE &3 W

CH 2kl QF &= Spirulina maxima

[2% 3-63] HEFuF =% 2 ol ol 483 Spirulina maxima®] &v|7Z AFA
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[2& 3-70] AlFek ebatell AAH i Ful A AR
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[% 4-1] 29S8y ATARY 9] vl

(Tl ekl
(o)
ar | am | SN R aae | A% ?42] wgg | om o WA
% EFN | e ) 2] v B )
2

1 2012 27,900 27,900
2 2013 18,600 18,600
3 2014 46,500 46,500
4 2015 1,864 2,540 3,600 930 586 2,790 12,310
5 2016 1,864 2,540 3,600 930 586 2,790 12,310
6 2017 1,864 2,540 3,600 930 586 2,790 12,310
7 2018 1,864 2,540 3,600 930 586 2,790 12,310
8 2019 1,864 2,540 3,600 930 586 2,790 12,310
9 2020 1,864 2,540 3,600 930 586 2,790 12,310
10 | 2021 1,864 2,540 3,600 930 586 2,790 12,310
11| 2022 1,864 2,540 3,600 930 586 2,790 12,310
12| 2023 1,864 2,540 3,600 930 586 2,790 12,310
13 | 2024 1,864 2,540 3,600 930 586 2,790 12,310
14 | 2025 1,864 2,540 3,600 930 586 2,790 12,310
15 | 2026 1,864 2,540 3,600 930 586 2,790 12,310
16 | 2027 1,864 2,540 3,600 930 586 2,790 12,310
17 | 2028 1,864 2,540 3,600 930 586 2,790 12,310
18 | 2029 1,864 2,540 3,600 930 586 2,790 12,310
19 | 2030 1,864 2,540 3,600 930 586 2,790 12,310
20 | 2031 1,864 2,540 3,600 930 586 2,790 12,310
21 | 2032 1,864 2,540 3,600 930 586 2,790 12,310
22 | 2033 1,864 2,540 3,600 930 586 2,790 12,310
23 | 2034 1,864 2,540 3,600 930 586 2,790 12,310
24 | 2035 1,864 2,540 3,600 930 586 2,790 12,310
25 | 2036 1,864 2,540 3,600 930 586 2,790 12,310
26 | 2037 1,864 2,540 3,600 930 586 2,790 12,310
27 | 2038 1,864 2,540 3,600 930 586 2,790 12,310
28 | 2039 1,864 2,540 3,600 930 586 2,790 12,310
A 93,000 46,600 63,500 90,000 23,250 14,650 69,750 400,750
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2015 8,851,800 44,753 34,242
2 2016 8,851,800 44,753 32,457
3 2017 8,851,800 44,753 30,765
4 2018 8,851,800 44,753 29,161
5 2019 8,851,800 44,753 27,641
6 2020 8,851,800 44,753 26,200
7 2021 8,851,800 44,753 24,834
8 2022 8,851,800 44,753 23,539
9 2023 8,851,800 44,753 2312
10 2024 8,851,800 44,753 21,149
11 2025 8,851,800 44,753 20,047
12 2026 8,851,800 44,753 19,001
13 2027 8,851,800 44,753 18,011
14 2028 8,851,800 44,753 17,072
15 2029 8,851,800 44,753 16,182
16 2030 8,851,800 44,753 15,338
17 2031 8,851,800 44,753 14,539
18 2032 8,851,800 44,753 13,781
19 2033 8,851,800 44,753 13,062
20 2034 8,851,800 44,753 12,381
21 2035 8,851,800 44,753 11,736
22 2036 8,851,800 44,753 11,124
23 2037 8,851,800 44,753 10,544
24 2038 8,851,800 44,753 9,994
25 2039 8,851,800 44,753 9,473
g 221,295,000 1,118,836 484,588
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[3 4-5] 29 E2y A BAE E4dR 2o
T A 7HX] (NPV Hej/vE vE
T (A7) () ) B //C ratio) W] & (IRR)
&k 272,853 2.29 27.92%
[3 4-6] &2 absiol] tigh vlg R Ao 55
(9 e
H g 7] il
e ] wAbeR |, ] )
i 2 ﬁdfﬂ A3 A= A3 2= ‘aﬂ_;fﬂ 2 ﬁdfﬂ
7HA gEsH= $o] 7 7HA
AR s

2012 | 27,900 25,067 -27.900 -25,067
2013 | 18,600 15,840 18,600 15,840
2014 46,500 37,536 -46,500 -37,536
2015 12,310 9,419 8,851,800 44,753 34,242 32,443 24,824
2016 | 12,310 8,928 8,851,800 44,753 32,457 32,443 23,529
2017 | 12,310 8,462 8,851,800 44,753 30,765 32,443 22,303
2018 12,310 8,021 8,851,800 44,753 29,161 32,443 21,140
2019 12,310 7,603 8,851,800 44,753 27,641 32,443 20,038
2020 | 12,310 7,207 8,851,800 44,753 26,200 32,443 18,993
2021 | 12,310 6,831 8,851,800 44,753 24,834 32,443 18,003
2022 | 12,310 6,475 8,851,800 44,753 23,539 32,443 17,065
2023 12,310 6,137 8,851,800 44,753 22,312 32,443 16,175
2024 | 12,310 5,817 8,851,800 44,753 21,149 32,443 15,332
2025 | 12,310 5,514 8,851,800 44,753 20,047 32443 14,532
2026 | 12,310 5,227 8,851,800 44,753 19,001 32,443 13,775
2027 | 12,310 4,954 8,851,800 4,753 18,011 32,443 13,057
2028 12,310 4,696 8,851,800 44,753 17,072 32,443 12,376
2029 | 12,310 4451 8,851,800 44,753 16,182 32,443 11,731
2030 | 12310 4,219 8,851,800 44,753 15,338 32,443 11,119
2031 | 12310 3,999 8,851,800 44,753 14,539 32,443 10,540
2032 | 12,310 3,791 8,851,800 44,753 13,781 32,443 9,990
2033 12,310 3,593 8,851,800 44,753 13,062 32,443 9,469
2034 | 12,310 3,406 8,851,800 44,753 12,381 32,443 8,976
2035 | 12,310 3,228 8,851,800 44,753 11,736 32,443 8,508
2036 | 12,310 3,060 8,851,800 44,753 11,124 32,443 8,064
2037 | 12,310 2,900 8,851,800 44,753 10,544 32,443 7,644
2038 12,310 2,749 8,851,800 44,753 9,994 32,443 7,245
2039 | 12310 2,606 8,851,800 44,753 9.473 32,443 6.868
A | 400,750 211,734 | 221295000 | 1,118,836 | 484,588 718,086 272,853
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17 B =1 = 0.0238 16
18 Axd 0.0207 17
19 ) 0.7843 1
20 44 9 &t 0.1711 4
21 T 2 By 0.2419 3
22 UL 0.0255 14
23 a5 9 2y 0.1287 6
24 A A A ] 2 04711 2
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27 A3 9 7] ERA H] 2~ 0.0800 8
28 7]} 0.0000 27
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[# 415] 2T E e A B 29 A7)

L 5o =gyt () T4
1 SHTAE 0.0000 22
2 AR 0.0000 20
3 SAEE 0.0000 15
4 A 2 IS AE 0.0000 19
5 EA] B FolAF 0.0000 17
6 A& L EA 0.0000 27
7 s}ekA| & 0.0000 14
8 FARAI =R 0.0009 1
9 Hl 5 &3 A% 0.0001 13
10 AN A5 A % 0.0001 10
11 A E 0.0001 11
12 SV 0.0002 3
13 A7) @ Az=}F7]7) 0.0007 2
14 A 717 0.0001 9
15 T&7d] 0.0001 6
16 7HE g 7 e A 2D A E 0.0000 21
17 aE 7t e 0.0001 7
18 4 0.0000 16
19 2w 0.0001 5
20 +Ad 9 sut 0.0000 23
21 =T R R 0.0000 18
22 S A= e 0.0001 8
23 g % 2EE 0.0000 24
24 F5ib D ARG A E] A~ 0.0002 4
25 Taqg R 0.0000 27
26 s g B 0.0000 25
27 AL3] 9 7] ERAH] 2~ 0.0001 12
28 7)€} 0.0000 26
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=7} ZA A=
Cias sNE= 1979 ~ 2008.11.26 (ZNL/5EY)
) = TN 1976 ~ 2008.11.26 (¥/NY/55Y)
Q1 TIN5 1976 ~ 2008.11.26 (ZNL/S=Y)
e TN = 1985 ~ 2008.11.26 (F/NY/TEY)
o2 TN 1978 ~ 2008.11.26 (ZMNL/ =)
PCT N 1978 ~ 2008.11.26 (F7NY)
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(=3 E3Y or 239 F 2} or spirulina) and (8% or &

o

O
12

or '%"OoL or cancer or tumor)

spirulina and (cancer or tumor)

(==Y or 23 F Y or spirulina) and (B¢ or
3189} or (blood and pressure) or hypertens*)

spirulina and ((blood and pressure) or hypertens¥)

(=3 E8Y or 29 F 2} or spirulina) and (F%=* or
2l<& dor diabet* or glycosuria or insulin)

spirulina and (diabet* or glycosuria or insulin)

(I =Y or 23 F Y or spirulina) and (LA 8* or
Z#2HE or F82H ™ or hyperlipid* or cholesterol
or cholesterin)

spirulina and (hyperlipid* or cholesterol*)

W or &Y or FA or ¢EZ7] or €A or atopy or

(=3 &8y or 239 F 2 or spirulina) and (°}E3 or

immun* or antigen or antibody or allergy)

spirulina and (atopy or immun* or antigen or antibody
or allergy)

(=&Y or 23 F 2} or spirulina) and (Z4* or

&t or FAT or Al or &HbE|E]o}l or vHE|E]o} or

g}nlol e 2~ or H}o)E 2 or antibiotic* or antibacteria or
bacteria or bacterium or antivirus or virus)

Lo
o

~

spirulina and (antibacteria or bacteria or bacterium or
antivirus or virus or antibiotic*)

U
o

N
olr
1>

(=9E8Y or 29F} or spirulina) and (ZF or 7%
or A7 or 1HE % or {H7M or liver or hepato*)

spirulina and (liver or hepato*)

(2T E8Y or 29F 1} or spirulina) and (] or 9%
or 918 or Y18 % or YA or stomach or gastri* or
(gastric and ulcer))

spirulina and (stomach or gastri* or (gastric and ulcer))

(=9 &Y or 29 F 2} or spirulina) and (A73* or
heart or cardi*)

spirulina and (heart or cardi¥)

29 &8 Y or 23 F Y or spirulina) and (217 or
(A7 and =4) or F& or & or kidney or (kidney
and toxic*) or bladder)

—~

spirulina and (kidney or (kidney and toxic*) or bladder)

(=3 E2Y or 23 F 2} or spirulina) and (F73* or
©]Z} or pancreas or pancreat®)

spirulina and (pancreas or pancreat®)

(&= E8Y or 239 F Y or spirulina) and (YW or
A8 or QF or cataract or ocular or eyesight )

spirulina and (cataract or ocular or eyesight )

(&= &Y or 2239 F 2} or spirulina) and (FAH] or
HiW or AE % or HETE or constipat® or peristalsis)

spirulina and (constipat* or peristalsis)
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(&8 or 223F Y or spirulina) and (F18 or
2T or 3| EZ 2R or anemia or erythrocyte or (red
and blood and cell) or hemoglobin)

spirulina and (anemia or erythrocyte or (red and blood
and cell) or hemoglobin)

(=9 &Y or 23 FZ 1 or spirulina) and (343} or
28}t or B2 or #HZ or fE]7] or AfrEttZ or
3 2A}o] = or antioxida* or oxida* or radical or
superoxide)

spirulina and (antioxida* or oxida* or radical or (free
and radical) or superoxide)

)’\

(=&Y or 23 F 2} or spirulina) and (F2=EH

or Z~E# 2 or antistress or stress)

spirulina and (andtistress or anti-stress or stress)

(=&Y or 23 F Y} or spirulina) and (&HITF or
H|TH or antiobesity or obese or obesity or fat)

spirulina and (anti-obesity or antiobesity or obese or
obesity or fat)

(=&Y or 23 F2 1} or spirulina) and (ZE* or
IR or )™ ] or FI* or alopecia or bald* or scalp)

spirulina and (alopecia or bald* or scalp)

(=9 E8Y or 29 F 2} or spirulina) and (F]¥ or
3lo]EY or white*)

spirulina and white*

(=&Y or 239 F 2} or spirulina) and (I+ or

FE or =3} or =3} or AE]HEF or skin or wrinkle
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spirulina and (skin or wrinkle or aging or anti-aging or
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fertilizer or manure)

spirulina and (adhesive or adsorbent or filter* or

coating or brightener or gloss or polish* or feed or
fodder or fertilizer or manure)
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(=2 or 27 FFY or spirulina) and (2349 or
238 or 4 or 84 or HF or FF or ¥4 or

screen® or identif* or search or detect* or extract* or analys®)
spirulina and (screen* or identif* or search or detect* or

extract* or analys¥)

o 2] 7R

(=9 &Y or 29F 2} or spirulina) and (#1A] or
Hj & or cultur* or medium or media)

spirulina and (cultur®* or medium or media)
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or manufactur* or prepar* or yield)

(=3 E2Y or 239 F 2} or spirulina) and (E& or
HH or TRE or TR or TLF or B or A% or
preserv* or conserv* or store or storage or stock)
spirulina and (preserv* or conserv* or store or storage

or stock)

(=&Y or 23 F Y} or spirulina) and (F% or
A or FA4 or FAA or FFINF or SAING or
HE or FAAZZ or FAESH or AZF or WE or
22 or 2249 or & or A or FAHF or
HAAEQ or EHAEIH oA or EANAHA or
EW2AY* or species or seed or gene or genome or
breed or hybrid or genetic or engineer* or recombina*
or vector or clone or cloning or transformation or
transfection or transgenic¥)

spirulina and (species or seed or gene or genome or
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(FZ22AE or §274 or §EF/ or AT or

Alob=®tH 2] o} or cyanophy* or cyanobacteri* or (blue
and green and algae)) not (=T &Y or 23 F L or
spirulina) and (2% or A% or A& or oW or &7 or
& or 8 or 4 or €% or FE* or YoF or 9=
or %8 or ZAE or A% or 715 or A= or €2 or
L8 or E8 3 or disease or disorder or treat* or
therapy or therapeutic* or prevent* or protect* or effect
or function or acitiv* or use or extract* or
pharmaceutic* or medical or medicine or composit* or
health* or food or drink)
(cyanophy* or cyanobacteri* or (blue and green and
algae)) not spirulina and (disease or disorder or treat*
or therapy or therapeutic* or prevent* or protect* or
effect* or function or acitiv* or use or extract* or
pharmaceutic* or medical or medicine or composit* or

health* or food or drink)

(FZ2AE or §274 or FEF/ or AT or

Alobi=rtH 2] o} or cyanophy* or cyanobacteri* or (blue
and green and algae)) not (=&Y or 23 FE L or
spirulina) and (8}°8* or 8°¢%F or 3}FHF or FF or
FE or #lo]aY or Z2HYE or ZAWE A oreE or
W2 oor © or Y or T3 or "W or FolEY or
B or BF or T2 or =3 or Fx3} or GEHEZF or
7 or Mgt or A FAA or LA or FF or
cosmetic or makeup or beauty or hair or bald* or
alopecia or scalp or skin or white* or wrinkle or aging
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or anti-aging or antiaging or anti-wrinkle* or
antiwrinkle or clean* or wash* or perfume)

(cyanophy* or cyanobacteri* or (blue and green and
algae)) not spirulina and (cosmetic or makeup or beauty
or hair or bald* or alopecia or scalp or skin or white*
or wrinkle or aging or anti-aging or antiaging or
anti-wrinkle* or antiwrinkle or clean* or wash* or
perfume)

(FZ22E or §274 or §XF or A or
Alob=u8tg| 2] o} or cyanophy* or cyanobacteri* or (blue
and green and algae)) not (=&Y or 23 F 1 or
spirulina) and (&* or &2 or E* or ZH* or FH
or &8 or AFE* or HI& or adhesive or adsorbent or

filter* or coating or brightener or gloss or polish* or
feed or fodder or fertilizer or manure)

(cyanophy* or cyanobacteri* or (blue and green and

algae)) not spirulina and (adhesive or adsorbent or

filter* or coating or brightener or gloss or polish* or
feed or fodder or fertilizer or manure)

jus)
==

N
i

o

(FZ22E or §274 or FEF/ or AT or
Alob=®tH 2] o} or cyanophy* or cyanobacteri* or (blue
and green and algae)) not (=T &Y or 23 F L or
spirulina) and (=39 or 238 or 4 or 84 or
AZE or FF or =4 or screen* or identif* or search or
detect* or extract* or analys* or BJZ| or ] or cultur*
or medium or media or ™ or YA+ or %42 or 7}F
or AlZ or mass or produc* or cultivat* or process* or
manufactur* or prepar* or yield or & or 23 or
TEHE or THA or T&= or B3 or A% or preserv*
or conserv* or store or storage or stock or &% or FA}
or F32 or 341 or FEMNF or TANTF or FF or
GRAAZZ or FAZT or AZXT or HE] or FE or
229 or 2 or FHAE or FEHE or FEAEY or
EWFr o] or ERAZIAH or EHZAY* or species
or seed or gene or genome or breed or hybrid or
genetic or engineer* or recombina* or vector or clone or
cloning or transformation or transfection or transgenic*)

(cyanophy* or cyanobacteri* or (blue and green and
algae)) not spirulina and (screen* or identif* or search
or detect* or extract* or analys* or cultur* or medium

or media or mass or produc* or cultivat* or process* or

manufactur* or prepar* or yield or preserv* or conserv*

or store or storage or stock or species or seed or gene

or genome or breed or hybrid or genetic or engineer®
or recombina* or vector or clone or cloning or

transformation or transfection or transgenic*)
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