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SUMMARY

I. Title
Development of Applied Technology for Industrialization of Growth

Hormones and Related Chemicals from Seaweeds

II. Objectives and Importance

Approximately, one thousand species of seaweeds are distributed
around the coasts of Korea and abundant resources are available. Since
early times Korea is known for their various use of seaweeds along with
Japan. Seaweeds are used as food, thickening agent, fodder, fertilizer, and
as raw materials for seaweeds industry. Especially since 1980s mass
farming technology for seaweeds has developed. This has made the
increase in number of seaweeds productions then made seaweeds to
become one of the most important resources in marine products by taking
about 20% of the whole marine products.

Nowadays, many valuable element contained in seaweeds are
identified with the development of analysis technology. For example,
seaweeds contain lots of minerals and vitamins that take part in hormone
metabolism in human bodies. They are also known from many studies for
their fiber, alginic acid and fucoidan etc., which help to sweep the
intestines, discharge heavy metals, inhibit obesity and function as
anticancer. Although their industrial processes are yet less developed and
only 16% of total production are used for manufacturing and they are not

giving much of added value.



There is much need for developing new manufacturing processes
which can lead to high value added products using seaweeds that can
have competitiveness in exports to give increase in income to fishing
villages. This will help seaweed farming fishermen to increase in seaweeds
output according to stability in demands as well as giving positions in
jobs related to seaweed manufacturing industries.

Generally seaweeds contain little amount of nitrogen and
phosphorus but amount of potassium is rich. Most of fast growing and
large sized seaweeds also contain cytokinin and similar elements related
to growth hormones and bioactive components. That is, countries such as
Northern Africa, England and Norway assort fast growing and large sized
seaweeds and extract their bioactive components then concentrate them
which leads to production in high added value fast growing fertilizers.
This seaweeds extract acts with grains, fruits, vegetables, flowers and
other plants and cereals that take very good effect in their growth and
their quality of the fruits. Also, they have unique effect which makes
these farm products to stay strong in drought and plant disease as well
as increasing resistibility to noxious insects. The main technology in
manufacturing seaweeds extracts are the technology to dissolve seaweeds
stems then melt the useful constituents and maintain their activities.

Various kinds of useful constituents in seaweeds can be used as
sources of supply in soil conditioner or organic matters in soil that can
help plants to grow well during dry season by helping soil to conserve
moist. They can also be used in the barren soil or slanted land as soil
conditioners. Substances that helps in fast growth such as auxin, cytokinin,

and gibberellin extracted from seaweeds in soil conditioners makes



germination of seed easier and the cluster itself degrades itself and
changes into the natural soil.

This study was focused on the development of new kinds of plant
growth accelerator and soil conditioners using residual seaweeds products.
Most seaweeds used are products from Korea. The study searched for
bioactive substances in seaweeds, establish analysis methods, and develop
seaweed-soil cluster manufacturing process technology, seaweeds powder,

and seaweeds extracts.

II. Contents and Results

1. Contents

1) Characteristics of the components of raw materials, and analysis and
separation of bioactive components
(1) Characteristics of seaweed components
(2) HPLC analysis of plant growth hormones and its related chemicals
(3) Establishments the condition to separate bioactive components from

seaweed extract

2) Biological experiments for bioactive components and the optimal
processing properties for industrialization
(1) Biological experiments for bioactive components
(2) GC/MS analysis of bioactive components
(3) Processing properties of available chemicals

(4) Establishments of the optimal processing unit of sample products

- 10 -



3) Quality stability of products and applied experiments for
industrialization
(1) Preparation of sample products
(2) Quality stability of products
(3) Quality characteristics of products

(4) Applied experiments for industrialization

2. Results

1) Characteristics of the components of raw materials, and analysis and
separation of bioactive components
The basic technology for manufacturing various products such as
plant growth accelerators and natural plant farming fertilizers and details
necessary in production of seaweeds extract were investigated.
Characteristics of components in usable seaweeds, analysis of growth
hormone using HPLC, search for bioactive components by biological
experiments, and examine the extract conditions for separation and
purification of bioactive components were studied then liquid and power
form of prototypes were produced. Characteristics of bioactive component
in seaweeds were considered and analysis conditions for separation
solvent for HPLC analysis were selected. The calibration curve was
framed using the standard products of growth:-hormone and analyzed
bioactive component in seaweeds raw materials with HPLC. Separation of
liquid extracts of seaweeds and existence of bioactive component were

verified.

-11 -



2) Biological experiments for bioactive components and the optimal
processing properties for industrialization

Bioactive components in seaweeds were searched with Dbiological
experiments and instrument analysis of growth accelerator and most
suitable processing conditions for prototypes were selected. Raw seaweeds
and activity of seaweeds extracts were examined and | identified then
aptitude for industrialization was investigated. Characteristics of bioactive
component was analyzed and investigated by GC/MS based on HPLC
analysis results. In consequence, existence of bioactive component from
seaweeds raw materials was confirmed. It was investigated preliminarily
the effects of seaweed extract on the growth of plant seed through
biological experiments, and also done the effects of that on the

germination rate of agricultural plant in a pilot scale.

3) Quality stability of products and applied experiments for
industrialization

To elucidate the quality stability of prototype products in the period

of distribution, it was examined whether general bacteria and molds could

be multiplied or not, and the physical properties of the products were

also investigated to the three groups such as major components, harmful

components, and others, classified according to the conditions of standard
process of fertilizers which have been used for agricultural plants.

In addition, the three types of fertilizers of seaweed extract, powder

products and soil cluster were prepared according the optimal condition

of processing to examine the a feasibility to apply industrialization, and it

could be recognized the existence of available components, and also the
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possibility could be confirmed to use them as the growth accelerator of

plant and supplemental nutrients.
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F4& wAFE Foldt a%E 7/HA Ao A ol s w5 A
ke F8 Vel xR E718 Bddte AoY, sz 7= 433 £
e Ae B AAHER &H3 &3AA, 2 B4E FASE 7€)

g g 5 Ak
47128 ERa SAY Bo14e FEHT, HEAA BEIL A4

sl A7l E HEo] & AYJEE e EY NAAY EYX fU1E Fdo
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2 A% 5 o aEl3 Fug 87 Fe AAR 2R 5ol o4t
EQARAZ ALY 4+ ATk EF AAE Ao 2L EHE mokl
A4 BEsd 247 Az 5~8 mm 2 2U2HE Y454 A
g ZH2HE B ASA s 4L AXT on, Bao I
sl Aol HEW FANN Mol wolshA AT AZFIN 228 <
A, AIEAY, B A AT 2e A42AA0] $48 EFARAE B
FAZ 2228 oA 44 A} wolsn, 2e2HE AR AR
ol Qe E¥oz WA Bk

mebd, 2 FANE TN 22 HZFE olgste] VAR g,
24 wwel gge 28, 42478 234 852 o8] 9 Az 53

E AzEY 2 2-EY FE2H Ax 7e 58 MTstas s

[X 1] =7 8%

ij.ﬂ% - U}'%Z:}/ D}-.E—U]gil U]—%%]Z.}', H}TE:E}}‘]U]‘,

A F AFEF - A9 g, opAe}, e E7HA
ZuF - Y4, 2vizd 3, 2v)2¥ g0
A49vYg%
AZEAAE Shd, 4713, FHEld, 825, WY E, Sd8d, &
28 5
AL B2 A}E - Macrocystis spp., Fucus spp., 5471,
! CATHR, AFRF 52 AR @ AR
8 HI R - sj2HY], =23, 22 AxF JAuS
o @ 73

AEHED F
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H 2 & =ade 7I=7E &

A1d U9 &4 Jl=9 EF
1L 30 71¢ 4%

FRFE o] 4T /IF7ENT 9dF2E FE v|Yoly 7o HAREAW
3t AR ® AAFA 7 v MAQHPs a7, FAv|FY o]grtF E
FA82], g Azt oy 4, W|dRT F29 Ax, v
Az, AFGELE EFT AF HA, v FE29E ol &3 ZrE LAY A
E, vl 5o i 2=y PN 1A 2, F39 7HE 2 AZFY F
AWst AT Fo] don, A FAFLEE A OF ARHT e &%
74, oA &, tiAe B E E gAb Y a8 I3 B 4T
Aol st Apgtd x| AF ol Ak 2 B Ao @#ste 3
ZRE o8 AFEE ¢ B4 AvEY AF daME o A=" F
o] glom, S8IY AAZAY o]&olv d&3 TAE A HEHA X
ot glo)

2. =9 7l A%

FaAF QoM Mt Ud Z2FA AT AL JE w290
AME AE A4 224 2L Atz 59 AFL AN ow, Folxas)
AME HE Z2FAN AE4YF 20| F58 J4HE AE 5 A
et gtk B ASME ug B o] W JYH JB SHNY
3 9% Ex Az0Y, Az AZWY ANL HEs Y 2 4%
Zo FAYAA 23S DFo] 5P Aol YEEo|H, T ATEY
3 A Hl&sA ol Y AFolth B3I FIZAME ThAnle &
q7lee Az HE2FS dFPAsn Yol HRFE ol TYAEL
AR AR Yok Y AFEAA 2L BE Avge 243 e o
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2, w240 § 43, 7AAS @ dolzdst FATE FHOE A% ue
AN AEstm e APelch

A2A A7Asst AP FAHE A

AA w8 B¢ v¥E 2 78 FAE AL SEAF AFS of 30
billion (US)1 whde), fH A ZF extracts A)F2 @A 20 million
US)ell EFstet. 22}, doF 53 A, 454, v T dstdq 8
7b S7HE 3 o] 2 ZAA A JHAE v 3o G, =290 ¥ oldUu=
T fFEs HEE wAdd=E 9 dolxgst I35 FoAME Hx/E 988
¢ AE BEAE AFS A 3 FTFH F, MxF BT AF I& seaweed
extracts, 3| Z-E F2H FEHZ A4 dvjsia Aok

AEHA EG dEAY AH2 & AFd o] 2Ad 27%S ST
T 31= chlorophyll metere} 22 A2 7|&E o] &§Fo2ZHA HE &%
HAFgHT vt 53] “As EHE ZE” (intelligent tractor robots)2 7
ZA2E o UL ATHE AT FFY & US AolH, 5F A g9
a3 v AUF FUEFES A AXFeEHN O 27FE HEH &
A 7Ie9 ol& AH3 At zey, A2 AL 2 HEY AY AL
o 2% dF FFE F7te ¢ ol EVlsdite AMEL et

Ro 2 oY FHEY FHFUE I ARF extractsd} 2L Y =
A"E AHS3le Aol 93lo 24 4 . ¢F 300 million (US)e] &3}
< e F48E Ao @4 1%7 Hfslhee dzF AFEFAAe A
Fol e AtdolH, EF SFAY AL B It & F Ao Jg F
dell Ao “EEAEF" 9 Aol dgt AHIAESY] Bl FuEHI Y| HE
A #71%48 Eoks d3¥d A1 ol9e TN 4 3o, JxFE 48
23 AE Y 5 2 EANLAE AFL oS HoA wi$ EX7A 7}
=02 & ¢ Ao A vAe dFaEaFHE By, 84 d¥ FU9H2 A
€ AFE €7 I A Je2A A § Jdon, dIFY AdsHe

A2Fo £0E FUAA FHoine] 25 L, 4F 45 A5

S

fr

)

rok
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A2E Bokd sjz7hs AFRFeg 2T oulAsle Fr7t &A5FH

9 2R g4 58 4 ok
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A1d A5 AE5AH 2 FH4=49 &9 - &4

MZ2F Fo &3] vl duRE Bela Qv Ecklonia maximas A)
AHoz o8 oA FReA EAsn Yok 7 ZFe] wagn
g Je o] WE AZF (kelp)= AT AAAE 7IAL Y3 729
A 24 Ae7AA Y Azt A 15 ma] o]&. &3] urtEHo| w
o] 8|ZF{ Ecklonia maximad 757} Bow, % AeANN AH =
ZHHo R quAdezAs 2 J8L dtn o a3 o] IARFre 3
JHoz SfFAES] Hol7t =Hu, d ZFo 3 Bdjlel A

38
fr

fr

)

S2F FAE 37 30 anBFoI A & UdE FRE Ak 19
1 o] EYUE Y YA AR 4F 52ES g8 o] FolAh oS
% 7V 3% 2L AIEJIO, §4 JBHOE HEFIN £ F

=2 @A ok BE HEEL 3F AN A4S FIAA77] A8 A
o|E7IdS Aisty, EF qR2RE o] 2L dA HUS W= ol
W3 W& ok JEY A FAHL FA7 ¢ ASdEdgn gAY
o oY agzdAe AXFEN FE HSEA AL FIAME 2 A

RS 2o G4
FHFH e Hold FEF FIHES TRt de 54 HECITh &
Fe FEHE] FHIH, AL S Je BE FEESC] Y22
o127 wEoln, =F ol FFPES Fstenl FAAT A
7]l HEolg & & Utk LEEFE A WolEolA] &1 RE dF 3

i
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FREEL U FHEY. xR IA H2F2EY A v
23 Asr) A4 P Foe ALE B oA Aok

4= Portsmouth Polytechnic College] Dr. Blunden2 Fgol 1o]A
AxFe #84e A%A dre F3E ATy AR A7 zZ2aYd
A5d v ok 2y 2k 28§ F3o] a%HT A {9
BAoH, ERAE & AxF B ol FFE LYY & YE F
Ag "ol BAaYoH, AxF T FHH Y 4% 32
Athe 8L AT 20l Wad AZEFY s2ESL FYsn, FAeH
AelAl Bajsitn @k A8 de oYY RS A& F4Y &
A3, Yol BHE 5 Utk o] Z2EFo] HBH 7AE o2 EdE @
$3E7 4829 ANE =9 $9L @ ANEL SN w3
o) FFE Eol7) uFol oY T2ETol HEF AP U 4YL
Frhe AHle AdsA Ao

4% 5285 %y WAASelw, olge &
Age) e FEoZ oFM, o] TZESL WP R TR T
g xol 4FE WAk H2FE ALY, £, WER, AolEsde 3
#3m Yok S e vmA 23, wekdd AuLAL deiglol B
Zdch Ao APASE AZFE olgsta AMAAR wEde I

S FAE £ AT TAY, AxFe 4] 9% WAL © Yol
AolEF)do] Fad sEEoz dHA oH, dxFe o Z2Ee 4T
3 ge £EoE e AL A2FY 71F A 3L AAE WA
IR e Follnn doh.

AR AeF W EINIS 4B EE 5B AHSE v 1 Eve
ggsich 5 AE 29 A5, g6 FH0L) AT, A 4% A, 9
4R AT 5, /BAeZ AoELNLE AEE BN A& 4FAL
o AZFE 2A Aol o83 HPolA EEWF Ay} FEA e,

- 34 -



F AZ2RE AR BARIY 7195 43E 5 A, 73R 8o
15~20%F = woMRTAL e, Aure] & sz FA AR gz 27
7F LA Utth BE diFE dFE 4FEC o #8e] A
RN, AR FHE g 7HA L AR

3l Dr. Blundeng& ARE U8 SRFEZA ZZ2FT 4 Y= A
BAPYH AAELS FL kelp £A(1HHZ 1 g)o B34, 2XdE &g
Sob Aatel wlgo] otk 1k = gE IYMA 9P BASAE,
ARL AAE 1LY HxHF FEE §99 F7US o %] FFo] W

o

T Holdth ojAL 3 F ARVNE 8= Ve 9% & 5 AU
21 &9 Brixe 2 Eo] o|&sle vvlEH 38 X3S 584 1YPYES 23}
H, Brix #¥2 3 vjvj dE wrg3itl BrixZ} L A EL AYLHA o]

4 EolAa, HFd o AL 7IAY, BE FHY 2EH2 E0 &
HHOo R A A B

HZ dE2Fe 2 &HF] wlg Fleke FA0H I AHFEHE v
+ OYEtEn o add AAY A F HEe v AR E UHn
7H Hrbol f5H3 e AAoln o wAHe B sPRAE HIE
2 FEH A ojzigel A& ¥ ol 249 3§ dlle] Hu 3
ok olE o]&¥ F e Zle AL FF HALY AELolge FHAA
W 7HA e deoloh A7ldA &y & npsh Zol sjzFele HE 4R
Z2E0] &FHo 3o} olF ol & Faido] AT olg FLE ATV} of
A Il e AL o]FoAA &3 o, #7IF HIES VT4 JIHAE
T O 859 AF Aol /AT A
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2. AU

7L AE Sxi R A8 54

1) A8 3=
ANRE A 713530 vg, Al & 2 e, AgtdsE Sx4h
ue, gArl, & FY8k 20T o]dte] BRI Hashar Ayl o3t

At (Fig. 1).

I ES I
A dzFe] FRE, AW, $9¥e ne JNYR, FHY, 07

%, ohvleat 9 273 gEe ZASA

) Augee] 24
SRS, OUE, AW R 5P P AOAC el w4tk

W & HolaH
% 2old% FFL AOAC W (Lee 5, 1992)0] me} 243

H 43+
U713 FHoDE E FHuut e BLFH WY (Zvyagintseva T,
1999) 0.2 B3Pt F &4k alginate lyase, FZOo|©@L2 fucoidan
hydrolase, v &2 (1-3)-beta-D-glucanaseE AME-3t o™, 2472t o] &
A 01 ml (1~2 x 10° U/m)E A& &Y (1~5 mg/ml of 0.1 M acetate
buffer, pH 5.5, 0.5~2 hr at 25°C)ol] 23] H7}sle] 7}5Ea7 283 23
52 dyen, Eavke A A 932 Nelson o2 235 nmoj| A
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EFEE 245 429 §FS A&

) felohn) et

frEoprlite A8 15 gol 2ol&% 100 mlE 718ta v g &
ogats, 2 Ao 20% trichloroacetic acid (TCA)E 15 ml 713 t}&
s WA A WAIA dWAS FJA AARAG. o] FFHd
diethylether 7}51e] TCA, 18422 5 AAS F £8922 40To]
Al A 73} EsEA17] 0.2 N-citric acid buffer (pH 22)&94 22 10 ml&
A43 }S 0.2 ym membrane filter2 343 & 40 wE FHIlo A&
Algg Al83le BEAsigy. B4 x7e LKB 4150, alpha autoanalyzer,
Ultrapac 11 cation exchange resin, 0.2M Na-citrate €+3-<(pH 3.20, 4.25,
10.0) < 40 ml/hr, ninhydrin < 25 ml/hr, column temperature.

50~80C & 3}t

o) 7714
A& 2 gol H:SO; 4 mi, 34| (HCIOs) 7 mt, H:02 3 mE 71314
EAHZA A w2 222 AA3 7tdste] 43 Tz HE o713
Bk X, 20 mtE AHE3}e, atomic absorption spectrophotometer
(Shimadzu, AAS-6501, Japan)E& A}g3to B3ty BEAZ2AL plasma
flow : 15 L/min, auxiliary : 0.5 L/min, nebulizer : 0.8 L/min, RF power

1300 watts, speed 18.75 rpmo| 3 t}.

. dzH Fo A4FEE € #d Avd Y

) A= 32 2 A
2E AR 4% FEL Fig 29 2 Woz 2384 3, 3
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Aok 10uf 2] 2% NaHCO:E 713111, hot platedol|A] 30% &< 100C =2
agk 7tgat et FAME A#etal 1 q94E 1 N HClS AHE-3le pH 2.0
2 ZAT F, 2800 rpmoA 1583 A4 EEIY FIAE AA3 N,
separating funneld] <J¢§3} ethyl acetate 100 m¢E Wi FE3I) EE &

2FE HsAoh A LS WU E 23] ¢ FHITh QAL FrE B
#3131, o2 3o 33 Te& A=2L AFE 5ZAA methanol2 3 mlZ A
4-3lo] 1AA, ABA @ GA; £ AHE-3th 121 MEE RAF gL
1 N NaOHE Ap&-3] pH 72 &3 &, separating funnelo] <47} ethyl
acetate 100 ME Wi FE3] &€ o3 43S AT FYT W=
28] O Hsld R A2 AF 22X A methanolz 3 mZ A L3
zeatin 4ol AF&3YG Tk
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C

Fig. 1. Seaweeds used as sample.

A : Seaweed mustard; B : Sea tangle;
C : Seaweed fusiforme; D : Sea lettuce.
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Seaweed
Add with 10 vol.

of 2% NaHCOQO;
Heat and stir for 30 min

at 100C on hot plate

———Filter
Remove
residue
—— Control filtrate to pH 2
— Centrifuge (2,800 rpm, 15 min)
Remove ]
residue

Take supernatant after shaking
mixture of filtrate and EtOAc Concentrate
in separating funnel in vacuum

(3 times) Measure up to 3 mé

with MeOH
Control filtrate to pH 7

Take supernatant after shaking
mixture of filtrate and EtOAc Concentrate
in separating funnel in vacuum

(3 times) Measure up to 3 mé

with MeOH

Discard

Fig. 2. Procedures for extraction of plant hormones from seaweed.
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o} HPLCY 9@ 24 =1 43

1) ANeF 2 E4717]

Indole-3-acetic acid (IAA), abscisic acid (ABA), gibberellic acid
(GAs), trans-zeatin (zeatin) HF.FHF-2 SigmaAlA], potassium phosphate
NaHCOs& Kanto A}A|, acetic acid, methanol& Merck A}A), HPLC& £uj
£ MerckAlA|E A28ttt HPLC systeme Jasco A}AlQ] Jasco FP-1580
intelligent HPLC Pump, Jasco DG-1580-544-Line Degasser, Jasco LG-1580-04
Quaternary Gradient Unit, <HU4AEZ7]E MF-600 (§¢#3%), UV
spectrophotometer= U.V-340 (TURNER), pH metere 1Q-240 (IQAHS] AF
& AHgsrgoh

2) xEE99 =4

7} 1AA
EZE JAA 20 mgg AY3] 2o} methanold] Fo] WAZetAFo
231 methanolZ 100 m¢ A 3l EFQE} (200 ppm)o. 2 3 F . A FA|
S A% AFH AL o] BFENS 2,5 10 € 20 ppme] F=7F HA
348l ARSI

1} Zeatin
EFE zeatin 10 mgg AY3] Eo} methanold] ZHo wlAEgA=
Y3 methanolZ 100 m¢ A 3l EFYY (100 ppm)S2 SHTh HHA|
d& A% AFH FAHL o] FELYE 10, 20, 50 ZE 100 ppme] Fx7} =
A B A ste] AU
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) GA;

$a2l m

BEFEF GAs 50 mgg AU 2o} methanold] o ojAZgtxAd
ethanol 100 m¢ A 3l BEFH

% (500 ppm)o.2 3}t FFAE
S A% AN FAL o] EELAYL 100, 250 2 500 ppme] FE7F HA
&) 43te} Abg-sgich.

lo ol

2} ABA

BEF ABA 20 mg& 93] Eof methanolo] %o wjAZgtxzd
231 methanol2 100 m¢ HA 3l ¥

42 9 4B AHL o &
848t) ALga ST

9 (200 ppm)o 2 3}FTh A FA|
TY9E 2,5 10 € 20 ppme] FE7F HA

3 A= %9 @PEAe A4

NE SZEE Fg 29 ge wyoz

A g)3te] HPLC B4 A=
2 o] &3y

4) FHEZ9 ¥ 2 A4

BHEAL A% F2 2 849 AvZY &, A= Fg 29 2L
HHez At F, &

Ede nF EA8 o A FHEA
@ 717 HolA 2 o)

H]
olE& &3 e AL guyt aX &
g AZ4HJY. mx A7 agAolEe &

HelA G54 ¥ F
A= HPLC 84 A8

TE7A AA A

5) =5 extract?] F& HZF ZA A 9 AAFEL Az
ofgf o} L F9 43 QUS| thsle] 33 wrE HF xAlES 3
Z extract & F3F AL AR, AAE SR extractE: A =Z3}FT)
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Z, sz A2 3 kgoll 2% NaHCO; &9 307S ¥ ¥ 100TolA 3023k
e @ @, o] A& SEZ TS, e mE Hol 1/102 7
523 ¥, pH 3024519 APUAAE 27 Artstel RS (AN
2). oW WAHE e 52 xS P wANdL (224 AS8).

7hH NaHCO; x| @& 4F
oo WE & Hz 23L& #Ysr) siste A 10 gl 05, 1,
2, 5% NaHCO; €9 100 Mg 292 Y& ¥ 50 0& 5888 4
HE ot

1 719 A2 8 93¢
7t Azbel] W& HAzAL Y fstd @A 10 gol 2%
NaHCO; €9 100 m< ¥ ¥ 100TCoA 71d 2 mygkg 3o A)7rel o}

& FEHES YR}

W A=F A % $9o BE 9P
AA 10 goll 2% NaHCO; &9 100 m¢S Y& £ 100CoA 718 2
WY el A - HPR BB FFELE AYRYTE

6) HPLCl o|g &4
B a7 33 F uadds B3t AP HPLCY H3F 4=
sl BAEPTh &, I1AA, Zeatin, GAs ¥ ABA9 ¥A& z}Z Table
1~49} 22 zhoz PHth & EELY 2 A &4 FA] OH
(M2: PTFE)2 47 F HPLC ¥4 A-$3An
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Table 1. HPLC operation conditions for IAA analysis

UV detector
Detector
285 nm
. A : 0.5% Acetic acid
Mobile phase
B : Methanol
Flow rate 1 m¢/min
Column Altech, SPHERISORB ODS-2 (4.6x250 mm, 5 um)
Inj. vol. 5 ub

Gradient program

Time(min) A(%) B(%)
0 95 5
10 70 30
20 50 50
30 30 70

Table 2. HPLC operating conditions for zeatin analysis

Detector

Mobile phase

UV detector

269 nm

A : 20 mmol Potassium phosphate buffer (pH 7.0)
B : Methanol

Flow rate 1 mé/min
Column Altech, SPHERISORB ODS-2 (4.6x250 mm, 5 sm)
Inj. vol. 15 b

Gradient program

Time(min) A(%) B(%)
0 95 5
10 70 30
20 50 50
30 30 70
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Table 3. HPLC operating conditions for GAs analysis

Detector

Mobile phase

Flow rate
Column

Inj. vol.

- UV detector

250 nm

A : 05% Acetic acid

B : Methanol

1 mé/min

Altech, SPHERISORB ODS-2 (4.6x250 mm, 5 ym)
5 ul

Gradient program

Time(min) A(%) B(%)
0 95 5
10 70 30
20 50 50
30 30 70

Table 4. HPLC operating conditions for ABA analysis

Detector

Mobile phase

Flow rate
Column
Inj. vol.

UV detector

285 nm

A : 0.5% Acetic acid

B : Methanol

1 mé/min

Altech, SPHERISORB ODS-2 (4.6x250 mm, 5 1m)
5

Gradient program

Time(min) A(%) B(%)
0 95 5
10 70 30
20 50 50
30 30 70
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7) AEAAA A FY A4
HESE AFe T Y, H4 2 B 3R (POHRLAZE]E
AZANA FSIste] £ 2 Pewri-dish Fo|xe] WYL F BE7
A=F A=A B7H7Y TR 49 AEES asdrh EF A2 extract ¥
299 S5 gste] £ 3 o1 A 4% A=E FAT P
o2 Hm 2AS B4 At

3. d4+23

7t AR dze 4B 54

1) AR

AzFe ANAE FFe Table 59 Uehislch h2F 459 Au
g 7 99 P UNE Fa, g oD we FFS
dedigon, Basge doide s, et £o2 FFol BA veht
o E@ g FFe oAl FlA EA deEth AEARE(EEND
A72)9} Hamste] Weke o, wl&d AP BTk

2) F HoAH{ 2 dH
dgzfFed TFH Qe F HolHF FFL Table 63 2t} 4o
Afe FFe 7% oA (@595%)7F - =ken, J1F vg Ex
(37.63%)9] A7t 71 @A Uitk 71 thavke] HeldfH e FFe] =
2 AL A9 873 A8 Aold 7IUste Aoz AHztE.
e F Holdf FF A Al EdlAAFeA amyloglucosidase]
33 pH 2Fo] AFsA %& A$ S278d A% A AA7 $AX
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Zatd F3gke] tha A UElhd = de Aoz A Ao

sxFol EFHo e alginic acid, fucoidan, laminaran®] e
Table 7o) JehiQch Alginic acid d&Fo] 713 A JEl}on fucoidan
9] ol 71 HUth Alginic acid FFE& 4% A7 9L 19.6~23.6%
2 = AL HPoy, gAvle ASE 138~14.6%2 A Vel &
A fucoidan®] FFEFAtole =LA o, Agd FFole AA e
ot £9 A$ 23~25%2 UEhgoy tAjute] A$E 01%2 2o FEFS
B Q. Laminaran®] %S 53T A, A8E & Aole HolA ¥ge
U 53], gArkE 42~43%9 & IS RYth diAFeE 5F O3F
of gk el Am FiH WE Aole HYoy, A Hole AR &
koh.
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Table 5. Proximate composition of seaweeds

Common name

Crude

Crude

Moisture . . Ash  Carbohydrate
Collected place protein lipid

Sea mustard Raw 88.2 24 0.2 39 53
Kijang Dried 16.2 19.8 3.0 25.1 359
Seaweed fusiforme Raw 88.3 18 04 47 438
Kijang Dried 329 6.4 08 28.1 318

Sea tangle Raw 911 12 0.2 3.3 4.2
Kijang Dried 12.2 75 1.1 35.0 44.2

Sea lettuce Raw 87.3 34 0.8 5.0 3.5
Kijang Dried 15.2 240 0.7 13.8 46.3

Sea mustard Raw 89.3 21 0.2 3.3 51
Wando Dried 17.3 195 3.0 245 35.7
Seaweed fusiforme Raw 88.9 1.2 0.6 3.6 5.7
Wando Dried 334 6.0 0.8 28.7 31.1

Sea tangle Raw 922 0.8 0.2 3.2 3.6
Wando Dried 13.5 71 09 34.8 43.7

Table 6. The contents of total dietary fiber in seaweeds

Sample seaweed / Collected place

Total dietary fiber (% on dry basis)

Seaweed mustard blade/Kijang
Seaweed mustard stem/Kijang

Seaweed mustard spore/Kijang
Seaweed fusiforme/Kijang

Sea tangle/Kijang

Seaweed mustard blade/Wando
Seaweed mustard stem/Wando
Sea tangle/Wando

Seaweed fusiforme/Wando

38.96
4217
37.63
41.10
45.95
38.65
41.67
43.75
4047

- 48 -



Table 7. The contents of polysaccharides in seaweeds

Polysaccharide (% on dry basis)

Seaweed Alginic aicd Fucoidan Laminaran
Seaweed mustard blade/Kijang 223 14 3.6
Seaweed mustard stem/Kijang 19.6 1.0 29
Seaweed mustard spore/Kijang 21.2 1.2 3.3
Seaweed fusiforme/Kijang 17.1 25 3.8
Sea tangle/Kijang 14.6 01 43
Seaweed mustard blade/Wando 23.6 15 3.2
Seaweed mustard stem/Wando 19.7 1.0 29
Sea tangle/Wando 13.8 0.1 42
Seaweed fusiforme/Wando 16.9 23 37

3) °]'“j =4

AxF ol il Ae otv=qte] S Table 89 viehf it
71732 v ¢, 7] L %3] 7%, glutamic acid 7} Z+z} 2,431, 2,306
2 2,359 mg/kg, alanino] z}z} 2,813, 2,701 ¥ 2,795 mg/kgo 2 ¥ &
S13 PO, aspartic acide 2k}t 1,095, 995 2 1,009 mg/kg, leucined Z}z}t
1,147,998 2 1,006 mg/kge 2 Eth 714 2D Awi dajute] ALe
glutamic acid7} Ztz} 2,501 & 2,449 mg/kg, alanineo] ZtZ} 1,734 2 1,724
mg/kge 2 T2 FFL HYPOwH, aspartic acide 47 1,287 L 1,264

mg/kgQ® 2 £33, leucined 74z} 1,007 ¥ 1,014 mg/kgo. 2 #3}t}.
ojg|g AF}Z Hol v|g g tAntE FEolviedt FhEE glutamic
acid9} alanine®] ¥3o] 7} £33, 71 32 Z aspartic acid 9} leucine &
Fo| & AFolYtr. W, histidined] FFL w A tirjuleg AL
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196~242 mg/kg FEOIUL, £ AT vHH GAvte] FElotn|ieite]
A7 Zol7t AU F, 1A} R BFT glutamic acid (1,699
mg/kg), aspartic acid (907 mg/kg), alanine (895 mg/kg) £o 2 TgoH
fxate] 2ol F$E glutamic acid (1,536 mg/kg), aspartic acid (961
mg/kg), alanine (895 mg/kg) =22 FUTh HEL ofu|itS AEA U
A AAHez FAAY JdF2HE Foote] @A FHE AR, Ex
AU AZ A%, A8 F OIS §22 AHS st Sloh o3 E 4
B tig HAPAA opuj=ite] 8 Qolx EYnAESY FFdL= FHE
sto] A ES F4S s st HEQ BB HFYS FEAT
1, 2% JFAe wAss] Eoke] g FoAE EH} Je A
o2 d#A Utk

4 F713

HE2FE ANE L 2E Fo T FFL Table 99 el
th sl2F oF dioly, 30 HlE AE F9 shid ZFY FFS 4=
AF gAEl (1394 mg/kg)ot 7134 £ (9.87 mg/kg)dll X tF HAESHULH,
v As 2R 2 R99 F#gle] 5.91~7.36 mg/kg Mo EF 7
% 2 ohadled $3L A1 SAvtelN 2z 252 mg/kgsh 149 mg/kg
o2 ¥ FFE e eH, 7T 459 vg E7dAMe Zgol &4
Z} 1.38 mg/kg # 1.81 mg/kg °IAth A2 717 v|HolA F-9o w2} 2
)7} Ao} 88.44~101.07 mg/kg B S 0|1, W7+ 4.27~7.95 mg/kg
9, oFd-2 19.55~29.25 mg/kg HH oA =4t vl Fee Fod o
g} Ho] 97.72~123.56 mg/kg HY oA, F7ro] 4.84~7.10 mg/kg WS, o}
o] 18.75~22.87 mg/kg MU THAvte 5= Ho] 7|3 R 8%
A9 A4, 24z 90.28 mg/kg L 9490 mg/kg o], Fzto] ZHz: 6.75
mg/kg % 854 mg/kg o|lom, oldol ZtZ 2218 mg/kg B 1279
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mg/kg oAt} 7L FEeol HALE Heo] 12975 mg/kg, WIHE 794
mg/kg, o}A-E 11.10 mg/kgo 2 HI 4o FFS =R o, o}
A9 FFe fxe vt AR ok 9, Jig Fr1d AEA Cd,
Cr, Co, Cu, Mo, Ni ¥ Pb #4Zd3}= Table 109] Yelth AFP] A&

g sixRodAe ZEE, Jl=F, 284 2 go] ASHA &yt

Table 8. The contents of amino acids in seaweeds
(Unit : mg/ke)

Amino
. A1l A2 A3 B C D E-1 E-2 F G
acid
Ile 620 552 602 302 506 1325 630 551 368 512

Leu 1147 998 1006 662 1007 1730 1028 1001 602 1014
Lys 878 809 854 402 716 1658 814 809 403 716
Met 421 412 415 230 354 865 386 375 254 36l
Cys 165 153 161 145 517 384 175 154 134 516
Phe 765 653 711 421 709 1851 724 621 421 716
Tyr 492 401 461 274 423 957 431 397 236 435
Thr 765 702 723 436 743 2156 699 652 411 736
Thp 230 201 213 104 234 654 216 196 103 238
Val 830 814 819 417 607 2234 799 784 426 615
His 242 196 216 103 148 479 234 186 116 148
Arg 799 698 756 367 503 2087 794 704 348 500
Ala 2813 2701 2795 895 1734 2182 2722 2702 895 1724
Asp 1095 996 1009 907 1287 3597 1068 1004 961 1264
Glu 2431 2306 2359 1699 2501 4763 2348 2297 1536 2449
Gly 898 794 883 436 812 1801 804 767 425 806
Pro 714 607 704 296 709 1549 699 643 307 701
Ser 602 534 584 367 648 2494 604 569 354 650
Total 15907 14537 15271 8463 14158 32766 15175 14412 8300 14101

A-1 : Sea mustard blade/Kijang; A-2 : Sea mustard stem/Kijang;

A-3 : Sea mustard spore/Kijang; B: Seaweed fusiforme/Kijang;

C : Sea tangle/Kijang; D: lettuce/Kijang; E-1 : Sea mustard blade/Wando;
E-2 : Sea mustard stem/Wando; F: Seaweed fusiforme/Wando;

G : Sea tangle/Wando.

- 51 -



Table 9. The contents of major minerals in seaweeds (dry basis)

(Unit : mg/kg)
Seaweed /Collected Ca’ K Mg Al Fe Mn Zn
Sea mustard blade

117 591 087 26.66 101.07 795 29.23

/Kijang
Sea mustard stem
1.38 6.05 097 1920 88.44 790 2596
/Kijang
Sea mustard spore
. 0.65 6.18 068 6714 9039 427 1955
/Kijang
Seaweed fusiforme
. 1.26 9.87 067 12686 129.75 794 11.10
/Kijang
Sea tangle
B 2.52 0.13 149 4050 90.28 6.75 2218
/Kijang
Sea lettuce
0.23 6.47 0.68 2754 89.86 542  17.39
/Kijang
Sea mustard blade
1.40 7.36 087 46.06 12356 7.10 18.75
/Wando
Sea mustard stem
1.81 6.20 1.05 2427 9772 484 22.87
Wando
Seaweed fusiforme
1.21 8.45 0.77 1978 90.71 6.51 25.63
/Wando
Sea tangle
112 1394 0.72 11070 9490 854 12.79
/Wando

"1 g/100 g (unit).
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Table 10. The contents of other minerals in seaweed(dry basis)
(Unit : mg/ke)

Seaweed /Collected Cd Co Cr Cu Mo Ni Pb

Sea mustard blade
. ND* ND 19.66 5.00 ND 424 ND
/Kijang
Sea mustard stem
. ND ND 19.90 452 ND 3.79 ND
/Kijang
Sea mustard spore
. ND ND 18.13 6.80 ND 2.74 ND
/Kijang
Seaweed fusiforme
ND ND 15.23 5.69 ND 3.53 ND

/Kijang
Sea tangle
. ND ND 15.40 4.33 ND 4.28 ND
/Kijang
Sea lettuce
. ND ND 20.80 6.07 ND 2.64 ND
/Kijang
Sea mustard blade
ND ND 17.80 452 ND 3.23 ND
/Wando
Sea mustard stem
ND ND 9.60 5.64 ND 3.55 ND
Wando
Seaweed fusiforme
ND ND 1091 7.55 ND 4.06 ND
/Wando
Sea tangle
ND ND 17.80 3.70 ND 3.39 ND
/Wando

* ND : Not detected (Cd : 1.0 mg/kg; Co : 1.0 mg/kg; Pb : 0.5 mg/kg)
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. Az Fo 4% &2 9 39 AvZd g4

1) A= & 4 AA
qxH F9 4% FE& Fig 29 22 wWigez HPLC 48 A&
FENA F%, A £ HPLCE AHS-3te] 1AA, ABA ¥ GA39l 3
Fahe 4Zb9] peakE 153] £Fsle 2 HES 43 Fdn 9% &3
ol FA= At

2) HPLCY] 9ojg &4 =3 4AF

qzFAA HE A TES 28 2 ZAF3] AN EEEHQ
IAA, zeatin, GAs, ABAQ| ¥4 =& AASIAY HA 4749 ZFEAS
MeOHol| =] UV spectrophotometerE ©|&£3le] 2z} RFEA] HY F
g Aastgon, 7 A7 I1AA : 285 nm, Zeatin : 269 nm, GAs : 250
nm, ABA : 285 nmo|X Hd FFES e AL YRl =g #79
By 2718 #F93l7] 938ke] TLC (thin layer chromatography, Silca F254)
oj-&std APE AA, A/ &vl o] FREXE : old OIAHIE : X
T4 =50 : 40 : 1 A W zeating A3 IAA, GA;, ABAZ ET 5 3l
Aon, AN gl o] ojAZERE : YRUolE : FHF =10:1:1
4 W, zeating ET F AATh F, IAA, GA;, ABAE A9 HAAE 7
= €224 HPLCE °|&% FA 4T + Je JRE 25 & AdH
(Table 1~4).

Ir

7h 1AA
IAA EF99(100 ppm)& 2, 5, 10, 20 ppme] FE2 3 A5},
HPLCE AH8-3t9 7§ ZFFH-L Fig. 3o dehlidch &, 2~20 pug/ml 5
T WA =Hstd T3 AT N 787 70292, R¥%E 099722 1}



g ue 5@ A%E A9t

IAAE methanold] = Al&slgon, HTFIH45LL 81.1+13~
87.4+1.1%0| Qt} (Table 11). £3 IAA®] HPLC Z2rlEIWL Fig 49X 1
= 8}¢} ZFo] retention time 16%-to] }e}ytT)

16000

|y = 702.92x
R?=0.9972

12000 f

14000

10000 |

8000 |

Peak height

6000 |

4000 |

2000

0 5 10 15 20 25
ppm {mg/kg)

Fig. 3. Calibration curve for IAA analysis.
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Table 11. Recovery of IAA in seaweed

No. Added Found Recovel:y
amount (ug) (%+SD)
1 10 8.2+0.8 81.1+1.3
2 20 16.9+0.9 82.3+0.8
3 50 443114 87.4+1.1
* Standard Deviation (n=>5)
"
80
80
H
x a
8
e
o
04
ln "
o T*
0 5 0 b 2 ! 2 nin

Fig. 4. Chromatogram for IAA analysis.
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90000
80000 | y = 843.45x
70000 R? = 0.9973
60000
50000
40000
30000
20000
10000

Peak height

0 20 40 60 80 100 120
ppm(mg/kg)

Fig. 5. Calibration curve for zeatin analysis.

1}) Zeatin

Zeatin EF QUYL t-zeatin (100 ppm)S 10, 20, 50, 100 ppme] F%
2 343, HPLCE A3t 73 AFFHL Fig 59 Jelliie F
10~100 pg/mt F= WHA7A &3] 7T AFIAY 71 &7|E 84345 R
= 099732 YEhy w9 I3 dFAE AUt Zeatind methanold] o
ALgElgon HFIFEL 821:0.5~854+1.1%0] Tt (Table 12). Zeatine]
HPLC A ZvlE13-& Fig. 694 X ul9} Zo| retention time 17.4%tj<
UEbs T
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Table 12. Recovery of zeatin in seaweed

Vo et e o
1 10 8.3+0.2 82.1+0.5
2 20 16.6+0.7 83.1+0.8
3 50 432413 85.4+1.1

* Standard Deviation (n=5)

e

£

d

M‘“MN
’A...“._
Y2 03 4 5 6 7 8 9 10 1% 12 43 14 45 16 17 19 19 20 21 22 23 24 25 28 & 28 26 30
min
Fig. 6. Chromatogram of zeatin analysis.
T} GA;

GAs EF¢Y (1,000 ppm)S 100, 250, 500 ppme] FEE 3]23}d,
HPLCE Abg-ste] 33 AFFHL Fig. 79 YelAoh. 3 100~500 pg/mé
FE HY7A ZAste] 7§ AFFHY J1L7]E 9.8737, R%E 099632 1}
eht ul-g G5 AHE A
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GAs= methanold]] o AFe) AlL3R o, HF3458L 77.8:0.
3~816+18%0]31T}h (Table 13). GAs¢] HPLC Z2vlEIde Fig. 8014 X

T—

= u}o} o] retention time 7E o] elytt).

6000

y = 9.8737x

5000 R? = 0.9963

4000

3000

Peak height

2000

1000

0 100 200 300 400 500 600
ppm{mg/kg)

Fig. 7. Calibration curve for GA; analysis.

Table 13. Recovery of GAs in seaweed

No. Added Found Recovet:y
amount(mg) (%+SD)

1 10 7.8+0.3 77.8+0.3
2 20 16.4+0.2 80.6+0.3
3 50 41.9+1.5 81.6x+1.8

* Standard Deviation (n=5)



o]
50
2004
1% 4
3
L] ;g‘
£ 4
L A
0 H b 1 % » B! , min‘
Fig. 8. Chromatogram of GAj; analysis.
2l) ABA

ABA FZYd (100 ppm)< 2, 5, 10, 20 ppme] BEZ 3435},
HPLCE A}4-3ste] 73 HFF AL Fig. 99 ek & 2~20 ug/ml ¥
T 7R 24t 7 AFT A s1LU)E 11637, R*E 099972 1}
et w9 F53 A27E At ABAE methanolo] o] Ao ALY
ow HPLC #AHo 9% HAFIFE&L 79.1+1.7~852+1.9%0] it} (Table
14). ABAS] HPLC ZZwlEI1YL Fig. 10914 HiE ulel Zo] retention
time 22%-djo) etk
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25000

y =1163.7x

R%=0.9997
20000 }

S 15000
b
i =
X
$ 10000
o
5000
0 . ‘
0 5 10 15 20 25
ppm (mg/kg)
Fig. 9. Calibration curve for ABA analysis.
Table 14. Recovery of ABA in seaweed
Added Recovery
. F *,
No amount (ug) ound (%£SD)
1 10 8.2+1.3 79.1+1.7
2 20 16.3+0.7 80.9+£0.9
3 50 43.7+14 85.2+1.9

* Standard Deviation (n=5)
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mAl

22O7Z . ABA

T 1
9 § 10 1§ 2 3 x min

Fig. 10. Chromatogram for ABA analysis.

3) Bl extract?] F& HF xA AR L AAFY AR

7} NaHCO; sXxo W& 9%

Fig. 112 33]9] ¥EAHE 539 4& FFHE Yepd R
EEAZ Y 44% 1AA FFo 2 E o, u|ds Aty A 2% F
HAUEFY FE7 2%Y o, & 88| 71 ¥A Jelhgth =3 Table
1504 B bpe} Zo] ojwf W H thA|Ht extract Fo| TAA §FF Zhzt
0.338+0.189 ppm 2 0.391+0.184 ppmo] At}

fru

A
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Sea mustard
06 - O Sea tangle

NaHCO3(%)

Fig. 11. The contents of IAA in seaweeds hydrolyzed with different
concentrations of NaHCO; .
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Table 15. The contents of IAA in seaweeds hydrolyzed with
different concentrations of NaHCO,

TAA contents(ppm)
NaHCO,
Sea mustard Sea tangle
0.5 0.195+0.019 0.208+0.013
1 0.271+0.026 0.3031+0.165
2 0.338+0.189 0.391+0.184
5 0.1871:0.047 0.258+0.056

) 7+ A1 Zte] g Qg
Fig. 12& 2% FEAIEFO 2 Zhz} 308, 60%, 0% 2 120827t 7}
et A® X extract Fo| IAA FFE AN A, 7HE Az 3089
X 7V FL 58S BT Table 162 2z AFdA AEH 1AA e
Bl ez Jtd 308 W QI thAv} extract 9] 1AA FHFe 77
0.280+0.052 ppm % 0.310+0.050 ppmo] Lt}

o siEF A R 9 e IF
Table 17¢] et upsp Zo] 7134 v oA 71 @2 1AA7}
HEHAL I O = "9 9 £02 vkt &7 29e 4 24
of Hlste] 1 o] Hlen, RAME 4zt HEHA
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0.40
0.35

B Sea mustard
0O Sea tangle

0.30
€ 0.25
Q
£ 0.20
2 0.15
0.10
0.05
0.00

a0 120
Heating time{min)

Fig. 12. The contents of IAA in seaweeds hydrolyzed by different
heating time.

Table 16. The contents of IAA in seaweeds hydrolyzed by
different heating time

Heating time IAA contents(ppm)
(min) Sea mustard Sea tangle
30 0.28010.052 0.310+0.050
60 0.1171+0.019 0.159::0.022
920 0.0801-0.049 0.068-:0.030
120 0.1491+0.025 0.187+0.020
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Table 17. The contents of IAA according to different part of seaweeds
and collection place

Sample 1AA(ppm) Sample IAA(ppm)
Sea mustard, blade Sea letuce
Kijang 1.3361£0.893 Kijang 0.0841£0.027
Sea mustard, stem Sea mustard, blade
Kijang 0.2731+0.075 Wando 0.94810.341
S tard Sea mustard, stem
ea mustard, spore
. P 0.2581+0.251 Wando 0.27910.056
Kijang
Seaweed fusiforme Seaweed fusiforme
Kijang 0.11410.038 Wando 0.13410.034
Sea tangle Sea tangle
Kijang 1.5221+1.015 Wando 1.3191+0.474
2 AJAF S|E extract

3= extract®] HZF & x79 2% NaHCO; g0 2 30

o] AAE Sz extractE AZIHATE EF F2odX AFAEES FH517]
93t Fig. 139} o] 47t tfE HESE H/I8lY pH 308 ZH3te B
FAUARFAHN 2 5% v F Had A AHEsHen, e

2 mol $AAZ A7 ¥ wgsid BUe wasAc |

w3 7t

e

B3
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Benzoic acid and citric acid (pH 3.0) Sorbic acid and citric acid (pH 3.0)

Phosphoric acid (pH 3.0)

Acetic acid (pH 3.0)

Fig. 13. Preservation of seaweed extracts by adding with various acids.

4) HPLCO] °]3 34
A2 AEE mY, gl £ 2 gy AxA $9 4F 29
HPLC ¥4 743+ Fig. 14~179} 2t} Zeating FA| R o] 715314 &gko
U ol £F0 8 A5 1AA, ABA 2 GAs9] ZZo| 715389t
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10 i ¥ ) 1 i 1
§ 1@ % 20 % k] min

Fig. 14. HPLC chromatogram for plant growth hormones extracted from

sea mustard.

T
9 $ 10 % p: % » tin

Fig. 15. HPLC chromatogram for plant growth hormones extracted

from sea tangle.
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.

kK T T T ) 7 T
¢ 1] 1 1 2 2 * tin

Fig. 16. HPLC chromatogram for plant growth hormones extracted from

seaweed fusiforme.

Ay ]

40 Y T 7

¥
] po] % 3 min

<
ond
3

Fig. 17. HPLC chromatogram for plant growth hormones extracted

from sea lettuce.
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5 AEAQGA 9% &4 HA

548 Aoy NE4Y TES 33 IFIHe PHe o
g 7HAZ g48A oy szFol B3t old diFd A7t & A A
) ¢t31 Hussain & Bonney 7} ZZF OA|v}l &9 4F<Q Laminaria digitata
ZRE Ro|E7|IE FE&3e ol A oy v EFsit £ 4
FelMe FAAu e o3 BEBAH S AR Fig. 18~23¢4 HE u}
o o] AZFT AT ¥, WY, 44 2 24 A 4% 30 5Rs
A& = AR

Radish Buckwheat Rape Perilla seeds

Fig. 18. The 4 kinds of seeds used.
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2 .2

Culture of Radish seed b Culture of Radish seed l? Sea mustard
adding with sea mustar adding with sea mustar

Culture of Radish seed by Culture of Radish seed by Only D.W
only D.W only D.W

Culture of Radish seed b Culture of Radish seed by Culture of Radish seed b
adding with sea mustar adding with sea mustard adding with sea mustar

Culture of Radish seed by Culture of Radish seed by Culture of Radish seed by
only D.W only D.W only D.W

Fig. 19. Radish seeds cultivated on the 1st (upper) and 7th day (lower).
(Sea mustard : 100 g, D.W. : 1,500 ml)
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."% J‘ﬂ. *a® L
b ke n.-.'.gb v~ “v ..-
" 2.3 LR S LA I |
‘s ?"’}’ Vid U

Perilla
- o' *'
‘ : ;-
,’ o
,'
Buckwheat

Fig. 20. Observation of 4 kinds of seeds cultivated on the 1st day.
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Perilla seeds

Rape seeds

Fig. 21. Plant seeds cultivated for 11 days.

Radish seeds

Buckwheat seeds

Fig. 22. Plant seeds cultivated for 11 days.
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Seaweed extract 0.01% Seaweed extract 0.1% Seaweed extract 1%
culture 1st day culture 1st day culture 1st day

b

Zeatin 1ppm 1st day Blank culture 1st day Product culture 1st day

Seaweed extract 0.01% Seaweed extract 0.1% Seaweed extract 1%
culture 6th day culture 6th day culture 6th day

Zeatin 1ppm 6th day Blank culture 6th day Product culture 6th day

Fig. 23. Effect of seaweed extracts on generation of mung beans seed.
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A 24 AP AR HAF R AHH A

1. 0|24 494 A ¥y

A7 HAEAAZFZAAG EEL HAEUAA o]F0] oJFoUE AH
2ol Tl AAA w9 Fastrh HEAFZAEAS 22 HEHAA
AMEzAT fEA] AFeteiop ) ojzio] A2 ¢ HEAFEREAL F
Eo] & axE Yehf= olftelth ou5d AEAFTZRAEA] FH HE
FEL A5 ARxE B 8FHE 7Is2d T BHY AHEEH
Atk AAAELAFZAAE HdAZHLE B2 FEAA FHL HEor HE
7 BR3¢ FA8o] glo] HdaHy vk AEAGREAE ALY de &

o AAdH, AEAZTEAY FH v, OE 3229 EA F
GER A=

NEAQ AEAYFZRE FTEOZE cytokinin, auxin, abscisic acid,
gibberellin %°] 3t} Cytokining purineg”]¢l adenined -FxA |1
t-RNA B2 FASE FA3 & A% S8t 2 A E9 HNX 24F
I v E FJste AFZFAEAZAN =349, 239 2353, FHote
AAHE, FHEFER 59 F&d #AFT Auxing AFoZ HUA HE
A% st dytyo g APzt 7] AU dojARe s,
719} Bl wg, Jsle FH, 283 SALE TF Fde I 2 @
AEH Z5E AAYh old uigt A7 1870dFH AFAHUAL, AEY
Holo] W] WEo g F Z2RAHE ZAMEITE 2 A% HA £ 47
& AFse EQo] EAATE sHdo] AFHJT I F, 1928 Wente
F A e A (Avena sativa) HAP ] €8 A=W HIR Y HFe
A AAHeH A2 EXZAS BAFH A AAste A& 2AA-

i)
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3 %, o] AEFALE 7Y Edo] AAAd g EAgTe Ao ¢ R,
1933 d Kogl?#} Haagen-Smite oA o] HEEAS Eedled 179
indole-3-acetic acidg-& YT AFE o] EZo] HEA Yo HAZ EA)
A Aol ez Y.

Gibberellin® 2E9] A% &3, FA%el £, /H3E, Fhe F
7t @vle] AAEFZ Fgol Ut LA FFEC] 7t ozt EX
A Zo] 7IEHUn, A 2 FEELS A% ZojAedH HkS e
A B3 ol AFRY Gibberella fujikuroizt Eushe 2D ©Ro|
gt 8% a1, I 5 gibberellic acid (GAs)7}F 7} 4% 8-S Vel
283 GAs= FHEE erusted 7P £33 EFdE 49A U
Gibberellin® UV &F47F A9 gl FFAE HA &3 o] &l A&
o} 22y HPLCS MSe] g g A} JAHEHo| 7M.

Absicic acide 196413 Wareing %o ¢]3l9 dorminolgl= o]§oz
AZGR A EEEHAeH, 2 F B HEAd SR deol HHI
B9 5L Ay FHL FEdH, 2EH: FEEoZ BY 5=
EF37, 2E2 T894 Bo] BAHE) Abscisic acide  gibberellind]]
o3te FH7IE Hold F AFES AAT oA w4 AFE JAse 2
g Holn Fx] dolEs ATt o R E7|8A oA, k3ot ¥
HE FA31n o] &5 o ¥ JHE 2HIH sxFe olHE 4
FEE o9 4F AYAHER ulviBo] TR, HAE HAHOIEAI} FTF
gt AE HUE e o]&E&S ¥F 5 W] WE, HEZFE A=Y H4E
Hgg o888 Af FFEY 88 FUAE F jden, EFAS AHANZF
T A3, EYY FE BA4ES wolH, T ES HHHole 4FE =¢
H, =< dAsA &3, FHd dE AZE S FEAIE T B2 dF
< Ay o

AEHY BHRY AMES & Ao o &g f7FS SAHS=
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chlorophyll meters} 22 N2 7S o|&Fo A, WA FHAsH1
Atk 53] “AF EYE 2R BAANE T d¥A: 87F S F
g 5 AS HolH, 5 AHe] HAF Hge HAUI IYUEF S FA AX
FoZHA I aTFE BT 5 A& 7IEol & AW U

a8y, #8422 HIge AP AR % dF FF/E FUte
O ol E7lsslte AMdS £33t o olfd FIEY FEFuUE
B SMEF extractset T2 “FF FAA"E AHEde Al sty HAg
F Ak <F 300 million (US)d] €38t F8 wH3st AZe &4 1%% 4
Fatrle SR AASFAe ATl de AMdeln, =3 FERYG AF
2 8% aga & & Aok 7 Fdol d “BAEAF Y Ao g &
HIAHE S Bl FuEHL e AL F715dS A% dF8d AF o9
HAE F Jon, qEFE 952 FAFTAFL o]yt HelA oAl F
A7y 2 Bo|th

FERE o] & deo BH AR, AEAT IS F= A
o] B8 T¥e xR/ FHVF vk A Aok szFe #elvt
= HEoH, AFEA WA AY holdfast2 4 ulgje] F-iE o] Jed ¥
2ot ZAY disk ZFE st don zFrt uidle] RIAREE &
FEL HFA I ARFe HTtEoE TgstE HYBHNL o)L}
o FHEE I, & FIY FAFEREH YRS FFAh NG A
LEREH FHEoLE A& FHY] i, AFe dHA A ZE ¥
g, vFda 9 Hgds st Itk

qEe 71 Bl a7 S35 AFde AR 84 o
MFAES FEF JEAE FIEL A FFF wyvpolE & & 3
o EF= 60F ol wlEH 2 FHY AE z2ES /X1 Yk
a8y xFe 44 vlEse oidhh dxFe A4 AS A3HF FF
shal glov Fad HE UL ZEO] WS A 4R ¥ FF A=
771 2494ez SFIHH ok ZFFYU =Z9o] kelp (Ascophyllum
modosum)2 AYEOZ 717 Bo] ALEHE dEZF ot Norwegian kelpe

o M

g
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37, ofdA=, == o] Ajtelx AFHSM, FrAEe MR BlPE
R DA "rockweed"s} EE1 Y | EFolth

MzFE vtk 2F4 st zA7E d&HY, olFol s Eof
H3l7] g7, 2FE Aobdr] AsiA wmEA st gow ¢ A
qzFe F& AFE FA%e oHd A T2EL HUAHEN ALE-3
A, AXELE HEY AFES SVHAZE & Ao xR/ 2222 B
B2 E%d AHIEAY, R extractE: 2]EMWlE AAsted AT o
GA] A& e AFS F7HAZE F Aok A2 Blacksburgel] e HAY
of Zald AFAoA AAT FArjo] g AFPA = extractsE HEF
ARL A¥eA] g AYET 67 ~ 175%2] B FF E737) Aok
t}.

I

3 7FEEd SIE extractsE AXF AFHL AXEA G2 A G
Hsle] 23 A8 AZFLS 38% 7tA Z7HAZHoH, Ba A4S 52% 71
Hdoka 3ok A2 A2gve] & Clemson Universityoll A AAIgH A
ol A= A seaweed extractsol] A A& HE FAE WE Lo} FAY
< Jehdiglen olejg A BEe FAE FUHNFH e, AgsA o2
7 BEEY o 273% HE A4S e
T3, FABEY AESS U FHNALY HEF extractsd] HE
BIE AP AL BE oY wE 23E FAAFoH ¥ FFS
w2 A 3ttt GAR) e AT M2{F G4 AvE E18 8
o] AZE w=3 ZaA sten AstAZIg FA S-S wEA AT
ROl FHEY AL FEFES v F Ue RUISHE
th AEL ZE2ES AAAdFHeT 228 PHEAT BEY STER AFER
HA7MEE, A5 A5 YHFEd £ dFS A 5 Atk 52E] F
28 4 =S ded oA Y o] W= A AL ofyY, TE2E
o] adte HEY ¥E, #%H dFAd &I
olFell A Aw & upe} o] sEFE HE HH S22 T

o 9ol olg Belatel o] 8% WaAol Acky AAHAT ol Ze AT
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7F obF I A= A o] FolAA & Slol, #71F HIg, 7154 7HEA
5 T OYE 859 AF /o] ZidH AT

8, H2 el AR HAY AAE AT 22 I P
A1 eH, oo Fytxo] IFA Ty TE&E FALAY FHEA AT
7b AAAHQ A7 H Aok 2y A7HA AdLaA AN dEEHe 2
B%0l 458 AFEL FFd EFsH, A FAA A /F5HT A
t 98 UEY A9 gREe O 4T F1HA F& AFel B,
23] At A FEL AFES A Az wol T3t Urh
et FE9 AFAY ¢ THAHALG W S AHEFE Fdavt o, 3§
ZFAM dEE FEARS HEHQ FHdAM O A%E AR olgd
AREZRE SZH extract AZAIE, ALY T AT HARE A=A
g, AEHAY EF-Fe2H Az ¢ 243 Vs e et s AL
2 Azdd.

2. A&
7l SHEA YEFE # A A

1) Al As
AgE 344 7A%ve] Avle 2 AGAEE 7Yl 20T ol3}
o] yRae] BustEA AP o]t T AY FAZE ABHIL
A= ¥ (buckwheat), F&(radish) ¥ =5 (mung bean) FAE T YA

&AM Aol ATt
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2) 2AHEE o853 L YEHAAY 4

Alg s Z2Fe BHEAE o83t HEAR vAe 8UES HE
3 HAS o] &3 HEAH AFHLE ojd 2dEo] HA=AE ¥ot
B7] 8ty v, ¥4 2 5F 59 AE FAE5 1% sodium hypochlorite
|do 2087 AR AFAZ thF, BEE B4 3A7 MAFHEA o)A A
S5 A AFRSIATE B 4 AP T EE zeatin®] Fx Ao]E Fol
O 9 ZARAY AE A Y-S HFF Petri-dish W filter
paperg Zi FAE ¥ F AT wiFHYE o] 25:1T GHAA wid
3tAh =8 Z+F FA9] £ A (water gardening) F wl4¥gol MEZHFE
AZF A7MEAE BF 4 TAY A rlAe FFE 2ARIAET, W
Rl FEFAE AT & D F FAA &7l HY FHRFA A=E
FE AT A7 FFE vlusde dz2FeE F1loan x 1 cm 7|2
A AL AHEeglen 4L 2 AU 25 oA wjgEA

Aol A8 FAe] FAAMA 2 F extract FFHo HUME B
E5Y FTF9 Frol & dF2 4 THYY EEEE WL VY F5Y, F
@ phosphoric acidE Yo pH 3~357t# @& AF} @ acetic acidE ¥

pH 3~3571%] @& A} @ benzoic acidE (1g/ £)¥ L, citric acidE o]

it

pH 3~3.57}%] AT} @ sorbic acidg (1 g/ 2)¥3, citric acidE& ¥
pH 3~357}A] @& A& Ztz} 0.01, 01, 1.0%9] F= 2 343 F 12FF

o] v gl S Azsted AP AHE-SHATH

.
e

o

. GO/MS) 9@ FHE4 &9
1) A&g9 x|

ARE Fig. 29 2 Wgoz WA GC/MS EAE a2 o
239t
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2) GO/MS B4
GC/MS system & Agilent A}¢] MSD 5973(EI mode/Scan mode

l

analysis)o| ™, Agilent Technologies, Walbronn, GermanyA}¢] DB 5-MS
capillary column (30m x0.25mm LD. x0.25/m)©2.2 split modeZ ¥-4}3}3c}.
L ZAL Inlet.®] -9 230C, Detector 330C]™, oven & AL %7 7
0CAA 187 AA &, B9 6T LE 300C7HA $2AA 187 AX=

Z70.82 AR 72 S48 NP AHE-3AT (Table 18).

Table 18. GC/MS operation conditions for analysis of plant hormones

FID detector

Detector
Total ion monitoring (Scan mode) : m/z 30-600
Inlet : Split 30:1
Column 30m DB 5-MS fused-silica column (0.25 mm x 0.25 um)
Inj. vol. 7
Gradient program : Oven Temperature
Intial 70C - 1 min(hold)
Final 3207TC - 1 min(hold), (6C/min)
Post 330TC - 2 min(hold)
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o 78 AviZe st HEHA

1) A2RAF Yo 2 = extract?] A=
UM FRE 5 HF 202 AFE Y 2ASA six A8 3
kgell 2% NaHCO:8<} 30 2& 2L F 3087 714 9 ankse], oA
AXZ A3 P M2 Ko} AAFEHE F, 4F EEREE 4% v}
3to] pH 3.0 2o &2 A3l R extract A2 ARl F1 Q3
Aol AH&stAH-

AL

2) 3" FAA ¥ £ A=

Mg} care] dEe AASY] Astd WA ARE B2E FEE
o 3087 A FARAL 1 F AAA= % FAAZE Su Bastel

nAELE e ME BT AEE ARESIT

ahe] FEuAel oate] AxAT.
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3. d4+43

7t. ¥ EA AESAH &4 A4

1) EEF (zeatin)9] x4 AEHAA

ANE AZFY AEAFY uAe 8AES golEy] Y3t JE F
ZHE 1% sodium hypochlorite &) 2087F A A2EXZ g, 32 &
of 3A1Zt A A3t oA HENA AA] AHEIAT Z HPTL  zeatin
9 FE % FH2HF AZRAE o8& AEF HAYES A=A 4d=xA
2 Petri-disho]| filter paper§ Zi3 F=& 2§ zeating 30 ml ¥ IF7}s}
o 25T AA AAsA T

AE Y 2] AF 4Fd v 9T AR Y8l XxFEAE
zeatin 0, 0.01, 0.05, 0.1, 0.5, 1, 5, 10 ppm&] ®|%¥ Fo|A 747 vjF3tn 3
3] wrE AYPsigen, 2 AdE Fig 24~29¢F 7t}

55 FAE OG3 zeatin FE2 A THE wjFY FoM AF
o] AEE Hm AT wjF7IZEo] At o} HFER e dFos
A AA FF 7= 005 ppmolM 74} $5dGoH, 1 gL 01
ppm} 0 ppm, 0.01 ppme] X2 HSE3HPIL 05 ppm o449 ELAE
FAZE A4 EolE A dgtow FFo| wsE =X skt 0.05 ppmF
0.01 ppmol A= 6dA7LA FFol 7ttt

W F7)133e Aol mEt 555 dFor A MAL] £7] Aol
& FAE 47 005 ppmol A 71 AA Aspen, 1 o2 001 ppm,
0 ppm % 01 ppm2| o[t} WolE A &L 05 ppm ©)Fe] FxeAMe
H37t A9 /A
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Fig. 24. Weight of mung bean seed on the 5th day (above) and the
weight change during cultivation period at different

concentrations of zeatin solution (below).
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Fig. 25. Length of mung bean stem on the 5th day (above) and the
length change during cultivation period at different

concentrations of zeatin solution (below).
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Fig. 26.
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e
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g ——0.00
/ \ _— —a— 001
——0.05
—0.1
-*%—0.5
——1
——5

|——10 |

Cultivation (day)

Length of mung bean root on the 5th day (above) and the
length change during cultivation period at different

concentrations of zeatin solution (below).
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Fig. 27. Length of mung bean leaf on the 5th day (above) and the

length change during cultivation period at different

concentrations of zeatin solution (below).
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HF71zdo] At we} 5FFAe] B Zdolg FAE AT 005
ppmoll A 7} Aol F3ken, 2 d3L& 0.01 ppm, 0.1 ppm % 0 ppme]
ol M FTIEe] e wEt AutHoz Adio] ALEHIoW 0.05
ppmE A1 3YA olFoe 4k FIMAE YRt

W F713te] el wet 5732 49 dolg AT A% 0 ppm,
0.1 ppm, 0.05 ppm, 0.01 ppme] FxoAx M& Hlsslgor wjd 4A5 5
B o] dol7t FHEI] A FsteA 5UA o] Felle o] st

o] de AxE BHH FuEAHY MAHY FFFAY FFL 0.05> 0.01>
0> 01 ppme] o2 A Yelxten 05 ppm o2 F=ME vl FAl
Ztol Atz T ¥MI/E AT HFAFHA F7], B Zole
0.05 ppmo] 7} 4A vgkew A& 0~0.1 ppm 7+A HISE3HA Lhskth o]
= A8 B2 9FERE oo E EAEE A 238 Wast @t
= A& AT
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0.01 0.05

0.1 0.5 1.0

Fig. 28. Photograph of mung bean seed on the 4th day of cultivation

period at different concentrations of zeatin solution.
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Fig. 29. Photograph of mung bean root on the 5th day of cultivation

period in different concentrations of zeatin solution.

2) 3| X extract FF 99 JE AA

AlER1 TAlme} b] g o] &ate] AL WFYel &3 £ extract F
=S AHR3goen, 2+ HEFC benzoic acid, sorbic acid, acetic acid,
phosporic acidE H7}3 8= extract FE5Y43} W27 FEEF 2ga A
A3 e AAEFS o889 5FFAE 1% sodium hypochlorite-8-< o)
2087 A 25A3Z O, E25 B9 3 A AFHEA o3& AETH
24 HAAd AL AT

Z 553AY FAAMA g 50 AR RERS FFS F
T e JFS ARG F 4 FHY REEE B2 7Y 59, O
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phosphoric acidE 2o pH 3~3571%] @& A} @ acetic acidE o] pH
3~3.57}A]

b

27 3 benzoic acidE (1g/ )L, citric acidE ¥o] pH
3~3.57+% AP @ sorbic acidE (1 g/ £)¥1L, citric acidE o] pH
3~3.571 %] AL ZkZ 0.01, 01, 1.0%8] FEZ 3X3ld F 12FHF9
HFdg Az e, o wMFy FX =5 FAY 4FE IS
Ade =3 23t (Fig. 30).

%, 0.01% phosphoric acid®] 7Z-9-= 3U# ] Wolslr] AlFsH o}
595 o|Fo&= o o] Aol ¢ldth 0.1% phosphoric acide] 73-$-ol&
2dA e FA F 2h FATe] Y 2J& BAon, 1 Fo it
9] FAME Bt vtk 49A s s FAp A Zeler Qo]
B o, 8dAd e Wole 49 FA F 2HAAMT dojton, &7 B
Y 5oz AL shtdAT & dojygrh. a2 Aol FUY AL 8Y
A Axo] Algo] 7br] AFAEFen, Yo 2748 FAe wolzxxt X
2kth 1.0% phosphoric acide] 79+ 29 ¢ Wol= 7] A2sle] 34 Ao
= VT 3708 FA A HolH Y 44 Ao e A7 FAHT] A3
3 6dAcle o]l o3 &7 & ARt mjgd Fol FFo|7t v
Bl AlEsk gk

0.01% acetic acid®] A+ 24 A9 4/0F 1719 FA A A To}r} A
2L 3= Ur A 37 FARE HotE 7] AlFetRon, 48R0 4
ol 349 shte] FAbe] ®ejeA JaeE] FA4go] BYon, 6dAde A
ol FUE st T & FAHA R £V 4FT ALHAD
9dA = o= Ax £719 AL AR AEo HEoH Umz 37
o FA= EolsiA e Attt

0.01% benzoic acid®] Z$-& 295 Wols 7] A)Fste] 3Ll 2
2, E717F o7 AFE R 4dA e e FA Fo e ZeE ¥
ol Uehdr] AFstged, 2 F shte 4= 4ol HAoh 9dAdE

N
A A
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27o] FUE 2709 FAAAE R 719 Aol Fou Azte] 7
FE FA A5 Zed, UrAe AFol X EsIAh 01% benzoic
acid®] 75 24 TotE 7] AFRsFon 3GA ) 47f T2 Foll 374 A
719 27t her] AFsifn. 4dAde Ae Fgo] e 5494
de ol vterl AFs, &7 Aol Fkon 9dAdE EV= ZA
Zeka, Ao AT F9kt) 1.0% benzoic acide] A3 24 Lo}y
71 AFER e 3dAd s MFy o FFolrt vElr] A1&sted

0.01% sorbic acid®] ZA$E 295 Wwoly sl A& sle] 3R] 47)9)
A T 3704 BeEet 717 Uger, vmA st FARAE o}
o] £ Byt 4dAde ZHert FAAAJL 5dAdE  E717F 8ot
Ao ol Yoy AFser, 9gAde €7 2 e 4ol Fsith
0.1% sorbic acid®] Z-$€ 28A | Lolx 7] AFste] 3dA eje}t &7
7b oy AFERIL, 4dAdd e ZReErt AT AlFsIRen £719
o] Aol Fgith 5dAE o] FAPHALH 9gAdE F7]9] Ho]
7ol FA vehA ZdA Z Asten, B A A FopA ¥t
F48A & Asth 1.0% sorbic acid9] A9 2dA ] ol 7] A F3td
3dA o] HErt ver] AFeA 4dA = FEo 717 4 AR
out vl Feoll FFolrt dehy] AFEte 6d A ol FolE FFolrt B
o] Yetsttt-

o] 9] 12%F29 ¥ ¥y Fo 3] Iy FFo] FA e,
0.1% benzoic acid®} 0.01% 2 0.1% sorbic acidd|Ae] =% Zx}eo] A# o]
FRT U R Fe-d dotg A A &L AE UUeH, wiF Fo
T¥ole egeg st Ao dFE 7 A= AU ;X extract F
89 BHES AT FH7HAY ALS o] ol FEHUA dFSE ok
Ao He ¢ 7 ANeH, SRR/E o] &F YU zd RERY] He &
O FFe BT FE&F HEIL E AR dtdnt
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0.01% 0.1% 1.0%
Phosphoric acid, on the 9th day

0.01% 0.1% 1.0%
Acetic acid, on the 3rd day

0.01% 0.1% 1.0%
Benzoic acid, on the 3rd day

0.01% 0.1% 1.0%
Sorbic acid, on the 5th day

Fig. 30. Photograph of the growth of radish seed during cultivative period
of water gardening by different concentration of sea mustard
extract and addition of preservatives.
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3) A=A AE I3
Sl extractd] A% & FAAME T3 HEHIEL & FHE EY
2 HAZA AR HulZ ALLA] AA &S S BI] 93}
A AZAE 73 Mol Hrlstd 2 8% Hlu 2ARRIEH F F
A 73 A (water gardening) F WjFol "HES dAFF HUISIAS
Ae &9 A vxe 9IS ZAEHY F o uddd FEFAE A
A7 o] AT FE & F, F3A4M 87 Wl F/FFHE F 152 ¥
2 A FFS g E oF 40 g HIFE BE vag F¢ S 79
Fig. 3194 K uts} Zo] dAg zeol7t #AHJG. v Ao +
A Av|FE 40CAA W5 RAT A2 FF FAA AN F F 1
cm x 1 cm 2712 AGs A& AMESIE e AL 2 AW 25 sfoll A H)
FstA Tt
g 394 FEAMe Ho] EV] AFAsIGar 4UA o|Fde &7

(o]
<
&«

Q
=

'I.

o ey} wgsgon Feo 49 F43 BAY & YA EF MY
g e A 294 2P AL 1A CIFHH 271, el § Ul Ko E
1 AAeE AEs} SR 2 AolE & & Agen Mg FrE Rol

o] FAsHA & ASE & 7 Ak FHRFANAMT I B
A= Kol EX EF AR UAAT v]9E ¥ e F
ZAN7IE ALg Hol W Fo njvEE HET AFFY =
FEAES] dFe2 AT A2 HIHIAG

et
_

=

T

~J
&

0 2

r lo
oX
o,
mlo
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Distilled water

Distilled water added with sea mustard

On the 7th day

Fig. 31. Effect of sea mustard on the growth of radish seed in water

gardening.

MREAe FAAM o) mleje] WA AP 4G e Jg
AVl THFig. 32). & wldgie] WUEAE Selse ¥ ALl 2
(A), %E@®B), +%89 e F7H AQ), 3 1FOZ Fro] vlm 2A}
At ML e 4T Y zH02 At ArlARon W
2A% 55 SA M 3UA, FREB)T FER 1ge Aste
ASQolE ol E7] AT 4AAE ZRFA)NA I UE
AN E 2ol E7] AR 54747 HAL W 27)% A3 Lebew,
RolE o= AE ey AR 743 e 9 WY YFP=s
B3] 2ol7h Yepton Zvle ARAEY E4%] #U9 GBS I 5
7} ATk olgd B ol B Aud v 2L HEFE olE
Fohd BB 4G 23 HEZAY J)5o] 22 YL Aoz A=Y
o}.

S

=
=2
T
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Distilled water Tap water Tap water + Sea mustard
On the 7th day

Fig. 32. Effect of sea mustard on the growth of buckwheat seed in

water gardening.

g&EAe £4AM F oA 24 39 989 9B zARAT
e E

NEzt 9¥PEA7 OARkE GRS AASA 1 21U AHgSH
% ZR4(A), FEEB), FEE 0 AW 10 g & FE AQ), 3 1FL
2 ol 9o AYxAN FAF WFEANA Bl 2ARsHATh

g 2dA Hsto] HAIMA ol 7] AjFsiHen 34A7E HIAUS
W E7]¢ B Fol By AFsAT MG 7dA FEE+ A GAR<
FFT<TFEEY €22 4B FhoH (Fig. ), G AAT #g9
Atete be 237t vetgth 5 A gAeE BAE W7 A3 9 F4
vebd Zolgte o4 24 238 ARl o FA Esed Ao
Alate] EA8te Gl A9 47E AN A2 AZEG. oHF
A7E HZRFE o8 2 28 AAse AAY #FAo] W& FLIH
= A4S AlAekE T
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Distilled water Tap water Tap water + Sea tangle

On the 7th day

Fig. 33. Effect of sea tangle on the growth of radish seed in water

gardening,.

F&FA] £AAM o] thalvke] Hrhwe) WE JBe Al
CHFig. 34). & <F 1579 wgdd thAln} 20, 40, 60, 80, 100, 120, 140,
160, 180 g& A7t om, AHEE thAlvke 2 hAlwl o) Buje] FR4
g 7}ste] 308 F¢ wwshAN 33 ANt GRS TR AAR AL
AgHGTh VS 20 g o4 AR WY FeEAE 29N
ool xgo] Bel7] AAsoM, 1 ARE TAvle] FF] Bow B
258 4ge 2/ Uehth 394 oF2t 9 ol 4oy Agsgon,
60 g olgel e We) Fo| her] AZsiech 74z WFH A v e
of chAlskel FFol W4T 9 Wel L F719 4 Fol FUh ARL
AASNA e Aohe Bz dalrte] Frhgel BeSs Agel A U
Bhie A2 ¢ 4 AT

-B7 =



0 20
Sea tangle, g

60 120 180
Sea tangle, g

Fig. 34. Photograph of the growth of radish seed on the 7th day of water

gardening by addition of sea tangle.

). GOMSd]| o3 84 4¥9 ¥4

SzFolN AEAFERS FE 2 FFsr A4 ZEERQY
IAA, ABA, GA; % zeatin®] ¥4 ZAL A3 F #42e 54
(100 ppm) 100 0 9} N-Methyl-N-(trimethylsilyl) trifluoro acetamide A]2F
100 wE EF3te] 60ToA 3087 ¥WeAA TMS frEdgsigen, HF
9] ionize fragmentor voltageS 7 A3} 70eVe] voltage #S dow, ¥
M A 1AA : 319m/z, ABA : 408m/z, GA; : 445m/z, trans-zeatin : 291,
363m/z fragment iong 7|Fo 2 FSle4Act GC/MS #4 Zie Fig.
34~38%} Zon, ujo] AxA | tf3t £4 ArE Fig 399 23t
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Fig. 3594 HE ule} o] 1AA9] 73$ GC/MS =ZZnfEayky L
retention time 25F oA ©AF peakE YENA o, EAo]L peaks
m/z 319, 923 fragment ion peak:= m/z 2029|M Yeldes EAS 39
g 4 AUY. ABAS A9 GC/MS A ZvtE1W L retention time 28.4%t)
oA TAF peakE YENG O, B0l peake m/z 408, FF
fragment ion peakw m/z 183, 285 L 7394 YE}NIT} (Fig. 36).

GA39] 739 GC/MS A ZulE1H L retention time 36 NA &Y
3 peakE Yeh)lon, Exlo]L peak:= m/z 445, 9.3 fragment ion
peak’= m/z 208, 297, 193 2 736] A ehstt}h (Fig. 37).

w3}l zeatine] 79 GC/MS A E2ulE1H-E retention time 33.5%t) o]
A g peakE UENR LW, EAo]2 peake m/z 363, FL3
fragment ion peak= m/z 260, 273, 73, 232, 166, 201 & 156 oA 1}ttt
(Fig. 38).

3HH Fig. 392 w9 2A F9 AF F&Eo Ud GC/MS AZvlED
BE YeEld AL F retention time 24Ftho} 34E o] 2709] peak7} Ve
2™, mass chromatogram AolXE m/z 319, m/z 73, m/z 205, m/z 217,
m/z 147 FoA o8 M9 fragmaent ion peakES E F Jd&dH, 1AA
(m/z 319), ABA (m/z 73) = zeatin (m/z 73), GAs (m/z 205)2 FAFH
T peakES F1E 4 Atk
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Fig. 35. GC/MS chromatogram of IAA.
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Fig. 36. GC/MS chromatogram of ABA.
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Fig. 37. GG/MS chromatogram of GAs.
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Fig. 38. GC/MS chromatogram of zeatin.

- 103 -



¥ial dumdar: i

TR

e gt

Tges 14 1300 1600 00 W0 100 20

25000

i

H

il

P

SR gy 3
)

i}
o8 W E
| 2
! Lo i

EERERREETEN ISP
?}‘LJ

w

291
o @ L e @
B A R A A O %0 160 70 8

:::::

0 280 20 ’ka{pmmwmmmsbmmmwm

Fig. 39. Identification of indol-3-acetic acid (m/z 319) in sea mustard.

tt. F&Av I Hst s A4

1) A2 JF Yol T X extract FF A=
zFEHY AR 84 BEAS 5830 E F5317] 939 FEiy
o ¥= 2 78NN T 9F 8UE st xAlse AFE HF
Az 270 gk dFYLE AT 5HOZ scale-updte] 3|E extractE A
4t &, dlF A& 3 kgoll 2% NaHCOs; &9 30 /S ¥ F 30&3
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71E awtsle] | F extractE A F3 ¢t R extract2EHE] BELAJEAL
AAB7] A8t A&7 QA Aeoe dEE o83 ARYHE ALEdIFL
U A9 HE7F Fob 4EE o 8T AFYPL A3o] Ho] 2uFHY A4
Mo E B84 EFAS &4 AASA oy d4dEH] A7yl
H3le] dFYLE BHZ 3 A4Y9F §80] =90 E AoE AEHUT

dAEHES o] 839 EEE A4 3 Hof ARAFHe= 1
FIE ¢ 1/10 A= @ 0 71X $F5F F 4FH7Y BEEE 47 HUhst
i pH 30 o2 A3l HAsT} (Fig. 40).

Sorbis_ acid Benzoic acid Acetic agid Phosrharic acid
Citric acid(pH 3) | Citric acid(pH 3) (pH 3) H 3

Sorbis_ acid Benzo_ii_c acid
Citric acid(pH 3) | Citric acid(pH 3) (PH 3)

Acetic acid Phosphoric acid
3 %

H 3)

Fig. 40. Seaweed extracts prepared from sea mustard (above) and sea tangle

(below).
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Fig. 41. Commercial products based on seaweed extract.

2) 31 ¥4 g w2 A=

nlga gArle] dEE AAS] HAstd BA AMEE B2 £XE

of 30 A FAHtFeH, AdRx 9 FAIET F B3 vAR
Tg HEo] = BLAEE AT Hg R AR A9 FAd o
Q8 59 HF L A e Table 193 2o F, FA4L&9% =
A Aoz HxE 9% F=E 7H3en, HaFeE 494 FAH
A 20704 e Aol AAHANT EHAFL Axe] 2 F=2
o] &= Burr milldg °]&3tgor, 484 HelAe mortarE ]85}
Aetgich. PAEL Fele FIdEY B5S JAAA AZEE ¥d T
S B opyel, YRS HEAE FAHAY IFE T LA S
ZRE o848 O¥T 438 88 Be Ex0l € 3= ALY

Q>il, l-N r

ML

3o

3 dAx-EF EY2H Ax
EG 28289 Az 3L AA wg, gAnE o835 AR
#Hoz MAHAAG o3 o5& FEEE AHdo FAHA=E AP F °|E
st 22z BEdtt F g At ZAE 33 A AAHS
AR GES AAS A A=, 2459 EZE BEUR I b5 HEF £
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Zg FEs} 3 : 59 FF vEE EFstn AFAE AMEEo Y, 4,
AHE, AA, 43 R Az FFS T AzxdA (Fig 42). =8 A=
Aol AHEE F8 AZFX € AF ALK 47} Fig. 439} Fig. 44~469] 4
R Aot

Table 19. Salinities of washing water during washing treatment
(unit : %)

Time Sea mustard Sea tangle
5 11.00+0 10.25+0.5
10 4.0010 4.0010
15 1.331+0.47 2.001+0.82
20 00 0+0

* Seaweed was used about 15g in each experiment,
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Raw ; s ol
Washing (— Drying [— Grinding [—
Seaweed
Mixing Excruding [— Cutting [—{ Molding [—
Drying Products

Fig. 42. The process for preparation of seaweed-soil cluster.

xcruder

Cutter

Rotary Mold

Fig. 43. Main equipments for processing seaweed-soil cluster.
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Sea mustard powder

Sea mustard cluster

Sea tangle powder Loess powder

Sea tangle cluster Loess cluster

Fig. 44. Products of seaweed powder and seaweed-soil cluster.

= 109: ~



Fig. 45. Packaged products of seaweed-soil cluster.

Fig. 46. Other types of soil cluster prepared from seaweeds.
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A3A AFe F2ANFALE 2 AHF & Y

1. o]23 4393 H= ¥H

AxFe B AFm7loA 28o2, AYPLo=, HIEE o]&Hx
Aot Ao R HERE FZ2 o)L3T X2 ol o} N Go|n, o] wjio| 3
Z2F AL Fa3 4ol Hokth FHdME A8 Ee JIFAERR F
2 o835z glon, s2F F4 7w @A BAHA Rsn Aok

a2 M LUARE o] HAA RF “lazy beds"E
gEEd olgHe) gk EG EE mat ALF AW, S8 24 A
Aot HzF FEOIHTL Utk ol FU|EAL ofdA=9 23FE
E AQ 4 wrtg BRA v ¢ f8&3the Aoz g8 A o

Hago] g FA &L Edold Adxd EY sizFe BgEo]
W F7] Q& vl F8&F 5 vk HAZ vse} EG AFAEA &=
Fe oA 229 S gFster o851 Atk &, Y A%
2 ZZxF9 crude extract$} EFsle EY £o2 F BAEHLTE paste-like
mixtureE 5] AHEEI Q. B A5z due A FHOZ 80%
@3t= Ca. Mg &ASFES T3t Atk EG HVMAEA wejsta QL
Fole vFdLTE 73] F537] i fEe Hol gt o
E AEFL #771% SAAS o7t A #4o] EoH 1 olfe 3§ u
EEZRY vF dA&E HIlsoF & "o Aol v Rl AxFrF B uHF
A FFE F A& Rz A3 Y7 wFEojoh

7o A extracts & FYEHR Aoz BHIL U o] F

extracts®] REE AZ Ascophyllum modosum EZ (o), “Maxicrop" G+
2h, B AREF EHH|(E3], blackseaweed) ZHE WEX Y YXE Fucus
serratus, Laminaria species 53 &2 IXFE o] &3t AT (4, "SM3"
20 @A) Al gFQ g A Fe Fol= ] F14ke] Ecklonia maxima Z7)25E
TEX Yt (o, “Kelpak 66"). o] ©]gld] & AFE x=29o] A

kv
=Oé"
BN
4
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Algearl A|FEQ “Algifert", FAMP=4FQ] "Seaagro”, 18]35l Tasmania®]
B)AF AFQ “Seasol" Fol Ut AX A Ee XA Y EFFEEER

o1 gloy FE FFEES FolV] sty SIUEFS H7eHo
EolAx Yot “Maxicrop"e F2 F Y7 w3 ZEA ) o]EHH
B2 F7td #2531 Ao GuyanadlXe zHE Aol azjolxdMe
79 XE Aujd, Wrldd s dx Aud] HFdME ZJLL2LE ofo]
EAW=o X vdshe2 FEA ] o] &3t Aok FAA=LTS] “Seagro”
T F2 52 wgo) ol&HZ UAT oA HA] dExF AMidE o&HX
At}

o e

A HE extracts®] Y AFe dfstdes FE FHF T, FE
o W3d Fu, EGo2RY TR F4 FU, 4F 2EH2d g
Wg S, AdF AF T F2 BEAY T T BENSA R 3l
o} R X extractse Y9 Ao RIH= “H'r e ¥y EFS &
o HAPEHNEE w$ nx2 FAste] AT Utk wekr = extracts
e AEFL A2 TxdA ARE 712 4 oo dh nF die
g4 48R Aoz FHL o, AxFHFY ol A8 dE FE F
L7 e "W vEg Aol Bu ok

NzF Tl FHIAFAFY 3FH Fulv otdBE=ddA wEA
Atk F, £Z, A = extracts R EFEH FH AFo| FFE o|Fn
At fﬂﬂ Tor"ﬂ-’] A4 vlg 2 7 FHEsEAE A2 9F 30 billion
(US)2l wtdell, 8 A4 s F extracts A|F2 ©A| 20 million (US)o] £
&t —131"}, stet 4@, AF5A, HE T st 87t F7HER U
a ZAH 7tAE vig- =20k

vg 2 gAlap 23S ol8d EY E2HE xR v, of
=}, 41, AP, AlEFd AR 5§ o83, FAES AFAEFA,
o] v £ FAEZ oA AFAE B7] 93 7‘1%‘7‘—‘103 AHE-5 o
< LFFHHE AMFste] AV YA &3 v@AE Y] F2 A%E HAE
8734 viggy & 5 ok

- 112 -



9, g 92 HEJGEFA Ad 54 2 S EFL ol 2ol
498 5+ o
O Hlg 2 AHEGEAY Ad
O Hlz9 39
O HIRE : AEd 9Fe FAY HEY AuE 571 Aste FolA 5
&2 W3E JHA A ste EAF HEC d¥S F= EF

& wao.
O HENE : RABHE 99 vz FIAFH0] Fael AL 2
B,

O RFAEHIR : 999 F8Y-FAA-AxY B AvHS I
e FANA 2 RAE, AEs, SHERAVE, EY
DAEAANESFELAAE LTI, EFEALA T ¥=
deol dE EFEAN FERFH] AXde AS v
t}.

O A4 : FEFZRC] 12 F4& Fd= Rol Basiotn UAHs)
€ Hgd 3t 1 FAHLY Ha¥ =
T AT HdF Vg FAHES AvHAC e
AR dF 5 vEY FARAE A%t FHF
o] Aol LAY FHE 2@

O RFAE : WIERA7E A-F9-4E B Bvsts vEd o)
7 HE7E et e FARY HAFS NEEE X

Al A& ot

O E3H=

o HEY 3249 Ik, AN, st F VM olde 4¥e FHD

HEE T3¢
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® A4ZF EFuig(dvn)) : g JEFF 10% o)
O Az, A%k, 71 AE F 2 o)4E gHE s
O 4% EFvIEE GHAINE, FAAN S == #FE, 28] 3
o ol FE&AS JAZ FEHT

O FE&AdE 384 BEE 4% vF8h, 2uFa s,

Z}E ojlv|xst, HlENY], 58 FHATE 4o EFAZIY

- dAE A 7 AREE B AES AR F Az

- AASAE fY, Ui, HAYE T

ol ol 4w B upsh o] xF HEAZ FNAETE o83
ZAAAA 7HA7E d' FHE HEEA AL Asto, eI TH =4

A7+,

2. A4 J-&

7t A AFS A=
= extract 35 HE X EF FHLHe A 244X &g 4
Az 2702 AxHJYLH F AAAL AE, F4 SANEY AFARR
ALE-EHATE 3, ol IR extracte AlAFY 7|HE B H3td o
Al A4 BEFvIE AzFAd e FEAES BA%Aon, d-EYF &
H2EE AF7IS 95T 5302 BHstd A4dH $8& AP ARE
AHE-3H ATt
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th AF] 4 ARG A¥

1) "AE A
g @ thA]u) extract FF5 NS 2o BHAI}HS W JFAFHA
elisto] Baa}, 3M™ Petri film(Model Aerobic Count Plate, 3M™, USA,
Model Yeast and Mold Count Plate, 3M™, USA)& o] &3 AZIUEHS
ol g3t} UWtMF B FFolo FH A AYL AAIAL. T, A=
extract?] W AF 2 EYF FH2H AFL QUAPL 559 nYEF
Aol s B Aol AR

) AN el wste] B3

u]d 2 t}Ale} extract FEF NS, 80% LHLE A&
50 n¢ mlolAd] 40 e Hrhsted WeolH 159z 7 Az owa )
Wt DR

e
K
X
>
e

W) dukAd 49
NE 1 ME Fsta 750l Falcon tubed] Z{FF 9 me} 3
vortexste] B g FHFE 108 B[t =g Fad wet tha] 10814
348 PL 3M™ Petri film (Microbiology Products 3M Health Care,
UsA)o]l 1 me¥ 2vfe] #F3te] 35T <IFHoElolA 48A12 ¥ F
colonys7} 10~250747} Yehvte B#-S =8t F&3A-

h ¥%°] 4%
2 extracts®] AP F FFole FAL zAEy] 9Jste], 3M™
Petri film (Microbio logy Products 3M Health Care, USA)2- ©]-&38lo T35
A4E FAAAT. ANARAN AL ARG AAHA BAL T BS

- 1156 -



g3t oAl dHe] phosphoric acid H7F7o|A] FFolrt dAg 2 UH
A extractol X WHEHOIAA g wEl ugm talul g
phosphoric acid H7}¢ sodium acid 717 A8 3Z2H ot A3}
Ak

Ao A AZF SR extractE Falcon tubed] 159 ZFHo 2 1 ml 4
Hste Hast FFFol 108 M How Z ANEE A1, FFo|&
Petri filme] BF¢ F 25C wig7lelAd 54 B¢ wjdstd Fgo] +7}
10~250717F vehvie B8-S Ad9stdq FFo|E FA3Ah

. AF ¥4 54 AF
2 Ao e g7 nYPHEE FEIETAHAA AAGE HE o
35k A Wl e FAE 2 Ve EFo ztzt
o AFAIS Paien, FHEY Ase A, sy, 43, stadleE
), Ui, g, ¥, 28, 7184

, 718 W a9 v, &S SH3 A

_a
Jo

%

o O.>I:4
He

g

il
o
N

, F71ES, AR tEH, 2E,

e
o
&
e

1) AREA A

7 FAE

(1) 12+ (POs)

Axe] FFEAN AFPHLS AHoAM AN Axd FFYHE o] &3}
o 498 P3gon, At 2AE ol Wyl et Azsoh

(7 AEAIF &Y (Quimociac solution)

EYHPAUYEF(NaMoO; - 2H0) 70 g2 ZFH4 150 mio] Ho|x
TE 60 g7 A 85 mE 150 m FHFO] HHh EYBAY §4¢ 7

8
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Aargdo] Yoma HojFm, 5 m AxU(CHN)F 35 ¢ A3 EFF
¥ 100 m SFFE HUeisn o] 898 EYRY FANE Y HH3)
9y g2 o]lEY7A wxslgtt. d3d & oo 280 ml ol ET} =
F4E 7HEIM 1 2597 stn Bgrao] EL o] A F1 FRA

o #3le] ALE-3LFTH

(h Advtads &9

AsetadlE 160 g& 7Hed & Ao Al Folm 7t mFFe]
AetetadlES 7ete FBolx qFAAA #AFY AsrlavieS AA}L F
FrE 78t 1 22 At

(ch g TFAgEY

AR TR (CHsO7 - H0) 173 g& A%e] o] =o]i o]zl 42 g
o] Ao FFete vF 0969 dRYolrE WZstHEA AA3E shstgh
o] AL 15TZ YA F 2L 259 L 71819 1 2 2 33k

(2 T

AT A4 (C6HBO7 - H20) 100 g€ FHFo) Jo] 1 22 38t} v
EoH, AHEE moe o] 8Y& FHFE 5] 45l Algs P

FTAYe 2AE f71ARE € F71ES Rt HEEA 19 &
TARHE RS o] &3 IFHF 2 g& thdol 7IAg Wl oJste] Rafjstn
ES 7h8to 250 M2 stal AZRAAZ o435t

o]FA WEolA FAY UFFEL 300 m¢ E Hlo)Ad FHam
23S 71elal SRSE 80 mEA M3 AAHPAE Ei 38
AAZA & Ho]A L] WH S FHRFE Mol ¢ 100 m HA 3 FA
m¢ FARAF §4-& 71E A

60~65C FE3A 718 &
Ak othgel vlE] 220£5CoH A ARA)F) 3, BARAGEF))
AR AHES A3t

mln
2
G
M
o
Al
e
i/
i
>
fr e
o
fu
o
%
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FHTE 35 Ao AAES &3 euk
307F 220+5C2 AZ3IQ(H. Silica gele] S0+ dlA A oletoA] Ao
2 27 WZsig Y Q2 Bl e g F[(GHNH)PO; - 12Mo0;] 0.2 A
FAE 43 o] s POsZ A wje 0032078 F3bo] At

7|1 ZHFE 7~83 HFH Z

ui g

—

() 7l (K:0)

7tel el AFEY AFPHL e AAT "HESHY BAYEFY
(TEH)E o8t AL P, AF zAet FAAY ZAE of
#e o) Foto] zAIFA

(7B Tetraphenylborate

[Na(CeHs)4B] 6.1 g& 250 meo] WlAZetA=d] Hsla B oF 200 mE
7hete] Holar, oA HegvlEY 10 mME 7isty A= Atz
NaOH o2 g4o] & wj7}x] Tl £3714 8¢ 718 & E38 &
AxAA 2 oHste] o] &3t

(h Fazy

FAN 100 g2 Bo] 3o 1 £2 WEAL AHEAl o] AL 5wz
5489 o830

(thH EDTA - NaOH

Ethylenediminetetra acetate (EDTA 2Na : Na;H;CioH;2N20s - 2H,0)
10 g % NaOH 8 g& £ Fd9, ¥ F EAF slelgel mehy
tetraphenyl - Boraterd] 6~16 m{ (FHET 4 m(7H}Y HFE)S aukstHA 7}
3l E5 718 100 mE 3Fg o).
(2D Tetraphenyl borate 4=}

Tetraphenyl borate®] 40 mME EZ 3X3slo 1 ¢ & ¥}

(¢} ABRLFEY

AlCL - 6H0 12 g& &9 549 1 /2 39
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(4}) NaOH ¢

NaOH 200 g& E9] xol1 1 ¢ & 3}

O FANY =A

#7128 Hlg EE #71EE &idte HIEEA ug 2 oXnp 22
o]&3 AFPHIE 5 g& WF TriYe FH3la, AHIE @ssta o
300 mee] EHlojFA EE Mo Y1, 44t 10 mE A3 718 ¥,
7bsl <F 100 M2 &ta, oF 583 89 Wzsn &L J1ste 500 mME
AZARAZ AF}3te o] &gt}

FAYY AT (KOZH 30 mg)S 100 mee] vlo]Ad F&3) FHslx
HEZsY BN HrtFe HF AgFo] 50 mrt HES HF ES V)
Stal ohS G4 Fol 02 7t HEE F4H1+9)S JHeksiTh

T}A] 37% formaldehyde® 5 m¢¢} EDTA-NaOHY 5 mE <x2 7}
gt} ol HEZHEEAEN S BHET 4 AFoZ vz 1~-24EH4
FWRHEFA A 7H3F T

o2 Wkt ¢ 308 WAFE T A FAE ZF3 & glass
filter& AM-3te] oFsta, HEZHADBANE AdYozg JHE &7, &
4 o 5 mHE AHEStY 53], gl £ oF 2 Y& AMS3to 23] AA s}
3 120CE N A2 £ HESA 847 [K(CHs)uB]24 FAE A
g3 gx 71E(K0)9 FE& ot et Zo] ALt A HsdAt

m{ﬂ »
o o o

01

3L

7}2)(K20) = [K(CeHs)aB] x 0.1341

(3) 43 (CaO)

e AFEH AFUHL 3yl A= EDTAY (ZE ol EH)
S o83ty AYES Faon, A% A FAYY A= ot W
Ho g Folo ZAEA
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(7l) £F EDTAY

EDTA-2 UE&(NaH,CioHN:Os - 2H,0) 3.7225 g& ZH50] £3%
F1 2 (001 M E&ME 3o Zd g Hol| AF3t1, o] £99 Fre
EF oldd 25 ME 200 m AT 2I AF F FRF S0 2 4
sy 29 5 n (pH 2d)Ex A Ak EBT 2~3 ¥&2 713 ¥ 24
o] A3 gloiAm Mol & WE FHo= FHHsd FAA

() EFotdd

F2F giAACIE Y 24Xt Az EFAF oA (Zn) 06538 g& A&
o] Galkd 5o ZHFE 1 22 3 0001 M B2 AZ3HT-.

(th 2% Z+#49

110Co A 2~3A2F Ax% EF CaCOs 1.0009 g& Hlo|Ad FH3ld
FHTFE B NAAANE €2 F 239 43E& MA3] stete Heln #
o gl gasE WEAVIZ W4 F ES U8l 142 319 0001 M %
=
() BF vtadle 89
23 vladld (Mg) (99.98%0]4) 0243 g& A% die L3)5tx
2 7t5ld 1 ¢ 2 3l 0001 M 352 A Z3tHTh
(vh FLEF &5
AR F 70 g& FHTA FHol gRYots 570 et FRFE 7}
o] 122 AP, o] §9L ZTdgd Ho| AZstAo

(uh) FAFUEFY

NaOH 40 g& ZHF5 59 1 72 & AR, Sdgda o
o AZatAct.

(A KCN&9-2 KCN 10 g€ ZHF59d o 100 w2 33

(ob) Triethanolamine ¥-& 1 : 32] H|& 2 FH4E 713 439

(Zh sl FLge AR 0% EY(EF)S 1: 29 HIEEE FFHTE 3

=2 2=
o TrT
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Mg

() A

(D Erio Black T.

Erio Black T, 0.5 gz} ¢4} Hydroxyl amine (NH, OH - HCI) 45 g&
95% GFel = 100 M2 3t Ao M3

@ NNZXH]A| 2}(Dotite NN)

2-Hydroxy-1-(2-hydroxy-4-sulfo-1-naphthyl-aze)-3-naphthoic acid 0.2 g
3 2748 20 g2 RF Fol WA & EFste] Brwel Yol T3 A8
At

(ZhH NHOH/HCI &<}

25% NH20H/HCI §94-& ZA| 3ttt

(E}) 10% KOH -£¢

KOH 10% &4 A AH&-3tch

(T 2% FA}

O XY A=
1714 v8 B f718S &= vaEA FAE 5~10 g& WF
AA(EE AA SEHADA HS F A7|ZoA FHIPI 32 2 F HY

FUZ vo]Ad &r|n G4t 10 mE AA 3] 7lste] 3087 £ g ¥
3la BS 718t 250 mE § F o3t

A3 FAH] dAF (CaOZA 20 mg ©]3})S 200 me AAFet==
o] & the NaOHH o 2 Z3}stxw KCNY 1 mis} TEAY 1~2 mE 7}s}
of FelelX ®EF EDTANE Aoz JAHFE 7iek ohg NaOHY 20
e 718le dFYAoE sl wau4-g AAAF| NN 2Aeke 718
% A g sl HFo] EDTAS BF ghalzg gdo02 QA
Ca09] %< A&359th 0.01 M EDTA £ 1 mi= 05608 mge] CaOo] A
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23tk HP9 FHL NN XAJokS Al&-3d FAo] Moz #HE H&
zHo =z g}

@ rt2vlE Mgo, 1LE)

ko] AFEA AL e AAHAW EATAYHS o] &
o AFS Patdoen, Age A FAAY AT oty HHogA
ZA3 .

(7} BE oldq : A3)9] EDTAY | F3tct.

(\h) EF EDTAY : X3]9] EDTAY | &3%th

(th EZ stilg9d : 4359 EDTAY £33l

() FAFEFY : AFe) £4 FRYEHI Tk

(v} #29 : 439 EDTAYS] Zshsich

() KCN : 2}3)¢] EDTAYo| Z3t5ich

(AF) AA e}
@ EBT : 4 3]¢] EDTAY | F3}3th
@ WA= : Y= 02 g& 90%LF LY 3o 100 w2 &HT)

O dAY =A

(h E AF : 43¢ EDTAR ) E& 3t

h FEH1E

FAE 1 g 500 M) AdZEtxzd] AFEs] Haty, E oF 400
£ 713t }RYZAIE B9 3083 Boln, ¥4 ¥ L Jlsle A3
500 M2 3l HARARZ ogapegr).

(&) 7HA8(05 M FA7HEA)ILE - A3]¢] EDTAY Y &35t

() 784 1LE

FAF 1 g& 250 m v)aEF2a0) P FHsixm, 30T FE

o
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150 m¢S 7Fsted 1837 30~403] A3t AG7|2 Jgd o FAFC] &
TEAY 718 JE) Fsvt B J=E FodH, 14T Jgsta, &3
Aoz 3o FF7A EE 718t Az2AXE Afsigrt

FA Y A HFE 250 mo] w2FegAId FFI] FHIa, YR
% 1g ™ EL 73l of 150 w2 33, WAH=E AAFoz &L
BUole 2 F& G40z &9 Mo] g2 =4 (pH 5 BI)o] HEF
gtalx, 71Este AgsliA FAGEFEA F 20 mE 1SR (o] w
2 TAo] HletER F& g4t 2 F2 dEYosE A pHE 23)
ol FE&3NA 1A 71Ed F Ae7A] diste(dastd oA HA
ES 71eta 4z qAE AH34

—

i

(o)

e

82 o o

¢

e

|28 715t pHE 2d@th) 37

)

¥

o] o 20~100 mE FZEGxFd P FHal:m 50 mewg Al
22 713te] oF 50 M2 33, of2zmEWAL ¢k 0.1 g, TEA(1+3) 10 m¢, KCN
°f 10 @ 2ol g @3 o 20 S 7k, thA Aoz EBT
2 EE 7eka, BE EDTAY R HAso Mg £& MgO9 4& 42
LA

0.01 M EDTA 1 mg = 04030 MgO

(5) ¥z (MnO)

g7kl AFEAN AFTHLE A AAHAR vlznt24d YEEY
(sodium bismuthate method)& ]85l AP-& Ps}Hon, Ak A 9
FAIG el A ot WA E3to ZAISAT-

(7H BEE AL 7t 439 f4byd E5th

(h) EZFAH(0) =% [FeSOs - (NHy)z SO - 6H:0) 01 M §9-2
ZAB R (AHE(O) ¢EF 393 g& FF EE Holar, F4H1+1) 100 me
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£ 718 122 gv) 4 A7 An
(Bh 7949 A4 AxdHd EA

O FA 9o =)

(7H B AH

FNE 1~25 g HolA AYs Hstd B2 FAm, AAHA=
U3 d4he oF 20 mE st sFE BEaie F, A4 oF 5 mE e AA]
3] 7tdstel ¢S BT oAl FAH(1+1) 10 ME sHetd ZEA7) T, 5
e} 8 A7)7h WS g o 1087 stdsm A wy T Hloj e
WS 2] B2 AFSn oAl 2UAA 49 A A7 2AsE o
10837 7t e A&saTh

W F B oF 50 mE 7H stdste] molm, dFeld deEE &
23] AT ofde 250 mo] WMAZFGaId] w3, of BB = B
o] AT A AAS B WFEI e §711, Y, HF F BeE
o o eujFe) B4 BIEFS Jl8) TR gasn, Wd F £48
Agstel BrAelA HAG] Mol 71T A (1+1)L s AHoE &
xolx, gkl Fgolo] FA £INA 2L s AL oleag

() FEAE A% BN FA Y 2H 0 Fg)

(Th TEAETE A% BN FAY 2A ) 2L

FA G AAFS uA P3| Hstn, 2L b8 ok 100 mE 3
3, olAol] A4k 15 ME 71§ F, vlAutAAIESS A% Hrbetn mwuk
ste] 227 ADsA BAD. ThS 30% FAEEA 202 S Yol HFM mi
Aol Y= o] ThA BYTH

W2 F oggrae] wa wAnAAEE 15 g awld) satn I
oEkEtE ARG F 297 2o F2dBI(1GH)S ARSI A AH1+30)
o2 st AHsATh
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e B o 150 mE st3te sMstn, olze] EEIFWH(I) ¥=
T 2550 mE A3 slekn BEziate] HANo] QlolAE, EEAa
Ztel oz AAgT. FAl FYEF EFINH(O) SEwel st FA
¥ P3ta, F JHFAY 2ol o8] B3 MnO)e FE &340

01 M (1/5 Zazta7bel ) 1 mé = 1.419 mg MnO

(6) ot (Zn)

ool FFEA AFWHL el A=A Dithizone-& |83
o 4¥S PstgHem, A AL FAYY zAE oo HH F3)
o ZA At

h B& ofd &9

EFEAIF ot (Zn), FAF (143), &, olHELZ &35z Ao,
A1 AT A A OB A 24A7F o] Axd FEAGF 1S 1 ¢ H2F
230 FHsta, g4+ 10 mE 7Hl 59 o WY §F #57A EE 7
XE old d9g ZASFAL (o] 89 1 mE Zno2H 1 mgg FHIT.
AHEE o o] YA YFFES EZ FF3] 1000w 2 FAHste] ALt
(o] 84 1 me Zn §HO2X 1 pg& TFHIH)

(\}) Dithizone-&-<j

Dithizone[CS(NH)2N2(CsHs)2] 50 mgg AFE A 7)o FHsla ALY
geta oF 100 mE 18] B 3 £ dxHRAE B3tk g9 o
FEG Zurle] B 0.02 M ¢EYols oF 400 mE s B B3 A
A EE F AASA AdSdELFS AANAT el CCL 9 20 mE
7vel, ZAl A-eA A" F FAsta, oA o] 2FE 23] ¥WEd & EF
of AlEs}erA 100 ;e 2 1 M @4 9 mE 713 2 B3 48384 E5 F
AR AR SS BT o|AS AL EAE 49 F Ao F
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Ao Yol Yethe] ARste o] &35t

(th 2AUYEF 39

ZAYEF(NaCH;CO; - 3H0) 136 g 2 24 57 mE 2o Ho 12
2 831 EAY BcES dithizone§ Yo 2 FE3H AAY T Ax oA
2 g3

(2h ALFIIEFY

X LY E F(Na$0s - SHO) 25 g& Eof 3] 100 mE sk A}
&3ttt

("H Fh2At i

FgaAt 200 mE A4 800 meol] 7Fete] Abg-stTh

O FAY =A

TAF 2~5 g& & HloiAd AFs] Hpa AL oF 30 mE sEn
MARANE E A3 7FE (ZIE9] HAo] AA e sty a4
Asld Foh) AEE o] BUH AAFHAE X FEE ALY A
HEHE FANAT

AARAS s B Hlo] AL W AFY B2 HFH3a ojRd 3}
ik, A2 50 mE Jhel oA ZhEEte BgAdte] 3 drivk 2 Ew
MAFAE G o 1083 7HE3td WY, od {759 Eayl 2SR
Bele FAA BEe & AAAFE FUlEte 71y, BEE ukEs g

O o, 2GAH15) oF 25 mE JHE) olstel] weEl FAIAE BE
ot A dFFE AFEY Zu7)o) FF3] HIA 01 M 44t 4 s}
< Jls) 20 w2 Fth ohSo] Na-acetate 4+ 20 mes} 25% =] 32}
F &9 5 mE 7tsted &38t3 thA] dithizone& 9 10 mE A &3] 7}3)
3~4%-7F A43 EEUL

A o AlGseAFE BEstn o] o 5 mE 25 m WA

- 126 -



ol A £IAA ALHSLE AT o 202 AU FAd =
g 2N 49¢ 2902 3 530 mold FREE ZHSYL FA
of % oldde @ WAz A4S Hstd TAYY F$} FAZANA
zAge] A% AFHNA olde ke T

(7) Z(Fe)

ol HFEA AFWHL Ao A=l Phenanthrorinel& o]
£33l A4PL PaPgon, Aok A} FAHY ZAE ol WEe=
Al Z=A B

7hH B&32Y

2 (Fe) 0.1 g& EnlolAd FHdtx, 44 20 m 2 & ¢ 50 mE 7}
i 7tk H9l & Qs & Jis) A 1 42 stn BFEE 49
oz AE3lETh o] 4 1 mE FegEA] 0.1 mg (100 pg)e FH-3ich o] 9
2,4, 6 ME 100 o] wWxFt2Id] Z7 A& FHste] FAH1+1) 2 me
2 S FFAA sbete ERs (9 1 e Fe2ZA 2, 4, 6 1gS 27
gHf-3tch

(1) Phenanthrorine<j
O-Phenanthrorine(Ci2HsN2 - H;O) 0.1 g8 <F 80T<2] & 80 mlol] ¥ Yzt
T E& 1A 100 M2 3ta Wetae] AZstgTh

(%) Dipyridyl<

a,a-Dipyridyl (C2HsNz) 0.1 g& E2 o] 100 me3la ki) 23
Aot

(Zh A&

A 500 ME FFAAF 200 e 2 A 100 ME 3R Hek o] &

&kt
(v} ZAMIEF(NaCH;CO; - 3H,0) 138 g 2 24+ 120 mE o =

o
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1 22 3t o] &3t
(*h) 94} Hydroxylamine}
Jarsto| =24 o}l y(NH,OHHC]) 200 g& o] 3o 1 ¢ 2 3t

O FAgef =4

TAF 1 g A B3] Aoty F4 5 me R A oF 30 mE 7}
3 7hgsta Fate] § A7) HASHE AAHAE €3 o 1083 7t
o o]&3t.

B ¥ & o 50 mE shekal hddted =elx, ¥z F 250 mee] i
2FTH2FY &7 22 TFAA AL F AZ AAZ AAI}AS

FA Al AFF (Fe2A 5~200 pgo] FrHS 50 mee] ojxFehra
of &3] FHsa P4F Hydroxylamined 3 mi, ZAMUEF 4399 4 mE
7FelR el th&-¢l O-phenanthroline®) 4 m& 718 =871 EE& 713 &
FANPAE HEPog wF 500~520 mol X FFEE A&, 2 BF
BAE 42 10 mE Bgs] Hdte] AN B2 2D 22st
A% AFdouRy HAFe)e ¥ TS

F7189] FqFe Al AA=HAA Yl 3o 2 FFS 73t
At &, HZ-EF FH2HE F85F 72L& 0|83 nig £ 5 g& F
st} mE] o] TR Trhel Fof FstE 300TA 17t o] &3}
A7l F 600TCoA 12417+ 3)38He & 3087 Wy 3 2 ey, &
7] 1 gHIE FFNA e Fe AT & AV1EE FaAAT
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o R

(1) Ft=H(Cd)

7HEF9 AFEA AFPHS A AANEHAR AAFFERY S
o] &3l HAHPS Pl on, NG A} FAAY FAE ol W
F3tq zAsH A

H EEIl=F Y

7t=H (Cd) 1 g& € vlolA AF3] stz 2 10 @ 2 F/F
°F 50 mE 73l 7hHste] Hola WAste FHSE AHE] 1 L2 1 X
F Cdgdgeoz olg3lgrh (o] 4 1 My CdEX 1 mgs FH3ch) AL
w o] defg 05 M Fato 2 53] 1008 3]AMste] o] &3t

(h ZE9

CaCO; 2497 g& 1 ¢9] WaEelxazd Hiln B2 A 5 G4
(1+1) 96 mE A A3 7hal Foln A BES wF7HA JHEATh (o] 9
gitoz 05 MojH, 1 mf F CaeE 1 mgg F73h)

(th Fgai-A 34

FHA4E 200 i E A4 800 meoll shEkTh

O FAAY =

#7182 FHste ma2A oldy AXFRY, FAYY ZAd £
Stk FAY AR EE GPE 05 M duos F%s Aguz 4B
A AAFFEHAZ g 288 molH FRES SHANUT. BA0) EE
A=gAe ¥ GAZ WaBdsdo 33 Fow, 53T FAY 39
Cas=st ¢ F AY FYNES Cadlg 22 Frhsted =374 05 M
Gue 7He o) sl FA e Ast $Y 2ANN FHshe] Cdo] @
2 Tk

L
X

- 129 -



) Z& (Cr)

Ago] AHEN AFgge Aol AANHAN ARAFFELY o] &
o] P& PaAom, Aok zA S FAH A= oA e &
st} 2A 5o

Oh BE3ZEY : dadsmAI=HA A Zo] 2AE ZAFLYE A}
48 o 2 9AZ FFHFFE Y34

(W) ol#idZEY : EF o|FAAFEK25207) 100 g& EZ 833514
1 23|t

FANG AT F71ES TR BERA oldy AAFFEYA
o F7IE8S FHT HEG 2ol FTAAE AT FANY dAF (Cr
o 24 10~1,500 pg7t E£th)E 100 me] v2Za2=d FE3) FHs) 5 M
AL 71t A F F2rF 05~1 MO Atolyt =HA A A st
ojFALFR 10 ME 7Iet] =F7HA & 7HIAh o] A& AAFR &
A A 3579 me] FBREE FASAT FAlY XE ZF N dAFE
R GAZ 100 m¢ W aEFTHEI FF3] Hell FAYH 22 WHOE 27
3t AT AFHoZRE ZE ()Y FE FA

(3 YA (Ni)

Ude] FFRA AP de AAH A AAFFEFHE o
ot AL P on, AF A4 FAIGY A= ole] W
F3te] zA st

(7h EE2UAY : duA Sy F3] AT BEUAYA o
e A e B2 FF3) 5008 FAsP (o] F Ime NizA 2
pgs )

(W) HAFAHELMIRIGGEFSE 0 HoAGEIMITMMESF
[(Na(CHs)eNCS; - 3H,0] 1 g& &9 39 100 mE 3t
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() FARIEFY : FARLRF[(NH,)HCH:O7] 200 g2 Eo
=d 122 stk |

@) TAHGAAD : Zao] AFTFEDYA EtHTh

FAde] ZAE otde] AAFFEFY 3 FA A 2A o F3}
Ak FAHY YAFHF (NiZAM 50~500 pgo] FrhHE 50 mer|FetF0
423 Hll FHAAAY 5 me 2 5 M 44 5 mE s8] £871A BE
7beta, AAFFEFEAVZ F 232 malA FREE ST FAO
FFUAd IdFFHL Hata 2L =&AL 39 FFEE ST FAT
HFHezRE UAN)Y F& 7

4) & (Pb)

T AFEY APHE Al AR dAFFEFHE ol &3}
o APE Pt on, Age A} FAY AT ot W F3}
o ZA gt

h ¥F9E&Y

53¢ (Pb) 1g& Evlo|A A3 o} A 10 mst & F 30 mE
Yi 7}gsty 549k ¥4 & EE A A 1 L2 & ZEFGEYS
ZAEYh (o] €9 1 mE PbEA 1 mgg FH3IA})

AEA A o] &4 dAFS E2 3] 100002 3)4 A3
(¢] &9 1 mE Pb2 A 1 pgs 53}

() L=EaFY : A 2=ZF(KI) 60 g& Ed o 100 ME s}
FANA e FAE ofde FAY zA F3Act

FAAe] AR F PbEA 1~30 pg, AF 30 mo]d})S E4Z2w 7]
Ags] Wy EFAA 8 mst 60% KI®A 2 mME ¥ BL 7hs) 40 w2
3 & v A o] 282 A E (methyl isobutylketone) 10 m¢ &3] Wo] oF 183t
AdstA E€ F FA FAANAR. ARS8t methyl isobuthylketone

4
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3% A AAFFEZEREAZ o 2833 mollA FBEE SHSAT-

T BEREYS 2 GAE FF3] Fol FAYH} 2L o=
Z7Z3le Ao gHE @ (Pb)o] &S Totxn, oo wa A 27 ¥
AEE dAsta 23S RASAT

(5) E& (Ti)

W AFEA APTHE e AAFHAR ALY S o83y
A8e Pt on, A% At FARY A& off e WHoR F3HA
zZA st

h) EFEEY : FHEHEE 99.6%°]4) 01 g2 wlo]Ad s
A ANAGAES G2 Z2H1 1 1) 50 me 2 P21 : 1) 10 mE 71e 714
B, AAHAES AAST FY 1 e vpste] 2oz FEE s1d
ste] g4l 8 Ar|rh dAstd axidh W F 34 (1 92 500 me
HaZegazd £ F 28704 &4 (1 : 9% 7Hehh

() B3 IEFY

E) 2 B2} E F(NayS$0; - 5H0) 25 g€ Eo] 3o 100 M= 3t4ch.

A 2AE 8o FAY A F3 R

FANE 500 m¢ HlolA &)1 E& 7heted o 300 ME SHi FE
Yole(1 : )& 7kste] wjadgoe] A f71x Fsta oAl @4k (1: 1)
5 me-g 7Hetn Eletdd 43Ete NLIIIEFYS 40~8 0mls /I8
oh o] §94& 10832 #Y F AR F& 21 : 5002 FAL Aol WA
o A2 F A9 A AA=I e Jol 33} FAsAo)

gFe] 7428 TR Bole YA &4 F4 (1:1) 2 &
2 46% B35 5 wmE hete A4S AAA F AR 3 gof o|&
ZEKS0)E 59 & BF HA &4 MAM3] 7thste §3isAoh

Wzhet b 3k (1: 9) 2 §afste] A2oA Wy F 100 me H &
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Egaze) &711 3% FAEEA 10 i L 24 5 E slele] A1
A B (1+9)& Jbste] oF 3087 WA ¥ ubg 400~420 mmolA F
B=E 2389 th

HEZ XF Heds 2 9A FF3] Hs FAYY A 2L =
Aoz =AY A4 AFHoz HE ERKT)Y F& 73

(6) HlA (As)
Hl A FAFEA Agude el AA s deddE e stupRlibe
g ol&3td HAPE YstHon, Ak A} FARY ZAE ot

WHe 2 2A3 AT

h BEHI&Y : BEg A252A Y F3 Ao

(h delddE e stuae gL

ol At E] @ 7Hull A2 [Ag(C2H5)2NCS2] 05 g€ 100 m¢ I
(pyridine)oll o] WYgao] AF3T T do ATy snluite 05 g9t
HEAN (CpHxOs - 2H0) 0.1 g& 22T 2 200 mol] X (323 Fol5
€ 2ol Foh) YL A8

(th g3t A4

g3} A154 (SnCl, - 2H0) 15 g& g4F (1+1) 100 meol] = F &
ZFo] 4 FHE vt FAage stk

() 371

%378 (KI) 200 g& B9 59 1 22 |k

(Fh AzdAfEE - BES AF2AYd E3h

(D HEzge : Atetrleg DAk BMAY AFzAd F31)

O 3AY =A

FTAF 1~5 g& Hlo|A (A7t Frhdl B&E3] A3l FHFFE ol
32 m, A0 5 m B AFEL 20 mE 7Hete shEEa gt
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3 717 2ASE dxnd JMES FEIAT. B F ES vheto] Fof
I g F 100~200 meo} vAZEAId &4 FE7A BE vhste A%
A2 AHEHT

FA A ABF (AsEZM 1~20 pgol ATt JFe 40 mol3hS
80 meo] FAa3tulc HAPA FF3] H ES s oF 40 mHAA . F
A 10 me, 20% S3t7be]d 2 mE vt & Efteta B OB WASEH. o
+ 43 A1FHY 1w (Fo] OF T/ " of2z=ZN 1 g & d3)
A1FEAd 2 g 7 E 7isted & Efete] of 1087 HXEAT. oA
| W&7t Qe okd (AA 1~15 m) 25 g& 7hate] SY3e 7tAE Az
dafEldo] FXE @ deAdEesninded 5 mE Jgs) F
& 58 FI=E stAh

AT FEBe 7t2rt AR G=E 2 ddstn 5CTHFA o
4587 ZEAAT 28R FAYH FAA 2AE FAE §9L dx=2
AHg-3te] 5 510 moll A F5@tel HAE FAA] FHEE SN
ot FAY A9 2L 2AF A FAG LA E DA FY BEHa
Faqoz AT HFANA vk F& FEFAT

2

~

(7) < (Hg)

T2 AFEY AFPEe Aol AAFHAD 7HEVIEEE 188
o AFe PP oH, At zAG FANY AL ot W] &3t
o ZA st

Ch g 529

U713 E3t] ZAN BE S99 dBFS FFE FH
31, Al2H I (cysteine) Y-S 718l 5008 2 FA sl 1 mMFo F22.24 1
pgg FH3tle EEHS A AT

(1)) A)=H ¢l : Cysteine [HS - C;H; - (NHp) - COOH] 10 mgell &3}
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A2 wE 718 59 122 3t

(5h) 7F8xR.ZA) : Combustion auxiliaries

D #4384 [Ca(OH)] I BAMIEFNaCOs) 9 FHERE

@ ZALFYY (acitvated alumina)

O, @5 A& w 800TE 12 7HE3te WAt

FANE 2715 4 o 800TE ¢ 1A 71Este] A (Pertri dish)uf
oA Wgstgt o] &7)d JFERZAA FAEINEH IV EFEHE
o 3 go] ARE 73, 1 Yo PEHTF FTAFY dFF (10~200 g =
3la2 HgZ 4 0.1~ 1000 ngo] £t})S AE3] ety Y3, 1 Yol &%9
FAYFUYE oA 93, A F& Ca(OH):9} Na, Ozl E}EZ €3
t}. o] FAE 875 F& BN st Y1 3 2537 molA F
29 FAEE ZHIAUY. 2 BF F2dS 2 9AY TR JF3] 3
N, olge YBFL vlolazmHos R FAE 47 Hsn
CHEREzA = 7181A geth) Sgo] 2Asto AdE AFHAA, TAF
Z9] &9 g Tt deo] wEt tEEzA dted FAPE 8
o Ais RAYIFHTH

2 713
(1) &

el ANER AA7FRL Balel S FFL 2Pk

2 9%
nyuige] & AP A A oA AL (AgNOs)H
Zale AdS B 4o AFE 5 gAEH AAALEE o83t F
A H3Ha, A8d FFSF 20 mE AU & AFFOlE o83t 100 mb
mess flaskol] AL3IQPct 2 F ZAT A5 49 10 e 3L o] &3
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of 47 flasko] BF3| AT F 10% AFNLEF (GCO) AAGE 432
Yolmd F 005 N AW RELAS olgate] HYA.

0.05 N AgNO; 8§49 #73
AMNe EF uAXY (Junsei, Japan)E 8760 g& ZFHFES o]83la] mess
1 Lol mess upAlZl ¥ ZAFH | BA3H
10% ZFAHLE AAYY ZAE AFNEF 5 g& FFT 59 mess flask

E o] g3}a 100 M= 3o THEIT

A EF SFA A (unsei, Japan)& o 0121 g& FHse] FHF 20 m
o $AF, 10% ASHLE ANGE 41E Hoj=ad F 005 N Ade &
qe Beg o8t H@a o] MAH0] 152 ETHIE HAGA gt
He FuPo 3o Yk

0.121 X 1000
0.05 X 58.44 < 41.75

273 6¥A Ao gt FFEA HrHF)E 0991862 T3t

= 0.991856

@) 24

nPulge FAL FHAEL FH AAHAD i E31H
AFE P, Aok A g FAAY 2= ofH Y W &3 =
A 3t ot

O EEFASUEFY

FASUEF 01 N §9& A%t 57 FASUEF 39997 g&
10 2] =2tk EFA|F Aunla (HOSONH:, 7t 15 mHg ©]3} FAtd)
XAl FoA] 48A17F AZF 7)) 4.8549 g& Ed] 3o 500 M= 3FPT)
o] AL 01. N €8¢, o] o 25 niE 200 m¢ AztEg23d sl & 100
mE FNAIA AA G BEXNERF 2 UES JEY FASUEFYSR

HYsted FEE HSHT 1 mol IS 29 Fe BEAAT
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S

EF i
S5 #e® 01 N &9& ZA 31 01 N FAGEFIYe R o]
9] F=& AAs}A

@ FAFER £

Zgi71e] 450 g 3abE 50 g& E33te 40 mesh A& F3)A 72
EFs A

@ FAH e Az BL 1: 19 vL2 2434

® X3} FAJIEFY

FASGEF X89S A AT

® WA= WHHE 02 g& 0% GZ] 3o 100 M2 st c).

@ F71E

FavtE] 40 g& B 3o 122 3t Postd AHAsHct Aol
WElA E3) gart Ye v TAYL Asigoh

B2k

B 20 g& EF XA 5 w7t B0l e E 149 Foln F& &
A EE L gl F& FAFUEF §902 pH 457 HES

© EFAAF
Brom cresol green 0.5 g3} methyl red 0.1 g& 95% <= 100 meol
=R

© FAAY =A

FAE QAL B3 SPaao) A Fod SRR 5 g2 AR
e B4 20 mE shste] F EE g Badlel olEste HxelE AN
Agstn Tdo] 471X RoW Faste] A3 aAHW PP ohe 500
g M2ESaI $A £FAA & AUk

FAGY A EE AYFEL FF Fehazo] Hal: 200~300 meo

€ Jhetn 4B Ae] HEF FEE Y IgFUSUEFY == 34
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2bel A2e2g B3 FAAZE EAS ve 28 AT FES &
s7teld (23 2542 07 go tEME 25 mE F8F)I L8k ¢
A4 oldS Jteln EEFAAL B FIE FHRAAN 44 F /¥ty
FHEg239 YEdo] 2/33E §&E w71x FH}L F=dy ALS
EZ oA &9 AN wAH=E 1~2 WMEE 718t BEFASY
EfFYoz AFIEI T B4 dAFS €2 F7IE FFHF FAA 42
] 253 298 xFFAYgos APt Ao F& A&y
EFEFAFUEFS 1 nlE 0.001401 g9 A4 (N)o| A3ach £37)
ASde FAYY dAFL 200~250 mo] FHFEe2Ad FH3}

z5e ¥

I FNHUEERY Fe Fastelde Hobstm 58] o 30 o FEHE
2o $3712 o 1587 FHAAG FRF}2I dFo] 130 neold
o2 @ WE 3FEYLAE /4G5 drel 758 9 s ol B
Q3.

2) E814 54 AF

7h B8 A

A EES A, &4, A, FHA, 4T Ee ©9E HIE Ay
AZ AAE & FA, FE&AH AA T 2JAAY AP g AFAAS
Agste HOR A FFENAY A A2006-155 (2 FFA)AA F Al
HAAE AH&sIen, AXZAN-MA, KOREA)IAM AZd F3|&5H71=
Adatgth AdzAL olde ® 13 Zoh AAF Yoz o uo] F
MAAG &o| e AA 671 Fstd feded &4 UiYe AMEE ¥,
BEHeZ W of 6083 Adess A ds HAY ZFE B

Wl ge Azke SRR, A R ol Wolt A&t
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A2A P Aoz 6083 Ao TS Al v A71eh 22 e E AFES

3, Az-BEF SLHY B U FHAE WY, F 33 wEI

o 48 AR F, A2dA FFF 27 B2 Hgrt o= Az

Aol e A, 094, 14, 344, 5AAZ pro] Sdoz #F A
e

[E 1] 2543 A8 Ad=2

Ald xd
Ag7le] EFxA B9 303 8%, AF 55 mm
NP 35+0.5C
Ao A1 - AFYEF 20 g + F&Q4 240 ml/EFF 1
L, pH 12 2

A298 : 02 N-Qlbe]d4Az4al 250 ml+ 0.2 N-J4+3}
JEF 118 ml/Z§4 1L, pH 68 &

W} A= 53
A9 R oAu} extract F5H FEE JEAFY (KSA 0531:2006)
o] w&} Brookfield engineeringA} (LVDV-II+, USA)oA A|Zr¥ Brookfield
viscometerZ24 330, A=A 2] ALY Table 203 2t}

Table 20. Viscometer specifications

Viscosity

Model Range(mPA.s)

Speeds Accuracy Repeatability

Brookfield  Min Max jRpM  Number of

. I + 1.0 %
Viscometer ncrements % + 02 %

of range
(LVDV-TI+) 10 2,000,000 0.3 ~ 200 18 8
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ch. 34 58 A9

1) |25 extracte] 4 1A

7H A8 A
B A AH8E FIANEFSL AMEFTEFE)Y FA 9 AFFRE AHE
g L=

W) Wobg A

NPl A8 HEF extracts AR WHAE R3] AT §7]
A+ A7), pH 3 329 A ggoz =A% ALoEA oldf AMSH pH %
A Ad] wa} A(Phophoric acid), B(Acetic acid), C(Benzoic acid + Citric
acid), D(Sorbic acid + Citric acid) @ WZ72 AFTS UFA 449
AedE 998 ES 43ty 1% NaOH &<§o 2 pH 72 =3t 3
Aul-g-& Z+zk 1008, 3008, 5004, 750u, 1,000 2 TRt AP A&
HAck FAEole] A} 2=x20E At 25T W g S o] &3

2R/ extract A|R7} A E] ol AR FFste AE Lotr7]
A3z s=EE XYL zAst] FA oF 9 cm Petri-dishdl FFAE
Z3 Zb uldE sME S48 ofF 4 A FY3t S8 HA F HAA

35 FA 1084 Xdete HAdE o] 2T siFddioA HAASAt 2 Al

BEUE 1A W&E 4E &4S5 ALEEAen dETE Xt F 570
AlgT 3htEo 2 APS FASATh HAAupdF FA A F 14A 3d
AL 6XN 7t THF 07, 4UdA 6YA7AE 1247 tFoZ, 7YRHE 19
Aoz AA 159 B¢ Lol REE AT FAEZEE 1 mm o)y
e g wold Aoz VFAUT. ARFAE of 20 FRH Wolr} 5
7] A&t 59 Fole @A dotE AU
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of W Wolge theel A3 go] AHUT

lolg] £x]0] 2=

h A5 A¥

M ZF extract= 3 Auf-&o) ot R, 2508, 5008], 1000v] 2 3]
Aot dtolg B ol g FA3ATE Lol 2 HX| vt FF9 ASA
FL FHE HIETE 54 B4 AR BF U 2dA FA3H

MZF/ extractZ7} A E AR vXE S AP Ao FFF
AL o8 FEEANE 9498 ZE(O 5 an)d] B EFsI &
70%% 2H3 du A5 FTAE FFsden, 4 207 AIEE 1000,
300u), 5008, 1,000 3)A8te] 2o 13 35 mL & AlHsle AAS A}
stoem Fae] B Fx dol ¥ 18Y A T ZASIAL 7zt 3HHE9
BEHo 2 e QAnh Wolg-2 X4 F 23ColA HAAHZ 1597 A8}
Rew wols frZo| 2~3 mm £HE AL Wolg AoE Bu LolgS
A& wobg A4E T4 99 A1) FYsith

2) Az-EY FH2H &% AY
fz-EY Fexdel wastad ERAde HAAv 43 (Lactuca

sativa Linn., lettuce) 7t [N &FR(F)]E AH3tel obelsh ol APatgich

7hH wol& A ¥
NZFE EFA F& FE g0z E ZFHAH, 7Y FHa
B, gAlvl S8 2H, dz27s 787 18 5K G F AAsE Zhe
AN BE 60 meshZ FHsifth. 2dd ANee 47 A (WET), BEIRF F
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A7} 8 2E), C(mY F82H), D(TAet E82H)E FRsto FAPEo}
o Hg3 LExAL gJste] 2T YA 4PL Sk

ATE A7 AEY dopet Ao FAE AE Loty 93
FEAE 23 7 AZ 20 gL A oF 9 cm Petri-dishol] ¥ B& ¢ 5
mA FA3gch 229 Petri-dishell HX1w} 5 F2 10894 248t 3
dele) 22T widdulel A AAstgath 24 Ags dE2TFE 88 F 4
AET 3B o2 HAYS At AAupdF FA4 A F 19004 3¢
HAE 6A1ZE THAL2R, 4U0 X 647HAE 12413 TLF L8, 745 HE 1Y
Aoz WA 159 5 WoldRE 2ABIYEH FAERE 1 mm o4
U2 AL doldt Ao g At Xt AFFAE o 29 FRH &
o7} 7] A|2ete 59 Fele 3] wolHUT ofuf dols e 4
T 2ol ZAHAJUTE WolgL A F 23ToA BAHE 1597 A}
oo Wole §20 23 mm P AL dold Ao By wolgE

et

h 4§ N9

Azd vgE 279 Frzdd w dolg @ Pol4Fe ZHs
ek wobg @ HAXul 3o WFANFL A= extracte] FPE BT
B4 BH AYY 2% 593 27444 F33Ach AzE NEE Z7e
Fazad uhel golg @ PolAAE s Lolg B AXm 43
o AZAEL G T H=E extracte] HE VIRHH 54 24 AE
3 25 3% z2h0A FsAch 7 248 A8 A8 43 vAE
dake NEs7) st BFERNE ARG B2 9§ ZE (65 am)e] &
Fate] g 70%2 2AF O 43 A4S gEsgon 299 13 75
ml ¥ Bg BF] AP ARIAL A AFe E do} F 18Y
A Fo AL 2 33 A FEFoZ dehiich

o

2l
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3. 443}
7h AAE Az

1) 3= extract

AZ extract FFY2 HIRFTHYTAN IT A 4F EI¥E JH=2
Azt F, A2AF, £84A% #8478 F 2T ATl
10%o) el 2zt H8E BE: HEY FFE 1.0% ooz 87 At 2
2AR 7%, FEAAAN 2%, FEA7HE 5% dPen 84 EdBd
0.0005%<F 84 %4 0.05%2 1 JAES HFdgoeH, dd4 XTEE o
3 HAnp FFo wol & Y ANFE T b 2 APH MEEE Al
Aok

12
Mo

%

2) A=-EF 222
AzFolA FAEe F71do] FAE 27 AFd A7 A& B oM
2t 712 EGAEAZAY AF A240] ke aA 4 HE §olstA H
T AT A7 H2-EY LY FRARC EY olyHE
AE GEAA Y, ZATY BHoz oo A 249 Wy FYstA Al
g A=-EF SYLHE Bsted FE4F vAe EHXE A 9
gt A B2 ARSI

J}U

BN

u
.|_:

ko AEFe 2 4
1) 7EA < dedst

u]g 2 gAln} extracte] YL AL A 6YUEE FHY =4
Pt~z 249 B{Eo] WHEHe, 4 & WA U] AlFsgE e
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o 7t A e thA| U} extractol] phosphoric acidE H713F fdu] g0 3}k
Aol Fgo|7l dAFHGoH, 8UAAAE ]9 extractd] phosphoric acidE
b wHdolA A sebde] Fgolsl AT, Ate] Ags
2 94 o FBole]l APl P AL SUdozE AP & YA 2
21} acetic acid ¢} sorbic acid®} & UE BHEZSE H/IS | ZF extract
dre HOE W3/t AT (Fig. 47). £ Ao dHAE Hol acetic acid
T+ sorbic acid®} #& HEFE 7Sl pH 3R2o&8 ZAI extracto]
e BREAJO] 53t A AR 30dA7A FHol IS &+ A
Aot 3H, ug 2L A]o} extractE acetic acid @ sorbic acidZ pH 3 &
ZoF 2T F 10T F29 ¥ AZAS Ae dudde T8t
1271d FAEAAE FA el Ade AR AUAHNeH, A= 22 A
F 4 x-EY Y28 AFY Az 4L AR A FHo] ¢HA3td
B

dgolMe AR

2) At
AL A Z RESE U}l pH 3 2202 ZAZ sfZ extract
FE5Y9 dukAFSE Table 219 Yepfided, dutATe 4 2 4%
< JAsl=d E947F AU F, REZE HME SR extract FFHA= A
4 457t AFAsiegs dutAdY F4o] en, REFE FUteA &
2 "gF gAEt extract FFHY dPATFE AR 104AC 4
6.4x10* 3} 4.45x10* CFU/g9] FFolor, A Ao wat s|2 extract
o] FFE FAAHSRE FUHlY 60dA= EF TNTC #&Eo|dn. o33 2
F}2 Ho} acetic acid, phosphoric acid, sorbic acid 59 REREE 7St
o pH 3 #2208 A3t sfx extract FFHAE AZF B9 AF 60
AARAAE ey F4 2 A& JAsted FEF 237 ASS &

9 4 AV
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3) %o

AL ARG AS, BEEE HUE s2F extract 2o FF
ol9] F2]2 Table 227 %t} REEE H/SIA &L wdgdn dAlq}
extract FENANNE A 409A, Z+zt 05x10° CFU/g 2 0.63x10° CFU/g
ol ol 2HEAT. MEREAM phosphoric acidE H71e A H|Y
2 thAlE} extract FEFHL BF AR 09ARE FFolrt HAHUIL, 1
Ao} A$E 17x10° CFU/g, thAImbe] A& 25x10° CFU/gd] #57F &3
ek ol d AH}E vjFo] RHol I extract FEHYo| aceteic acids}
sorbic acid® A7tshe Aol A% 0LAAAE AHge] 7hssitn Az
)5, phosphoric acid® H7}% A% A% 409 ol4e Argstedl EA
o] A& ALZ dgAHE

Added with acetic acid as a

H Not added with any preservative
preservative

Sea mustard

Added with acetic acid as a

preservative

Not added with any preservative

Sea tangle

Fig. 47. Features of mold in the seaweed extracts during storage at

room temperature.
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Table 21. Viable cell in the seaweed extracts during storage at room
temperature
(Unit : CFU/g)

Storage day
0 10 20 30 40 50 60

Samples

Control 0  6.4x10" 8.00x10° 2.18x10® 1.8x10° 2.7x10" TNTC ™

Acetic 0 0 0 0 0 0

SM’ acid

Phosphoric

0 0 0 0 0 0

acid

Sorbic

0 0 0 0 0 0

acid

Control 0 4.45x10* 9.00x10° 2.30x10% 45x10° 9.08x10° TNTC

Acetic
0 0 0 0 0 0
" acid
Phosphoric
0 0 0 0 0 0
acid
Sorbic
0 0 0 0 0 0
acid

* SM : Sea mustard, ST** : Sea tangle, *** TNTC : Too number to count
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Table 22. Mold in the seaweed extracts during storage at room

temperature
(Unit : CFU/g)
Storage day
Samples
0 10 20 30 40 50 60
Control 0 0 0 0 0.5x10° 3.75x10* 5.28x10°
| Acetic 0 0 0 0 0 0 0
SM acid
Phojfil;"m 0 0 0 0 17x10" 321x10* 1.2x107
Sorbic 0 0 0 0 0 0 0
acid
Control 0 0 0 0 0.63x10 7.26x10° 4.52x10°
Acetic 0 0 0 0 0 0 0
- acid
ST _
Ph":fil:iom 0 0 0 0 25x10* 4.67x10° 35x107
Sorbic 0 0 0 0 0 0 0
acid

o AF 4 54

1) A¥E 5 |
ol € tA]r) extract 59 HWEHE ZHdAe EE AR 5
& Table 23 2 249} zow, sx=-EF Feixde F/13 4% 54L&
Table 25~277 2t} ZF, "]|Y extract = H9 ZALE AHPOs), 71
(K:0), 43(Ca0) 2 rlaulE(E, MgO)ol z+z} 7,839 mg/kg, 3624
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mg/kg, 138.1 mg/kg ¥ 136.9 mg/kg o]Ai, AE(Cr), 7 (Cu), H(Fe) L
Bl e (Ti)o] 2Ztz} 2222 mg/kg, 0338 mg/kg 1739 mg/kg L 2.027
mg/kgo|e.m, F(Pb), HlZ(As) R F2(Hg)e AEHA st thAw}
extract 549 F¢% PG extract?] ZF--9F HI%IAEH, ALHP:05), 7}
#(K0), 43)(Ca0) % wlaul%(iE, MgO)ol ztzt 7,817 mg/kg, 3033
mg/kg, 148.2 mg/kg % 100.6 mg/kg ©|A3, Z&(Cr), F&(Cu), d(Fe) 2
ElelE(Ti)o] Ztzt 2251 mg/kg 1166 mg/kg 11.96 mg/kg L 1.541
mg/kgol 2.8, F(Pb), HlA(As) @ FL&(Hg)e HEHA gt

o3 gAja BEg o] &t Az HERF-EY SH2EY S
pagvge] HueA o8l Ao, FRAFATA (42004193, 2004
10. 2)oll Fsh= HMETATH 231 T FAE HE9 HH FFIFEES F
N & J=AE HESFAY F 47 EF F2HE s&3ETHAA
& 2 VRS
2 Bt A7 AFLPE Paen, FHARY Ave
3, ftavls(RLE), B3 #7180 o, fajdReze
A, o, &, §20] ey, JIgAEe F', f71E o Aie ¥, &4
et £4 ZAMIRAT

olg B gAvt clustere FEI8% 2A] #2003 - 1859 RAHE o]
29| HUIZAM Ag-slE 3L YA, Pbel o] 71&EX Y] 150 mg/kgS
233l 1 H-FE cluster®] 79 184.940 mg/kg, ThA|ul-BE clustere] 7
$= 185.897 mg/kgoldth. ol A s JMAA H e FEA
+AHE o FHFF dEolgn Yzt

718 o 29 ¥ 2=F Z]EAY 50 oj3E AT e shalch
0] 9-3E cluster?] A$E 7632 £Fo|Qi, TAu-FE cluster?] A$E
94.06 I WA g B TAlutE o] &F EY cluster A Al
Aol FES] ¢ el e AES Basttkn AZE
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Table 23. Major inorganic matters of sea mustard extract

Sea mustard

Items Units  Results Abs Vol Wt mg/kg %
P20Os wt% 1.796 20055 20,000 5.1167  7839.0369  0.7839
K0 wit% 0.044 185436 100 51167  362.4133 0.0362
CaO wt% 0.019 7.0638 100 51167  138.0538 0.0138
MgO wt% 0.023 7.0046 100 51167  136.8968 0.0137
MnO wt% 0.000 0.0657 100 5.1167 1.2840 0.0001

Al wt% 0.000 0.0000 100 51167 0.0000 0.0000
Cd mg/kg  0.000 0.6000 100 5.1167 0.0000 0.0000
Co mg/kg  0.000 0.0000 100 51167 0.0000 0.0000
Cr mg/kg 2222 0.1137 100 51167 2.2221 0.0002
Cu mg/kg  0.338 0.0173 100 5.1167 0.3381 0.0000
Fe mg/kg 17390  0.8898 100 51167 17.3901 0.0017
Ni mg/kg 0.893 0.0457 100 5.1167 0.8932 0.0001
Pb mg/kg  0.000 0.0000 100 51167 0.0000 0.0000
Ti mg/kg 2027 0.1037 100 5.1167 2.0267 0.0002
\% mg/kg  0.000 0.0000 100 5.1167 0.0000 0.0000
Zn mg/kg  0.000 0.6000 100 5.1167 0.0000 0.0000
As mg/kg 0.0000  0.0000 100 51167 0.0000 0.0000
Hg mg/kg 0.0000  0.0000 100 51167 0.0000 0.0000
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Table 24. Major inorganic matters of sea tangle extract

Sea tangle

Items Units  Results Abs Vol Wit mg/kg %
P20s wt% 1.791 1.9637 20,000 5.0239  7817.4327  0.7817
K0 wt% 0.037  15.2366 100 50239 3032823  0.0303
CaO wt% 0.021 7.4438 100 5.0239 148.1678 0.0148
MgO wit% 0.017 5.0526 100 50239 1005713  0.0101
MnO wt% 0.000 0.0313 100 5.0239 0.6230 0.0001
Al wt% 0.000 0.0000 100 5.0239 0.0000 0.0000
Cd mg/kg  0.000 0.0000 100 5.0239 (0.0000 0.0000
Co mg/kg  0.000 0.0000 100 5.0239 0.0000 0.0000
Cr mg/kg 2.251 0.1131 100 5.0239 2.2512 0.0002
Cu mg/kg 1.166 0.0586 100 5.0239 1.1664 0.0001
Fe mg/kg 11957  0.6007 100 5.0239 11.9568 0.0012
Ni mg/kg 1.371 0.0689 100 5.0239 1.3714 0.0001
Pb mg/kg  0.000 0.0000 100 5.0239 0.0000 0.0000
Ti mg/kg 1.541 0.0774 100 5.0239 1.5406 0.0002
\' mg/kg  0.000 0.0000 100 5.0239 0.0000 0.0000
Zn mg/kg  0.000 0.0000 100 5.0239 0.0000 0.0000
As mg/kg 0.0000  0.0000 100 5.0239 0.0000 0.0000
Hg mg/kg  0.0000 0.0000 100 5.0239 0.0000 0.0000
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Table 25. Major inorganic matter and others of loess cluster

Loess cluster

Items Units Results Abs Vol Wit mg/ke %
P2Os wt% 0.126 27970 1,000 50720 5514590  0.0551
K:0 wt% 0563 237100 © 1,000 50720 4674.6845 0.4675
CaO wt% 0.113 40850 1,000 50720 8054022  0.0805
MgO wit% 0429 131200 1,000 50720 2586.7508  0.2587
MnO wt% 0.139 54660 1,000 50720 1077.6814 0.1078
Al wt% 6903 3501000 1,000 5.0720 690260252 6.9026
cd mg/kg  0.000 00000 100 50720 00000  0.0000
Co mg/kg 39728 20150 100 50720  39.7279  0.0040
Cr mg/kg 37520 19030 100 50720 375197  0.0038
Cu mg/kg 45406 23030 100 50720 454062  0.0045
Fe wt% 4665 2366000 1,000 50720 46648.2650 4.6648
Ni mg/kg 21175 10740 100 5.0720 211751  0.0021
Pb mg/kg 264590 13420 1,000 50720 2645899  0.0265
Ti mg/kg 1,002169 50830 1,000 50720 10021688  0.1002
\% mg/kg 69460 35230 100 50720 694598  0.0069
Zn mg/kg 194460  9.8630 100 50720 1944598  0.019%4
As mg/kg 00000 00000 100 50720 00000  0.0000
Hg mg/kg 00000 00000 100 50720 00000  0.0000
Moisture wt% 2.3126 - - - - -
gfii‘:r‘; wt% 156122 ; ; ; . ;
nirfroot;len wi% 00018 ; - . . ;
Ratio of
organic - 5575767 - - ; ; ;
matter/
nitrigen
Salinity ~ wt% 0.029 - - - - -
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Table 26. Major inorganic matter and others of sea mustard-soil cluster

Sea mustard - loess cluster
Items Units  Results Abs Vol Wt mg/ ke %

P20s wit% 0.209 45880 1,000 5.0227 913.4529 0.0913
KO wt% 0.539 224900 1,000 5.0227 4477.6714  0.4478
CaO wt% 0.353 12,6700 1,000 5.0227 2522.5476  0.2523
MgO wt% 0.573 17.3700 1,000 5.0227 3458.2993  0.3458
MnO wt% 0.116 45290 1,000 5.0227 901.7063 0.0902
Al wit% 6453 3241000 1,000 5.0227  64527.0472 64527
Cd mg/kg  0.000 0.0000 100 5.0227 0.0000 0.0000
Co mg/kg 34.324 1.7240 100  5.0227 34.3242 0.0034
Cr mg/kg 32234 1.6190 100 5.0227 32.2337 0.0032
Cu mg/kg 45991 2.3100 100 5.0227 45.9912 0.0046
Fe wt% 4040 2029000 1,000 5.0227 @ 40396.5994 4.0397
Ni mg/kg 19340 0.9714 100 5.0227 19.3402 0.0019
Pb mg/kg 184.940  9.2890 100  5.0227 184.9404 0.0185
Ti mg/kg 1,238577 62210 1,000 5.0227 12385769  0.1239
v mg/kg  65.662 3.2980 100 5.0227 65.6619 0.0066
Zn mg/kg 177833  8.9320 100 5.0227 177.8326 0.0178
As mg/kg  0.0000 0.0000 100  5.0227 0.0000 0.0000
Hg mg/kg  0.0000 0.0000 100 5.0227 0.0000 0.0000
Moisture ~ wt% 3.8662 - - - - -
Organic

matter

Total i 0.4027 - - ; ; ]
nitrogen

wt%  30.7322 - - - - -

Ratio of

organic

matter/ - 0.0131 - - - - -
total

nitrogen

Salinity ~ wt% 0.334 - - - - -
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Table 27. Major inorganic matter and others of sea tangle-soil cluster

Sea tangle - loess cluster

Items Units  Results Abs Vol Wt mg/keg %
P05 wt% 0.158 3.4880 1,000 5.0528 690.3103 0.0690
K0 wit% 0.721 302500 1,000 5.0528  5986.7796 0.5987
CaO wt% 0.445 16.0600 1,000 5.0528  3178.4357 0.3178
MgO wit% 0.584 17.8000 1,000 5.0528  3522.7992 0.3523
MnO wt% 0.125 4.8810 1,000 5.0528 965.9991 0.0966
Al wt% 6.317 3192000 1,000 5.0528 631728942  6.3173
Cd mg/kg  0.000 0.0000 100 5.0528 0.0000 0.0000
Co mg/kg  33.407 1.6880 100 5.0528 33.4072 0.0033
Cr mg/kg  37.702 1.9050 100 5.0528 37.7019 0.0038
Cu mg/kg  40.710 2.0570 100 5.0528 40.7101 0.0041
Fe wt% 4.025 2034000 1,000 5.0528 402549082  4.0255
Ni mg/kg  18.503 0.9349 100 5.0528 18.5026 0.0019
Pb mg/kg 185.897 9.3930 100 5.0528 185.8969 0.0186
Ti mg/kg 1,244854  6.2900 1,000 5.0528  1244.8543 0.1245
Y mg/kg  66.775 3.3740 100 5.0528 66.7749 0.0067
Zn mg/kg 177.268 8.9570 100 5.0528 177.2680 0.0177
As mg/kg  0.0000 0.0000 100 5.0528 0.0000 0.0000
Hg mg/kg  0.0000 0.0000 100 5.0528 0.0000 0.0000
Moisture  wt% 3.9281 - - - - -
?;fft‘e‘f wt%  27.5123 - - - - -
nirfr ‘::;i Lowth 02925 ] . ; ; ;
Ratio of
organic
matter / - 0.0106 - - - - -
total
nitrogen
Salinity  wt% 0.167 - - - - -
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2) E¥14 54

7hH SlFE extract FF 99 FHx=

g g hAju} extract B5YS] Y& FAHZ = Table 289 et
e, g F399 7% Spindle No2& AHE3le 30 rpme] IH&E
2 Z33l9em Al 59 7% Spindle No.1& A8-3te] 12 rpm9]
z7102 FAF dAoltt. F=A9 Spindle No.7} wold45 JE7H 22
B9 &34 AHgHeH, "g w590 tgAjut 5 HlF FFHe
2 d4%7 ¥e Aoz A4, w4 £xr} 45U me Y=t
Base 33 UHANTE o9 B399 3% oAs w39 Hoke 4
HHoz exel e G| = Uebgeh

fu

Table 28. Viscosity of seaweed extracts at different temperature

Sea mustard Sea tangle
Temperature  Viscosity Remark  Temperature Viscosity Remark
20 £ 1C 513 mPa - s 20+ 1C 347 mPa - s

25£1C 497 mPa - sgingle No2 25 1T 349 mPa - s g1 Nod

30+ 1C 472mPa - s SOTPM 304 9C 331 mPa - s 127TPM

35 +1C 437 mPa - s 35+ 1C 301 mPa - s
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W) siz-E¥ 82 949 3%
Ztzte] 2 F-EY 22 AR 107448 & 33 Ao 78 HF
2 FFL MG-EE Z826H9 3¢ 1) 4d&A FFo] & 1.025 g, T
n-EGF S22 ZAee of 1020 go g A9 Hsgoy, FETLR
AzE ZY2EHY ASE ¢ 1334 go 2 HR-EY Fe2H Hth ¢z
%ol & Ao JERT (Table 29).

Table 29. Weight of one granular of seaweed-soil cluster obtained from

ten granulars selected randomly at three times

(Unit : g)
Ist 2nd 3rd Mean
Sea mustard  0.99506 1.08558 0.99319 1.02461
Sea tangle 0.91753 1.06959 1.07375 1.02029
Loess 1.3104 1.3667 1.3242 1.33376

(D SI=-E¥ S22 A9 B3 A3
B34 A8 ZAE Table 30¢] Jebd uvio} 2ok &, FE dEo=2
HE EH2EHY AP 1208 ol AHsdE EHEHA S ¢ F ANL
H, n9-BE FY2EHY A BEAFY F BIESE ¢ F A =3
TAM-BE 82He 9= 158739 & 93 Bi5o] ndg-3dE 29
2ERoe #2d YL & 5 AU
ol FE "ol thAJutE Hrtste] ZE2ER AFS A9 HE
Y BEHoZ AHEA] A 3E AlZto] AAEHTE ES B o]E°] 7k

l
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54 Bho] P olusle] EFe ANNAL A2 G JIE
9 154 B AR B 52 2 Roz gzt

=3, 3o4 Agass BYPste] AedA Hz-E% Fe2H B
e T4 AEE 9 BRAYS A G A2te] B¢ a2 A
10/44& 2545 30 mio] AR A2 Aol Be 94 A=E BF
Aot BE A8k 29sE ozte) EPAE YR, At 282
9 A%/t E94 A%s o 2 AL HAY + NG 2 YEVeR
Azd ndvlEe A9 dhFe] ddHes Bty WEAA, vein

b 2e2eut Y40 ok 3YANAE Flo 2o2EHE 294
o Hag 24 YEART DAnr FP2EE E940) ga o 2%
. 5dAlelE wldn oAs 2HaE 25 44 B9 A2 U4l
gls] geiton, ng 2eagd HsA At 2e2Ee 397} 29
o] o 5390 (Fig. 48).

Table 30. Disintegration test

Sample cluster Time (min)
Loess >120
Sea mustard+loess 33
Sea tangle+loess 15
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1st day

3rd day
Loess cluster

3rd day 5th day
Sea mustard-loess cluster

:

3rd day 5th day
Sea tangle-loess cluster

Fig. 48. Dissolving properties of seaweed-soil cluster by water-dipping.
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. 443 & AId
1) I F extracte] f%5

7h RES B A S 4F

= extracte] F7HE BERS FTH F FHuEd G& HAv FF
o] Wol2-& Petri-dish Zollx AR 23 dxz7+E TEF 549 43+
% phosphoric acid 7} (A7) 5008) BAfo] 7HF FHolkth HHA
acetic acid 7} (B), benzoic acid + citric acid #7}7+ (C7), sorbic acid
+ citric acid F7H D7) dE2FERG Polgo] ¥ Aoz Uyt
(Table 31, Fig. 49~54).

7 Am AAo A3 AoldF 2 RV AP A EE
Aol ARE A, AT 5008 Aol 7bg Holxkth Tt CRel B
oA R Wolge dskor} Wol ¥ EE golA AMelst e APTR
o Be Aoz Hol ¥ BALL oy} (Fig 55-62).

%, 7 239 SEo 43 439 44Uy} g2 RE ¢ 4
Atk e F2E AAY WY 54 B4 D} A 4F FAY
Wolg-& AZxZ 500u) FAHa Bz 750u) A9, Cxz7 5008 3|4,
D7 1,0008] A<, jz2FdxEe A4 59 Fd 78% o] Lotrt HAU
ou yeA A& 2AAME AG 7EH Zolv} o] FolH T

Z} A8 Aol ¢ AEANSS A 5008 Aol 7HF =X
31, i, CE7A 5008 3], Bz 7508 314, DZ7 10008 3]
£o 2 Yesth F qxF FEEY A =3 T AZTY 5008 MY
of AZe] 4% 2 W) ol BE JFL vAE Aoz ArI

olgel Az mol A$H AZF F2EL FYS HEzA FA
Azl wolg A@T ALAYNN TAUT Hrp 27] Bolgd 4EAF
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A A 271 F HEARA
7t E3FHQ 23 ARZoE UEgon AZA 5 5008 o] AE
3 29F Jehlidenz AAE Y4 HE2A AHS A

50012 s 4ske Fo] upgIEch

=

Table 31. Germination rate of lettuce by the concentration of each

seaweed extract(%)

O Time (hr
Dilution 18 72( ) 120
Control (Tap water) 33 50 100
A x100 20 55 100
Phosphoric x300 25 70 100
acid x500 40 100 100
x750 30 90 95
x1,000 20 75 90
B x100 10 25 85
Acetic x300 0 50 100
acid x500 0 25 90
x750 30 ' 60 100
x1,000 35 20 85
C x100 20 30 80
Benzoic x300 20 55 100
acid X500 10 55 100
x750 10 25 70
x1,000 10 30 75
D x100 15 40 85
Sorbic %300 20 20 80
acid x500 30 45 95
x750 30 50 100
x1,000 40 55 100
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120

Ex100 Ex300 Mx500 OX750 Ex1000

100

80

60

40

Germination ratio (%)

20

Con A B (63 D

Fig. 49. Germination ratio of lettuce seeds by different concentration
of seaweed extracts.
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Control

Ax750 Ax1,000

Fig. 50. Germination of lettuce seed by different concentration of
seaweed extract A, controlled pH with phosphoric acid, on
the 3rd day after seeding.
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Control

Bx500

Bx750 Bx1,000

Fig. 51. Germination of lettuce seed by different concentration of
seaweed extract B, controlled pH with acetic acid, on the 3rd

day after seeding.
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Control Cx100

Cx750 Cx1,000

Fig. 52. Germination of lettuce seed by different concentration of
seaweed extract C, controlled pH with mixture of benzoic acid
and citric acid, on the 3rd day after seeding.
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Control Dx100

Dx300

Dx750 Dx1,000

Fig. 53. Germination of lettuce seed by different concentration of
seaweed extract, controlled pH with mixture of sorbic acid
and citric acid, on the 3rd day after seeding.
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Ax500 Bx750

Cx500 Dx1,000

Fig. 54. The Maximum germination of lettuce seed by concentration
of different seaweed extracts.
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Fig. 55. Photograph of showing growth of lettuce by different
concentration of seaweed extract A, controlled pH with
phosphoric acid.
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Fig. 56. Total growth length of lettuce by different concentration of
seaweed extract A, controlled pH with phosphoric acid.
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Fig. 57. Photograph of showing growth of lettuce by different
concentration of seaweed extract B, controlled pH with

m|I|l
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acetic acid.
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Fig. 58. Total growth length of lettuce by different concentration of
seaweed extract B, controlled pH with acetic acid.
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Fig. 59. Photograph of showing growth of lettuce by different
concentration of seaweed extract C, controlled pH with
a mixture of benzoic acid and citric acid.
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Fig. 60. Total growth length of lettuce by different concentration of
seaweed extract C, controlled pH with a mixture of benzoic
acid and citric acid.
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Fig. 61. Photograph of showing growth of lettuce by different
concentration of seaweed extract D, controlled pH with
a mixture of sorbic acid and citric acid.
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Fig. 62. Total growth length of lettuce by different concentration
of seaweed extract D, controlled pH with a mixture of
sorbic acid and citric acid.
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Control x250

%500 x1,000

Fig. 63. Germination of lettuce seeds by dilution rate of mixed
fertilizer No. 4 prepared from seaweed extract on the
seeding 3rd day.
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Control %250

%500 x1,000

Fig. 64. Germination of lettuce seeds by dilution rate of mixed
fertilizer No. 4 prepared from seaweed extract on the

seeding 6th day.
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Table 32. Germination ratio of lettuce seed by dilution of mixed

fertilizer No. 4 prepared from seaweed extract

(%)
Time (hr)
Dilution
48 72 120
Control (Water) 20 55 100
x250 30 45 75
=x500 30 90 100
x1,000 40 75 100
100
90
gé‘ 80
2 o0
© 60
}
g 50
=40
£ 30
E o
3]
O 10
0
Con X250 X500 X1000
Dilution
Fig. 65. Germination ratio of lettuce seeds by dilution rate of mixed

fertilizer No. 4 prepared from seaweed extract on the 72 hr.
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Fig. 66. Potting of 10 lettuce seeds in horticultural pots.
A : Control, B : x250, C : x500, D: x1,000
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Fig. 67. Effect of seaweed extracts on the growth of lettuce on the
seeding 7th day in horticultural pots.
A : Control, B : x250, C : x500, D: x1,000
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Fig. 68. Effect of seaweed extracts on the growth of lettuce on
the seeding 13th day in horticultural pots.
A : Control, B : x250, C : x500, D: x1,000
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Fig. 69. Effect of seaweed extracts on the growth of lettuce on the
seeding 18th day in horticultural pots.
A : Control, B : x250, C : x500, D: x1,000
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Fig. 70. Germination ratio of lettuce seeds by dilution rate of mixed
fertilizer No. 4 prepared from seaweed extract.
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Fig. 71. Length growth of lettuce seeds by mixed fertilizer No. 4
prepared from seaweed extract.
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Table 33. Germination ratio of lettuce seed by each condition (%)

- Time (hr)
Condition o 7 120
A A1l 20 30 80
(Control) A-2 20 55 100

A3 10 55 100
A4 10 25 70
A-5 10 30 75
B B-1 10 25 85
(Loess cluster) B-2 0 50 100
B-3 0 25 90
B-4 30 60 100
B-5 35 20 85
C C1 20 55 100
(Sea mustard-loess cluster) C-2 25 70 100
C3 40 100 100
C4 30 90 95
C-5 20 75 90
D D-1 15 40 85
(Sea tangle-loess cluster) D-2 20 35 80
D-3 30 45 95
D-4 30 50 100
D-5 40 55 100
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Fig. 72. Mean value of germination ratio for each cluster after 72 hr
in the Petri-dish.
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Fig. 73. The photograph of growth and root development of lettuce on
the seeding 15th day by each cluster in the Petri-dish.
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Fig. 74. The total length of lettuce lettuce on the seeding 15th day
by each cluster in the Petri-dish.
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Fig. 75. Potting 10 seeds of lettuce in horticultural pots.
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Fig. 76. Effect of seaweed-soil clusters on the growth of lettuce
on the 7th day of seeding in horticultural pots.

A : Control, B : Loess cluster, C : Sea mustard cluster,
D : Sea tangle cluster
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Fig. 77. Effect of seaweed extracts on the growth of lettuce

on the 10th day of seeding in horticultural pots.
A : Control, B : Loess cluster,

C : Sea mustard cluster, D : Sea tangle cluster
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Fig. 78. Photograph of the growth of lettuce on the 18th day
in horticultural pots.
A : Control, B : Loess cluster,
C : Sea mustard cluster, D : Sea tangle cluster
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Fig.

79. The growth length of lettuce on the 18th day in the
horticultural pots.

A : Control,

B : Loess cluster,

D : Sea tangle cluster
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C : Sea mustard cluster,




(SM-loess cluster) D (ST—loess cluster)

Fig. 80. The growth length and root development of lettuce
on the 18th day in the horticultural pot.
SM : Sea mustard, ST : Sea tangle
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