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SUMMARY
1. Title
Development of ramie powder production process for traditional food and

characterization of nutrient uptake properties in ramie

II. Research objective and archivement

o Patent Jounal . technical o
Objective ] none | Symposium Commercialization Promote
Apply | Register | SCI trade
SCI
Final goal 1 1 1 1 1 1
1% year 1 1 1 1 1
achievement 1 0 1 0 1 1
st
End of 1 1 ) )
year
Sum 2 1 1 1 2 2

O Development of nutrient reserved ramie powder processing and application of patent
O Poster presentation related with hydroponics of ramie for bio—fortification (2015
Korean Society of Crop Science)

O TV promotion of ramie food company Mosiru in 6A]W 13k
O Sales record of ramie poder in 2015 (approximately 5,000,000 KRW)

II. Objective and general introduction

O Development of novel ramie powder processing for high amount of chlorophyll
contents without bad smell is require for high quality ramie powder production.

O Development of hydroponics system for ramie cultivation to investigate suitable
bio-fortification cultivar can give opportunity of nutrient specialized ramie food

invention.

IV. Research area

O Investigation of ideal boiling time of ramie to reduce bad smell

O Application of air-mealing machine to make small ramie powder particle

O Application of controled-temperature air-mealing maching to prevent over-heat
damage on ramie powder

O Investigation of minerals contents in boiled ramie leaves



O Chlorophyll contents observation under low-temperature or room temperature in
drying process of ramie

O Development of whole combination process to make high and same quality of ramie
powder

O Investigation of ideal nutrient concentration to adopt ramie growth on hydroponics

V. Results

O Boiled-ramie leaves showed significant decrease of minerals more than 5 min boiling
but not in 1 to 3 min

O Low-temperature drying process revealed approximately 40 % and 30 % relatively
conserved chlorophyll A and B contents, respectively

O More than 0.75X concentration of modified hoagland solution showed reasonable
growth of ramie on hydroponics

O Nutrient uptake pattern is observed using hydroponics in ramie under increasing

concentration of minerals such as K, Ca, Mg, Na, P, Zn, Mn, Fe

VI. Application plan
O Patent application about nutrient conserved ramie powder production process
O Setup the ramie cultivar selection using hydroponics with variation of mineral levels

O Optimization of ramie powder production process to increase demand of agronomic job
and commercial profit

O Construction of ramie powder supply system to provide stable resource delivery for
food companies

O Contribute valuable ramie cultivar selection system from nutrient uptake pattern

information of ramie gained under various nutrient concentration



CONTENTS

Chapter 1 General intrOdUCtion ............................................................................ 12
1. The purpose and needs for research development of ramie industry ---oooeeoeeeee 12
1) Purpose for r-esearch .............................................................................. 12

2. Achievement .................................................................................................. 16
Chapter 2. Trend of Domestic and International Technical Development «-:+c-eoveeeee 16
1_ Domestic patent and teChnical iSSUGS .............................................................. 16
1) Domestic technical development ............................................................... 17

2) Patent CULT O tr s e e et s et e ettt ettt ettt ettt st tietettetattotestaseacastasons 17

2‘ Domestic r-amie market CUTTEIIL rrrrrrrrrerrr sttt ittt tatttatatteens 18
1) PrOdUCt and market CULTEIIL trrtrere ettt tittittiittttittettttttatustcaetseeceses 18

2) Directional iSSU@ Of ramie industry ........................................................... 19
Chapter 3 Major ResearCh and Results Obtained ................................................... 20
1‘ IntrOdUCtion Of ramie fOOd development .......................................................... 20
1) Introduction of mineral conserved ramie pOWder ProCess «:wrwrrrmresrrrreeeeen 20

2) IntrOdUCtion Of ramie Cultivar Selection .................................................... 22

2‘ Materials and methOdS ................................................................................... 23
1) Plant materials ........................................................................................ 23

2) BOllll’lg process Of ramie leaves ...................................................................

3) Dr‘ymg process Of bOlled ramie leaves ........................................................

4) Mealing process Of ramie pOWdel” ...............................................................

5) Chlorophyn ContentS analysis ................................................................... 24

6) HydrOpOHiCS ............................................................................................ 24

7) Growth investigation of ramie leaf width and length «=rrroremerrrrrre. 24

8) ICP_MS analysis ..................................................................................... 24

3. ReSUltS and diSCUSSiOH ................................................................................... 26
1) Chlorophyll contents variation by boiling condition ««=eeseoseeeeererr.. 27

2) Nutrient contents variation by boiling condition «rrosrorrmrrrermrr. 27

3) Chlorophyll contents variation by drying method «=roororrrrrrr. 28

4) Nutrient contents Variation by drylng methOd ........................................... 29

5) Conclusion of ramie powder production ProCeSss «terresresrrrrrsrsrrettte e 30

6) Nutrient solution contents of ramie hydroponics «rerroremrmrrrrrrr. 31

7) ICP_MS reSUltS Of ramie hydrODOHiCS ...................................................... 32

8) Conclusion Of ramie hydroponics ............................................................. 33



Chapter 4 Accomplishment and COHtI‘ibUtiOI’l ........................................................ 34

1. Contribution Of aChieVed research ObjeCtS ....................................................... 34

1) Research object of 1st YEAT * et 34

2) Affect Of Research o = DR R ECERE R 34

3) Contribution Of related research fleld ....................................................... 35
Chapter 5 Application Of researCh reSUltS .......................................................... 36
1. Plan tO COMMETCIALIZATION +#+rrrteerrrererraeenertentntentrtetetetrtttetertetrteenteeateneaenenns 36

1) Invention Of ramie fOOd ........................................................................... 36

2) Applylng bio_fortification Cultival’ Of ramie ................................................. 36

2. Education and promotion ................................................................................ 36

1) Preparing promotion data from FeSUILS ««e--srrrrrreeeemmmmmmmreeeniiiiieee 36

2) Education Of hydrOpOHiCS System Of ramie ............................................... 36

3. Amphflcatlon Of patents and papers ................................................................ 3’7

1) Submltted Datel’lt llSt and future plan ........................................................ 3’7

A. Hydroponics methOd ................................................................................ 37

B. specifications of novel ramie powder production patent «:::eooeeeeeereeeeeeeene. 37

2. ReSearCh paper and DOSter presentation ................................................... 46

4‘ NeXt Dlan ...................................................................................................... 4’7

1‘ Linkage Of ramie DOWder and fOOd DI"OdU.CtiOH .......................................... 47

2' Selection Of Valuable ramie CultiVar .......................................................... 4’7

5‘ Economic iSSU@S ............................................................................................. 4’7

1. Contribution to economiCS ........................................................................ 47

2. EXDeCted effect Of resarch reSUltS ........................................................... 47
Chapter 6 Recent StudieS related Wlth ramie ....................................................... 48
1. RESEAICR PAPEIS #rrrrerssesrsrsssssn sttt ettt ettt st 48

1) Research fleld ........................................................................................... 48

2) Relationship With PrOJECt ««rwestessrereerntrt ettt 48
Chapter 7.  INSTFUIMENES «rrrerrrresrsssss sttt 49
1. Current state Of research inStl"UmentS ............................................................. 49

1) Automatic b0111ng SyStem ........................................................................ 49

2) Mealing System ....................................................................................... 50

3) DIYING SYSLEITL #rrerresersrnsrnsensensttttt ettt ittt ettt sttt sttt ettt 50

4) Storage System ....................................................................................... 50
Chapter 8 Laboratory Safety DrOtOCOlS ................................................................. 51
1‘ ReSUltS Of sage labor-ator-y procedure ............................................................. 51

1) MOSiI‘u .................................................................................................... 51



A. Checking system of Lab. Safety ............................................................ 51
B. Safe laboratory practices ...................................................................... 51
C‘ Insurance ............................................................................................. 52
D. Addltlonal Safety practices .................................................................... 52
Chapter 9 References ....................................................................................... 53



12
12
12
13
13
14
15
16
16
17
17

ﬂo mmﬁ]
: .‘l_l

o %%%

(e]
_O

z :
ﬂ@u ao 0o OE _zrl ‘._mv‘._ a m_x
o ML m Mo m& = N =
o B N He M &

i ﬁLd«Eﬁ Aﬂc
S N _

— ‘WE U o T 0 DT_ ‘u”‘l‘_rm

=T E R

EM._.T_.__%E_/
I N ey

i
9
Al

i
]
2]
:;_l—z_
i

o
s ay
3
oy e

—

2t A
A1 A e ZARE Ve
=)

17
17
.-18
18
19
19
19
20
20
20
99
.93
23
23
23
23
24
24
24
24

A (Drying process of boiled ramie leaves):-:=rerererereeeeen.

Al

=

l
%5\_ 8131—%& 1-";__/51 (Chlorophyll contents ana1y31s)

6. :":7(:)] ]HHH (hydropomcs)

;|

&'%xﬁg (Plant mat@rials) - «-ersersrearersemeemeere ettt
H

[e;

1.
2. 249 g3 27 (Boiling process of ramie leaves) ..

7. XS ZA} (Growth investigation of ramie leaf width and length) ««-eoeeeeeeees

4, FAED B FA (Mealing process of ramie powder): s s,

1. A4

5.



w
B
7K
=
w
ol

27
27
28

TR

L. d

!

29
-30
31

on

)

6. HA] AN O] A D A EY] FEAD e

ki3

of i

-
=2

A Z2g4 7N

33

34

34

34
34

35

-36
36
36

TK

el

b

—

<
)

—_
file)

o

el

]

1. BEA

36
36
36

37
.37

il

T

EK
ar

o
A
)
il

37
46
47

B
=
{Ju
.#o_r
K
i
H

N

o
B

ojo

7T, B el &

=
T

A 44

47
7

Gl
X

Mo
i

m

0

Jo

2. 7]

47

47
47

48
48

_‘-H
w}

xr
g
il
HJ

XM

48
48

R AT I A QO] TFBI A ereeeeeen e

H
o

T
ol A
al Il
A A

— O

_10_



49
49
49

.50
50
50

Do
DRl
T m o
SO
DOEK
: jams
ﬂoXo%em

Mo :
d:ﬂm
_,A.OE_/A” :
@?122%
< ENMM
Jl +]uu]tv£ S
éﬂﬂfaﬁl
ﬂAr011.2.3.4.

0l

01

A1

01

o7
;OH

Ho
5o
B
4
o
<X

_IO

Bo

ol
0l
51
52
52

H A A Z AR e

o
: 2
ﬂ&%1u
;Oﬁr —_ LOT._ \I__/l
Uru JI oﬂv R

NS T TR

o+
TE OB Z & cveerrereenee e

o
al7)

_?U

A9 %

_11_



Hin

—

oH

7h =W A FE &AM FHe W

(2004~20114)

(571, 2014)

AE vz 93 (20149 FAR)

-
o

a8 1. S A%

3} 7)ol o] E A o]

=
| Y

o ol A

%
A3 L7} Eolx

Ft

A, AAE 4 ool

=l
s

®
B

op
%

|

s

“Adr)” A F o

S

_12_



A2 34 AEd 2ay

B’

oA

o]

HeAEE A48T gov) A9 JuAFH AFH

1M

oo

K

g ol

rgom,

o] ‘08 30haollAl "121% 7b#A] 60haz 24} <

WA

A v

oA
=

u]

o

Jo

7tE71€ AL 9%

iy

e

;OL

Flem ez BA]

5]

274

ol

A
=

7tEER 9 Ndo] A

H
2

k3]
pud

IE3E ZAEFT ALY HaA

§-l_

ARE 9

oy §
NF

3

)
(¢}

I

7

o

O ArhARS] ol A

o

,.._mo

HA

]

Bk

gehria o

wbIE Al

st

& H

| 4 o2

Z

?_

olJ
oA

w2

’

of m=wH

O dad+

_13_



=

=

BYEL 7K 94743 (biofortification)

P
T

g

=

L

o} o}

}

o
LB

RN

HH

N

O AAAHLZE nlo

—_
o

o

oﬁ

=2 B
= 11

o A

g]

S 2Aold gegEUAE s 9ol SEvdiE &

HS

o

=

2 A= W AeAd

k

O F AYNE B T b FaF YRYA AWeR AA AA 4TS YRGS

b
Ny
A=

U:L

ol

0%

4009 W2 An7F AAF A

A% 7%

KeX
L.

B

oH
S

=4
[¢]

A0 g 5

A,

dr

5!
gl
A

e

o

&y

ek, gk ZIARE, Eul

e 08 3HACIAM 120l 1209 A2 AA 5, vjE ey

o] %

}d_

A
2008 80l el A 2012l 200 L th =

g

B

=
<5

o
e
ull
g

o

1@.0

3R

i~

71
— 14 —

-

B 7hEe] A3 274



3 (200472010.3)

AN

R R

is

a9 3.

ol A elrpefstow Mol ubek

EEE]

#o] X

o
o] AAol AA Tkt SlE. AAE AA oA el A 9

»‘;51,

A=

d

Kl

A5

Al

T 15% o]

3

b2

)

b #uf )2 4009 US §, mid

"

o

—_
o

B AFez FUAE B2 YA FoE 2]

s

2=
o

I

A

el

4%

S

~
;OO

ojo

A, w7bel o m

v

s}
k=]

i

=

7+ 2y

rol

o
il
ol

wjr

48

o

a0

el 2 e

)

29 Wk AAHe A

_15_



A B

o

sl

A

27
=

0

HA

k)
H

Tor

 ATARE S 2014 84

<)

=

olee} 2t}

A12015-0130315

o

T

=X

5=

H 20154

Ruis

Ak 17, FRAA 17

o) ol ch, AR

1, 71s=A 14,
4 2347k A1F

O 20159 9

FA
Gl

—

BH

5k

B
4o
oH
X

o
jgace]

O

2013 d =9

—_—

e
_5H

Ho
go
B
o
oH
X

1

e
jpace]

olp
ok

™

—_—
o

jang
N

10-2013-0088339)°l tff gk

ol 4 o] t}.

1.

S

22!

IAIE A6l o]

EYE $H

=

=

o Avtsl sAAN e Az

_16_

7]z ol

i=d}
=

BE



] st

5

=
=

7= 3}

A1 A =] BA

1. 2 A3 g9 7]

H
oy
N
TAH 2 | 2|
%% K
~ Hr
i
A N N
%ﬂ 33|
g
Ay
ﬂ
R |ar
_,.Aﬂul SIS
ﬂ S|IB|3B
Le]
w ¥
wi ~ o
e
Y
~
o -
pid % =
N e | o
Gl ﬂH
~ | X
o |

o
il
o
wjr

ol

ol

xr
i

Uzl

-

.EH
i

=0

(www kipris.or.kr), Aureka DB

Ry

< DB

I

kL

mr
N

=K

-

I A3t ZAEFFANT
FLA]*FZ+biofortification
47
22
Fortification of plants with folates by

e
50

metabolic engineering
2010

o]

i

g 7

ks

HE I

(20090101~20140519)
17

3 DB

E

=

A9

F0
N

=

=

4o

oH

m

0

Jo

50

2012
Unk WAAE, RAZFE7E ohd

o

oo

el
o
for

—

0

,mo
)
wr

o] 4

A

M7=
Keyword

] 10-2013-0088339) ]

= =
=Y

7N

Ho

oH 1
K
e

=y

_17_



42))

("12.327) A

R e

L FBRY B

O =y & 7kgaksl d8 (REEA

<

2497
1(32%)

ol o
H
o
ko)

1

== 2k 168,392 (68%), 7t 2% 80,326

I
ME\I/ o
el B8
~
| 8| X
S | o
5 (N [aN|
&)
Tol |
Evmw | S
| eS|
~
X
Tg s
o T} o~
e o °
=
| 8 X
S o
8| &
N TR S
RIS
| do | o
e T
o% | oo
| o

71E

14.0

A

11

1.7

24

3.1

46

6.9

73

79

10.0

40.5

100%

2 2 (E)

400

625
900

1,250

A w4 (ha)

of
X

19

30

50

60

)

189

300

500

618

55,180

137,950

177,025

224,625

35

78

97

145

80

125

180

250

2008

2009

2010

2011

] o] A

[e)
=

< 2011 250

Ay
- 2011 & A 14570 A3

H

En
[$

oH

w2 Al

o

=
LOL

s
o
c2
o
o

oH
X

H| 11

620

2,670

232

93

250

ted 267092

<)

o] 1.54A= ALt

Aot 1

)

7170 2 4000910

b2

=]
=

—
%
10
o
0
=

il

*

ToH

5

_18_



71 &2

=1
=

At B

/1\_]__

=9

2. N7]

0
b

o

0

o
=
ad

—~
file)

o]
Bl
o
oA
X

oy

47108 7F weom

7b sobAlaL 2k

AR zke] 7%

1

o &t

I

ol

4 A%

3

s

7

Az A%

©)

AxAow =

TH

237} g

&

WAk FhEt Aol

ALEERE

S

=
[e)

HNEANZOZ 100%7] A3tz E7}F

A Ftol Bol dAte

ol
B
o
oH
=

ol

0

A
S

op

R

¢+
ol

alo
Ty

o

dats T3 7 E

~

s

n
=

N N N
A E E
6§
= = Gy
—_ —_ —_
0 0 o)
H
g
~
N
o
e
K
N
i 0 o 0 ©
i N 3 S &
3 aN] oy oy D~
= — LO o (@)
N
n =)
E il
S IR
ml.h —_— JH X0 ﬂ
< = =3 —
R R
mo| XN |
~ X N
mr M e o
o

xR

x|

uH
<L

o] FAHE7FY 50,000 - A @H] 37,7729 = 12,228

oH
=

o

& 620

8.708 +

1E&FE 30484 + B A

o)yl

12,228 = 52,040

el

D FAE7R 50,000 - FXAH] 16,892 = 33,1089 %

WA E

_19_



Ww de MmN
N T l
o_ﬂumoﬁﬂﬂw n“_vuMM%&m% HMLMO
—0 _ ) . T 0 —
R S o T gonn
S I 4 o R T B
RS- I
= X T T of %A = Eh F 00
o = B Mo mo O
i T oo PR T = % @
71 fe e 2o B F % 3o o oF gy
_— =5 =
Bl N~ ol T el ox T
A % » i imafﬂowah R ) A
%0 q__u.:._w.xu HIIMH O_ 0 s o T o re Z..ﬂ s 3 o =
do | OFEEE TS Mo A° of = o T EL ) — =n
0 : U 5% &0 Uk &1 = e — w0 . X <X
J_H 1k — [ ' Ho ~ ~ o B[ Ho o =
On o ﬂ_% —_ f— —_ -~ U..* ﬂ_1m
—— = = Ol ou=r il o oy ~ ,UI N B B
W 0 10 20 30 T~ Ry 0| I — W
v B0 < TN gy o e o o) X °
E oF L %N o ) o AF X
& ~— o = Mo N oR ok W
n o el < No 5% Ho No &)
%0 I A I N ) N
i+ mo m X NIF clo ~ L oo o W o No o
or o wd Ty Lmow LW &= F
= BT mo R 3 ufaaﬂ%:l IS
® N A < 2 o A = Sy
1K Do o M oH oo o Mg Mg Jx
= W R 9 B2 T o~y B
theizcy _wawdn I
2 A T I S - L o
™ Wﬁmﬁd.ﬁum7 nhwoovﬂot@ Eﬁ,ﬂ%
Mo el o <0 o
, Ao o 3o o) <0 o o
e IR 4T T T = AL ® Y
- R - =B oon dE T
‘Ur. OE o T T _,&H o al 1 lo ‘_lwﬂ 70
g BB oo N Ao
Nﬁ%amo%m;f %ﬂ?%@ﬁ )
Lo logy Tl BT = 2 B
zomﬂﬂ%]ui o oo T fo T I
£8i¥%Teg Loswrs i
mﬂ,mlAm%iLM wmo#%mﬂﬂﬂu. e
T wnﬁm%%i 7 < E
<o _ﬂa Mﬂ“ T M ol o =Wl w6 v o o mrw ;,M_
ol 7 T ¥ ] =
M oz %u wﬁ KX B Ra=! = ol X T
=0 B T T T ), g
R ) 8@%&11 ﬁu,ﬂ_s
—_— = ) -~ ©° ng
CRuEER TEsieF YR

_20_



el
Ho
Mo

—
fite)

% g319 ek

-84 (air mealing process)o =

1,000 mash <

o)

ki3

dell ¢

ted 2}

EEEE

i

Aol ol

]

on

A A iG] BAR

]

<A

o]

B
;.AE

of v}

Hin

B
o

Z] =¥

AT A el A =

e

ofp
0
Ho

Ho
_

i
ild

gt

A b8k ar =}

_21_



71

o]

=
=

= =
=

o

<
Ny

ol

Jo

2]

200 FFOoR

=

=

ol 7b¢ # 4HA Ut

A AEAFAZA AR AL

&
TE A=

st, olo] PGB EYrIEAEE 2013 ERE HAat AAFQ BA

S

il oF

O

fite)
o
Bo
ol
Z]T_

il

ok

o 7]

=
o

=

(Ca), vt1uvlss(Mg) °F<d(Zn)
)

3} (bio—fortification) BA] ==
— 22 —

701—

sharz} gk



A 24 As L =

1. 21 &A% (Plant materials)
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8. ICP-MS analysis
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Boiling time (min)
Ion
0 min 1 min 3 min 5 min 10 min
Ca 16.27 <+ 0.08 1703 + 022 1731 + 013 1631 + 0.24 1437 + 025
Fe 071 + 0.01 069 + 001 053 =+ 0.01 053 + 0.01 047 + 001
K 521 + 0.02 481 =+ 001 344 + 0.02 217 + 0.01 1.77 + 0.01
Mg 288 + 0.01 269 + 0.01 251 + 0.01 228 + 0.01 222 + 0.02
Mn 111 + 001 100 + 001 087 + 0.01 074 + 0.01 071 + 001
Na 117 =+ 0.01 093 + 001 0.85 =+ 0.01 077 + 0.01 049 + 001
P 196 + 0.01 188 + 0.01 187 + 001 184 + 002 181 + 0.02
Zn 022 £ 0.00 019 + 001 018 + 0.01 017 £ 0.01 018 + 001
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6. ZA 7

CREEIEE

A 74

¥ 2. Hoagland ®j el =4 3%

Nutrient Final concentration (mM)
KNO; 1.25
Ca(NOs)2 15
MgSOqy 0.75
KH>PO, 0.5
HsBOs 0.00005
MnCl, 0.00001
ZnSOy 0.000002
CuS0y 0.0000015
NHMO7024 0.000000075
Fe-EDTA 0.000074

e

Aol AA(D) 3=

Y2 242 hoagland solutionS 7] &

2.) 7 Auel AbgE mAJ9] A2 NaOCl 4
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