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SUMMARY

1. Title of Reasearch

Development of intestinal improved beverage from plants

and betacyanin pigment.

2. Purpose and Significance of the study

O A lot of effort has been made around the world to utilize
naturally occuring substances as health promoting foods

as well as antioxidants.

O Some of plant extracts showed a powerful protective
effect on lipid peroxidation and electron donating ability
in vitro test, induced nitrite scavenging activity and
xanthine oxidase inhibitory effects in the test system,
suggesting the presence of antioxidative and reducing

agents powerful enough.

O This study was performed to observe cytotoxic effect of

various plant extracts against cancer cell lines include



human hepato cellular carcinoma(Hep3B), human uterine
adenocarcinoma (CasKI), (HeLa 229), human colon cancer
cell (SNU-C2A), and human skin (Detroit 551) fibroblast
using MTT (3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl-

tetrazolium bromide) assay.

O Growth and betacyanin production by hairy root culture

of Beta vulagris L. in a bioreactor.

O The growth effect on harmful intestinal bacteria and
lactic acid producing bacteria with complex mixture added

red beet extract.

O Purpose of this project is to develop a functional

beverage which is improved intestine.

3. The scope and content of Research

(O Analysis of sugar composition of the polysaccharide and
selection of raw plant materials for the functional
beverage.

O Establishment of the method to produce the red pigment of

betacyanin added to foods and drinks as additives using



instrumental culture system.

O Determination of blanching time to prevent browning, and

development of a process to make functional beverage.

O Formulation for

the functional beverage and sensory

evaluation of the developed beverage.

O Determination of shelf life of the product stored at 10T in

the dark.

4. Results and recommendations for application

<Results>

1. Selection of raw material plants

O Red beet, onion, apple were selected as raw materials for

the functional beverage because they have been

produces polysaccharides, and their nutritive value

consumer.

O Especially, radish are not palatable as a drinks

but it was selected because use of low-price

might contribute to

reduction of a production

the major

appeals to

component

commodity

cost. The



other materials for the functional beverage was honey,
oligo—-polysaccharides, sugar, vitamin C, citric acid etc. The
price of red beet is high, but it provided a fashionably bright
red color th the beverage. Especially, apple juice could mask

a planty and earthy flavor like as sulfur of the beverage.

Determination of blanching time and development of a

clarification method

O When tissue of fruits and plants is collapsed, a browning
reaction starts. this is a deteriorative reaction catalyzed by
enzyme like as polyphenol oxidase. A frequently used
treatment to inhibited browning was to inactivate the enzyme
by heating. To determine a condition of blanching, raw
materials plants were cut into cubes, heated in boiling water
for 1-3 min. The browning enzyme activity was
completely inactivated within 1 min. Lightness and
redness of red Dbeet nearly never changed forwards.
These results indicated that one min was optimal to
blanch raw materials.

Formulation of the functional beverage and sensory

evaluation

_10_



O Through a sensory evaluation, our research staff and sensory
panel determined that the most palatable mixing ration for the
mixed functional beverage was red beet extract: apple extract:
radish extract: onion extract = 425 154: 30: 1.2 . To mask a
planty and earthy flavor as like sulfur of the beverage, the
apple juice of 154% and 0.2% apple flavor, 0.2% pine flavor
added. Among apple, peach and grape juices tested, apple
juice was the best choice because it imparted a
relatively new flavor as compared to the products on current
market. When the sensory score of the developed product in the
aspects of color, flavor, sweetness, sourness and overall
acceptability was compared to that of one the other product.. The
developed indicated that a palatable and sellable
functional drinks was developed in this project. The developed

product D was fortified with ascorbic acid, citric acid

4. Process development
O The following scheme is a flow sheet to manufacture the
developed functional beverage.
selected raw materials
separating and washing

cutting

_11_



Blanching after adding acid
crushing imd pressing
standing over night
filtration
blending
ho% filling

bo%tling
steriilization
cooling

packaging

5. Stability of red color of betacyanin from red beet
O When the red beet juice was sterilized as pasteurization. To
improve stability, addition of some antioxidants like as
ascorbic acid apparently contributed to the stabilization
of the red pigment. Ascorbic acid was added to the functional

drinks at a concentration of 0.2%.

6. Determination of shelf life of the developed beverage

O Intestine improved functional beverage was prepared and
stored at 10T in the dark to which 0.2% ascorbic acid was

added, since the antioxidant stabilizes, and results in more

_12_



retention of the pigments during processing and storage.
Periodical analysis of quality factors such as pH, soluble solid,
total acidity, turbidity, formation of precipitates, and microbial
contamination for 90 days showed that a shelf life of the

functional developed juice is at least 3 months.

<Proposal for application results of this study>

O This culture system techniques of this study are to establish
mass and rapid production of red pigment betacyanin. This
technique can be applicable the other color product. Further

study is required for this application.

O Further study must be conducted for the application of this

developed functional beverage, such as commercial field test,

study and establishing to improve function.

_13_
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. A

o2

=3
H

Local name Scientific name Plant part

T=d Polygonatum odoratum var. root

SN Hovenia dulcis Thunb leaf. twig, berries.

&k Ixeris dentata root, leaf

LURSRA ]| Celosia cristata L. flower

A% Bupleurum falcatum eggplant, twig

A3 Dendrobium moniliforme leaf, twig

Yol Capsella bursa—pastoris leaf, root, whole plant
Lt=I Platycodon grandiflorum root

W} Dioscorea batatas Decaisne. root

olR % Leonurus sibiricus L. leaf, twig, whole plant
=3} Carthamus tinctorius flower, seed

dEnE Beta vulgaris var. leaf, root

7}HA] Solanum melongena fruit

) & Rehmannia glutinosa root

¥} Allium cepa subterranean stem

™ £ Petasites japonicus leaf

It Daucus carota var. sativa root

FT Phyllostachys bambusoides Sieb. bamboo shoots

Za e Pinus densiflora pine needle, needle shoots
271tk Pinus rigida pine needle, needle shoots
A Pinus koraiensis pine needle, needle shoots
3 <% Pinus thunbergii pine needle, needle shoots
7§-4Fo] Viscum album var. coloratum leaf, twig

% Salicornia herbacea whole plant

S} Euonymus alatus branch

%017 Polytrichum commune whole plant

Fa]& Selaginella tamariscina whole plant

L4 Agave americana water tissue

&2 Rubus coreanus fruit

aFgol Wasabia koreana whole plant

FE3x Cordyceps sphecocephala whole plant

dl= 2 H)-e Dendrobium. thyrsiflorum leaf, twig

To Raphanus sativus root

EARR} Cuscuta japonica Chois seed

A Z Artemis iaiwayomogi Kitamuta leaf, twig

A % Saururus chinensis leaf

g 2} Cassia tora L. seed
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1) A&7 A 9 ohkage) s
WEgbr], red beet, 53}, Yol TwlF W

AQA B aoe EAbeha
sushn Relde 2 9, 270, B, 4 997

gl

N AMLE Ze AES ¢

he 2T ve 23S AT ARE gRrIY. AS AVEEE F (4-59),
o5 (7-8¥)s Ado we FEAZIE Atste] ok Ao e AF A
22 #E3IG

2) AR FE

Asd vl F2H F A& FEX)eol AL SuEFREH SAF=
(Ether, chloroform, ethanol, H:O2] <=4)3s} o

o] D
FE AR R, AL YRTY R FEdel 59 294 45§ Rns
d

3) A2

(1) &Aikst 24
g2k F (Reactive oxygen species, ROS) Al oA singlet
oxygens 3t Qv SHES TEde FoRE 2R, AR, E39l
A}, neuro—transmitter®} 7S JEAZAA}7E EA A Eo T EAEE &
A AFsle] MEe] URR 259 Eold ei5S AU gene
neurotransmission 2] WSS FLdl= ME] MNZAGEAZA 283

% AW e s

)
s
Y
ke
1o
2
Lo
e
o
o
Ho
i)
_OL
X
)
O
off
el
X
=]
=

o= mEF=gole] AN HAAAGEHAANA  superoxide anion T2

ROS7H A4H, &mEE F ade o 20 4E7t B2 #9894 Rohu



= yadpolt WE

E)
.

[

2 biotic stress, 413 =3}, Ax, A xA T abiotic stress, &,
Ae], 7] FallE2 S xenobiotic stress=o ¢ & catecholamine A E ¢
hormone, steroid hormone©] #H|E 1 o2 ©zx] RE= AEH A fH]
stod A W) olyA] dAZE S E I AbA aREe] Tl Hol dluA] o)
Ab 8T Bl AT Sdd wf ROS7F A EE o] 2 Qs dh o)t
A Fall 5 AE W AEAE AFSRA 713 DNA 494, 3848 o

A4 g3 T A abeld Ego R MV Abdeta 1 A2 FAHO 3]

7+E Hgd ASS dogA dv ®=3 SNNA TS FEdAL aaks

A

o

¢

(xanthine oxydase, cytochrome P450) oAM= HAsH, iAol satst
ol 7ke]l #3o] Zjd w, $£3H4 ko] Ak WA e

Ma A BOR AR W BYNRY FErF BobEA ARt E42 9

f
(n

r
=
2,
a2

(D Electron donating ability (EDA)ZHA

sk el A free radicalol AAE Folste] AbstE GAIAT= A=
AR Fodes Sk WHORZ Blois (19812 W F3lo] Aldstslo
HluEZ g2 Al shakslAel BHT (butylated hydroxytoluene)® < aHAk
3491 a-tocopherold AFESIATE ZF AEAH S &9 FEE 2 mld 2 X
10 M DPPH 1 mlE #7}slal vortex 3 thg A-&oA 30 ¥3t Foke o
& 517 nmilA FFEE SAH3I olw free radicale]l &AW FFE7F

FaEl=
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EDA (%) = 100-[(M=37F9 F35%=/ 7 A7 S45%) < 100]

@ Nitrite-scavenging ability =73
oldAitd e 1 AAVF H54S e 4 % o AFHSHA HH dd

hemoglobin®] AF3}% o] methemoglobing & A8l methemoglobinZ 1}
o2 oA vk T3 oA 2EFolu 9
9 AFEF SO EAsE 29 % 39 olWl 59 olulFe} wkE-Eho]

o) YERAWE F5UY

ol
lo

22 om
o rlo
( -D]-f
I
T ol
iy
o|\
2
o
o,
o
N
Fll‘

=)
=
o
192]
o))
=
5
O
to
0%
o
ol
rir
pok
o
il
T
=
i)
=
32
rir
jn)

A-C

N (%) = (1= —===———- ) X 100
B

N ot 278

F4=
B : NaNO; &9 &4%
C : Al&AAlY 3%

A giF-te] WS YehE EFE B fosA FES T HA of
2752 Katogt A & (1987)¢] el ¢]Aste] 1 mM NaNO, &<l

ml + 0.2 ml €7 FEES 9 F 0.2 N 7943 45908 ALgsto] W
F7gste] Nkg&do] HF F9E 10 ml=E stk o] &

MG Z7TCoANA 1AZE WH-EA T ZF g HS 1 m¥ Hate 2% A& 5
mlZ H713 oS Griess A9F (30% ZAto g2 747 A3 1% sulfanilic acid
9} 1% naphthylamines 1:12 AR&A A ZA) 0.4 mlE 7tste] 2 &8sk

o AeolA 1587 AN F 520 nmellA FHEE FA FEI=

_32_



@A A s AR DE =73

Ao dkstE Y gAEdE 54871 91ste] 0.1 M phosphate
buffer (pH 7.0)3} ethanold 4:12 Z3+3F &1fo] linoleic acidE 0.03 Mo]
s Hristel 71dENem g v, o] 71EEel 5 mlol 0.1 M Q1A &%
o (pH 7.0) 4.8 mis} 1%°] 2+ AJ&FE¢ 0.2 mlE H7bsta 40T &F=7]
A gt AA A o2 TBA s S48tk 5 978 AlRbvith vhg-&4 2
mlE Fste] @uld S 9lsiA 35% trichloroaceticacid 0.25 mlE #7}ah
3, Aurde] Akd gAEel MDA (malondialdehyde)®t E3HAE s Alst= o
AAZ 0.75% thiobarbituricacid 0.5 mlE #7}sle] 30%%F vortexstal 100T
ol 1587 WA F W@ZFA]7] Al acetic acid 0.25 ml¥} chloroform 0.5
mlE 7hshal 1%gste] 3,000 rpmollAl 5 FQF A4l g ofs AN &

2

nmel Al S4shelrt.

@ Xanthine oxidase inhibition activity

Xanthine  oxidase (XOD)+= AA Wl purinethAlel] st ah=2MH

xanthine T+ hypoxanthine S 258 QAS AAlsle] &3 ) 249 &
al

Z7hw e galHoR ol B 4, B2 fushs

22
ox
o,
o
o|\
=
>,
Y

‘T3 AYA "ok 1E dwde] AYHHE e &
A "t B5X 8 AMEEHE 9FE 24 hypoxanthine +AFA|Sl allopurinol=}
alloxanthine xanthine oxidase®] Z3tAl A3, S MG HFdA o 283}
o §4gdS Aslste] uratee] Aol JA = Aolth Xanthine oxidase
Aslggdel 54E 9814+ 0.1 mM xanthine 0.5 mlel 50 mM <14t €3
(pH 7.5) 0.3 ml& ¥a 7} &) FE=9 55 235t 0.1 ml (o, ext.
10 w0 + buffer 90 w0)E Y1 9o =M 508] A3+ xanthine oxidase

£ 7hete] 37TColA 3&3F vEAZl § 20% TCA 100 =2 W& FHAX
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2 A Y urated] FFE=E 293 nmol A -

Iy
o
Q‘L
32
v

(2) A=
AU AEEY] ASel TS A= AL =

7174 vl 3 owidE e eysta AlEN el &-&ekr] fIg 714 o]
Hel FRE 98 AHE w5 AW fFeldFo FelldTE A 5o Lo
2 EBF3e A"t A §e dF=2YE  Bifidobacterium  longum,
Lactobacillus  casei, Streptococcus thermophiluse AF&3¥ 3L E coli
MC1061¢F AW fsiMlT o2 Clostridium perfringens 3269% AF-g3te] U
sl AF3=8S A WA= 4k WA MRS, BL EE LBY
(})j\
o AU Al Ee ASol 713 &2 paper-disc method®} turbidity 744,

A 52 Agag

RCM Z& #3tst wX] & A3} 3L anaerobic culture systemS = Hj %5}

it

%

Fof sl el o3t delis ofe Fofell AAA A7 A=
A e dA AR @t A Ay suiAAEe] AR
e 8A4E dskal vk wAEel ojste] deofups Aol Bal B WA, A
Anel e, AT volexe] FA S Awsta gl wAe] ddE flete] o
S 8 Be A9t Bas Hdd 53 Aed vl 9 fE8vE
shaL Qlom) wAgEe] wigh Arpgel pee] shur ety =
el glo] AeAeds dder & v =] A 1 7 F
Ao dgew I vhsAd B Vsl WE VxE duA sl & vidE

250l A TFo WA= vE & 29 2k
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B\ ==
USRS

A
A

Media
S disk FWe| clear

Eis

Nutrient agar and broth
Nutrient agar and broth

=

Luria Bertany agar and broth
[e]

Luria Bertany agar and broth
Luria Bertany agar and broth
Luria Bertany agar and broth

petridishel] 15 ml

=

=

A
¥l 4]

|

[e]
L

o
5

=
3

Z+zke] Ay
Fo] 2

©

Strains
incubateroll Al 24-48 A|7FE<t v

WA Slel B
30C

o

Table 2. List of strains and media for antimicrobial test

Chromobacterium Ilividum  Pl4

Agrobacteium rhizogenes KCTC 2473
Agrobacteium rhizogenes KCTC 2743

Escherichia coli MC 1061
Acinetobacter Iwoffi PO8

Bacillus subtilis B104
zone (mm)< =

o}

M

A 32

s

of i

N

(4) SAIE

BK

pild

ol

A

alkylst 54, tix} 4

-
.

Al

oF
=

&

BN

(<3}
A

=

el
!

@
No

HH
RN

e

o}
=

gl A €]
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Cancer cell line

Preparation of cell suspension (3x10°cells/well)
DMEM + 10% FBS + supplement)
!
!
96 well plate l(ISO 0 medium)

!
Addition of extract, 20 wl/well
i
37T, 5% COs incubater (72 ~ 48 hrs)
i
Add 10 ] MTT solution (5 mg/ml)
i
Culture, 37T, 5%l CO incubater (4 hrs)
!
discard of supernatant

!
Add 100% DMSO 200 b (dfsolving formazan product)

!
540 nm OD

Fig. 3. Flow chart of cytotoxicity test

S RH8g donth webd WY s%g EelFn A E)

(2
™
)
%
o
ut

4ga1e AAPIAS ABAYOZRE A e BHow §

FAES] T2 oAl aae] S doldle AXE 5 F AE AEES A
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Hog ZAolglx= Al E7}F mitochondrial

i)

zoliumbromide, MTTI]E o] &35} 7t
16

dehydrogenase”} Z4¢] #8440 MTTES E8A49 ®oA crystalE 2l

formazan® 2 WA 7= AAE o] &3 WHS AHESHAHH

MTT(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium

bromide) assay

* Procedures (MTT assay®ll QYolA ZAA X A9)

AN 27 A7t 20009 ME e (2.5-5 < 10 cells/mL)
l

37T, COy w71 A 48 A7t vl 3},
10 w09 MTTl solution (bmg/mD< 713k}
37C, 5% COlz Hj k71l A 4 AJZE wl ¥k
/‘o}%—igﬁ Al A
100 % DMSO= l200 W F-7}38ke] formazan productE =<t}
Plate shakerji 2-3% =59 ¢

540 nm=z =743} (microplate reader AHE)

galel F=gA4e MTTE 4oldles A*¥ mitochondrial dehydrogenase”t
449 dAHA (Ze B9 formazonl 2 H A

O 2 viability, proliferation “1#] 3 activationS =%
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AEA ] 23 gALAEES] AALS 93] BioreactorgE o] -gahe] A Eu)ek
(cell culture)s 3&F71%  apA|vt o= Eugrct Aiksko] Howmw
Agrobacterium rhizogenes A4 strain V| ABES o] &3lo] 2 Hglstozxn B

& fFEste] B (hairy root)S AERHE 7]l A&kl wjdate] dste
Eprjobd Al MAE @7]gbe] tigF e = Qe HA Y A E Al ATS &Y

=4 sk

N

Aeld =715 4ds] AAF o 0.3-05 cm A7|E %

i
e
o
=)
rn
i

Agrobacterium rhizogenes A4 strain U] &S 24-48A)7F v ok3t 3 uf kol
of 2] AAS Al oS MSHA| felA 3d A% wiFst.  Agrobacterium
rhizogenes A4 strain 9 engineered Ti plasmid (ro/ C gene inserted)”’} 2 &
Z2 A9 transformation =™ FAA 7} H7Fe v A A hariy root (Ed+)
= WA "ok freE BAES AR ekl vidstEA wj g HAxA

2 oWEobd A A AH 2AS 24T,

HEe 2Ho} Zl#e Jehs 558 BFNA AF FAA77 AA

JEA WAE 2 W] Argatelol st Y] ATFS HEI

FFol wet me gzt JZke] il Wk 2A 9ol & Ak %

ot Hmol g ZAWYF J1Ed Yol 2Ho) dwE wiHs AL ATH
9

19623 Murashige®} Skoogeoll &3] 2 &EZZw S 93k MS 8ix|7} "HEo A
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b MSHiA = Tk HERRF 28] U DS A wske wiA R
MW AFHA 7 gl 2holal k. WA RS AEAES 9FF uE E4d
2 (C, H, O, N, S, P, K Mg, Ca¢} 7&79 "z 24
B, Mo, [, ND& d8 = 3t 1 ¢ 259 o LA
s e AF2AGAL A7HE@ A, 7 5 A4 AEd AgsA A6k

W] Az Systgh

1
3
m&l
Y
e
Ve
o B
k3
o

1. 21 EA9 Ael&A screening®] w2l =9 Ak

AYA AP 8AS FAbeAL BF AVIEES = (4-549), 95 (7T-8€)%

Aol wE FIFA7IE A BeEE 3 o, E7], B, T4, e

1) DPPH free radical scavenging activity
ARE AEolfo] HEFA, NIZtFA, Fg=A TS 7|RE E4o] U
Table 3.Electron donating ability of extracts obtained from various plants

Table 3.Electron donating ability of extracts obtained from various plants

Aoz AL ARAS FHee PARBLYE Z4F 29E w3el Jrh
Atk 7k A=A F2

&
2 A xste] A}83l9 k. DPPHE v A 9FA 3l radicalS zte Z2 =2 gaks)
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gAdo] gl EA 3 vk radicale] A7 E o] BAEE HS

ol g3ko] st

Local o
Scientific name
name

DPPH free radical scavenging

W Z+  a-tocopherol

=@  Polygonatum odoratum var.
SN Hovenia dulcis Thunb
&ulH  Ixeris dentata

wm=an] Celosia cristata L.

Al & Bupleurum falcatum
A Dendrobium moniliforme
Yol Capsella bursa-pastoris

=24 Platycodon grandiflorum

w} Dioscorea batatas Decaisne.
®l® %  Leonurus sibiricus L.

=3} Carthamus tinctorius

A=W E  Beta vulgaris var.

7HA] Solanum melongena

) & Rehmannia glutinosa

st Allium cepa

™ & Petasites japonicus

g Daucus carota var. sativa
S Phyllostachys bambusoides Sieb.
A& Pinus densiflora

2171t Pinus rigida

AU Pinus koraiensis

ek Pinus thunbergii

Aol Viscum album var. coloratum
stz Salicornia herbacea

IR Euonymus alatus
Zo|7]  Polytrichum commune
B4 Selaginella tamariscina

activity
OD at 517 nm activity(%)
0.759 53.1
1.503 7.1
0.707 56.3
1.403 13.3
1.534 5.2
0.636 60.7
1.217 26.8
1.238 23.5
1.369 15.4
1.362 15.8
0.835 48.4
1.395 13.8
1.320 18.4
0.778 51.9
1.490 7.9
1.443 10.8
1.057 34.7
1.474 8.9
1.535 5.1
1.076 33.5
1.430 11.6
1.445 10.7
1.055 34.8
1.137 29.7
0.869 45.8
1.427 11.8
0.320 80.2
1.490 7.9
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DPPH free radical scavenging

Local o . .

Scientific name activity
name —

OD at 517nm activity(%)

S Agave americana 0.621 61.6
EE5 = Rubus coreanus 0.447 72.4
Yol Wasabia koreana 1.300 19.6
TE53t% Cordyceps sphecocephala 0.949 41.3
A= 2¥)2  Dendrobium. thyrsiflorum 1.323 18.2
5 Raphanus sativus 1.437 11.2
EAR} Cuscuta japonica Chois 1.063 34.3
ol & Artemis raiwayomogi Kitamuta 0.715 55.8
Al % Saururus chinensis 0.481 70.3
Azt Cassia tora L. 1.448 10.5
S AARSAT. BEAE 72.4%°2] HL radical 2AEAES YERAAL 9]

ol AW =7} 70.3%, 4T 61.6%, A& 60.7%, 183 ZANIE7 56.3%,
Q1AW 55.8%, Srx7F 45.8%9 FAS HoFT)

E9 QAR )BAE AgSllE Solsha 4HF WAS AR o]

=
A dn =l AR T A 42 ¢ e E99 Aol el Park
(1984)°] koA e} s, Hlx AA7|A A3, 9343, AAAA
7IAAG, vFAdsl adrh vkl Kang & (1995)°l] s ®arwe] glar

_41_



A Azstel EFYEAIE G Al

rlo

. . Nitrit 1 tivit
Local name Scientific name firite scavenging activity

OD at 520 nm Activity(%)

A Dendrobium moniliforme 0.571 14.2
ol Capsella bursa—pastoris 0.551 13.7
=7} Platycodon grandiflorum 0.520 21.8
u} Dioscorea batatas Decaisne. 0.571 14.2
SIRSS Leonurus sibiricus L. 0.644 3.1

=3} Carthamus tinctorius 0.495 25.6
Y THE Beta vulgaris var. 0.591 11.2
714 Solanum melongena 0.619 6.8

=] 5} Rehmannia glutinosa 0.591 11.1
Pl Allium cepa 0.531 20.2
™ 9 Petasites japonicus 0.565 15.1
g Daucus carota var. sativa 0.534 19.7
o Phyllostachys bambusoides Sieb. 0.608 8.5

KSES Pinus densiflora 0.539 19.0
27194 Pinus rigida 0.627 5.7

A5 Pinus koraiensis 0.621 6.6

3 Pinus thunbergii 0.531 20.2
7 §-4ko] Viscum album var. coloratum 0.559 21.3
g x Salicornia herbacea 0.451 32.2
LIRS g R Euonymus alatus 0.416 37.4
%0l 7] Polytrichum commune 0.173 73.9
= Selaginella tamariscina 0.475 28.5
S Agave americana 0.453 31.9
L Rubus coreanus 0.442 33.6
a1Fyol Wasabia koreana 0.529 20.4
F=3x Cordyceps sphecocephala 0.595 22.7
U= 248|®  Dendrobium. thyrsiflorum 0.518 12.8
72 Raphanus sativus 0.589 11.4
EAA} Cuscuta japonica Chois 0.506 23.9
AR T Artemis iaiwayomogi Kitamuta 0.392 41.1
Al 2 Saururus chinensis 0.449 32.5
g 2} Cassia tora L. 0.571 14.1
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2) Nitrite scavenging activity

THE AEA FEEEFYH ofdid AAGAHE A %
o % wheh o] HAUTSL FAUTOIA 247 37.4%, 35.8%9) B B
B R} 33.6%, AWE 32.5%, St2 32.2%, EAMAIS &% 247 20%

X

_I[N'
rsﬂ

o~
=2
R
e

o]Abo] HlW A HL FAS YE AT, 33 Normington 5 (1986)& 2.9k
A oA AAQIAFel 3-hydroxy-2-pyranoneg %23 v} ¢ 9™ ascorbic

acids AAFE hed] o} Aite 2ATo] ol Ao deid Ak 53,

Table 4. Nitrite scavenging activity of various plant extracts

S Nitrite scavenging activity
Local name Scientific name

OD at 520 nm  Activity(%)

= Resorcinol 0.427 35.8
=Y Polygonatum odoratum var. 0.522 21.5
AN Hovenia dulcis Thunb 0.427 35.8
= Ixeris dentata 0.503 24.2
RURSA: Celosia cristata L. 0.528 20.6
Al Bupleurum falcatum 0.519 21.9

Table 4. Nitrite scavenging activity of various plant extracts
Table 5. Lipid peroxidation inhibition activity of wvarious plant
extracts

Table 5. Lipid peroxidation inhibition activity of wvarious plant

extracts

Kang & (1996)2 phenolic acids 7}<4| gentisic acid ¢ gallic acid 6 mM
gAel A9 A U pHeF [FAFSE pH 1.200A4] ofdAkd AAEo] 82%<F
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42%% YeERATEIL 3F o pH 3.09 4= 2AE] 4 F9o] 531 pH 6.0

e A% 2AET Bkt o]flo| = phenolic acidsE<S pH 6.09]

FOSal name seiontii Seiamfic name DpereesecobMPBATBAAV#HIae
name (%% et dRaBE s
—

T gz
ey Holpgenatypy mdoratum var. 137
AR HBasabia dwceaifhunb 12K7
ERIE  Kondraepsapphecocephala 14dio
Heai = Dgndiobim, gsiflorum 192
] aphanus sativus 13.
SR R B hois 1342
x5 Dendrobiyntwaepilibemicitamuta 1332
Il ES Cxpyilit shohsacpsistoris 14238
EHA B1A8508 485 A andiflorum 68 g
uf Dioscorea batatas Decaisne. 8.3
SIRSES Leonurus sibiricus L. 2.4
=3} Carthamus tinctorius 12.1
Y=V E  Beta vulgaris var. 5.9
7HA] Solanum melongena 4.5
=] & Rehmannia glutinosa 8.3
s} Allium cepa 9.2
™ £ Petasites japonicus 11.8
Tt Daucus carota var. sativa 6.5
ST Phyllostachys bambusoides Sieb. 10.9
% Pinus densiflora 13,2
271t%  Pinus rigida 13.2
A Pinus koraiensis 9.2
3 % Pinus thunbergii 12.8
A §-Ako] Viscum album var. coloratum 11.4
k% Salicornia herbacea 18.2
s} Euonymus alatus 18.5
< 0]7 Polytrichum commune 30.6
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Mz obEA aAFEe] HAS] Haste] &7wo] A9 fle AoR dEk

3) Lipid peroxidation inhibitory activity

ArE A ~EHAE Ao7)E= hydroxyl radical (OH)E Fenton wWHgo = <
A7 ksl s AIdE Alelo] wbg Ay AAET A oA YA H
3l F3] FANAEA B S 9SS TElA ug FA AEe] kst
2 284 ®th. Malondialdehyde (MDA)YE #%] AFslapA ol A BA == 23F
Ab3l A Eoln | AEstH o7 o] MDAYE 4 219 Atgxe 2 %34
S A= AR o]8E 4 9o Minotti 5(1987)& AMEFHoTE v
At 3H Osawa 5 (1992)3 Lee 5 (1990),
Shamberger & (1977)2 =<dWolde] AAAHES xS L, Addis (1986)
_]
(e}
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=
B
ol
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rlo
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=
ol

gol wel 714 Fol FAW 24 A5 YRS GF ALse HH 24

Wyog B AFgas 7|AEHA linoleic acidE AFg3slsith Axe 59 Y

Byglem £ol7e AS AEAstRt MDA-TBA valueE ¢F 306% A% 7+
AN Ao FFF 182%, AU 185%, HHHIF 239% A% #ArstAd A4
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4) Xanthine oxidase inhibition effect

Xanthine oxidase (XOD)= AA W purine

thAbel  Foldte EARA

Local name

Scientific name

XOD inhibition effect

(%)
ol 2= benzoic acid 18.6
= Polygonatum odoratum var. 16.8
B Hovenia dulcis Thunb 16.9
ZuH Ixeris dentata 17.0
= 2] Celosia cristata L. 11.8
Al & Bupleurum falcatum 9.1
A3 Dendrobium moniliforme 10.2
o] Capsella bursa—pastoris 8.2
EgH] Platycodon grandiflorum 7.3
w} Dioscorea batatas Decaisne. 6.8
ol x Leonurus sibiricus L. 1.4
<3} Carthamus tinctorius 4.6
P E Beta vulgaris var. 5.1
7}+A] Solanum melongena 16.8
X & Rehmannia glutinosa 1.1
oFu} Allium cepa 17.8
™ Petasites japonicus 8.1
T Daucus carota var. sativa 3.2
ST Phyllostachys bambusoides Sieb. 6.9
2 & Pinus densiflora 5.9
27|t Pinus rigida 2.4
- Pinus koraiensis 5.7
& Pinus thunbergii 6.3
7-5-4ko] Viscum album var. coloratum 11.2
St Salicornia herbacea 7.4
S} Euonymus alatus 12.3
%0]7] Polytrichum commune 24.3
A& Selaginella tamariscina 7.1
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xanthine, hypoxanthineS AF3}AA urateE FAsle] T4 9

ol
tio

ST
3

Q07

1
R

294 o] 42 AT BHoT HARA

O -
—-

Tss 7t

2

7
re
N

27

o
L.

Local name

Scientific name

XOD inhibition effect (%)

B2 4= Selaginella tamariscina 7.1
L Agave americana 4.8
L Rubus coreanus 23.7
Yol Wasabia koreana 17.1
F&35tx Cordyceps sphecocephala 11.5
v 212 Dendrobium. thyrsiflorum 9.2
5 Raphanus sativis 3.7
EAMA} Cuscuta japonica Chois 14.3
o5 Aiterms 1arwayomogr 8.5
Kitamuta
Abul % Saururus chinensis 11.4
A 2} Cassia tora L. 2.3
e s]o] grd. Hayashi 5(1988)2 A &4 U 4] EA18t= flavonoid#/&
i¥]38kal xanthine oxidase A &E &g A3} hydroxy”Z]o] Ao et
Adlsel a¥rt g2ve= AS Badk vf k. E3F Hatano & (1991)2
Table 6. Xanthine oxidase inhibition effect of several plant
extracts
Table 6. Xanthine oxidase inhibition effect of several plant
extracts

gallol7| & g+

5 (1989) B

t}. Noro

FoRRH Feld

3t flavonoid 3}gHE©] XODol| AAAX o= A3ttt W 1s}S

genkwanin,
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5 FMAE &4

[}

Local Strains
name E. coli B subtilis A. Iwoffi C. lividans A. rhizogenes
MC1061 B106 PO8 P14 KCTC 2743
=1 - - - - -
AN - + - - -
Z=n}7 + - - + +
QR - - - - -
A& - + - - -
A= +++ - +++ +++ +++
Jol - + - - -
L==154 - - - - +
a} - - - -
R % + - + +
33 - - - - -
Y v E ++ + + + -
744 - - - - -
% + - - - -
¥ + - - - :
9] ¥ + - - -
Gt - - ++ -
4 + + + + +++ +
27|t - ++ - - -
S - + - ++ -
BH 4 v + - - +

S @ G n el oF wele e BopelAd Adsia A A7
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Table 7. Antimicrobial activity of the water extracts from several plants.
Growth zone diameter >20mm,———, strong inhibition; 15—20mm, —-—,
moderate inhibition; 5—14mm, —, weak inhibition; <4, N, no response,
+, thick growth than surrounding, ++, more thick growth than
surrounding.

Table 7. Antimicrobial activity of the water extracts from several plants.

Growth zone diameter >20mm,-—-, strong inhibition; 15-20mm, --,

moderate inhibition; 5-14mm, -, weak inhibition; <4, N, no response, +,

thick growth than surrounding, ++, more thick growth than surrounding.
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A el A smAolvp F-2kgo] A& Flor AZEE AF FToA =AW
of fr Al aY &g Fyo] dig AFE AL WAFH Y= e AEF
Local inhibition rate (%)
hame Hep 3B Cas KI  HeLa 229 SNU-CeA Detroit 551
= 20.1 N N 2.1 N
SN 22,8 30.4 47.8 8.4 12.8
&k 17.1 20.1 15.7 22.8 6.7
ol = 2} N 15.2 10.2 12.7 N
A& 31.1 22.9 21.4 N N
A= 24.1 20.6 27.7 18.4 11.8
Yol 8.5 N N 7.5 N
THA] N N N 14.9 6.9
n} 21.6 30.2 23.7 12.1 5.8
o) R % 22.8 4.2 3.0 20.1 11.7
33t 38.3 18.6 13.4 14.2 19,3
P EHE 22.1 15.1 20.0 31.8 21.0
7FA N N N N N
A = N N N 4.8 N
&3t 415 32.1 17.2 30.8 34.1
] 9 N N N 17.1 N
g N N N N N
= N 6.5 6.3 19.0 5.9
A& 34.1 12.7 15.9 20.7 N
27| ok 11.2 8.7 N N N
S 34.2 10.7 20.1 N N
&l & 18.4 10.6 8.5 11.8 16.9
7 §-4to] 22.7 30.1 26.7 14.6 10.4
gz 7.4 11.8 8.3 31.5 20.1
I 16.2 24.5 35.2 10.2 16.3
%o]7] 30.3 65.2 49.6 25.5 22.8
A& N N N 17.5 N
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of EAsk=

shok

dietary fiber ¥, polyphenol +,

o} JE O ZE B-carotene, vitamin C 59 B]E}F,

cystine,

indole ¥, peroxidase, protease inhibitor,

inhibition rate (%)

Local

name Hep 3B Cas KI HelLa 229 SNU-C.A Detroit 551
LA N N N 20.4 32.9

E A} 27.5 58.7 32.6 30.1 27 .4
nEAREY N N N N N
TStz 30.2 N N 17.3 7.2
gl 21 10.2 14.1 8.9 10.9 15.1
-5 7.2 N N 18.1 4.0
EARR} 16.8 32.1 13.8 N N
Sk 65.4 20.6 4.9 20.7 N
LS 58.5 34.8 9.7 N N
A2 N N N 10.3 N
A& sterol Fo] Bawal glrk. olo] wel 2k HA AEAdowiy A

Table 8. Growth inhibitory effect of water extracts from various plant
plants on human cancer cell lines.

Table 8. Growth inhibitory effect of water extracts from various plant

plants on human cancer cell lines.

FUat B2 A Eol

AL AEFL A4 =

AL F4 oAl Erhe] ZHL Aol AX F 4% 3
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drial dehydrogenase’} &2¢] =842 MTTE E849 Bz crystalE 32
¢l dark blue formazan® 2 W3IA|7]= AAL o] &3 WS A3t} 3
el o] el S 9%t A= table 89 YERNSITE

MTT assayt cell®d] A% % #3415 A5t colorimetric assay®A] 2o}gl

s

= celld] RlEEZ=g o} Y dehydrogenase enzyme’} = $8&4 B4l A
EAY & FEES AEE 0.22 mm pore size membrane® % filtering 3+ t}
3¥91 Hep3Bel st A4 adts A 23 Fde
20.1%, Red beet 22.1%, 43 41.5%° 439 A aaxs vepddeh =3 <
ZANA 65.4%, M zolA 585%= =A Yl o5 A& g $49
AT7F ZlE, 2RI AEA ] F9E AT 34.2%, 27 11.2%, 4
& 34.1%, AF 18.4%° ABAAAAEAHRE BHAFArh @A AFAFG AES
Cas KI tigh A AJAad= SN =4k vholl A 242 30.4%, 30.2%°]
AAAgAENE BHo Fa, Ay AEdAs suF 107%, 271
8.7%, A& 12.7%, sHEol 10.6%2 874 JAazts Uepldnh. Fakeh A5
aAbolo A 242 32.1%, 30.1%2) A E e N EE=AS JeEhh. EW3

[o
o
]
o,
)
£
o

Zol7)of HEA oA AFAFd AESQ] Cas Kol tish hAlxE A 4A & & 2h7}
Y7y 65.2%, 58.7%= =/ YE} o] tigh o] Qe AT fTETh
HeLa 2299 wiaiAE SAUE7F 47.8%, SHAHIY 35.2%, &o]7] 49.6%=

Hl A =8 QA 545 vER T

3 Kim 5 (1998)2 A4 (Pinus densiflora), 3r\W5 (Pinus koraiensis), ¢
71t% (Pinus rigida), 1% (Pinus thunbergin® £ %% in vitro A°lA
SAE A A anE FAbste] wEssied, £99] ethanol FEEES

FE7F 74Ol whet ASk ek 9 HBe AX B AFAAEe] S
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Intestinal bacteria strains

Local name Lactobacillus Streptococcus Biffidobac Clostridium
casei 911  thermophilus  terium perfringens
LC ST 5 longum 3269

Polygonatum odoratum var. + + + -
Hovenra dulcis Thunb N + N -
Ixeris dentata N N + -
Celosia cristata L. N + N N
Bupleurum falcatum - N N _
Dendrobium moniliforme N + + N
Capsella bursa-pastoris N N N -
Platycodon grandiflorum + + N -
Dioscorea batatas Decaisne. + + N N
Leonurus sibiricus L. - N N -
Carthamus tinctorius + + + -
Beta vulgaris var. ++ ++ + -
Solanum melongena N N N N
Rehmannia glutinosa N N + N
Allilum cepa + + N -
Petasites japonicus + N N N
Daucus carota var. sativa + + + -
Phyllostachys bambusoides Sieb. + + + +
Pinus densiflora N N _ -
Pinus rigida N N N N

o} obge wlEAlobd A MAE Fo] it M=ot red beetE FAHOE

AFEIAL B et AEA FEES @ WEITE FPase O =

obd Zow oAX A AdE F 11 YERHAH
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Table 9. The growth effect on harmful intestinal bacteria and

lactic acid-producing bacteria by various plant extracts

Intestinal bacteria strains

Local name Lactobacillus Streptococcus Biffidobac Clostridium
caser 911 thermophilus terium perfringens
LC ST 5 longum 3269
Pinus koraiensis N + N -
Pinus thunbergii + N + -
Viscum album var. coloratum N + N N
Salicornia herbacea N + + -
Euonymus alatus N + + -
Polytrichum commune + ++ + -
Selaginella tamariscina N N N N
Agave americana + N + -
Rubus coreanus + + ++ -
Wasabia koreana N + N N
Cordyceps sphecocephala ++ + + -
Dendrobium. thyrsiflorum N + N -
Raphanus sativus ++ + + -
Cuscuta japonica Chois N N N N
Artemis 1aiwayomogi Kitamuta - N - -
Saururus chinensis + N N
Cassia tora L. N N N N
*Thay were cultured on MRS broth agar at 37C for 2 days in anaerobic
jar. Growth zone diameter >20mm,-—-, strong inhibition; 15-20mm, --,
moderate inhibition; 5-14mm, -, weak inhibition; <4, N, no response, +,

thick growth than surrounding, ++, more thick growth than surrounding.

Table 9. The growth effect on harmful intestinal bacteria and
lactic acid-producing bacteria by various plant extracts

*Thay were cultured on MRS broth agar at 37C for 2 days in anaerobic
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jar. Growth zone diameter >20mm,—--, strong inhibition;

moderate inhibition; 5-14mm,

15-20mm, --,

-, weak inhibition; <4, N, no response, +,

thick growth than surrounding, ++, more thick growth than surrounding.

ol¢} 22 Al o3 W=t AAe} red beet, HEA, F5S E3Fste] A
Fads At 9|3 £3] K9 red beeto] A$- thdA|v A E ] T
2% Gg S Aow BAW 2,000 D o4 GPAE o] AFENE 3
Eslth

2) WEfA oAl Ao g )

At A= WERAobd Al MA7F A @l e oz d#A Qo] ol
gRlstazr AAE o 3 Wedtn 23 red beet2H-E HS AES ul=
MEAlol A Mzwhe wR Relstel 4gastE Atk E100] HelE

Intestinal bacteria strain®
. Lactobacillus Streptococcus . . ) Clostridium
Material i . Bifidobacterium .
casel 911  thermophilus perfringens
longum
LC STS 3269
Cockcomb flower N N
Betacyanine from
cockcomb flower N N N
Beta vulgaris var. ++ + + -=
Bet ine f
e acyamne' rom N N N N
Beta vulgaris var.
aksh Fo] WEtAobd Al k9] A EA ot o A9 FFENE
o]4 %k A0 e Red beete] A% FulfolAEe] A4S o}
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Table 10. The growth effect on harmful intestinal bacteria and lactic
acid-producing bacteria by betacyanine isolated from cockcomb flower
and Beta vulgaris extracts

YThay were cultured on MRS broth agar at 37°C for 2 days in anaerobic
jar. Growth zone diameter>20mm,——--, strong inhibition; 15-20mm, —-,
moderate inhibition; 5-14mm, —, weak inhibition; <4, N, no response, +,
thick growth than surrounding, ++, more thick growth than surrounding.
Adass Yepd A2 slepA ol Al Ao of o] ol Q38w A EA 7L
Shaatal e FRE gdRe dFgor HoXTh o]¢h e Atz thA]
red beetZE THERTE do FuAEe Afel WAL T wNE

245,

3) v3wel ZEE

Intestinal bacteria strain®

. Lactobacillus Streptococcus . . ) Clostridium
Material i . Bifidobacterium )
casel 911  thermophilus perfringens
longum
LC STHS 3269
Cockcomb flower N + N N
polysaccharides from + ey + B
cockcomb flower
Beta vulgaris var. ++ + + -
polysaccharides from . 4 + L

Beta vulgaris var.

Onion + + N _
polysaccharides from
onion

Red beets} F9 o FEZE2TH dds AW soz ol T A

FaIks A7) 9kl AEA FEES dExdor shar 23 gt
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Table 11. The growth effect on harmful intestinal bacteria and lactic
acid-producing bacteria by polysaccharides isolated from cockcomb
flower, onion and Beta vulgaris extracts

“Thay were cultured on MRS broth agar at 37°C for 2 days in anaerobic
jar. Growth zone diameter>20mm,——--, strong inhibition; 15-20mm, —-,
moderate inhibition; 5-14mm, —, weak inhibition; <4, N, no response, +,
thick growth than surrounding, ++, more thick growth than surrounding.
AAEHE Vasgth F9 FEERYE GPRE 27 98 Ben e 3
4= 713t Red beetst %, ¥t 5 FE2ES 747 8,000<gel A 3023t
AA B3t precipitateE A AL 1 A Mol 2u]7Fe] 99% ethanol® Tt}
FHE ALeA FAHAIZIL Al 10,000<gell A 2083 AAwE @ o
70% ethanol® 23] AHeAth. AHT & FFgo] Ho T4 v5 ds A
zepitt. ol A ¥ 2RI RE A SFFol 9 CPC (cetyl pyridinium
chloride) 0.3% X9 %ol AAZ HHAAZ = IAHdES THTA 59 F
Haln A% AzeAT @A dold ZOTHE Le R 9 238
vl st Al el Aol miAlE vdRe] adE vl FAbste] F11] o
BRIt s 11olA dEbd mpel o] tRE FEsko] Aol A5
WA s Qs AR Aas AEA AA4 FEERY g Rs FEste 2

o wmel WA IR W FFIAE] Ak @A FrhAon B
37 ek etk olsh g Ane dPiEel Ful HelwTEe A%
3

2 919 feedingol F83HA AgHY ol @ A fol #7o
o

AT tstels AGAES el 482 oAt 2

4)Z Akl

i
o
0%
b
_\'-i
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Red beet} 79 7o FEE2HE dds FAW sz Aozl T2 &4

% 2,000 olstel LIP3 AA FPFE BAF g AFEAE vmeg

t}. 3% 660nmelA 0.5-0.67} H == w3t seed cultureE 1% % E3}o]
HleFsllal vz TE o] M2 g& HrbshA @il ¥lavt2 1,000 ppm

tr

e Alzd 23S A 202522 HUleta BEAwke wel E2lebA &
2 AA| polysaccharideE 72 1,000 ppm 3E%2 A ZstY 20%7F 2= A
7vate] 3UzE MFE F ASe wAE dEFES 660nmolN FHEE FAH
Hlal 2ARSEgIh 3B 12¢] vERA wRel 3ol red beet$t o A9 MW.

| wlsl 2 ol

\]
(@)
(@)
(@)
o
ol
2
>,
X
_|>i
fol
&
I
o
Q1
NS}
h=}
)
it
i
o
i
2
N
4
Q

aox] 2 AL oy MW. 2,0000]8Fe] otdFyE 9= AHET MW, 2,000
ol Akl tidFel ExlEFo] e Sgjado] ¥skE A polysaccharidesol] A

ddat "0 o AR dEist a8y Al feAAdEel SAE

Relative growth rate (%)

Lactobacillus Streptococ-cus Biffidobacterium
: thermophilus
caser 911 LC longum
ST5
control 100 100 100
whole
173.4 162.4 163.
Red  polysaccharide 73 6 63.3
beet below M.W.
123.2 121.8 115.9
2,000
whole 162.2 156.8 152.3
Radish polysaccharide
adis
below M.W.
9.000 117.3 120.2 116.8
2,000 ©]%42] polysaccharidesE ®3&d & & vdHF ElarE 7HAL A

= Qow nold dowe] A7s 6% Bas.
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Table 12. The growth effect of molecular weight of polysaccharides on

harmful intestinal bacteria and lactic acid-producing bacteria.

ok mogi wjoke] o g HlEAlob A Al A

a1

1. Transformation
AgA felel A AA2 WEA A AxE dFater) e %7

MFe B FRae] PE 2 A4 FAL AAEHD PA2YS FHstn

hud QIS

23 ALbksre] gk Bl A AE AFEEEA (plant  growth

regulator, hormone)E& ©]&3F B F =2 F-AI(adventitious root)= H]FE



2o & Agrobacterium rhizogenes strain &S H|AES o] &3l

4
%2,
o
T
B

C D
Fig. 3. Induction of hairy root by Agrobacterium rhizogenes .
FAAFo R WHYE frEste] AT (hairy root)s WGBSR EA ABAES

ol S/ = A HdY & dATellA= 29 3004 B nikeh ol

1

A Ao dAL e Agrobacterium rhizogenes T+Z co-culture dFo] B

_1

? S F=3F= ro/ C gene®] 2EA chromosome Weol =QPEHEF 3 tf

S AWAEE hairy rootE Aol MS liquid medium ] #j<¥stadct. 19 3¢9 A

j=

¢} BE solid MS medium 9o4] red beet®] leaf segment®=%-E] hairy root
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2 fx3 Aolw Co DE 1/4 MS liquid mediumoll A vieFsle] dojzxl Ak

<ol

Fig.4. Defference of color strength and variety of betalain pigments on
seleted hairy root shoot of red beet.

Wt Beta vulgaris L. 9] @2 HZH leaf segmentdlX ZE:= hairy root
Fol o AL Auats sbel W 17 44 welFE wisl ol A%

betacyanin =¥ Z3M 9] betaxanthine ¢ M2 AAn|Eo] defxn M

M 1 2 3 4 5§ NR M

1.0 kb

0.5 kb 4 ro/C

A depAee Ao S A e BT shootE AwEhE Ao

o

Faolut Festta BARY, 19 5= Agrobacterium rhizogenes 2| rol C
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gened red beeto]l FZAAZAA hairy rootZHE DNAZ FZE3+ vt} PCR
ate]  rol C gened #¢13t Axolt}, lane 1914 574+ d2 A3 E hairy
rootZ %8 o]z DNAol™ ¢k 0.5 kb 9] ro/ C gened &2& 4= A}

Fig. 5 Polymerase chain reaction analysis of the hairy roots transformed with

A. rhizogenes. M, 1Kbp marker; lane 1-5, transgenic root; NR, normal root.

NR2 wild type?] red beetolA] &2 DNAo|E = 0.5 kb? ro/ C genec°l 3

Fote bandE AL 7 T wWE eI Ve ol &F R4

hul

o

12 2

—O— fresh weight
—1— dry weight

-
o
1

=]
1

Fresh weight (g)
[=2]
Dry weight (g)

2 4
0 - - 0
1 1 1 1 1 1 1 1 1
0 2 4 6 8 10 12 14 16
Culture time (days)
%4 % betacyanin A 7% ANz YA YW o] o] BE 7]
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2. WERAobA A Al2e] ZHujok A) 2]
1) )7
wjks|zbel e wWEpobd A Aol AHzAL AES] et 2027}

Fig. 6. Growth of red beet hairy roots in liquid culture. Bars represent
means*S.E. of three replications.

35

30 A —(O— sucrose 5
—1— glucose
25 | —/\— fructose

20 -
15 4

10 4

Sugar content (g.L)

]
0 2 4 6 8 10 12 14 16
Culture time (days)

Al Bt (hairy root)s HIGstHA Aol A MAS Akt A

fresh weight ¥ Dry weightS FA}SQth, 18 6ol HolFE&= ule} o] oF
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39 zFe] HE7|Zro] AWk F WAL fresh weightS A A3 F7beb7] A=
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Fig. 7. Sugar utilization by hairy roots of red beet in liquid culture. Bars

represent means*S.E. of three replications
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A W sucrose E&=7F gt 1§ 7ol HoFE npel o] wjg ¥ 9
Jo] AUHA wiA W] sucrose®] ¥ A AEW vl 5Uo] AP A
glucose®} fructose’} Zo] AAETY. o]F wlL9L71A] glucose®}t fructose]
Fol 7z} 12 g/Lot 11 g/L7HA] S7Fstab7E w4l Wl sucrose®Fel 7 e aad¥ =
9Y o] FHE AMA3F] 7AdA Hr}b ol EATO| sucroseE $AF O R A}
ottt ddde] naEAA GFFel glucosedt fructosed AHESHA W=
Ao ® Belt},

Fig. 8. Changes of pH in the medium during hairy root growth of red

16 .
[ Betacyanin
[0 Betaxanthin

Ilnokl

|
YWWB VM M VB BB »»SH SH
MVbdia
beet. Bars represent means*S.E. of three replications.
3) wiF7IE e w2 v x| pHe| W3}

WA W 27] pHE 5.89] oFAAolA AJzksto] vt 16L7kA AR 23}
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7HA WEZke 7y o] &= oF pH 4,594 pH 4.87kA] pH7E A & WIE
BolAl &2 A dASA FAEAT. WF 11 FHE = fre] Aol AA
8] Hol7] Az AA N T A= Ao meksigith. ofef Z2 Atz wjA] W)

pHE 5.8% 74 HAsle] Fuhd AAES S/ 4= A& Aoz oJAZ

Fig. 9 The effect of various media on betacyanin and betaxanthin

production in the hairy roots of red beet (cultured for 14 days)
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7] $18kol MSHl X9} B5ul A, SHEI A& 747k 1/2, ®i 1/42 3|48}
HjFe Aab= 2% 99 YEH. AR red beet®] EAAT wiYFS ¢
&4 B5, SHElA Ht} MSHIA 7} g3t ol er 53] 1/4 52 MS
v Aol A 7Hg S FES BT

5) % =% wWE HgAlold A A AL

Fig. 10 The effect of sucrose concentration on betacyanin and
betaxanthin production in the hairy roots of Red Beet (cultured

for 14 days).

Red beet?] EAFE w]%d3d betalainAl A2 A<l batacyanin®} #3491

betaxanthine®] AAHE = B4 ol HHx21E 2ASH] sk wj# ¢
sucrose 55 1710% 7}A H7Vsle] ajkst Axt= 2y 109 YERSITL
Sucrose 3% EXo|A] betacyanin®} betaxanthine®] AAFSFo] EAZ 1g9

fresh weight & 15.3 mg¥ 10.4 mgd] MA2E 4& 4+ AT

6) WIER oAl M AAkel] v A= GO P F

I3 1194 & red beetd] R4S v of ¢F

Fig. 11 The effect of light and darkness on betacyanin and
betaxanthin production in hairy roots of red beet (cultured for 14
days).
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Fig. 12 Effect of light quantity on growth and betacyanin

production of Beta vulgaris L.
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Fig. 13 Effect of air volumn on growth and betacyanin
production of Beta vulgaris L.
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Fig. 14 Effect of reactor type on growth and betacyanin production

of Beta vulgaris L.

Fig. 15 The Hairy roots cultured under dark conditions for 15 days

using a 20 L air lift bioreactor
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1)DPPH free radical scavenging activity
d A AuEs EWR 8o radical 2AEA o0l
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A ey Afeta geby] 4 75 A ER AT Ui red beet
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o} 1'12 &33to] radaical 274 A4S 54 23& 3% 130

-
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Table 13. Comparison of electron donating ability of single reaction
mixtures with complex reaction mixture

o] AEAE] red beetet &3 WEAS W radical 2AF°] i
He A%e wgod URe Fxt activity’h Ha Badts 4%e B4
o o AeE d5o® AEYdS wHth red beetdt TF WHEIS

[e)
radical 2A&A 0] 11.2%4 18.2%= 345 = AxE Ve 9t

2) Nitrite scavenging activity
=
2d T - T
e a9E Alge A¥E 1149 YeERSITE A Ao A dojzl Ax

of ols@ SAVHE, $x, SR, Lo/, §H, BEA, AMEIL obAY

’

olAALA LA o] HWAH 43 AEH

Radical scavenging activity (%) of Reaction

mixture
complex mixture with red

single mixture
beet extract

Control a-tocopherol 53.0
red beet 18.4
T 11.2 18.2
AN 56.3 53.1
&o]7] 80.2 72.8
EES 45.8 39.8
s 61.6 63.4
a2t 72.4 73.8
A% 60.7 62.3
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Table 14. Comparison of nitrite scavenging activity of single

reaction mixtures with complex reaction mixture
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471Nt AU BHEAL BAstel PFLEO] Al 1 BEs} gomE %A

APAIANN & 5 kol Sdudd aEA Rt Bol ¥ red beet

Nitrite scavenging activity (%)

Reaction mixture complex mixture with

single mixture
red beet ext.

Control Resorcinol 35.7
Red beet 11.2

wl = 2} N 11.4 12.1
At 33.6 31.8
S 35.8 32.5
&ol7] 73.9 52.1
skx 32.2 20.4
R 37.4 28.5
R s 31.9 21.9
bl 32.5 24.3

S} obAA ATl R A FEE TF &t L ZheAddl A
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Table 15. Comparison of lipid peroxidation inhibitory activity of

single reaction mixtures with complex reaction mixture

3) Lipid peroxidation inhibitory activity

o] A@eA dolxl A= st A A B A DA o] 3 AE
£ Aete] red beet FEEH EF WESIAS W 1 zlolE E15904 Ho
AL vk sUNU, Sk, &, st Fol7], HEAL QIxlse] FEE
< red beeto} 1:112 8 WE&slo] 48175t REGAIZE A atso] AAE 3
2b3l 21 A o] HF A4 E< malondialdehyde (MDA)E 43t control¥} vl

3191< MDA-TBA ghel @vhit 2agl 1 A%e elstuz sheivh

Decrease of MDA-TBA value (%) after 48 hours

. . complex mixture with red
single mixture
beet extract

Control a—tocopherol 25.2
red beet 5.9
i 13.7 13.5
SR 24.7 24.2
%07 30.6 24.7
% 18.5 14.1
A 11.7 12.1
E 2t 15.8 15.2
&k 19.2 11.3
A= 15.3 15.0
ATk JAXZ O A= 2 Furt Aste] 52 ATV]d= e B F
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2 sbe RAPE Aol wek AE% Holk ZA tehimz @e Aokl
Hup e,

XOD inhibition effect (%)

complex mixture

Reaction mixture

single mixture )
with red beet ext.

Control Benzoic acid 19.2
Red beet 5.1
5 3.7 5.2
2t 23.7 21.2
AN 16.9 12.9
£0]7] 24.3 17.5
= 16.8 15.1
S 12.3 8.7
3ol 17.1 17.0
&t 17.8 17.7

4) Xanthine oxidase inhibition effect

Xanthine oxidase A3 &7} 53t A EA T=d, AU, &9, 7}
A, A%, BEA, EARAL FEEC red beetE 1112 &3 W&ol XOD A&
HE SAT A= F 160 YERHAT £o)719 A= 24.3%9] vl
XOD A#ZAE 2t glort red beetot &3 HEaAS W 175%= A
Atk F= ASE AT 37%NA 52% 2 kg Frblon nFyelet 4ot
= 17.0%9 177%= A9 W3yt gldrtk XODe 712 <¢l  xanthine,
hypoxanthine@} 9] ®F&2 WA o2  radical FAWESo=Z A Qi)

Xanthine/ xanthine oxidase—cytochrome C ®r&AlolA =A% superoxide
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anion radicalel ™3 AAZYNE oW EZo o wrEA AAIE dAE HE,
xanthine oxidase?] &4o] A== A 2 529 AA oz 2AZHRYG

=20 g4 oz YeluhA ") Xanthine oxidaseE AAstE £2 3 radical &

Intestinal bacteria strains®

Reaction ”
mixture Ladqbaa’/]us i;rsf;(;;i;]cuf Biffidobacterium géi;:g ZZ’;;
casei 911 LC STS longum 9960
= + + + ~
red beet 7} + ++ + _
A5 - N N 5
red beet H7} + + + _
RA - N N I
red beet 7} N . L
F v ; - -
red beet H7} + + + + + _
LA + N N -
red beet 7}t ++ 4 ‘4 ~
an ++ + N -
red beet %7} +++ ++ ++ —
£0l7 + ++ + ~
red beet H7}t ++ F4 ‘4 ~
LS + N N N
red beet 7}t + + 4 ~

Table 16. Comparison of xanthine oxidase inhibition effect of single

reaction mixtures with complex reaction mixture
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< &4 A radical 2ALA Abeld AHAAA = S gLAN
xanthine oxidaseZ 73A A &5l= ellagic acid ¢ Z< tannin ¥ #HEAE
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e g5 g s et Aot A
L7t 22258 AEAd we XOD BAAN Lrt i A e
3}

= 1
wton o' AEA= 8y aae] FAHS STVHAA F activater2 288}

Table 17. The growth effect on harmful intestinal bacteria and
lactic acid producing bacteria with complex mixture added red

beet extract

Thay were cultured on MRS broth agar at 37C for 2 days in anaerobic
jar. Growth zone diameter >20mm,---, strong inhibition; 15-20mm, --,
moderate inhibition; 5—-14mm, —, weak inhibition; <4, N, no response, +,

thick growth than surrounding, ++, more thick growth than surrounding.
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Red beet, &, %19
debris &= A7sta 1 A Aol 2uf%e] 99% ethanols H7tet] BHdF&
AAANZIL o]E tA] 70%9] ethanolZ 23] AHE 3 = =
s WE Az olEA ste] d& 2OdFE A TFTl ] 0.3%
_‘5_ 7

29 ko] A A CPC (cetyl pyridinium chloride)® ZdA)71

NS 9,000<gel A 30%3F AAE skl cell

59

e
4
-

UAl 10%2] NaClell &3 Az th. o] 7]o] 3¥je] ethanols 7}ahed

AAN 5 AAd=S STl 5o T8t dedxsaln. oin A o
12 cellulose membrane®. 2 FAFF 2,000 Dalton ©.2A EA}&Fo] 242 &
gagdroh ExpgFe] Z 2,000 Dolde] A vgdFuks dof 1 FATE

A

Gd7e S sy Y E iR gHRE JleERseor stes
WA FAAZI} ddHF 1 mge 1 mle Eo] oF 247 voltex 3] suspend
Y72 AIAA AANS 0.5 m® 2 fractioneZ e TS

Neutral sugarsE &913}7] s+ microfuge tubeo] 0.5 mlE ¥ 2M
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TFA (Trifluoroacetic acid, Sigma, T1647)< 200 wE H7Fst)h. o] AL 10
0CelA 4A]7F&<t incubation ¥ tha A4 cooling ¥ ¥ SpeedVacol A
A=A 7

T3 Amino sugarsg ZQIst7] 9184+ microfuge tube®l glycoconjugate
0.5 m< ¥ s 6 N HCI (Sigma, H0636) 200 pE F7Fskal 1007TC ol A

4A)ZF 59t incubation A1tk AW & Ao A cooling §+ tha SpeedVacel

A AZA7 S LCEAS Y3t A2 AZxsd. B4 248 gy
o}
<EA7)>
System : Bio-LC DX-300 (Dionex, Sunnyvale, CA, USA)
Detection . PED2 with intergrated amperometry

Data analysis : Al-450 on-line software
Column :CarboPac PA1 (4.5 X 250 mm, Dionex Sunnyvale, CA,
USA) with CarboPac PA1 cartridge (4.5 X 50 mm)

<EAHz7>
Mobile phase : 16 mM NaOH
Flow rate © 1.0 ml/min
Detector temperature . Room temperature
Injecter temperature : Room temperature
Column temperature * Room temperature
Carrier gas : He, N»
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Table 18. Sugar composition of extracted polysaccharides.

* The data were presented as percentage of each monosaccharides.

Sugars \ Samples Materials

Radish Red beet Onion
fucose 1.36 2.39 1,48
galactosamine 0.42 0.00 0.00
glucosamine 2.74 2.83 0.51
galactose 69.9 82.9 5.63
glucose 22.97 3.27 92.3
mannose 2.6 8.61 0.19
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Fig. 16. LC analysis for monosaccharide composition of the neutral sugar

from radish polysaccharide
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Fig. 17. LC analysis for monosaccharide composition of the amino sugar
from radish polysaccharide
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Fig. 18. LC anaiysis for monosaccharide composition of the neutral

sugar from red beet polysaccharide
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Fig. 19. LC anaiysis for monosaccharide composition of the amino
sugar from red beet polysaccharide
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Fig. 20. LC anaiysis for monosaccharide composition of the neutral

sugar from onion polysaccharide
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Fig. 21. LC anaiysis for monosaccharide composition of the neutral amino
from onion polysaccharide
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Table 19. Proportion of confued materials into intestinal beverage

KeNp=i
ST AR 2 (%) A7ME (%)
Mo
A F-42.6, Red beet42.5, citric acid 0.2, & 3.4, &8 132.7, 9 4.3,
H=0}2.8, %491.2  apple flavor 0.08, mint flavor 0.02q, B]EIRIC 0.2
B 426, Red beetd2.5, citric acid 0.2, ¥ 3.4, &8 192.7, S 4.3,
¥5E2.8, ¥91.2 apple flavor 0.08, mint flavor 0.02q, W] E}RIC 0.2
2426, Red beetd2.5, citric acid 0.2, & 3.4, &8 192.7, = 4.3,
C B .
AL2.8, %Fyl1.2 apple flavor 0.08, mint flavor 0.02q, H]E}IC 0.2
b T30, Red beet42.5, citric acid 0.2, 2.3, F41, 28 1192.7, 484,
AR} 154, %3t 1.2 E910.4, apple flavor0.08, pine0.02, HE}FIC 0.2
B 25,5, Red beet35,5, citric acid 0.2, #2.3, F41, 28|1132.7, 284,

A 26.9, %3}1.2 E90.4, ume flavor0.08, pine0.02, H]E}IC 0.2

=

E Fol7] 98 Tr7F 2 AdeldA Hud EgA 7 5 e TS
of Hpolfrs, Al AE 27 AR ER HUbelnh o7 TR EA] 1
ChAl G 3p7F AaekA] o WA vlaA @Al et e YuE 2w H7bet
712 gt Yal= 53] red beet9t Fo| MHSFe]  xanthine oxidase
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55 Alxstazt H7beS wighEs 248y 7R E g st
a2 itk F AR FHIE vk F£A4] ol HUMES oY AR x4det
A= 53] Fof 4t 59 dve Ads g ] e AAAA x=3)
= A gowA FrEa A AFEEE NEst7]l 98l apple, ume,
pine, mint, ginseng, 59 ¥UBE 1T AP U1 FgEwtoe = R
& adE 97 o8y 274 FE HFAH o= ARESte] top note®t base note
7} o] L7 lastingo] LHEE AT AL FuA It Pine ¥ minteE A=
top note’} 73Fal lasting®] °Fst= & appled} & 3 Ylo] =gy Q=
= P7IRE o] x3pF & He Ao yehwth WA umes thA &)

b AEs A 22 2ol sl ov] ddo=s= apple & pine o] 7t
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=
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2. &m) 1 2 3 4 5 6 7
O O O O O O O
o} jwach A g vl $- Et}
3. 9% 1 2 3 4 5 6 7
O | O O O O O
o} v} oA g - Z}
4, A5k 1 2 3 4 5 6 7
O O O O O O O
o= vjuec} oA gt - ZE}
5. TIHQA VE=
1 2 3 4 5 6 7
O O O O O O O
o} v oA gt o} -9- &

wHies) A vhe

_94_



AJAIE D AAE E
1. A 4.2 £ 1.52 4.6 £1.32°
2. &m 5.1 £ 1.45 3.3 £ 1.41°
3. ook 3.8 £ 1,20 3.9 £ 1,30
4. Algk 46 £ 1.19 4.7 £1.34°
5. T34 7] ¢ = 4.7 £ 1.29 4.5 £ 1.23

A=t pine &3 apple Fo] o]& WA 2 maskingste] FATHL BZHE
Gokel] oM E & RS @ AFstEe dule] A Vsl w57 91
GEE anA 2] @A sld W #AEAE A EY

o] & ¥ o] vtar SHsks A9-7F Bkt oVIME FEE Ml

w#
F A AAE A FEe HERE 29 B4 9A vt
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Fom HEEF O% Fobd + AR AAF Fdd B 0 A

o2 A%}

(4) Red beets= A&zt 55719k 74715 o83l 2Fdet. ZFodl citric
acid 0.2%, BIEFIC 0.2%5 H7Mel =<9 vy 2gS o AdA71a
ThAl A 7t

(5) ol=FAl LolX Red beet 59 pasteurization W o= 2htsto] Wyt
2o gojErt

6) Z+7 AxAAde AA TEolxl =5
22k A7 E FHAA o gt

(7) 22t Alzxzd G FAFS wigal & wat Tkt Ao gt FrE
getr] 98 ofelo] H7tES ol vt
citric acid 0.2% & 2.3%, <81 2.7%, DY 4%, & 0.4%, apple
flavor 0.08%, pine flavor 0.02%, B]EF¥IC 0.2%

(8) +H 7P ¥ A5 /Es fsiAe BATE 12-20% 4= ¢
A H7tet] i THS dEeA T BganE =8 75 3
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| hot filling3Fc}.
Table 24. Proportion of cofused materials for intestinal improving

Hj ] (%)

a8

A A D A AE E
T FE 30 30
Red beet #55 42.5 42.5
Abat FE 15.4 15.4
Gt F= 1.2 1.2
AT - 14
Citric acid 0.2 0.2
- 2.3 2.3
A 2.7 2.7
Y 4 4
=9 0.4 3.4
apple flavor 0.08 0.08
pine flavor 0.02 0.02
HERR C 0.2 0.2
beverage
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avlzte] 7157k tegaksta of)e] REel $RAY EF thusae e
0oA%E FeASE Ade] ael me eyl ek ssAel
o s ek AF EF el Holi,
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24, ofd, Aelw, WERIC o] dahe AlFe] EAIEA Hol vhE 74, A

%, 2 9 7, A, AE 5 A4 3
o wo] B a7H I Yt

o] 7px WM FAWNE B AAES Azsta o] AFL el
d At AdE, Swsty Fol s Fdaxe ws} w4E
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sheaet.

(DAZZ713ke] whE A=o] st
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e AF7IE e ¢ 10Y 7+ 0% 535 nmol A SR EE =Aste] A7)

ol wE Mol orgAS ZAMEIITE o AEE 535 nmel A 1.57) HE
= SHTE dUkste] 243 § wi3] samplingAl &%
Ak 28 220 HolE Axjol] o3}
7THA = 98%01d wol AThrt 40Y AW 96%= °F7t 7hAaEhAl ®h 1 o]
ZF A7 90D o] AHsHA HA 92%7+A FAETE Red beet®] WEFAlob
Ao EQAAS etethd o3t Axp= s mFAQl Ayeln 90d
o] FHE = Ao FA|7F FAGA HisHA "k oA Aol & o] AA
2 58 oF 3 shelf lifer 90¥9S WA FE= goF 3
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Fig. 22 Residual rate of betacyanine according to the storage duration
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in refrigerator.
(2) A 5 FH849 ¥t

REEoRl A A Foll ol kA FEeaTE WEkd ¢ glemw El
M 8AaES AN Btk HlERAlobd Al M A= pHel whel A A4e] A o]
A v R pHeE| FA417F FARY Fasty ZdREE SAS Fo=A gk
FARATE A BEHEAS B ARSI 909 E9E AF=sSh 650
nmel| A H=o] WstE SAste] A AREA A AT FHL

Storage duration (day)

0 10 20 30 40 50 60 70 80 90

pH 40 40 41 40 4.0 39 39 39 40 4.0
“Brix 10.1 10.1 10.1 10.1 10.1 10.1 10.1 10.1 10.1 10.1
s 0.32 0.32 032 0.32 0.32 0.32 032 0.32 0.32 0.32

£
g

- 0.85 0.85 0.84 0.87 0.86 0.85 0.85 0.83 0.85 0.85
(A650nm)

Table 25. The changes of quality in the prototype product according to

storage duration

« TE&d vAE: AFFA FHd A5
Aol Wsks 4% A% & 259 JeEtdidth Gk pHel ¥t gldlor
A A agE fAES 4 St 8EE 660 nmolA FFES SAEN

- 101 -



w7h g o)A

Tkl Aol WakrE glo] Fde] atE {4

g

=

=

} 1L citric acid 0.2%

°©

7t

J

pzs
=

=

=

]
=
)

ole] Axto| we}l ascorbic acid 0.2%

7}t AElE red beet9}

J

S
=

X
_Zf!
il

I e B i s i =) e

9|

g 9

=2 e

=i
=

E2!

S5A gk

% A7aE

o]

Zn)Ake] )

G

) o,

TR

o)

Jol 1 A%

S

‘C;Y:}—

o|

3T
=3

Al

=

3l

S

a1 717] 9
Fof ZAL

sl 650 nmell A

<]

=

=

A

X

571 9

<]

7
AFEe 7k

=

olg} AAXIY.  of7]eA

e

)

ofp

7Y

o
o =2

9] Nata de coco

74

beed oy &

- 102 -

uj#ke] 7]



ZoFl 9] 7] =

G
7

H
oy
=)
)

A47

Bl

S

s ol

S

A7y F5-

=]
=

Sol

Al
A

Eal

o) 7}

7

S}
=

oA, e

}

ke)
pul

= red beet$} 2

B

o

=

1
L

Al e oA,

3

o= Ay

o] AA A=

%

970 wlEpA oh 7]

o

-

ol
W EFAT P Al A A2 A]

Fal ALY R

A
i

4
=
"
B

e

T

°
yul

oA EpA ol

&

O
polysaccharidesel A &

A3} hairy rootd] == Hj

i

9
pal

R
7HA Skt 3Ah:
AE NEZA red beet} F-oF

=

=

a AR

A

g

Wl

o

i

242 2,000 DolAe] A7

- 103 -



g4 oluh
o179

Atk L 9o

__]_31

S

71 th

o
o A7 B AlE L

oz 7HA AedAdel o

=

28 = 7]

wel =
F SNU-C2A

S5 A~
=

3}k

=
3L
-

s ofel 7H A
oro =
A7t

S

4
screening
=

o

1=
antimictobial testollA UM T/ IHFSAAAM T BT o

ro g

3T

F Hela 229, tdehA
(e}

3L
s 5

A

A5 AL Ao &8A Y

XOD inhibition effect

o}
=

AT A A

wEA

o
_
ol
K
o
™
=
ol
N

7he Abgel &

!

el

0

A=A oF 370

A

R
[e)

R

T
™

i s

A A

s
—a

- 104 -

Al Hw 1 o] sfel

S

Jo] =Wl 7]



=23 AA717ro] a7 cold chain systemlZ % ojof sto g ARAAF
=k AR weol B dde] ok a2 dAAEME= 71E9] cold chain
system& 7H QAE dAAse= Ao FEAHY o= Euh gy aFIhrt

15 Z=Es7] Falide dART 3 97 fadel= © 75 gtFo] 879

N

A AASFAY EY Fnrt 95 A2 wASE A% upEAsita

BN

B 4 du. 7)o xylitol ©]Y pectin, gum T AFES 4 o 53

Nata de Coco 5% %28l beed o2 AHste] Abdtid B9 7152

&
HAl st o] Atstet= el frefd Aom AlmETh

ol
N
X0,

kv

%

- 105 -



A6% FaEd

1. Bland, J.S. and Medcalf, D.G. Future Prospects for Functionnal Foods,

pp. 537-551. In: Functional Foods: Designer Foods,Pharmafoods,
Nutraceuticals,Goldberg, I.(eds.) Chapman & Hall, New York, USA
(1994)

2. Duthie, G.G. and Brown. K.M. Reducing theRisk of Cardiovascular
Disease, pp. 19-38. In: Functional Foods: Designer Foods,Pharmafoods,

Nutraceuticals,Goldberg, I.(eds.) Chapman & Hall, New York, USA (1994)

3. Kook-Hee Kang, Kyung-Min Kim and Sun-Gyu Choi. Effects of the
fructooligosaccharide intake on human fecal microflora and fecal

properties. 1996. Kor. J. Food Sci. Technol. 28(4): 609-615

4. Okubo, T., Ishihara, N., Takahashi, H., Fujisawa, T., Kim, M.,
Yamamoto, T.and Mitsuoka, T., Effects of partially hydrolyzed guar gum
intake on human intestinal microflora and its metabolism. Biosci. Biotech.

Biochem. 1994. 58(8): 1364

5. Seok-Hwan Cho, Ho-Joung Jeon, Yu—-Kyung Han, Seong-Hun Yeon and
Young-Joon Ahn. In vitro growth-inhibiting effects of leaf extracts from
pinus species on human intestinal bacteria. Agic. Chem. Biotechnol. 1999.

42(4): 202-204

6. Adams, J. P., von Elbe, J. H. and Admundson, C.H. 1976. Production

- 106 -



of a betacyanin concentration by fermentation of red beet juice with
Candida utilis. J. Food Sci. 41, 78

7. Kim, S., S. Kim, J. Lee, S. An, K. Kim, B. Hwang and H. Lee, 1998.
Optimization of betacyanine production by red beet (Beta vulgaris L.)
hairy root cultures. Kor. J. Appl. Microbiol. Biotechnol. 26(5): 435-441

8. Masahiro, K., Y. Hitaka, T. Masahito and T. Setsuji. 1999.
High-density culture of red beet hairy roots by considering medium flow

condition in a bioreactor. Chemical. Engineering Science 54, 3179-3186

9. Hirano, H., M. Sakuta, and A. Komamine. 1992. Inhibition by cytokinin
of the accumulation of betacyanin in suspension cultures of PFhytolacca.
americana. 7. Pflanzenphysiol. 110, 135-145

10. Lee, K.A., S.Y. Lee, S.J. Woo, J.S. Jo, and S.M. Byun, 1992. Red
pigments separated from flower of Cockscomb by agarose gel

electrophoresis. Foods and Biotechnology. 1(1): 58-62

11. Hirose, M., T. Yamakawa, T. Kodama and A. Komamine 1990.
Accumulation of Dbetacyanin in Phytolacca americana cells and of
anthocyanin in vitis spl cells on relation to cell division in
suspension cultures. Plant Cell Physiol. 31, 267-271.

12. Masaaki S., T. Takagi and A. Komamine. 1986. Growth related
accumulation of betacyanin in suspension cultures of Phytolacca
americana L. J. Plant Physiol. 125: 337-343

13. Steiner, U., W. Schliemann, H. Bohm, D. Strack. 1999. Tyrosinase
involved in betalain biosynthesis of higher plants. Planta 208, 114-124



14. Noe, W., C. Langebartels and H. U. Seitz 1980. Antocyanin
accumulation and PAL activity in a suspension culture of Daucus carota
L. Planta 149, 283-287

15. Obata-Sasamoto, H. and A. Komamine. 1983. Effect of -culture

conditions on DOPA accumulation in a callus culture of Daucus carota L.
Planta 149, 283-287

16. Sakuta, M. and Komamine, A. 1987. Cell growth and accumulation of
secondary metabolites. In "Cell culture and somatic cell genetics of
plants" 4, 97-114 (ed Constabel, F. and Vasil, I. K.), Academic press,
San Diego

17. Sakuta, M. T.Takagi and Komamine, A. 1986. Growth related
accmulation of betacyanin in suspension cultures of Phytolacca americana
L. J. Plant Physiol. 125, 337-343

18. Sakuta, M., Hirano, H. and A., Komamine. 1991. Stimulation by
2,4-dichlorophenoxyacetic acid of betacyanin accumulation in suspension
cultures of Phytolacca americana L. J. Plant Physiol. 83, 154-158.

19. Schwartz, S. J. and von Elbe, JJH 1980. Quantitative determination of
individual betacyanin pigments by high performance liqued
chromatography. J. Agri. Food. Chem. 28, 540

20. Schwartz S. J., Hildenbrand, B.E. and von Elbe. J. H. 1981.

Comparison of spectrophotometric and HPLC methods to quantify
betacyanins. J. Food Sci. 46, 276

- 108 -



S5 =2
— o (=

s

SoflAf Al

nd

Ho

ol BEaME=
Atdo| o E A QL C},

1.

L| T,

E

=

=)

5| Of

O

HE
271

o

CH 2|

o O
(=

LA

F

__On_

ELl

712w X[of

il

ol

7|

F

3. =7kt

of| E L Cf.

—

—

03 A

°

7H
- 109 -

prn §
o

7 —
oz ¥x L&

4

X
A




	식물체유래 베타시아닌계 색소 및 기타 생리활성물질을 이용한 장세척음료 개발
	목차

	제 1 장 서론
	제1절. 연구개발의 필요성

	제2장 국내의 기술개발 현황
	제3장. 연구개발 수행 내용 및 결과
	제1절 서 설
	제2절 연구개발 목표와 내용
	제3절. 실험결과 및 고찰

	제4장 목표달성도 및 관련분야에의 기여도
	제5장 연구개발 결과의 활용계획
	제6장 참고문헌



