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SUMMARY

II. Analysis of Biological Activity of Environment-friendly Cultivated Crops
<Theme II>

2-1. Analysis of biological activity of environment-friendly cultivated crops - Evaluation

of antioxidant activities

The aim of study was to evaluate and compare the antioxidant activities between
envirorunent-friendly cultivated crops (EFC) and conventionally cultivated crops (CCC), and
to measure useful bioactive compounds in the crops, which were grown in controlled
conditions in Jeonnam Province. After harvesting, EFC and CCC crops were extracted with
70% methanol. Total phenolic compounds, flovonoid contents, biogenic monoamines, and
serotonin derivatives -were measured in EFC and CCC peppers extracts. EFC pepper had
higher total phenolic compounds, flavonoid contents and showed higher radical scavenging
activity than those of CCC pepper. The levels of serotonin and feruloylserotonin in EFC
pepper were higher 2-4 fold than those of CCC pepper. Organic rice also had higher
contents of phenolic compounds than conventional-cultivated rice. To compare the
antioxidant activities between EFC pepper and CCC pepper, HepG2 cells were treated with
various concentration of the extracts and followed by 1 mM H;O. treatment. EFC pepper
showed higher protective activity against oxidative stress induced-cell death and inhibition
of intracellular ROS generation than those of CCC pepper. EFC pepper inhibited lipid
peroxidation more effectively than those of CCC pepper. To analyze antioxidant activities of
rice bran extracts, HepG2 cells were treated with various concentration of rice bran extracts.
Organic Hopum and Hopyeong stimulated the cell growth and strongly prevented cell
death induced by oxidative stress than those of CCC rice brans. To analyze the effects of
crops on alcoholic derived liver disease, HepG2 cells were treated various concentration of
ethanol and analyzed the cell toxicity and intracellular ROS generation. Pepper and green
leafy extracts prevented ethanol induced cell death and reduced intracellular ROS
generation, however, the difference between EFC and CCC crops was not detected. Organic
Hopum and Hopyeong rice bran also showed the protective effects on ethanol induced cell
death and reduced intracellular ROS generation, however, the difference between organic
and CCC rice bran extracts was not detected. Lettuces extracts inhibited the activation of
PARP and caspase3, which are involved in apoptosis, induced by ethanol treatment on
HepG2 cells. Taken together, these results suggest that EFC showed stronger antioxidant
activities than CCC, and thus represent evidence that EFA with biocontrol materials may
improve the functional properties of crops and/or secondary metabolites with antioxidant

activities when compared with conventional agricultural practices.
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2-2, Analysis of biological activity of environment-friendly cultivated crops - Evaluation
of anti-diabetic activities

This study was conducted to elucidate the anti-diabetic activities of environment-friendly
agricultural products using in in vitro model systems (mesangial cell, podocyte, hepatocyte)
of metabolic syndrome (diabetic nephropathy & fatty liver) for the application to diabetic
nephropathy and fatty liver. The extracts of environment-friendly cultivated pepper have
more strong preventive effect against high glucose (or palmitic acid)-induced activation of
fibronectin, Akt, and ERK in mesangial cells or podocytes than those of conventionally
cultivated peppers. Using proteomics, proteins involved in the preventive effect of
environment-friendly cultivated peppers in vitro model of diabetic nephropathy (i. e:
moesin, pre-mRNA-splicing factor SLU7, gamma-glutamyltranspeptidase 1 precursor,
cathepsin L precursor, F-box only protein 6 and transgelin) were elucidated. The extracts of
environment-friendly cultivated peppers have more strong preventive effect against palmitic
acid-induced apoptosis and alteration of p 38 MAPK, JNK, Bax, PERK, and Bcl-2 in
hepatocytes than those of conventionally cultivated peppers. Proteins such as collectin-12,
UDP-glucose 6-dehydrogenase, glutaminase liver isoform, microtubule associated protein 6,
WW domain-containing oxidoreductase, Zn finger protein 94 and protein UXT were
involved in the preventive effect of environment-friendly cultivated peppers in vitro model
of fatty liver. But There was no general difference of physiological function between EFC
rice and CCC rice in in viro model system of diabetic nephropathy and fatty liver. Both the
extracts of EFC lettuce and CCC lettuce did not prevent the dysfunction of in in vitro
model of diabetic nephropathy and fatty liver. There was no preventive effect of two
groups of perilla leaves in in vitro model of diabetic nephropathy.

2-3. Analysis of biological activity of environment-friendly cultivated crops - Evaluation

of immunomodulating activities

To examine whether environmentally friendly cultivated crops (EFC) provide greater
beneficial effects on immune functions than conventionally cultivated crops (CCC), the
immune modulating activities between the two groups were compared by using both in
vitro and in vivo (ex vivo) experimental systems. EFC capsicum showed significant
lowering effects on the production of IL-4 and IL-13 in PMA-ionomycin activated RBL-2H3
cells, a basophilic mast cell line, which was more potent than capsicum. In activated T
cells, EFC Hopyong, Woonkwang and crown daisy reduced the production of IL-4, while
lettus significantly increased IL-2 production, and their effects were more potent than CCC
crops. To evaluate the in vivo effects for immune cell activation of EFC, we examined the
production of cytokines and immune cell activation in murine peyer’s patches (PP) after
oral administration with capsicum extracts. The leo es of cytokines including IL-2 and IFN-
¥ were dramatically increased in the cells from mice treated with EFC capsicum. Data from
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FACS analysis indicated that EFC capsicum significantly increased the CD3 positive and
CD19 positive cells in PPs. Furthermore, the percentages of IL-2°/CD4" T cells were
significantly increased in the EFCC treated group. HPLC analysis revealed that the specific
peak at 405 nm was increased by 4-5 folds in the extract from ECC capsicuam compared
with that of CCC. Oral administration of the isolated compound (EF-1) from the peak
showed the same effects as demonstrated in EFC capsicum treated mice, indicating EF-1
might be an active compound. The production of IL-2 and IFN-y as well as the
percentages of IL-2°/CD4" cells in peyer's patches were significantly increased compared
with the control. Our data suggested that EFC has immune modulating activities and

greater beneficial effects on immune cell activation as compared with CCC.

24. Quality evaluation of environment-friendly agricultural products with respect to their
functionality and favour

Agricultural products collected from Jeonnam area were evaluated their physiological or
functional properties like pH, hardness, total acidity or functional compounds content such
as antioxidant compounds, polyphenols, or flavonoids for pepper, pear, strawberry,
tomatoes, apple, citron, and Bujiwha. typically, EFC pepper showed higher values on
hardness, chlorophyll, amino acid content, capsaicine, total phenol, antioxidants, NO
scavenging activity, compared to conventional pepper. Organic rice showed higher quality
with lower amount of protein or amylose, and lower pasterized value, and showed higher
functional properties such as anti-lipid peroxidation, phytic acid content, NO scavenging
activity or antioxidant activity. No pesticided lettus showed higher product quality with
higher content of sugar or, chlorophyll but safer with lower NOs-N content, compared to
conventional lettuce. It also showed better functional properties with anti-lipid peroxidation,
catechin content, NO scavenging activity or antioxidant activity. No pesticided crown daisy
and perilla leaves showed lower NO;-N content, but higher NO scavenging activity,
anti-lipid peroxidation or antioxidant activity. No pesticide-treated green tea showed higher
amount of total nitrogen, theanine, free amino acids, chlorophyll as well as the better
function with anti-lipid peroxidation, catechin content, NO scavenging activity or antioxidant
activity, compared to conventional green tea. Green tea exposed to CO gas contained 10

times higher amount of GABA than conventional green tea
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V1. SUMMARY

Title : Analysis of biological activity of environmental-friendly agricultural materials -

Evaluation of antioxidant activity

The aim of study was to evaluate and compare the antioxidant activities between

environmental-friendly cultivated crops (EFC) and conventionally cultivated crops (CCC) and

to measure useful bioactive compounds of crops using HPLC and GC-MASS analysis. To

obtain EFC pepper, lettuce, and sesame leaf, no fumigrant or fungicide had been applied in

any part of the greenhouse. All tested crops-pepper, sesame leaf, and rice-were cultivated

in same environmental green house or fields in Jeonnam Province. After harvesting, we

selected EFC and CCC crops that showed no physical defects or signs of pathogenic

contamination and extracted with 70% methanol. To analyze antioxidant activities such as

protective effects against oxidative stress induced-cell death, inhibition of intracellular

reactive oxygen species (ROS) generation, lipid peroxidation, and activation of antioxidant

enzymes, HepG2 cells were treated with various concentration of crops extracts and

followed by 1 mM HzO: treatment.

1) Evaluation of bioactive compounds

= To analyze the bioactive compounds in EFC pepper and CCC pepper, total phenolic
compounds, flovonoid contents, biogenic monoamines, and serotonin derivatives were
measured. EFC pepper had higher total phenolic compounds, flavonoid contents and
showed higher radical scavenging activity than those of CCC pepper.

= The levels of serotonin and feruloylserotonin in EFC pepper were higher 2-4 fold than
those of CCC pepper. '

* Organic rice also had higher contents of phenolic compounds than
conventional-cultivated rice.

2) Comparison of antioxidant activities between EFC pepper and CCC pepper

» To compare the antioxidant activities between EFC pepper and CCC pepper, HepG2
cells were treated with various concentration of pepper and followed by 1 mM H:O,
treatment. EFC pepper showed higher protective activity against oxidative stress
induced-cell death and inhibition of intracellular ROS generation than those of CCC
pepper.

« EFC pepper inhibited lipid peroxidation more effectively than those of CCC pepper.

3) Comparison of antioxidant activities between organic rice and CCC rice

* To compare the antioxidant activities between organic cultivated-rice and conventionally
cultivated-rice, Hopum, Hopyeong, and Yungkwang rice bran were harvested and
extracted with 70% methanol.

» To analyze antioxidant activities of rice bran extracts, HepG2 cells were treated with
various concentration of rice bran extracts and analyzed antioxidant activities.

« Organic Hopum and Hopyeong stimulated the cell growth and strongly prevented cell
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death induced by oxidative stress than those of CCC rice brans.

+ Three kinds of organic rice brans also showed the inhibitory effects on intracellular ROS
generation, however, did not inhibit lipid peroxidation.

4) Protective effects of crops on alcoholic-liver disease model

« To analyze the effects of crops on alcoholic derived liver disease, HepG2 cells were
treated various concentration of ethnol and analyzed the cell toxicity and intracellular
ROS generation.

« Ethanol induced the cell toxicity and intracellular ROS generation over at concentration
of 800 mM.

« Pepper and green leafy extracts prevented ethanol induced cell death and reduced
intracellular ROS generation, however, the difference between EFC and CCC crops was
not detected.

+ Organic Hopum and Hopyeong rice bran also showed the protective effects on ethanol
induced cell death and reduced intracellular ROS generation, however, the difference
between organic and CCC rice bran extracts was not detected.

» Lettuces extracts inhibited the activation of PARP and caspase3, which are involved in
apoptosis, induced by ethanol treatment on HepG2 cells.

From the study, generally, EFC crops showed the strong antioxidant activities and had

higher phenolic compounds and flavonoids contents than CCC crops. Taken together, these

results suggest that EFC showed stronger antioxidant activities than CCC, and thus
represent evidence that EFA with biocontrol materials may improve the functional
properties of crops and/or secondary metabolites with antioxidant activities when compared
with conventional agricultural practices. To better understand the physiological effects of

EFC crop extracts on human cells, further studies are needed to investigate molecular

markers defining the changes in antioxidant activities in EFC crops subjected to different

cultivation conditions and practices.
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(1) Oxygen radical absorbance capacity(ORAC)®H &
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| Uel}, ORAC 240 <%

radical scavenging activitye} 2

ORACyy, ORAC BAIHIZ 0182 120 alfvel $14 BA
(©xygen Radical Absorbance Capacity) ) Relwlve ORAT vaus
- Susple (M T img W WY
squIM £ 4610 AAPEON <15E Buorescein®| 7133 WO| A5} HEA A WL
A (‘)N'A!)ilna.()iiwlﬂld"ﬁ'” VAL A STO] BINTTE B E AL PO 7. 1T B TR L 1. %L SN
2l y K2 THUE Al OF 209014 arihe @18
;‘ "'! \-‘ ."* ;%: i
- e ) Gx
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T .:_"_: B YA REAAT 4
» ORAC A 2(Ou et al, 2001) &A2kAol 23] EFEA fluoresceino] 3= <= A&
FAME FEEolY EAstmzl e AR 3 Helge Fx wel ARe F4kE
S e BAHOE (O¥ 1), 304%5Y BAY € A FAs S BHT
A% Fisoh SABA 10430% FAFH Bl VYA FHEED EA dehon,
9% #9%) Boluols Y Mm B4 AR T} FUEAAN HE Fun

[& 1] ORAC Wi € ol $3tel 4% s

¥

v wenes, | sty PR
(ma GAE/3 DWW | (mg RE/a DW) °
280 47 £ 52 2.67 £ 0.03 ¥ ‘719’ e
59 248147 1421 010 =l 0y Booa
) agy 411110 6.91 £ 0.09 v Rl AR v SR
s 408+ 19 642 + 0.07 RL] 133169 B9 97331 554
E0te 250t 99110 0.50 £ 0.04 EjE  BBY 5106 0% e 5% 14+ QoS
=% 75+ 04 093 + 0.01 &9 23104 &9 20604 13
EME_D} 259 11412 04 226 £ 0.06 ;I‘Ii"l oF® 52423 mw r Ry 7647 2 153 ﬂ-....
59 109+ 0.3 1.88 2 0.00
=9 50425 L3 ] 8143 1 151
@) F5F SATH FF FAEY FE4R v
C EE} BRI 5 FAEY FASTES SukolE TS BT B P
AT FABHA 5 FAECA fRE dEo] A HEHIG FFeF wAEH
ok 48 HPLC BAME o83t #8484 84 7heel wol2obuissel u
oleolyl $EAS ARL BN 27 T} EnpES nFolH ARZEJ PRo] 24
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z o1&l H o, ulo] eyl
(Ly et al, 2008a) (c2@) 3, 3 2 i),

[ 3] HPLCE o] &8 F ot

T TEED)
LI BT IRYESTRE

G5 Al FSel dh gl 2-6u) Fr)E
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. wavigh
s ; il b4 Bt
H 4 ]3:; l
o ,. - o -t 48 B A
[3 2] HPLC @MW & o § 8 wiol 8.0k REAN g Y
) Veromylmervionty ___(_n-cnmn-ht ;nv_vylynnlu
_f‘m o o refgdw e/udn
Ry uy 035 ND 124
ERI MR 8 (8] ND N
Fyan ND ND ND
ot 4| ND ND ND
Yaorwne "4 147 ND
% 0) bbb an 3AS Ny
LR LB L 806 278 o
K oMofig v N 004 276
Mlmh;chv—ninod_ - -
() %9 FEUDYA B HA) GC Mass

(1% 4] GC-MASSE ol 81 5ok PEYE

el A ndo| AJE B4

HEY Ry 28 a9un 22

-,

| N
AL |
1= 8 I It \

70% nthano! 599

o—o}; ,go‘:} kvl *xg;){ 'Q} f@f)ol. Jltr.'r'f.,m 70% D“rf‘}@_

11

ol s & F GC Masss
gf, ek e} T mSola] clokgt Ealo] Aq Qor ] olE &
mipok B.o gishalulo] gk W2IE 0} Al www & kg oAl
vhelo] whetd g 2 4 2l Ak (Choi et al, 2010)(=1¥ 4).
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@) Fedeisyd B wy gl a2y
(7} wtejebyl A BlEd EYER, g, d2Ed E ule|feolwl §Hekd
HPLC $4 & o] &8l ek BAStAcHy 5). 23+ glapl ko]l 7h A o
Elst o (127~333 ng/g dw), EgEvte] 86~211 pg/g dw, BEREelRlo] 23~34 ug/g
dw, MEEWo] 78~123 yg/g dwe @ A& luh ole)d dite 2008t ¢ Journal of
Medicinal Foodoll 7] A1 8hQth{Ly et al, 2008a; 2008b).

(2% 5] $%et 13t EERTETETCICOELERL B

mﬁ“%

% tw-? s 24
eay 1123 233 %3 13322
ER s 1029 %3 (8 14
[ R 200 81 105 1250
IR LR 1880 n2 24 [SVR
5824 1376 079 13 1384
(14 ey 1548 " 121 1528
fik R ALz 754 79 1272

0P 18,2488 17,2159 2207 178.0473.8
393 128.2443.9 322:27 104134 180.99103.2

(v}) Hydroxycinnamic  acid amides (HCAAs) Farit4: Coumaroylserotonin  (CS),
Feruloylserotonin  (I'S), coumaroyltyramine (CT), f@rulovltyramine (FTI) 4 Tl
r'vlcmw e HPCLE ol 3te] PB4 HQHIY 6). naelE CTo} /4w
o] weten], FS, (S o i FAEFgdut il FIe fHEFe) 28 0053 F 5o

thg 1*] i AR el &o)E Wt

28 6] 13t% wf wyznua T3] HCAAs §4 ¥4

auy 0.10 0.35 021 0.32
PEVIIS - 0.09 0.20 (.15
Ty 0,12 0.27 0.54
X M2l 010 os7 0.23 0.13
ay+ 0.07 127 025 0.59
4 M2 0.04 0,06 0.50 0.38
xR 0.0% 016 030 D47
x| 0.08£0.02 0481053  0.3210.13 0.55:0.08
My 0.0940.04 0211021 0371017 0.2840.13
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(5) B3e, Aol wobau) wol Piksh 444
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Aok ¥y oty gk ulg we {43 s pgdon, guAow 5
GerAlal ghol ksl Al g R § AVl wlay g A Liblai'«i( 131 7)

" _TT"_ .‘gq (2}
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(218 7) 47h2) F2UE o188 Tk, Ash wohul ge] vl #4

ek Awel FoF ¥ Rl X]I”H'?ﬂ W7ol A8 A W AR RS MY
PR W RS B B B 2 s R d B W R J*’s 80%01]%‘ &, 80%
oghE, 80% obMlE EojE o %6}04 F &8l ?ffd B} & rolary evaporator&

ol g3 FoI8viE FEAN F Eel o] ORAC B4H S o] fsle] #alel §4&
A EAn. 58, Bk A %} 7hE-d ANt ‘“3019} Hulel gabsl g4l vt ﬂil*’~
gk, Fopmieolm @ H& BYslQul wAA Lok Aok fu)d Mo
AR AubE wglon], AvbA o s ok go| gl g4 W s ge § A 5‘
o A] Wit A ¢4 viepwtel(y 8).

(19 8] 47bA W& ol & Lo, A¥el, Fopslu o) uia £4

(6) AFA wAEa yhey A "‘6“{“}%91 Howel WA
* 13,56 WEHY 05 A8 8% dis] 102F9) ol thE @5 wops B4
gyt wE weF 5“"‘ A B ;"”LH‘?N’ UEA lEAMelol ofglsla] Haske
onf, HAb Aot A 9 B A 0% REM dH wekel HE S | kvl
¥ 9).
o B4\% gas chromatography Wy -e ©]4 % GC-ECD, GC-NPD%} HPLC B4 & o
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£3 HPLC-UVD. HPLC-FLD ¥i-& 53 B43lged, E4% 5% 2 AEE o}
9} 2t

4% 59 102%: Azoxystrobin, Bifenthrin, Butchlor, Chlorfenapyr, Chlorfluazuron,
Chlorothalonil, Cyfluthrin, Cypermethrin, Deltamethrin, Dichlofluanid, Dicofol,
Difenconazole, Endosulfan, Fenarimol,Fenoxanil, Fenpropathrin, Fenvalerate, Fipronil,
Flufenoxuron, Flutolanil, Fthalide, Halfenprox, Indoxacarb, Iprodione, Isoprothiolane,
Kresoxim-methyl, L-Cyhalothrin, Lufenuron, Nuarimol, Paclobutrazole, Penconazole,
Permethrin, Probenazole, Procymidone, Pyridaben, Pyridaryl,  Tefluthrin,
Tetraconazole, Tetradifon, Thifluzamid, Triadimefon, Vinclozolin, Bitertanol,
Buprofezin, Cadusafos, Chlorpyrifos, Chlorpyrifos-methyl, Cyprodinil, Diazinon,
Diniconazole, Edifenphos, EPN, Ethoprophos, Fenitrothion, Fenthion, Fludioxonil,
Furathiocarb, Hexaconazole, Iprobenfos(IBP), Malathion, Metalaxyl, Methidathion,
Parathion, Pendimethalin, Phenthoate, Phorate, Phosalone, Pirimiphos-methyl,
Pyrazophos, Tebuconazole, Tebufenpyrad, Tebupirimfos, Terbufos, Tolclofos-methy],
Triflumizole, Acetamiprid, Boscalid, Carbendazim, Clothianidin, Cyazofamid,
Cymoxanil, Diethofencarb, Diflubenzuron, Dimethomorph(E,Z), Imidacloprid,
Mepanipyrim, Pencycuron, Pyraclostrobin, Pyrimethanil, Tebufenozide,
Teflubenzuron, Thiacloprid, Tricyclazole, Trifloxystrobin, Carbaryl, Carbofuran,
Fenobucarb(BPMC),  Fluquinconazole,  Isoprocarb, = Methiocarb, = Methomyl,
Thiamethoxam
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& ¥l «63»]- W 2528 HE WE UAdo] BYsgon], Bl EiE, wob WAR
25 g8 $44 vehdo(crg 10).
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Nt p .
e _ é’ S
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ol T R i ;
ilim ﬂl b B i
e 14,0, R . . BT RS
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& ol §¢ BB Gy B
fak
s HepG2 Mo A 7] wd(1, 2, 32 A3 %) FE2EE X 42 0.025 - 250 ug/ml
A Fr A AR *M‘Oﬂ Ae-g vl A=) eFddrt s FEA Aol M 25 ug/ml o] 4ol

AL 80% olat2 AE Aol oAl =UTHIH 1ic).

* HepG2 M|¥ef A F7] 025 6% A3 2F) FEEE )@ A 0025 - 250 ug/ml7
A9 ErdA dzFad via 3QAE Al 80% ol4o g MEAMAG IFA L' etk
A WP ME 250 ug/micll 4wk 80% o)stR XA e AA s HOFE KL
(19 11b).
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[29 1] Fwof sl gadng nFsk ZhHE HepG2 Aol A 98 ¥8
2l by
Cell Vighlirs - Cell Viahility o x
P - i LR
14 i © 4 t & s
120 S I e T oo o
109 i 1 L : i 3 _n;;an i
L ; 3 . 2 o0
S ‘gm +
3{0 ¥ 0 ]
20
o L 1 . " L 0o P f
. 0e8 028 28 W™ 2%y Rz (28] s ast
) AY F2 R mpmly
Wr 2 8% e mly
(W) Ahabs 2mahege Ad BEgd $4
o DA ES] TmM HO-% 2 2] 8] ‘i’il Zha iy ef 50% vhid Al Bl olds sbglr e
waw olgk AN Abgg Aol Falldha Al ake]l EElAl sd chakg el el
5:] i (Conley et al, 2007, Forman, 2007, Moungjaroen et al., 2006). o] 2|§ 388 A5
lgsiel dUstgon, vadel fuldbe A AXEAUE AAste G Hy

Mol A wobrzl fishel B 4¥E& susth
LN 0 IR P 3”4“1 ’“ﬂéﬁ Ha %}"" ”&”’% ey ik Hed
ImM H-0;

Ll "r.-‘v"";"vf“\"; i .;‘?»F L, WMHH T RS 0025425 png/ml FEE Froia

fraflata® Qg A% AldE Ao s sty 12).

[ J‘f} 17] _,ﬂ”"« mr‘:‘és. \0] ﬂ,&i)&} -ﬁ-_‘l:fd“[I "lf?ﬁ‘i‘.}i%*‘;‘ @'51

Autioxidant effect ‘PR
sy

LTI

DY AT (ghniy . - 0.628 025 2.8
T\ Hy Oy + + & + IR B

126
100
80
60

% of Cuntrol

40

20

“ M; treated cell ¥ 9130, P<0.05
3 QG0 AY N, P0.0S

o it 25~25 ug/mL o wEelA Fped a1t paiAvlagnc g4 58 MR AR W
TRAYE HAom, olg§h dole F rT 250 pg/ml7bA] A& s gluk ¥ ¢ty 20104
gha st Ay st =& st vhi(Choi et al, 2010).
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{(€]) A¥E 5802 A(reactive oxygen species, ROS) A1 oA 24l &4

g FEEC] AR AU Falaba A4 oA &4 ¥ 7-‘3-L’1‘ izt wlaA] A

a%Ee] A 0025 - 250 pg/ml ERolA A9l didyel wis] AlEW ROSE e 10-20%

A7 2l gelabinh shaleh, @late) A 025 ug/mmmul Wz fFALsE

A M 25 png/mL o]sbol My dose-dependentstsl F7labi: @S Beu] il 40%

7F HATHILY 13a).

|3£o) 1mM H.0.% #e|ste] Arshx e

: 4% 3 EURR AW feal vk A8 S5 54 9Ek AR ME 30% YRR
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(v} Baksk B4 A4 CAT, SODe &4 ¥4
I CAT Activity

A 2EEE A Fol HepG2 Aol ksl &4% vl Catalase?] 48 %47
#hoeF 1.1 - 1.2%) A 5 e] Catalase Aol v ¥ Achry 15a).

50D Activity

SOD #Ale] e ek NBT2| formazan 402 2Q1eh st tjzis) Aozt 4
o) uleluba) ererc) ok 2E mEe 0.025 ug/ml 2F 25 ug/miel A b eF 1%, 20%
Ang Evhshe FAE RER B8 05 Age 2 yRelA o 25%, 12%8 Po
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«;J (219 16).

(21§ 16] EAQo] BAE ARl v]A= °é°;¥'!’ii-il

Viahatiny .,"-‘
- i YT
in su-uq
T M l
5
fa
7
# g ml ¥
S8 N e H AN T XEY
ry
200
A
" k.
o, B dl
voxt g 13 i 130wl
) Find MU
- 14 -
NE2EH: M 2 HADK SHFsME Jsd HIH/ sEUNES



() BalAl/ AR E )/ v R A SR el AW ROS 44 A €4
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%0 EFg DA F eRARYL Fa 0 ;.J_ ~E a9,
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Evaporator® o]-§8te] 71 4vl & AAsta DWell 3o} s ggel AbE-s o
« U7 HFEBol TME A piAe s B8ty 9ste] HepG2 M Eo
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e

(Lh) 283 AEAREE AT REA B
o 2B AR AR NEY HEs BEstEs A e BAEY] $18le] M) FEES
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8
Aatioxidan( effect (ZHB])
WEF #0C
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o
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Antloxidant effect (ERH)
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-~ 0025 025 28 28 280
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(th A2 ROS o &4 4
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stTh(12la). ¥4 Hep oA o BE ) Ry o) FEEE AZY ROS
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olte] wwolA AXEW ROS 44E FEstgdcity 2la).

S0 w7 2L f7A DYA BF MEY ROS Y40 ¥ v e
ol xj A ekekrh,

HepG2 2] 1 mM HiO:& Helsle] ks 2E#2E 718, MEZW ROS 44
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© 1‘4“’]&:71] vizbe] ofo] MExEoA] AAE ROSE #|7}3 =rere] kg HASIE AL

CH 2 AN HBASME Jlsd B/ SEFMUAER
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B tuiracefular ROS (ZHBLy
B Iatrucellular ROS TosEFuCE
WEF #0C 260
180
H 5 180
? 108 &
i = 100
3 s E
T o TP
o o “

0.m28 028 2.5

1028 D2 2S 28 IS gl
21 Uii)‘?iﬁ(nmt) . « « f 4 v T,
L] tatraceilsha ROS (YY)
Totracelluiac ROS MEFCC
< QEE @4CC Ho e
00 120 PO
i g o L
LRl T 60 M 1
i E i
20 eesx )
o y i

& 3R 25
0.025  0.28 & D28 DAL A 18 S0 prwl

E@WIUH,‘!FGI (ngmLy R— 5 . . v ImdERD,

[EC R

CR AR EERE SR

« b A g AE MY AdnE g F5lrhSevanian and Urising, 2000). 1 mM

H2028 Aelshw AEd Ao saBeE Wae] Uolum, cars s
30%9] A4 Hate}s dolubl et

* Ul FEEE HHSRE W A e
TRl AN M7 238 25 AN
F oAUtk y 2)

M18_

NEEX: M2 UMM HSFdsas JIsd i/ sEHSMASR

o}



(e 2] 1 a5 AR oA 84 24

A LIpid pesasfitaiton (3B 8
“LERCC
144
[¥0]
2 108
3 9
3 6
KT
26
@
dan2g 28 nyml
B L NEUAY
i 14pid perosidanon (3 B
156 GErece
o ;g T M
e, ¢
- ' I '
i
[
Hod 2.8 pLl] sl
M0
< 14pid peranidation (& BB}
wir e
i
il
.
= s
4
= e
T @
M
n
0029 1§ 50 pyel
L3O,

) fri-delga B4 9 Fse el ¥y
* HPLC &4 & ol &l Figof &M 2-00] o] i H&E FSef Aeisrs ¢
BE AAREE ol Rt Ak FSu 4 ¥eld 4kat Bl wlametEg o )
aste] RekE wf Abds wE gala S welow, HHE QRS FAARG(Y
zwrwmwﬁmR@;@ﬁwxMJ@%ﬂ¢%ﬂﬂﬁfﬂélw%wu 24).
o o 82 20100 5 Fitoterapia 2ol A 2 8FA o} (Chol et al, 2010).

[(24] 23] MZE3 FSY) DHE Yol vlAe &% ¥4

M_lg._

NIEXM M 20N S E Jlsd 8t/ sELUASR



g x

(23 24) A2EUs FS9) gHIE A gl vAc A%

HAEEUXrsNap DAISE SN B oY

. & | s ¥4

1) 52 apel w2 A 54

A8 gl M A @Al el B2, oY EeRE #Elau] HAbEa Qe g4
bl edelgadel Adex $4E7 $1gkel BY el ulol@aE sbxaL v Hep3Be)
HepG2.2.15 A4 o] f-sfo] BY bl 3w &¢ie] wdo] ojug dakg vixg #] &4
g Adp ot &%l BY vhE Hw g9 2¥g anHog US4 5 AU

ZLE 25).

(19 25] ¥ 4&

a2

_u20w

NZEH M 28U dSISME Jlsd BIt/ sEHUMER



2

(2)

oM & Eo] BY ¢ M W oae] wAe @& &Y
A I SIS o]: el @) pju e, Bl 5] ulE 2EES ey g HBY DNA

% g fati U Hep3B o o 24 glate] wioksl & ELISA whp o By 31¢ #¢
(HBsAg)2] @& W48ty %, @ 7@ ﬂl Ll BoliE FE8e Figeof weF WA
HBsAgel W& & A A7 o} fw«!lm_-. ot mulsk oLy 26).

22 5o0| BY e Yl a9 WE oA A% ¥4

_mem'm

19 26] % 2H

1ot R A T 2 Wl LR
PENE £ 550

FY RSt o T

(3 #84 Az wd By W W FEEe Ay E

ool gAY Fel shuigl AFEA AP AR FE2Eo] vAle FFdd ds] E4
shdTh. A AR HepG2el OM&@ chordl wEg Ha)s F vbebube W g s
Aw X o A@ekel Fohghg & 4 dlon, Ad diAtdl elste fAxe) WEo
RS GEsAch

v G e o3k ZhH R A} Wi E g e %‘4*19-1 T Bgol ¥ihE FEEd gl

AN=EH M2

SH
of

VAE Yolh7] fate, MiFEEE ¢RE k¥ ol ] e stol O%fﬁl?? e M
ehs A ghatsl o), Yol WSS dage 2 ’}I ﬂ LET AR E AAA e
EEE 2% ¥2E BEANE YEEE ¢ 4 AT

Bk 0.6% ol4e] iwm wdLd o) Fusy AWYALE AEo s AT e AR
aRstdc. Ee Fo HAEe) @ol A ASW WAE ube|Ropulzt HCAA f5A
b dBEA tAdgel old AwE JGEhEAE §A8 . FSe} tiEo] FSs B AY

| FEae sy ¢ar g o8 FRsle 2d Al d%E vAeE A& B da
gl ofs weo] frE FRel wHE ARk g BHSFACHLE 27),

...2*]_.

or

=

o
o
0
o
1>
(>
>
il
el

AUH 2B S E DI



[2% 27) 434 Ay vl By P SUE FRu A% ¥4 i

HAYLAARY

INAIAPA

Ol Mt 0y

ol L

e T

4) W3 2ol 9@k ¥ fradol] vl 8k Y
o}z ol ©a TR &7 ROSe| wEa B4y

s bz oleb& e BB e Helshd JME Abge] Fobshar Ald ARt ol
AU ROSS] i akol F7h3)l ek g 28).

-
o/

(219 28] 4% Hel dMFe AFE B 3 ROS WHF 4

WAROS  « Cell viabitin

0

1.8 i
1.6 I | ‘
w 1.4 I
g2 : M M
& 10 b
208
0.6
0.4
0.2
0.9 -
i E1] 1000 1200 1400 160G 1500 20600
Ethanol(ml)

$% Hesae o ohergol o9 UHE AR wsan Ay ROS B4

o G G4
A2 <z12ﬂ)~1aiﬂ]r("w! 29).

o AdRst &7 Helol o A% A Hi Aag £ RE AR HE BAdo] ¥l
grout, @eful Fowek 2hel Aol abAshAl wakvi(ird 30).

s f7) W AR BE 84 B4 FEnel Y RS MR Helste 9@
Lol g)Ft AR £ F WEsHy A B gy F3Eujy sywyc fwo] §
skouh, f71% s B el Aol vhebgA] ek d 31).

3

- 22 -
ASEXM M2 HYUMH JESESs2 Jisd Bt/ s8FUAER



ol 3k FA . 15‘"2';"7“

Z As 4F
ERY aa
@2 L3
Lre
o 2.6
w
S5 I 4
=z o
=10 L] .
m &
7 018

i

control L 028 28 150

1000 mM EtOR

py = = ===
(20 0] D= 2ol oS¢ QAT Eaol s FEue] g 24
5 38
® A0
® 23
3 20
Z LS 5
i 149
T B
7 09
cuntynl o 013% 2] 5N
LA M X ll)li .
Yy
W 2y
P *'4 a
I oA
@ &
*® “
Py 2.0
¢ BE
T 08
;‘ 0.4
enntead nys 180

1000 mM Y200

29 3] syuiel s Hw w4 FaEel dagel

38
g
5 s
o 2%
2
; L
- 10
8l s
-4

08

coatrol 0.25 AT —.
1000 wM EiON l a1y
@ 3s

LY =3

2 a¢

A

¥

WS

Z 0

E

el

oL

on
zontrol 023
1006 m M ru‘m



| B

st igEAcle] ThEA RE g4 WAL AR Abdel ofs] Rl Al
cleavaged PARP2] A Agd P4 Zx ol Air cleavaged PARPQI uHel g Ao
B oappkstdont, B A e el AV cH2 Y 32).

o AFS %ot 4EEE 08M dEES Mg Fhaxel Meads W 25 pg/mig] F

Toll A sl Rigel A3 caspase3o] @4dshE AAlste] erzgol 2§ A AL

e wEas 94e mgen, a0 A% )T 250 ug/midlM Thd B B4
& R st B 2% FEF ATatelAl o F2 AS vehiAckod
33).

[.‘l?"] 32] t’ﬁ_)\\_!:i"g %“ﬂ“_’z 10] k“;’)’ ﬁ]t,j Tf{‘i%}; L|Oa\lagcd PARPO] %}'l‘c}ﬁﬂ “] }\] '\(chﬁ}} %-€N
s B .
Cant DIOH 025 23k 280y Mag FEM YT g3 80
: ; Cleaved Olat 2|5 A olas
OPARE S5 PARP Hlat9 S 9
“_“ml I aciin Mo @=0] 9.

'-\ - -

O hagol ol AE AE B GG WHe| WA Y Y
|
|
|

AW v
Cont E1GI B2X 1Swe  2%mg <Gng

PARP HO) ol AR AP
Oltl f % k) PARP Rl
]”““" 3 Aol @50 AR

s gAY FEEe A% Byol/ulAEA/YNAP A%E A2 uasgud,
o)

caspase & @ *ﬂf’*] 7Ix‘ e Twokd 718 BAARAA A Vet g 33).
(2% 33 2ngel o QAEAEY A F2BY A ¥
f 2l
“M! N "I&!B- - ""—'m,:

Come  EWOH Thup mw M«u 250uy zsug afoug
1
m“‘--. S g, S, G, S| C1ENED

e e e =

. I Civaved cazpased

L ceme e

[ m““““““ I fi-actin

....24_

NZEXM M2 #HANH dssbES sy Bt/ sEANER



NEEXM:H 2

H

12

>
[

1

008V % 0% FEEE olBate] gago o3 TAR &4 Wl VAL BN 2
B 53 M Fvh 7hg HYE PHE BE $48 Bguh &, caspase3d] A o
A3 dalstg oo PARPS] #4 £% A4 AA & THZ BET XL e
Ch(1® 35).

(29 35] FHEA @ DUEAEo) 2F Fawo) UG Y

He s

9 na LI i
S NEH  dbes ey ibg i 1ho Tag  ikg g
L~ e g g— — — | cavpenrd
| Lhaved
| PARP
Brexr:
1428 g
L. N T GL; 2
Toek TNAH  fday Thmy Ltey  ddeg Foui RWAL 2By ARmy I by Sy
O = v r

e (S~

- 25 -

3

0]
o
>

-

Jlsd Bt /| sEUMSR

THO

FRI &1 &t



A4d FE3xdAdxs ¢ ddENY 79=

FE | ong N EXE g B
oy | AFAA ARQATER o ATNE FPNE
B e T D 100_|ORAC assay 58 &9 ]
13 8 |esee A DRAIEA] R ZEd e ¥ o0
ST SAE A [ faz ey 100 [Fs $3 3 Fehunol=
(2006) | BHE TIANE (quFos yan w4 249 AR 2EASE 1 AEFO 5 F
BE Y ag 100 |35 o st @4 24
SR g 84 54, 9 o A 3 s
aun AEAE Q 8 JREA 100 [(A2Ed ¥ 7§24 §F HPLC ¥4
2 | warke  [TEE SUES #84Rd B ) [NEED 2 I AEAH AR FAE 9
ax (L84 23 R(2el 715 7 : FY
= <] A E Al A A
oon | SHE S |5 e g o] 100 [ROS e A ST Ashs
€Y umen cue 9N Tee| | [o0% GIEPEE FEOE U2 SEo A
FAHEe GEEA 7 el AE Al miXE Gevy
XTT ZARe ol&3td 75 AT
284 suEel GAZAY| | [o BAAN Gz niizee
o WAE FFEA $d= Ael® F U NI H
T HeTe BAAN GET 1%
Aoy sEdrzRE | g (FEEE AAEA FEES N A
¥z vy a4 24 A% ¥ ImM HO.E Aestde o
AE GeS wAAE TS B4
A ROS (reactive s I;hC)ZE A F;]_i Z‘}ﬁliﬁ ]o AT
oxygen species) 44 84 | 1% B MY iy 355 1
2 N8 ~EALE I GAEE A
147 ;uﬁ?m A3 s)o] MDAE FAAsHA
37 FAES (AR A g4 BY | 100 ;f{“’f _':"_IZF E%-%OI MDA *3"39—55:*§M]
B 2y = A nm excitation nm
A= | AEBYEA: emission A &
(2008) | FABHUAHE A7 AT 1% FEEE A
4 [eEe s as wwa) o BRSO G0 Wb
RIAE 9% ¥ AHEON 15 FEE o8 BHAZ
o gis ab M Yy
SETTEEY 08 o (3 e BT ]
[} t‘" S v
S am e ™ %6}3} 2o ' ® HPLC £A e Su 3
Aotz A8 AzAd9 9334
FAYTS BYAAT nF| o 102F9 o) o IFAYL GO
8F9 AF FF BN HPLCE ol&3le E4E A3} 2E A
2olA #E soto] HEHA AN
A7
4% pe XTT ¥44& olgstel 5o AT
A= zﬂggfﬂ‘ja- Q87 sadol IAZAF| g [ wAA Az 22445
d BEA ) mAs Quns §71% MEEES FEUZ AP ¥
(2000) | BAHBHE 2477t vjofdte] ME A B4
)51
- 26 -
HADK BTSN IISH B/ SLSMAESR




A=EH :

M HoO:8 Hel§ Ao 32+

GC-MASS #4 % HPLC
24

ImM_H;O:
fﬂga@iﬂf 'Roa A o
Pk FAEo] AW $3) g 3 B B B
Ba 3 AgaR oA x| 100 [ 8 EAEA e Vb4
2y g FYAA . nF FFEO
MDA A4 9Aste A 515nm
excitation, 553nm emission®lA &3
a8 54 g4 B 100 AEW 43 2249 SOD9 CAT &4
SOD, CAT g4 2 3% 98 B4
A EYEY EHgV, AZEY, Eel g
43 | warge @3} CS, FS, CT, FT 5 % 8% &%
A B A A g4 49 FFE HPLCE o483
d= 3?}%3‘?;1 ez gAY EEA ol o HRRAY AY EYEVY AL
(2009) | BAABEE o b HCAAs HEA| 100 [FAATAN FrhsRed vyeiAe @
“ HPLC 4% 24 Pl A kD Free FRe Rie
5, FS, FT FAFAN =4 Jdgte
o, CS, CTE AT =4 &
g9
AFALLE JEEZ HIsHHA TFHEI
GEA 7HEAEg 2doA It=3 ROSE AT MEAde] o
A2 25E9 A% B 100 |[dusd, oW I FAE FEE
A ol MEAIE weolzld ¥ FAx 39
g
-] )\].\:lo o]_;q)‘ 73%% %/\\l'%o“ ‘o’]fﬂ' 21'71% Z]E_ U]-?]
f;.i:}?g SERSE S o 9YEA: Adxw %3 5 ELISA ¥
- A
] XTT 2A9E olfsie 5o Aa7
A8H FAE TAXA o YA PR 3 ¥AF L
o] HAE GEgEHY £71% WEZ2L ¥R Add F
24X W FE ] AE AF BA
1ImM H:0.& 2§ DA X FHg T
4 AN Rggﬂ’ﬁ*gg‘ st
A§A FAZ] AXY F3l =2 %
ok A v‘i'— AL AEHQAE Cly
] =z AR S e
53} FAE excitation, 553nm emissionol A & -
A% | AR AL P} mx @ AT A3} xxQ SODS CAT Ea
(2010) | sarslgygy (dd 9XE 98 ¥4 A4 9 f3zx ¢ B4
y  |FedEE e 4875 w4} AN 54 §

A28y 84 na R ¥4

dIFZE IHEZ HYHE TAET}

¢EY 34 2d4A }E@ ROSE A4 AxAbdol o

FUE F5EY &F 2 ol ol e FAE FEE

N o MEAE Wol7ld % A wd
24

A8 saed ad4 RRAAA HA A7 HEe TAE 4

2 7T EHA B8 F

& A w3k

2= FES dA47} s 0 F
g 27 Axg A3

A2 A DA 2

- 27

AESYSME IISE BIH/ SYSUA




A5 3 A
1. dF4d A=

7b dteA AN =8 A3

AFAE 4% R A48

Rl
AN AP A sCl Tmpact AR FH5A
5 14 2]
d4 AR @ ds o & - Factor A7 y 2 %‘f}"i
R . KY
HPLC Analysis of Serotonin, Tryptamine, K ]
. . ang,
Tyramine, and the Hydroxycinnamic Acld 11(2):38 Dalin SG Atsushl
1 Med F 2008 Cl 288 Y Chol,
Amides of Serotonin and Tyramine In Food J Med Food | 200806 |~ 5g S ! Ly Lee " ; Ishihara
Vegetables
Back
Evaluation of Antioxidant Activities and Levels KH
of Biogenic Monoamines of Plants Grown in Back, 1
Acta 58:379: i
2 | Soll Amended with Chitin-Ensiched Compost . °d ‘:’;' o | 2omaz | T - sc1 0.407 D:'"‘ i: S Kim,
Harboring Chitinase-Producing  Bacteria an ¥ KY
(CECB) Kim
Comparative A is of the Antioxid Kor Journal
3 Activites of Green Peppers Cultivated under of 2010. 29(1) : Kscl JY EXe) Y)
C fonal and Enviri |-Friendly | I 04 3946 Chol Lee Chol
Farming conditions Agriculture
. HR
Cytoprotectve activities of hydroxycinnamic Kim, Y
acld amides of serotonin against oxidative JY SG § Atsushi
4 i 010, scl i
stress-induced damage in HepG2 and HaCaT Fitoterapta 201008 | accepted E Choi Lee I]::h:“ Ishihara
cells
Back
N -
U gedis 43
LR R EREd
@u A = A8 PSP i pinig vy
ra = T antloxld e
; A3 oy | 0 e T ; The 89th Intemational 2006, 04. 21 .
ol 47 nvir y-friendly ¢ crops an s R { the KSAB 2 r
143 ¢ ionally cultivated crops ymposium © KSABC el
HZd ity Pear peel and pulp and thelr influence on 2006 Intemnational symposium 2006, 10. 26 - 27
2 B4R YA antioxidant potentials and cell viability in HepG2 and annual meeting of the 7!,' -i'i=_tq X2E
ol 42 hepatocellular carcinoma KSABC A
dant activl
ojthd AWy Cfmp:ﬂuons of an’ﬂw: nt activity and total 2006 International symposium 2006, 10, 26 - 27
3 84S Yo M o - and annual meeting of the . Z2¥
. € iendly and ly KSABC A5 Fa=ad
- cultivated crops
Serotonin and its derivative detected in
%7
. ::3: ;:G:: env l-friendly cultivated pepper and 19th FAOBMB Seoul 2007. 05. 27 - 30 s
showed strong protective effects on the oxidative Conference Mg R -
o4
d HepG2 cell
Inhibitory effects for intracellular ROS generation
s 439 ol and lipid peroxidation by 2007 PIE4-HEFAUY 2007. 10. 11 - 13 5
= N-(p-coumaroyl)serotonin in the oxidative stressed FAIAGEUY A3, 2{EHYHB -
HepG2 cell
Evaluntion of Antioxidant Activities and Levels of 2007. 11, 02
2007 PR 4
6 o] A Biogenlc Monoamines  of Eco-Friendly tii__i’;?;**“q Asdeta TF
Agriculture Plant Crops Fg4AAATY
TYFLAFAGNGAA 2008. 09. 26
7 a4 ! 4 A% 2w %
1493 A9 woE Y2A8Y W YU xEdR GEYAl, B3 HAEAGY aTAE g
The 9th Intermational congress
Antioxidant activity of caffeoylserotonin: Inhibitory on cell biology & The 20th 2008, 10..07 - 10
8 AR o4 effects for Intracellular ROS generation and lipid annual  conference of the C.OE).(A’]-& X2
peroxidation In HepG2 cells Korean Society for Molecular .
and Cellular Biology
International symposium and
e " Hoxid h
g 2w o494 Lokl ke e v 4 annual meeting of the 2008. 10. 23 - 35 e
i, pepper an KSABC-New era of applied EXCO, %7 =
conventionally cultivated pepper biological chemistry
10 o] 43 AN FAES ey R o E¥dF AN Ayt 24 2008. 12. 17 5

NSEXM: M2 #HAMH s E Jsd Bt/ s

_28_




: HEAE A4
A44E Ad44, Comparlson of antioxidant activites berween
11 e, gay, environmental-friendly cultivated lettuces and ﬁitf;;i‘*q’;qq 2009.10.22-4. }F 2W=xd FAE
ol4a conventionally cultivated lettuces
Aol d, A4, L
12 new, g, Comparison of a?mioxldam activitles betwe!:l\ ¢4 A LY 2009102224, A7 2dS Y P
olA21 I-friendly cultl d crown dairy ¥ L 23 k]
. FRAYH
d¢ | Uz Fufy LEL] A= RN E S
1 ol4da 2007.02.02 3 453 KBS 25k 24, BAE P8 222 FU

2 o443 2007.03.04 YA , ¥EYL F | T 13 oF, TAE G w4 A

=]

gel4l

i

DRE LR

AT
Q| &Y il 1 £ S: S 7\ ET}
24y A3 % (a14) F
#715F €S 7] F71sE g 7l
1 " %
1| w0072 | agarwuarzzad [ e wan gr | 3EEIEESY s w4 pam gx | MEITREA AT
d7Ny "~ aQray
AL Yol Aed HG " Aehdx Y F
) + d A ) =
2 | 20100801 | AR AFABFAGE 7] wflf,;‘” AYrYEY | YNG4 BAB f?ﬁ;tﬂnﬂ wer *:;]N *
S0 B2l £ (6614) il e
NP
VYGYex

o il

Ll (@UEE) VY FYul & 4% %9

1 2009 f4 AAuAEde Py &9 AF %Y wAp

Anti-inflammatory and anti-oxidative activity of Acorus calamus L. leaves extract in
2 i keratinocyte HaCaT cells a9 o
3 2009 Effects of lotus (Nelu‘mbo nuclfera) I.eaves extracts and ginsenoside Rb2 on ol g8l Ha}
production of hepatitis B surface antigen in HepG2.2.15 cells
1 2008 DEAD-box RNA helicase gene DDX3 interacts with DDX5 oA 44}
s 2007 Sompan'sonsJ of anﬂox‘lc}a.m :ch'vities and ntent orl : : 4 boli oletd Mt
iendly and c y ¢ CTops

6 2009 V@A FAE YARY A - Yo FAEY (23 FEE AU 44 £ MYF oA}

7 2009 NHA FES YARY XA - FU0 FYEA (23 FRES US4 2Y) Fei A

8 2009 AL FAHES HAFAH B - g FAEY (25 FEE9 Yot 949 ¥4H) Zel3 A}

- AREE AY
7h e ATty &8
1) BFE IR FAAY A FF
2 1§73 PG VYY) A& AvjE FAE P T 2 AUH Y £4L
53 18R FAES A ++48 AT
@) WY dAste HAFe] P &4 2A4E T3 2L YA YL Ao FHEY
A 23 EAoE 48 FAE AzA &Y
@ F8F HABAHE 21 YE FAHE RIS o) 83d VT4 71F AF A=

_29_




(6) ¢4 EAY 2dE o)43le AF/A FAEC] U7F A HAE 9FE ¥4
gozA 2% AN 48 7154 AF 24 ¢ %A JEd 712 AR AF
6) =2 3T & AYL A F & Ue AAE AT L & A% R A8 SE7}

.

T

o A%

) N&A 59

D B8 228N G985 §4 24 Y 8

@ THE 43 AN 9% BAY B 2 4Y BH Y F2

® 487 vY L BY AW FHol 4 48 42 BY I BAE B4 1754
$4ES BebsH 1%

@ AAR - 24 59

O W87 wEe B4 2 £94 AF L B ARA 42 3ok 149 22

@ ¥ A8E AANFLZM EFY AR B

@ 44BE AP IF Tt BAS ALY £ Jow 1 54 FAEY 4B ¥
HEg Fo AR FAU 7)ol

@ A% L BEo FAEY £3 W sl

® HUBH BA4L B ¥4I U4 & dPe) 220 = e FF R R
NEAZO 8T F 9o TEA 7HA 7HE BHE AL A5

_30_

N2EA M 2 A eBsaE Jsd B/ s8R



=

AeAd AFMEFAAAN FHE AAFI|=HR

E BAE FYP5EA A8H FAE-FF5FH F71A4 TS #F Y2AEY £4 @
T BHE BN 2 A f71AM sAES fgAA FAES AegA4de vin B4T

ATEC FE olF2 Ak

2. f A B A& FUAQA FHAM JHAE FAAIE Ao dF AE @etn

A #e dFE0] #3573 3t}(Brandt and Mglgaard, 2001).

1A =219 B A B71E ol &Ee] GME AFE A Y TAHLZ Hn Y
3 A FoiAM B2 FIA 27 B GAX AFE JAZE 40 A dE
t}(Olsson et al., 2006).

LR AE S B BEwE v BAR 2ol fde A, st 84, Egiixo]

e 52 uin BAY Fdg oA EFu oA gatst 84, Eftiiecls 3, 5

&F ol =A A= Al W] wet A9 phytonutritient ¥ AolE HY

4 ¥ 5} tH(Wang et al., 2008).

A sy o2} 359 A7, FlREeolE §F, vd §F Fol e vuvt 3l
o] Aul HHo] AEY A} HolEAWZ FF Wl gL IFE vIE FIIAH
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VI. Summary

Title : Analysis of biological activity of environmental-friendly -cultivated crops -
Evaluation of anti-diabetic activities

This study was conducted to elucidate the functional analysis of environmentally-friendly
agricultural material using in vitro model systems (mesangial cell, podocyte, hepatocyte) of
metabolic syndrome (diabetic nephropathy & fatty liver) for the application to diabetic
nephropathy and fatty liver.

The results were as follows ;

(1) Anti-diabetic activities of peppers.

o The extracts of environmentally-friendly (pestcide-free) cultivated pepper have more
strong preventive effect against high glucose (or palmitic acid)-induced activation of
fibronectin, Akt, and ERK in mesangial cells or podocytes than those of conventionally
cultivated peppers. This study elucidated proteins involved in the preventive effect of
environmentally-friendly cultivated peppersl in in vitro model of diabetic nephropathy
(i. e moesin, pre-mRNA-splicing factor SLU7, gamma-glutamyltranspeptidase I
precursor, cathepsin L precursor, F-box only protein 6 and transgelin) using
proteomics.

e The extracts of environmentally-friendly (pestcide-free) cultivated peppers have more
strong preventive effect against palmitic acid-induced apoptosis and alteration of p 38
MAPK, JNK, Bax, PERK, and Bcl-2 in hepatocytes than those of conventionally
cultivated peppers. This study elucidated proteins involved in the preventive effect of
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environmentally-friendly cultivated peppers in in vitro model of fatty liver (ie:
collectin-12, UDP-glucose 6-dehydrogenase, glutaminase liver isoform, microtubule
associated protein 6, WW domain-containing oxidoreductase, Zn finger protein 94 and
protein UXT) using proteomics.

e The extracts of environmentally-friendly (pestcide-free) cultivated peppers stimulated
the expression of adiponectin and PPAR gamma in adipocytes, compared to those of
conventionally cultivated peppers.

(2) Anti-diabetic activities of rice

e There was no general difference of physiological function between
environmentally-friendly cultivated rice (pesticide-free or organic) and conventionally
cultivated rice in in viro model system of diabetic nephropathy and fatty liver,
although some solvent fraction of rice extract prevented the dysfunction of diabetic
nephropathy and fatty liver.

(3) Anti-diabetic activities of crown daisy

e There was no preventive effect of two groups in in vitro model of diabetic
nephropathy.  However, some  solvent fraction of the  extracts of
environmentally-friendly cultivated crown daisy have more strong preventive effect
against fatty liver (palmitic acid-induced apoptosis and alteration of PERK, elF-2 alpha,
PARP, caspase-3, -9 and Bcl-2) than conventionally cultivated crown daisy.

{(4) Anti-diabetic activities of lettuce

o Both the extracts of environmentally-friendly (pestcide-free) cultivated lettuce and and
those of conventionally cultivated peppers did not prevent the dysfunction of in in
vitro model of diabetic nephropathy and fatty liver.

(5) Anti-diabetic activities of perilla leaf

o There was no preventive effect of two groups in in wvitro model of diabetic
nephropathy. Some solvent fraction of two groups prevented the palmitic acid-induced
fatty liver. However there was no difference between two groups.

(6) Functional analysis of other environmentally-friendly cultivated agricultural materials

o In the pear, the extracts of environmentally-friendly cultivated pear have more
stimulatory effect in the cell activities (i.e: cell proliferation, ATP synthesis, IGF-I
synthesis, and protein expression) of hepatocytes than conventionally cultivated pear.
In strawberry, hallabong, and apple, the extracts of environmentally-friendly
(pestcide-free) cultivated agricultural materials have more strong preventive effect
against diabetic nephropathy (i. e. : high glucose-induced activation of AKT, JNK, ERK,
and fibronectin) than those of conventionally cultivated fruits.
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MNEEXM:

Ml 2

2, At /]1 Vet ] i"}
hoalg A el dgd e g4 A % A8 AAE
(1) 2wk B (g )

e Sprague Dawley rat ol-&sled zoletil whH A& Hol gy HY¥H
Azt
o Peristaltic pump & z24 ByEH
o MEPE buffers @HA1#H NS A A8 % 005% collagenase® §
A}

o Cell viability &% Z48le] A% Q@&Ego] 90% Y= THEH

JUAIN R st el

N

»
% Hemootometer *

(728 1] Fax el R

| 28 camu s ge wayw s ]

A%k Ay =y g

A A sl 7HEng

Sojstel GHEE

oy sl

o el viubiity > 00%

(713 2] A% 2w dAE g BAE W uhy

AN ZEBSHE JISH It/ sEHSMAST
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(2) A @odwt AXE ey S (1Y 2).
e Newzealand white rabbit& 340sta] A48 &3 & 44§ H&sle AENo] needled 4418

A7) F AR £AS fesleifslel iron oxide® Helahut

F media® YFE
o A& JAE F 22 homogenizerol F ABE ¥ F nylon sieve (253 m W 8 m)E o] 88}
of gtk N4 S804 AFAE Fef3k.
o o A}AlE magnetic bar§ o] §3le] AATRL 8y SHHEUHREE 70U wjYatal
A7 AN ] 2% “a‘ e R 2

@) At Al ik $R) (229 3)

o Sprague Dawley rat o] -§&ke] zoletil v}3 & $ol§ §F HXE A3t 048 A&
gl

o Aol ula w9 o w

g #eldle] sk
o AAREE Belslrl sk AlrAl M Eo| o]z el D-valine RPMI wlxjol 10% FBSE

ght Al wlakg Al XS Relste) dE 208 BRI AG

¥elgbel 250, 100, 60 mesh& o] &80 HBSS =)o) Algta e} Mk

719 3] 7E wakge] dyghd AR V% ANE AP ddd
A% B4

(4) AEAE w87 (1Y 3).

mouse?] 3T3 M2 o] 8la] preadipocytedl A adipocyteize] # 32| §3} 2dg &y

v =

e DMEM ]| %)<
g/ml insulin 2] FW& olM AL A e]3te
GLUT-4¢] 3d& #<lsidct

0.5 mM l-methyl 3-isobutylxanthine, 0.25 yM dexamethasone, w10 v
A A E e B4l PPAR gamma %

(5) Proteomics 71% #¢ (1% J).

.;.“_x;t |x] ,11@'73 _5/4 ol ho] .%I‘_]Q«M %:ﬁ \,yuq;,,& u)—g«e,],/
& o] 83l proteomics ‘-8 g Ect.

» 10% TCA buffer® o] &siA AEEE £ x4 At

o 2-D & lysis buffer& F8 #H#A 3 #3 st

1 #&A 2-D electrophoresis
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e strypg o] &% 1-D & HAl 2 8y A} (Loading buffer (rehydration buifer),
1 mM DTT, DTT £9 % indoaceton amideol] 2}z} 15821 818)

e coomassic G 250 staining 2= #¢ 3¢ al

o 3 soft ware scanner® o] &8l H4sla] &l spotd EA I Al a¥] P&

o izt Mg Madi-TofE ol &8l 2§ ¥43te HA 7+% vk

(6) IGF-1 B2 gAy &g

o Fl assay® #18t9 column 25 cm® Az 8%ov] ol baronal bufferg &l
molecular weightt] 2 $#8 A|%atduh. o]F ™10 mCi) @ chloramin T conjugation
Al AM gamma counter &4 3o} f3te BLENE FYIY U

G 25 AN nFs RAN 0T 75y $4

) F=g AF 2dd gloiN ¥gof Al 239 B3 A 5139 AYEF v ¥
o Thip o] 1/3011 5“E1~5}n:1 awog 91§ )‘}Mtﬂ-_? 2la) Faclom a4 Y P
A% W spgel D 3Bl BSEAS BARPG nEEY A A $n34
AZel F ®2 AR fibronectin of o] Friston] oj2@ 4L ALY nF
2Egol M3 ot DH FEBOAM AAY AVEAS wPov B AEE
ECOH ¥8oM stk 28 202 vebdth Q074% 2% $28). o1&y $xyy
Z& oslshes ERK 9 Akte] $AE Yol An 94 Rypek NelPe| ECOH R0l
ERK g ATke] @74go] oAsle Aog vexy (18 4 5)

25 md glucose (5 w88 ME)

Et-OH DW

control none 0 ey P ooy

fibronectin =& S e S ——

beta aclin e

Al mel JFayY 4F Kk
25 M glucose (5 @ A E)

DW FEt-OH

control pone SEim 2k g4 P oW

P-ERK &

P-PAKE o bl — — —

[2% 5] A A7 AEAA 8 Al 24 3 A
72 Av nFe FewAg AF v dWde] Actast

NEEXM: J 2 #HAMH HSPsLE s BI/ sELASR



o Yol % FEFHY in vito 44 WYk o AL sty #8te] mesangial Ao
NEEY A2 308 FeF nE 1‘;-& 0079 %) & HYTFFE DELFS 24400 A
2]3le] A3 (2-D electrophoresis ¥ MALDITOF)& AAsbdct 23 2 iXxgel ¢ @”1'

’ e r.ﬁ%’? Aol A s d 678 B4 oE

moesin,
precursor, cathepsin L. precursor,
6 & 3it1)

pre-mRNA-splicing

factor

SLU7,
F-box only protein 6 % transgelin 2.2 g3 gc) (g

gamma-glutamyltranspeptidase I

AR N
| | \

OSI\N 2
1N y 5" o Sa
‘ *D \"_ /: / }
—_— i \ - i /_/ T,___ i F_ "l
control .. 25mM glucose A S Pe_suc de-Free
\ \ | / / 7 Pepper
\ A\ | / ' A 25mM glucose
\ \ | y / y
D \ ; y
s LR i i i
i P : 3 @I %
£ 7 & & 7z &
] i ] [ 2
T e | P
25 mM glucose | W ~ | s Td i
E* E e = N (e
Pesticide-Free —— .
= 5 M O G
+25 mM glucose
["1%‘ 6] A8 memngial dlizof A fieof e nFe] nyEgo] off vl wy sl

LR 2 s

— 10-



HREH M 2

|3 1] Alahe] mesangial Aol A fuigop ain] s mETge] o gl
g oyl AotadE B e gl

Spot  Pretein name | Access No. | Theoretical Meun
& (NCB Iny} LpZMIw (D} Erroy
‘ | (ppmy
1 Maoesin O3IFTH3 62 67737 0 27
2 Pre-mBRNA-plicing tacots (METEVASES 1 GR3AG 1 81
~suz
3 v-glutamsitranspeptidase | Pa731d 7.2 01608 (N7
precursor _
4 Cathepsin 1L precutson Pa71sd il 37650 770
= I-box only projem 6 V23V G- A2TNS -t N
6 Fransechn PRj232 SO 23602 (7Y
20084 59 2690 ek AEe) Pw UG YL HASY] Astel nEWY Al 308
Aol @ F&E ful 58 (DW, Ft-OH, Me-OH, Acetone @ DMSO)# 2] st@lv). 4 o @
A} wETY (25 mM glucose) Wiz palmitic acid & ] A] podocyte AR APE 2 o4
Al Erlstlon) oled A8e wyau wF (59 269 % 299 sample: DW, EL-OH,

Me-Ol, acetone @ DMSOQ £ F&5) W 5ok A 525 (59 269 W 294 sample:
DW, Et-OH, Me-OH, acetone Y DMSQ &l 53 &) °lesH SRR B A O S B R W
ehwde) (ot 7,08, 9).

25 mM glucose

120 -
é% 100
RN =] ,
gg & *
BL  so * * o *
8o
=& * i
8 60 4 * o) * ﬁ @

I oma L 7 |5 B S

g -
control none ¢cv PF cv PF cCcv PF cv PF cv P¥

Dw Et-OH Meo-OH Acetone OMSO

fraction (gfml}

(223 7] 59 269 g @8 Qe @ Fpeh Al a4 FEE ((DW, ELOH,
Me'OI”‘I, Acetone @ DMSO)¢] aLE %ol ¢ §k podocyte A1'H 4§ At #w),

o< (.05 vs. control,

N..Ilw

MADH AHTSAE IS B/ SYLMAB
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§U
[IA]
>

Palmitic acid

20

-
=3
[}

Cell proliferaiton
{% of centrol}
%
b 3

iy

g1 _IRISFY-Ry §o

gontrel nNofe PF ev oV PF cv PF
ow Et-OH Me-OH

tractiorn {g mi}

(218 8] 5% 202 ghwl oy A gl sk Ay 25 FEE (DW,
Et-OH, Me-OH, % acetone)?] palmitic acidel] & podocyte A}'8 Q.

Fal

gt Fab *p < 0.05 vs. control, ** p< 0.05 vs. palmitic acid.

FPalmitic acld

&
o
o

Cell profiferaiton
(% of control)

}w
Tk
B
|
Ths
-

cwv PF cv PF cv PF
W Et-OH Me -OH Acetone

o
sontrol none CV

fracrion {(giml)

(13 9] 59 209 £%®E wW A @ Fwel Aw wE

Et-OH, Me-OH, 2 acetone)?] palmitic audOﬂ ol g+ podocvte Abrd ’}i‘* Zhch

a3 *p < 0.05 vs. control

o B¥s Al linoleic acid #v] 308 nF H4E Ful I (DW R Acetone)®
EREWE (005 ~ 05 g/ml) Helstdck 4% A4 linoleic acid #e] Al podocyte ¥l
mesangial A3 Ao s A Lvtalgon olwlgl 80 PalAfw] (200841 59
269 sample) DW 4@ Acetone v F&& 9 Sgef Aul 25 (20084 54 299 sample)
DW 7 Acetone 8u) #&Zo] olsla Fwel gAglel AvEA @y Ao dewa

T
(zrg) 10 & 11).

H

Ol
0>
=

HHl 2@t sd e JIsd ot/ s8E4AAST
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Linocleic aciu

120
110 4
- 100
E _ 90
-] |80
= 'E Jo
E S eo
B'® 50
= == 40
= ==
o 30
20
10 A

fe e
coantral NoMNe 0.O5 025 0.6 DO5 O0.Z% 08 DOS OIS 0.5 0.05 026 O

Conventlonal Pesticlide-froe Conventlional Pesticide free

DV fraction (g/mi}) Acetomne

(779 10) 5€ 269 4=8k8 aeb v DW W Acetone F% %9 linoleic acidol vf 4
podocyte At 38 Xpgk &0

b 813 w5 A" *p < 0.05 vs. control.

Linolelic acid

3 ******_'*******
10 A -
o C o o o) ple B s o5 o5 o e B me

contrel Norme 008 0.28 ©.6 0008 025 0.5 005 0.256 0.5 ©.0O% .25 0.5

Caoenmventional feseticivde free Conventional Pesticiade free

DWW fraction (g/mi) Acetorme

(229 11] 549 299 =8 Rk 3 DW W Acetone &8 9 linoleic acide]] o ¢}
podocyte Ab¥ A8 Atk Z3bE 91§ ¥R A *p < 0.05 vs. control.

o DEGG A 305 el A & Lo B (DW, ECOH, Me-OH 3l Acetone)g # 2]
st AE 2 nxEEd (5 nM glucose) W palmitic acid #]2] Al Gmwd A
4 B9l ERK, INKe] $h4e Zrrstgden ok A8 g8 4 (20084 5
9 sample) DW, Et-OH, Me-OH @ Acetone §-vl F&8 9 Sgof Au] 24 (20083 !
4 269 sample) DW, Et-OH, Me-OH, Acetone v &% ‘2}-&1 Dere) ola) Al zxpghg] s
Ao g el podocyte MY Al@olAlg] Aapehiz vhE o4k g BTl o] podocyte M|
A4 AEelE AQRSE 9F0) HH WAL G A5 el Ae (o DAy
Fol el A ALY W AR el H&HE olFwd oo digh ygx Az B
g)el 23 2FTol AUHDE AL AN F3 2th Accton ¥He| A el
#o) A aEANE 4 o FE e ®Ak (3¥ 12 13).
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35 mM elacose
DW Et-QOH ME-OH Aceton
controt nome 2 RE LY & *-l’ﬁ 2 g =8

pERK —4&*:15.1:““:::::;]

beta actin _.‘ B e JE T —p———— e S

1719 12] 2149) podocytes A 28] Ajul nF @ Bk A 1F G 26
W sample)e] REEe] o]F @A AlF A el (ERK 3 INK)9)

bkt
Palnuric naid
W Er-Oil N1-OFI Acwlon
control none g KEx DY R ey S el R

1,\-1:-'&1‘;.[ ~ﬁ_—m_*&_ = e |
P*pf\k"‘" -g--—-*“ ——#—M_—-q-—.
p-INK L e i _— -

rela actin 4=

[cz§ 13] 2122l podocyteol A ¥ha) An) W Higef *1&;]] R (5@; 262
sample)2] palmitic acide] o8 @A 4% vl el (ERK, Akt 2 JNK)
o] apehis}

o 69 7Y sample2] A9 % 59 269 sample ¥} oF7F wl&Ek ofao g AN I (2008
W 64 79 sample) DW, Et-OH, Me-OH 9 Acetone £vi 5% 9 “%. o Ahuf L% (2008

W 69 79 sample) DW, Et-OH, Me-OH, Acetone §-vl &% ofs w5l ¢ A REW
9 palmitic acidel] 2% ERK 2 JNK @44 A¢td Zdos vebktoh (2§ 14, 15). Gl
9| ato|y= Ql4o] 54 ¢y Ao pElWT)

Palmitic acid
DWW F1-OH M(-OH Aceton
control  none -EP@ _?_g« .g_;g _’_% g BE OF T
p-FRK = = == — =

p-pAkt » |

p-.lNK-hl'——-—-— e ———— — — u..l

bemn actin = |M REEY AU T <MANEMS. TENES PO | IRerT -q.”j

(223 14] 2189 podocytedll A A Aul] g W Fgef Aul nFp (6° 7Y sample)?]

palmitic acidel] 98 DA A2 o) whola (ERK, Akt ¥ INK)2] 2}ghiia

- 14,_
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23 mM glucose

DW Et-OH M1-OH Accton
conwol  none 2P 2 e = o R 2 2k

T T L E (T

p-ERK

p-INK

betaactin el GHED GHED NS GEED NS D G S SIS G

[ ¢ 15] ( A9 podocyteo Al gl AW a3 W ek A D3 (69) 79 sample)
o] DYl 28 Gugy AlE vivl gma (ERK 4 JNK)9) &}Wﬁ i},

200749 AE AS Fuer A ngte] A mgFEE vial Fgn
AE ’5”"}7}' 28l s Ao vEhgth 20083% Rwor ag @ d¥A
i D3 F5Te A9 nEEY U palmitic acidel] 21§ podocyte AE Aol
YR WEAA o3 Aetre Ae2 HAAY giHe i Xl‘i*fib}?]" Aol
52 gt 9 X EF 3 palmitic ac1d°ﬂ o) oA AlZ chuizl o] wk
HE& oM iAoy adsEle Aol vElgtoy o 94 °J~”’9| Aol |
AAe] HA e Aod e J

@) Wwby A Ry D 223)el RAOIA ok Au wFeh B AW e of
WAS L KA

e Palmitic acid 2] 30% dol 3l wl ok Aul (00833 59 269 sample) 14 &
EE fu) &3 (DW, EOH, Me-OH, Acetone W DMSO)& A eldtadct 4% 23 palmitic
acid H @) Al 7} A3 AbEo] fol A glAl St eu] DWE Aefdh B8 ol M aleh A}
b Rolee Re @ vepslul L’]:«roi Me-OH, acetone ¥ DMSO o] 2% stall il oo nlsh
palmitic acidel] 2]8 4% Atw & Aehabgo]l 3 Aoz vhelwtr} (71g 16).

¢ 64 79 sample2] %% palmitic acide 2]¢F zHuAL Abd EaE A A3

DWW 52845 A28 3 ﬁg A Bt-OH, Me-OH, Acetone 9 DM&O £l FEEo s F
of Auf 315 Acetone 3 DMSO Ruf &% oA i & #AF AGEDLE & 4
ATk (119 17). 79 149 9] A& DMSO H8o) 2AAe] s} (1Y 18).
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NEEX M2

Palmitic acld

120
= .
S — 100 - 5
E—r 4
& E
@ £
= O %
S eo
aa
S
o &0
X e =
o A ) ( o) e )y pemes poe] pum )

control none CV¥ PF cCcv PF ¢cv FF cv PF
ow Ev-OH Me-OH Acetane

fraction {giml)

(2% 17] 6% 79) =8l el Aw] W Y-weR AW g aEE
(DW, Et-OH, Mc-OH, % acetone)?] palmitic acid=l] th§ )%
b A8 gk f@b *p < 005 vs. control, ¥ p< 005 vs. palmitic

acid.
Palmitic acld
120 4
ko ok
[ =
g i 100 1 *
-
[
v 5
25 w0 b
=8
T =
© 60
1 :
o s g |y
control none CV PF Cy PF Cv PF
DW Er-OH  Me-OH Acetone DMSO
fraction (g/ml})

1

(-1 18] 79 149 8@ @ A @ Hgel A A SEE
(DW, Et-OH, Me-OH, % acetone)®] palmitic acidell tf gl 7|3
Ab g A Bal *p o< 005 s control, Y op< 005 vs

palmitic acid.

'OI"“ 69 79 sampled olg&la]l Itipel N1g FHE2] in vito Aol AL vk vhel
& Gt E}7) §18ted hepatocyteo] palmitic acid A 2] 30%-#el Ypef 4 &8-S el g
% palmitic acid® 24230 2 e]dte] 42D clectrophoresis W MALDI-TOF)& 4l Alat ¢l c},
almitic acidel] 28l vz whslo] el F%F ard w 8] Q) ngE ek 3 R
oF alie r’;"i‘” #e) Alel palmitic acid *elol &) figtgnl vhuta o

W mE RRE el A Awea we ez yugrl o 7
[0}

3

Ok
e wast W
: o chulE g A

Collectin12& ©4-848 2700 ATt 4 B % 21 wolelz YT R 0 % FABo

A16..,

MMM ZEBsAE Jisd B/ SEFMUNER



VEsE A0 E Rt (Yuen %, 1999), UDP-glucose 6-dehydrogenased ZFAIE 2] cytochrome
P45 thAl i &N (Yuan %, 2004), glutaminase liver isoform, mitochondria@ glutamine
o] Wldhm i Rl whdel] e (Curthoys & Watford, 1995), Microtubule
associated protein 6 Zhadlare] algol M@ sy des #Hitel Wisld ghwla (Marsillach
%, 2008), WW domain-containing oxidoreductase & Apgroll# 2] 19h-& #2171 gt
(Wang %, 2009), Zn finger protein 94: 7b %o]% foxa%ol o[gb ¢ &% uwbde] @diss o
i E {Lee %, "i}()O) Protein UXT @ A% 4@gd dads)y: vhwld (Zhao 5, 2005)8 ¢hed
& olv whil Hollet (218 18 & i 2). OI | g+ 2 J’P‘r ghaf iy G SEEell wlal e
of AH] a3 Tf“ B oxje] Al apebEsbEel sl 28 mpaka oy giukal gl gan 9l

Palmitic acid (PA).

D

LY

=
Paluiitic avid .
Ml a0 .
aMa -

L‘:\‘?:I

[“w 18] Rat ZLAIEOIM gk AW 31%2)
3 %stE T2 proteomics 269 7% ME)
~ 17 -
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NSEX :

(3£ 2] ZvallatofA] F-gek v 31%-2] palmitic acidell 2)§) ¢rulg whel w3 dgrEe)
EF 58 g gl Ags

Mw theoretical
Spot # Protein name Sequence

(Da) pl Covarage (%)

1 Collectin-12 81496 5.28 39

2 UDP~glucose 6-dehydrogenase 54857 7.48 43

3  Glutaminase liver isoform, mitochondrial 66205 7.07 45

4 Microtubule~associated protein 6 47394 9.45 34

5 WW domain-containing oxidoreductase 40166 7.77 47

6 Zinc-finger protein 94 32711 9.02 41

7 Protein UXT{ubiquitously-expressed transcript) 18166 5.4
o MO R WF FEFEe W B4E FYe] flste FE AL G Feer
aceton W DMSO Ryl F54 .‘i palmitic acid 22 30§ Hel He] ¢ 1A me 124170
& Aulete] Ho {}»*%IEEOIW AME Apdel A4 wusE e deld i p38 MAPK

4NK #H4 (palmitic acid 14130 e & &4) & &4sryo OH’-,;L‘-'I ER stress % whol
2¢l PERK W anti-apoptotic ¢4 4 ¢) Bel-2¢] 3 (palmitic acid 12415 % 2] § 2¢)5 4
Wseleh A9 aa) WA Ao palmitic acidell ¢ 3F ah-go] avhue ARG MPeW olegl
280 7729 sampleol] ] 74 @Alo] ek slo g vebwdrl (1 19).

Palnntic acid
Acoton (HF H—Ul) IANINGY (‘v’ EQ})
67 FEL 2 S 30 [ F'

b=

PANK

PR AR ATAP K —

i o= » oS- k 4

Tefa DO —

(728 19] 5% 1% Acetone ¥ DMSO #&& 2| palmitic acidel] 2]k 3h2)
X oAbwe] NEAgA 9 @y dun wEd g et A i Ao

gAY HAL

e 487 patterng Mol gl 20081 79 29) samplee] A5 Aboli anti-apoptotic T
él_ 9l Bel-2 W pro-apoptotic $+#1 2191 BaxE western blottingg o]-&&tod WY A
palmitic acid A2l Al Bel-2 ¢4 e astyen Bax ¢oge Frisiglct ofelg A8
& DW B89 928 pale EOH, Me-OH, Acetone @ DMSO &ujl 25| s
ook ] 318 Et-OH, Me-OH, Acetone % DMSO Rvuf] F&%£ FollA] 4§ ajeast

_.18_
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¥ 4 U} (19 20).

Palmitic acid
nw Et-OH Mr-OH Aceton
conol_nome TW Sx BW S5 pw S5 I9 Ts

Bel-l = e — e

I

Bax e e i S ———————

beta actin —pl o> > TS G YN T G TN T e

(21§ 20] 79 29 +%€ @Y A @ FEek A« uF FEE OW,
Et-OH, Me-OH, % acetone)9| palmitic acidell th# FAMIE HE Aldo] 3o
she B2 9 Bax @¥d 48 g A,

ol 749 29 sampled o] g3l et id FHEY in vitro A9 AT oY GG
T &ly] £18ke] rat hepatocyteo] palmitic acid 2] 308 ¥ gl 153 F2EEE Ay
% & palmitic acid& 24417} 2 #8le] (2D electrophoresis ¥ MALDI-TOF)& 4 A3}
Aok, AY #A &7l vl palmitic acido] 28 ¢y W Wi BEg nH 9
#3 A A g 23 £k 0 H2EE MY A palmitic acid Helo] 3] W
S el $H WSy gAY nd FE Ael A AuEA ge AR vE
stoh. o)WY @uE g 97 FAsUch (2 21). o] AA| ey A pppdEel] vl
Blpeol MAHAZE AEA] palmitic acide] 219 AW FEE A AHE AAEHE
o

»,..‘94...
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"“-\\Pa:mmc amd'(PA) RO DE+PA BUIIEHPA

w I % / \
N ~y f }o ! ‘5 | 19
o

718 21] Rat 2P| azof A S-iwek vl el nEEPe] 2k ehwa el Wzl abeha st
proteomics (79 29 445). YR o F & palmitic acidol] el FHag by Ho| yolm
RS }“"‘i ) & palmitic acidol]l 28] Z7sE o] ®ch oleidh Wsh: F8 ¥ 24

2350 sl AusRoY BN 0P FEE dside FuHA e A0 0
o} "Jvf 2 93 AR Vol BHAs ok A% A £ Aok oli= ok
o) Qo4 Aui palmitic acid of 9@ 7HAIE AW ARridsh Bob Ag FaFn Aok

Fgol o 9 #gA| o5 FFEe A palmitic acidel] & el Apd
go] Bpok M) BFFLEd M dAayer Adde Aeg vEwoen %
HAQ gy 79 29 AEo)A Holy HoE veldch 42 AY oY g o
AE w43 %Vg B4 91tk 28 AE Et-OH, Me-OH, Acetone ¥ DMSO
ool fgol Aol HAL

o Palmitic acid #2] 308 713 F&%E &v] £33 (DW, Et-OH, Me-OH, Acetone)g #
gletgch Ay A palmitic acid 2@ 2 7v & Abde Frlstgen olefgh A8 Ay
Al G el wls) Ripek AW nFFEEe] DMSO 8ol Al 2 v]ehsha)
0] 4 3&]{5 A u}e}x{«_@_»} cw«; gl Belo A Apolvt 1Al ¥ 2] okt (¥ 22).
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- e A OE Y (0806804)
oo PR ) A RO (090604)
100
25 =
ot k||
© O
SO x
=% 60 * *p  * ,
(=3 | 2
&) s~
|
40 - | 1 |
| N I ]

o 1| -b g -l 1
PBS EtOH MeOH Ace DMSO

2 mM Palmitic acid

19 22] &%) Aw 2% 9 gk A nd (DW, Et-OH, Me-OH,
acetone ¥ DMSO)2] palmitic acidell g 4 Ald 24 2d Aatb
*» < 0.05 vs. control, *p < 0,05 vs. palmitic acid alone.

o B3 Ae] A Auzh 2 HQ Oil Red staining Al X8 f#Alo] 27islye s of2i$
A8 e A Y 315200909 64 49 Al nis FweF AW Y 0P FEEC
o8 Avsle Ao veldrl (g 23)

Control

FFAs 1mM

5mg/ml pretreatment of Y HY 1 F DMSO + FrAs
5mg/m| pretreatment of X2|3 ¢ 13 DMSO + FFAs

(29 23] ¢l R FEd A nd 23E DHME A 4 3
@Az}

on® >

o 2009 69 2590 &S 74 Palmitic acid Mg} 0¥ nF FHE L0} 28 DW,
Et-OH, Me-OH, Acetone)& #e]8tQch 44 23} palmitic acid ] A b A% MA@
zsgon o e U Aw 2 HEE P Bt A 2FFEE ATl
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= * %* '
= £ 100 1 *
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> 4
— 5 80 |
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60 o * |
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|
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0 J___-___- | S N
CON PBS EtOH MeOH Ace DMSO
1.5 mM palmitic acid

[Zrg) 24) a%ef Auf 315 W Rased ) L4 (DW, Et-OH, Me-OH, acetone %
DMSO)e] palmitic acidel] gl bl AP A8 2k 53 *p < 0.05 vs. control,

p < 0.05 vs, palmilic acid alone.
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A. Control

B. FFAs mixture {palmitic acid+Oleic acid) 1mM

C. 1mg/ml pretreatment of 2H&§ Q¥ 1132(06/25) DMSO + FFAs mixture
D. 1mg/ml pretreatment of X{2|& 2 113:(06/25) DMSO + FFAs mixture

224 25] BalA TH 0 Rper Al nE FEBel DX AW 3 J@An
» Palmitic acid 2] 308 Aol 113 #4&5 (7¢ 109 AE) &u] ¥8 (DW, Et-OH, Me-OH,

Acetone)& A 2latgch A% A} palmitic acid 22l Al 7F M E AME S Frhsld o™ oleigh
e AY A F FEE W BEe Awl DFFEF Ao oA AU et

o

wie]
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Ry aFPake] gole 1ol Bl % gktth (29 26)
120 - - Mo M B F (080710)
co PR MY m (osono)
100 4 ax R
— ** ] **
23
= 80 *-A**
55
8 '
> |
=5 6°
8 ®
= 40 -
20 ‘
1 } « 1 1 _-b )
CON PBS EtOH MeOH Ace DMSO
1.5 mM palmitic acid

2% 26 @8 A T

DMSO) 2| palmitic acide] wi§ M2 Apbd 28 xe ')

control, **p < 0.05 vs. palmitic acid alone,

o EHAWA &2 Al A4 2 FQ) Ol Red staining Al Ak Aol F7ha s
(7Y 109 AF)F 28 ASH
AAe] B A ket (2Y 27).

At e W Ry Au) Yo
vh gt Role

A& o9 ok uj A (DW, Et-OH, Me-OH, acetone ¥

*p < 005 s
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LHER O,

v Ao

Control
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[z1§ 27] el ) wy

NFEX :J 2 HANH ZSdssS IIsd 8ot/ =

23 -

FFAs mixture {palmitic acid+Oleic acid) 1mM

1mg/ml pretreatment of FreiE N 3
1mg/ml pretreatment of X &} 1307/10) DMSO + FFAs mixture

& g Bipek A 1 HEB LA AW & et

(07/10) DMSO + FFAs mixture
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sottial $206 a7 T 7712

He =s TY SE W TE oW 25

RS
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Bt acting —

[1¢) 28] Aol A a3 3 A7) e W el g HHE oF gl b
0] adiponectin ul PPAR ;,amma"l W M8, Aceton [)IW‘)() W) M3 Fi}
& Molsr 4o 8 yEbyith

o 2AlH o mE EEge dupy 4L aydaly) gt FA FEHQ S FEe
& aeeton Y DMSO &u 5555 4845 l & ﬁ'ﬂ 2] 8o Xk Lol A] Eu]yh ”Ui’ﬂ" i ]
x Qlv adiponectin ¥ PPAR gamnmwl ud wals sk, Agay gaes g

wob Al g FEEolA adiponectin ¥~ PAR gamma—»} o] JulHew F /] Bhe

Ao vebyt) (11¥ 28).
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() 2w A% el AoX f7% (F5eh) WP B A vge) PPES W EA

L ARY (R9E) Frer o WA & REEE Aol WA Wk A F0 G
Fueue 4w BaE ol A A§F, Preh ¥ AU RE G DW Y
2 Accton A4 A EoAE ol A0z drstent Batal Aole A9l A4 &
el (19 29 ok Aol Wl s W geels 4g v BUY Ad AT 8
G oAveaA g AT et (17 30) ot AMEA ¥ EA $o 26 dy 4
o ARSI HE A4S dok % AR oA A
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25 mM glucose

DWW Aceton
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beta .u.'“l!.- — —— — — —— — — —

|29 29] A8k, Fwok @ e Qe ¥ FEE

Gy A% o) s Re] ulNE A

28 mM glucose

DW Et-O

contiol none A 12 S Lt B = e |

(23 30] A4, ok @y Aw W F5Fe
:] e ul /U )\‘] e ‘«,H ;H '{flﬂi "10’ﬂ D] il ‘:', I.f.«b’}

Ak A8 A3 palmitic acid ®#] Al podocyte X /'~}‘31~c; vﬁl M‘il?% ?-1«4‘]] !x]“iio"‘i o]
elg 2eo gaqul 4 eE A, 2@y ) DW, EOH, Me-OH 4 Acetone £-1]
g oW wuwok Au % (deE W, 2% %) DW, Et-OH, Me-OH, ¥ Acetone &
u) F&Eo] oslM XehE A of e vheldth 21y 31 & 32).
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120 Palmitte acid
= 100
S35
< 1
S § 80
=8
1 *
=3 °° % = pod
T s o
- é i E\il
20 ¥ o o
V] 1L 11— = e = I-"-'l foey pe—
control none PF cv PF
DwW Et-OH Me.OHM Acerons
fraction {g/ml)

(219 31] ¢a) Ae] 3 St (Fdud) A g FEF (DW,
Et-OH, Me-OH, 9 acetone)?] palmitic acidell t @ podocyte A}
W Ag Ay Awl. *p < 0.05 vs. control,

120 Palmitlie acid
= 100
o =
BE
- 80 1
=
S8
Ew o0 x x
T = gl
o 40
bt
5
20 % o
O A — i
control none cv PF cv PF cv PF
ow Er-OoH Me-OH Acetone
fractlon {gimi)

[229) 32) ) Ao ¢ Fgek (2elwd]) Au) & FEE (DW
Et-OH, Me-OH, % acetone)?] palmitic acido] & podocyte A}

| A8 2y &3 *p < 0.05 vs. control.

o 9% &7 AW S R 2% §48 8olsty] st ST el 0% Qe u%
Z28 fv) 2y (DW, E+OH, Me-OH, Acetone @ DMSO)E HelslQuh 44 A3 nx

=% (25 mM glucose) #el Al podocyte ME A2 fFo AAA F7t &tHen o #
g0 g Sl M ] Aw £33 F2F  (PBS, Et-OH, acetone ¥ DMSO 4ol
2 8) A AgETsd A% oz vebyeh (24 33).
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120

> = 100
3
5 2 80
- o
I g
o £
ae | '
o
S5 3% Lo Y2 L %
2  pESs EID MeOH Ace OMSO
S .
25 M Glucose
(=]

[2tg) 33) #& «iw] 3% ¥ frole S8 F4E5E (DW, EtOH,
Me-OH, % acetone)®] WSl 2]§  podocyte Abgl 2§
et Hyh p < 005 vs. control, ™ p< 005 vs. 25 mM

glucose alone,

Al §7] An] B gk A3 @4E 8A8 7] Hate e Al 308 W
Zo W Byl B (DW, BEt-OH, Me-OH, Acetone % DMSO)E Helstgict 2 d#
TEEG (25 mM glucose) * 2] Al podocyte 4| APE e FAAA Fv) st ow o]
B Ao ey Aul el wa] £ Aw ER FEE  (PBS Et-OH, acetone 3 DMSO
Sul FHEyelA eriapyr e Ao uehdth (19 34). HFe Afe nRRYel
28k podocyte Ml E ARG Adotell A b aekabx] Lk (19 33)

124
103 o
%g ok kT
5 & CREE
= Q
s
g &
€0 o
’ * N s & &% & fl
Q A A
%,Q 3 3 5 B 0w @ 3 R
< PeS EroH MeOH A:is DMSO
2 B =
Em M G lucovas

(13 34 ¥ Aqw) ¥ W f7]% 9 F2E (DW, EtOH,
Me-OH, @ acetone)® TESFo] 21§ podocyte Abd #-8 zpgt
w3t *p < 005 vs. control, ** p< 0.05 vs. 25 mM glucose alone.
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= w
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49
0 M‘W
%
% o 2
4 pPos rn..n Meon Acs nmso
. K I
28m M B luconve )
(2180 35] =ay Al 3% 9 G0y £F $2% (DW, EtOH, Me-OH,

acetone)?] WAEER 24k podocyte AP EE ATk #uh fp < 005 vs.

control.

@) AWz 2o dolX FrlE (—“~ of) wi gzt @&y Aul vige) iy Ma 4
o Palmitic acid # e} 308 A # F& & &) 3 (DW, EtOH, Me-OH, Acetone)d ]
stsick A% A palmitic acid A] Al Al P AEe SolMaAl 2t stglon ol e

Py

ge waiHe] & (ddE 4, 29 -'g{- W 2 DW, Et-OH, Me-OlH % Acetone vl 53

4 ek A nd (duE 2w DW, Et-OH, Me-OH, ¥ Acetone &1
235 G0N ARHA g Ao 1~}rckkL-}f (—-¢:: 36 & 7).
Patmitle xcld
120
g_., 100
=8
© B 30 * T .
=3
Bo £0
2'S
5 2
B = a0
28 ‘ﬂ §
control none CV cv PF cv PFE
Me-OH Acetone
Fraction {giml)

[cigd 36] a3l Am] @ Rwef (ElwW) Al & FEE
(DW, Et-OH, Me-OH, % acetone)9l palmitic acidell ef g 7t
MR AE A xv &b *p < 005 vs. control.
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Patmids acid
120
= 100
(=
=3 o
?? g 80 * *
o
e
£5 0]
= 3%
25 = ap
20 K -
oA | | || je p—
controf none GV PF PF
oOw Me-OH
fraction (g/ml)

(7rgd 37] el A gl Sewed (dlEd) Al & F&E (DW,
Et-OH, Me-OH, % acetone)®] palmitic acidoll tf g 2Vl Al #)

| At Bah "p < 005 vs. control,

o Palmitic acid * 2] 308« Aalgu] R gl Aw) w £33 FH5E Lol ]
Et-OH, Me-OH, Acetone 2 DMSOY& A g G}C‘ib}z g 43 palmitic acid A L-]

g (DW,

Al ZF A

z Aol §o4 el Fbetgor £3 &% M)A MeOH, acetone % DMSO 4]

ol A palmitic acidell 2%k 7hMl . A}rgof J«]'lg‘l”_»:]rfg Ao el ont el A
s o zbeli: g14e] ¥ W erskck (g 38) BF M &Y ] s B W
okt ¥l pahmitic acidol]l 2§ & E Aluo] Aers|lont oFFrbel ajo]w
2 gyekeh (r¥ 39, 40).
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£ 3
§ 2
i 8 84
; 3
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40
M}

“Palm Itit acid
(el 38] w3 e 7 % fKrlw e & 88 15009 (DW,
Et-OH, Me-OH, 4 acetone)?| palmitic acidel]l tl§h M E AbE 414
et 53 *p < 0.05 vs. control, , ** p< 0.05 vs. palmitic acid alone.
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Cell Viability
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(29 39] ¥ Awh £F 2L {71% Av] £F 3 E (DW, Et-OH, Me-OH, %
acetone)®] palmitic acidoll g ZAE AlE #§ g &3 *p < 005 vs.
control, , ** p< 0.05 vs. palmitic acid alone.

[2¥ 40]

120
E 5 t00
é E 90
S ¢

60

éL._‘__—_—m_—#.—_——ﬂ_.—-.

»
3 5 % % % 5 2% 3
. P B S IIOH M o0 H A ce D ME O
]
Palm itie acid

3 el &3 2 #U1F A £y F&E (DW, Et-OH, Me-OH,

2 acetone)?] palmitic acide] Wit ZAHE AE &8 2 &3 *p < 005
vs. control, ** p< 0.05 vs. palmitic acid alone

o APHo 2 TMEY AW ZHo) AP AHE B| 93 ZAYL A A AT AR
¢l Oil Red staining A A @§4o] F7tstgon olgd 282 FH dsixe Aes
dov &3 % 39 F2E Y Ade A¢HA Fe Rez2 JEbwth 53] 3FY 7
& f71AuFo] B wis A 3 AA Aol o] F AL= YERH (1¥
41, 42, 43).
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Control

FFAs 1mM

Smg/ml pretreatment of 2t P8 PBS + FFAs
Smg/m! pretreatment of § 7 &2l PBS + FFAs

29 41] Balqu) 23 R f7)Ad &7 3289 DHE AW HA4 A

(a]

Le] [e.] ‘!I

A
B.
C

D.

Control

FFAs 1mM

5mg/mi pretreatment of 2HE B PBS + FFAs
5mg/ml pretreatment of {- 7|2 ™ PBS + FFAs

(719 42] @A) 9@ R AQe 2g FEEQ] NZ AW &4 (i

[a]

B E

onm»

Control

FFAs 1mM

Smg/ml pretreatment of B3 & PBS + FFAs
5mg/ml pretreatment of §7|& & PBS + FFAs

714 43] Al &7 @ KA £F reEe] TARE Ay 4 2etEn
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2k FEek AE &2t 3 #AdAA #7 Vle4 A
1) = AF oM T ZH“H £ AY A 27 APES vl B4

O WA 3y Al B FFF ] H2t 4L G| et 1EET A 30E8H 1
F=E 81 £3 (DW, Et-OH, Me-OH, Acetone ¥ DMSO)E A&ttt 4F ZAx 1
% (25 mM glucose) 2] A podocyte HE AMEE FAJA F7F sten ole & 2+
< #BPA L FEF A 22t FEEC AN ADEHA Fe Aoz ekt (2¥

<_>1N

120 -
100
g‘ L
=
a3 60
s &
= 3
[T
g 2 40
20
)

Lad k2 z o
2 % 8 9 o ® ¢ ¢ ¢ & 3z W
o M

2
e
o

PBS EtOH MeOH Ace D s

25m M Glucose

[ 4] 33 Al &7 £ Tk Aw) &7 25 (DW, Et-OH, Me-OH,
2 acetone)?] IEE=TFe] 23 podocyte AE 28 AT &3 *p < 0.05
p Yy

vs. control.
WZE (HRHY B EF)Ol lolA FEeF Aul &2tm #a Al 25t owa

e Palmitic acid A& 307 &7t &5 &) 238 (DW, Et-OH, Me-OH, Acetone)2 *
215ttt 4% ZAT palmitic acid 2] A] 7+ M E e Zr1slgon olad g &
7 F2E 4F BgdA ARuEHE ALE Ukt detzioz #Agg &3 FE5E
H] Y% £ FEE(Aceton @ DMSO v E&)o| o) o AGAHAT} A AA
He Aoz degr (29 45)
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(g o ) 3 1Y
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[ EE EtOH MsOH Ace DMSO
Palim tic acid

[c1g) 45 @3 dul sk @ Ywel A A% FEE (DW, Et-OH,
Me-OH, 4 acetone)®] pabmitic acidel] ofgh (P ARE =H& 2k Kap

*p < 005 vs. control, , ** p< 0.05 vs. palmilic acid alone,

« AR 2n FE5S sl ER stress f3 Wul Al PERK 4 elf-2 alphas) w3
(palmitic acid 12417} ] & A& 11%"5?1}-‘.2}‘1»}‘ A e FAEelA MAN aceton R
DMSO 8ol 4] Ak astrt 1ge] At (CLE 46).

750uM palmitic acid 750uM palmitic acid

PBS EtCH MeOH Ace DMSO
- - B9 oMol Y Nel #E Ne SR 1 RS e s
P-PERK Lo e s s BDRE s S —— - - e WP W
pP-elF2a WWWWWWW“IWWWWWW
B-actin Rous oo GET —edey SRR SIDy CREY =Y l mwwww

28] 46] @) AW v ok Au) H% £&W (DW, E+OH, Me-OH, %
acetone)?] palmitic acidel] tfg 3} M A3 AbRe] e )l yr ER stress vz #)
£ aber G

o X7y AZ25 st M Abd halEel PARP, caspase-3, caspase-92] #4138 formg
24§ A palmitic acid €] A PARP, caspase-3, caspase-92] #4938 formgl cleved
formo] &y}l o ol W& X aceton ¥ W DMSO &wl N-#ol) A Fgek

glatell A zpers e Ao g o sl a)e] Pl sl s abekslA] e slew
el (213 47). AE AR o)Al vy el Bel-22) - palmitic acid 2] A A
o] olgfal NHE O K aceton ¥F P DMSO full R oA whal Aul Aol u]s)
Bogof Aol M oftt 1 abgEi: Ao g Jeldt) (1Y 47).
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750uM palmite acld TS0uM palmitic acid

PaS EtOH MeOH A&,’e _Diﬂso

- - B AT pE Me 8 Ha = - e ﬁlal A Xz
PARP p— _:, A U — —— — | —— — —
Clmaved B i o ol A — — i i || s —— — i s

Caspase 3 R - S — — o —— P || T . o— - V.

cloavad B T e e S R e e S || e e e e ——

Caupase 9 ]
cleaved B e g e G A AP 0 . —— Y w—— - — —
Bel-2 Iﬂ-—-bﬂ-“*m”“”m“*‘-“m“

(2% 47) w3y A @ Bxef Al %3t +5& (DW, Et-OH, Me-OH, % acetone)
9] palmitic acidel] g H=E ME Ajgel Pojsle PARP, caspase-3d, caspase-9
9 Bol-2 ©zE wy e A

o e} Hka Al Al Ak AT Oil Red staining A] AW Ao Frisigon ol
2o @ Ay Z2to Ay JEsA ggtov Fuo &5 AHe A xuEE des
Uetstch (29 48).
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o Wugrioo
= "\-;_-._'._,:—
Control
FFAs 1mM

Smg/ml pretreatment of YL A DMSO + FFAs
Smg/ml pretreatment of X2|& 4t DMSO + FFAs

(23 48] A &7 P B ) &2 22 B BME AW E7
Abgh &3}

Un®e>
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vl o A Fast dYA FF 7158 AT
ey

2ud AZ Aol T Al 3o B el FFe PET ¥l 4

o WA T AW L ZE AW A AL A7) st X =T A 0EHA 3
% 2% &4 23 (DW, Et-OH, Me-OH, Acetone ¥ DMSO)E A z|3tHch 4% 27
IZET (25 mM glucose) M2 Al podocyte HME ALEL FAUA F71 stHen o

M oH 2 A EEEs

T Fge AN L FE Aul FF F2E4 A ADHA v A2 YENG
(2¥ 49).
120 ~
100 +
g3 *
S 5 8o+
> 5
ii
BETTTTTTETY I
e PBS BtOH MeOH Ace DMSO
25mM Glucose

(2" 49] 2% AW BF L FFF A A3+ F#&E (DW, E-OH,
podocyte A} ZHE AT &

Me-OH, % acetone)9] X = 9T
3. *p < 0.05 vs. control.

W) vigkyg A ey 2w 33)d oM e Aul 5o a9 Au) 439 dHE

T HlR £4

e Palmitic acid X&) 30 o] A4F 2&E £v] £3 (DW, Et-OH, Me-OH, Acetone)S ]
39t 4% Z} palmitic acid 2] Al 2 HE AlEL Frlsigen old 8L @y
A A3 @ Bpol Au] AF 22 EJ) N JesHA) ge Aoz ved (2¥ 50).
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=z = w_, .=
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B E -
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L ] '.OH M e OH ~ - DM'O
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P alimitic
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[29 50] &3 Au) 43+ L /7] Awf 4F F:&E (DW, Et-OH, Me-OH,
acetone)®] palmitic acidel] di§r TAE AE 2§ AG ZH.

control, , ** p< 0.05 vs. palmitic acid.
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FR stress ft ghal A9) PERK 4 elF-2 alphas| 1w

G auml AYAA ALAN B Tk AN 27

i Lo 24 (A= v
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(palmmc acid 124] 71 QL] &

o AU F o A B 1
‘ Hula] palmitic aud“l] °| LR stress whol @ ybaln] @i Aokt byl (O
|

750uM palmitic acid 7500M palmitic acid

PBS EtOH MeOH Ace DMSO
- - W 9n BY R AW RE - - B9 9 B9 9%

p,PERK B G — o Sl — — PUT—
P-elF2a W —— —— — Wi S e W W ——
B-actin AU WS G T W GNP s oy || D s T P QU9 wey

[1ed 51 @8 Auf W Kok Qui AF &5 (DW, E-OH, Me-OH, acetone Y
DMSO) 9] palmitic acidel] thgh 7Hdla s Apdoll slejalis ER stress whul a4 R
abel o

T2

7 G ulste] MR AP dulEel p38 MAPK, INK 248 form® 4
A} palmitic acid @] Al p38 MAPK, JNK $43] forme] Zvpalalon] i Apd 53
el Bansl e 37h A A oA QALY B2e) WL dasA ol

g Ahge Py g el A% Faed oaia gusA] e Al vEbsy (218 52).
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chal e Ale &
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S R L\ & 93 M e eE A getot sk AR FaEel o

o« BHAPEAE M) A Xl" 2k 531}?&
ZE0
A xpeEe Jles LPE}»l (-

53).
A 8. ' C. D.
\:_';',-;' :
\‘- - by
..._m“ L: 5 2-,*
Control
FFAs 1mM

Smg/ml pretreatment of &4 PBS + FFAs
Smg/ml pretreatment of X{2|& 2 PBS + FFAs

(g 53] @l 4 3 REok Al 43 FFES) QME AY &
3 AR

gnm >

Ab Bgel A SAYD A BAUS A A

(1) Do AZe) ololM FiweF A EAN B el ERYY A AE vla 24

o WA we) Aw P Bzl Aw B9 YAE 887 §sle nEERT AL 0§
Q& FEE fu) 8 (DW, E+OH, Me-OH, Acetone ¥ DMSO) & Hel gtk 4% 439
DEEY (25 mM glucose) A2 Al podocyte M3 ALH-E %wl"e}?l?l v} Bgen oy
g oARe 48 dapo] wAgle] B ¥ B v AU FEE A ke
A e Ao® JeEbgth (¥ 54, 55, 56).
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100 -

Cell Viabiy
(% of Control|
[] -]

I ] i Lo { =
CON PBEBS EtOM MasOH Ace DMSO

258 M glu::osn
(2% 54] &8 A 549 9@ FEek Al AU FTE (L2 00213, DW,
Et-OH, Me-OH, acetone & DMSO)e] n¥E %o 2181 podocyte A} 2§ 2}
o Fab, *p < 0.05 vs. control.
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CH 2 #HANK EFsME IS

= e PH L MW (OBOAZ0)
Lz a3 (09“-"? ?
LS 00‘2413 &L ot (OB0aZTH)

CellViabiy
(% of Control )

B EtOH MeOH Ace DMSO
25 MM gilucose

Al HAY FE:E (L2, 002-13; DW,
218k podocyte AHE A& A

[Frgl 55 @8 A ERG W o)
Et-OH, Me-OH, acetone % DMSO) g 23 & Yol
¢ & *p < 0.05 vs. control,

w— ) ot Yy M (ODOE 2U)
. P2 AT W) (090626)
s IOt D AL V] (OODOB2HE)

120 -
1TO0
& B e
=1 =
£ 5
2 S eo
= R=3
& == 40

o | i | i
COMN rBe s EtOH Mea O M Aca
25 MM glucose

Au) @ ey Agu)l B FEHE (L2, 002-13; DW, Et-OR,

(71§ 56] ¥y
Me-OH, acetone ¥ DMSO)®] 1% o] 93 podocyte At #-g Aok Fof

*p < 0.05 vs. control.
@) Wiy Ad (IR W 02)e) elA Bwer A GAUT N A EAL of

R BT

» Palmitic acid ##) Al 3 A2 AlYeE Fvislaen) ole)d &g s v 49 ¥
Mgk AH| S RSBW@Y 29, 49 284, 59 2890l oA AgE A e o
a2y es! (-"1%] 57, 58, 59). o]l wl&l 7¢ 109 R 204 AL wirdtelA AgEgvt

o] Helovh #3he] Apolw el HA ehokck (17 60, 61).
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120 4 — 0 B D R (090402)
B ‘2 Xt (08QaD22)
sum DO2-13 X @l (090402)

100 4
£ 8
= e
~=

5 E |
>g
D =
=€

QO 20 60 4

40 i I ? I»Z ii **E .u“

o -

PBS EtOH MeOH Ace DMSO
2 mM Palmitic acid

(29} 57 @) A BAY W@ Fwol Al B FEE (L2, 00213 Hel
DW, EOH, Me-OH, acetone % DMSOY¢| palmitic acidel] o) gk gHdE Al
9 2hg &4yt fsf *p < 0,05 vs. control,

120 4 -_— M e DH VS (ODOA2AY
k2 X L (0P0428)
wam OOB-YS X 4] (DRVOASL2E)
100 -
=5
= £
= S vo
= o Ead
= =1 i e
= T = Ed
@ I eo A y e P e o
ol L
1 : | i
= - & mitk @OH N
o 4 | B SRS | ST W .
CON rPBs EtOH MeOH Ace_ DMSO
2 Palmitic acid

(2] 58] e Aw) LAY B FgeF Au) BA 4EE (L2, 00213 Y

DW,M{W,M&O%awmmfﬁDMﬁmﬂmemcwﬂﬂ o g Al AR
g gt f2k *p < 0.05 vs. control.

2O -— O ¥ DR Q) (ODOK2E)
a2 XM 2 (0DO0DS26)
— 00213 & | (0DOB2H)
100 =
=B
= £
E 85 ®°1
pn—1
= 8 *
& ==
S

) iii”’i*’éi?n

P8BS EtOH MeOH Ace DMSO
2 mM Palmitic acid

(1% 59] #sd Qul AN 9@ FEeF Au) AN FEF (L2 00213 M2} DW,
Et-OH, Me-OH, acetone % DMSO)2| palmitic acidol]l cfgt za A}y 22
abek Hit, *p < 005 vs. control.
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20 o -— i S L (080710)
Df §d X{ & (080710)
o UGB bt K 2] (0907 10)

100 A

Cell Viability
( % of Cantrol )

o
=)
s
==
i %
=]

40 H
0 || 1 | —

ON PBS EtOH MeOH Ace DMSO
1.5 mMv Palmitic acid
19 60 #A A A9 W Sxel AW HAY ABE (L2, 0213 A
DW, Et-OH, Me-OH, acetone @ DMSO) 2] palmitic acidel] gk M43 Al
ARzt G *p < 0.05 vs. control, **p < 0.05 vs. palmitic acid alone.

120 3 —— TN 2L (090720)

T2 XM 2l (090720)
100 4
60
*
40 -

s 002-13 X i} (090720)
o4—m wm wm 0 moo owmom i
CON PBS EtOH MeOH Ace DMSO
1.5 mM Palmitic acid

Cell Viability
{ % of Control )
2

|71 61] Tal Wl 70w Tl Aul Eelel S (L2 002-13 A 2] DWw,
EtOH, Me-OH, acetone 2 DMSO)2] palmitic acidell gt A% Abd 28 4}
WoEeh fp < 005 vs. control, **p < 0.05 vs. palmitic acid alone.



o FEbAgAb el Al APt A TS Ol Red staining Al A g Aol FriEtdlow oeigh
AR we Al EAY elEMe AgE ] gt Byek By a8 (L2 W 002-13
PBS BEyde) Al aAehs)e o g vleldrt (g 62)

A B. “ A = El

Il

Control

FFAs 1mM

5mg/ml pretreatment of S74Q PBS + FFAs
Smg/ml pretreatment of S74 Q! L2 PBS + FFAs
Smg/ml pretreatment of 71! 002-13 PBS+ FFAs

119 62] S SAY W Pwek A A FERel AL AY FH A

moN® >

of. 7leb et Al Apn DA Lo B4 A
(1) 283 W) 484 25 Wt

o o] A AR pLEe A AA A FaF GV A kMR AR
& ow DMES BAE 4 R AT S BASA Forstd ot dAA we AE
Tt Aol Al WAtk (C1E. 63 & 64).

oly

300
= conventianally cultured pear extracts
HEE onvironment-friendly cultured paar axtracts
250 4
200
150
100 -|
= %
0
53 o
®. §§ control
(=]
?.; ® =2 dosage of pear .iml)

[ty 63] W3y e w] ¥ WA AQui vl zhAlEe] ME A d
g Fal *p < 0.05 vs. control.
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250 1
) conventionslly cultured poar axtracts
Sl ¢rivivonment-friendly cultured poear oxtracts

dddd

corntrol

200 -+

150 A

-
a
a

[
[>]
i

fesse 41y
(1043u09 Jo %)

=]

dosage of pear @@/ml, 2hr) @/, 24hr)

(213 64] 287 Au) wiel zrMaEe] ATP Aol gk &3 *p < 0.05 vs. control.

o AP Awj vl FFEL THHEo Fo A B8 Aw] v FEFE viE) NE AZFFNF
G17191M 2881 A% #% 22 GulAl CDK-2 9 CDK49 A% F718tdes A%
ARFE2] oA 9. t,l 1 p27 Cip B p21 Kip®l 72§ 3tisdte AR vehu 333 )
il F3E Fo Al GI719 ARBE Bold AlE ARE FHhe Aok yaytd ofg
o @A A FEE MA AE AR &2 @A) IGRT WYY Sb8he Ao
el (2% 65 & 66)

conventionally environment-friendly

control 10 40 10 40 (¥/ml)

CDK-2 — i A

CDK-4 —
p21 - e
p27 - s

(28 65] T3 Aul v R N@F Au) whe] M E] MFE AR F7] Gl A
tHEt &3 *p < 0.05 vs. control.
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A=

EX M2

o Y5 M Al FiAl AL u)s)dkE ERK, INK ¥ Akte] #AIE Uil 4 3
?..

= conventionally cultured poar extracts
500 4 G onviranmgni-triandly cuiltured pear extracts
w

400 -+ T

100 4 L T
= = 200
pl |
R,
Py i~

=

S 3 pa
E & o7 fi== — = _—
= "a:’ control 3 20 40
S & dosage of pear (@/ml)

[ 66] zHa) Aal vf W A A wiFEEe VA Ee] IGF £8]
71%. *p < 0.05 vs. control.

HUTW W @R QAL 1)

¥ : vy L g s

| -."’- i I

-t . —_— ' ie Lo .
*-d-"' A g }
. ' "".‘ - 1 "

2= 2 g {

ol
"\‘: 2z 45 &{

——
@R 2RI © il
(24000 403y, 2331237 _ . . i
—.— |
|

B S NSHU S 0 UAT mnED @S '/
D, R AR Aff e TR { w3 B X 4

[2¥ 67] 31§74 v 71}*“35 84 1213;!‘ 9 AL

(2) A3 W19 e AF 71T Hb

WA Al AEA AT 271 d4E 8 4 Adden ol A&L dYXjuy Br] F&
Bo) uz) Ryt By F23EF A A M3 A BRK JNK ¥ ATke] 4] A= A
o2 Jverdch (Y 68). ol F G AF Hute] e @ A8 B FE2EY
HE Ao ARt =g YolEy] f§ AN DW B8 U E-OHE Hol A @A &
A ERK, JNK 9 AKTS &4c] 9Alg: Aoz Axr) AAHe Aol et (19
69).
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25 mM glacose (& e W8 M Z 2D

5500 @] PRI )

control none 10 40 n 40

-EFRK = _ = _
p-INK - — -
R el e i A

p-Akt - T
beta actime e St e e —

o1 68] 3y Al R WA Aw &

{pl/mh

(1 Oul/ml)

A FeEe] B AE ul TR Ruhas,
25 DI glucose (S92 4 Y128 AT
I\ IDEPR ST B Aceton
K. # B
Ly

corntrol BONne K te S0 G4 ez tes

- TIN I o _‘.. ey ""1‘“*" ;...h % :

P-IC RN e w% # T
IS LS B g  — e

Dtz svetig

(7% 69] wha A 2yl R ANEH Q) @) FFE

Szl gk vbel] of§ B& v

i i

IR

Q

REEY Ml A g4 AFe § 1A 14 fibronectin o] W] Fristg e o
5 A8 gl Agu) 9o FERd s Fped B2 FEEAA AP AGARE »
ALt (719 70).
23 mM glucose (54 8 M F A
P W AL )
control none 1o 4o 10 40 (pl/ml)
fibronectin =» - —— g s
beta actin —p
(21 70) Aol Abpal qEoA e Aw o B Kok Au ®rle
fibronectin ©hf & whslo] o) é s A AZE Ay
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At

o Yok Wy e} in viro A9 &wdl gl E e Grdaly] 28l mesangial Aol
N § Ao 308 W] igef ) —'}* B Auldhy uRmekg 24A A e)sle ﬂ’{:{
(2-D clectrophoresis 3 MALDITOFR)S dajaldv). 44 @ wynd ol @it kol b

#}o& Aedslye ek aF F

, ¢ Aol Gud IR BRI ol% A
moesin, pre-mRNA-spliving factor SLU7, 265 protease regulatory subunit 6A, Genreral
receptor for phosphoinositides 1- associated scaifold protein, PIPAS, microtubule-associated

protein RP/EB family member2 ! galectined 2.8 w3 #lc} (“1s) 71).

Pl 4 —
A P - R -
[ & .3
' -
‘ v
{ CRRE :
control ﬁ’estlcldeuﬁ‘ee
strawberry
2 "§ + 26 mM
= glucose
control [‘;l
25 mM o
glucose d
Pesticide-Free Ty
strawberry I__lﬂ.
+ 256 mM
glucose
228 71] A 42] mesangial «l Eolla] Hipel A Brie] nx el ol cha

A oursl Ma) 2k E el proteomics it

|Table 3] Identified anti-diabetic proteins in the preventive effect of strawberry extracts
cultivated in pesticide-free condition (chitin degrading microbes mixture of Bacillus cereus,

Paenibacillus illinoisensis, Bacillus subtilis extracted from soil) in mesangial cells.

Spot  Frotein oaand IAccvsﬂ Nao.  Theoreticond Moeun
. (NOCB Tney | PUMs (B3) Ervor
| (P pm)
1 Mousin [ YRETOH | 0.2 GTTAT ! =27
2 Tre-mRNA-splicing (hetoy onoLGs | G GERRAN 181
i ) |
3 I 2GS protease regulatony | (O TS 0hy | UG LR RV (> &)
st GA |
-4 I( ieneral receptor hor LIAKIR LTS I 9.2 =232 | -ty 27
phosphoinosindoes ] ~associeted
!z«.‘ul]ll]tl Prove i : '
& IDIPAN RNV NG 54 400174 | 2a2
[ Maciotiibile cassocrted (AR O0 | SR RGRINET -1 %
protemn R12 3 fandly
e et 2 |
7 | Gideotin=t Povsao | oa avoas | —197 |
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AEIW R ALY DAME

J
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I \% 'J"'f."-vd"‘ Y -y .r.j.* 2y
o | % wu h’:-.r L e S ﬂg
. v / " RO R
w !% won
. F 1 e i oW
PAT &1 81 \ iy W t1tse |
i\ *I wo gy OIS THEE x |/
LY e Y
(il

R I T (g Y WL IR E L PU =S B -1
ST, et Q0 DN S R L ALAL MBI AE, AT, T

[2rgd 72) Fpel wolo] ofg e Ay WA

(3) e Evie W vy Belge AR sy ot
| o Ca¥olge] AW FEEL Jobnv] flstel A BsAm AR Twet W A
W ErbE F2E9 Ao A F ozhel delis 4o wH eksiuh (29 7).

=gz 2
500 {23 AW EDNE (PBS)
. R 2= JWEDE (PBS)
F 450 |EZZZ 20U N EOlE (OMSD)
= R 75 4 WE UE (DMSO)
)Uiag 100 -
. o 350
e
g E 300
a
= 25
L
PR T N S 7777~ —— 777 .

100

EOIE F & E (pgmi)

719 75] # A EvhE @ Fxe Evige] Soyel we
Ca2+ &4 A3

A AEE Wl oh ERK, JNK 3 Akte] #AE Adohd A3 @
& 2 & %—7]. S B 4 o oledl Ree Rk W A
7re) —4].011- o)A o] & A eFskoh (719 74),
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25 mM glucose (5 w4 & AUENEY)

2ol B0te

PPN B0 S

comlol none 10 40
p—LRI\-» - A

p-INK = R I—T _—

]»1}38-& — — —— —

10 40

——— g

H"-

LITE W R Tal § 1100 —————_—

[j*m,} 74| A3 A Eelg @ DA Ay Lol B

A vl vl ol wixjy: F3h

@) S-woF @ Ay Abvre] AelgA 2% w7t

o Riwor W BN AR FEE (B 4%, Gu)g Aelstel QAT A F

G f gl el A AsbE el AU RE el AhE A e Ao

(-1 79).

28 md glucase

whole putp

poed

{Uinadaml, IDAISQ)
comaol wone L% PR B ST Y

G A

PUINK & s s — . St ——

-ERK 5 — — — S — P

3% AP e R e

bt e M

[0 75) el 9w A AR F3ES
% "y T;:}"J} wol v X fv

6) Tl W ol A elgel Wiy ) Ut
o Ca2+ W Piol&e] 4 FHES Yohurl Azt A

PFreyy A

TEP PR P

Al gebd $HEE Held A ¥ Fae Aol 4ol wx walth (2 7

P7rel w)
(RRARLS

r‘;w}

77).



AAZEA :

=
40 1
= 400_-
@ E
X2 380 - T
=L
a9
= a 3o
" g
$E ey
E
2 200
150 2
o Mesmmed
control OR| A2 oy

L2 E (i)

(71§ 76] ), A&, Ryop Av) gebgel Ca¥F4ar Kot

250 - o Pmet A Ul

I
206 9
150 &
Er——

o
control

P uptake
{pmalimg proteinimin}

1 e——
apd & B oM

B et ' u/mi)

(2@ 771 @8, A8, ok A debpel Ca¥ S wat

WG w2 A WA A o) ahy: ERKROINKe) @18 ebebs Ao QWA 4

s 4 A A 3 WA ¥ 4 AGer AR Age DY A G FEEA
WE el heby MelAl AHg 9 sEeld @Ashl Ase e desd (19
78)

285 M ghicose (S ke WA M B AVEN)
Whole Juice

coutrol none =3 f'!laﬂc, =2 e

P-ERK = : Y e e o 35 0, Ty et
]l‘;’Nl\¢ﬂ# m - -m*:-_ -.. - a

bera actin -

[ctg) 78] F-gof w v Av] Fgebd FEEe Yuww
A alg Wi el Ak &
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(6) #el « 5ol Ajuy 4uko] del§hy /l*“ @t

¢« NN t,«l

A0 e

el

l“’] l ks
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9

(7) e W RS

x| 2]

Al b Al Aol 2m 3R] 912)19)

fibronectin €] 43 o]

35 M glucese (4 5 A S 4D

HERU

fibroneclin «p |

Bt ACHN i [ ——

L

=)
“1

79 Ao AbA M EelA gl

A Qare) HaABA 2% @}

Frrsrg.om ol

QAW U REE D RO U FEEAM A0 AUAEE WAL

spolv: Qldo] WA et sled vhebuku (219 79).

(Ll-lfnll)

AWl kg Rper A 5

E¥ ¢ fibronectin ¢hula W o EH'@: Fgrdua A JF A

o A 9 EE Y el 94 "‘?"’f% AelA] DA e c’]%}l
fibronectiné ‘:’,!’}"] 7]‘ Eoberel uwle}l zbers]es A OF 1«}&},&0"}

1ol 5 ekake} (223 80).

25 mM glucose (&'t N 5 AEN)

control none 2 10

5 02 (mg/ml
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R
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Ad4A ZEIAE P BARop 9 dx

1 H7hy) Aoty 2 A1E

| 4= AYATEE 7hgA Brke A4 R 7%
o AVA AW HE Y A A87 A 2 I 49
9 84 AE 5 A4 AAB[ 5 % | BA AAE AF 4Y =Ye
A% 4y 2Y 43 %9
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¥ | 9= A AT EE A5 Horel A 9 E
o AXZ AN THE R A7 Aol FE FwHA A=
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NZ oA mn B4
« AB7 AN FAE I A7 A B VY B

3% |2007.00 T AW SAEN WRE 30 % Gy w9 294 23
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. e ATH A FAES A8A A FE8 T=AAA
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2. dPNEERe] EHE

5 X AL FYRG g 4 x(%)

o AA AREA] AXE Wgy Y
o VA Au) Z2e trope THAE WYY &Y
F A 84 AE 7s| A AE Py & )
A4 HAZ A% 2y A7 ME (mesangial, podocyte) BjFH & 100%

4
zd #g e Proteomics 7|H &Y

o IGF-1 24y 83

o VA FAE ¥ #Y FAHE A A X
=g % AFAE AV NHQGEH EF F
™

e AP FLE E VY FTAE A A 2

e 287 SHEY Fuwy i%‘;}g—"%?} fibronectin ©¥}d oy A =

:/\]"\‘l% a4y A &3 o FFA FAE U By FAE A7 A Y 100%

o o =AY AF wi @9 (Akt,
ERK, p38 MAPK, JNK) @3 9y o4 &
%+ 79

e AF7 FAEY IxHA AT A4 &I
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H

o WA FHES EA Ao VYA FUEY ¥ FUEY QY L P F 759
)

F55 A4 F 715 AAE A4
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ol o AXE AR ANET] T
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o A £33 o 29 79
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S A gA ewd ¢F
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3. EEoH] rlgdd V9=

7299 A3, M2 Ao #1), ¥} AL Ao wet FRAEY IAH FF F7 s
Aol ALHog F7HE FAeg wdo] Hr oo w2} AW Age] FSHeg 1HHL Yot A
F M F73 21 873 sy on|Ae ‘A olgke 7154 NS R ¥4 Odd B2 ¥ 7}
XNE 7L e Aotk AFAA A#E $ABY A 71548 e 3] vFIAAch A
SF A9 B9 {7] FAE g3 AR S He ALE AA 9 ddA Eisn
A} (Rembalkowska, 2007). Hecke %(2006)2 ¥t @3 Ajufel A Aujg AlgEo §7152
2 A Aol phenol #3Fo] o1 3t & AFFAAY VlE9 FAHS AYAAFT
Atk Velimirov & (2010) HA] A A7 EA AR FAZ Adte AToA 7154 A
2 g4 d# A7 I3 I d4o)y] Wi FEL 08T T HdYEo HAH
ojof Itta FHHSHG. TN HZ ¥ AFAE Ad8lA 715 F7lF I8P TAE
2 AF ML Fo| AEel: e AT (2010d AUt WFE ol29 AT, #7]
T OFAES ol 8% %A ZYRdF JER HF v Fs 2 f Hg3d oF @i
EfE %) A 2§73 71548 Dol 2T FF A $AEY RrPH] FAddx dif &
%o € ZA2Z @do] drh & 5] dA 7eA & AR FRe 9 1509~2009 Y FEE
E71E Fde 2~3d ol 100099l AFeE S4E ALz UgRa o ol % 4%
o %tFo f71% % AR FAEY 7|vAH Y50 =& E F oW, I¥F FHEY ¢
4 FEZ T AR FLE Ol FUE A28 F o FUte aRIPEA FEd 7188 F
€ o2 @do] ot ok fUlE R FFY FAEY U5 FEE T Ut 7IsA H4FeR
50 hesittn ¥ Ak olfd AP/ FAES 715F $94 HFY FEe Ho 4y A
72 F93A 243 frxd £ g202 #do| ¥
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I. A4 5 : 3873 $3E9 ALY 4922754 A7

O 97/4%e £ 22 9

tAAT F& o] HEHT Aol FUHE AR FAEO] AFYL o, I FAE #
3 A BTG vt YA 249 7153 $943 ATA F AL Y0 detde
Ax e 977 Badith f7)s AEY ARATEE AL g FAEE oE9 °3°o* oL
A% 71%3 29 g% 24E A2 A%sln o], ol tid A7t AF3 23=HD
th & dPoME 187 FAE 99 23 A4S dIT grA 7Estn AR #AF oﬂ*i
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m a7A4d g 2L Ed

AB7A FAEY invitro WY 23 715 BAE7] YA Y HEFQ Raw 2647 A X,
SY7A vt X RBL-2H3 MX¥$ EL4 T AE wd A2BE o] &3tdx IR e
3 ByPHos AuE FAEY 9FA i/l B2AHY AL)EFR] A PAE L v
B0 1A BAEY in vivo ¥ ex vivo RYRA )5 EAIH3Y 18R w4t
BS AFNA ATFRAHT Hoj2us 2 F Hojage] HAARX YR AR
A v EAE Blm BAFoRA A#A $4ES Thl 2 v Th2 |9 w39
e 9%E A4 AT

N. 93445

pAAH o8 MUY n3E 22EL LPSE A3 E Raw 264.7 M LA NO9 34
& froFeg NG F ANLY ol AL FYF v 5T Ao HQ
sQon, &3y F2E0 NO9 AL 4 Z4AE & Ade Ae FUFHAT-

pABAN 2a) AuEY nE: 23FEL PIZ $A3}E RBL2H3 A ¥oA HASE Th2
Al EFIQIQ TL4 2 IL-139) WAL feozdez AaAFow @AYo vete 4%
E2FE YeEdge AL U3t 59y, 3y £33t FFEL RBL-2H3 A XA
dEEE Th2 Al)EF1IQ) IL4 R IL-139] QAo ow @ Aad® Jehl=] agtich

Py, &P, 27 2222 PIZ $4319 EL4 TAXAA $dHE Th2 Ao Ed
Ql IL49] AL FaARNer AT Yo vldeg ¢++8 A4 yeldods A
& HAFHPT, 43 VYFL Pl 438 TAZNN LHHE A EFAY IL-29]
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PAERY 3l AuE nF FEZES AFN AT Fosto HojAW AYAE g4
< 4% 23, g9y 98 Auld 1F FEEE FAF dzT HEtY Con Az
gAste Holaw "M ze IL-29 [FN-y 44| feHoz Frlste A& A3
o} =% CD3¢} CD19+ M E9] £8 F/H LY IL-2+/CD4+ T A X7} Z7H3e AL
ZelatAn.

PABHA 23t AuiE nF FEE molaw WY AX EANE FF N B
AL 71987 Y3l F2E9 AES HPLCZ A48 23 54 937 f93ez 2
7t AL AL, o8 R A AT Fo3AUE W Con AZ 8434
Holiagw HAME IL-29} IFN-y A4o] fedoz Fvlste R A v, 387
ol o3t gAd7o] F7tEo] WY S FAAIe EAZ w3l EF-1 olgt B3
dRon 7= £4 Fo Ao

V. d7AE A5 f 43 88 AY

1. A7 5%
=& A e (23 g% | NE | 712 i—g -3 A8 23| 2y QY | e
20 |saE | ¥ | g | $E | A | C1E | og | A= |77 ¥H il B
1 1 4 (1/0) 2
2. 8849

A8 8 ¥ £ 7|54 WHLE IJ9 AR s, I¥H FAEL WY
274 7154 1822 7t 4 FU 719 # Aoy A7 FAAHE FIo ¢+

VI. Summary

Title : Analysis of biological activity of environmental-friendly argriculture materials -
Evaluation of immune-modulating activities

To examine whether environmentally friendly cultivated crops (EFC) provide greater
beneficial effects on immune functions than conventionally cultivated crops (CCC), we
compared the immune modulating activities between the two groups by using both the in
vitro and the in vivo (ex vivo) experimental systems. environmentally friendly cultivated
capsicum (EFCC) showed significant lowering effects on the production of IL-4 and IL-13 in
PMA-ionomycin activated RBL-2H3 cells, a basophilic mast cell line, which was more potent
than capsicum cultured by the conventional method (CCCC). In activated T cells,
environmentally friendly cultivated Hopyong, Woonkwang and crown daisy reduced the
production of IL4, while lettus significantly increased IL-2 production, and their effects
were more potent than crops cultivated by the conventional method. To evaluate the in
vivo effects for immune cell activation of EFCC, we examined the production of cytokines
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and immune cell activation in murine peyer's patches (PP) after oral administration with
capsicum extracts. The levels of cytokines including IL-2 and IFN-y were dramatically
increased in the cells from mice treated with EFCC. Data from FACS analysis indicated
that EFCC significantly increased the CD3 positive and CD19 positive cells in PPs.
Furthermore, the percentages of IL-2°/CD4'Tcells were significantly increased in the EFCC
treated group. HPLC analysis revealed that the specific peak at 405 nm was increased by
4-5folds in the extract from ECCC compared with that of CCCC. Oral administration of the
isolated compound (EF-1) from the peak showed the same effects as demonstrated in EFCC
treated mice, indicating EF-1 might be an active compound. The production of IL-2 and
IFN-y as well as the percentages of IL-2°/CD4cells in peyer's patches were significantly
increased compared with the control. Our data suggested that EFC has immunemodulating
activities and greater beneficial effects on immune cell activation as compared with CCC.
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A1d A7AEI}AL AL

1. a7t 53 2 gda X

7h A & o] FRHT J)FAC] F7HE AR FABo] iy glou, AP FAE)
B8 A FAE vwste) YA FA9 J)FH $94G A F LS YEEA o
e A% e 977 gesith

U AlS) ReAAE B4 BAdT Sad dsdd AAE wEshe guesy 92 BUE AAS
7 918 AAY & oz Azt BAo) e BES UEhiE AAlE, BYAAL 5] A3kl
U shEs BASEY $44E 93 TS Ae) WA ¥ 4 Ao

o @9 AAE =ZA U Yroled 4H4 Ad(innate immune system)st 5ol ©A
(specific immune system)o|t}. o]F A AE 2F FFZYEH FAT BY AXE] 7eE Uehle
AAeln o 4y AEEL g9, thymus, ¥, Adubd, d371, ZEYHE (gut-associated
lymphoid tissue) el B A A &5t

% 434 Wee 290 ke 27] WolAAZA AYT (granulocytes), BT (monocytes), o
A E(macrophage)$h & 42§ (phagocytosis)e LFERNE ME7} HPRTh S 9L 9A
e o] oflzt Fddel YA EHL UXste fjyAEE 3t superoxide radicalsit
hydrogen peroxide®} Z¢ Z4 23¢ Byt 799¢ ntajdic). a4 (natural killer)H 2 =
¢ AZSARAAE UG AYY BYLE AR T & U

ol §o]3 W9 AAE duFel oM FYH) o]& 54 B ol thF FEAE AUA 5F
FUE AR Yol on, UAHRH 719L 7HAT 3o} ©A) 2L Pl EHUE 1 o
g 3g4og AA & F Uk A7 2 584 Fdo gsiME BARST FAE BEM #
4g AAsA sHed $EE o] WYAE ANA B (humoral immunity)e} s}ei, sioj2jie] g
H HAXE AEEA T AME(cytotoxic T cells)oll oA AA s ojobt shewl, MEAY AYA (cellular
immunity)7} o] & F3%tch MEA AAAS AP BHAE 4 Thl BEAE} Th2 HEAX
of 93 BHlEE A|EFRIEY &5 2AEh L2, [IN-g IL-12& dEHQ Thl Alo|ETIIL.
YAME, AQSANE, HEEN T AEE FAGAT & IL4¢} 159 22 Th2 Atol&7}
AL A P43} HITHAE (mastcel)t FATE 22 GFAEE B4 22A 35 (helminth)
o qEsiA @ HIe e F 39 2 T ME (regulatory T cell) subseto] TSR]
IL-108 Eujsls AE9} IL178 BH|she HEZA o|So| immune responsed ZASAY g2l
& JAske AEol gl AT U

vl o] AF i AV FAEL YAY BT FosA Hol AR EAE A9 WY

AXSH Tl g3 5844 4L o2 F5dnt Fue 1Y A i HAY A7 Ave
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”1 At e in vitoo)h in vivoel Al zab BXEia, 1 Age] MU RE ol ste] ek
NEA& #epE o gt glok
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£ e Asgo g #3F el olfel §34 RANO, PGE LTBs)sh Abolizstel 1l

Rl 2 #ANH JSASAE IS Bt/ sESUANER



@(TNF-a, IL-6, [FN-g, [L4 R IL-13) ¥A+e] W3 E FALch
gt in vivo AF AAE BF o) LF F2EL ATE FAT FH Folojx HA % HFAEY
M XA 9] Alo|EFI I¥ w3l FAS B4
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A23a Y A I

1L 3 7le Ad 3%
7h AT AL AFHFVES ALTF 2 FA4 AEH TR IHFETY)

A7 g 2 27 : A AdEe AFFFAEHR V) T = D 4, 3
2, AY, AHZ, 45, 9§ FAFRS dFoE MYBNER, ¥9¥L, ENHNEAR
E, Egie} Hio|ls, gtz EAES UWEAES Hn ENFesAM EY AFLT
As : d7AHRE T By, 2, 2, AL 45 Az a3 3e Fg, AFe
2 /71522 ANE FAE FHE AAEAEL, FI¥L:, TYVEFTE, EHE:
oz, §itsiAl T |Fo] FRUL ¢ 4 AU WA FALX R HSHIEE AY
g durds A FHY opAe] viE fr1FoE AME JFF R RSN AF 77
£ 2 el gFo] JdiHo g £ FAH AL ZHIAE] HF JHHdE ETFIA
f71% FF 2 oIS ddste Aol YYHHLE VFAHHLE B o FEY 450
Ag Aoz AZtEot. (2006. 11. 7. FHF 7 FA HF HIA)

AT AR ARAYY A AGARHS

AT W& 2 AR : e HAY AR v dgsith 227 g gAY o7
g IFZHAE0 AFsn ok fueM AdE FAE a3 TN FUE
FAEY o] o|gu % FPog AwE Aotk wEA 27t He HALY dF
e $a9 17, $3, AHBA B FA 4L 9FL oA A FAUEHANE F
HA2 e A% 187 o] PR JAAY, ofF e I vFo] v HRrh I#F
Fhol FAbske FUEL AAREH Hvjd) olz277A @2 oHEE An Utk FHA
dE Pt ARAE A, AA, a3, AGAB R FL& (S 7HH LT FHA
I8 HFHe FRay) AsiMe 4dY Fhol oiet ARAG LuiArt A
d, AA AFAAZ obd A AFAA Aol ok FHA ¢FH FHE A3
SeuNE QA FAA N AP £AHA =)o HET o]FAk & Rejth (F=
2] A1 2] A &3} 8} 8] 7). 15(4): 165-175, 2004)

L AT AE A2 W 2 @A W] FEE0] BHAE AP PIXe AR

A W& 2 A : Sprague-Dawley RE(XNHE FH)olA HE H&3t9 Collagen coating
9 ME ik AAo] FHME WSS stod A7 Au) W) FEE3 A #Y Au W F
Z2Eo THE J5AHE XA 343 FH$ A F B3 e FE23 A¥A A
v o] 22EL & ¥U(E2 ¥2¥E 5 ug/ml, 20 pg/ml, 40 pg/ml) X Jdte LA E
AR ¥ ATP assayS AAH A7 &3 Aul v} F&E9 A$e N2TH K98 2
ol Q1Ao] HA Ggtou JFA Al v} F&EQ] A% Tk ATHog A4Td W
180% 747 Z7bste Aoz uvegtth 8 AX 43 F$= DNAS 5F g7 744
EZ9] 3hJQl thymined] AT [3H]-thymidined ZHME o) |3t DNA #4& &
ol H AFA AW WFSE & FEHE HYIUL o VYA v FEE v
XS AE AFLo] Fvele ROE JENTH40 pg/ml T A @8 A W F&
B 112% vs.XE7 Au] ¥ FZ2ES 234% p < 005). oy AEHF dyF
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CDK-2CDK4¢ Z$x 387 w528 A A dA}A F7tske 222 deyon
MEAQR A G AQl p2IWAF1/Cipl E p27 Kipld] A$e JAAIE A2 Helx
t}. (J. Korean Soc. Appl. Biol. Chem. 49(3): 233-237, 2006)

2 39 7le A 8%

7t @F A& : Nutritional quality of organic versus conventional fruits, vegetables, and grains.

U a3 4R 2@ A3 : OBJECTIVES - To survey existing literature comparing nutrient
content of organic and conventional crops using statistical methods to identify
significant differences and trends in the data. DESIGN: Published comparative
measurements of organic and conventional nutrient content were entered into adatabase
for calculation. For each organic-to-conventional comparison, a percent difference was
calculated: (organic - conventional)/conventional x 100. For nutrients where there was
adequate data, the Wilcoxon signed-rank test was used to identify significant differences
in nutrient content as represented by the percent difference. Mean percent difference
values were also calculated for each significant nutrient by study and by vegetable for
the most frequently studied vegetables. The nutrient content of the daily vegetable
intake was calculated for both an organic and conventional diet. RESULTS: Organic
crops contained significantly more vitamin C, iron, magnesium, and phosphorus and
significantly less nitrates than conventional crops. There were nonsignificant trends
showing less protein but of a better quality and a higher content of nutritionally
significant minerals with lower amounts of some heavy metals in organic crops

compared to conventional ones.

P 9} o) dFZAAE 2 EY, f71FY AR, THF L AA2F 59 2L HFY
AYFEE A% FUE FANEE 0|89 JY ¥ dF V5H FUHLE ¢ F4E
Ao g Awsla o, olo) tiF AF7F AF3 2FH AL
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Z22e}2AY(PGEs)S 22 94
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ok g3t &Fo FAE FEA
& 4 259 AFAY AFE F
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H du3E E2lsto w3t
ConAE A28l 72413t F9
IL-2¢9} IFN-ys} &2 Thl Alol&E
7}el @ IL4, IL-13 3 & Th2
Ao EF1Q1] AJAte] D F H]
23t ojdH WHIAE Y =AE
ELISA W oz ZHsz WA
¥ F4 ¥slE FAGE ¥4F
t}h (T AE So|F vlAHE ©]])

- AF A& 49 B¢ TUF
£33 FAE FEAEEL 4 2
9 AFN ATE FA3L &
7o] Peyer's patch2%E a7
g B3ty wjgsHEA ConAE
st 7224 Fo 29}
IFN-y¢} 22 Thl Ale]EFIR] %
IL4, IL-13 7 & Th2 Alo|EF}
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| WatE Yeiexs 349
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t}.
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F2E AfZAA
)9 H"HIAR
g4 23% €4

- C57BL/6] A#FHo A& 4d F
Qt YT 1P FEFAA &
3 EF-1& 4 2159 AF 3+
2 Foslaz  A%9  Peyers
patch2 28 YA7E F3io
g3 HA ConAE AHstd 72
A7t Fo) IL-2¢} IFN-y8} 2&
Thl Alo]EF}Q] AAte] W2E 3
v wate oW WH3E Jehf &R
£ ELISA ¥ oz &A%t

- AFAAN A& 4d T
IF FEEAM ¥ EF1&
Zt 2§9 AFH BTE FH93
i &2l Peyer's patchZF ¥
JuTE B3t wiFIAA
ConAE Hsle 722 Fo
IL-29} IFN-y&} Z& Thl Alo]E
711 A4rel =T WIndA
oW H3}E UeheAE SHAE
o}

o i

2. A7NEsy A9

7 YA FAE FESEY AR
(1) 23 3EE AZ

AQee 2R AF He uFE o83 ke FEH UA o] FEES Az
. 47 Bepaze] 1% 7 gol 80% @ 150 mig heta UEE o W2 ESVA 2
Azt e H2ET WEZ ARG oS, TA] JIFEC) 80% EE 150 miE 7t &
EWA Ao 197 o 2ZaPct ZE JHL Fuho 60-80TM AL FH3n A=



on 10 mge 1 ml9 o&Lo]} DMSO| ¥o] 20T HA3AT. Table 1 &

[Table 1] The yield of capsicum extraction

1 2 3 4 5 6
80602 80616 80707 80714 80721 80805
22 8g &g 7g 7g 4g 79
X2l 2 79 79 7g 79 ag 79
5 14.3% 14.3% 14.3% 14.3% 14.3% 14.3%

@2 g2 F2EY A=

Ao g By AT e £7 A3, 3¥Y 0, IFH 017, &3 AL FRFed
o2 Ztzte] WEL 323t T2 k230 A3 29 50% o €& 200mlE 713ty &
3] AT E 3 0L PHFFSAN AT 80T 242 FUFET F AT E AR3HAS U
WA AE E£F J)EFHA F3HL BUdY A3E 2g 3BY 07, TEW R, Y
0|73 21ge ZZe $2 Ed2Ad Y¥i FFFEE N A3 4 60 TAAM T
231 9z 928 4o 10mgS 1mlg og&ojy DMSOd| 5o 20T E@3gich
Table 2& #5&& HL Aol

[Table 2] The yield of environmentally friendly cultivated crop extracts

=By 45 %21 suy  guw

A 21g 29 2g 21g 21g
a3 9.38% 42.50% 23.50% 3.81% 4.76%

+RE (%)
Ha| 9.71% 35% 28% 143% 9.52%

Y. 183 FAE F&E0] cell viabilityd] v]x& &3}
In vitro A8 AANN AFA ENE F2Eo0] cell viabilityo] w3 JgS YelReAE
MTT assay& ©]&&o ZALSIAT

(1) % F2Eo| cell viabilitye] PlX= &3}

Raw 2647 AE& o] &3] MEo] 54& YehlA ¢e nF FEEY ¥=E FH3A
Ay Az FYFH AP ANEEL 50 ug/mle) T o|FZ 240 MY e W AXE
o A% 2 AMEE FESA ¥ A& AU ¥ & AN (Table 3). ]G 4F AHAE v
B2 125, 25, 50 ug/mle) FEE A&3te in vito AYE FYEH7IE AR EIF o
ZTO2 AMSF capsaicin®] cell viabilityo] oju @ F3%E JeEhHEAE MIT assayE ©] 83}
o ZAEEE WE 50 uM o3&t FEAM ME AFel owF YUYz HelA Fe A
(Table 3)0.2 #H o] 12 o]39] F=& &3t LY
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[Table 3] Effects of capsaicin and capsicum extracts on the cell viability of RAW264.7
macrophage cell line
Concentration Cell viabiﬁty
(Hg/ug) (%)
Sample Capsaicin 39 @ I He| Sd 2y S Mg 6 3 6w X2
0 100:0.12  100#006 100+006 1003015  100:0.15  100£015 1001015
15 109.89:0.49" 98.75:0.35 93191013 92194012 94.06:0.16 98.02:0.12
L2 1153240117 9143:015 9828+041 88.87:01 9547+011 92324011 05581025
6.25 0438:033 0828+037 9249:016 80.17+0.09" 9392£016 03.3102  102.8£018
125 87571028 105313024 101911065 8056:0.04 8613016 88.31:0.27 8827£0.31
25 97.841045 103.68:026 102813059 90.2£t0090 9364018 6334:013* B1+0.13*
50 94.63£013 103221022 10069026 89.35t011 B999+0.16 62.66:031* 85151024
100 94111047 7461%0.1°" 75531025" 8545:01 8251+0.06" 67.24:0.03" 8322:0.07*

The cells were cultured with capsicum extracts and capsaicin at the indicated concentrations
for 24 h and cell viability were measured by MTT method (n=3) **p<0.05, *p<0.01

(2 B FEE<] cell viabilityel] vjX& A3

@D RBL2H3 A X E o]&3tq A Xo 4L Yelix g AR 2 FE29 &
g AAsA A d AP AT ABEL 50 ug/mle) Fx o3E 24X A
RS o ¥ A% % AEL FEA g AL ¥ ¥ & AU (Table 4). o]
Ay AAS vlgeF 25 50 ug/mle] FEE AHEEY in vitro 4¥E& FY3r2 FHIHA
=

[Table 4] Effects of environmentally friendly cultivated crop extracts on the cell viability of
RBL-2H3 cell line

Sample Concentration Cell viability (%)
(bg/ne) SHY 234 SHu ek &%

0 100.00 + 333 100.00 £ 333 100.00 £ 3.33 100.00 + 3.33 100.00 + 3.33

ny 25 98.15 £ 1.37 107.38 £ 0.59 11033 £ 0.59 9391 t 039 80.77 £ 0.20
50 98.52 £ 0.20 99.45 t 0.00 10221 + 0.98 83.95 t 0.39 82.66 * 0.59

100 9446 t 0.20 95.02 t 157 97.79 = 0.20 80.81 t 216 8081 t 137

0 100.00 & 3.33 100.00 £ 3.33 100.00 ¢+ 3.33 100.00 t 3.33 100.00 & 3.33

25 100.18 * 0.00 10092 + 118 103.69 £ 137 9391 + 038 94.65 £ 0.78

el 50 10295 + 137 96.31 t 0.20 105.35 + 0.78 8321 + 1.18 8893 + 0.98
100 97.97 1 0.00 98.71 £ 0.00 108.30 £ 0.78 8081 + 177 85.79 £ 0.39

The RBL-2H3 cells were cultured with environment-friendly cultivated crop extracts at the
indicated concentrations for 24 h and cell viability were measured by MTT method (n=3)
**p<0.05, *p<0.01

@ El4 M X & o] &3ld Mo 542 JehlA g AP I8 F2EY ¥5€ 4
Astdct Ay A3 BYTH AYFY ARSL 50 ug/mle] FE |2 244 M AL
o HEe AR R AIEE §E3A v AL HU ¥ 5 AU (Table 5). o2 44 2
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#E vl oz 25, 50 ug/mle) FEE AME-3MY in vito AP S FHYEVIZ BAHAG

[Table 5] Effects of environmentally friendly cultivated crop extracts on the cell viability of

EL4 cell line
sample Concentration Cell viability (%)
(ug/se) Yy 234 =iy 4% 8%

0 100.00 £ 3.83 100.00 = 3.83 100.00 + 3.83 100.00 £ 3.83 10000 t 3.83

D 25 10870 + 051 10382 + 044 9981 + 0.07 9851 + 0.29 10195 + 047
50 103.71 + 0.00 100.89 £ 1.97 100.19 + 248 9447 t+ 0.98 100.38 + 047
100 10848 + 000 10076 £ 2.95 100,03 + 0.51 9428 + 0.29 98.65 + 1.06
0 100.00 + 383 100.00 + 3.83 100.00  3.83 100.00 £+ 3.83 100.00 t 3.83

22| 25 11040 + 0.18 9117 + 047 11124 * 0.15 9894 + 109 100.24 + 2.70
50 11040 + 0.18 95.85 £ 0.80 98.78 £ 284" 95.94 + 0.62 97.13 + 0.62
100 10301 £ 160 99.16 £+ 153 106.39 + 2.37* 9344 t 062 9168 t+ 0.95

The EL4 cells were cultured with environmentally friendly cultivated crop extracts at the
indicated concentrations for 24 h and cell viability were measured by MTT method (n=3)
**p<0.05, *p<0.01

® Raw 2647 AXE o]§3t] Ao E4& UetA & I8 SUAE F2EY &
=& A4 4¥ 2 #3EY HYTY AEES 50 ug/mlY FE o]ER 24413 A
de W AEe AF ¢ AEE FE3A ge AL 89 & 4 UAAJT (Table 6). o]& &
Ay ABE wlgroZ 25 50 ug/mle) FEE A3t in viro AP S S22 AR
.

[Table 6] Effects of environmentally friendly cultivated crop extracts on the cell viability of
RAW 264.7 cell line

sample Concentration Cell viability (96)
(Hg/ne) =¥y 234 Egy o5 4%
0 100.00 t 0.94 10000 + 0.94 100.00 £ 0.94 100.00 ¢ 0.94 100.00 £ 0.94
25 9585 + 3.13 106.86 t 0.42* 95.09 # 1.77° 11829 £ 0.10** 10991 £ 125
e 50 9433 £ 104 105.59 + 115 10948 + 198 11473 % 6.98 102.54 t 0.10
100 90.01 t 4.06 108.04 + 229 11710 t 0.73"** 12151 t 0.52" 11143 ¢ 5.63
0 100.00 + 0.94 10000 + 0.94 10000 t 0.94 100.00 £ 0.94 100.00 £ 0.94
He| 25 95.34 + 3.75 107.71 = 4.79 10237 + 219 11863 + 0.31= 9280 + 083"
S0 98.73 t 167 11126 t 3.75 10644 £ 0.73 119.98 + 9.28 98.56 + 167
100 9433 £ 354 10271 + 4.90 10440 + 406 12202 t 156" 96.36 t 0.83

The RAW 264.7 cells were cultured with environment-friendly cultivated crops extracts at
the indicated concentrations for 24 h and cell viability were measured by MTT method
(n=3) ***p<0.001, *p<0.05, *p<0.01

t A8 FAE FEEO] YAHEY d3A4H B9 e vA= £
A M X7 LPSol ojslA 8431=d NOE 2A3A Eoh. NOE 9% HYA st ¥

o Z4E Yl 182 AAT FEeA 44 © 9 93 988 FFsA Bk AV
SAHE 320 NO 440l oM 98& YehieA 2Asdt
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(1) 33 3&E0] NO AN vx= &aH

LPSE t)A M EZQ Raw 2674 A X X3Ye o ¥ &F oz NOY Ao &}
e AL FUdtgen(ay 1), 1 ug/mlisE2 ALE A3 e 153 F2E9 NOY v
Ae TS 2AEAY 2Fo2 ALEE capsaicing %E oJEHOE NOY 4L XF
€ g Ao, 3w 4 FYEH AT 1F FEES AT A5 AHTAA
= 9—]%512 NO9] ZAje] #Axdte AL ¢ F AMoy BYZAME FIHY L E
qA & & QU 58 FEEF 6 FEEAAME NO A9 4 284S &Y & F AN

=
nﬁh

80
80

1
Zot
450
Sa}
g}
2wt
10
0 _-

LPS 0.fugiml  LPS 05ughl  LPS tugiml

[Fig 1] Effects of LPS on the production of NO in RAW 264.7 cells. The cells were treated
with indicated concentrations for 24 h and the levels of NO in the supernatant were

determined by Griess Reagents **p<0.05, *p<0.01

Nitric Oxide (utd4)
s a8 8 B &

=2 o

normal  LPS  cap6.25 cap 12.5 cap25 <¢ap50 cap 100 cap 200
Capsach

[Fig 2] Effects of capsaicin on the LPS-induced NO production in RAW 264.7 cells. The
cells were treated with indicated concentrations for 24 h and the levels of NO in the

supernatant were determined by Griess Reagents **p<0.05, *p<0.01
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[Fig 3] Effects of capsicum extracts No. 3 (A) and No. 4 (B) on the LPS-induced NO
production in RAW 264.7 cells. The cells were treated with indicated concentrations for 24
h and the levels of NO in the supernatant were determined by Griess Reagents **p<0.05,

*p<0.01
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[Fig 4] Effects of environmentally friendly cultivated crop extracts on the LPS-induced NO
production in RAW 264.7 cells. The cells were treated with indicated concentrations for 24
h and the levels of NO in the supernatant were determined by Griess Reagents **p<0.05,

*p<0.01 (A) 594, (B), £FH, (C), +%Y, (D) ¥+, (E) #7t

2t @A FAEo] AHANEEY ALIEFII A v|X & A3}

8 &9 B9 AAe Mad 2L e gEtde AAAY QA7 848 = JAHE ¥
Aoz B9 AAsID ulojgi9} Fo] AXE AJde Y Afole AXA AY
A7 gAstE o] upolgiao] ZEE MEE AASA ot AGY AL Th2 XS 9
8 zA=ed o]g& IL4, IL-135} & Al EFAE A AY yig-8 4334 Ho
x4 AYge Thl A EEC 93t Eulsl= IFN-go] 9std A3 o83 B9 AA
€ AN E M2 FFE& 3o A Hgsin Jdov od AW AeldMc Thl 3Y
o] LA AY & Th2 A9 wh3-o] $A3ch & et dAA FPJMe Th2 A
Agutg-o] $AH 3T 2t B2 Yoolw IL4, IL5, IL-13 3 2-& Th2 Alo]EFIQ1E] wEo]
Z7kste IL49) IL-132 v)44% FA & IgEE2 |7 284S Jepdi IgEd) & v
NE BHNE fx & 2 ol 7|#A AEFE fE T F UA dgEo] Th2 Alo]EFRI e
A A Fa% 98S 34 ok aEE olEN JHRFGo} HHFH T dHEU1Y
AL 2330 Y3lIl4) IL-133 22 Th2 Alo|EFIRIS LH L g =4 3he Aol X
7 Aoz Aty Ut
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(1) 3% FZ&Eo] RBL2H3 A ZA L4 R IL-13 Alo]E7LQ AAe vlXE &7
L% 3EEL PIZ F438 397N $EEE Th2 Ato] 711l L4 2 1139 442
ooz BFaNgden AT YT vigtd 48 ARE Jehdoe AE AN
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[Fig 5] Effects of capsicum extracts No. 3 (A), No. 5 (B) and No. 6 (C) on the Pl-induced 1
L4 production in RBL-2H3 cells. The cells were treated with the indicated concentrations a
nd PI (PMA and ionomycin) for 16 h and the levels of IL4 in the supernatant were deter

mined by IL-4 ELISA kit. **p<0.05, *p<0.01
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[Fig 6] Effects of capsicum extracts No. 3 (A), No. 5 (B) and No. 6 (C) on the Pl-induced
IL-13 production in RBL-2H3 cells. The cells were treated with the indicated concentrations
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and PI (PMA and ionomycin) for 16 h and the levels of IL-13 in the supernatant were
determined by IL-13 ELISA kit. **p<0.05, *p<0.01

(2) &) $2 0] RBL-2H3 A XA IL-4 Ale]E7] g4 vlA&€ A
A FAE F2EL P12 $4318 RBL2H3 A XA BE=e Th2 A|EZIIY 1149
e Hyg B4 A} gle AL FYsoh
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[Fig 7] Effects of environmentally friendly cultivated crop extracts on the Pl-induced IL-4
production in RBL-2H3 cells. The cells were treated with the indicated concentrations and
PI (PMA and ionomycin) for 16 h and the levels of IL-4 in the supernatant were
determined by IL4 ELISA kit. **p<0.05, *p<0.01

(3) & F28o] EL4 A XA L4 AL EFRI A4 rlAle A%

A3 228 3 a9, £, 2 PIZ BARE THEAA 2EHE Th2 Alo]E7419l

49 A4E FEARCR Az VYT Wstd ¢4 AAE UATE A A3
AR, 42 BYFL PIZ B45Y THEZAN LHHEE AolE71ad L2 44& foFe
2 Z7NZen #2t Haze #aAslE ERE dshdtE e sy
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[Fig 8] Effects of environment-friendly cultivated crops extracts on the Pl-induced IL-2
production in EL4 cells. The cells were treated with the indicated concentrations and PI
(PMA and ionomycin) for 16 h and the levels of IL-2 in the supernatant were determined
by IL-2 ELISA kit. **p<0.05, *p<0.01

o
-

1F FEEY AT F97t Hojage AFHE A8 vA= AT

1F FEFEY FT 547t ol EAste Holawe AY M ofd AHAE YgUe
A AR dstel 5% C7BL/6 AAE ol&sd AW C7BL/6 4AE YFY
59 kA F capsaicin (200ug/mouse/day) £ IF FEFE (2mg/mouse/day)S 4Y
TS AT Fo ¥ 5o F olEX AAANL F HHAE AARIL AFFEH dF A B
2}3t 1 Peyer’'s patchE #o} (Peyer's patche ti& 1njele] 10703 x) #2383t Peyer's
patch& strainerg o[-&3ld cell2 E&3dqtt WH I <& 1~3x10"/mouse& ¥z T}H

10% FBSS} antibiotics7} Eo|0E RPMI 1640 mediaZ cell& 1x10°/mlz 3o 12well
culture platec]A] W&ttt Concanavalin A Sug/ml2 A3 25 A A3 21go=
o] 72 h <t wigdtn siggE 4 F IL-2 ¢ IFNy& &% 3k
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<Experimental Procedure>

Coul Memwezration Sacrifice — \\ . g

% l 1 ! 1 1 _? , m
3 } PP isalution
I T ._! !I ;I !l g - ‘:‘? Hhation
FACS A
-_, «Control 1 Vehicle
«Capsaicin : 10 mg/kg
G784 & Neees | +CCC, EFC : 160 mgrkg

N9 e
{PEGADO : EtOH : DW = 3:2: 5)

M) 3% #3282 AR S} L2 AY AN K
fzitel Solsg $eld Al ALRE Con A AT JAe| AT VY L2%
44T 4 Aeu nE FFEE 47 Felg AHAN ¥A8 AAARAME Con AZ Q)
@ 4% sl 102 D40l FelHo BN, AAEE Folg FAAE 7131 pg/at
AAlol g Folgh FolME 2186 pg/utel LV A A SUaRD BAPE FoAW

Fol e L2 4ol AR A BT (27 9. A).

@ % FEEe YT FoArt IFN-y g4l vxle Ha

Wz7el solsmeld $oE W HEZS Con A% Aol 4ugol AT W PNy
Vg 4 gllon D FEEL AT Fod 4FCAM Ped fgAqEolMe Con AR
! ‘},“”L,;“ oj&] IFN-y ¥ Mo| feoHor Z7atdct Hadg Fod FolMe 199.01
/ ¢, MWApolAl L Bald ol Ay 57.92 pg/nee] IFN-y7h Mg 2§ #d3tala  des

& 5d8 Foae IL-2 g4do] (A8 A eggteh (71 9. B).
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[Fig 9] Effects of capsaicin and capsicum extracts on IL-2 and IFN-y production in
cultured PP cells ex vivo. Mice were treated orally with vehicle (control), capsaicin and
capsicum extracts as the indicated dose once a day for 4 consecutive days, and the PP cells
were collected on day 6 after the first day of treatment and cultured in the presence of
ConA stimulation. A : IL-2 production in PP cells with Con A stimulation, B : IFN-y
production in PP cells with Con A stimulation. All data are expressed as the meantSD of
three-independent experiments. (* : p < 0.05. ** : p < 0.001 compared with the control
mice. # : p < 0.05, ## : p < 0.01 compared between #3) and )

vl 13 FE8 AT T g% yolayw AAHEZ A A

P 1F FZ2EY AFFY7) Yol2w AIHEF AuF IF& FEA| Lotrr] YA
C57BL/6 HFHA 13 F2E7 HArleldE 2474 100 mg/kg/day, 10 mg/keg/dayd] &F2
£ 49 5 7T 28 ¥ Poj2@ HEEL B Con A 6 pe/m) 2 AL
z3 24A7t o] anti-CD3-PE  #4l, anti-CD19-FITC &3, anti-CD4-FITC &),
anti-CDS-FITC ¥} %), anti-CD11b 3% 2 Q3}e} z}z} CD3* THE, CD4' T M X, CD8' T A
¥, CD19" B AX % thd] AEZY H3E FAZ B47]E o[ &3l ZABIA

(1) T NEZ ¥Ae &7

AT 5o 4F ] Holag WAAHEANA CD3+ TAXFL dx=FollA vt 12.05%,
YA A& TG B 1586% 7t F7H8IAL BPFEE FAF F& dZ2F & 2
Z718tA 4%tk (¥ 10. A). CD4+ B2 T NELL AT E FAF Afde dzTo v
&9 7.34%, }AtolAle BEAF FME O 757% F71E9R BYTL FAF ¢& UET
of ¥ls] ZA F7}8HA ERTHZY 10. B). CD8+ A3 T AXTFL 1F: FEFEL 598 T
B YAl A S FAF F EF o R2EY H&d FERE FAHJAGD (T 10. O).
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W unstained Il Control Ml Capsaicin &Y Il X2
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W
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[Fig 10] Effects of capsicum extract on T cell populations in PP cells. Mice were orally
treated with capsicum extract, capsaicin and vehicle (polyethylene glycol : ethanol A :
distilled water = 3 : 2 : 5) once a day for 4 consecutive days. Following 2 days later
peyer's patches were isolated from intestine. The PP cells were collected and cultured in
the presence of Con A for 24 hr. Panel (A) The cells were stained with anti-CD3-PE
antibody. Histograms are showing population of CD3' cells, Panel (B) The cells were
stained with anti-CD4-FITC antibody. Histograms are showing

population of CD4" cells, Panel (C) Cells were stained with anti-CD8-FITC antibody.
Histograms are showing population of CD8" cells. Values are expressed as the mean #SD
from three-independent experiments. (*: p <0.05, **: p <0.01, ***: p <0.001)

2) B AXZ mlxNE A3
T3 FE2EL T3 AF9 Foj2@ HIMZA CD19+ B AEFL 2Tl Hldo

1052%, HAL|AE T FoME 342% 7 F7HEIAR #YEE FAE T 2T
Hla] A F7hebAl gsko (2R 11).
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[Fig 11] Effects of capsicum extract on B cell populations in PP cells. Mice were orally
treated with capsicum extract, capsaicin and vehicle (polyethylene glycol : ethanol A :
distilled water = 3 : 2 : 5) once a day for 4 consecutive days. Following 2 days later
peyer’s patches were isolated from intestine. The PP cells were cultured in the presence of
Con A for 24 hr. The cells were stained with anti-CD19-FITC antibody. Histograms are
showing population of CD19" cells. Values are expressed as the mean +SD from
three-independent experiments. (*: p <0.05, **: p <0.01, ***: p <0.001)

(3) 4 MEFd) vAe EF

2% 228 W AAIAL Fold AAN 22E Wojaw WHAZAM CDIIb+ th44]
ZTFE Con AZ U Ao A@glo] BT 22 vsd A= eyt (1Y 12).

15

€D11b(%)

Control Capsaicin 23 e
B Unstained Bl Control M Capsaion &% B 42|

[Fig 12] Effects of capsicum extract on Macrophage cell populations in PP cells. Mice were
orally treated with capsicum extract, capsaicin and vehicle (polyethylene glycol : ethanol A
: distilled water = 3 : 2 : 5) once a day for 4 consecutive days. Following 2 days later
peyer's patches were isolated from intestine. The PP cells were collected and cultured in
the presence of Con A for 24 hr. The cells were stained with anti-CD11b-FITC antibody.
Histograms are showing population of Macrophage® cells. Values are expressed as the mean
+SD from three-independent experiments. (*: p <0.05, **: p <0.01, **: p <0.001).

AL B3 FE2E BT T A3 gojago A Al]EFRI A4 AME 73

P 13 F2E9 AT T4 sl mojagor FABE ] A EFJIE YAddte AHXE
E T4 A3ty nRY MEZL XAz} AoEFIQl EAQAAY tE olF 4L &
T FAE BN e ZAEETE T AE EXAUARZE CD3, HE T A¥ES AXE 54 T A
T BEXAAZE 27 CD4%} CD8E AHg3lsion, AX EXUAZE CDIbE AME-3H3A
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o 31F F2E (100 mg/kg/day)zt Ate]l4l (10 mg/kg/day)S 49 &< ZAFFA3a 2
d ¥ molay WY HISS 35l Con A (G ug/ml) 2 A3 H 204 £ AlolE
Filo]l AMXE 3oz BEuEe AL A8 Aste A2 (07 w) & 24 welld] i1 44
7t %o anti-CD4-FITC 338} anti-IL-2-PE, anti-CD4-FITC # %9} anti-IFN-y-PE 3# =&
anti-CD11b-FITC3#| 8} anti-IL-2-PE, anti-CD11b-FITC# 3¢} anti-IFN-y-PE 8A4 & o| &3}
o]F FAE AP FHX EX7E o &3t ZASAG.

(1) CD4+ T M X9 ALl EFIQ] A4 v & A

hzTe AFHA E2j CD4+ T A E F IL-28 IFN-yS AAse AETEL Con A9 2}
3 ABel FAE 2479 o8 A & & QA v 2F FE2EFH HAelAe BT
4% AAAAN £ AGHEE Con AZ I AF3H IL2& HA3e CD4+ T AIX
7t Zkzk 457%S} 244% F7hetg o IPN-y& AAshe CD4+ THEE 22 1.66%9F 1.83%
Z7189 2 BYTLL A8 T2 gzl v IA F/18A foh (2 13).
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[Fig 13] Effects of capsicum extract on IL-2 and IFN-y production in the PP CD4+ cells.
Mice were orally treated with capsicum extract, capsaicin and vehicle (polyethylene glycol :
ethanol A : distilled water = 3 : 2 : 5) once a day for 4 consecutive days. Following 2
days later peyer’s patches were isolated from intestine. The PP cells were collected and
cultured in the presence of Con A for 24 hr. Golgistop was treated for last 4h of
incubation. The cells were then stained with anti-CD4-FITC, fixed and stained with
anti-IL-2-PE or anti-IFN-y-PE. The dot plots show the co-expression of CD4, IL-2 or CD4,
IFN-y. Numbers inside quadrants represent percentages of gated lymphocytes. Panel (A)
Percentages of co-expressed of CD4 and IL-2, panel (B) Percentages of co-expressed of CD4
and IFN-y. Values are expressed as the mean +SD from three-independent experiments. (*:
p <0.05, **: p <0.01, *** p <0.001)
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[Fig 14] Effects of capsicum extract on IL-2 and IFN-y production in the PP CD11b+ cells.
Mice were orally treated with capsicum extract, capsaicin and vehicle (polyethylene glycol :
ethanol A : distilled water = 3 : 2 : 5) once a day for 4 consecutive days. Following 2
days later peyer’s patches were isolated from intestine. The PP cells were collected and
cultured in the presence of Con A for 24 hr. Golgistop was treated for last 4h of
incubation. The cells were then stained with anti-CD11b-FITC, fixed and stained with
anti-IL-2-PE or anti-IFN-y-PE. The dot plots show the co-expression of CD11b, IL-2 or
CD11b, IFN-y. Numbers inside quadrants represent percentages of gated lymphocytes. Panel
A: Percentages of co-expressed of CD11b and IL-2, panel B: Percentages of co-expressed of
CD11b and IFN-y. Values are expressed as the mean 1SD from three-independent
experiments. (*: p <0.05, **: p <0.01, **: p <0.001)

[Table 7] Contents of polyphenols and capsaicin in CCC and EFC

AOAD(%)

Agricultural TPCH Capsaicin
- -1
Product Water(%) Matanol(%) (mg 100g™!) {mg 1009~
Conventional 14.14 96.31 1162 64
Environmental- 2071 88.09 20.36 526

friendly

Samples of hot paper were crushed after lyophilized. Samples of hot pepper were
homogenized 30 minutes with 10ml acetone in the 60°C water bath and concentrated
with vacuum evaporator after repeating three times. The extract(lul) was put on the TLC
plate and developed in Chloroform : triethylamine(4:1). YAOA : anti-Oxidant activity ?TPC :
Total PhenolicCompound
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P 52 d2E 1% 876 g& & 87]|¢ Y3 100% methanole H7}5te 71EE F F&9
& 4k 99 F29& ogH3lzm, Y 53 F 9 methanol FEES IAH FE
BEEE Eo]7] 83t A7 B 33 utE sl 174 g9 methanol extractE® ANt 5.0 g9
methanol extractg silica flash A Z2vlE2HE A3Ps¥Pt. v hexane : ethylacetate =
10:1, hexane : ethylacetate = 5:1 /hexane : ethylacetate = 2:1 ,ethylacetate &=, methylene
chloride:methanol = 20:1, methylene chloride ©%, methylene chloride : methanol = 50:1,
methanol @02 & 87)¢] fraction® 400 ml & At oL #4F4 H#=Z 319 ¥4 HPLC
A 1 mg/ml ¢ FEEZ acetonitriled} B Buj2 3o acetonitrile®] FE7 308 F
10% ~ 100% (0.1 % trifluoroacetic acid ¥) gradient U o2 EX3td X7 EAo| If
gl fractiong 415 nm s} A FES} ATt

(1) 283 Aol o F7td £F &

12 2Z&Ee] HPLC chromatograms A3} 0] UL #Art 5 A8 7o) A7t B
olu} Bt} B ANEE F45d HA¥ Part i, 415 nmolMq HEo] HE RO Ho}
4ad Ae2 FAE0.
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[Fig 15] HPLC chromatograms of pepper extracts.
EF : 3@ 8oz Al 5o F2E
Cv: Bz Yoz Aujd nFe F2F
= w2 BAE BRo] £ Aoz Holv} ¢

Prep TLC2RE 283 F EAF uZTAHEFA(MA)0] EF} CVLF o] Xol7t Y=
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[Fig 16] Isolation of the pigment from pepper ext.
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[Fig 17] HPLC analysis of the isolated fractions.
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[Fig 18] UV spectrum.
7|& ZA8ty= chlorophyll absh EF, CVea| o]z} wied slzie] ZdfEE Wl 3l 4-&
W, UValae] wigshn Anud Qs farstel #aed Age adgc

Silica flash A2ohiE-relme] s 2ozl 8719 fraciond 1Al A9 LM ¥
HPLC2] 723}, hexanerethylacetate = 5:1 hexaneiethylacetate=2:1 2] fractionol )\1 XA B é] I

Fuo] Qe AL #HAstHch o] % Gilson 321 HPLC system& Al8-3ted F3%E 415 nm
o A Luna CI8(2) column (250 x 10.00 mm, 10 micron) Lo]umn-& A}E-8le] 0~15 min7hxA]
acetonitrilew} ¥-& &of (0.1% trifluoroacetic acid §Hf)%® ] acetonitrile®] ¥F=& A &
kA 7)%= gradient Z A 15 min ~ 30minZ} %] 100% acetonitrile & 2§l ZHO B Elol
AL ¥ st (565 mg). #o)d el E A R 7] (Varian 500 Mk NMR) o] &
o) 1H 282 247 LCMSE ol R3dte] vl g2 UV pattern, MS g8 BEoi® 11 4
z8 71%9 reference?} Hinsto] chlorophyll Aol EAelets A& & 4 AU (el
EF-1 o]} wal) (Saitoh et al. 1993).

Chlorophyli ¢2

C3SH2805N4Mg

Chemical Formula:
(u'\gg] lggi\’13N4()5
Exact Mass: 608,19
Molecudar Weight: 608.93

C [
(RN TR 'R
Structure of CHL~¢, (R = ethyl) and ¢, (R = vinyl).

Journal of Chromatography A, 653 (1993) 247-251
[Fig 19] Structure of CHL-¢; and -c2

2 W2 BErEQ EF-19) 4T oyl slojave] WAME st v ﬁ.l’}

P EF-18] A7 £ajvh gite] EAlste ojsghe) W dxo) ofdl ANE veluleA &
A817] gk 5% CS7BL/6 A#E ol &3te] d@stHct. C57BL/6 ‘Jﬁﬂ:—:? %J_-r"c%l F]t
o A1%l % capsaicin (200ug/mouse/day), chrolophil B (2mg/mouse/day), pepper stem
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(2mg/mouse/day) 221 EF-1 (2mg/mouse/day)& 4 ¢ AT F49 3tk Foq F o]
EZ 4FAN T AFE AAEZ 238Y dF 74X Ee3t Peyer's patchE 3o}
(Peyer's patch= tie 1vle]e] 10718 x) £2 314t} peyer's patchE strainerg ©]§-31c] cell
2 2839t (378 2 9 1~3x10/mouse2 £ BT}H). 10% FBS$} antibiotics7t E1%le
RPMI 1640 media® cell& 1x10°/ml2 w3o] 12 well culture platesi A v} FstFTt.
Concanavalin A 5ug/mlZ A 2§ A7 ¢ 2§22 o) 72 h 5 wiFsta )
ofol g e F IL-2 9} IFN-g& 234 34

(1) EF-19] ZF Fo7} IL2 B4 vAe &H

hz2e Holadoa Beld WY HEEL Con A9 Ao Aaglol ZAY e IL-2&
AR 4 ALY EF-18 AT FA% AN E28 dGAZEANME Con AZ A A=
of o3 IL2 Aol fYHo= FV¥AC EF-1§ 598 FAMe FA4 dE=Id
capsaicing T o wEtd IL-2 44€ F7HA7e AdE vehde Rg #d3ned,
chlorophyll Be} B3 A& Jeh A (28 20. A).

(2) EF-19] 2 47} IFN-y A4 v|Xe &7

z7e yolAze A g WY HEEL Con A AFo A#Egle] AT =g IFN-y
E ARY 4 dQey EF12 A7 FA% AFAM EelE dIMEIAE Con AZ AF
226 o8 IFN-y Aol fraFez 7184t EF-1& 548 ZdMe ¥4 =T
capsaicing 598 Zd Hlgld [FN-y 4L F7M07le E#E Ushlle AL #AdU2
o, chlorophyll B 2.t} & &x& Jehyisit} (29 20. B).

35 -

* %
A 30 *
25 4
£
3 20 .
N 15
d |
10
nl I I
0 4 et e Gy _
control capsaidin chrolophil 8 EF-1
45 *%
B 4
35
< 3
§ 25
> 2
Z 15
1
05
0 4 R el
control capsaicin chrolophil B EF-1

[Fig 20] Effects of capsaicin and chlorophyll on IL-2 and IFN-y production in cultured PP
cells ex vivo. Mice were treated orally with vehicle (control), capsacin, chlorophyll B, EF-1

- 25 -
M2t Hedsatzs Jsd Bt/ sEMAER



as the indicated dose once a day for 4 consecutive days, and the I'P cells were collected
on day 6 after the first day of treatment and cultured in the presence of | BA stimulation.
(A) TL-2 production in I’ cells with | B, stimulation, (B) IFN-y production in PP cells
with 1 B, stimulation, 1l data are expressed as the mean=SD of three-independent

experiments, (* : p < 005 * : p < 0.01 compared with the control mice.)

A, DA A sk lmile] #apglabel] wix) i Pak
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¢l GATA-13}H GAT A-Eﬁ"v o we g 0‘/]“&}@: Agol dlen (1§ 21 A), T AliEe
GATA-3 AAkelatel ofsl xv: ojw gk =85 vhebl 2] gdteh(ceyl 21 By, %4 NF-kBe]
g AN e BE chehdl wby NE-AT L} Ar’lol nhdlo] e ojul gk 9 EFe Vfrh ] o
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[Fig 21] Effects of ALA and EPA on expression of GATAs. (A) RBL-2H3 mast cells and (B)
EL-4 T cells were pretreated with 100 pM of ALA and EPA for 1 hr, and then stimulated
with PI for 6 hr. Nuclear extracts were isolated and separated by SDS-PAGE. The levels of

nuclear GATA proteins were determined by western blot analysis. TBP was used as a

loading control.
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[Fig 22| Effects of ALA and EPA on activation of various transcription factors in RBL-2H3
mast cells, The cells were pretreated with 100 M of ALA and EPA for 1 hr, and then
stimulated with Pl for 6 hr. Total cellular lysates were harvested and separated by
SDS-PAGE. The level of each transcription factor was determined by western blot analysis.

B-actin was used as a loading control.
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1.

NEEX M 2

Al 6d AFNLHAAAA £ A5 R[2-3]

A 2l wE FAolg B FAH: stEdey s BA & T4 Fol
Hgitte Aol Busln Yotk Serrano T (2005)2 A9 Al el MFHT AV
of wat i EAY &7 FAo] MHUS S RAHAL, TV 290l Ue AHQe
U 9" EXAAN Agte #n UF Fdd I FEEY 2@ B0 FHPL B
1 3%th (Klumpp et al, 2003). Rapatsa 5 (2010)& AM&-3 HlE<9 F7/F9 o wetA
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VI. Summary

1. Title : Quality evaluation of environmental-friendly agricultural products with respect to
their functionality and favority

2. Object and necessity

This study was to give the consumer the information related to many beneficial functions
as well as to obtain scientific data about environmental friendly harvested agricultural
products. Many agricultural products were cultivated conventional or environmental friendly
and investigate the their physical properties, functional compounds or physio-chemical
functions. There were pepper, pear, strawberry, tomatoes, apple, citron, Bujiwha for
horticutural products and rice, green tea, lettus,

crown daisy, sesame leaf for major crops or cash crops. Among them, organic green tea
leaf and/or mullberry leaf were processed for favorable teas and evaluated their
physiological or functional properties.

3. Research content and scope
Among Jeonnam major agricultural crops, conventional or environmental friendly
(no pesticide or organic) products were selected and compared their physical properties like
pH, hardness, total acidity or functional compounds content such as antioxidant
compounds, polyphenols, or flavonoids. There were pepper, pear, strawberry, tomatoes,
apple, citron, Bujiwha for horticutural products and rice, green tea, lettus, crown daisy,
sesame leaf for major crops or cash crops. Organic green tea leaf and/or mullberry leaf
were processed
7}. Flavor or functional evaluation of conventional or environmental friendly products
(1) Selected items : 12 products
pepper, pear, strawberry, tomatoes, apple, citron, Bujiwha, rice, green tea,
lettus, crown daisy, sesame leaf
(2) Analyzed factors
(7}) Physical property : hardness, color etc
(\}) Flavor compounds : sweetness, total acidity, chlorophyll, total amino acid,
vitamin C etc
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- Functionality : physiological function, total phenol, antioxidant, flvonoids, NO
scavenging activity
1}. Processed product development using environmental friendly products
(1) Processed materials : three (organic green tea, mullberry leaf, rice)
(2) Developed products : five (GABA green tea, roasted green tea, steam and roasted mmullberry
green tea, GABA powdered muberry tea, GABA muberry rice)

4. Research results
7}. Quality evaluation of horticultural products cultivated environmental friendly

(1) Environmental friendly cultivated horticultural products were analyzed on physical or
chemical properties.

(2) Environmental friendly pepper showed higher values on hardness, chlorophyll,
amino acid content, capsaicine, total phenol, antioxidants, NO scavenging
activity, compared to conventional pepper.

(3) Environmental friendly pear contained higher amount of minerals, free amino
acid, total phenol, or antioxidant activity.

(4) Environmental friendly strawberry showed higher amount of total nitrogen, free
amino acid, or free sugar and similar at antioxidant activity, total phenol content.

(5) Environmental friendly tomatoes showed higher amount of total nitrogen,
free amino acid, sugar, redness, or hardness and similar amount of Vit. C,
carotenoides, lycopene, total phenol or antioxidant activity.

(6) Environmental friendly apple showed higher amount of sugar, acidity, hardness
free amino acid, Vit. C, total phenol or antioxidant activity.

(7) Environmental friendly citron showed similar at sugar content, or hardness lower at
yellowness but higher with total nitrogen, hesperinidin, naringin, total phenol or
antioxidant activity.

(8) Environmental friendly Bujiwha showed higher physical properties like sugar content,
acidity, yellowness or hardness but lower at NOyN content. It showed higher functional
properties such as anti-lipid peroxidation, hesperinidin, naringin, total phendl ar antioxidant activity.

u}. Quality evaluation of major or cash crops cultivated environmental friendly

(1) Environmental friendly cultivated major or cash products were analyzed their
physical or functional properties.

(2) Organic rice showed higher quality with lower amount of protein or amylose, and
lower pasterized value. It showed higher functional properties such as anti-lipid
peroxidation, phytic acid content, NO scavenging activity or antioxidant activity.

(3) No pesticided green tea showed higher amount of total nitrogen, theanine,
free amino acids, chlorophyll as well as the better function with anti-lipid
peroxidation, catechin content, NO scavenging activity or antioxidant activity,

compared to conventional green tea
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t}. Quality analysis of pressian vegetables cultivated environmental friendly

(1) Environmental friendly cultivated pressian vegetables were compared to their
physical or functional compounds.

(2) No pesticided lettus showed higher product quality with higher content of
sugar or, chlorophyll but safer with lower NOs;N content, compared to
conventional lettus. It also showed better functional properties with anti-lipid
peroxidation, catechin content, NO scavenging activity or antioxidant activity.

(3) No pesticided crown daisy showed lower the hardness, NOs-N content, but
higher NO scavenging activity, anti-lipid peroxidation or antioxidant activity.

(4 No pesticided sesame leaf showed lower NO3-N content, but higher NO

scavenging activity, chlorophyll content.

2}, Increasing technique development of environmental friendly cultivated products
(1) Green tea was exposed to CO; gas and tea manufactured with 10 times higher
amount of GABA than conventional green tea
(2) Optimum steam and roasted green tea was developed by steaming(100°C,60sec)—blending
(130°C,60min)—rolling(15min)—dryingé&roasting(180C,50min—130C,60min—8
0°C,60min)
(3) Environmental friendly nwberry-green tea was manufactred by first roasting(270°C,7min)
—srolling (20min)—drying & roasting (185+5T,55+5min—140C,55+5min—70C,40min)
(4) Edible glue (1:0.5%) was spread uniformly on the surface of rice and coated
with GABA fortified powdered mullberry tea (0.25~1%)
(5) Mullberry tea was soaked at 0.025M glutamic acid solution for 1h under anaerobic
condition, steamed for 50~60 sec at 100C and followed by drying at 105+5C
60+10min, crushed within 100im particle size.
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7}. Ft2Exole et ZEuE FFol Yuk ErtEd Hld] {7)AN ErtES FFol o ¥
Ro g yehd(Caris ¢ Borel, 2004)

U f71ZEF7 QuE e R HE) 7R dawEE o] BT 26% U @l
F48m Yohn B sAckLevite S, 2000)

t}. EU7} Zgo] QW QLIF (Quality Low Input Food) T 2HEd] g Carlo
Leifert w=e]) 9)3hd, f71A s HEo] @8R} 40% o & P RE x3e,
7% $HE vH7E SRR 0%/ o B st AEd BEIPAULE 83
£ RAoZ ZAIE UL (Sunday times. 2007. 10. 28).

2}. Phenolic acids, flavonoids®} Z-& HE3PE L 7i=2elxols T3 2 APl e
phytochemicals= A}E2] olxjtirle} BaFglen, o|Edt oA tAIEL A& AHAA, ¥
#ANE, GYRE L FH2EH22ZRE L H3EH7 Y3 £9 HoaAe 32
2] = o] Ac}(Brandt ¢} Molgaard, 2001)

o} HEglY C ¥FE {75 okAl7} 89.2 mg/100go 2 Ywt ofx] 67.9 mg/100g K.t} o]
gotttn ¥ s ch(Mary, 2001)

2.3

7b. f71A el Ag @A FFo] 68%AR B, X, A= F Hv|EF YA 0072
AukAe] & A FF 77%9 Avj@sHr}l 0274 HlE FHo| LFIAX(T T
1999)

b 7 2 B Hujo A, ohdzs, Mg/(K. N)b] 5& vln 4% A {7144
A Zz 131%, 261%, 125% Q5 BHAWE 1.36%, 261%, 118%2 &7)Au Au) &
Aol FEETIL B HS(H 5, 1990)

th 1A go] Unk Ao His WELH B F2EAM 3} Ady gddn Bu g
ATHY &, 2001)

g f70% AAY AY, A4z, A, A3, 3 T 4 F/E F v FFo) 8%
£4€ AA3A(A 5, 2004)

ol, 71548 o] &% A %A YEALE A8 FFAEY dHdE, IR FF #
F34 g0 Y A7 o] R S(8 T, 2009)
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oA 10€e] ANE FY P =3, ARE I AEFHAA 99 ol 7Y Aaw
g, g71c 49 F&o) 2% nANN 4L, EvtEe Ad Y $AsRelM 549 Tl
38¢ TSR, Age A FAT FEBAA 109 F&d £8F FAE, fAe A
IEF FFUAN 119 F&o £33 1¥ANE, FAsle A9 2FT TFEIAM 14 3
£l 8% B g, v 108 4&o A UFA X 24 FHrIeddS £8E 3,
39, £F, 97, 258, $F15E, FAE BT EARAN AvE AT AT R
EAE T Agsen, 453 A UFA FE{NM 99 FEl AEFMEFE, &A%
& Ad UFA @38 JoAM 99 Ao A%, Ade Ad UFA AXFNN 48 Fe
of g TP Aol AU, 7HFA ol 8T AL HAT BAYF 2A 5AAFL
A e st GHolA 59 st T AP AHSsAT-

v 24
(1) It E 2 FOHE

Z+ B2 89 Eej4L Texture Analyserg ©]8 TPAMYo 2 AE, A¥AY & £43
i, AT ColorimeterE o] ¢ E4A8 EW 9 Lab g& &339om, pH R 34 A=
10ge] 20ml ZF5 A7 FAY F ARF gL olgfen], pHE pH meter2 FAE
0IN-NaOH&4 & 0|4, citric acid2 5431, $FL A8 10g9) 20ml FFFE H7t ¥ ¢2
B3te] o7 F JYL brix FEAZ ZAGT. 7T EHE F8e FFHFFE AU @2
3l o33k F 10~40v) 3] A43}) 045um membrane filter 3 ¥ HPLCE ©]83] fructose,
glucose, sucrose 5& EMHPL, Folv|AL H&E FHF F7ME TASI (7
%10~20u] 343 3000 xg oA 1083 YAEAE FEHE sample buffer [pH 2.2]2 51)
34 % HPLC(Jasco LC-900, Japan)& ©]8 OPA precolumm system© £ FE3 A|Z1¥ NH;
column (AECpakll, Tokyo, Japan) ©]& ¥4 31%.2.0(Choe, 2002). )AL E ARE AFY
520012 FAE F PAREAS F9 AFAL AFsH IC2 BEASAUL, FIAE
(Inorganic compounds)e AFAIFPFAYES 7122 3o ICP(on Coupled Plasma, Spectro
Plame, Germany)E A}83] A8tk 2o eid e Micro Kjeldahl¥ & ©] 83133, of
W22 e Juliano(12)e] HHE WY EA3AeH, B7HF 100 mge FfAA0 ¥
1 o geE, IN-NaOHE 7133 20 B7 WA F HEFE20A 108 SN ¥ T
F2 100 mLEZ mass up 3}l o]€¢ 5 mLE W]AZFAFo] &7 IN-CH:COOH$} 22=48
Hqe Yol ZHFSFZ ALY 30TCoA 2083 wEAFen UV-VIS spectrophotometer
(UV-1201, Shimadzu, Tokyo, Japam)Z ¥FF =& ZAsIAth v 7154 EQAEE A
u]7] Toyo Midometer (MA-900, Tokyo, Japan)& ©j &3 =¥ & 33 g £ Z73o EQ AN
A Ba&gRd YeF Fefzo] Bo] AFPLE @A BREFXNE ELAVA 49 £H
Axo] Yol Au48 AFEFAAN 23Rt g B E (Alkali digestive value) 573
& U E6)g whiel wel, Az 68 15 mL §39 A7} Hgk2=e] ¥3 14% KOH &9
10 miE Ye¥ 30C Fe7)d 2342 A ¥ BAS(HAE)Y} FHEE 175FLE ZA)
Ath Ab7Hacid value)E GF & 3(13) WHog AR 1g A3 SF 10 mLol & ALHF
HErgyde SAME A7l 0IN NaOHE 3¥7HA AL Jelle A3 4uld NaOH &
o2 HA ANcE APt 29 Tannin, Caffeine, Vit. C= FHAESk(kegaya T,
1990)9] Z3) 2AsAx, $32 AFL HYY(IAS, 1989)9] wtet FAHAULH EEELR
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(NH2SO:& AHS-33ith o)Ak Azbo|H]) 44 3 (Ikegaya and Nasuda, 1986)°] wje} &
AeH R, 9SAE Yoshida §(1976)9) o] Z38 FAsIH

(2 7154 A&

Aolde 128 FAAZ TN £¥E AAR ¥ oMME Er YBE Y@t 159
10mL gvf) 16413t F<¢F 200 rpm, 16C, YAA 28 AAE(10,000 xg 4T, 20 min) F3)
AAZNE AAT F BS AVl AS9L £ 353 A5HE Zojd F 108 53 4E£E
TLC o]2 AAELL #9, AFL $3) HPLC £4d ALEAD. &= #<20-& Whatman K5
TLC plates] ¥7& F A7) &vl(Choroform: triethylamine, 41 v/v)ol A/ F UV-lamp
(245 nm)ol| ZAFSIAL 5% $AtF N-(1-naphthyl) -ethylenediamineo] *olgle £wid] @2
¥ 121 °ColA 4 FAEE . & £ FE & densitometry(NIHprogram)F3] EFEZ
ol¢ AF A% HPLC of ¥z 2L 42U G H(46*150mm, Sum), °|F74
acetonitrile: 0.5% formic acid water=85:158 &4& 1ml/min, YL EL 35T, AH&]/7FAA
AZE7] 280nmol A E438AH.

Jl2Re 712" FEst 10-20 [U/mo] H=S A8E Hajo] FA70 ¥ ks A&7 E9f
A FA7)e) F7140E AL FEEE 2% & YEFos {r])8uE AAS vES
2 A£3) 045m membrane filter $3} ¥ HPLCE o] &3] 433t

golRMe ErtES $AAZ F Yo Edde=111y TolZ2vES H7HI0 m §1i/E
tlE 1g) 8A1F F<t 200 rpm, 16TC, AN FE. A4AEE (10000 xg 4T, 20 min) FF4-&
2y 22 4598 Aojd & 108 ¥33) A &S TLC (thin layer chromatography)o]§ A
LS 89, 3% 938 HPLC #4d A8tk 232 8Y £ #9& Whatman K5 TLC
plateo] % ethyl acetate/acetic acid/water (3:1:1, v/v/v) solvent systemsol] AJHg & 5 %
#27 N-(l-naphthyl)- ethylenediaminee] solgle &vlie] &2 F 121 °C 2 L1 ) -
UV-lamp  (245nm)sj]  EAF  #¢1. HPLCZAL CuHH(46*150mm, 5um), o|F4
MeOH:THF=95:582 §4< 1 m¢/min, AP L E-L 35C, A9)/7H A A& 7] 450nmo| A £4.

T EALE Wheelers} Ferrel(16)2] W18 € Wioz A& 05 go 3% TCA (trichloroacetic acid)-8-4
25 mLE 7}5l3 45837 S & A=A FHa)| Fel3, sodium sulfate, 1.5N KSCN &9 §&
A7}3) 480 nmol| A ferric nitrateE ¥ FEAZ o8 MEL FFE 4.

gameY ¥ JAde AFE s AR F AFAL BHARE ALY 49 1
n¢ + diethyleneglycol 10n¢ + 1 N NaOH 1mE E 3] sl2dde 30T, 108 WA o+
360 nmol| A WAL 30T, 108 WA Fo 420 nmolA FREF 4.

FlElle U £(1992) A mel E4F AR 100 i + WEEEEZD 10 mg S4AEE 100
n AFZetAd] Y dF 80 mE 7 F 80 T, 308 ¥2FETAM FEF oY 25wl +
22X L 25 ME ¥ 33 BE 3239 FHAE AAY T B8 + LIRS
ME ¥I 35 UE 2% ¥ JAAFEHVE FF UYL 5 o2 HIFE WFI 045m
membrane filter2 33 HPLC 24492 A183
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ZgHkxolEE AR 2 g + 80 % wighg 200 me/300 m¢ AL EFtaAd W EF F 80 T
FE&AAA NG §F P FE2F O oG ddez AE. 44 02 m ¢+
diethyleneglycol 2 mE 2 410} 1 N NaOH 0.02 m¢ &3l 37 C, 142t incubating3}s] 420
mollX &3, EFEAZ ruting AHEE

82r3}e 43 DPPH(1,1-diphenyl -2-picrylhydrazyl)'d & ©]& 23 Hed, dFFA Fd& F
Z3le) st oo 1.0mlo| 60ym DPPH 2mi¢} th 2T E 0.01%BHT, ascorbic acid, a-tocopherol
Z}z} 2mlE 713 587F 43 37ColA 308 Wi F VERSA MAX microplate reader(Molecular
Device, USA)E o] &3] E3FXA 515nmelA] 3.

Z5E #FL Choi §(17)9 o) 3, Folin-Denis A%}& A, A& sodium
carbonate(7.5%) 37}, 10027 ¢/FefolA ¥rg AZ1E 760 nmol M EFE=E FHNL. EEE
A2 & sodium gallic acidS HZFZAHL J&F AgY s 8FE 33,

olAMAAS L 10mM sodium nitroprusside 48 2mLe] 0.01M phsophate buffer (pH
74)05 mst A2 £ 05 mE sFsted 25T 100 £ ¥r-gAIZl F o]ukgAl me 3
sulfanilic acid (0.33% in 20% acetic acid) 1 m¢¢} EFFF 58 HAFT o3 H7]d 01 %
(w/v)naphthylethylene-diamine dihydrochloride-8¥(in 20% acetic acid)& 1 mé 7}3l 30%&
A F 540 nmol A F3E FAHY.

AAARLA] BHRE 9.9 % g 39 251 % linoleic acid 0.4 mf, 0.04M phosphate buffer
(pH 7), 08 m¢, 7 077 m 2232 HFFE7)t 25 ug/mol H=F AR A8 003 Mz T
Eo] ¢AloA 40CANA ¥HEAIZIEA ) 24eitt 01 mE FHa 75 % ethanol 27 ml, 30 %
ammonium thiocyanate 0.1 m¢, 35 % HClo] *¢]1 0.02M ferrous chloride 0.1 m¢ ¢ E¥F ¥
500 nmoll A FFEE A3 AP B 0§ 5Y9A FFEE VIELRY A&
Uehle £uighe ALSF tiz2TY F2EM AE Ak FEEE A ae WEREy F%
52 Ur@gs BESE st 42

(3) B

Au] ZHALE 98l 30 g B & Ao 308 BY F 36 mL B ¥3 H7INEAA 208
7tgst 1027 E2 9 o8 Rz AW A4 308 < AT o3 A8E A3
Aok F5AAE 1099 Y (ASEPUI€d, AFQATE o] 304 AF, J4 85%, A
15%)e] o3 ¢, 7], %, A%, AL, FIY7 59 F5& 3~3I7A HFE Fo3 B}
st
=31 B5PARE AR 2g 8 NAZ7)(P90x100mm)o] Hi 80T B 150mE Fo] ddz FAo
1092 AAIAS 23] AA RN, K Fhk(Takeo, 1988)S 83 &9 4, WIAYHd=
ZM, 8 8, 22 XY F 53] tis] 3 1003 PR IHT

(4) SAAY
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Ao dojA AR} SAS T2 I3 (Package relwase 8.01)2 ol &3t HF+AFHA}
2 BN, FEFY FAF F948L p<0.057FAM Duncan®] T-FHAY (multiple
range test)ol] 23] AA st

. 4724

(1) 287 48] FAKY A7

Uuk 9 BipokAu] H3nde] E4Y J1EAHL B 194 B + Utk EY4E vEhlE
A5e B %337} 5632 A 5440 HiE E=gtoy FAF F4L i HE
A3 24, FoloeaAte Bt dwkAu) o) xtolrt ZA gtov, F549 HIER] C
£ Bixofo] ztzt 344 mg 100g7e} 57 mg 100g'= YukAlel 274 mg 100879} 45 mg 100g o] H]
3l o) Witk FwAAAM Y718 Yehle Lgd 49 b dubAuist 5% =
FnFz7t) BAA fdol gied, A& Yehle agte FEge] -1798 kA
1699 vl E=Mo] FEshHch

(% 1) gt & ek 5] F2 Hn(53)

AN Ax 9 FF FopleAb G5k wElw C e

® (biX) (%9 (g100g) (mgl00gh) (me100g) L a b
o u 54 49 0274 594 274° 4 B4 6P 1
5} 53 51 0292 597 344° 57 ¥l VS 27

Quk 2 2wl BRG] JeATF vlae E 29 2ok P, =34, H¥E AP
W, SY2HE A F 154E Y AAto|Ae T ool 204 mg 100g7 o2 LA
150 mg 100g'2h §H3o] Bgron, FuEe 5 S%n3sl 89.0 mg 100g' o2 kA
] 68.0 mg 100g7o] wl3] 309 % ¥Fol Wi, P} L FEfo] 422 %A, WA
Wle 305 %2 £% H3nd: FAo Rk A¥AE Uehle tARLATE T
538 %2 AxkAl) 33.0 %ol v Fzsigon ANALMFALEE FF257 %)o] kA
(208 %)ET +3ATH

(E 2] Q9 2 Spoau] 23 75AHE vIn(=D)

) Apo] Al 9= FAYA oA ALAT  AMAIE
A5 1 " . o

(mg 100g™)  (mg 100g") (%) (%) (%)
g = 15.0° 68.0° 30.5° 33.0° 20.8°
L 20.4° 89.0° 42.2° 53.8° 25.7°

¥ 3L Qur @ ok AYnie BeAH 7154 veidt A4S dehde FE
= mizol yopmEyl 6042 YubAjul 5530 H)E Erow, 71&A4FH 4 AFikE FF
oFx} AukAlu] bl xpolrt A VT, FolElmAre T k(633 mg100g")°] YRHANHI(490 mg
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100gY) o] wal ol B Aol HIEt Ce F¥obo] 67 mg 100g", LA 7L 51 ng
100g'c.2 B35 ¥FnF7} 31 % FFol ¥sich FRAANAM #r1E vetle Lt 34
o) bt UwbAule Tt FYmFEziol olrt giley, HA4 L YehlE agte FEol
1652 AukAu] -15.34) Hl3)] T Ao] FF 3

[E 3] gut g Ry n3e) £ 54 ¥a(YY)

. AT 9= 24 %o}uu:? W=k wehel C A=

® (i) (% (mg100g) (mgl00g") (mg100g) L a b
S ) 553° 6.1 0320 490° 270 51° 329 -153° 218
Bio) 604 61 0328 633° 274 67 331 -165° 233

Aur @ okl YFuFe V|SAYF vaE X 40M E F ded FY, =394, A
P§ AR, FH2HE A5t T 7154 UYehlE Wato]Ale FEeto] 248 mg 100g7 0.2
gutApul 150 mg 100g"wch FFo] Wton, FHEe F5F FFLF7F 99 mg 100g7 S
2 YukAjul 845 mg 100g7e] wis] 182 % #aFo] Wt:, T Teofol 396 %A
o, dutAuls 274 %2 TEoF H3nF BAol BTk WIEAQ YolEZ2o] AL
JAFHE ol AMNAASL Bk 594 %2 YukAlu) 408 %o vld] FZIHor nL, ¥
AP HAAAA Auke] Abs) s} BAP ADNALAEE FFH29.1 %)o] dukAEi(17.1
%)Eot 53Rt

[ 4] 99 2 5% 2539 715 44E HZ(R YD)

P B FAS  RARA HIAAS ARiAee
(mg 100g")  (mg 100g") (%) (%) (%)

d w 15.0° 84.5° 27.4" 40.8° 17.1°

Bigok 24.8° 99.9° 39.6° 59.4° 29.1°

duwk @ FisokAw] wle] mFdrEe E 5oM B & ded FFF izt A wdl] wE &
2(B) 27 %, %ZHMn) 30 %, B(Fe) 20 %, T)(Cu) 22 % FFo] B}k AF(Cr)H °tA(2n)
e  AolE HolA ¥yt

[¥ 5] 9t & FsopA) e vFda FFHALD)
v U4 - (ppm)

ANFY TERE)  @E)  Ma(3xy) | Fed)  Cu(FE)  Zn(ld)
g 24.78° 1.88 3.48° 7.24° 5.94° 1.9
Hizof 31.56" 2.56 452* 8.72% 7.22% 23

Qut 2 Eipokxju] wio] frejoulieAte ¥ 69 22 Tk Hjzh ofxdEAY, LY,
o)lAF4, gtold, S|2HY $HaFo] wstou AW, FFEY, dEhd FFE AL FA FF
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& Aol7t Yl AE¥olUH

[E 6] 9yt & FxofAu] vle] olu| =4t 3 vl
A48 S2lohu] At ¥ (ng 100g")
° olATEAd AF SFEHW e R olaAFA FA gholal 32Ed
g u 1560° 4100 225° 2090° 233° 169° 211 123" 210°
Bisof 1675 328° 193®  253° 250° 203° 208  148° 249°

dwr B ABAAN e EF vime E 79M4 e RAF FEFAH wirh A o)
vls] 7HEAD ol oF 06 % O ®kon, Ax ot AA 9%y, A=e 103 % © B
8 AFAl falsict Aztdh FEokol dukxul v vl #AF F ZXEX, SulgL
go| BT, TREAS #322E & Zol7t e, 71TAE YeEE AR EAYL 55
%, 2¥E 195 % =S

(B 7] 99 & 25gAd) 2 2 7154 ¥

A oa o= M= A= |8 BH%) Fastgy e

(%) (%) (g SFI= ZYEA 322 SHE (%) (mg 100g")
9 w 128 016 729° 100 362° 010 158 40° 78.3°
H2izok 134 018 804 118  4.09 013 187 62° 93.6°

dut 2 FisokAu) Br)9 AR EFL E 8N BE A A FEFAurl AutAjuye] v
3 KO, Mn, Fe #o] ®tou, NaOx FHU3 T-N, CaO, MgOE Zol7h A< YU

[E 8] 9nt 2 FgAm] D79 7148 FHAED)

TR 8%

H o]
A vl £ % T-N(%) KO(%) CaO(%) MgO(%) NaO(%) Mn(ppm) Fe(ppm)
g uk 0.84 1.13° 0.08 0.08 0.15° 6.9° 16.7°
Do} 0.91 1.54° 0.08 0.08 0.02° 11.3 19.1°

duk @ FpokAul Br)Y fEolulAte E 99 god FEf Byt 2, o&R4,
gholdl, ob27)d o] Bk: ofANE A, MY, ¢aid, Td, deEed FFL A7t 2A
e Aol
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[¥ 9] €y 2@ ok 2719 felobe)xil o vim

frelobrl At 3 (mg 100g)

Al £
SAREA AW Z2P dopd Wl olaFAl WEHed ol olzrid

Qg uk 950 137 295° 195 163  105° 103 159°  580°
B0} 955 153  388° 223 185 157° 115 198  615°

F 102 gyt ¥ kA @r)e FAR FEGAulzt dubAwie) vis) 784, BE T
o] ¥3aPA, EUHY HAM@HE FF APoIAth FIY F 2FIEL, THES, wAR
2E Fpoko] Uukajuje] wia) gaFo] 4zt wkout TAFH K442 U A 7
ofo] Awmtzjufo] wls) 16 % ¥Aol ERTH FHEINFEL Fofo] AntAjupe] wis) 24 %
ggo] ok

[¥ 10] g9t & B35l 2719 F2 R 7164 ¥l

P gr AT AL FHAE felg %) PR %xzﬂ%—;l
(%) (%)  (g) (agh) STI THEX FIASS (%) (mg 100g")

o] w 97° 033 180° 365° 220 260 1.11 67.3° 106"

Do} 104° 038 194° 383 241 291 1.16 77.9° 131°

B 112 Qut @ FxofA EvtES] B4R OE Aol dAujel W) KO, Mn g3
o] @gton, T-N, CaO, MgO, Na;,O, Fee ¥ Ao]7l 23 ¥t

(E 11] 94t 2 BEpckaye) EvjEe) B4R 3 vn(38)
A58 7 ¥
L T-N(%) KO(%) CaO(%) MgO(%) Na;O(%) Mn(ppm) Fe(ppm)
g uk 1.48 4.38° 0.14 0.29 0.14 5.49° 31.8
Bl of 1.55 3.37° 0.07 0.21 0.11 7.93° 33.5

dubAu] ¥ FxokAu) EviEe T ¥ 129 o, 5o ErfEY /BT 55 %

2 AubAH) 47 %ol Hla) ko] BRI, opu|xAE o EviEr} 7298 mg 100gT o2
AutAjul 6,903 mg 100g? BTk ¥rFo] Foith FEE Fxof 9809 Hls] dutAjulE 913031
T, e HAEET Risoko] AxtAjulol uia] HAjo] Ayl dHEFHo] YU

[E 12] gyt § F5dAH EvtE F3 vl

A3 FE®%)  olhl=Amg100g) A=) 2 A (a)
Q 4.7° 6,903° 913° 18.1°
Dizof 5.5 7,298 980° 18.9°
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Uut 9 Bieokxu] ErtEe y|AEE vlue E BAMAHYE HER Ce F5 EviE
350 mg 100g’ .2 Yxkxiw] 200 mg 100g™ o) s FFo] 75%, 18, FLH(HAE, HFY, o
oh, Fx T AUY O ¢4 s2Re T¥oF 51 mg 100g70 2 YykAjul 26 mg 100g”
Bt FFo] 96 %, olIAML ok 122 mg 100g72 ukAlH] 7.1 mg 100g7o) HI& FF
ol 72 % WSkth ¥y L Fipeo] 82 %o, ukAHlE 5%F FE A ErtEANN
gAo] BT, FHEL TEGAMAA 219 %2 A 1.74 %o vs) FFo] L& BH
ol ek,

[E 13] 49 2 B354 BEntESY 75499 F vla

A48 H eyl C A SR DR A= Z¥E
°  (mg 100g)  (mg 100g”)  (mg 100g™) (%) (%)

d wk 200° 2.6° 7.1° 65° 1.74°

i 350° 5.1° 12.2° 82° 2.19°

¥ 14 99 3 BEAN Alge F3F 54 B9 22 FAie FeAAust 182
%2 AukaAu) 203 %ol vl& FFE Fpout FAH f4L YA HEYTH d=EE F
Fobgt kAl zhe) ol A @kow, AxE FEopol 13192 ArtAfE] 8090 w3
dzstgout HUge YAzt ot S48 AFolAt. Vit Ce Fyote] 159 ng 100g”
2 AwiAjE] 142 mg 100g7ol wis) FFol W1, FAste FE o] kAol W] 16 %
AT B0l ERod, FAENFEL Fofo] Aubauo] vls) o) 48 ng 100g" ESkTh

(£ 14] 9w 2 RpokAe) Alskel B4 @ A54 54 vaFA)

242 B X Ax veglyl C &3} W E

Aul-3 A . 0 :
PR " % ) @ T8 (g 100g’) (%) (me 100g))
o w 20 142 019 809° 105 142° 63.2° 79°
Bl 182 144 021 1319 97 159° 77.4° 127°

dut 9 Bisokaul Al frEjojplieAte E 15014 B & JEH, FE5F AATE 9wt AL
o vls] ofAuteAl, W, o]AFA, WXL, HALY, 2B FFo] WAL 2L
W, S2FE, gl §F Aozt 2A ¥ FFIAT
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NESEH: M2

[E 15] ¥k B T A Atste] opnieqt §F Wi

faobu] At §Hak(ng 100g7)

Al

TE opmEnt zelod  ZEem ud olkRA mRied  Hudeld ookl slkER
o u 1975° 149 565  185°  175° 73" 140° 240 100°
2xok 2105 160 570  210° 205 101° 185° 250 125°

F 16& gk @ FxokAu f2 FAL Jehded, 3% $4, d=e dubAEs /7]
Az FAH ztolzk iR}, Foprieabe JubAul7} 2543 mg 10072 A7) AN 2330 mg
100g" Bt} ko] gttt EAMAAA Lgke /1At 72712 GubAw 707780 wk4,
agt® ¥ APt FAA FHL gden, bge f71 FA7F A FAEG F
o £ #4o] J3ltke AL & F AN

[E 16] Lt 2 4716 f2te) EA vim(TEA)

A S S A Fotv| =it S

ZJu &

i3 (°brix) (%) (8) (mg 100g™) L a b(3FH )
g 23 31 1,212 2546° 70.77 5.86 76.12°
& 7] 2.0 25 1,139 2330° 72.71 8.02 79.12°

gk 2 fo)AM FAY JFARF viae E 17449 ged, FHEL {7 /A
270mg 100g* o2 UYwkxlu] 205 mg 100g ol ®la) FFo] 32 % W1, FA#FL {717t
494 %Qon, YutAME 325 %2 {7 fAANA el Eoivh LHEAY YolERX
olwl AL At o} AALASE #7) 579 %, LutAl¥] 419 %, nELI HAY WA
A Aol Mg HAgt FAY AABNER &L 7] 338 %, A 196 BE F71A
W7t Eoich A8, uA¥FE, B¢ FHVSARIAY, AT ¥ FEHEE Uehle A2y
ZYe 7] 447 atAlE] Bk 66 %, UYHAAL 29 % 71540l $EFAS.

[E 17] 49 2 {7149 F249) 7154 ¥l

e A = Y - AN FadEd -k

A3 ; : )

T (mglogh) (%) AAS(%) WAE(%)  (mgl100g) (g 1008)
g 205° 32.5° 41.9° 19.6° 280° 119°
5 7] 2702 49.4° 57.9° 33.8° 465° 154°

gut 9@ Bkl $xge] FAL E 18X & & gledl Tyl dukApuol HiH @
= 24, A%, JAg4e] FEsiin, @4 it FeekAuizt {3 Ao7h %i%i°
o, AN AL E F5oko| 651 ppmo2 Yt u] 80.3 ppmel| ]3| FFo] Ak FAAY
oA 8718 depiE L@, AL UehiE ag, 349 by §& dubAEig 7] AL
o $AH freldel AU
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(¥ 18] dut 2 F o) B8] o]gst FA vn(2EF)
3= ¢ Ax e da HE| 54 %)

Aul-5-3 ) A A A
(%) (%) (8) ° °  (ppm) L a b
9 uw  144® 059° 825" 144" 0146 803 67.1 256 719
zeor 172 088 11100 356° 0072  651° 69.4 234 741

At @ BxokAu] B F5AEF vme E 19904 Be A A, wgd Ce #
ofo| 68 mg 100g" 2.2 YutAl¥ 59 mg 100g BT} FFol Bkovt BAH FIHL AN
ZF=e 2¥oF BA 37} 140 mg 100g7 02 Awkziu] 129 mg 100g7o] ®ls] Fo] 85 %
B, $a8ge ool 166 %Ron, v 127 %2 B ¥} gl ¥
geh. WorEAQ JolERzolml AL HAse olANAATE Bk 556 %2 kA
478 %o w3 dssPott 1YY, YHAY HAAY AL ) P o} BEY AL
WA S T 433 %, YA 414 %2 FF Aozt ARHA Wkch FUABAA,
B, wahA, YRAREANE 5 ¢ Yehile davgde Rpek AL dubAy) R 10
% Udde 13 % 7154l F539e.

[E 19] d¥t & Ty 239 71544E B

HE C FdE sl opda AW dadRd ydl

AR o100 (g 10087 (B AAN(R) CBAE(%)  (ne 1008") (ng 1008
g u 59 129 12.7° 47.8° 414 260° 309°
Hixof 68 1409 16.6° 55.6° 433 286° 349°

(2 AB8AAE 48 ¢ 52ZE T2 ¥4 47

B EJENVE o] &3 Uut &z KUl e EA BN Ade I 203 2o Y Fd
AT H &L Yuk Ho| 874~96.4 %2 |-7)A] & 80.9~87.8 %ol Hld] &AHw] w]go] =3k,
duk B FAME Ur] %64 %7t 7] & GHE FHo| 878 %2 &Y W&o M} EUT
An), v)&), B8], Ale] 5 BgAn] vLL gyt o] {FAN AR & Bl ©
E 47409 A$ TF 5o o3 THL W FEo] EolA Ao FiME YL FEo| S
Aoz QARG U S08)T A S(18)L gAY Hlgo] A% &AL 95 %, VYA 92%=
Bty Bagh Wee £ 97 Axel gojsged, v FEA ATy ¥ 8734 w
g Azz Ay
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(¥ 21] & £33 934 &9

e @Y FA(%)

= MY e 2aag a9 CEE 71&

d 87.4 71 3.9 1.2 04
s 3

S 7 80.9 104 6.5 1.5 0.7

d 93.8 09 44 0.5 0.4
s

T 7] 87.8 21 7.9 1.5 07

Y wut 93.2 09 51 04 04
3T

S+ 7] 83.8 35 99 2.0 08

g A 96.4 11 1.9 0.5 0.1
g 1

& 7] 86.3 3.7 8.8 09 0.3

Y ®b 94.0 23 24 0.8 0.5
PR

T 7 86.7 42 6.5 21 0.5

d uk 94.4 15 24 11 0.6
2015

+ 7] 854 4.0 9.0 1.8 0.8

& E2Y 33 F BeA EA vue E 2104 B $ gled, AEE En Bo] 207~4948
FHo] 4948, &7) & 392~632 WY 3 Eo] 6328 71F Few, gyt & HH {7
®e) Aert o & AFo|Ath RS duk o] 94~-2210| 1, {7 AL -7.5~-36.09]
Jou, ¢PAL Uut & 049~0.64, F7] & 043~0772 Y8t &y {7 Ao E Zol7} QU
Ao} SAAE Adut & 026~0.44, §7] & 024~0392 Ywtzt 71 Ao zo|7t ZA gt
on, AAL Yuk ¥ 856~1592 HHo] 1598, F7] &L 9.09~24782 EFo| /MF U
AHAAL Qur o] 454~ 9772 T 157} 9772, §7) AL 416~16.672 TF°] 7}F =X
t}.
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[E 21] & 5348 38 F 298 54 vla ¥4

A

£ = Aupy g Bapy w93 A

Qd ul 453 -14.5 0.54 0.26 11.99 7.25
s 3

| 7] 39.2 75 0.43 0.24 948 416

d u 494 221 0.58 0.33 15.90 9.11
5 9

T 7] 52.6 -36.0 0.77 0.39 20.44 15.73

d i 29.1 -10.3 0.49 0.29 8.56 454
s =

| 7] 63.2 -29.8 0.67 0.39 24.78 16.67

J ut 44 4 -20.3 0.59 0.26 11.75 7.05
g

+ 7] 429 -16.2 0.60 0.29 12.40 7.34

] 1l 20.7 94 0.64 0.44 9.13 5.99
2y

+ 7 549 220 0.70 0.31 17.56 12.30

4 38.9 -14.6 0.57 0.35 14.35 977
1%

+ 7 33.8 -10.0 0.52 0.27 9.09 5.14

% 212g+E18ml 308 2 ¥

Uuk A3 §7)Au] Re] o]3EA EAL o] vuid, olyg s 3, Wx, Y] 7] 54, o
7} B dge] BIE(E 2)S BAsPE, E 2104 e AAY 2o 9y FFL 6~7 %
502 7%o|5W Anyt dFscta Huse] FEH(9), E 2004 AY @A At Ao
643~672 %E §7) & 6.19~667 %RT} FFo] It HL Mok ofBE A FTF nimA] duk &
2 1849~1885 %= {7)AH) & 18.24~1847 % Br} FFo] Thh ¥ Woln, AtH O o}d2
A 3ol Yo o] ¥lo] AVt B1 Rr9n ®Eo] $53itkn dejA Sk vt A9
HEE ofdaA FEre 17~20% $F02 17~18%8 Ax FFe] &o] Anjrt $48lck 3n
19), 4 SOE oldz2e 339 f71AuA) 185%, AutAlul Al 192% Eoh @] At B
3tgEd, & A8y FARE Agoldth WEE Ok go] 34.92-37.99 WANR, #7) &l
36.02~38.348 U A Fo|ME du|7} 37.99, 7] ReME FHo| 38MUZ Wxr} 7P EUdTh
Hurn] §7] EAL Uut Ao| 761~8432 H71AH & 76.9~86.6 B} oFt @& HFgo|Red, o
HrR o2 we] g7 Hub 3 YRAM YeE £&580 UY HAAA &7 e EF %S
P A3, o] B4t o] wrel A & F%E 7Ace B 7t lo) f7) & winte] 9zt
sx3ta)el AR U ST s S715AANA fA1AN B Y, 2 do] %z} 67.49%
7082 Ut & 5807 6130 Hl3] EAJo] FFdtn HusAh AulE FHde A= EHA

_16_



VE Whe Aol FiFo] $e45 Hr7} ednia shet gt A &2 68782 F71AM
% 58-705T EUTh HF S8 # At 23 A f7)%F HE 55-95%EE Uehdn, gw
e 85~146011THT HIE W&H BEHX sl o fARY AYS vehith 22 14%
KOH &2 gojo] A & Ado] S35y, ot TMerd} £ B 4ug Ushis 3
28 U] E402 U 47 {7 o] YPYBASE 2T I 242 6.0-647 56612 F
e Ao)8 B 4 g U SO S/ 2 Luka ) 230 gzt BIx 34 %
7} 599} 6002 ERS AL B 4 gUCT Hug Wed ¥ A% AR $A% A%E JE
Wk 7 EQ0)e LBYRIEE 55 A YHF BAY e, HYl 5 4712 vgE AE
3 71 ez E AS YubAu] 7 ERSA o oz Y 4 Urin e
g, ¢to 2 oo iy AT YaKe] ackn AzHETh

[ 21] st € f7iAe) 29 7134 ¥l

g@d  opdzE2 2 uhw] i)
F5 A o . KL o e A7}
(%) (%) & 713 B I E(1-7)

g ¥ 643 18.49 35.98 79.5 7.5 6.2
+%

& 71 641 18.36 36.02 79.6 7.0 5.9

d W 672 18.81 36.46 82.1 6.8 6.1
9

71 640 18.45 38.34 84.7 6.1 5.9

d ¥k 658 18.68 35.76 84.3 6.9 6.0
¥

& 71 619 18.24 37.93 86.6 5.8 5.6

d w672 18.52 37.99 827 7.3 6.2
dn

F 71 667 18.42 38.26 824 6.6 6.1

d uw 682 18.82 35.65 76.1 7.8 6.4
<5

& 71 64 1847 36.84 76.9 7.0 6.1

d ¥ 658 18.85 34.92 81.7 7.1 6.1
TA1s

71 637 18.38 36.88 84.0 6.5 5.9

Ao §7)AM A2 et BAES 24 AR dE $ad a7 AL e
U gutglstrle Agst 498 2Edtn 8 4 Aok HEAMphytic acid)e &, I FolA
o|Buts mule] EASe HYFE T2 AUAL AR R HIde AP oA, of
At oA 5 g3 2 oL GAFARAZA o8 T AAYAHF SHUAM BAH|
Z7t8 1 Qew(25), E 5404 dellixo] Uut &3 {7|Aw) 29 phytic acide YxHEo
427~89.6 ng 100g", &7 A4u] & 47.6~98.6 mg 100g'2 F7)| A} FeA FFo] 7~16 % ¢l B}

..'|7._



on, ¥F FoMe gvtas f7% 25 TFNA FFo] /1 =4t H # F(W)x
phytic acid ##o] #71% BolA 0.86~1.04%, Gyt FolA 076~085%F 7wl HolA &
Fol  BAUL B [t FHEHFEL Ak Fe) A$ 30.1~405 ng 100g'F 21} A7)
Aud & 367479 mg 1008’2 f7] Auigol ZdE 3¥E FFo] =k Caris o}
Borel(23)= Jl2Ekol=9 EHE FFo] Unt ErtEd HlF {71Au EdtEZL ol
§ Eun Rudgon, Levite 5245 FIIZEF7 dwtxEFo) HE TR dHx
HSEE FFo] HT 26% o Bol AT Avkn HudAc. It 2 FI1AW 2
A3 G BA APE BE Oyl & 11.1~132 %) Bl frlAe & 144~208 %2 ¥4
o] =1, TEPE Yutd f7] & BF FHo] Ao /1R w2 A¥oIUT 1 T B)=
S71Au) Zo] Uk o] HF wlgeTH B FEEo|M Ak} AUt Btz B3 .
HME AR JolER 2ol AL JAshe ol AALATE Uut Ho] 2673~37.08 %E 7]
B 32.85~46.99 %ol vla Wekow, £Fz HmA Yt &, 7] @ BF 5| M 53}
Aok nEY, FBAF DHLAA Ao A Pxe} FEY AFAAYAEL I &
23.79~53.20 %ol B)3] §7) & 37.93~63.23 %o} ¥, FFIF BlwA 4vk 4, 77 & BT
27e 7t A% AT

(¥ 2] 9t F f71A &9 7s4ed vla
HE FHe  FusY opAFLAT ARIRE

3 X i g g 0
BT (g100g) (e100gh (%) (%) (%)

d 427 405 11.2 36.41 33.94
33

- 47.6 36.7 15.2 38.19 37.93

o ut 81.3 37.9 13.2 37.08 23.79
59

% 7 91.4 47.5 20.8 46.99 42.30

g 89.6 38.6 11.2 26.73 50.97
zE

< 7] 98.8 479 184 3351 62.83

g u 76.3 375 121 35.99 40.02
)

& 7 83.3 37.9 14.4 36.19 44.68

d 79.2 30.1 11.1 26.95 53.20

25
% 7] 95.2 46.7 144 32.85 63.23
g u 82.9 32.7 12.8 31.76 42.01
=135
4 7 88.2 422 16.0 37.41 149.07
- 18 _



A7 2 dnAe] E319] VBN S4HL E 2304 B £ e, A9 FEAR AR I
£ AR mxte} QubAw) 5x17} 2+ 50%9F 4.83%, Folvli=Abe 17 2657 mg/100ge] ®
& Qub =3} 2,301 mg/100gE  FHeFo] Boted, ol Karasuyama(1988)7h & AlHIA] 2 EA]
de H1 50% A= FFIT UniAE EYol }E £, L T 3 gL Fo] £4=
e Bustgel, e 217} ol e olf 2 A4 P FotuxAt FFe] AT
2HEch. 187 2wk H31e] @l e 47 137%8F 132%2 93 AolE & 7
QEd, Muramas(1994)8] RIGME gde A F3te] met g&ol A H+HA o
3 49 Aoy 4Fe Al wHFdn sk A FHFE A@H0] 297%2 ARHA
204%9 $HQ Fol7t YU FSAE AP Ao] 405 mg/100g2 YuHAN 345 mg/100g
2o} gao] gsterl, Wada 5(1988)0] A Aul ol oigt g5& o] 2d, AuF F
sholl wigs gFol FrAeAGT B WEFHe ol AHE Bk PIER C FHFL
Ag7A0] 198 mg/100g= YutAlul 183 mg/100ge) HIs) FaFo] wekedl, ol Hul F #7132
B2 g AMSE J@AA} HHEE AT dukAH] I ESEAGN o7 Aolzx ALY
Qed, goz oo W AT "eAel Aux AZEch Mary(2001)E #7)%F ok} 892
mg/100go.2 Uk oFa] 67.9 mg/100g Hut o] BAThaL Hilstict.

Hzo {71 A FAES duk FAES 23 ARREC] did @ A7) PEAR e o
Bhalely)E AR AF3] BEsvn B & ok 383 dutAu) Expe) ddstas £4
& 93 DPPH radicale] thg AxFSE Hla E4% 48 BA FFo| 9%6.9%, kA7t
851%2 JEbged ol4te ARE EUE JFF Hast gul FZad HlE] AARFT ATl w5
2 ¢ 4 ST Na S(00)= #7126 &o] Gxt Ao vz WEH & FEHEANN It
3 a%v} 2oy B Stgch A7 39 dubA) S3be] FHEstEL 18F 534
o] 7% 11,258 mg/100g2 YukAu) 10,592 mg/100g R} o] F3kth Caris 9+ Borel(2004)
E 7l2Exol=st ZEuE $FFo] Yt EvtEd v Hr1Aw ErEZ}L FFo] § w0
HI3gon, Levite $(20000% F7EEF7F AutEEF vl 7144 EQ ALHHREE
o] W 26% o Beol FRtn Avkn B

[Table 23] Quality and functional properties of Environmental-frendly or conventional Green Tea

Agricultural TN’ TAA’ Tamnin Caffeine Chlorophyll Vitamin C EDA” TPC
produc) (%) (mg100g") (%) () (ng100g") (mg100g") (%) (mg100g)

Environmental

5.00° 2,657 137 297 405° 198° 9.9° 11,258°
-frendly
Conventional 4.83° 2301° 132 294 345° 185° 85.1° 10,592°

YMeans in the same column with the same letters are not significantly different(t-test, p <0.05)
2T-N : Total Nitrogen >T.A.A : Total Amino Acid “Total Phenolic Compound(%)
YEDA : Electron donating activities

A7 Hxpeh Qub xx1o] BIANE FFE 2AG FE 24), dFHdLE A K G, Mg §
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A[A =219 gt =x}7te) 32 oyt dUth Lee S(2005)% #71 L #HY A B
2714 8¢ P, K, Mg, Ca §9] #&Fxtel7t dAHA &drts Basgch vFd4 B,
Cr, Al, Mn, Fe, Cu, Zn $& 2482 @3 B, Ale AF7AM A Mn, Zn& dutAjuelA
gkl oFzt @k, 19 HWFAHEA Cr, Fe, Cu ol FFAol7t A9 fAUEd, olE Lee
F(2005)0) Ry W&F FAIRY YL £ F AT

[Table 24] Inorganic compounds of Environmental-frendly or conventional Green Tea
Agricultural KO0 CaO MgO N,O B C Al Mn Fe Cu Zn
product” % ppm
Environmental b
011 039 01 1777 13 409° 801° 93 106 374

-frendly
Conventional 2.7 014 034 0.1 138° 23 379° 937 96 117 42.1°

YMeans in the same column with the same letters are not significantly different(t-test, p <0.05)

A8A Zarel AukA] 349 Roluliedt FEFS E 254A s FFed, FrEjotrlx
Z Val, GABA, Lys, His& 8733 Quide] X3} 3to] gaatelrt A9 YUy Asp,
Thea, Glu, Phe, Arg& A$7A =27} ubAu) =3 Boh §Fo] §e 4%E & & AUt
AEL Ao|3tA T FF T 3(2006)E vt Ao HlE} f7)%s &o] Ysrotv|kdt F Asp, Thr,
Glu, Met, lle, Leu, Phe, Arg #%°] Tt ¥& A¥E Jelltta R3133. Song 5(1988)
= fEolulxAt §EFe Fr1AMG BN & winA FFA wet FF dli Aozt E
ARcn Rug A A old e o ¥ A7t oy ez Adnt opv=At #Pd
ZE A§7, dut & 5 Thea> Arg> Glu> Asp > Val> Phe> GABA> Lys> His 9]
i Thea Argo| ojujitd 71 o] FFHUT

[Table 25] Free amino acids contents of Environmental-frendly or conventional Green Tea

Agricultural Contents of free amino acids(ng 100g")

product?  Asp? Thea Glu Val Phe GABA Lys His  Arg
Environmental

-frendly
Conventional 85° 1130° 328° 25 22° 28 24 20  435°

96>  1268°  355° Sill 35° 30 29 26 472°

YMeans in the same column with the same letters are not significantly different(t-test <0.05)
2’Asp : Aspartic acid, Thea : Theanine, Glu : Glutamic acid, Val : Valine, The :
Phenylalanine, GABA : y-aminobutyric acid, Lys : Lysine, His : Histidine, Arg : Arginine

e ZVEE #A 20 TANRY ¢ 7154 AEE FHYH ester¥o] met AW7F o
20 CeCrCeZF e 71 BAZA 2R ECg EC, EGC, EGCg, C, GCF 6%F°] EA%
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o, C8 GCe F2 %49 53 m2es ECs} EGCH o|dAz A=Y F8 IFe= EC
EGCS} EGCg, ECg 5 44¥ o2 d2lAd Ach(Muramas, 1994). Catechin ke ® 2690 A8}
zeu, 187 ZxpolA 1243%, kAWl X3 1171%2 #F Zole 4t UMY, FAH
o4 e e, Muramas(1994) % cateching AJu|Ze] Fzto) whel o] A FH-$5A
ofx QA Zojut U3gel A7ld HFTL RusFc JERF R A =3 T
cateching & B23) »J EGCgst 51~54%, EGC 20~21%, ECg 16~17%, EC 6~7%, C 2%
£olQeul, Tetsuhisa E(1996)0] Zujd, F5¥, t7ld 49 Aele 3oy catechin ¥
EGCg7} 60~65%, EGC 15~18%, ECg 11~14%, EC 1~5%, C 1% & H {3ty s

[Table 26] Catechin contents of Environmental-frendly or conventional Green Tea

Agricultural Contents of Catechin(%)
product” ECg” C EC EGCg EGC Total
Environmental
2.01 0.28 0.85* 6.75% 2.54 12.43*
-frendly
Conventional ~ 1.97 0.26 0.72° 6.28° 248 11.71%

DMeans in the same column with the same letters are not significantly different(t-test, p <0.05)
JECg:EpiCatechingallate, C:Catechin, EC:EpiCatechin, EGCg:EpiGalloCatechingallate,
EGC:EpiGalloCatechin

WEREC VY BEANE RS AL WHYL <8 BRI, Kol dHYA2E A
29 94, YARAAE $4, B, %, $99 4L Fo2 TAH ed, A8F SH% &
WA Eae BEWsE ARE E 7H § 5 Ak A92IY A9 gpe A¥Hel
158H 02 AukAdl Hajel 15348 Yeisk ofF FIHAL, AVAF LukA] F2te) )
HYAL vms) BY F4e 16987 1644, F& 088D 20278, e 208HFH 2003, 3
9 e 847 80PoE AW A QA FAe) v UAYAR o4+ AR
2 ¥ & A

[Table 27] Sensory evaluation of Enviromental-frendly or conventional Green Tea

Agricultural  Shape Liquor Aroma  Taste Infused Total
product” (20) color(20) (25) (25) leaf(10) (100)
Environmental
15.8 16.9 20.8 208 8.4 82.7°
-frendly
Conventional ~ 15.3 16.4 20.2 20.0 8.0 79.9°

YMeans in the same column with the same letters are not significantly different(paired t-test, p <0

@) TUYF ¥ 23UL T APAAN gAF FF AT
gt ¥ ExopAu] A3e] TAL E 280X Beul AEE AurA 81571 FE ey 722¢)
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vle] E=tn pH, BE, 4 £9F o7l gen, HHAEE Ty 392 A
1580 W3] F@xMo] Ae HFo|gch FoluxAe Figek 10,970mg 1007 o Hs| LA
] 11,950 mg 10077} gFo] Bgton, ANYALE ool 1,973 ppmo 2 UWAIM) 3,320
ppmol] Hl3j FFo] et

(¥ 28] 40t 9 kA 33 T2 §4 vR(FEMEF)

Ax g9x = Ak =AE Foluiat FAME AL
PPy 4 pH oo : Z =AY Folv) - A el A

(8) (°brix) (%) (@) (mg 1007) (ppm)
Q] wuk 815 5.92 3.7 0.163 158" 11,950° 3,320°
ook 722° 6.01 39 0.144 -3.94° 10,970° 1,973°

dul @ Ripobzjul A%e HAEH vlunEe ¥ 2944 Be A Y, e g A
%7} 20.08 mg 10072 UukAlu] 18,65 mg 10070 ®laf FFo] W =3A, I, ¥, ¥
glolgl 2, §4Z, FolET F FFo| Y& SgRolsE Txoo] 8703 ng 100702 Ak
A 66.15 mg 100" Kt} §HeFo] @tk FarsgL Ty ko] 89.25 %HoH, A= 7519
%2 BEok AErt 14 % AT Aol Eth WIEFL YolERZ2olq AL A of
AMREASLE TEoF 4722 %2 IwAH 4020 %ol HlE FZHow nHY, ALY ¥
QA2 Al Ay WA} #EE ADDPuA LS TG 7200 %2 LA 2838 %ol
H)#) 254 ¥t

[E 29] 9t & FpopAu) 33 $4 7154 v

Z¥E  EgExol= sy opAdAEAT AAYWHEALE

v 53 ] i

° (mg 2007)  (mg 100") (%) (%) (%)
o uk 18.65° 66.15° 75.19° 40.20° 28.38°
5o 20.08° 87.03 89.25 47.22° 72.00°

¥ 302 Qub ¥ RiropRju] 279 FA 4L RoFEd, A IHAR (527 FE
G07)ol Hl3 ¥ AFOINUT pH, BT, 4L FAHLZ §AA Hol7} AFHA AU
Folu|:Ate UukAlH) 6294 ng 10076) Hl&] FE o 5605 ng 10077} FFo] How, At
ArE ool 6,240 ppmo 2 UwkAlH] 6,826 ppmd] HIE FFo] B3k

[¥ 30] €ut @ F5of &2t FA 54 wz(@A&)

A58 AE(g) H a3 4 Folnit A4 AL
e o8 P (brix) (%) (g 100")  (ppm)
g ul 552¢ 6.1 39 0.16 6,294° 6,826
= 507° 6.2 4.0 0.17 5,605b 6,240b
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Ut B Bisokaju] £zte] JEARE vREe E 1AM B £ Jded, FHEL TG A
27} 1977 mg 10072 YubAiu} 1229 mg 1007 Bl 61 % AL o] BR =394,
Z, ¢, ulolalx, 9=, YolEn F AT e EdRkol=e FEoo| 6467 mg
100702 UukAlu] 5825 mg 1007 R} 11 % $Hsko] @tk Ak g e Fgofe] 70.81 %A,
AukAlE 4347 %2 x5} 2] 27 % A= Aol EATH WIEFA YolEZ A0 A
e AASE o}AMNAAS L T} 6581 %2 AukAu] 60.58 %o vl FIFol FL UL
U 244 foAe gt ¥ 338 SANAY A A A ddE AR
A &L Tk 41.89 %2 YukAu] 1690 %o} wls| 2484 FE3kct.

(¥ 31] gyt & F5oF £7t9 7153 54 v

A5 F3= Zeriols  Fasty AL AT AALHYAE

(g 100™) (mg 1007) (%) (%) (%)
g v 12.29° 58.25° 4347 60.58 16.90°
& oF 19.77° 64.67° 70.81° 65.81 41.89°

gub @ Hieokziu] AL FAL E R¢Me goh A Tkl 27872 LAyl
2335¢] Hld Egtou BAF FA4e UL pH, BE, FAE A3 408 B F UM
on, ZMEE 2% -11518 Gutzju} 10780 vis) EExMo] A& FFgoln. AUHD
A Rixofo] 1,764 ppmo 2 Antzlu] 2,620 ppmol Hl3| o] wistch

(¥ 32] 299 28383 F2 S4(TF)

o} 3 Z A E] A A
;(Huﬂ_?rag 7351 pH ooE- %;’1\_]_' %’EHE é\_E“E].
(8 (%) (%) (a) (ppm)
g ¥k 23.35 6.11 5.7 0.252 -10.78° 2,620°
25 27.87 5.94 5.5 0.246 -11.51° 1,764°

E 33 dwt g 2xokAu] AN NsARF vnYH, FHse Tyt Ade] 465 m
1002 YukAu) 190 mg 10070] ®l&f FFo] Wk: =, Jd, I, ol L, FY
Z ZolEY 5 A¥o] v EFgdHxol=Ees F cfo] 919 mg 100702 AwrAu] 650 mg 100"
2o o] 41 % FE Bch P FHL Fgofo] 917 %NoH, dAHE 526 %= F
%oF AYo) 39 % AE FAo] =gt WAEA yYolEZ2olql M-S JAFHE ofFtaA
5o 2o 3342 %2 YwkAju) 17.09 %ol wa| FzaRen nYY, YFAP TALIY
Aure] A Ao BEY AW EALEL Ty} 7549 %2 GubAw) 3561 %ol ®IF 21
o Estch
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A=E

X

DH 2 ALK FETsAE JISH

[& 33] A9 VTR R S4(TF)

Al 7 B FHE Edixol= sy ol FAFLAT AFLWEAE

(ng 100g™)  (mg 100g™) (%) (%) (%)
d w 19.0° 650° 52.6° 17.06 35.61°
o 465° 919° 91.7% 33.42° 75.49°

@) A¥H Al FLES GABA &F FA 7l

(7h) =3 GABA &% 548 A% CO, MHaHh

Z+ HEAE JI1EAPELS ® A B £ dded, Fdae FAYY 501%2 HIYTF
5.08~5.24%0°] w3 o] wkon, COXel 7t HinAdE TeHel7t 5.24%2 FFol 7H3
£ Aol FolmxAte EXE 2674 mg/100gel wWlE) COMejlA  2698~2840
mg/100go.2 o] B, Tex e o)A 2840 mg/100ge 2 FFe] 74 Wt &@de #
g 14.08%9) w3 CO, A7}t 13.74~13.95%2 &Fo] ¢kt HAQEd|, o] Chang 5(1992)
o] gder el 108%0] s Nygaset AFHeA] 22 9.6~103%9F 9.6~101%=2 FFo| H
AT Bagd W& FFAole Jou fARE FEoldnt. AL FAF 2.99% oiH] F
e 281~3.0302 fFHA o7t AFHRA ko TsHzst 3.03%2 FFol 713 B
. 984E ¥ 47 mg/100go] BlE) Hele 455~490 mg/100gE 2E A TN FF
o] Bgted, ot AAL ¥rAHE HFE& W COgas7t Y A3pdl #HS= chlorophyll
oxidased] @AE JAls] Y g AdA AL AAdch HER] Ce COgas A2
313~345 mg/100g0.2 T; X7} 345 mg/100g2 2 o] 713 Bhoeu, ZE COgas A7t
73] 350 mg/100go) ®la) FFo] HUch HIEIR Ce A2dA €A A} dojuvted,
A7t AYdxz Hgw C g3 sl e AL COgasz P71 A Hgy C AaLdd
ascorbic oxidaseo] A& AN PoZA FF Wyt Aot H4E

[Table 34] Chemical composition of CO; gas treated green teas

—— T-N" T.A.Az)‘l Tannin  Caffeine Chlorophzrll Vitamin 1c
(%) (mg 100g™) (%) (%) (mg 100g™) (meg 100g")

it 5.06° 2,689 13.81° 2.81° 480°° 350°

T, 517 2,783 13.79° 2.89% 478% 320"

Ts 5.08" 2,709° 13.83° 2.84° 466> 345°

T, 5.20° 2,814 13.74° 2,93 482 313°

Ts 5.08° 2,698° 13.95" 3.03° 455° 306°

Ts 5.24° 2,840° 13.75° 2.81° 490° 338

DT-N : Total Nitrogen 2T.A.A : Total Amino Acid ?T; : Control, T» : anaerobic 3 time,
Ts : anaerobic l-aerobic 0.5-anaerobic 1time, T, : anaerobic 2-aerobic 1-anaerobic 2 time,
Ts : anaerobic 3-aerobic 1.5-anaerobic 3 time, Te : anaerobic 1-aerobic 0.5-anaerobic 1-aerobic

0.5-anaerobic 1 time
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A AYe A CO; gasZ FrIA st AxF 3| GABASH F2 Ffrejopvlaite) FFw
38 243 AzE X 359 2ol GABAE CO; gas A A 219~351 mg/100ge.2 FA 7 31
mg/100go] ®l&] Fako] 7-11u) F718tgch. Knight $19)= fredotrledt F3e BEA4
A2 EA 2o 7| A ¥sted, Pr13eiolA glutamate decanboxylased] &/
o] Z7}8}7] W&o GABAY} thg Alatdtin Badtyh £ GABAEFSE CO; gas A2
M vms Bd d4XgA 219 mg/100go] Hl3 Helst FHE w3 E S W 237-351
mg/100go.2 o] 8~60% Z7}3l%Ich Alanine2 T2 78 mg/100ge] ®ls] 31zt §7]3
27} 139 mg/100ge.2 o] 78%, 7] ® 7] wEHE 150~199 mg/100go2 FHFo]
92~255% Z7}38t¢t}. Aspartic acide F3 2 142 mg/100ge] Hls] CO» gas H71A 24 e
o] 40~76% A X AW 34~86 mg/100g ©]12.7, Glutamic acid®= 28 356 mg/100ge] ®]
3 CO, gas F7IHAA §Fo] 40~63%F = 74 130~215 mg/100g°] 1t} Toshinobu &
(1987)0] AL N, gas& o] &3] ¥r)x2 WL GABAS alaninedFo] $7}83 glutamic
acid¥ 38 APt B3 o) theaninee 37} 1389 mg/100ge] 13} CO. gas )8
2 77} 1335~1370 mg/100g0.2 #o] ozt ZAPor, arginine® FAHE B¥E JER
. 49 £ GABARFS ATHHA 3718 98 Aasts, B2, AF T 8 WA
g ol olgsRoy, BAWNE Wrl% 371 LENY YU B Ho we
GABAE 44 % 3lE £&3 ¥yg ANYckn 4ZYh Konomi F199)E §714 e
ggAgo wisl WriNest 37AE HEFoEA I} A9 GABATFHC| AA F7t A
% ks Basgch

[Table 35] Free amino acid distribution of CO, gas treated green teas

Content of free amino acid(mg 100g™)

Treatment

Asp” Thea Glu Ala GABA Arg
Ty 143° 1,389 356° 78° 314 578
T, 86" 1,370* 215° 139° 219° " 576
Ts 75° 1,363% 200° 150° 237° 563
Ty 58° 1,357 166° 175° 304° 562%
Ts 40¢ 1,343 143 183 336 549%
Te 34¢ 1,335" 130¢ 199° 351° 540°

1)Asp : Aspartic acid, Thea : Theanine, Glu : Glutamic acid, Ala : Alanine,
GABA : y-aminobutyric acid, Arg : Arginine

I 36014 CO, gasx2)d =xto] Aewigts 4vud AN ¥rlg veie Lt 7
xalo] A 51.850]QEH CO, gasA] 52.27~53.952 {wAlo] ¥7|7t ozt Frhsien, CO,
gas A TeHZolM Lol 713 woh A3 Z4& dehle aghd FAHHIAM
11090013 o1t CO; gas HAdE -10.80~-113322 TsHAE AYstn ZE AN ER
=do] £ Ao, FAL JehE bt T 26560 HIs| CO, gas A=
2652~26792 EHe] FMo| A o7t Atk a/be EHQ MAAE HAHFE A=
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“ gk "o B4 FWe Mol AL vehhes] B -04100] B3] CO: gas A o=
0407-04230.2 Tsx2) g Astn TA Hao| ozt @Ak V' +5E FH¥] 2871
o] W3 CO, gas Mg E 28.63~29.07=2 o]z} A &3kct.

[Table 36] Color changes of CO, gas treated green teas

Treatment L value a value b value a/b value Vat+ b
T 51.85 -10.90 26.56 -0.410 28.71
T; 52.62 -11.06 26.79 -0.413 28.98
T 52.27 -10.98 26.63 -0.412 28.80
T4 53.00 -11.09 26.68 -0.416 28.89
Ts 52.52 -10.80 26.52 -0.407 28.63
Ts 53.95 -11.33 26.77 -0.423 29.07

Ad BEFME B AN B 4 Aok AFPLS FAY 163 H3] CO, gas A7t
17~184 02 APert I $5aat HAYAD 4L 7 1774 v THHE A
stz o7t gon, & T 274 Hs] CO; gas M7t THUE ALjsta 23~253
0% o Rz, e A 2070l HlE gas A7l 21~-8FP o2 FIHEH, ol
o] CO, gas M& Z L& o3 F3} gto] FAHAe et 4ZEr}. Hatanaka F(1976)=
AR Y AE Zo) 2HE 2 ATERNN Ko} FHA F XAHL 3 A
FA ALY asisungd s FFAGT TP W AL T 84 Hlg CO,
gas A2lE TAAE Aty 9ot BEHrt A% FAeE 837 vis] FriHAT A
2 We 86, ¥rs 37) REAAE 7H-2Y o2 st 2Y) AIAYF AF] BT
$4¢ Wg Bgtonl, 1 FANE 53 TR A% THsEn

[Table 37] Sensory evaluation of CO; gas treated green tea
Shape Liquor Aroma  Taste  Infused Total

Treatment — “55)  color(20) (25)  (25) leaf(10)  (100)
Ty 16 17 22 20 8 83°
T, 17 17 23 21 8 86"
Ts 18 17 22 21 9 87"
Te 17 17 24 21 9 88"
Ts 18 16 24 22 9 89"
T 18 17 25 23 9 92°

() S22 AZYE o8 B AZXITA

zgxee] e Yxie AF EI& ¥ 387 ged, AFFEL 10T 602 FIA| 20512
A% mstonl, 2EATte] AASFE AFSFEo] WakEd, ol AZANY F# °1F7177}
BastA) gold BEAZ SE7 AR R FEOIF £E0 A JETIHEE YRFES B
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e, B3 3T 134 T we Aolgkn AErh FALE 100C 50 FA4] 3.63
% Rom 60x FAAI= 3.80 %2 o] 7t BRI, FEAIZe] AAAFE FFo| AN
o Folm)iibe 60X FRA) 2,278 mg 100702 ERH )] ulF) o] I3 B oAk
Bl 50 FEA 675 %olAM FEAZo] AAASFE FFo] FUIEALH, FHAIZ G &
QA223FL 100T 50204 614 mg 100g'e.2 ThE Z2AZARC o] BT ZHAZ] &
7VE4E o] AT 4 AHEd AGEDL 100C 602 A7 2 4P, A,
& 3t T FFEen, g dojASE 93, WY Ao dgslA F-o] Rade A
o]l

[ 38] SdA T mt& B3 AF F

z2zd AEFE 242 Foxa @y EEV S
(C, %) (%) (%)  (me100Y) (%) (g 100Y) (%)
100, 50 19.45 3.63 2,183 6.75 614 88
100, 60 20.51 3.80 2,278 6.84 608 92
100, 70 20.13 3.75 2,249 6.90 578 89
100, 80 19.35 3.48 2,115 6.99 546 86

% Bl 29l = 50 : 50(V/V)
¥ 4 130C,60% = fd 158 = A=x 180T 308—130TC 308 —80C 30%

ZfFAd g B53te] AF FHL F 3994 B F e, AF5FEL 130T 60F A4
20842 743 =ton, £AAE 90T 608 Al 342 %2 o] 71 AR O, 110C 60%
A2 375 %E ol 7 #B: NEexrl woldsE Fgo] A Foprjkibe
110C 60% A& 2239 mg 100g7 2.2 EbA2lo) nis] Fo| %zt B AYoINR, BUE 11
0C 60% XA 690 %2 FFol Bron], AS43FL 130T 60EA 617 ng 100g70.2 ot
& Z2RZIJRG F3Fo] BATh 7 A AYFAL 130T 60&o]H 92¥oz 3} 25y,

T4, ¥, & ol Ak

[E 39] /A2 e =53 AF 4

ZH2A  AESLE A4 Folmxd @Y 422  BEYs}
(T, #) (%) (%)  (mg 1007 (%) (mg 100™) (d)
90, 60 18.32 3.42 2,048 6.78 601 83
110, 60 20.23 3.75 2,239 6.90 609 89
130, 60 20.84 3.69 2,218 6.73 - 617 92
150, 60 19.49 3.57 2,131 6.81 586 85

¥ ¥ 100C,60% = 3 158 = AZ 180T 30&£—130C 30¥—80T 30&

E 402 wEA e 52 AF FEE BAEAe, AFFEL 108 N 21.02 %,
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158 A=A 2091 %Fom, XEA|7he] dojxE =go] Z2stgth. FALE 158 A 3.77
PE GOl TP wRoH, HgAge] LolAFE Fako] gistE AHEolYrh Fopumare
1087} 158 AA] 2,328 mg 100g™ 9} 2,269 ng 100g Z Epxeol] HIs| o] ozt Hgkon,
Bde 258 AR 691 %= dafo) AE 15204 623 mg 100g' 0.2 & zmi

g2
%Q
c R
5 ER

G 9ol RoT 4 MY AR 49 Brol VFOT F AR, £, B % 5

o FE3HeT.

[# 40] Ao e 2= AF 2

FEzd AFSE 242 Folux=yd  wd A5 BEYL

() (%) (%) (mg 1007) (%) (mg 1007) ()
10 21.02 3.73 2,328 6.85 611 90
15 20.91 3.77 2,269 6.71 623 92
20 19.68 3.60 2,158 6.73 581 87
25 19.32 3.65 2,205 6.91 562 86

¥ FE 100C,60% = FF 130C,608 = 7% 180T 3082—130T 30E—80°C 30%

AzxAgd & ¥mate] AE TAL F 4194 B F e, AF5FSL 180T, 30813
0C, 302—80T, 30% AZAl 2096 %= &Fo] 71 =ka, b A =ks QS BA}
A= FALE 180, 3081307, 302-80C, 305 oA 386 %& &) 7} =gtk Zo}
|:=4F2 180T, 308—130C, 302—80T, 30% A7} 2,293 mg 100g' 0.2 E}xj2)o] wls) 3=k
| k7t gtor, ghde 150C, 302—130TC, 302—80T, 308 xjgor 691 %= dHako] uwst
I FEAE 180T, 30E-130T, 30880, 30 AJA 628 mg100g’ o2 & xRt} ¥
Fol Etth Z+ A AEFEAL 180T, 308—130°C, 308—80C, 308 A 90Ho=
2 A AP, M, & % To] Y3t

¥0

d
ol

o

Azz AFFE A4 Folxy wd  9%a  BEW
(C, #) (%) (%) (mg100) (%) (g 1007) ()
150, 30—130, 30—80, 30 20.22 3.81 2,268 6.91 621 85
180, 30—130, 30—80, 30 20.96 3.86 2,293 6.80 628 90
210, 30—130, 30—80, 30 1948 3.65 2,183 6.77 565 82

% SE 100C,60% = ZF 130TC,608 = &4 158

(th 9853 AxT34 &9

A HeAgd gE i Xﬂ%%—é—"— E 244 B A AY, AF 582 270C 72 Ay
Al 2083 %= ElAE HU} ¥ 270C 78 A=A o] 3.65 = GE g
of vlsll 0.08~0.41% © ®okch Fo}n 70C 72 MM 2,109 mg 100702 & g o

X9,

)

o
Froom r
e B
N I‘Il‘
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v & ko]l 3t wtch @d g BEAE A 650~6.89 %= 290C 78 AHolAM 689 hE t}
2 Aol vl o] oy we AUtk FEAE 230T 78 HNedlA 454 mg 10070] R
3, A 9Lyl FE4,E Fdge gadged, olv AXUd &A% UL € v
WA f7)1AE o] fElEo] IS4 E pheophytine 8 AFA|A A4S FAH40=2 W3 Foz
A Q2L FFE FANAYT AZddnr 4 A AGEFAL 270C 78 AHdA 86672
2 a AP, 4, &, v Fo] FI I

(B 2] A9A(AA)e e ¥=a AF 2

ARFZD AFFE 2282 ZoluxeA ¥ R D57t
(C.8) (%) (%) (g 100%) (%) (mg 100%) (%)
230, 7 19.55 353 1,983 6.75 454 81.9
250, 7 20.01 3.57 2,028 6.59 428 84.9
270, 7 20.83 3.65 2,109 6.50 431 86.6
290, 7 19.05 3.16 1,895 6.89 366 79.6

% %) : X9 =50 : 50(V/V), 4% 10kg
% vy 208 = AR 9 ul%a 185+5T 55:58—130T 55:58—80T 40%

¥ 43 vy o Bz AZTEAZ, AFE £ 158 HYA 2102 %2 A B
o} ozt Eton, ATAZto] WARALFE F£&L FA3AT. FALE 208 AoA FFol
361%2 g Ao wd) ol ok B BFo|PA, FoluliirE 208 HedA 2139
mg 100’02 ot 2 Ao vls ol o wtth @S 633692 %2 158 XA 6.33
%2 THE Aol Bl o] It HJo, XeAzte] AAAFE FF L FUEe BFol
Atk GE4E 158 APANXA 471 ng 10002, HAZte] BAALE §FL Fadte 7
ook & Ad BeH7he 80.1~85.9Holdew, 208 A7} 85972 A AW,
A, &, %t Fol ¥F3A

(B 4] vy we 53 AF F3

Hgzd  AFFE AL Foluxa Bl qear BT
(®) (%) (%) (e 100h) (%) (g 1007) ()
15 21.02 3.48 2,009 6.33 471 84.8
20 20.91 3.61 2,139 6.51 459 85.9
25 19.68 3.56 2,058 6.77 441 82.6
30 19.32 3.45 1,965 6.92 418 80.1

% NG S(AH) 270C, 78 = A% E vhFe) 185:5T 55+58—130TC 55:58—80C 40%
Az e B AEZZTALS F 494 B F ded, AF 582 185457, 55:58—

130, 55:58—80C, 40% H&)A] 2093 %2 ekxg 2o} ot &%t FA4E 185:5T, 55:58
—130C, 55:58—80T, 40% Ao Fo] 366 %= th& A Hoh gFo] =4t B,
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Zolu AT 185:5C, 55+58 130T, 55:5880T, 408 Hzjo]x 2,227 mg 100722 & X
2ol vl FaFol ¥zt Borth ©dL 6.04~6.83 % 155+5T, 55:t58—130C, 55:5% 80T,
408 Aol 683 %2 TE o) vl FFo] 4 Boen, dx2xv SHHAFE F
& A EY. Q84 E 185:5T, 55:55 130T, 55:52—80T, 405 el A 468 mg 100701
3, ATV} F7HESE HFe AAsded, ol AEUC EAde LY 2 wIHEA
F71250] frElEo] 954 E pheophytine 2 AFA A AZE FHo2 WA §o3ZN ¢
24 ¥ ZAaANHGT Mg 24 A AoERL 75.2~861H0| 3w, 18515, 55158
—1307C, 55t5%—80C, 40% A&7} 86.17 .2 =] e, =4, &, 5t Fo| FE3IUT
[ 4] dzxXge 0 B4 AF F3

AzzA ATSE F24 Foll:A VI Q=4 s
(T, ¥ (%) (%) (mg 100") (%) (mg 1007) ()
15515, 5515,—130, 55+5—80, 40 19.32 351 2,141 6.83 463 778
18545, 55+5—130, 5515—-80, 40 2093 3.66 2,227 6.68 468 86.1
21545, 55£5—130, 55+5—80, 40 19.08 3.25 2,101 641 375 834
245+5 ,55+5—140, 55+5—70, 40 1948 3.18 1,948 6.04 316 75.2

¥ AYWSH(EH) 270T, 7€ = HY 208

(2}) GABA 73} 7154 BU7FA A=Y

B 45€ ZFHAL A A B=ie 7|ZANES U ded, F2aE FA 05,
1, 2A12te] AT/t 0.005MYW zhzh 1.92, 1.96, 1.90 %2 1A ARA dFo] ¥ =%t
T 22 1.89 %o vla) 3 polsl A=A Ftch 0.025Mol & 2.03, 2.09, 1.97 %= 1A%
AANA ko] Frlein) 2418 o] TAde AFgoIUa, BE HFodA FA
v o] ozt Be otk 0.05ME 200, 203, 1.85 %E 2217t A XA FFo]
185 %2 714 @& Aol FoluAre ZFZgALE9] 0.005 0.025 0.05MEZ 219 0.54]
2t XA 1685, 1749, 1730 mg 100g’ 2.2 JAF=7} 0.025M7 =) F o] F7}stct 0.05Mo A
ko] Zrasi o 1417 A& 1703, 1800, 1738 mg 100g’ o2 0.025M7tA& ol F
7bshe}h 0.05Moll A &ako] A3, 2412 AR 1679, 1711, 1630 mg 100g o], £ 2
1672 mg 100g"o] ®ls) FEELF Xele 1630~1800 mg 10g'c.2 §FFo] B @de FE
W OZEgA 0543 APA] 1.89~1.99 %EF YERen, 1A 190~197 %, 2A%E
163~1.84 %2 FARAA|Zto] AAAFE FFe gasgon, FHe 1.98 %o Hla) A7t &
d ggo] e Aot WE2E FAAA 795 mg 100g7c|R ey HA 05AztdE
799~811 mg 100g o], AR 1AM7tele 783~804 mg 100g”, A 2A]ztole 691~765 mg
100g"e|QAct. g84 FFe JAADo| A AFE FFo| Fadte AFoIUL, AAANL ¥
€ AAdFEE RN 147 FA) o|FRE 954 FFo] F2e ¢ F AN
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[E 45] 258 A #g 7z4 48 H3

22 EEERa FAL Foju| At wd EW
(A1zY M) (%) (mg 100™) (%) (ng 100™)
. H g 1.89 1,672 1.98 795

0.005 1.92 1,685 1.99 803
0.5 0.025 2.03 1,749 1.95 811
0.05 2.00 1,730 1.89 799
0.005 1.96 1,703 1.97 797
1 0.025 2.09 1,800 1.90 804
0.05 2.03 1,738 190 783
0.005 1.90 1,679 1.84 751
2 0.025 1.97 1,711 1.79 765
0.05 1.85 1,630 1.63 691

ZEFHA ANxAE BAVERY FEoluleit §F Wsle B 467 T2, aspartic acide
2332 205 mg 100g70l Hls) S 2P A 140~180 mg 100g" 22 HAF=rt 718
#2 FFo] Zaste F¥oIAT. glutamic acide FA2) 598 mg 100g7el ¥Is) FFF A
glZ0) A 607~630 mg 100g’ 2 HA¥E Frle #F FViote QAT AP ARG &
& OF(1990)0] AL WrAH zPez A YoM glutamic acide  glutamate
decarboxylase] #-8o] 2)3] GABAS} alanineg ZF7IA17)3 WHH o] glutamic acide F4ET
7 Bustged, BA4gA glutamic acid®7}e glutamic acid AFEFQ SFEA AA9
A% Az YztA). glycinee T2 117 ng 100g7e] Hls) )& 101~115 mg 100g' 2
o] okt 7+A 3T} alanine& FX7] 136 mg 100g7el HIs] FFHAT AZZHo}A 140~178
mg 100g'0. 2 o] Zrtstgltt. GABAE Fx8 38 mg 100g7o] HI3 HaEEW= A 05
Azt 61~108 mg 100g", A 1A17ke] 75~132 mg 100g”, A 2417t 68~121 mg 100g & A3
¥5 2 JAA7hEE nAPeu FEE 0.025M A|7HE 1A A EldlA GABAgSFo] 7+
gol Z/FA. AA(1998)E UL SFHA 0.01~0.1M X A] GABAYAYHLE FAe 30
mg 100g™<) 8] 0.01M 150, 0.02M 180, 0.05M 230, 0.IM 300 mg 100g'E ¥E7} F71&+E
Papo] 27tk Rt arginine® T2 110 mg 100g™] vls] 2]zl AE 95~103
mg 100g7 0.2 HAZA A& B F T
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[E 4] S84 Meld A opn =it &F
g AHZEex oFu[ 2t gFek(mg 1007)
(A17H) (M) Asp” Glu Gly Ala Leu GABA Lys Arg
: = 205 598 117 136 105 38 112 110
0.005 180 610 115 140 103 61 110 100
0.5 0.025 163 612 110 163 100 97 108 103

0.05 158 607 101 169 102 108 102 98
0.005 175 623 110 145 98 75 105 99
1 0.025 140 630 105 178 90 132 103 95
0.05 149 628 108 173 95 125 101 95

0.005 177 615 109 143 100 68 108 103
2 0.025 154 621 106 159 95 121 105 100
0.05 150 619 105 151 98 114 100 98

AEYrle]l GE ATEFL E 4 B £ ed, 943¥d F 4L AHFE:
0.005~05Mel| A A 05412+ 16~1734, 1AL 16~173, 2424 153 0.2 A A|ZEo] Hof
A5 Yipo| ozt Aoz en, ML A 0547t 16~177, AA 1A 16~173, A 2
Azt 13~148 22 JAA 2217058 M8 a0t S4SdFEd ol JAAD) AARALE
24E A3lAF)E chlorophyll oxidased] BAjo]l F71517] W&o 2 AZdt. WHYE T
g B 1670 3] e 14~174Ad, R AZte] AAAFE X F9 5/ F=
o] AaHE AFolAtt FAL FAF 1630 Hls] ST HZRAdME 14~173<AH,
A A)to] BOIXA (9 F¢ polyphenoloxidaseo] 2)§ A3tz dojul 4ol dotsfz| &
Ago|Aet, e AR 241V RE FAT AV} dojde ¢ F AT #FFHI A A
2% 0025Mel A 1212t AR F Ad AFo] 7HE 54T HrHE LR

[ 7] 27 A ¥9xe weBrt

A  AYsE 92324 40) Wl A & 2 (60) Ex:
(A7) M) 3e(20)  A€(20) 8H20)  FA(20)  9(20) (100)
: 2R 17 16 16 16 16 81
0.005 17 16 16 16 17 82
05 0.025 17 17 17 16 17 84
0.05 16 17 17 17 17 84
0.005 16 16 17 16 17 82
1 0.025 17 17 18 17 18 87
0.05 16 16 17 16 18 83
0.005 15 14 15 15 14 73
2 0.025 15 14 16 15 15 75
0.05 15 13 15 14 13 70

(Fh) GABA® 7154 24 AxW

GABA BQ/}eale] EAL # 4804 £ 4 ded, *7 2HE BA7L e F2A4L #Fe
200%90M, AR FAROE A FEA REZE BE =7ASE Fobrl=dE 1800 mg
100g0)AT}. Bd FFe 1.90%HA31, FSLE 804 mg 100g70IR o™, 7154 GABAFRZL
132 mg 100g" o] {1, vlEbEl C#aFe 121 mg 100g7 o] Atk
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[ 48] GABA B9 71219} duk A& =4

I T S GABA i C
(%) (g 100g) (%)  (us 100g") (g 100g") (ng 100g7)
GABA #9712} 2.09 1,800 1.90 804 132 121

GABA 271 Zelxeld 44y H&L ¥ 4994 B 5 ded, A4 90.08%] Hls)
GABA 272Xt ZEIA] 90.23~9245%2 SA¥ ¥l&o] 7t Z713He 44 Ao, Dl AT
FE 05%71A ko] okt st 0.75%FE o] Furske AFolUn, FAE 647%
va 7Y 2%E A& 620~640%2 FFo] ¢t HL Holddrt oA 2A{FE YA}
Hl&g Agos AY 05%71A o] Zasdm, T 18.29%] viE =€ 2%E A2}
I 18.01~1821% 2 #Fo] ¢zt AL AYo|len, T oAV FAAY duEL 7743%
o W3] FHAL 78.01~79.354 o2 Yukde] Aun} ot FIIHATH

[E 49] 28 A7 F=¥ GABAR R F& E4
2R (%) SAA(%) S AS%)  oPUEARF%) =aANF; (R)

0 90.08 6.47 18.29 77.43
0.01 90.23 6.40 18.21 7821
0.25 91.35 6.35 18.17 79.04
0.5 92.05 6.23 18.01 80.24
0.75 91.80 6.26 18.10 79.11
1.0 92.13 6.20 18.03 79.35
2.0 92.45 6.62 18.54 78.01

GABA BQ7}#37t 289 &9 ookt #FE # 5094 & 4 v AW &9 aspartic
acidgt & F3)2] 557 mg 100g7 o] B3] 558~5802 mg 100g™ §}3ko] ¢kt W3kd, threonine,
proline, glutamic acid& $3X 29t A2d mHAY &F A7} A &9kt valine, leucine®
Zxel7t 2zt 336 mg 100g7, 450 mg 100g Qo™ FYEL 335~349mg 100g", 453~468 mg
100g' 02 ¥ Hol7k Aol ¢tk argininee FA2 503 mg 100g7e) vld =R
505~531 mg 100g7 0.2 §aFe] ozt Wtk GABAE FAHFdle gl olvx=ito R ¥4
028~3.64% $F5 1, IR Fo| FNEFE FFo] F73ht 7134 T& nHE # 05%=EH
o] 2utslelet ZE 53] GABAE Yit¥dle fle B4 71s8S Ze HEL2 05%
AE&o] 100gF 1.09 mge GABAA¥o| o glo] ZWARZ 317 33 AAts|= GABAE
327mg A & F ol X3 7-83E & AY FYF 85 e FHol Utk
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[E 50] A28 GABARE S oln|=i} §3F

FHFE obr) At §Ha(ng 100g7)

(%) Asp" Tre Pro Glu Val Leu GABA Arg

0 557 182 235 1270 336 450 - 503
0.1 558 180 230 1273 335 455 0.28 505
0.25 562 183 236 1277 339 453 0.53 509
05 574 187 243 1279 345 459 1.09 515
0.75 575 185 247 1284 341 465 1.48 517
1.0 580 186 249 1283 347 468 1.88 520
20 569 181 246 1280 349 465 3.64 531

GABA 718%x17 2HE 5349 EUA4L X 51904 & & gled, 949 gre |
e Le FAoA 70290]Q e IZHRL 45.22~64.282 7FE A2 WA BHY 7]
7t A AR T, Aol ZRFo] BolALE FHMo] w7t FF38] FasAH. av BRI
o HAn =4 Jeh) Fe AoZ FAIE 1872 EWe] H40] Hu|Poy AYAS
A$E 548~-17892 EWY wAo] Agslgion AR Fo] FNEFF B 54& Folste
A%l bgte EWY #ME Yehlle Aoz FXg 16784 H|§ &) 7HFHAE W
P 2663~45.02 EBE FHo] AHAE AEE £ F A}k a/be FAHIY 0119 M3
HAdo] -021~-0402 HHY SAo] IHFL & F YA

[E 51] 28428 GABA 240 EAMAY

Hunter =2 x|

AT =(%) L 2 b a/b
0 70.29 187 16.78 041

01 64.28 548 26.63 021
0.25 54.08 853 30.86 -0.28

05 5276 -10.62 32.79 032
0.75 51.13 1218 35.99 -0.34

1.0 49.29 1433 38.75 037

20 452 -17.89 45.02 -0.40
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A44d ERGHE € FHEF 719 E

1 Hrhel ey 2 ANF

& | 9= ARATER 7+% ) Hrte] Aeky R JE
027 B Qb QelRE ED Gt | 35 % |u) ) e Eel SR Xo| Hin 84
;’l 2005|1187 3 Do) 48 R S92 EA Y| 35 % |8 =4} Bl A1SARE Al vl A
A7 =x1e] GABAERE 27 7i& /| 30 % |GABAZ3LE A% HAxRD HF
27 L Do) YoE A Ko k| 35 % [u) BY) ElE FFsAAR o] win ¥4
2 | e 7 T W Alg 5 S4B FA L 35 % [@, B39 N)SHAE o] Hlw BN
d4= 97 =x)e] GABATE 27 714 Y| 15 % |CO27kx o] & GABAHF 23
GABAZJS} 71 3AE 7t 15 % (2475, 28 Az2TH 83
AP T kA Qo B o) Wk | 35 % [H), Bv), ErkE ARIRA Aol Hl@ B4
;1 2007 |08 9 ) N8 2 5908 AW 35 % |8 =R AR Aol vlm 24
GABAZS} 71BANE 7 30 % |GABAR} GABARQL/I:} GABA %4 Az
297 Aol T2 954 W) 30 % |1 AW} BREl) Behy g ulm By
o] T/ g9 54%20) T ul 30 % |#7163 2] i, 7heA AR i B
4= A7 AR 252 2 vl BY 20 % |43 A Bl 71SAAE vim B4
87 ZAE A 20 % |83 AZY ol§ Pu A=Y HY
297 YlAE 2 954 W 30 % |2 1 B8 R B ARierd vl B
. A% AeEe) A vm Brh | 25 % |Srrmldemel okl i R AR vin B4
d= A§7R FAFY T2 vin Y 30 % |43 27% AYe] 7154 R YR B4
A7 7FEAS AL 15 % |de 2% Axy &9
Aw7 Addes) g4I A L (BAN T4 71E4 R AR
47e? A5 a BA
AP N4 L BB Y ¥ EABANE L VSN EY 35
"l x| AZHLEIN PR m g
¥ 2 vl B A WAL SARVP | 25 % |#AIRS 3 45 wm 24
;;{A‘; gyiﬂﬂ%:]]ié‘f}?ﬂ%?g dan 20 % |GABAXx %5 5% /g
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2. AR ERY SHE

=5 2 AL FHRE g A Z(%)

X*l4]*1$ﬂ+ﬂl . - A97 2 Yk doje F2 W} 1S
- AEMNES S
q 7{‘;;;,’}‘1- A87 P QA g 2 S8E A W}

- ChoRe QRATAS B3 AR AAAF
£4 a7
- AYSNE GABAYS 37 71E B ZFEAEANE

3. BREEor Jedd 714x
7h F71A, FsoAel, dutAw FAEe) By 71E 4 GM e dbsArEd]

8l 5 FAFLE S8 B FL Aolde FF Y A%H FHXER R
E FUNA FAL. FFAE T ofd {I1FAE Tty BE T/ #71%F
ALEo] tiE #HEFHoln AANoz FA U %4, HHUEY BE ATV FYHA B
o A3 Grir)Eel FYPHNCE

AS7A EAE 187 L GubeAE 127] FE(@d, W, 27, EvE, A /3 F
A8, &, =3, 4%, &%, 2D B AFA0E AuE FAEC] PR, FolnH,
SEM, 7167, EAHE3NTE, SSExolE F AYEHEAR FARTAY, AWHALAT,
AARNLA T 7140l $Ach welA AEA FYPoE AP FAEC] AHE
A 2 porA ¥ oEshe kA #Y, okA, A7 % FEFEA H& AF FIIEE,
vetel 2 YA EA] AUHoz FA S FUHH, VITHHLE iR
A FE3] ]ZE F A9 dEH.
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A5 A AFAL e HEAE

1. 743
7b sheA AA =F 43
ANy sCl Impact PR
d : ol
4 =EAE (e Ad 45 | A BF g Factor 1!:}11 2AHA FEAA 257
Comparison of Quality, Journal of
) Physiochemical and Functional Korean Soclety 2010, 05 39(5) : — JH § ILNM:; ; °
Property between Organic and |  Food Selence g 725730 Park m
K Kwon, K N An
Conventional Rice Nutrient
Comparison of Component S H Nam, | |
3 Content between Korean Journal 201032 16(3): KSCIE JH I H Park Choi , H &
Envimomental-Frendly or Of Tea Soclety ’ accepted Park le
Conventional Green Tea Suh
Quality Improvement of S H Nam, } |
3 Organic Green Tea by CO2 Korean Journal | .1 o4 70 o JH O Hpak | choi,Hs
Of Tea Society accepted Park
Treatments Hwang
U 53 24,55 43
It % *d/5RUE AR
< 2 o
¢ bl A /TR T (®Y9/FRER) [Cad's k)]
7Hebgg) Zheatel ol ol ¢ JlEA 4 10-2007-0134027
A 1
1 dehee 9 7 qzy WA=/ 4 (2007.12.20) WY (R4 A¥F BT Y94 ¢eh)
o el 44
ad EEL] =g A% Yy Py '*ﬂ:;ﬂ:m} WE Y
HIAFAGN A 752 37130 9 2008.06.18-20
) } &
1 WY des 9% Ve A ASA 4 FIA BY v =) FrUDEaMAY E2E
BIARTea A 753 3718 R 2008.06.18-20
]} 4 13 Fal
2 3y e Y9 VeA R YAl S2he] JE g vla A FrUd2gadan E2H
2008.10.13-15
3 43 des YIS ARA YA Do) KA W 2008 93§38 P —— Exg
V3 2 YA FAss G2y 2008.10.13~15
4 W gt gde - R 2008 BIHFIYNLY - Z2H
GABAA Yo Zoid Jy3 %4 7Hxa CZAFTA 2009 Yeuls R 2009.05.27-29
O (Bt A 298N B8 4T 4718 daeeads | SO0
CO27t~ R0 3¢ g2y B 34§38 2009 dhacis 3 2009.05.27-29 Il
o | wnesnyasany | o e s S R
g FRAF
ad | FudA TafY LR A% b ARE
1 2008.09.11 | FYJUUA FrAls VLAErLE Yok, 4AY o A3t 44 VRFEctE g, 4AH o 2o R4
2 | 200809.12 | AwdztA Ay AVAErE 43 ¢ 17 Sy 4y oy Azt ey
3 [ 20080912 | AYUAA | AFAUYAR A8 EntE LA AR YA EnE 264 A7)R
Q@A ErlEE YMERE AELT ¢ 10% ©
Qe a, FUF 55% A 052%2 Nz %
4| 2maimas || A | Eradde SSARFESNARE ABAo) B0, MBI C PYE 40-50% o ob
A¥|AlY ABET} ¢2 FolAn Y.
5 | 2008.0918 | FUYTA | FRIFUL V@ EaE LA A7 5% YA EvtE AuAo) ANHFY
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6 | 20080918 | Agun=) EX EN A¢A BolE AHAd A7lEE A7 Sote suize) A7EY
7 | 20081008 | AT AR ARAFY A SolE 4QY YIS F Y | V8 E0E UL ks 44 i) wE 19
8 | 20081119 | F9UUA | FaAFYUR ZE4 ML ALE FhL%3d ol 254 Jleregat A FtLEEFY A
9 | 20081120 | AguzA UL £ 5714 Furpaa A £ $7)9 7oA AY
10 | 20081121 | AHYLA HEYY 74 Fbgea A EX T VR
u | wena | avwaa | T ASE U UBY T AU AW WY UHY TE YU AL
12 | 2009.03.17 g BBS ARA 22 JF4EL O F H ARA 2R AFH4EA oF ¥F
13 | 2000817 | FPYLA LLE 2N A AW 23 PBAE An Ay 23st A8 nAuc JEHEN o B
14 | 20090317 | FFULA FA2 LA FHFUORURE A8 337 YE Ddu AlE4EAel o ¥
. Wtnd uo Aol HEid C § UPel BT,
15 | 20090319 a8 Adun ARADH, B F AT 94 e it Gyt
Qe 4ol H2 ARFTS Ao, BB C
16 | 2009.03.25 g e R oA, e 4R U T4 wFo) 30-40% BT, $FEF R WIENA KA}
e MEEY qul, HE2UAZEY 584 F7}
17 | 20090327 | FFULA FUAE AHNSHEVYHY 22 2154 FA GRE Tk A>uaAul
o} 443
Aoy
a¢ | maUR 49 249 EES i Zamg Az
2008 Ad¥ . - ARAN T o
1 2008.05.01 s o8 FANFRAENG | &N (o) AR R Ay JHEI ol § J4Y 24 % ¥
20089 W= 3 ARAEFAEA ApA AW 9 YLRALEA AN F AT
2008,10. A | i 4
2 R N PP ae o) 2 AEEIHE5) Hu fin =
vt YFEE43
44 A% CER T Prp e qEh-E EECEEE
54 2ed ANSE BYE ANY D 3-5F
23 AT s U FU u§E0502 £Y
: Agelit Y AN T AFAUS YolAW o FAAA22 29 F4Ue, By
laa Azga olgf LIt BUTE I8 NES MIL W C % 9Re, 1% A% BY W FosUE F RYU 24 b
N 2, &-82}, 7t Az WY A4 s o)y a4 27| 2008
DR, 23N 0 Aun wed sue wa AR $A3d e e
9 e e 440 o W& AL
B, RY#(05 TR) — MY0R) —» B2 W Ty 4
18515, 55:58 — 70%, 0#)A AF 743 7|
ho] 344
h Aeld UMY §7)9 @2 105 YR 24 §7
AN 12.542.5psi/ 2 147 ¥l 0F 29
1. A Avle ok 7104 AgER O Wllg o3 wag
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=2} GABAY % '}’é!i:uu ARSI Sig D. GABAE RBUAYUAME L 8 Yo Me F. w29 7124 R 7154
2 S CObA A myios vd=nE WrjNR gl o8 AHHOIAE CO2 gas M2 AHE 2007
F;In} L FRALE ok d7tA) %‘-“‘l‘fﬂ-& ol 8y zafo} . e},
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0TS A ARRL BU g Ad 34 340, S8, g ADEY
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= 22 104 o4 37}
1. oAb Ay 2 PN F2o valfgh L 5 w2 lEETEAA S 3, Sedol B
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7h #71 R B FAE] FRA 9 VA0 #¢ geds 9 =EAA
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A6 A AFAMEHANA FIAF AAAFFI|=H R

1 #7170, 5ok, YubAu) FAHEe] 4R, JiTAH BE vm A7 A A 9 A7
B B4 A3 25 Roe 4716 kA s4Ed F4, 7T dell oF v
AF7} o3 o]FAT AU

2. §71A 7 AtAlE EnpEd) HlE Ft2Exol=et e FFol o ¥ o2 Y
b (Caris £} Borel, 2004)

3. TR /1AM Te7h duiEse] Hig J1BAAEY d2wEE #F o HE
26% o o] FR3ta ANS(Levite F, 2000)

4, EU7} Z@o| I9W QLIF (Quality Low Input Food) Z24 Eo] Fd Carlo Leifert
@ 3, G\ EAE] BYHT 40% O T2 PASEES X7 staen, &
% $HE HRIE SRR 60%7F o Be A HER BEFAPFE F

3= Ao2 ZAEQAE (Sunday times. 2007. 10. 28).

5. Phenolic acids, flavonoids$} ¢ HE3gE 2 s2Exol= T3 & A 4ol 3
£ phytochemicals= 2129 o]ztiAlet gAHoIglon, olgjg oA HELS HEY
A, HalE YRS 2 FALEY22RE JEE BRI 7] 43 FuHAAe
24z Q25 o ArHBrandt 9 Molgaard, 2001)

6. HE Ce #7]1% okall7} 89.2 mg/100go2 YUk ofx 679 mg/100gRTh FFo] 213
mg/100g ¥3tchMary, 2001)
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