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SUMMARY

As one of green technologies recycling agricultural by-—product chaff occurring every year,
this study conducted a research to produce carbonized chaff vinegar in great quantities and
develop a technology manufacturing antioxidant functional liquid fertilizer by fermenting
antioxidant substance that is extracted from plant resources using chaff vinegar. The
summary of joint research conducted in cooperation with Professor Lee, Sang—han at the
department of Food Science & Technology of Kyungpook National University with the
support of the Ministry for Food, Agriculture, Forestry and Fisheries is as follows.

- Development of small-sized batch type carbonization device

For understanding the condensation characteristics of ignition, carbonization and smoke of
organic material like chaff and developing a small-sized carbonization device, this study
manufactured a prototype by developing a batch type carbonization device capable of
producing 20 ¢ vinegar by carbonizing 60 ¢ chaff for 15 hours and conducted a function test.
- Development of medium-sized continuous carbonization device

Base upon the data on the carbonization and smoke of chaff, this study developed a
continuous carbonization device capable of producing 4074 vinegar by continuously
carbonizing 1004 chaff for 20 hours and confirmed targeted function by developing an
atomization type concentration device using two—fluid nozzle as all-in-one type with
carbonization device for effective condensation & cooling.

- Development of hot-water boiler integration technology

By developing a device having function of both carbonization and hot-water boiler by
installing a heat exchanger enabling continuous carbonization of chaff under rarefied air
and retrieving carbonization heat having 1/2 of heating power comparing to the standard
coal within the carbonization device, the device provides 99m? farming house with 4 family
members with chaff once a day for heating.

- Development of functional substance extract technology

This study developed a technology extracting indigenous component contained in the all
sorts of native plants, medicinal plants and seaweeds without alteration or loss and also
developed a technology and manufactured a device to integrate both extract and
concentration function in a single device by developing a concentration technology using
‘continuous thin film evaporation principle’ under air pressure/low temperature.

- Searching for functional substance material

For securing plant resources with functional substance to use it in cultivating crops, this
study selected chaff, perilla frutescens leaf, rosemary, Sasa borealis, lotus through various
searching and analyzed component by extracting functional substance and  confirmed
possibility of producing fermented liquid fertilizer.

- Development of functional liquid fertilizer manufacturing technology

_8_



This study developed a technology producing vinegar for liquid fertilizer using
mass—produced carbonized chaff vinegar devices and fermenting them to the functional
liquid fertilizer using plant extract and manufactured it as a form of automated device.

- Componential analysis on the extracted substance

This study confirmed extraction of Ca, Fe, Si, Zn and antioxidant component from obtained
plant resources and transformed them into liquid fertilizer through fermentation of vinegar
and improved it to a level to obtain a license as fertilizer through analysis on the
component.

- Analysis on the spread & absorbent concentration of functional substance

Using liquid fertilizer with special component showing high antioxidant activity, this study
confirmed improvement of antioxidant activity by conducting various cultivation

experiments in respect of crops such as watercress, lettuce, cabbage and cherry tomato.
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WA BYF PHOR 18 ¢ FF 3@ e 250miE R8s o FZojwel mLE
Aste] et B T Ah RN fds Ana,

o 7)ol F4 pyridine 1.28mLE 7}ste] FALE =9l vhs HMDS (Hexamethyldisilazane,
Sigma Co., USA) 1.084¢, TFA(Trifluoroacetic acid, 99%, ACROS Co. USA) 120 E 7}3 %
40Tl A 308z 723kl TMS 248 3 & GLC #+4AE=E 3t F4o & FID(Flame
Tonization Detector)”} ##5 GC-17A(Shimadzu Co., Japan)& Ap-&3hc}.

78 ZB-50 capillary column(30mx0.25mmx>0.25m, Phenomenex Co. USA)-& A}&3laL Q.

2 25 120CelA 1#3F FA8 = 260C7HA 10C/min 528 F523ke] 1583 14 gk
FHT L AE7Y 2EE 210CE AN WA= A7 AE AMESFe] 1.0mL/min &
T2 3la BA3% 9o #5272 fructose, galactose, glucose, sucrose ¥ maltose® 3},
AL H7 do] T=FE ZTEYE 43 AL chromatogram¥ A58 XS GCE +
243Fo] AL chromatogram® WA-S W w3l HH o g AL

2) Freotr] =4k e 0 frelolr b opn| At As A V)] &fste] B4 gt &, E4

0.3~0.5g% reaction vialel ¥il 6N-HCl 5mLE 7}3F v} &7 &< 7] (Aspirator) S ©]-&3}9]
reaction vial W59 371& &3] AASY. 71<EF(Heating block) el reaction vials = 3L
110TCol A 24X Zb-&F 3zt 37 v A2olA 30:3F W2zl ohs 557
(Speed Vac. concentrator)E ©]&3le] GAikS Al A S ZoF mLE H71ste] thA] A
ATt wF71E ol&ste] AwHsle] At FAE @dE] A AT FoAEd ghF
(Pharmacia Biotech Co, Na—-form loading buffer) 5 mLE 7}3}e] &383F t}g Millipore 0.45
um Syringe filters (Milford, USA)= oA AA oflnwst F247] loading shell & 40444
injection A%l te o}n =4t #-297](Pharmacia Biotech Co, Biochrom 20)& ©]-&3}o] #2473k

. obrldt ABe gAY 2 won wE opvlwite] £W wEsde s
v

o)

< chromatogram¥ Al &5-&0-& o il F47| =2 #4310 A& chromatogram® H4-&

o.
ek Wy o s ALbstt) Ve 21W, 38 F7]2S AOAC W Edke] 4388 $hr

mv

} ( Standard

100
1 3

| TR [

(5] 10 20 =0
min

(]

19 2. A 24T o A phenol A E5HE2e] GCEA ] dd. 1, Vanillic acid; 2, Azelaic acid;
3, Protocatechuic acid; 4, Syringic acid; 5, Ferulic acid; 6, Caffeic acid
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O GC HEi= HPLCH 93 7lsA =d(Eysssde)e] &4

FEAstY A5EE ZB-5 capillary column(30mx0.256mmx0.25m, Phenomenex, Co. USA)<%}t
FID(Flame Ionization Detector)”} “&2¥ GC-17A(Shimadzu Co., Japan)= #43%t}, 4%
AL 27 120C9A4 3 B 522713 260C7HA B3 10CH 53k9 260C7F =4
13 87 52271t} Injector =% 230CE 3}al, Dectror &5 AF7] &E¥ 260CE 3}
o] B3}, carrier gast N2 gas® 3}¢], flows 1md/min® = split ratio ¥ 1:500. 2 3t}
o9 ZYuE3gES ds54 25549 retention timed VW EFaL, ZF Z] ¥ 535 E 9
= =

A BFEAY peak AreaRFH ZEIEAE A o] Fskt)

1) GC/MS #4 @ oA Zo] fFRASE AEE DB-5MS column (0.25mmx30m)e] 72t
# Shimadzu jit¢ QP-1000A& AF&3te] GC/MS #4438ttt GCREAZAS Z27|=% 120Tq
A 3w FAIAIZIAL 260CT7HA] B 10TH F3ke] 260C7F H ™ 13 #3F FA A7 MS
= 70 eVl A EL Modez #4388t} di9] 54 £5F9 MFE Az retention time)d}

AgrdeEd S tfxdte] et BE A3 control¥ VW dH A 38§ 8k}

1) DPPH radical scavenging activity

Fakst G S AP 7ol &EA U= oy 7HH WY T tHiEA ¢l DPPH free radical
scavenging assay & <=3 3t}

0.2mM DPPH (1,1-Diphenyl-2-picrylhydrazyl; Sigma Co.)Z methanold] =<1 €48 96 well
plate®] 190 pl ¥ 5 Z47be] FEHES 10w 33 whEste] #7380 of 308 A% A&
Al wkA & VICTOR 3 spectrophotometer (1420 Multiabel counter; PerkinElmer, Turku,
Finland) & °]&3Fe] 520 mollx A3 39 FA= AAFe5S % DPPH radical

scavenging = 1-(ABSsample / ABScontrol)] x 10022 AAF3c},

B
w5
BEY
Positive
cﬁj"ﬁ?' cantrol

1% 3. DPPH assay9 < d
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2) Ferric reducing antioxidant power (FRAP) assay

FRAP assays 33&9 399 (ferric reducing ability)S A 3F= ZAoltl 369 w%H& pHel
Al ferric tripyridyltriazine (Fell-TPTZ) &3+A|7F LA (antioxidant)oll ]| A sk 2]
ferrous tripyridyltriazine (Fell-TPTZ) S22 & o &3S ZAHslo] dAstaxt &=
shetEo| e 3™ (ferric reducing ability)S Hi= ot AgS 93 HlgAoz=
acetate buffer (pHI 3.6, 300mM) : 10mM¢e] TPTZ (24,6-tripyridyl-s—triazine) : 20mM]
FeCl;-6H0E 10 : 1 1 1¢] nj&=2 4o A3 HHdo vbso] AMES v w8 (190ul) 3 &

% 150z Aoz oF 1087 590nmol A EHEE Al

e
=
)
=
c
o
rlot
%
=
ol

=
=

-

Fe

==

P Pogitive
anerad oontrol

D W

1% 4. FRAP assay9 <94

g 2822 ebA(histamine release, IgE #98])%, IL-4, 5, 13 2 Cox-2, iNOS)¢] 4t

e O
o R
off g

Allergen®l] 23+ T cell ¥ mast celle] A 2] histamine¥} leukotriene®] 4|7} WA gke]
Wr71d 7 F8d Fiolg Baxolx vt ey H2e] At Aol A interleukin-4,
139] &u]Z <13k B cellolY mast celle A=3Fal o] 2}=+9] eosinophile| Y IgE Wi 7] 2] o
airway hyperresponsiveness (AHR)9l epithelial celle]Y} smooth muscle cell®] IL-133 72
cytokineo] 2Fg£3to 2 A allergy¥t-go] %= Aoz AWdT) (Curr. Opin. Pulm. Med., 9,
21, 2003). wetA ©olE cytokined LdH Y-S FHFOZA controlF FAxN V)T AHE L
o) gk A # Ao e Holsoly FFF

5 =A%} allergy 2ol oWl A3EES v HE=H
o] AFetr), wdl oy @ X PCRo| 23k cytokine ¥ iNOS, Cox-2 59 wd: wwr}
7hedteh B AFEL olu] S A ARl SR o] fAFSE AAT Y dFE-E WHiadk nf

At} (J. Exp. Biomed. Sci., 10, 325-332, 2004; Eur. J. Pharmacol., 42, 1-9, 2004, Biochem.
Biophys. Res. Commun., 315, 93-99, 2004; Cancer Res., 63, 3430-3434, 2003; Biochem.
Biophys. Res. Commun., 302, 539-544, 2003; Toxicol. Appl. Pharmacol., 181, 69-78, 2002;
Int. Immunopharmacol.,, 1, 1969-1978, 2001).
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Antigen

Histamine
FGEE._ Proteases
|QE* Leukotrienes
—.i*l' Cytokines
B-Cell {f" Y Mast Cell
Antigen "
\ i 1ti Anaphylaxis
\ L4 IL-9 Airway obstruction
: IL-4 {Mucus, AHR)
@5 L) TH Cel > Urticaria
o o L-13 Rhinitis
IL-5
IL-3
Antigen-Presenting GM-CSF
Cell

Major Basic Protein
Eosinophil Cationic Protein
Leukotrienes

Cytokines

Eosinophil

18 5. Antigen presenting cellol A F-2E T cello] &3 WA BT HA=Z Z2A%

1 IL-4 =73

A7 Fo) U= 4 well Mouse IL-4 Microplate 890408, R&D system, Mineapolis, MN,
USA)9l coating buffer (Mouse IL-4 conjugate 892701) 500E Z7}sle] 4Toll A 2447 H¥H3
< 7} wellell IL-4 standard®} A& 100 E Z+7) H7bste] Ao 2A]3F WA gk 2= wash
buffer (Wash Buffer Concentrate 895023) 200pl= 33 A&t} oA, 2 welld] A=
Mouse IgG-HRP 50 E 2 Ao A 2417 W] & Al A% 33 A& st 2 welld] 7]
Agl (Assay diluent RD1-18) 500= ¥l 308 WA &, w8 A x| A (Stop solution 895174)
50iE A 7Vske] ELISA reader® 450mmoll A~ =4 3ho}

400 [ 800 120
aso | N 700 = 100
E 0T 0E = 80
Z2sof | I 500 = E
& 2 g
T 200} 400 = e W0
= 150 _| 300 Z £ 40 T
5 s [ = =
5 100f L I 200 5 Lo g
e | 100
0 * L 0 0 .
Control ’ ;
Unchallenged OVA OVA+HAS OmATOo OVA O‘_\'_A
HAS
1% 6. IL-4, IL-13, IgE 35 Ao o3 Wlxd &4 A%

2) Luciferase assay
72+ Al ¥ 96 well plateo] 2 well & 2x103 22 T-bet promoter”’} 41 % stable cell-2
Beati AP, LPSH YT, 7584 LPSE A s 3714 woz uyo]l Aegste] & ¥,
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247)17F 3-9] plate®] mediaE A A 33l PBS (phosphate buffer saline)= 33] A&-& s+ 5,
lysis bufferE 7z} well €A% EF & 2204 308 AL #A 3 Fof luciferased 96 well
2 %7 3 luciferase solutions sx02 g 3+ & ELISA reader (1420 Multilabel counter,
PerkinElmer, Waltham, MA, USA)Z o] &3} T3S A3}

1zZ00

100 |

|00 |

e

400

Luciferasentensity

Zow» |

1 . [ 1. .

0 1 10 0 1 10
HAS (puLiml)

b
-
=

o

LEPS (1 poefvell)

4 As

il (

Z1¥] 7. T-bet promoter assay®l| &3+ W24
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3l e el
7 FYUSE W MTE RS NAMSE
wHq HEE swE ZHE

SEZELNGSIH EH ES H 2 Y AE B

ST

WEE DEE SSUSU AHYAMNS
DEH EAUSE HE

-ABHE M, SSHY BHEY S
- HEATA SIS RE T B IE

% 0| BHE F R0l 2)0 27 B2 HZH HF0io ML
g 7Y ZIws £ 9SS 2SHAS FEAUS

AEHE g g Y34 g8 dHE
100nf(3054) 10,000 keal B0 X 800X 1100 li0kg  220v/30w

a8 9. ddeluANE FARLH

_26_



_@—v

F Hr | EEH

1H
HREYUT  AXEUI

a7 EAEmES|

I [ Juse
I 5 | ] T4
AT A= |

Y, B R

e S ]

_27_



oyt ol FelNE RAE FAS BAZ AGFE o919 FEE N R
B2 AMEEE Zlolth RS FAue HER Qe AHgEL QoM 15 Ay
Eope EQNFAR AR ok Telu oS FAe 2R olgstu Hushehis

=9e] A FEAS Awists ol ThHCd e A9
S5 A QA gorn dre] H9 1007 d e FAZx Mo
ZAAglol AMLAZE AP E Zlo ' FAbE T
b sl A AREE = ole pEl] $AxY
2 GAE olget HFoR A2 NE
=& MEson, @5l Bsks ©@5tds D8t 2R
o o] AN G Vs dul Y AxriAzE &84
Aoz drhEn
FAZAE 2FE ALY a2 dEA v 2 dyEs do
TE G i 1*6@ AN TEEARRS HTHA A, v

_28_



-

A1E 1A= A

1. 942 AR Agets 5718 8 WA BEgA A
o oMEA gAY Az BgA A
GAZ AN BEAE R Q27 BASL AVE $F WA Zo] w
1

& AVE Y SFo A o

/"?Gﬁﬁ\ 12 "\/11
==

oh,
5 BJIxE+, 8 0122 MAHEX, 11 d4x, 12 AR

_29_



om JuA BEw ATagrt. vaiwel 13
w7t e

_30_



WS g2 g Ao 8

tol &3} A

23

=07 A

2

s}

Alo] 2

©etz o i o

g

ol

=]
5

steith o

of thw]

it

Fal 94 o

S

3}

so7 &
ks

ANEZX

5

23]

121K F B e

_31_



o w.% i GECE
) ZO file)
o I T o
o] o =
"OT T T
4 B < U
O o 1A
7O ) o ©°F
1 =0 =
%° _ ﬂ, go =o
Nom 3 W
P =
D ) = ©oF
o & . oo X =
e T
%_ol o o - el
I T o
w oo Moz o
R R, g
4 T o= g
) Mo © ® = 3 K-
© B =o ﬁ__.m o NN
T o B CEY
A BN
B ‘_m_ﬁ nE m =0 N
o Mo oy = o
ﬂl‘._ .O_.._ ﬂl 1_|L — .
= N ™ oo P AL ny
of w P o & W _ﬂm
L
U s B ok
S o M 0 5
o s ol NN
RN Nfo AT
< . 0 X W o
I T
T S~ SR 3 X7
7 W 3 %
Mo W
6 R o
P N OB oo o o
e 50 w

3l+= by—pass

S

o A=

A1z Pzt



H] 2t

o

by
S

471

15

i

40 ¢

o

N

204

%A

80 ¢

i

.
;oo

alo

A2 Y

) 4 A e

2=

3T
o

wheb okl Apoli= glont

W2 Zlow A webA gstdr|zr 3zt

]

(e}

G

bl zolo) At

°of wlels

w7

22!

A 7N

o

HAA FARSEA
A 717 SaE e R A7)

Hj

il

o] #5-Hgleh wheba

o]-g-&o] st

5

=
=

&

a3}

Stk wEkA A7)7F 3zt

B

N

_33_



1

i

o WzbE 30 L 7HA] 2

2500 = °

o
.

o &%

g

—_
110

_34_



—
o

H] 2t

o

by
S

471

15

i

40 ¢

o

N

3024

%A

80 ¢

i

.
;oo

do

Njo

1z A

1}

o] =7

3}

]

A

gl

Z7h

Xz
=

oo FAxN YAEFE 50% U

el

AT

3 ge
Ao AR

=
[e)

FATEEA 9

gl

A

o graol Aol H=sh

z

A=l A

=

2 AR F7F /it ol

s

=
, 78

]

]

/51140

[c]

S ok
T A

b ekt A

5

7)%2)

—~
o

_35_



K

K

K

7}l A

A volrt,

\n

7t pHE BH 2 9% s S

S

44 7129

Aol F2 EC3s XHolu

o) -
d&om AHE

= 54

o Ao} o] pH 3.5 A5 el E=7F A

ok weha whs

3T
o

s

4

171 f1stel 370

S

ol

aglel vz FHgor ARgol 7t
M EER RInlEo]l AeEA dore AR F]lat AuHzE a7k

)
=

S GAS

A

s

RS AL

=

|

ol

T

B

C\m/ | ™03
WR < |~ | < |~
T Y 90| ®|©
o »m ||| m
S E R - I

BBy | K

ISR oY
M= lor | or | K| oo

_r
|
N
A

B
N
Hr

_36_



. g3z

°

=13
=

g7l Tl
A7 ST A A7

| —

R

X]
a

R

153

L —
~

A

B

¢}

bl A1

°©

ZF
Al

Al

=

=

Al

bl A AR
o] ®hshgx

Al
&

~ M o] B o7 N N E® T Y OM R M TR TR
I I - N (S v T o BB R E
cs I R BN v B - I AT N = - - w9
= H T oo T e o0 © _,T_zrl X 21 o - z.L
T ST N T o7 oM TN g 3w % — X g ol
R N - R T B - S-S T o ax b
W R S ¥ ® ™ 2 TR R, R © o E s A
3 - TR o B S F o 2o N a0 R
‘mwo ol _li V ;01_ [y} On# ‘W HLE — _ﬂL Oﬁ ET 0 OT
gy T %ﬂmw. T SZEnis® g s R ET
J o n} ! . - O
TR ogE ool TR THE R = oy Mo
ok oF %.ME; of e ﬂ@u%&iﬂ@ﬂ% &.MWﬂuWo_w
—_ — { i = 00 K = o= —
SN PEwR S8 BnEyoFTNE & LIRS
1 B - K N @ W T B I T
3B Qﬂnﬁﬁ_ s - r et o] moﬂliv 10 ol T o
e ) M =
ey ¥BET BL ¥ ksl  ITiEzc
ot < < W XX )
qﬂf Ho WL omp Mo = L,Moﬁﬂoﬂmﬁl% or o m & o
%! d B T PR xeE T e " ow »o_ T
o T G ﬂmwa.._s% ) DI il s
k3 S = ° o oA e A ofy =T =
) © o
v E ﬁgﬂ% SR IR AR R (R u%mﬁﬁ,
G R o e oy e N LR 5
J I T = N = I o b o o g = o ™ ™ 9
weg SN TR deygr eyt Ny bkl w
T AN SN T s T g B
o RN e G
— — 7 ~ T —
N %ﬂﬁ%u%wwwmﬂMﬁyﬂ o
o w2 o R T o T N o T Al e
.XﬁﬂLMOAdWLI7 ‘mu‘zrlﬂ_n;.uiﬁw/bozlﬂ&wﬁ] ,Nﬂ;o_AH_Tﬂ_ol
= .%Eﬂi% %oﬁournﬁ@%ﬂlﬂ_leﬂmo% ﬁn%wo%%
qmadrMoT7ﬂﬁNﬂ ﬂdr.ﬂﬂauﬂ%_xi2imo wR T
M s oAy Phm T E TR gro g ETom
e P e el rn el ik AxSTER
E.:l E#E ,&O ! 1o ;o,._ a ) ~ C.LO oF B ﬂ A o ﬂ_DI —_— i
i = WO omr o W oup o R oo g W X A~
N zrc ™ XN e
T M T Fm o= R e B ooy W W < = i) o
o B ET M E = ok _ I I B ﬁ%%iﬁﬂ
doo@ g o m® o N MY T H 2w % T B LN
ﬁﬂﬂ%%ﬁ%ﬂ@%é%&i +~ Nk F d%%_@ri
LN I % o N om T g ol WO =
© oo wm o % T A E R OW o N T g LB W R W T
b oo oo T Mo WO o Moo ROB OB oo R TR E O

L —

R

oo 29 218 FAZo|H, 18 220

°©

_37_

oo}

¢

-

2ol 7hs

-

R

o

°©



1000

00

T

09 22 A% @RgA g ¢

o

by
M

471

20

A

120 ¢

o

N

80 ¢

%A

300 ¢

i

.
;oo

&

_38_



A

4
Ao, &7 100 ¢ of o

A4 FAVIEA ] WA

PN
T

[i3
=

|

0
o
oy
jmat
»A

T

R

AR SHEA

0

)

ok A A

—
file)

,mo

ol

0

tod g2 ©Eks

S

2 74

FAY T FAA W

ol

TEER QEE ZAA )

7} HE 70C 4

L

-
'C%—L

3H17]

80 ¢, &3} A

o
R

o &%

O

A 9] gsheeld EEe

a7

2

w2 A

i B

a2k Al

o =
o &

a4 23

= 0
=

FaL, A

sfol sk

e}
= &

H}

3}

2_<1

—
fite]

3h9h A

.
= 2

I3 24

R Eay S

)

W

et ey Eriy 5
S O 005 S5 S
S 000000 GG

fian ]

_39_



Z]

1

3

Ay

ban 2ol

°©

Sk

[}

-

o

57t 71

FAREEA AN 7P AR

T TR T oM W T J3 o
%%Miﬂeﬁ%% ™
o X : "
oo N T % X " N
H oW T o omoap T oK
R TR I B ol -t
o Z.L o T o o
B L ST R
39%_ZT¢ME 3 o
(T = - o W %MM
gy _=mdz ®S
O L RS
o Taw Y e e BT
_ o] Wy o#awﬁ&oﬂl _ﬂTﬂ M
I~ =
TE T Eey FZ
Poo#a,lﬂrm_lﬂ L:._A,.*ﬂwl UH]JI
e ET e o,
B BmTa g %
ju
b J g v TR o
OL.@|,0|6 m:._ 1rO
g N _xmm
K0T 2o ~ T -
Wk BB b T g
Mo o W N & Wy
N5 TOM o o
AU - I C LN
o T T (il w N olo — o
dﬁﬂﬂomlﬂq_ﬂoﬂq a1
T A N N )
Bop h P w o a T
%ﬂoﬂurzo% = o
; e N
R N TR SRR
ﬂeef%.ﬂrﬂ%%cﬂ]ﬂﬁ
IH_AW_ H_ﬂ ﬂmwAﬂox
B R e . S L oyﬁﬂ
PN G EP R NS TN
3 - o X of Nt T o ]
R eEa W deT 4RI
I i N
W T Eer N H N R R W
o W AR W TR B ™

A7} e ahA

=
=

_40_

1A =]

Pxe)
o

=

=]

H

bet

¢

AR F ek fluh ey B FEE 2ol 9

7k Ao} A7



ES

8 25 SHYFEY ofFMEE

_41_



A AAstel FAZ AR Aelther] el Stk mgEo R 9% vge] Fug
FRe Axsel AuTe) Agelt Fak F FFFFE 2ANE TTE AEHER 5
|

o BANNE FaTst AMETA M AAHo] Qo] Fs¢ FACRTE B w
AEo] BEAAR fHE B/1F sl A9 5 el 19 273 ol FA5Tel A7)
2 A4 w5 Polud LA s Zo] RYSE wIw U fUHE $1%E 248
L o] o9 @EAITe] Fopxt Aol Tt EE ALTHYOR Wl A} R
83 5 A7 e

N

8 27 e+

wWebd 283 A9 AAEew 19 283 o] Advel ANeTE Agow Aeln

Az AuAo) AHYT FAS APsel BE(Solol MALBE AUstel Fsksta w3

bAoA} washd BEUE AL AR AAS dag @ o9k e
5 7

%ﬂ ‘:]'.

_42_



T,

1000

oy

200

=
o

—

F=2/ TH UK

1oy
KM

!

g 28

o
AR

o] $zuzte, wekd 7|7}

—_
fite)

)
o

—_
fife)

M

ojith, Wi Al A

P

e

o]

=

N
ol

A

= N5 o]

b= o A

S

ko]l 20 ¢ Ak

9]

o zo

=5

by Q%4 A oA

olo

L —
T

|

Z

=
T

= 2

s

g A8

cd

A5 Azl

_43_



h owo =
Ny g .
ped dzade
03 o} 5
= o ¥ ﬁ%@%ﬂ o
T i Eww s i
I B _ T .
G 2o 'Ol Hﬂ% m ¥
‘I,:Ivﬂ,mﬂ ,.:01_._1 JJAE ﬂnz D> = = —~
S PMuuu_/me ﬂ%h uLu,_wL{ o M
R m Lo 2 A I F ap
&N 7 zﬂ%mﬁma o quar.mW @5.
\\ELALI ~ )
P muﬁmom.omw EM w%%ﬁw %maﬂ
:A,_LIQ"_O ‘_l_o,r_._‘._f T o 11_.,31_. N
o o= B~ - o [N <© of " N
g M (A ° X s o ) wp oo
oo - N o 5 " & ™
i P R 5 = r o b
.~ T s o — H ox el T oy 2 mo N o5
< % O o T T BN N o
= W _ % o N OuE S L L T
Ik - T et X = |7 € P o o
o\ Hom o _ HA ~ ~ ) NRT =%
s LB Aﬂmﬂ%% 5 T o T =
& o EEE&.H .ﬁwoﬂ o
J ] . N
:Ik HT]ETIMMW%OW%MM W,._ %ﬂoﬂu%% m%ﬁo
5 P],\mﬂﬂoll I I o ok I I
riTziziss ST senE g7
%wg%ﬂﬂ%}ﬂwmﬂ " Js%ﬂn )
< nN ~+ A B2 o Rl i o
o Mo ) o oF Mo i 20N W = A
i~ N o Bo° o Lo | N ] = e
zyga;nﬂo_ao_a <3 Mo Ew o E
= NG o o % Mo | 8 X ol W W« W E
%ﬂﬂﬂ?%%zﬂ - A -
PTETadEys Tue 517
%%H%Mlymw i | o N LR
2%ﬂ_zex_éiﬂ . N o o
- N 3r TN o ESl N
oo o BT~ e w 3 2
T o o ~ T H 5 oo _éﬁﬁwin
™ mﬂ Nlmﬁ T ) Mdl oW o T & M.w oo ol
= = T — oMo Hin
]ﬂ m . OL )
o oT oW oo S gy o W L
Eﬂ.o_ﬂ = ox
¥ TE T B
N

- 44 -



)
-y

2 sh o Ay

=N
o

A

|

. -
ZHEE R

el Al

W

Pk 19 31, 32

S|

of Az

innn

1000

I 9 Zo)

A

= 1500mmE Aol A gEzg &

<o A wEdA o] dAl el

AL $%529 3

S

Fal, &sl2e $AE T

T =]
& ©

st Zlo] 7t

|

o

s}
ol

o
=y

Mo

=

olo

_45_



AAE7] wizel w3t Ay

o17HA o]

s

2%

o)

gt oA A7)

-

L

UirdEs A=A

T
B
0

o}

il

3tz

=
=

=YdH sHFxE

Zol A7)

=
=

59 o]
9

FAA

o o3}

3

N

QA A 1A A7

33, 34+ °l¢

gol 2
=
=)
E00

3

O

=N
[e)

)

1000

_46_

LB

1000

ki

L7F Ak 1
AL of 7] Ao

S
3
=




A7) Mg x4 Az e ® 63 2o AR AT TASA vehkon, Ao 2
2 AHEE ZH NN 2N 0Bl glolA FARAANE FATA ARTE FAT 5
A3k
% 6. ZRYYAZ AL ) FAzNAZ 5F
SEL
R
U 8 100 ¢ 30 ¢ 40 £ 20 ]2

712 @57l W 2erRdy A8t Ve N

As dutdow x5 AR 1/2¢] didels Hdde 7HA L vk AA Jhdeta Qe

2= wElR o 2238 15040, 13 Ag FAE 10002 AEE3 9o e3ha
fFABE Aoz FlEGIT weta] A& 0w 3ty e &t

oo

o2

oo L ode OO
au
b
o

€ FATH AR A= g5 LA AVE olfgor dAY
= EEE A Wit =R E=gk dASHAl FA

1Y

R R

18 35 S AHES =L SuED|

_47_



18 37 28812

R-EFEE £ 40009 &Fo® 9 3837 ol A wjdsch

_48_



7000

1050

350

18 38 AR 2=+==x

_49_



1
A

Z1AAL 7

o

i

1.

X0 _ZT.C FL ]
_% N~ ol rwol N .
h G+ & o B A AE oF XU oF
E AN - L o o <
of ol ) = E m« Jmﬂ M No o
R o o] X o = ov
o ™ ﬂww_ o.t o z.L ot o.f —
o ) ok = o 0| Y o} b ™
o B Nlo o wﬁ N o y el Nr
T o ~ JIL T " m o A Jo s
E N.A]E b 75 1 o - Mo . oF
oiﬂoQﬂﬂoﬁ EEHL y n L8N
0 m C H;V InN — E ﬂ__AH H@ e Xo ﬂ_ol )
ﬂLﬁ ou o B 75 ,ﬂum o ~ oA N
KRt Lz Lo ® P ,,.m\ s NEE
= o T & ©
- T ~—
iy =y - o U N il o) o} e @W 63 ) N o]
Eﬂuo — N o AR = = ﬂ.olOuao
—_ 1 %) T 'Aﬁ 7E HW:._
I5F e AE i L = = T i
— . E =
@?M@Mﬂwqa@wﬂ7 i ) m%au
T N N ) T B W
akmzfzgyauaﬁ k) M 3 % P
oF o] ol iy NE© Noor m]M = W W_.___A_._”n___ﬂ N < do T _?
H o ow M E@Hq.ﬂﬂ X gy A tid ol - w7 T ok b
Loy M o N & No % N+ oF
X . B _.Ega i o %
L%Jcoa%] A ™ R
7_|1ro1r]qg_oﬂ|§aﬁioﬁw <r G ﬂj%ao
GARN ~ N N o jod N No o o T 3 o
,Ot ,M.O t ﬂ_D| _ZT.c _ZT.c Oﬁ gyl —~o T
o Pt W o N omr o < o ol ~ S
r i = Wvu N iie (S ol 7 B 4 . K = S MM
moEATﬂoo@mOetﬂi%ﬂ % ) — ™ J) aomg_o
o_.HmeEEanmﬂﬁ%qmmm | = B =X
45.ﬂng.%ﬂo@zlo__oq -5 W oo
- — q . ,UI © o < NIUH OT =
o%lﬂwgié%u i B = %
g 2 © ol = nll N o T g ™ " B ol
=T © 1maﬂ|qo| qm&ugla N o <2
=0 1 OM =0 AT ﬂ_‘lﬁ J.M (@) o = ~
1,_A._| A ﬂ_ol e Of ) R 3w m_l ™ of X or.c ,hA E
TRER A o [ | S
_a_zgjllﬂﬂelmﬁ 7o) — 2 m £y By T
%o o op oy N+ 5 o o nx A Jlo — X < o
%@d%%ﬂ%ﬁﬂ__ﬂ%%fr ) TS
%%@%%wﬂmn%ql I T L%
TR R o = ER S
o ® = M Jm v
= o] 8 o
e . X oy
_ZT.c ,D_l \IHW._ ﬂ_wu ;OD
N BE oW N X
S X
fife) ~

- 50 -



} =]

F=4

2 40 3

1l

3} o)

o] 19 41

3

7F 271 4

g moj:
2

]

0|

ahed

|

CR

7}

W, BRE

3
()

g 7t

e A

<

I3 41

N

<

T

Mlel el k]|

X |0 OO

.ﬂ442

m

IS

—

[aN]

R

Wl ElE B|E
R B B S

SN N R IR AN

~

T mo | = |5 |

M| o | RV R I

= 7|F0o 7 Zo|H

2 F7 5mm

_51_



2

stoich. e

[}

-

o] 7}

steduh. ere] Aol 9)

S
%

Ao 72

-

R

o

°©

A

| FE2AIHS 724702 B 10%
ol

A

| bssed,

had

9] 5%7} 2.0% Brixell =%
=

:7."1—0

-

R

25~30% &

=

bol Qi Ao Pz EAFES ¥
of 4

ARE A7 A 2 el

S
i

T %mwwwfrﬂ o:ﬂ% %ﬂﬂf 7M zﬁozlﬂﬁ%zwcﬁ%
T, T 9 do B G o 4, T W .
ﬁ %ﬂ%%% mlﬁr T N E Lwﬂ W%%%uﬂﬂmﬂ%q
R g Fra o #HLT 2 mreg ek e_F
~ Tl e 1o U S . ﬂzrl
(A R od g B e I
o ol N T o w ° Jo < 70 Mo o Bﬂ. = o HM & Y N o]
g foilz  TLEpRAfsEl gritegied
iz g VB ;N o & ~ N Do o By
B MFQ;&EEAT WM%JIMI,WDEN_I@!QQ‘_ ﬂﬂ,ﬂlwﬁcxﬂATmaﬂ%_zﬁ
_ZT.c Jl..ﬂ Mﬂ\l o <X N 1_|E _ OHﬁQOt.ﬂl]r
X0 i ‘DIL 5 o ﬂ_DI OL 1;1_ fils) E <0 E zfl ﬂ_ol ,Ul ™N <0 i
L S N T 3 To NPl L mw B w
" . Mm&o _q_olmuumlﬂe_q_olt&omﬁ E ﬂﬁoﬁﬁq_ol?_ LCMﬂa
— o . - oK o X
B g S kg GTEW L RTanl ToTaxwoag b
T mToEN SEFRgr &l o NgdXrgpl
T e P I B S RC S R T
R = ST e Yo L RET TN e oo
oo oy Dom IR A mm WOy o BT 2
I ) Hogo X T TR g T g w b B
m_wﬂ%ﬂl@lOtAT,mumM M%egaz]ﬁodl.Mﬂogan‘-ﬂ]:ﬂﬂoﬂﬂmﬂ_@ﬂ]_ E
% = B = g ® W 4 o A T AN
T TR R w w < o %ﬁmammireg%aajamﬁ%_d%pou%
) o To T . Oﬂ. _I] h
a%iﬂﬂoﬂﬂ% _zToT”u%wﬂmuMT@uﬁga_ﬁoﬁumﬁmg@omwnowom
TN EEE Ty R VI R e
TR L By o LR e R Ml S T
oy TR o & e I T B TR i
w B W A I B T B
OB FPEs ¥ o MmN T, om< M AF <°
[ Ao gl T Wo BT Ry 0P g o W o
E?,OI,Z;UTWE,%WJ_OI gﬂ%ﬁoogplwwrﬁzﬁoﬂ.#‘o]mréa . ,IwﬁmU,OlL.ﬁ
g T ) - ~ — O;O‘JII,HDT.C@IEﬁ =]
o) o RN =38 O o) = N0 T oA = N
N A % T R 2o O R = i
B To o - T i T G oay
_ R _— — H ) = — o 1 —
%%_zfﬂ%ﬁﬂvzﬂ u@ﬂm_ﬂwﬁ%%%ﬂmLoﬁW%uaVWmaa%mﬁ
L ® - C e s e R o T aM B 2 LY g 0@,
o7 o ol X ph ofpy N < N o N NH o3 < MH nj o X 1 X o] o N
Mylm&oﬂLﬂowrol_zE iooﬁﬂl\M)ﬂMﬂﬂdl.iﬂ_Aluo_q_ol @Lﬂo7dﬂnﬂ@oﬂﬁ5_zﬂl
am ® = = ER wmo = — Ay O o T N = = =
0 OF & oy oy ® oy — =% @ o ™2 W W o WmR R
R e ST Ee RN 2P B
g e . ’ . — W
i N I N FEWS T E P Tl Mg ol
o 0 ﬂ%% ! m%%@%ﬂ&ﬂﬁ@ﬂ427qo.aoﬂrﬂ
I A e ) oF %k M o= o N %W BN T W K oY Mo T OW TR

13, AAs|E 9 832 2.5kwolt}.
— 52 —

PR

Sho

°©

Fub 45°C o]l A

Hx FZ9 &% 4002 2A

¢



S0
AS0
f/’f’

(A=

N85 CFT

. L
o0 *® S

200

70

i | — __ —
=

LelIT

_53_

I 43 W71



71 2 ¢ /hr

&

100 ¢

g

t= d© 500

S

112 5=

S
=

22!

1=l
=

Zuge e oA

7hell whEl 177%, 2449%9)

H7F gl 7ol A 65T o]

1 7t 5Ce]

241 50T w3

52

-

g 4

o]
™

1ol U} w3

o
Jjo

0
s

Nlo

H

fveel

63T

<
Slalalx|el|k
.mllndoomuA
M
EIE|IB|I BB
|22 w0 2|9
S|lolN|S|S
do | © | S| © | N| O
O | ™M |~ | | A
AN |
—
£
o|lo|lo|o
(m\%2460
e —~ || >m | DB
7
<

™

173%

244%

ek (md)/hr

=
[}

900

1,560
2,200

=5(T)

20
55}
60

3

M HEom AR

%]—
]

_54_



=
=
=

M

| S—
_=
o

ol A

—
=

I
KF

NI A

[\

_55_



&t7]

= AHg

g 8-lA

3| &% 2.5kw= 7}

93 2ol

Folv A4l

sl 297}

o

8

R RIEERE

1™

L —
L

o] FVsdta, FEG 1l

d Ma Azl i
]

2011. 12. 1 ~ 4
i

A
-
X

A
ks

_56_



S

Elae

=

gyl

1% 47 2011 Tf

=N

Jo

Tp

o
o
&

N
)
oy

—_

<

uj
&

Ho

sha hgolnt

Bk &ol

3}
ol

1 of] A]

n-

KR

iz

-

e
o}

dAEZ A

tel FAE

S

wo A
&3}k

bl 6719 A= A

S

st g =
- 100kg

2 Hxde

A

}

Eff o] A]

4

AN

71

KeN
=

d o
=

X

o}
a

ojy

o

-

0

‘?4

—_
o

%

o
-

o} A

o]
A

al

#Ho g Axy

Foll A o

o}

—
o

o
ojy

& ol A]

bt ol 3 A

S

28

P

KR

el

)
| & ol A]

PUEE dAEE PYUEE &34 Z

o} Szl

o]
A

_57_



A7)

il

°
pad

ghafat ol T

shalet.

5

7k

=

=

CEEEPRY

—
o

iz

ojy

—
o

grsfol A 2009

1o AR 10072 29 304 KAt

<]

o] Z

SRS

ok

=

il G AAE

<]

o] 7%

-

Si

1.2

U

-

Ao

TH

2.3
6.0

Mg

1.5

kiU
N

IH

o] 474

2.3
3.5

Ca
41.4

17.8

7.8

(%)

0.01

EC |Total S

(ds/m)

4.8

4.8

3.4
2.5

3.6

ol Ca, Si, Fe, Zno| &0l 453 =/ Wi 3o

1

k)
pal

=
(o)

K
oir

=
(o)

K
oir

pE LN

="
[==)

NERC AL AR=AS
25888
S| 3| R0 R0 /0|
£ AR
i
IHREBE
m Al (@)
oF i M

© o\
QNN Q5 B I
%mo.km
TR
o | G IR0RDAD
I | D | Dh

O£ oo oo
E/.m\A.._IA.._I
T < 0 @ ©
O ' ol mlm

< | O |33
3r 3 KA
KRR
OF | oir | Kir | g0

o]

=
=

o9} 7ol
e 715y AANZA FE8 ol go] slojH

kY
ar

)

54hze] 7] o

0|
BT

N
my

1o

3}

Ak 20CollA 145HzS1d H] &l

W B

gyl ZelzEsh o

o

T
a-

0

&
oW
e
ol

of

_58_



B

-

Aol &l

-
1.

A A sl

G

=

ol A

5}a

19 487512

o}
B3I
4

b grou}

G

AR Tz A4
SFA} AokEAke] kA o)

E]:;]:
AT EelA

i3

Aol Agoz AL Ao Alglron,

e

A

—L
o

A48

Aol A 2F79] &

-
1.

—_
o

219 48 Axo) Avjsh A

_59_



=
)

_60_



Alg kit

52 3| H(ZZ=ul])

1

i

ox

+
ol
ﬂﬂ

A

KeN
=

= AERR A FEY

3

g Selue deel 2A 2nw 44

A 7ol A

-
1.

peiut.

Ho
_

HA4 Qe A

ok
=

=

]

AP} 2o

HE

.‘:1—/"—
L=

]_

oo 445

1l <]

FRoh e

olth. Al

_61_



3. A 754 An Ax7s A

ol gt =77 AR Holua k. ol F 71
o] Fgk FrlelA Tt HlE FHolAw

o miol FRaA ot Az

9
=
=
ac)
(i
-z
off
N
L
=2
X
rir
2L
N
A
M
kol

o)

12
s
2
BN
~
N
o -1
&)
2!
e
a
==
2
2
&
T,

7

L O
fot
2

¢

M i
W)
Oft
2N

o H
=)
o,
i
o
=3
%
(02

== l:ol'
~

l"_gd
N
4
£ iy
=2
ok
il
i)
2 R
30
1
DO
=
[2u!
)
1o,
2
z
2
~
s

oX

1o
4 e
A
©
wy ¢ © k2

I
e

[40

ol

1o

X,
(A=

o
o,
mji]
lo

e g

2 o
>~
H T oo T oo N o
_0|L

Mo N Ao

=

I
4
o
ol
rlr
PO
S L
s
£ ool e %

ol
e

_62_



(Vertical)

[e) s
H ©

218 (Horizontal)

3

1o mhe ) B e A

S

g9

o] 7]zl

Ho

—
o

AH| A Z7] ¢
AU A 7] ZA Al BT

}€]

%)
i3

(vertical)H2

013
H ©

1}

Al
A

21 & (horizontal)
7N

-
1.

o]
A

el H=ar

-
1.

o]
A

al

al
=

At 19 562 7

Al s

al
=

=
=

o =g An)A =7

Fgoteh 591l

3t

o] AEEEE A2}

—
o

Ho

TRHY AYH =

=]

A E A

-
1.

A

2o

P
)

7

_63_



=

=E@

_64_



o

Al el ot

i3

FRPZ A ZF

13F a2 o]

o, wheba A

ojy

d 2283 FRPZ

]

o9 fAE 8

4

oy
BL
—_
o
alo

o
g3
—
o

]

wE 7

]

o o

g 59 FRP

A

_65_



ojy

Fob. 2% 602 Alstar

°©

1.

o AgsE Aol 7bs

| &

oA ek ol

-
it

shar, 37199 3

5

1.

5} Aot
71

°©

=

=

B

Ny
ol
o}

T}

b

al

o]
A

o] £98 £

3

=

ol &
]

1 Ca, Mg, Si, Cu, Zn

3|

34

Ly
[€]

FAA

A=A pHeF EC

S|
&

=]
o

St

olel °ol&

ol A At

=
(¢}

-

bz

™
i

AR o2 A9

=1
[¢]

=
i

oy

_66_



bl &

°
pad

(6]

1.

U

shel 10We] Wi gl 7t

5

A o]

aE

-

R

5 1Nl <2
= _uj:__ ol | ©
= |~ w:__ ol | m
g | | m|®
SRE-IPaIs
™ _.__M_m__ @©
o o N~
KU | ik
A0 | A0
I | Dl
n
.~ < | NN | —
T R |22 |2
o — | o|lo|o
_l
O£ oo
w (m < | -
N o ©
™| ™
<| @ 3l
ar |3 1K
K| ke .401
or | or oi0

T4 4wl Cd, Pb, Hg

]

o
i3

~ K|~ | ©
NERC AL AR=AS
NI~ <
A
O | A0 | A0 | AD
DU | DHU | DU
Wﬁﬁﬁﬁ
Gu.n/._oo
L8|
N~
LT
© | G| R AD
I | T
O Elomw®
E(m414
T |[Y v o ©
QO ol N|MmMlm
< | @z Er
33 1K
k| =
OF | Oir | KiF | o0

gl
T

il

il
o

—

I

7}) DPPH (1,1-Diphenyl-2-picrylhydrazyl) assay

DPPH(1,1-Diphenyl-2-picrylhydrazyl) assay

A
JJo

27

7]

£l

radical

-
1.

1l 4]

I

+3icl. DPPH

<]

0.2 mM DPPH
1/209] &=
4

=

=
=

=

o)

A gl

)
s

—
[6]

F28)

7}
pelut.

<]

F

A
vl

10,

1.

A
= 4% 3 DPPH solution

o] &5 o
517nm(Victor3, PerkinElmer)ol A &
ol o} o] A

[e)

L

kel
T

il

°
pad

(1,1-Diphenyl-2-picrylhydrazyl)
radical 24 €7d H]&(% inhibition)

AL 1087t incubation



Inhibition(%) = [ Acontrol— -3¢0 1,100 (A Absorbance O.D. 517 nm)

Acontrol

Antioxidant Activity

@ L A0

NOX N()2
2,2 Dufenil - 1 - picrithadrazil {DPPHYEH
{DPPH) Pale Orange

19 61. DPPH s4tst &4 23 = 2
ascorbic acidE ©]-&3F gAatsl A,

}) FRAP (Ferric ion reducing antioxidant power) assay

Ferric ion reducing antioxidant power(FRAP) assayZ ©]-&3}9] radicalg o= A% Y
A QEAY TS dolrgith Ae-S §3k Wkgof o 2= acetate buffer(pH 3.6, 300
mM) : 10 mM®e] TPTZ(24,6-tripyridyl-s—triazine) : 20 mM®2] FeCls-6I,0E 10 : 1 : 12] H]

#2 40 AP el e ST Weoh daol Sk
=
=

b gk % 10 g2 A B3 5 590 nmoll A SEHEE

_68_

4Fe e Ve &



F erric tripyridyltriazine Fast a2 .Ferroustrlpyrldyltrlazme
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o= ofgl o] A7EA WS 83l Hae o] &3 VTN E FAZY 20,000m
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AabshaME FEst 54 Wy o @ol o] & Ju 4 FEE° A=l 0.2 mM DPPH
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Ferric ion reducing antioxidant power (FRAP) assayE ©]€3}o] radicale o= A%®
AAA & Q=AY HE doprodrt. AYS g ks A O E = acetate buffer (pH
3.6, 300 mM) : 10 mM9® TPTZ (2,4,6—tripyridyl—s—triazine) : 20 mM&2]
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FEE= 449 vEE Y @ 5 10W1F A2olA By F 590 nmollA FFEE A6t
ot
Ferric tripyridyltriazine . = _ Ferrous tripyridyltriazine |
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3) FRAP WHl& &3t datst &4 =74
7H As 9 E

Ferric ion reducing antioxidant power (FRAP) assayE ©]$3}9] radicals o= A%
AAA & Q=AY THE doprodrt. AYS g wvbsA O == acetate buffer (pH
3.6, 300 mM) : 10 mM9% TPTZ (2,4,6—tripyridyl—s—triazine) : 20 mM&2]
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7hH AE 2 U
Cu2+o]2o] Cut+z 3¢ HW Neocuproine¥ TrHA wghAlS w7 ¥ =4 o]& o]&3}
of W=7 giksbss dots 4 Sl Aotk D.W. 194 x12F 10 mM CuCl2 2 18} 75
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Abstract

This study was carried out to compare anti—oxidant activities of chaff vinegar liquors. We
examined the effects of several kinds of chaff vinegar liquor (CA; CA1l, chaff vinegar liquor;
CA2, wood vinegar liquor; CA3, chaff vinegar liquor with red ginseng, and CA4, chaff vinegar
liquor with rosemary) by 1,1—diphenyl—2—picrylhydrazyl (DPPH), ferric reducing activity of
plasma (FRAP) assay, and Cu®’ reduction. The results showed that CA have potential in
reducing DPPH, FRAP and Cu®* activity. CA was increased its anti—oxidant activity by the
fermentation of rosemary extract. The present results suggest that the chaff vinegar liquor
could be used for anti—oxidant agents and/or be developed for anti—oxidative potentiation of

prototypes.

Key word: chaff vinegar, DPPH, FRAP, anti—oxidant
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Fig. 1. The free radical scavenging activity of chaff vinegar (CA; CAIl, chaff vinegar; CA2, wood vinegar;
CA3, red ginseng + chaff vinegar; CA4, rosemary + chaff vinegar) against DPPH radical. CA with a DPPH

solution (A) and measurement of DPPH activity (B). Error bars represent standard deviation (n=3).

Fig. 2. Antioxidant activities of chaff vinegar (CA; CAl, chaff vinegar; CA2, wood vinegar, CA3, red
ginseng + chaff vinegar; CA4, rosemary + chaff vinegar) by FRAP assay. CA with a FRAP solution (A) and

measurement of FRAP activity (B). Error bars represent standard deviation (n=3).

Fig. 3. Reduction of Cu’" by chaff vinegar (CA; CAl, chaff vinegar; CA2, wood vinegar; CA3, red ginseng
+ chaff vinegar; CA4, rosemary + chaff vinegar).
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Fig. 1.
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Fig. 3.
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