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Fig. 1. Cross section diagram of Khus verniciflua .



OH

OH
R
Compound R M.W
C15 saturated(C15:0) (CH2)14CH3s 320
C15 monoene(C15:1) (CH2)7CH=CH(CH32)sCH 318
C15 diene(C15:2) (CH3)7=CHCH,CH=CH(CH>), 316
C15 triene(C15:3) (CHs3);CH=CHCH>CH=CHCH:CH=C 314

Fig. 2. Structure of urushiol analogues of Rhus verniciflua .



OH O
Sulfuretin(M.W. 270.24) Butein(M.W. 272.25)

Fig. 3. Structure of flavonoids isolated from Rhus vernicifiua .



Table 1. Compounds discovered in genus Rhus'’

Compounds Molecular weight Molecular formular
Agathisflavone 538.466 Cs0H18010
Butein 272.257 C30H18010
Corilagin 634.460 Co7H22015
3'4'-dihydroxyflavone 254.242 C15H1004
Eicosanedioic acid 342.518 C20H3804
Europetin 332.266 C16H120s
Fisetin 286.240 C15H1006
Fustin 288.256 C15H1206
Lantabetulic aid 470.691 C30H4604
Myricetin 318.239 C15H100s
Palasitrin 594.525 Co7H30015
Sulfuretin 270.241 C15H1005
3—-pentadecyl-1,2-benzenediol 320.514 C12H3602
Demethoxykanugin 326.305 C18H1406
Ovalitenone 338.316 C19H1406
Syringtin 346.293 C17H140s
Semialatic acid 470.691 C30H4604
Semimoronic acid 470.691 C30H4604
2-(3,4-dihydroxybenzyl)-2,6— 288.256 C15H1206
dihydroxy-3(2h)-benzofuranone
Fisetin;7-0O-B-D-glucopyranoside 448.382 Ce21H20011
Mesuaferrone A 542.498 C30H22010
Resokaempferol 270.241 C15H1005
Rhoifolin 578.526 C27H30014
Rhusflavanone 542.498 Cs0Hz22010
Succedaneaflavanone 542.498 C30Hz22010
Bhilawanol 318.498 C21H3402
Cynarine 516.457 Co5H24012
Hydrolaccol 348.568 C23H4002
Quercetin 302.240 C15H1007
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(41)

three variables.
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Table 2. Some experimental matrices for designs based on variables

study in three levels: (a)three-level factorial design for two variables and

(b) box-behnken design for three variables matrices*"

(a) (b)

X4 Xs X1 Xo X3
—1 -1 -1 —1 0
—1 0 1 —1 0
—1 1 —1 1 0
0 —1 1 1 0
0 0 —1 0 —1
0 1 1 0 —1
1 -1 -1 0 1
1 0 1 0 1
1 1 0 —1 -1
0 1 -1

0 —1 1

0 1 1

0 0 0
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Table 3. Analysis condition of GC/MS for Rhus verniciflua extracts

Column RTX-5MS, 60 m x0.25 mm, 0.25 pm, RESTEK, USA

Injection 2807C, mode ; split ; 20:1

Carrier gas He, column flow ; 1 mL/min

Column Temp. 250C (2min holding)-10C/min-300C (30 min holding)

lonization EL(electron impact), 70 eV

Interface/ion source 3007C/280TC

Mass analyzer Quadrupole

Data acquisition Scan(41 to 500 m/z)

7 U BAE 2FE5F9 Ax
22U SFEH ol XFEAS Alxsy] f8 AEE(1998)] W] olste] &, FuH
7F g7k 2 B RE oAEta Baste] A8 300 gol 99.9% olAlE 1 LE ¥a 40T
o Al 8AIZF F<F F{ Slol|l 33 FE3IGITE oAl doH FEES A Yste] IFESHsta
VFAZ72 AA3] ARA|A EEE A ZRsal o] Z2FEEo|2 3t

W el B3 azekEds)

e T

chromatography)<

71

Rl
el At
v AeskA
4 mLel| Fo] =9

2 2Eslt

ko3
T

A A +=

°] &

Axo 7 &

1 = —

Shal

s,

(calcium sulfate)o]t}

T2 1/109 si3she

A7k

5 2}
w4

AR vE 7Y 39 H(silica
2] 7} (230—400 mesh) 40 g

, A
5o A4(2.9 x 45 cm)ol
s}

2FEEL

L_

4 g

FEs A3

S8t aL

A E H(sodium sulfate) 6—8 g2 1 99

gel absorption
130TClA 321 &
AP o1y

=

ﬂll

=

%23l

e ek

-U.l

[e;
PN

Oll

A A sk

SEEIXEMERE 90:10(v/v), 80:20(v/v), 50:50(v/v), 0:100(v/v) &
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Table 4. Analysis condition of HPLC for Rhus verniciflua extracts

Column YMC PACK ODS-AM 4.6 x 250 mm, bSum
Flow rate 1.0 mL/min
Injection 10 uL
Column Temp. 30T
Wave length 254 nm
Mobile phase solvent 1: water solvent 2: methanol
Time(min) Solvent 1(%) Solvent 2(%) Curve
0.0 80 20 linear
0.5 80 20 linear
3.0 50 50 linear
12.8 20 80 linear
14.9 0 100 linear
16.7 0 100 linear
18.6 80 20 linear
20.0 80 20 linear
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Rhus verniciflua xylem

Extraction with acetone

Acetone extracts

Filtration(Whatman No. 2)

Acetone extracts

Dry under evaporation

CHCIl3:CH30H

Silica gel column chromatography

Fraction

9:1(v/v)

Fig. 6. Schematic

extracts.

Fraction

8:2(v/v)

Fraction

5:5(v/v)

Fraction

0:10(v/v)

diagram for fractionization of Khus verniciflua crude
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A5FEo AdAge FEFHAA Fo HER agEHe A, &, FE2E(90-13
00C), FE=A17H24-72417h), 42271(12—-100 mesh)E -1, 0, 19 39AZ F53late] ux
A A A ] wel 137149 A3 2AS Table 5, 6.3 o] AAgsto] AAa o},

<

2k(k—1)+ C (N: experiments, k: factors, G, : centralpoints)

Table 5. Range of independent and coded variables for box behnken design

with hot water extraction

Coded variables

Independent variables

—1 0 1
X1 Particle size(mesh) 0> 12 12 > 20 20 > 100
Xy Extraction tiime(hr) 24 48 72
X3 Temperature(C) 90 110 130

Table 6. Box bhenken design with hot water extraction condition
Particle size Extraction time  Temperature

Run X1 Xy X

(mesh) (hr) (C)
HWE1 -1 -1 0 0> 12 24 110
HWE?2 1 -1 0 20 > 100 24 110
HWE3 -1 1 0 0> 12 72 110
HWE4 1 1 0 20 > 100 72 110
HWES -1 0 -1 0> 12 48 90
HWEG 1 0 -1 20 > 100 48 90
HWE7 -1 0 1 0> 12 48 130
HWES 1 0 1 20 > 100 48 130
HWE9 O -1 -1 12 > 20 24 90
HWE10 0 1 -1 12 > 20 72 90
HWE11 0O -1 1 12 > 20 24 130
HWE12 0 1 1 12 > 20 72 130
HWE13 0 0 0 12 > 20 48 110

=
Z4FEY zudasAgFE AAAYS FEFHNA T8 HFE e <
2, =, WEE-9FE(100—400 Mpa), ¥HAIZH10-60%), 4AA7](12—100 mesh)E -1, 0, 19
w7 A A wet 137449 A@ x5 Table 7, Table 8-1(x%
3¢k g] UHP). Table 8-2(Zxg+ AF2 2 7R 24 (UHPE)SF o] AAgsle] A s}

Att, A2 7RG gz AdEsE 9y ol&¥Hu 9dE celluclast® 1.5L3F

_17_



viscozyme® L& £UF EubaZer oib] 0.1% A71ste]l 2uekwrs Helstglvh. 2auehuks
Lof ZF AJZES 100TAA 72413 71 FE38ko] Ay o] 8313l

2k(k—1)+ C (IV: experiments, k: factors, G- centralpoints )

Table 7. Range of independent and coded variables for box behnken

design with ultra high pressure extraction

Coded variables

Independent variables

—1 0 1
X1 Particle size(mesh) 0>12 12 > 20 20 > 100
Xs Time(min) 10 30 60
X3 Pressure(Mpa) 100 250 400

Table 8-1. Box behnken design for ultra high pressure((UHP) extraction.

Particle size Time Pressure

Run X X2 X (mesh) (min) (Mpa)
UHP1 -1 -1 0 0> 12 10 250
UHP2 1 —1 0 20 > 100 10 250
UHP3 —1 1 0 0> 12 60 250
UHP4 1 1 0 20 > 100 60 250
UHPS5 -1 0 -1 0> 12 30 100
UHP6 1 0 -1 20 > 100 30 100
UHP7 —1 0 1 0> 12 30 400
UHPS8 1 0 1 20 > 100 30 400
UHP9 0O -1 -1 12 > 20 10 100
UHP10 O 1 -1 12 > 20 60 100
UHP11 0 -1 1 12 > 20 10 400
UHP12 O 1 1 12 > 20 60 400
UHP13 O 0 0 12 > 20 30 250

_18_



Table 8-2. Box behnken design for ultra high pressure+ cellulase enzymes

extraction(UHPE)

% x w PR T e
UHPE1 -1 -1 0 0> 12 10 250
UHPE2 1 -1 0 20 > 100 10 250
UHPE3 -1 1 0 0> 12 60 250
UHPE4 1 1 0 20 > 100 60 250
UHPES -1 0o -1 0> 12 30 100
UHPE6 1 0 -1 20 > 100 30 100
UHPE7 -1 0 1 0> 12 30 400
UHPES8 1 0 1 20 > 100 30 400
UHPE9 o -1 -1 12 > 20 10 100
UHPE10 0 1 -1 12 > 20 60 100
UHPEI1 0 -1 1 12 > 20 10 400
UHPE12 0 12 > 20 60 400
UHPE13 0 0 0 12 > 20 30 250

A5FFEMHWE), 2u4FE(UHP), 24 aL(UHPE) A EFE 37H4 Wie] Zb 13744 9
bzl A A (box behnken design)ZAol  wEl A3y Y 2UF FES
100g/1000ml(1g/10mDe] v]&= W PETH 4

=
=
A EAhAEE 2UF 59 A5EY 0.1%5 A, 4ol FEES IHANTEF7I
_‘I

k|
PN
M
5

A5FFEHWE), 21952 (UHP), 24 aL(UHPE) A EFE 37H4 Wile] ZF 13744 9
A zA H FEE9 F ¥HE S Folin—ciocalteu's reagent’} %59 Zd =4 35

20% U E H(sodium carbonate) 0.4 mlLS F7F8tal /9 1.4 mLE Yl & 4 mlLo]
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=
=
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B gl 7 13744 9

F= 37
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!
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S
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-
-
=
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_
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o

il

EXZ & (potassium acetate) 0.1 mL &
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KeX
=

quercetin
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-
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1
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xr

2 0.2 pm
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Ko
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=

mete- 1(v/iv)E

o

A5l RCM 8x10

water(A)¢} methanol(B)S %7] 80:2 (%, v/v)olA 0.5%9] 80:20, 3.0%° 50:50, 12.8%9
20:80, 14.9%-<] 0:100, 16.7%-° 0:100, 18.6%° 80:20, 20.0%°l 80:20o.=2 HA3}H o

bo] RAARE A&

S

syringe filter® o3}

AL 42 1.5 mL/min®

UV 254 nm= 3o

=7)=

&

R, Reele)

ik,

1] 2 5}

=
=

HPLC 9=

°ol&

KN
=

A Adolzl A3k xistat3Dplot(addinsoft, france)

3

1o <]

Ao A
7t linear-regression ANOVAH-

S|
ay

bl wss

S
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Table 9. Analysis condition of HPLC for Rhus verniciflua extracts of hot

water extracts, high pressure extracts, high pressure-enzyme extracts

Column YMC PACK ODS-AM 4.6 x 250 mm, 5pum
Flow rate 1.0 mL/min
Injection 10 pL
Column Temp. 30C
Wave length 254 nm
Mobile phase solvent 1: water solvent Z2: methanol
Time(min) Solvent 1(%) Solvent 2(%) Curve
0.0 80 20 linear
0.5 80 20 linear
3.0 50 50 linear
12.8 20 80 linear
14.9 0 100 linear
16.7 0 100 linear
18.6 80 20 linear
20.0 80 20 linear
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5) ST Zepnicol o] AR
7}) DPPH 22 27% 54

1,1-Diphenyl—2—picrylhydrazyl(DPPH) A&tz 245 SAHe ek 33tE Wk

= ofrlol o8 AR T Aleol HIZFg Ao HAFE duds FAHsAL TP AR A
oko] W& o] BAlE = AP S o] 83 Aow Ay Ao ulg}l FakstEd ol Ao
ToR FA4ste WHolth A5 E, 21YFE, 21YaAarAHYFFE 7 13714 2 A 7t
T FEFEO =& A9 AEE mg/mL FEE A3 AR 0.1 mLel| wWEZ] &3
0.1 mM DPPH 1.5 mLS& #H7bete] 2 Esta hxgdolA 3083 vEeAZ § A s

1 =]
517 nmol A &F2EE AU, ZAF g obglo A& ol &t AFHUZL AATS
Axretgon gatstAaz 2 g4 dE =39
3k 24& Hlaskdh

NHU
Ez\
ﬁ
@]
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-
[©)]
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=
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—
fru
N
olr
o
£
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2

Free radical scavenging effect(%) = (Abspprn — AbSsampie)/Absprpix 100

Abspppr: A= 27 FHE / Abscampler ARl 93 FF =

delsnte] dolrmy AAladE APEr] A 2u =

APFEEUHPY), 21U EAFEE(UHPER)S AHgstalon, gy ZehH e
e AAEZARE AlFsh7] f&l FUF SR =0l =(EA EF
I A€l (Fisetin), 4252 ® (Sulfuretin), 4-El<1(Butein)

L

#)E Prep.-LCeoll 9&) 2%l (Fustin),
2 By AAste] AFEEIT)

U SR ol dg|maty Fo]lRe] oAlTS SAs] Hdl Ay AN o
E ol X H Ak Al H pyloli TV130S AH83Att. H pyloli®] vi%S brucella

broth(Difico, USA)°ll 0.4% H. piroli selective supplement®} 10%(v/v)e] calf serume #
7}al AA M| A S FH]3 L columbia blood agar(Difico, USA)l 0.4% H. pyloli selective
supplement 10%(v/v)2] calf serum= F 7}t TAIAE AR Wl A v S7]d =

AS FA8H7] 9181 10% CO: incubatorE AFE3lal HFX& 95%°)17d FAIsHHA 37T, 48—

2 EefR ol =9 A AL paper discte ©-&33lH. brucella brothell 724]
v e A opyloliE 2,500 rpm e 2 108 7F YAEEE S 620 nmolA FEE 1.27F %

2 Feksta e 200 g FHsl 20 mLE FHal| AZX%E collumbia blood agar HiA]o] =
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, 7)o HaE A E0] 8 mmel paper discE =T AR £NS 4,000 pg/mLA

&
5

7Fek oS 10% CO, 27 3slollA 37T, 72413 vlY¥ ¥ disc clear zone AAFHF= &
§1—

dlg]Zute do]l 2] JAT2 AL brucella broth(Difico, USA)E 24 well plated] 4
I H pyloli N welld 107 cfulcolony forming unit)/mLE 7181 LUF ZglR o=
Fad, A", AFdd, FEHel 59 FE=S 247 1,000 pg/mL, 500 pg/mL, 250 p
g/mL, 125 pg/mL, 62.5 pug/mlL, 0 pg/mLA¥ 78 & 37T, 10% CO; incubatorol A 4dzF
HFsta vl 24A17bulch AlRE FHEle] 24 RS as(urease) FAAAAE dto] AT
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S WHEAIZL $ 560 nmellA FHEE A5t QAT EADE S SAsH Feant

H shelze] FAelAlEEE chdle] Ao AA8ANe da [Cogte A3t
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_]N'

[C50(50% inhibition concentration)=

(I-mean OD in test well/mean OD in control well)*100

T EH)E 33 ol R EE A =3F 100 g & W5 300 mL o ¢F 20

Al SR ATy 2uE o8 AEE dAWa 21 Tl =5 ¥ hEECA 1A%

SRR EEQ F AW Fol EMgom A B9 oA AR Aged. 354
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UHPS8 UHPES8

HWES

Con.

5.95
0.60

5.71

0.57

1.14
0.11

] HPLC¥21& Table

9|
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vk} 7o) mass spectrum A #AFgFo] 320, 318, 316, 314 ¢
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ZE:
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GC/MS 7171+

oo APHoR B

p—

by

Oct.
15.20

28.50
18.40
16.50
20.70
19.30
50.80

Sept.
15.20
36.43
24.37
22.57
27.70
25.67
92.77

Period
Aug.

73.53
180.11
202.67
197.67
593.00
580.11
1746.67

Jul.

40.40
102.50
120.70
110.90
320.40
314.50
880.30
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Jun.
2.30
2.50
3.10
3.50
3.10
3.20
3.70

Heap—up
Horizontally
Vertically
Horizontally
Vertically
Horizontally
Vertically

Control

Soak

Fomitella fraxinea and COs measurement value measured by Licor-6400xt
Treat

Table 10. Different ways of detoxification of Rhus verniciflua

Spray
Inoculate




wolub kA (1x1x1m) 2] A2
e

s

MR Ubel Al (H o] 8] ALECEEPSE Fof 8]

AFCH), AAE7) AEGEHS AGE7) AFE)

. s
,Qv;._-,» b, .

Fig 7. Rhus verniciflua inoculated by Fomitella fraxinea strain via heap-up
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Fig 8. Preparing and inoculation of fungal strain Fomitella fraxinea.
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3000

——Con. e

% ——Spray(Horizon)
o 2500
;E = Spray(Vertical)
BN ——Soak(Horizon)
E 2000 ——Soak({Vertical)
= = Inocu.(Horizon)
5
E — ——Inocu.{Vertical)
o~
o
O
£
=2 1000 = A 5
= . .
o
23]
o
°
§ 500
= 3

0

- 7 8 9 10 11

Month

Fig. 9. Microbial activity via to COso efflux of Rhus verniciflua inoculated by
Fomitella fraxinea.

(x1,000,000}
1
3.0
204
2
1.0 3
o 5
0'0_| T E T G == i I =T i BT I T v ol ;
5.0 5 10.0 12.5 15.0 175 200 225 25.0 2756 min
NO R.T.(min) Compound M.F." M.w.A s Area Area%
1 5.10 Pyrogallol CeHsOz 126 a4 13,216,267 56.80
2 5.30 Pentitol CsH1z0s 152 a7 2,374,455 10.21
3 6.41 Methyl gallate CaHsOs 184 a3 2,886.743 12.41
4 9.02 Oleamide CisHazNO 281 a1 1,308,912 563
5 14,67 Dopacetic acid CsHz04 168 80 2,836,092 12.19
6 27.07 pB-Sitosterol CzeHz0 414 76 432,871 1.86
7 2866 Cycloeucalenol acetate CazHz202 468 g9 210,978 091
Total 23,267,318 100.00

1) MLF:: Molecular formula, 2) MW Maolecular weight{g/mol), 3) Si1: Similairy for MS Librarg{FFNSC 2.0, Wiley 9, NIST 15)

Fig. 10. GC/MS chromatogram of Rhus verniciflua inoculated by Fomitella fraxinea.
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e T Pyrogallol/87-66-1/CgHy04/126/94
75
5
b 1
0 Il 22 L |‘. L1ag ¥ I'-‘-‘. 53, 267 258 . 241 4 429 " ATT .
50 100 150 200 250 300 350 400 450 500
%
i L Pentitol /488-82-4/CyH,;,04/152/87
75 i
5
)]
0 I|| Jdo I"-T': 'I=.1 179 IZF 253 287 2 . 2] 243358 ag3 ans 473 iS5 a7 .
50 100 150 200 250 300 350 400 450 500
, _
Y | Methyl gallate/99-24-1/CHy0-/184/93
75
50 124
257 75 ]
0 |- i% L 1| ! 207 24 287 227 241 355 . 473 4 i
50 100 150 200 250 300 350 200 450 500
%
" Oleamide/301-02-0/C5H,sNO/281/91
75
5
25
; 140 154 i ‘|_ 253285 281 2 2z ; 23 4 sa
150 200 250 300 350 400 450 500
Fig. 11. GC/MS spectrum 1% of Rhus verniciflua treated Fomitella
fraxinea.
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100 - ) )
Dopacetic acid/102-32-9/CgHg0,/168/80

7

50

25

Fii
0 I 5‘.4|. f I 79 .:'_ 253 712 : A27 341 385 aps_ sz3 Inda
= 100 150 200 250 300 350 400 450 500

99| | 2 2B om 273 e i
i } “ el . T 44 a3 457 452

B-Sitosterol/83-46-5/C,gHe0/414/76

50 100 150 200

250 300 350 400 450 500

Cycloeucalenol acetate/10376-42-8/CoHe00/468/89

Fig. 12.

GC/MS

fraxinea.

spectrum oM of Rhus verniciflua

treated Fomitella
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22U HEAR OMEFEES A7 FF AZviEOfoR Jde FEIYEFYES
(90:10) #3858 B -AAS Y] d& =@ E4S HPLC 7|7]#4 35k Fig 1

Fo Fo Befniwolmel Fau, WAE, AR, Fejld 9aF FeAs

'“:2
5
i
£

SE~H®l(fustin, 3,3',4',7—tetrahydroxyflavanone, CisH1206)& 2UF 4-FEE9] 2 A
wo =z ksl gAdo] 9o =stolw AR W FulE] A FAA gyt rkal Hay gl
t}. I A€ (fisetin, 3,3',4',7—tetrahydroxyflavanone, Ci5Hi1006)S 2459 FQ8 Zo}H %0
= F Fhyoly Eo A9 H=x &Etvl. AiFd ¥ (sulfuretin, 3'.4',6—trihydroxyaurone,
CisH1005)2 2479 8 S ol F styz Edro] s A7 39 a7t
Ath= AF7F BaEdotk FEl(butein, 2',3,4,4'—tetrahydroxychalcone, CisHi205) 21}

s = 10U7)(18)
o 8 FgH o= T ks g3l R
- - (o]
mAL ot 1% i
A_oH P €
2500 - HO._ O o | E Ho. " o
X d e
H i
2000 4 ! ] b
] 5
1500 > "
b OH
1000'5 HO. O l O
c
5
S00 4 B OH ©
o o LT
— r . T ’ 7 M i
s 10 15 min
RetTime Type Area Amt/Area Amount Grp Name
[min] [mATU*s] [ng/ul]
——————— (S
3.149 BB 2483.42432 0.00000  0.00000
9.350 BB 709.33655  0.00000  0.00000
9.780 BB 1.83725¢4 0.00000  0.00000  Fustin
10.270 BB 1457.20691  0.00000  0.00000
10.681 BB 1119.51086  0.00000  0.00000
11.210 BB 480.62625  0.00000  0.00000
12.086 BB 1.33108e4 0.00000  0.00000  Fisetin
13.015 BY 7004.76516  0.00000  0.00000  Sulfuretin
13.243 vv 508.32104  0.00000  0.00000
13.545 VB 1516.61340  D0.00000  0.00000  Butein
14.762 BB 301.36206  0.00000  0.00000
16.766 BB 00.55246  0.00000  0.00000
Totals 0.00000

Fig. 13. HPLC chromatogram of CHCl3:CH30H(90:10-v/v) fraction on silica gel
adsorption chromatography.
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3 2UF BAR EYELEY 23 F&
7h FETE

Ao (Hot water; HWE), %i1%H(Ultra high pressure; UHP), Z31¢t& 4 (Ultra high
pressure cellulase enzyme; UHPE)A 2] & F&xd W& FEF48&L2 Table 11.3 2t}

e e L

_l

b=
Ao g Helt) o] ZuYPuks Ftol A AEH 5o EgFHo R wWREIAo] JfME EHo
A

Table 11. Extraction yield of hot water extraction with Fhus verniciflua
Particle size Extraction time Temperature Extraction yield

Run (mesh) (hr) (C) (%)
HWE1 0> 12 24 110 1.25
HWE?2 20 > 100 24 110 0.57
HWES3 0> 12 72 110 1.55
HWE4 20 > 100 72 110 1.13
HWES 0> 12 48 90 0.26
HWE®6 20 > 100 48 90 0.56
HWE7 0> 12 48 130 1.02
HWES 20 > 100 48 130 3.10
HWE9 12 > 20 24 90 0.95
HWE10 12 > 20 72 90 0.47
HWE11 12 > 20 24 130 1.04
HWE12 12 > 20 72 130 2.45
HWE13 12 > 20 48 110 0.50
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Table 12. Extraction yield of ultra high pressure(UHP) extraction and
high pressure+ cellulase enzyme extraction(UHPE) with RhAus verniciflua
Extraction yield

Particle size Time Pressure

Run . 2
(mesh) (min) (Mpa) i (q)UHPE
1 0> 12 10 250 5.05 5.41
2 20 > 100 10 250 6.20 6.49
3 0>12 60 250 5.13 5.43
4 20 > 100 60 250 6.04 6.26
5 0>12 30 100 5.29 5.46
6 20 > 100 30 100 6.20 6.32
7 0>12 30 400 5.20 5.42
8 20 > 100 30 400 6.29 6.59
9 12 > 20 10 100 5.87 5.98
10 12 > 20 60 100 5.71 5.96
11 12 > 20 10 400 5.74 5.94
12 12 > 20 60 400 5.75 6.19
13 12 > 20 30 250 5.72 5.90

ik moce]

EElAl Extract yield(%) = —2.799375+ 9.32291666666667E—03*Ex
time(hr)+ 0.0335625*Ex. Tem.(hr)—0.32#Particle S—0>12—0.258+Particle S—12>20

Fig. 12. Response surface plot of extraction yield of hot water extracts showing
effects of temperature and time.
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Vieli(3)
63

g

T

o

=

[ 7

el A Extract yield(%) =6.24586538461539—1.37278106508876E—03+

a- ="

Time(hr)—7.499E—05*Temp.(C)—1.015*ParticleS—1—0.UHPR822440828402367*Particle
S—2

Fig. 13. Response surface plot of extraction yield of high pressure extracts showing
effects of particle size and pressure.

Visld(%)
5 ¥y

292 Extract yield(%) = 6.32448717948718+9.27021696252318E—

05«Time(hr)+ 0.00035*UHP(Mpa)—0.984999999999999=Particle S—1—
0.421139053254437+Particle S—2

Fig. 14. Response surface plot of extraction yield of high pressure-enzyme extracts
showing effects of particle size and pressure.
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Table 13.3} #t}. 24

Fge

3

3
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No
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of EgHoz uRuge]
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L

B

Table 13. Total phenolic contents of hot water extraction with Rhus

verniciflua

N
O
=
o
o
£E
a2
— S
< O
+—
° &
TC

Temperature
(C)

Extraction
time (hr)

(mesh)

Particle size

Run

0.41
0.30
0.39
0.39
0.27
0.34
0.30
0.45
0.42
0.31
0.37
0.41
0.23

110
110
110
110

24
24
72
72
48
48
48
48

0> 12

20 > 100

HWE1

HWE2

0> 12
20 > 100

HWES3

HWE4

90
90
130

0> 12
20 > 100

HWES

HWEG6

0> 12
20 > 100

HWE7

130

HWES

90
90
130

24
72

12 > 20

HWE9

12 > 20

HWE10

24
72
48

12 > 20

HWEI11

130

12 > 20

HWE12

110

12 > 20

HWE13
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Table 14. Total phenolic contents of high pressure extraction and high

pressure—enzyme extraction with Rhus verniciflua

Total phenolic contents

Run Particle size Tirpe Pressure
(mesh) (min) (Mpa) UHP UHPE
1 0> 12 10 250 0.89 0.98
2 20 > 100 10 250 1.25 1.34
3 0> 12 60 250 0.90 1.01
4 20 > 100 60 250 1.27 1.38
5 0> 12 30 100 0.96 1.02
6 20 > 100 30 100 1.30 1.32
7 0> 12 30 400 0.92 1.05
8 20 > 100 30 400 1.32 1.31
9 12 > 20 10 100 1.18 1.05
10 12 > 20 60 100 1.09 1.20
11 12 > 20 10 400 1.08 1.19
12 12 > 20 60 400 1.11 1.20
13 12 > 20 30 250 1.04 1.08

%
-]
£
e
4
o

T 42 Total phenolic contents(mg/g) = 0.216651481424856—1.327530999E—
05*Time(hr)+ 1.2444093973125E—03*Temp.(TC)

Fig. 15. Response surface plot of total phenolic contents of hot water
showing effects of temperature and time.
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Total Phenol(marg)
|

222 Total phenolic contents(mg/g) =
1.31966894294103—3.015703496606E—04*Time(hr)—9.94716263082499E—05*Temp.(C)—

0.371330520947041+Particle S—1—0.190668823539818*Particle
S—2+4.7144873194346E—07+Time(hr)*Temp.(C)*Particle
S—1+7.20138713448045E—07*Time(hr)*Temp.(C)*Particle S—2

Fig. 16. Response surface plot of total phenolic contents of high pressure extracts

showing effects of particle size and pressure.

Total Phenol(malg)

2 dl A5 Total phenolic contents(mg/g) =

= ="

1.26509615384615+ 1.20216962524655E—03+Time(hr)+ 1.33333333333333E—04*UHP(Mp
a)—0.3225*Particle S—1-0.19530325443787+*Particle S—2

Fig. 17. Response surface plot of total phenolic contents of high pressure-enzyme
extracts showing effects of particle size and pressure.
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of hot water extraction with Fhus

flavonoids

Table 15. Total

verniciflua

Total
flavonoids
(mg/g)

Temperatur
e
(C)
110
110
110
110

Extraction
time (hr)

(mesh)

Particle size

Run

0.09
0.05
0.11
0.11
0.04
0.05
0.08
0.20
0.07
0.05
0.09
0.14
0.04

24
24

0> 12

20 > 100

HWE1

HWE2

0> 12 72

HWE3

72
48
48
48

20 > 100

HWE4

90
90
130

0> 12

HWES

20 > 100

HWEG6

0> 12
20 > 100

HWE7

130

48
24

HWES

90
90

130

12 > 20

HWE9

72
24
72
48

12 > 20

HWE10

12 > 20

HWE11

130

12 > 20

HWE12

110

12 > 20

HWE13
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Table 16. Total flavonoids of high pressure and high pressure-enzyme
extraction with Rhus verniciflua

Particle size Time Pressure Total flavonoids

Run (mesh) (min) (Mpa) UHP(mg/g%HPE
1 0> 12 10 250 0.14 0.18
2 20 > 100 10 250 0.22 0.26
3 0> 12 60 250 0.13 0.16
4 20 > 100 60 250 0.26 0.27
5 0>12 30 100 0.15 0.18
6 20 > 100 30 100 0.24 0.26
7 0> 12 30 400 0.13 0.16
8 20 > 100 30 400 0.23 0.21
9 12 > 20 10 100 0.20 0.15
10 12 > 20 60 100 0.16 0.18
11 12 > 20 10 400 0.16 0.19
12 12 > 20 60 400 0.17 0.18
13 12 > 20 30 250 0.14 0.15

mgg)

2925 Total flavonoids(mg/g)= —0.138691796995192+ 0.00056341171875%
Time(hr)+0.00180179015625*Temp.(C)

Fig. 18. Response surface plot of total flavonoids of hot water extracts showing
effects of temperature and time.
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Icis{mg/g)

3
c
8
K
[

=,
£
TN

242 Total flavonoids(mg/g)= 0.249166666666667+ 2.56410256410258E—05
#*Time(hr)—0.00005*Temp.(C)—0.1*Particle S—1—7.15384615384616E—02% Particle S—2

Fig. 19. Response surface plot of total flavonoids of high pressure extracts showing

effects of particle size and pressure.

Flavonoid:

292 Total flavonoids(mg/g) = 0.253044871794872+9.861932938856E—05%

=1

Time(hr)—0.000025*UHP(Mpa)—0.08*Particle S—1—8.01479289940828E— 02* Particle
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Fig. 20. Response surface plot of total flavonoids of high pressure-enzyme extracts

showing effects of particle size and pressure.
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Fig. 21. HPLC Chromatogram of Hot water extract by box-behnken design.

Table 17. HPLC Chromatogram peak area (mAUXsec.)of Hot water extract

No Fustin Fisetin | Sulfuretin | Butein S+B Total
HWE-01 | 1,987.98 126.99 104.61 | 67.47| 172.08 | 2,287.05
HWE-02 898.15 30.83 28.22 0| 28.22 957.2
HWE-03 | 1,415.13 497.26 160.26 | 110.85 | 271.11 2,183.5
HWE-04 | 1,150.01 448.21 14555 | 64.75| 210.3| 1,808.52
HWE-05 980.44 29.33 32.54 6.57 | 39.11 | 1,048.88
HWE-06 | 1,440.11 80.52 93.36 | 67.74 161.1 | 1,681.73
HWE-07 726.40 316.03 115.18 | 160.57 | 275.75 | 1,318.18
HWE-08 | 1,404.87 | 1,560.02 192.81 | 168.80 | 361.61 3,326.5
HWE-09 | 2,121.85 83.09 85.69 16.95 | 102.64 | 2,307.58
HWE-10| 1,139.27 83.07 97.81| 63.39 161.2 | 1,383.54
HWE-11| 1,169.99 427.39 109.69 | 87.56| 197.25| 1,794.63
HWE-12 | 1,013.02 893.78 157.33 | 169.73 | 327.06 | 2,233.86
HWE-13 643.33 62.89 68.34 | 55.68 | 124.02 830.24
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Fig. 22.

design.

Table. 18. HPLC Chromatogram peak area (mAUXsec.)of Ultra high pressure extract
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HPLC Chromatogram of Ultra high pressure extract(UHP) by box—behnken

No Fustin Fisetin | Sulfuretin | Butein S+B Total
UHP-01 115.18 | 1,455.54 46.96 | 251.94 298.9 | 1,869.62
UHP-02 | 2,068.00 | 2,956.81 67.06 | 337.90 404.96 | 5,429.77
UHP-03 | 1,097.65| 1,493.36 48.81 | 241.59 290.4 | 2,881.41
UHP-04 | 2,117.16 | 3,726.87 73.96 | 380.48 454.44 | 6,298.47
UHP-05 135.58 | 1,906.11 57.95| 278.85 336.8 | 2,378.49
UHP-06 | 2,032.88 | 3,298.36 39.64 | 192.79 232.43 | 5,563.67
UHP-07 156.01 | 1,522.35 52.64 | 250.81 303.45 | 1,981.81
UHP-08 | 2,196.55 | 3,295.06 74.52 | 344.37 418.89 | 5,910.5
UHP-09 | 1,480.27 | 2,761.09 69.77 | 335.28 405.05 | 4,646.41
UHP-10 153.96 | 2,102.15 61.78 | 274.50 336.28 | 2,592.39
UHP-11 | 1,226.73 | 2,122.20 59.25 | 265.26 324.51 | 3,673.44
UHP-12 167.87 | 2,264.48 64.17 | 272.46 336.63 | 2,768.98
UHP-13 176.58 | 1,747.16 61.81 | 259.94 321.75 | 2,245.49
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Fig. 23. HPLC Chromatogram of Ultra high pressure+ cellulase enzyme extract(UHP)
by box—-behnken design.

Table

19. HPLC Chromatogram peak area (mAUXsec.) of Ultra
pressure+ cellulase enzyme extract by box-behnken design.

No Fustin Fisetin Sulfuretin | Butein S+B Total
UHPE-01 219.77 75.26 76.69 | 175.68 252.37 547 .4
UHPE-02 226.56 98.52 89.26 | 269.63 358.89 683.97
UHPE-03 224.00| 2,119.31 71.67 | 169.52 241.19| 2,584.5
UHPE-04 2,345.36 | 4,089.84 250.32 | 362.01 612.33 | 7,047.53
UHPE-05 1,291.19 | 2,168.61 158.61 | 291.55 450.16 | 3,909.96
UHPE-06 2,246.73 | 3,822.54 235.83 | 351.38 587.21 | 6,656.48
UHPE-07 1,166.98 1,876.14 110.27 | 186.08 296.35 | 3,339.47
UHPE-08 2,196.86 | 3,176.54 198.48 | 325.29 523.77 | 5,897.17
UHPE-09 1,259.20 | 2,191.06 146.30 | 255.69 401.99 | 3,852.25
UHPE-10 1,436.68 | 2,585.74 168.36 | 285.90 454.26 | 4,476.68
UHPE-11 1,416.00 | 2,750.47 78.25 | 211.15 289.4 | 4,455.87
UHPE-12 1,348.38 | 2,375.01 73.99 | 210.70 284.69 | 4,008.08
UHPE-13 1,242.44 1,995.70 146.77 | 279.87 426.64 | 3,664.78
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Table 20. Antimicrobial effect of Rhus verniciflua flavonoids on

Helicobactor pylori

(OD value)
Period Concentration(ppm)
(days) 1000 500 950 125 62.5 0
0 0.548 0.548 0.548 0.549 0.549 0.548
+0.012  +0.009  +0.005 +0.005 +0.003  +0.003
. 0.115 0.158 0.523 0.573 0590  0.621
+0.015  +0.011 +0.012  +0.007 +0.014  +0.009
. 0.123 0.124 0.201 0.559 0.639 0.671
+0.003  +0.006  +0.001  +0.002  +0.006  +0.004
; 0.142 0.133 0.154 0.276 0.545 0.658
+0.017  +0.007  +0.002  +0.003  +0.002  +0.006
A 0.123 0120  0.131 0.225 0.414 0.636

+0.008 +0.003 +0.005 +0.002 +0.006 +0.002
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Fig. 26. Antimicrobial effect of Rhus verniciflua flavonoids against

Helicobactor pylori.
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Table 21. Antimicrobial effect of fustin on Helicobactor pylori

(OD value)
Period Concentration(ppm)
(days) 1000 500 950 125 62.5 0
0 0.642 0642  0.642 0.642 0642  0.642
+0.002  +0.008  +0.009 +0.010  +0.005  +0.013
. 0.444 0.629 0.635 0.638 0.639 0.648
+0.005  +0.010 +0.018  +0.013 +0.013  +0.004
, 0.202 0.223 0.502 0.576 0.601 0.657
+0.002  +0.003 +0.010  +0.009  +0.013  +0.003
; 0.166 0.165 0.403 0550  0.617  0.678
+0.001  +0.003  +0.006 +0.006 +0.015  +0.005
A 0.161 0162 0215 0.278 0392  0.653
+0.002  +0.003  +0.003  +0.004 +0.006  +0.005
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Fig. 27. Antimicrobial effect of fustin against Helicobactor pylori.
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Table 22. Antimicrobial effect of fisetin on Helicobactor pylori

(OD value)
Period Concentration(ppm)
(days) 1000 500 950 125 62.5 0
0 0.548 0.548 0.548 0.549 0.549 0.548
+0.012  +0.009  +0.005 +0.005 +0.003  +0.003
. 0.115 0.158 0.523 0.573 0590  0.621
+0.015  +0.011 +0.012  +0.007 +0.014  +0.009
, 0.123 0.124 0.201 0.559 0.639 0.671
+0.003  +0.006  +0.001  +0.002  +0.006  +0.004
; 0.142 0.133 0.154 0.276 0.545 0.658
+0.017  +0.007  +0.002  +0.003  +0.002  +0.006
A 0.123 0.120  0.131 0.225 0.414 0.636

+0.008 +0.003 +0.005 +0.002 +0.006 +0.002
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Fig. 28. Antimicrobial effect of fisetin against Helicobactor pylori.
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Table 23. Antimicrobial effect of sulfuretin on Helicobactor pylori

(OD value)
Period Concentration(ppm)
(days) 1000 500 950 125 62.5 0
0 0.549 0.549 0.548 0.548 0.548 0.548
+0.007  +0.008  +0.011 +0.011  +0.013  +0.026
. 0.141 0.287 0.576 0.612 0637  0.621
+0.006  +0.005 +0.009  +0.014  +0.007  +0.001
, 0.147 0.154 0.392 0.629 0682  0.671
+0.003  +0.002  +0.009  +0.008  +0.004  +0.004
; 0.187 0.173 0.212 0511 0.709 0.658
+0.007  +0.003  +0.002  +0.008  +0.010  +0.006
A 0.143 0.150  0.181 0.287 0.573 0.636
+0.005  +0.003  +0.002  +0.004 +0.004  +0.003
0.8
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Fig. 29. Antimicrobial effect of sulfuretin against Helicobactor pylori
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Table 24. Antimicrobial effect of butein on Helicobactor pylori

(OD value)
Period Concentration(ppm)
(days) 1000 500 950 125 62.5 0
0 0.548 0.548 0.548 0.548 0.548 0.548
+0.014  +0.011  +0.004 +0.004 +0.013  +0.001
. 0210  0.180 0350 0571 0592  0.621
+0.016  +0.005 +0.007 +0.006 +0.008  +0.001
, 0.219 0177  0.193 0.440  0.637  0.671
+0.012  +0.004  +0.003  +0.004  +0.005  +0.001
; 0.191 0.204 0.203 0.194 0427  0.658
+0.004  +0.007  +0.002  +0.004  +0.004  +0.003
A 0.170  0.171 0.184 0.190  0.330  0.636
+0.006  +0.006  +0.003  +0.002  +0.005  +0.004
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Fig. 30. Antimicrobial effect of butein against Helicobactor pylori.
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Table 25. HPLC Chromatogram peak area (mAUXsec.) of Chungukjang and Deonjang
due to the fermentation times of three extracts(HWE, UHP, UHPE)

No Fustin Fisetin | Sulfuretin | Butein S+B Total
HWE Ohr 7,736.3 185.3 205.5 129.4 334.9| 8,256.5
HWE 12hr 8,5611.4 253.5 185.6 135.2 320.8 | 9,085.7
HWE 24hr 9,509.3 379.1 163.4 163.1 326.5| 10,214.9
HWE 36hr | 10,911.1 825.3 333.5 207.7 541.2| 12,277.6
HWE 48hr | 10,566.5 957.2 445.1 248.8 693.9 | 12,217.6
HWE 60hr | 11,101.9| 1,077.4 2,061.7 297.3 2,359.0 | 14,538.3
HWE 72hr | 12,455.6 | 1,055.9 856.6 326.1 1,182.7 | 14,694.2
UHP Ohr 8,933.4 226.2 411.3 145.0 556.3| 9,715.9
UHP 12hr | 11,132.1 324.2 334.4 195.1 529.5| 11,985.8
UHP 24hr 9,880.2 350.2 195.4 182.1 377.5| 10,607.9
UHP 36hr | 11,433.3 626.9 223.6 133.9 357.5| 12,417.7
UHP 48hr | 11,995.0 782.3 340.9 260.7 601.6 | 13,378.9
UHP 60hr | 11,542.0 617.8 440.5 267.9 708.4 | 12,868.2
UHP 72hr | 10,154.2 616.9 469.6 277.7 747.3| 11,5184
UHPE Ohr 7,347.4 443.0 69.8 506.5 576.3| 8,366.7
UHPE 12hr 8,066.9 340.8 65.6 480.7 546.3 8,954
UHPE 24hr 9,885.9 332.2 93.3 502.4 595.7 | 10,813.8
UHPE 36hr | 12,280.3 670.6 180.4 358.7 539.1 13,490
UHPE 48hr | 14,717.5 299.1 256.5 495.9 752.4 15,769
UHPE 60hr 7,942.9 663.8 349.0 722.6 1,071.6| 9,678.3
UHPE 72hr 7,543.7 215.0 124.8 629.9 754.7 | 8,513.4
Con. (DW) 727.9 264.3 4803.3 | 6504.5 11,307.8 12,300
DJ-HWES8 326.9 159.4 4632.8 | 6316.9 10,949.7 11,436
DJ-UHP8 482.0 191.3 4722.0| 6470.7 11,192.7 11,866
DJ-UHPES 712.6 69.9 4389.1 | 5954.6 10,343.7 | 11,126.2
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