28

29 2017

3



2.1

2.2

23.

3.1. Relative response factor

HPLC/PDA

23

35

41

47

51



3.2

4.1.

4.2.

DNA

59

67

81

95

117



7.1. 123
7.2. 141
8. NMR 155

169



28

€Y)

&)

DPPH

HSCCC

Y2

carthamin

10
10
5
19
11
3
GPC
20
A B
Bl B2
Bl B2 LC/TOF-MS NMR

10

eugenol
HPLC

'H-gNMR HPLC

safflor yellow




8

glabridin

licochalcone B kanzonol X hispaglabridin A 3 -hydroxy-4' - methoxyglabridin

glabrene
€)
(4)
HPLC/PDA
99 5%
RRF

RRF

®) 9
16S rDNA ITS
52/56
57/65 6/6

0.002%
91 94%

GenBank
17/19 6/6
NCBI Taxonomy

, DPPH

RRF

365
130

87




2

10

140

140

2(

365

(+ )-6-

(TEAC)

8
128 9
87
DPPH
-2,5,7,8-
( )
1( )
) 3

LC/UV



LC/IMS A
1H-gNMR 99 5%

gNMR
gNMR
5
9
5
GenBank 16S rDNA
ITS1
C D
1
10
5
2 10
10
3 5
9
10

14
vanillin (1) (1 0 mg)
3-O-caffeoyl-4-O-feruloylquinicacid (2) (4 5
mg) 4-O-caffeoyl-5-O-feruloylquinic acid (3)
(55 3mg) trans-feruloyl-L-tryptophan (4) (5
1 mg) trans-caffeoyl-L-tryptophan methyl ester
®@ 8mg) 5

45 LCIMS
2 HPLC
HPLC 5
3 DPPH
5 DPPH

5-O-Caffeoylquinic

acid chlorogenic acid

4 SOD
19
SOD DPPH



DPPH

5-O-caffeoylquinic acid
4-O-caffeoylquinic acid  3-O-caffeoylquinic

acid
19
DPPH SOD
caffeoyl
[ ]
1
47 4g 1L
1Lx 3
n- 1Lx 3
[ 129 4mg
n- 773 6mg
45 4g ]
20g  Sephadex LH-20
8
Fr 3852 1 Og MCI-gel
CHP-20P
8 Fr 8 47
2mg Chromatorex ODS
6
1 Fr 1317 9 7mg

IH-NMR

GPC
20

HPLC

2,6-dimethoxy
-1,4-benzoquinone

2,6-
dimethoxy-1,4- benzoquinone

290 nm
A max = 296

nm A max =286 nm
A max =289 nm

HSCCC

LC

HSCCC



LC

HSCCC 2 mg
0
84+ 0 18 1
36+ 0 34 1 61+ 0 05
/ / / NMR/LC
(7:3:7:3, VIVIVIV)
HSCCC
[ ]

Fraction A Fraction B

Fraction A 7 37mg 8

Fraction B 5 17 mg 4
MS/MS Fraction
A Fraction B
LC- HPLC
200-400 480
nm 99% 520 nm 458 468 nm
500 nm
460 nm
HSCCC
HSCCC
HPLC
2
/ / [ (7:3:7:3, 119 4

VINIVIV)

HSCCC 500 nm

2 Fraction
LC Fraction A
Fraction B LC 2
99%
1
mg mg 400 nm



HPLC A B

B
Monascus
purpureus
100%
HSCCC
HSCCC
2
119
4 A D 8
2 4
2
HPLC
02 15 1
0 2
2 HSCCC
HPLC
2
X
Y X Y HPLC 100% HSCCC
X 119 HSCCC
A
B A D
E F HPLC
Y HSCCC
119 C D
1H-NMR HPLC
LC-MS/MS

A HSCCC



1)LC

Y1

Y1 Y2

Y1 Y2

Y2

1:1

16

10—~20

15 17

10 20

Y1
LC

12

Y2

14

Y2 MeOH

Y1

PDA(190-800 nm)
Y1

600 nm
16

Y1

PDA (190-800 nm)
Y2

600 nm

Y2

11
Y2
600 nm
Y1 Y2
2) NMR Y1 Y2
Y1 Y2
NMR
MeOH-d4
1H-gNMR 13C-NMR
1 4-BTMSB-d4
1H-gNMR  13C-NMR
NMR
Y2
1.8
1,4-BTMSB-d4
NMR
NMR
NMR
NMR
LC



3) Bl B2

LC 10
20

HCI -

prepLC
B1 B2
Bl B2 LC/MS
B1
16 0
604 9nm ESI positive
m/z541 2
B2 16.4
617
9nm ESI positive m/z 555.2
Bl B2 UPLC/TOF-MS
ESl positive
Bl m/z541 2119 B2 m/z555
2299 B1
C35H29N204 (calcd. m/z 541.2127)
B2 positive
C36H31N204 (calcd.m/z 555.2284)
Y2 C18H19NO3
Bl (Y2+Y2)-CH1002 B2
(Y2+Y2)-H802 Y2 2

positive

B1 B2 MeOH-d4
1H-NMR
0 7 4ppm 0 5 7ppm
o 3 9ppm
Y2 5 6 1 3
7 10 O 7—~9ppm
13C-NMR
0 128~135ppm o 63
ppm
0 52ppm 164 ppm
Y2 5 6
B1
HMQC HMBC
Bl 2 Y2 6 10
2 N
B1
UPLC/TOF-MS Bl m/z541
2119 C35H29N204  positive
B1
B1
NMR
B2 Bl
B1



Y2 M2 M3
M2 M3 Bl B2

1) LC/MS

pH
pH

pH
LC/MS

490 nm
550 nm

12 4 5
m/z494 538 495 m/z 536
[M-H]-
laccacacidE C B A
3
m/z359 315 m/z 271
LC/IMSIMS
anthraquinonedicarboxylic acid
m/z 359 [M-H]- 315 [M-H-CO2]- m/z
271 [M-H-2CO2]-
3 anthraguinonedicarboxylic acid

I 5 m/z
15 1

4 (-OH)
(-NH2) 1Da
1 5
laccaicacidA B C E
anthraguinonedicarboxylic acid 4
(-OH) (-NH2)

2) Laccaicacid C

Laccaic acid
laccaicacidA B C
E
laccaic acid
NMR
ODS
laccaic acid C laccaic acid
laccaic acid C
LC/MS
1 700mg laccaic acid C
500mg laccaicacidC 600 uL
DM SO-d6 NMR
1IH-NMR
OH6 92 7 04 7 13 O0H7 56
O0H3 11 OdH4 12
13C-NMR
25
HMQC O0H3 11 4

12 6 92 7 04 7 13 dH7 56
0C35 36 54 05 116 48 132
83 130 82 0 Cl15 86
HMBC dHG6 92
0C125 0 0H7 04 o6C
0 C155 00
6 C155 00 o

50 Cl119 36
35 36 125 55 130 82
dH7 13 6 C132 83

10



H7 56 &C118 32 121 23 168 54
18312 5 C186 75
10
2D-INADEQUATE 13C-13C
13C-13C
5 C121 23-140 17-(169 53)-118 32-136
53- (115 86)-(169 65)-186 75-118 83-(104
90)-(183 12)-148 50-153 12-122 55-(158

93)-(104 90)-119 36-(155 00)- (116 48)-132
83-125 04-130 82 & C54 05-170 76

NMR LC/MS
laccaic acid
C
13)
3) 4-Aminolaccaic acid C
C-2 laccaic acid C 800 mg
LC/MS
o
laccaicacidC NMR
1IH-NMR
OH6 81 7 05 7 32 O H7 57

O0H2 99 3 11

5H3 83
13C-NMR 25

HMQC & H
38 6 8 7 05 7 32 dH7 57

0 C54 99 118 12 129 06
0 C113 88

dH2 99 dH3 11 & C35
78 HMBC
O0HG6 81 o C122 59 124 83 o C155
8 O6H7 05 6C35 78 125 59 133
78 0C15 8 O0H7 32 6C35 78
116 08 129 06 0C155 8 O H7
57 6 C119 62 138 33 167 20 169

133 78

4 177 15 5C180 00
2D-INADEQUATE

13C-13C
5 C138 66-119 99-167 20-113 88-138 33-119
62-138 66 5 C 180 00-104 76-(144 11)-102
00-177 15 & C116 08-122 59-133 78-124
83 5C129 06-118 12-155 85

4 (5 C162 84
164 43 170 59 5 C171 07)

laccaic acid C

Laccaic acid C

laccaic acid C 7
25
laccaic acid C
laccaicacidC 1Da
laccaic acid C
(-OH) (-NH2)
(-NH2)
laccaic acid
C 15NH40H
NMR 14N 1
15N 12
13C-15N 16)
13C-NMR 25
4
(JCN 15 41Hz)
laccaic
acidC

4-aminolaccaic acid C

LaccaicacidA B E
laccaic
LC/IMS
anthraguinonedicarboxylic

acid C

laccaic
E) 1

acid
acidA B C

11



laccaicacidA B C E)

1

3 4 5 4-aminolaccaic

acid E  4-aminoanthraquinonedicarboxylic acid
4-aminolaccaic acid B 4-aminolaccaic

acid A

1 LicochaconeB

yellow
LC/IMS KZ34 frc11-22b
R T UV MS
C30
0 1% 25% CHsCN (1 O

mL/min) R T ;20 22min UV; kmax 368 M
MS; mz285 [M+H]* m/z287 [M H]

NMR acetone-ds methanol-d,
1) (

methanol-da) licochalcone B

2 Glabridin
pearl

LC/MS KzZ34frc37-22b R T

uv MS
C30 0 1%

50% CH3:CN (1 OmL/min) R T ;
23 42min UV;Amax 228 281 nm MS; m/z 325
[M+H]* m/z323[M H]
NMR acetone-ds

3 Kanzonol X
brown
LC/MS KZ34frc44 45290 R
T UV MS
C30 0 1%
50% CH3zCN (1 0 mL/min) R
T ;49 52min UV, Amax 207 283nm MS; m/z

395 [M+H]* m/z393[M H]

NMR acetone-ds

( acetone-ds)

4 Hispaglabridin A

brown
LC/MS KZ34 frcb4-24c R T
uv MS
C30 0 1%

55% CH:CN (1 OmL/min) R T ;
56 95min UV; Amax 229 280 293nm MS; m/z
393 [M+H]* m/z391[M H]
NMR acetone-ds

chloroform-d
chloroform-d C-7 C-9
C2 C4 4
( chloroform-d)

hispaglabridin A
5 MW 354
LC/MS
uv MS

MS; m/z 355 [M+H]*

KZ34frc44 45-21b R T

mz353[M H]
NMR

acetone-ds chloroform-d

( chloroform-d)
3’-hydroxy-4’- methoxyglabridin

6 MW 322
white
LC/MS KzZ34frc32-33b R T
uv MS
C30 0 1%
30% CH:CN (1 OmL/min) R T ;

181 13min UV;imax 214 248 284 295

324nm MS; mz323 [M+H]* m/z321[M H]
Glabrene (
methanol-d, : chloroform-d=1:1) NMR
'HNMR -0 07 ppm

12



BCNMR 0 8ppm
2 NMR
glabrenec casno 60008-03-9
7 MW 358
brown
LC/MS KZ34frc25-280 R T
uv MS
C30 0 1%
35%CHCN (1 OmL/min) R T ;

37 65min UV; Amax 230 290 nm MS; m/z 359
[M+H]* m/z357[M H]
NMR chloroform-d
methanol-d, acetone-ds
( acetone-ds)
cas no. 938190-35-3

8 MW 370
yellow
T NAP
25% CH:CN(1 O
R T ;114 07min UV; Amax 255
m/z369 [M H]
LC/MS

LC/MS

0.1%
mL/min)
364 nm MS; m/z371 [M+H]*

uv
NMR

MS
chloroform-d

methanol-d, acetone-ds

( acetone-ds)
cas no. 905708-40-9

9 (DPPH

(DPPH

1H-gNMR

eugenol
DMSO-ds
eugenol 6 H
o 6 33ppm

eugenol

eugenol

92

eugenol

eugenol

26 56
HPLC
280 nm

28 81

eugenol
1H-gNMR
eugenol
HPLC

IH-gNMR

eugenol eugenol
acetone-ds
1,4-BTMSB-ds DMSO-ds

5:1

2.5 mg/mL

eugenol 6

HPLC

eugenol

1H-gNMR

eugenol
HPLC

1H-gNMR

HPLC
1H-gNMR

13



IH-NMR eugenol 6 H

IH-gNMR
HPLC
IH-gNMR
eugenol
carthamin
Carthamin
TLC 1 spot
carthamin
NMR
carthamin
HPLC
MeOH-
carthamin
HPLC
carthamin
1H-gNMR
5 HPLC
Carthamin 1H-gNMR
IH-gNMR
safflor yellow
safflor
yellow

Safflor yellow

3
1) ICso
ICso TEAC
ICso
(n=8)
1Cso
59.3+ 0.77 pug/mL
1.3%
ICso
2)
19 ( EGCg
90S BG-3
30S 40
70 PF
70S G 100
50EX d-6-
)
(99.5)
(99.5)
19
ICso TEAC
TEAC 0.28 7.1%
EGCg 18

14



4 3%

4
1
HPLC/PDA
IH-gNMR
13
HPLC/PDA
HPLC
4 4
IH-gNMR
4
1H-gNMR
(14% )
2 RRF
RRF 1H-gNMR
H-2 + H-6
H-3+H5 2
H-2+H-6 H-4 H-3+H5 3

15

1 RRF
RSD 0.56%
RRF
HPLC/PDA
256 nm
284 nm
256 nm
284nm
3 3 1
RRF 3 3
n=3 RRF 131
RSD 1.25%
RRF
RRF
1.31
3 RRF HPLC/PDA
1-3
HPLC/PDA HPLC/PDA
2
( )
H-gNMR
RRF
0.002%
RRF
5
1
9
86



Bacillus 16
Bacillus subtilis 11
Bacillus
B cereus
B anthracis
25

Streptomyces thermoviolaceus

Streptomyces violaceoruber 19
DNA-DNA 70%
1
2) 16S rDNA 1,500 bp
98 7%
DNA-DNA 70%
16S rDNA
800 bp 800 bp
90%
sp
56
19 16S rDNA
GenBank
56 52
16S rDNA 16S
rDNA 4
Bacillus coagulans J4
16S rDNA
Bacillus coagulans
GenBank 16S rDNA
19

17 16S rDNA
2
Eupenicillium brefeldianum
9
Thermomonospora viridis
2
9
10
ITS1
90%
26S rDNA D1/D2
99%
4)
Trichosporon 17 5
DNA-DNA
80%
ITS1 ITS2 5 8SrDNA 26S
rDNA 99%
ITS
6
ITS ITS1 ITS2
GenBank
6 ITS
3
9
80
Aspergillus
niger 25 Aspergillus oryzae
16

16



11 16S rDNA

98 7%
D1/D2 ITS ITS1
99%
sp 99%
65
6 ITS 16S rDNA ITS1
GenBank
65 57 ITS 20
ITS DNA
8 4 D1/D2
4 10
6 6 ITS
4 16SrDNA ITS 10 A
16S rDNA ITS B
NCBI
Taxonomy A B
Aspergillus Penicillium
ITS 99%
ITS B 11
Aspergillus Penicillium
B -
DNA
E
16SrDNA ITS 2
5
14
5 vanillin
DNA 3-O-trans-caffeoyl-

4-O-trans-feruloylquinic acid
4-O-trans-caffeoyl-

17



5-O-trans-feruloylquinic acid
trans-feruloyl-L- tryptophan
trans-caffeoyl-L-tryptophan methyl ester

caffeine chlorogenic acid
DPPH SOD

chlorogenic acid

HPLC
HSCCC
HPLC
1
A
B
GPC
20
HPLC
3
Y1 Y2
B1
B2
2,6-dimethoxy-1,4- benzoquinone 1
Y1
Y1' 1 OH 9
cis Y1
HSCCC Y2
B1 B2
LC/TOF-MS
NMR Y2 6 10

18



carminicacid 1

laccaicacid A B

C E
pH
laccaicacidA B C E
4 (-OH) (-NH2)
4-aminolaccaicacidA B C E
4-aminolaccaic acid
(4-aminocarminic
acid)
4-aminolaccaic acid 4-aminocarminic
acid
eugenol
DSS-ds
DMSO-ds acetone-ds
NMR eugenol
6 H o 6 33ppm
eugenol
HPLC
IH-gNMR

carthamin

HPLC
IH-gNMR
-HPLC
Carthamin
IH-gNMR
carthamin
HPLC
safflor yellow
IH-NMR
IH-gNMR
G glabra
8
LC/MS
R T ,UVv
MS
4
4 MW 322, 354, 358,
370
MW 370 MW 358
DPPH
LC/MS/MS 4
glabridin licochalcone B kanzonol
X hispaglabridin A

NMR

19



glabridin licochalcone B

kanzonol X hispaglabridin A 3’-hydroxy-4’-

methoxyglabridin glabrene
3
DPPH
4
RRF HPLC/PDA
99 5%
0 002%
RRF
91 94%
RRF
5
9
16S rDNA
ITS
GenBank
52/56 17/19
6/6 57/65
6/6

10

NCBI Taxonomy

1 Nishizaki, Y., Ishizuki, K., Akiyama, H., Tada,

A., Sugimoto, N., Sato, K., Preparation of
ammonia-treated lac dye and structure
elucidation of its main component. Shokuhin
Eiseigaku Zasshi (Food Hyg. Saf. i), 57,
193-200 (2016).

2) UedaT., Okumura, T., Tanaka, Y., Shimamura,

T., Ukeda, H., Development of anew
electrochemical evaluation method for
antioxidant activity based on the redox
properties of polyoxometalates and its
application to the evaluation of antioxidant
capacity of beverages, Analytical Sciences, 32,
825-830 (2016).

DPPH

, 42,189-196 (2016).



4) Enkhtuya, E., Shimamura, T., Kashiwagi, T.,

Ukeda, H., Antioxidative Constituentsin the
Leaves of Paeonia anomala Grown in
Mongolia, Food Science and Technology
Research, 23, 63-70 (2017).

6) Tanaka, R., Shibata, H., Sugimoto, N.,

Akiyama, H., Nagatsu, A., Application of a
guantitative 'H-NMR method for the
determination of paeonol in Moutan cortex,
Hachimijiogan and Keishibukuryogan,
Journal of Natural Medicines (2016), 70(4),
797-802.

8) Tanaka, R., Inagaki, R., Sugimoto, N.,

Akiyama, H., Nagatsu, A., Application of a
quantitative *H-NMR (*H-gNMR) method for
the determination of geniposidic acid and
acteoside in Plantaginis semen, Journal of
Natural Medicines, 71, 315-320 (2017).

9) Takahashi, M., Nishizaki, Y., Sugimoto, N.,

Takeuchi, H., Nakagawa, K., Akiyama, H.,
Sato, K., Inoue, K. Determination and
purification of sesamin and sesamolinin
sesame seed oil unsaponified matter using
reversed-phase liquid chromatography
coupled with photodiode array and tandem
mass spectrometry and high-speed
countercurrent chromatography. J. Sep. <ci.,
39, 3898-3905 (2016).

10) Akiyama, H., Nose, M., Ohtsuki, N., Hisaka,

S., Takiguchi, H., Tada, A., Sugimoto, N.,
Fuchino, H., Inui, T., Kawano, N., Hayashi,
S., Hishida, A., Kudo, T., Sugiyama, K., Abe,
Y., Mutsuga, M., Kawahara, N., Y oshimatsu,

21

K., Evaluation of the safety and efficacy of
extracts of Glycyrrhiza uralensis roots
produced using artificial hydroponic and
artificial hydroponic-field hybrid cultivation
systems J. Nat. Med., 71, 265-271 (2017).

11) Amakura, Y., Yoshimura, M., Morimoto, S.,

Yoshida, T., Tada, A., Ito, Y., Yamazaki, T.,
Sugimoto, N., Akiyama, H., Chromatographic
evaluationand Characterization of
Components of Gentian Root Extract Used as
Food Additives, Chem. Pharm. Bull. 64,
78-82 (2016).

12) Todoroki, K., Nakamura, M., Sato, Y., Goto,

K., Nakano, T., Ishii, Y., Min, J.Z., Inoue, K.,
Toyo'oka, T.,
4-(4,6-Dimethoxy-1,3,5-triazin-2-
yl)-4-methylmorpholinium Chloride as an
Enantioseparation Enhancer for Chiral
Derivatization-LC Analysis of D- and
L-Amino acids., Chromatography, 37, 23-28
(2016).

13) Inoue, K., Tanada, C., Hosoya, T., Yoshida,

S., Akiba, T., Min, J.Z., Todoroki, K., Yamano,
Y., Kumazawa, S., Toyo'oka, T., Principal
component analysis of molecularly-based
signals from infant formula contaminations
using LC-MS and NMR in foodomics,, J. Sci.
Food Agric., 96, 3876-3881 (2016).

14) Inoue, K., Miyazaki, Y., Unno, K., Min, J.Z.,

Todoroki, K., Toyo'oka, T., Stable isotope
dilution HILIC-MS/M S method for accurate
quantification of glutamic acid, glutamine,
pyroglutamic acid, GABA and theanine in
mouse brain tissues., Biomed. Chromatogr.,
30, 55-61 (2016).
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62 2005 9 11
53 2016
7 2
22 11 NMR
2016 6 3 63 1A-SY1-2 2016
9
12
NMR
eugenol
(2016 6) 63 2P-09 2016 9
gNMR
JAIAN (2016 8) 13
NMR/LC
( I
NMR ) NMR
63 (2016 9)
2016 D-34
2016 10
g\NMR/LC 14
NMR
65 (2016 9) 45
2016 11
NMR 15)
NMR
(2016 11)
NMR 22
45 2016 6
(2016 11) |
22

206 6 2.3 ()
22
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No

359

364
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No

040
145
229
076
091
202
255
027

120
161
127
172

10
10

No

11

30

H28

H27

H26

10

28

10
13




No

159
036
094

142
144
333
043

168
176
214
242
246

266
275

13
13
13
13
13
13
13
13

No

No

001
196
042

099

100
138
152
307
041
357

187
195

10
10

No
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089
090
114
135
149
159
165
258
282
324

074
175
216
329
330
001
004
013
019
040
053
062
064
104

92
145
229

10
11
12
13
14
15
16
17
18
19
20
21

22
23

24
25
26
27
28
29
30
31

32

33
34

35

36

37

38

39

40

41

42

43

44
45

46

47

48

49

50
51

52
53




257
336
359
076
091
093
095
115
136
196
202
232
255
306
365
036
042
094
099
100
138
142
144
152
154
199
307
321
333
364
028
029
027
041
120
124
161
182
236
357
127
172
187
195
009
043
048

10
10
10
10
13
13
13

54
55
56
57

58
59
60
61

62

63
64
65
66
67
68
69
70
71

72
73
74
75
76
77
78
79
80
81

82

83
84
85
86
87

88
89
90
91

92
93

94
95
96
97
98
99
100




101] 13 052
02| 13 118
103| 13 120 .
04| 13 120
105 | 13 120
06| 13 120
07| 13 120
108 | 13 120
00| 13 120
10| 13 148
11| 13 155
12| 13 158
13| 13 163
14| 13 173
15| 13 198 -
16| 13 198
17| 13 200
18| 13 201
19| 13 212
120| 13 214
121| 13 227
122| 13 237
123| 13 239
124 | 13 240
15| 13 249
126 | 13 262
127 13 266
18| 13 275
29| 13 297
130 | 13 302
131| 13 318
132| 13 318
133| 13 327
134| 13 331
135 | 13 332
136 | 13 356
No
10

4- 100%










H26- - -001

28
Coffea
arabica LINNE
, 26,27 14 3-O-trans-caffeoylquinic
acid,4-O-trans-caffeoylquinic acid,5-O-trans-caffeoylquinic acid chlorogenic
acid ,3-O-transferuloylquinic  acid,4-O-trans-feruloylquinic  acid,5-O-trans-  feruloylquinic
acid,caffeine,3,4-di-O-trans-caffeoylquinic acid,4,5-di-O-trans-caffeoylquinic

acid,trans-p-coumaroyl-L-tryptophan,3,5-di-O-trans-caffeoylquinic acid,ethyl chlorogenate,3-O-trans-
feluroyl-5-O-trans-caffeoylquinic acid,trans-caffeoyl-L-tryptophan , .
5 vanillin,3-O-trans-caffeoyl-4-O-trans-feruloylquinic
acid,4-O-trans-caffeoyl-5-O-trans-feruloylquinic  acid,trans-feruloyl-L-tryptophan,trans-caffeoyl-L-
tryptophan methyl ester , : ,
caffeine chlorogenic acid : DPPH
chlorogenic acid

DPPH

Coffeaarabica LINNE , ,superoxide dismutase SOD




YMC GEL ODS-AQ
,Chromatorex ODS
,MCI-gel CHP-20P
.1,1-Diphenyl-2-picrylhydrazyl
: trolox
SOD assay kit-WST

(AQ12S50)

.SOD

HPLC ,Shimadzu Prominence

L-columnODS 2.1i.d. x 150 mm
, 40°C,
0.3mL/min, 200 400 nm, A
5% , B
BinA 0—-30min 0—-50% ,30—35min
50—85% ,35—40 min 85% ,40—50 min
85—90% ,50—55min 90—100% ,55—60 min
100% .NMR  Bruker AVANCES500
IH-NMR: 500
MHz,*C-NMR: 126 MHz ,
-ds

3.30 ppm,*3C: 49.0 ppm
HR ESI-MS micrOTOF-Q
Shimadzu UV
JASCO V-530
JASCO

mini-1240

P-1020

150 g )
, 6419 . 1
309,2 21.5g
YMC gd ODSAQ,Sephadex
LH-20,Chromatorex ODS,MCl-gel CHP 20P

4. DPPH
200 pL 100 mM Tris-HCI
pH7.4 800 uL ,0.2 mM 1,1-diphenyl-2-
picrylhydrazyl DPPH 1mL
,10 , 30 ,
517 nm
,DPPH
%
5. SOD
SOD ,SOD assay kit-WST
20 uL WST
working solution 200 uL. ,
Enzymeworking solution 20 uL 37
20 450 nm
As
C.
1.
, : 14
WVanillin D (1.0

mg),3-O-caffeoyl-4-O-feruloylquinic acid (2) (4.5
mg),4-O-caffeoyl-5-O-feruloylquinic acid (3) (55.3
mg),trans-feruloyl-L-tryptophan (4 (51
mg),trans-caffeoyl-L-tryptophan methyl ester (5)
(2.8mg) 5 . ,

4,5 LC/IMS

1)-3)

NMR

Vanillin (1): HR-ESI-MS: miz 151.0411 [M-H]"
(Calcd for CgHgOs-H, 151.0401). *H-NMR (500
MHz, MeOH-ds): § 9.74 (1H, s, H-7), 7.43 (1H, dd,
J=2, 8 Hz, H-6), 7.41 (1H, d, J=8 Hz, H-2), 6.93
(1H, d, J=8 Hz, H-5), 3.91 (3H, s, 3-OMe).



3-O-trans-Caffeoyl-4-O-trans-feruloylquinic  acid
(2): HR-ESI-MS: nVz 529.1379 [M-H]" (Calcd for
C26H26012-H, 529.1352). lH-NMR (500 MHZ,
MeOH-ds): 6 7.61 (1H, d, J=15.5 Hz, H-7"), 7.53
(1H, d, J=15.5 Hz, H-7"), 7.12 (1H, brd, J=2 Hz,
H-2), 7.04 (1H, brdd, J=2, 8.5 Hz, H-6), 7.01 (1H,
brd, J=2 Hz, H-2"), 6.89 (1H, brdd, J=2, 8 Hz,
H-6"), 6.77 (1H, d, J=8.5 Hz, H-5), 6.74 (1H, d,
J=8Hz, H-5"), 6.37 (1H, d, J=16 Hz, H-8), 6.26
(1H, d, J=16 Hz, H-8"), 5.63 (1H, m, H-3), 5.11
(1H, m, H-4), 4.21 (1H, brd, J=12 Hz, H-5), 3.82
(3H, brs, 3"-OMe), 2.12 (4H, m, H-2, 6). 3C-NMR
(126 MHz, MeOH-ds): 51684 (C-9), 1684
(C-9"), 150.6 (C-4') 149.6 (C-4"), 149.4 (C-3),
147.2 (C-7") 1471 (C-7"), 146.8 (C-3") 127.8
(C-17), 127.7 (C-1), 124.1 (C-6") 123.1 (C-6),
116.5 (C-5"), 1154 and 115.3 (C-8, 8"), 115.1
(C-2") 111.9 (C-2)), 75.4 (C-4), 70.1 (C-3), 67.0
(C-5), 56.4 (3"-OMe), 37.7 (C-2, 6).
4-O-trans-Caffeoyl-5-O-trans-feruloylquinic  acid
(3): HR-ESI-MS: myz 529.1351 [M-H] (Calcd for
CoeH26012-H, 529.135). H-NMR (500 MHz,
MeOH-ds): 6 7.58 (1H, d, J=16.5 Hz, H-7’), 7.52
(1H, d, J=16.5Hz,H-7"), 7.08 (1H, brs, H-2"), 7.00
(1H, brs, H-6"), 6.99 (1H, brs, H-2"), 6.89 (1H, brd,
J=3 Hz, H-6"), 6.75 (1H, brd, J=8 Hz, H-5"), 6.73
(1H, brd, J=8 Hz, H-5), 6.27 (2H, d, H-8', 8"), 5.65
(1H, brs, H-5), 5.11 (1H, brdd, J=3, 8.5 Hz, H-4),
4.37 (1H, brs, H-3), 3.81 (3H, brs, 3"-OMe), 2.16
(4H, m, H-2, 6).

trans-Feruloyl-L-tryptophan (4): [a]o -25° (c=0.1
MeOH). UVAmax MeOH nm (log &) : 3245
(3.82),290.5 (3.80),220.5 (4.22). HR-ESI-MS: m/z
379.1296 [M-H]" (Cdcd for CxuH200sN2-H,
379.1300). *H-NMR (500 MHz, MeOH-dy): & 7.57
(1H, d, =8 Hz, H-4), 7.39 (1H, d, J=16 Hz, H-7"),
7.29 (1H, d, J=8 Hz, H-5'), 7.09 (2H, brs, H-2, 2'),
7.04 (1H, dt, J=1, 6 Hz, H-5), 6.98 (2H, m, H-6, 6'),
6.77 (1H, d, J=8 Hz, H-7), 6.44 (1H, d, J=16 Hz,
H-8), 5.79 (1H, d, J=16 Hz, H-11), 3.86 (3H, s,
3'-OMe), 3.37 (2H, m, H-10). ®*C-NMR (126 MHz,
MeOH-ds): 6 175.7 (C-12), 168.9 (C-9), 149.9

(C-3)), 149.3 (C-4'), 142.2 (C-7"), 138.0 and 138.8
(C-8, 2), 130.7 (C-6'), 129.0 (C-9), 1247.7 (C-1),
124.3 (C-2), 122.3 (C-5), 119.7 (C-6), 119.4 (C-4),
118.2 (C-8)), 116.7 (C-5'), 115.9 (C-7), 111.2 (C-3),
56.4 (3-OMe), 55.1 (C-11), 28.7 (C-10).

trans-Caffeoyl-L-tryptophan methyl ester (5): [a]o

-22° (c=0.1 MeOH). UVAmx MeOH nm (log €) :
311 (4.17),291 (4.23),222 (4.49). HR-ESI-MS: nvz
379.1297 [M-H]' (Calcd for 021H2005N2-H,
379.1299). *H-NMR (500 MHz, MeOH-dy): § 7.52
(1H, d, J=8 Hz, H-4), 7.36 (1H, d, J=16 Hz, H-7"),
7.31 (1H, brdd, J=2, 8 Hz, H-7), 7.07 (1H, s, H-2),
7.06 (1H, brt, J=2 Hz, H-5), 6.99 (1H, brs, H-6),
6.98 (1H, d, J=2 Hz, H-2), 6.89 (1H, dd, J=2, 8 Hz,
H-6"), 6.74 (1H, d, J=8 Hz, H-5'), 6.39 (1H, d, J=16
Hz, H-8), 4.87 (1H, dd, J=5, 7.5 Hz, H-11), 3.40
(1H, dd, J=5, 14.5 Hz) and 3.23 (1H, dd, J=8, 15
Hz) (H-10). **C-NMR (126 MHz, MeOH-d):
61741 (C-12), 169.1 (C-9), 148.9 (C-4), 146.7
(C-3), 1429 (C-7), 138.1 (C-8), 128.8 (C-1),
128.2 (C-9), 124.4 (C-2), 122.4 (C-5), 122.2 (C-6),
119.8 (C-6), 119.1 (C-4), 117.8 (C-8)), 116.4 (C-5),
115.1 (C-2), 112.3 (C-7), 110.8 (C-3), 55.1 (C-11),
52.7 (12-OMe), 28.7 (C-10).

HPLC
HPLC
0 .1
HPLC
3. DPPH
5 ,DPPH
1 .5-O-Caffeoylquinic acid
chlorogenic acid
4. SOD
19 ,SOD
2 .DPPH



,DPPH

5-O-caffeoylquinic  acid
,4-O-caffeoylquinic  acid,3-O-caffeoylquinic

acid ,
19 ,DPPH
SOD )
,caffeoyl
E.
) 14 )
5 vanillin,3-O-trans-caffeoyl-

4-O-trans-feruloylquinic
5-O-trans-feruloylquinic

acid,4-O-trans-caffeoyl-
acidtrans-feruloyl-L-

tryptophan,trans-caffeoyl-L-tryptophan methyl
ester
caffeine chlorogenic acid , DPPH
SOD

, chlorogenic
acid
E.
1)Podio NS., Lopez-Froilan R.,
Ramirez-Moreno E., Bertrand L., Baroni MV.,
Pérez-Rodriguez ML., Sanchez-Mata

M.,Wunderlin DA.: Matching 1in vitro

bioaccessibility of polyphenols and
antioxidant capacity of soluble coffee by
boosted regression trees, J. Agric. Food
Chem., 63, 9572-9582 (2015).

2) Alonso-Salces RM., Serra F., Reniero F.,
Héberger K.: Botanical and geographical
characterization of green coffee (Coffea
Arabica and Coffea canephora): Chemometric
evaluation of phenolic and methylxhanthine
contents, J. Agric. Food Chem., 57,
4224-4235 (2009).

3) Yuanchao X., Bing H., Shi K., Liu F.,
Wenfang X.: Caffeic acid derivatives: A new
type of influenza neuraminidase inhibitors,
Bioorg. Med. Chem. Lett., 23, 3556-3560
(2013).
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HO, COOH

Ho, COOH HaC. g o, GOOH Ho, COOH HO, COOH at 280 nm
fi >

HO, COOH
s o § OH HO" °

5 HO 0
?"' Y oH ﬂ‘@"“ \ OH o
OH N
| co OH N l OCH“ W\Q
HO. Ay \\
\ . oH
HO'
COOH

612 QUN Y |
1/6 /1@(% I[Iom

1315 y .
14 171819

.- /,/,/ //,/ //,/ \ Ho, cooH S el o coon COOH COOCHg
e Q Q W C@N
COOH COOH e N
Hqé\ HEﬁ\ @\ HO, COOH Ho, coon MOS0 f ocl
HO" Y Non 0" > Non OCH, @\ (j\ @\ Dj/ H4CO. \L©\
oc—0 | éo OH o SH oc
2 H;CO@J/ o OC
'OCH3
HO'
OH
OH
ocH3
\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\\\\\\\\\‘\\\\
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 min
1: 3-O-trans-Feruloylquinic acid 7: 4-O-trans-Feruloylquinic acid 13: 3-O-trans-Caffeoyl-4-O-trans-feruloylquinic acid (2)
2: 5-O-trans-Caffeoylquinic acid 8: 5-O-trans-Feruloylquinic acid 14: 3-O-trans-Feruloyl-5-O-trans-caffeoylquinic acid
3: 4-O-trans-Caffeoylquinic acid 9: 3,4-Di-O-trans-caffeoylquinic acid 15: 4-O-trans-Caffeoyl-5-O-trans-feruloylquinic acid (3)

4: 3-0-trans-Feruloylquinic acid 10: 3,5-Di-O-trans-caffeoylquinic acid 16: trans-Caffeoyl-L-tryptophan
5: Caffeine 11: Chlorogenic acid ethyl ester 17: trans-p-Coumaroyl-L-tryptophan
6: Vanillin (1) 12: 4,5-Di-O-trans-caffeoylquinic acid 18: trans-Feruloyl-L-tryptophan (4)
19: trans-Caffeoyltryptophan methyl ester (5)

(b)

1 HPLC
(a)HPLC at 280 nm  (b)3D-HPLC 200 400 nm



DPPH

IC5p UM
3-0-Caffeoylquinic acid 83.5
5-0O-Caffeoylquinic acid 88.3
4-0-Caffeoylquinic acid 84.7
3-0-Feruloylquinic acid 1094.2
Caffeine >5000
Vanillin (1) >5000
4-0O-Feruloylquinic acid 1052.1
5-0-Feruloylquinic acid 995.1
3,4-Di- O-caffeoylquinic acid 69.7
3,5-Di- O-caffeoylquinic acid 54.8
Chlorogenic acid ethyl ester 65.4
4,5-Di-O-caffeoylquinic acid 66.4
3-0-Caffeoyl-4-O-feruloylquinic acid (2) 98.1
3-0-Feruloyl-5-0O-caffeoylquinic acid 71.7
4-0-Caffeoyl-5-O-feruloylquinic acid (3) 83.0
Caffeoyltryptophan 83.7
p-Coumaroyltryptophan 1041.4
Feruloyltryptophan (4) 537.1
Caffeoyltryptophan methyl ester (5) 149.6
SOD
IC5o 1M

3-0-Caffeoylquinic acid 88.6
5-0O-Caffeoylquinic acid 80.1
4-0-Caffeoylquinic acid 123.4
3-0-Feruloylquinic acid 973.6
Caffeine >1000
Vanillin (1) >1000
4-0-Feruloylquinic acid 788.9
5-0-Feruloylquinic acid >1000
3,4-Di-O-caffeoylquinic acid 56.1
3,5-Di-O-caffeoylquinic acid 36.1
Chlorogenic acid ethyl ester 46.3
4,5-Di-O-caffeoylquinic acid 37.9
3-0-Caffeoyl-4-O-feruloylquinic acid (2) 99.0
3-0-Feruloyl-5-0-caffeoylquinic acid 105.1
4-0-Caffeoyl-5-O-feruloylquinic acid (3) 68.1
Caffeoyltryptophan 33.1
p-Coumaroyltryptophan 414.3
Feruloyltryptophan (4) 856.7
Caffeoyltryptophan methyl ester (5) 100.9
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Diospyros kaki THUNB.

HPLC

HPLC 1

GPC 20

HPLC

Diospyros kaki THUNB. 1

Diaion HP-20
Sephadex LH-20 GE
MCI-gel CHP-20P Chromatorex ODS

HPLC Shimadzu LC-10Avp



: YMC-pack ODSAQ-3C2 2.01.D.

x 150 mm :40
:0.25mL/min : 280 nm
: 3 uL : (A) 0.01 M HiPO4 0.01 M
KH2PO4 (1: 1) (B) [

0—30min(B: 0—50%) 30—50 min (B: 50—60%)
50—75 min (B: 0%)] GPC
: TSK-gel Super AW4000 6.0
1.D.x150 mm 35
0.3 mL/min 280 nm
N,N-dimethylformamide + 3M HCOONH, 0.5%
PS Shodex

Sephadex LH-20
MCI-gel CHP-20P Chromatorex
OoDS

4. HPLC GPC

HPLC GPC

4749 1L
1Lx 3 n-
1Lx 3 [
1294mg n-
4549 ]
20 g Sephadex LH-20
8
1 Fr.38-52 10g
MCI-gel CHP-20P
8 2a
Fr.8 47.2mg Chromatorex
OoDS 6
2b 1 Fr.13-17 9.7
mg H-NMR

773.6mg

2. GPC

GPC 20

HPLC

GPC
20



H,0 ext. ] .
20.0 g (/45.38 g) ¥fr.1-80: H,O i H

— SephadexLH-20 (¢ 3.0 X 40 cm)_cc-2

fr.1-14 fr.15-26 fr.27-37 r.38-52 r.53-57 fr.58-65 r.66-80 MeCH
(4.54 g) (11.50 g) (3.01g) (1.04 g) (50.0 mg) (15.4 mg) (15.8 mg) (6.3 mg)

_ fr.66-80

\/j\/ L - fr.58-65
f j =
__‘ b A N _‘_V_ﬁin/,ﬂ,_h_‘/\""lj

%
‘\ T . Jk‘/ﬁ/ﬂ fr.53-57

o \A,\WAJ o |
, M“—}LW* fr.38-52

fr.15-26

———— f{r1-14

0 60 min




@

CC-2_fr.38-52 .
(1.04 g) ¥fr.1-50: H,OTHH

— MCl-gel CHP20 (¢ 1.1 X 20 cm)_cc-3

fr.1-5 fr.6 fr.7,9 fr.8 fr.10-20 fr.21-50 50%MeOH MeOH
(296.7 mg) (225.3 mg} (137.7 mg) (47.2 mg) (34.4 mg) (17.6 mg} (139.5 mg} (9.0 mg}
fr.21-50
_ P
M/\“—AJ\/—‘—-——'/ i s ™~ \\'—-; o
= ~ fr10-20
B - = -
P - J\f// = ]
/J\ \\\
o — fr.7-9
SN
el s
IN ' fr.6
e — T T — fr.1-5
6 1|0 2‘0 3‘0 4b 50 60 min
CC-3_fr.8
(b) (47.2 mg) Xfr.1-40: H,0 TR H
Chromatorex ODS (¢ 1.1 X 20 cm)_cc-4
| | X [ | |
fr.1-5 fr.6-8 fr.9-11 r.12,18-24 fr.13-17 fr.25-40
(4.2 mg) (4.6 mg) (8.0 mg} (8.0 mg} (9.7 mg) (3.1 mg)
|fr13-17
/7 r12,18-24
o A /\,/\,/k'/\ - !
e ST /\/N//\ o~ fr9-11
o ’\’f\'m\‘\/’\k\u/ﬂ\ fr.6-8
e P e
o el R i WIS
LA R L L A L B L - L T
0 1‘0 20 30 40 50 60 min




1H-NMR spectrum

(500 MHz, Acetone-d¢+D,0)

. o - s as .
V \ | \ V
I
- ) 7 '
7 b ; T ; fnnss ; } ! : ! i ] i : |
79 78 77 76 75 74 73 72 71 70 6.9 6.8 67 6.6 6.5 6.4 6.3 6.2 ‘ *
\ yl‘
| l
‘ || ’
| U
| f
IR
0o [
LL JJ‘ g | VL H
| L A 1 _ L -
T T T T T T T T T T
75 7.0 6.5 6.0 5.5 5.0 45 4.0 3.5 ppm
1
3. fr. 13-17 H-NMR
20000 /
o
D -
— N\~
§100004 \e
73]
% ﬁ%
- o TN R
el N R e
—cwf""@ - T
-1000 Tl [ TITTT TITTTTT
00 100 150
Time [min]
DIV No. Ri(min)  LogM M Area/Div. WHE TS
1 51 6802 6339918 0 0 100
2 53 6508 8958440 0 0 100
= 3 55 641 2571040 0 0 100
E— \Il M . 213 147 4 57 6238 1731700 17964 00097 99933
==} - W: 5 59 6081 1205729 92534 00464 99518
6 61 5937 865117 285548 01269 98099
7 63 5806 637650 672148 02714 94504
8 65 568 481290 1143936 04205 87688
9 67 5560 870837 1408122 04722 78109
10 69 5464 290766 1335656 04095 67811
1 71 5364 231274 105731 0297 68829
12 73 527 186021 723846 01866 62144
13 76 5178 150830 401154 00951 47921
14 77 500 122896 171968 00376 4577
15 79 5001 100311 75804 00153 4484
16 81 4913 81761 64222 0012 44314
17 83 4822 66340 107236 00186 43671
18 85 4728 53415 192746 0081 42545
19 87 4629 42545 300088 00448 40695
20 89 4524 3347 403626 00862 380654
21 91 4412 25802 41276 00614 34762
22 93 4291 19522 503188 0061 31098
23 95 4150 14429 53856 00611 27188
24 97 4016 10385 525054 00559 23192
25 99 8861 7266 452598 00461 19519
26 101 8691 4906 877192 00353 16405
27 103 8506 @00 823536 00285 13775
28 105 3308 2007 290374 00241 11471
29 107 8082 1207 267178 00209 9378
30 109 2841 693 24406 0018 7459
31 111 2579 379 216086 00161 573
3 13 2205 197 19224 00127 4199
33 16 1987 97 17083 00107 2837
34 17 1654 45 16503 00092 1613
35 119 1204 20 137418 00077 1032

GPC
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Phyllostachys
heterocyclaMITF.
2,6- -1,4- :
26 27
11 [5-hydroxymethyl-2-furfural  4-hydroxybenzoic acid
p-coumaric acid trans-ferulicacid N,N'-diferuloylputrescine arbutin tachioside isotachioside
3,4'-dihydroxypropiophenone 3-O-glucoside, koaburaside, lyoniresinol 9'-O-glucoside]
propiophenone 4'-O-primeveroside [propiophenone 4'-O-(6-O-f-D-xylopyranosyl)-
-D-glucopyranoside] .
HPLC p-coumaric acid 3,4'- dihydroxypropiophenone
3-O-glucoside lyoniresinol 9’-O-glucoside
2,6-dimethoxy-1,4-benzoquinone

2,6-dimethoxy-1,4-benzoquinone

,2,6-
-1,4- 11

Phyllostachys heterocycla MITF. , :




, 2,6-dimethoxy-1,4-benzoquinone
(046-27081)

HPLC  Shimadzu LC-10Avp
: YMC-pack ODSAQ-3C2 2.01.D. x

150 mm , 140

: 0.25 mL/min, : 280 nm, 3
ul, : (A) 0.01 M H3PO4; 0.01 M KH2PO4 (1:
1) (B) [ : 0—30 min
(B: 0—50%),30—50 min (B: 50—60%),50—75
min (B: 0%)].

3. HPLC

HPLC

2,6-dimethoxy-1,4-benzoquinone

3 AEF

2,6-dimethoxy-1,4- benzoquinone

HPLC

2,6-dimethoxy-1,4-
benzoquinone



J\/\,,, . o B /E/\/\/\/#,kJ/\

1 HPLC (UV at 280 nm)

A F A Lot. A: A289 B:A420 C:A422 D:
A425 E:A427 F:A442
1: propiophenone 4'-O-primeveroside, 2: 5-hydroxymethyl-2-furfural, 3: 4-hydroxybenzoic
acid, 4: p-coumaric acid, 5: transferulic acid, 6: N,N'-diferuloylputrescine, 7:
4'-hydroxypropiophenone, 8: B-arbutin, 9: tachioside, 10: isotachioside, 11
3,4-dihydroxypropiophenone  3-O-glucoside, 121 koaburaside, 13: Iyoniresinol
9'-O-glucoside, a: 2,6-dimethoxy-1,4-benzoquinone



CH3 HOH,C._ _O. _CHO COOH
o o
0 HO

v?j:m 2 3
o ~" OH
HO\..qOH OH /@/\/coon H,CO . COOH
HO
4

n

OH
H!COU\)LN/\/\/N x OCH3 HO

HO =~ “OH
3 0 OH
10
0 HO
OCHa
0 10,
o HO., o OH
HO 0
o HO” ™7 0 OCH
<~ YOH OH
OH
11 12

2

1: propiophenone 4'-O-primeveroside, 2: 5-hydroxymethyl-2-furfural, 3: 4-hydroxybenzoic
acid, 4. p-coumaric acid, 5: transferulic acid, 6: N,N'-diferuloylputrescine, 7:
4'-hydroxypropiophenone, 8: B-arbutin, 9: tachioside, 10: isotachioside, 11
3,4-dihydroxypropiophenone  3-O-glucoside, 12 koaburaside, 13: lyoniresinol
9'-O-glucoside
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Relative response factor HPLC/PDA
HPLC/PDA
HPLC/PDA
PDA
(Relative Response Factor RRF)
'H-gNMR HPLC/PDA RRF
HPLC/PDA RRF
0.002% RRF
1) 1
HPLC/PDA
(Fig. 1) (Fig. 1)
&) (Relative responsefactor (RRF)) NMR
Artemisia capillaris THUNB. (*H-gNMR)
RRF
B.
9 B 1
A 1( )
HPLC/PDA 2 ( ) 3( ) 3

PDA (Table 1)



A ( ) H-gNMR
99.5%
a d
NMR
(MeOH-ds) (Isotec 151947)
H-gNMR 1,4-BTMSB-ds (1,4-bis
(trimethylsilyl) benzene-ds) ( ()
99.8+0.5% 024-17031)
(DEP) (
99.98 +0.01% 639-10081)
HPLC
B 3 RRF
RRF
D
— (@
RRE =ty How Mup Aoy
Cap Hep M Cap AHeP
S H S
M A Cap
Hep
15 2 7 2 10( 6mg 9mg 12mg)
3 1.0 mL
MeOH-ds 0.6
mL NMR
RRF Table 2
H-gNMR
9 ( H-2+H-6 H-3+H-5 H-4
H-2+H-6 H-3+H-5)
(Fig. 2) (H) 1
'H-gNMR RRF 10
uL  HPLC/PDA
6.5mL Table3 HPLC/PDA

(A 1
B 4 RRF HPLC/PDA
1 3 B 5 H-gNMR
a d
(BM-252 ()
AND )
(XP2U METTLER TOLEDO )
Table4
n=1 (
=500 500 1)
100 mL HPLC/PDA
HPLC/PDA Table3
HPLC/PDA

Inertsil ODS4 (2.1 x 150 mm 3 um GL science)
2

(2

WHep X'ACap>< 1 XPHep

Cont(wt%%)= A.. RRF 100

Sample
W A
Cap Sample

Hep

RRF 131 P

B 5 !H-gNMR
B 5 1 H-gNMR
IH-gNMR 1,4-BTMSB-d,
MeOH-ds 50 mL

IH-gNMR

10 mg

(DEP)
IH-gNMR
1,4-BTMSB-d,

B 5 2
4 4 ( )
5.0 mg
B 51
1.0mL

IH-gNMR
n=1

0.6mL NMR

H-gNMR Table

2 H-gNMR n=



(Fig.

3 H-gNMR 1,4-BTMSB-ds
H-gNMR
C.
c1
HPLC/PDA
H-gNMR
Table 5 13
Table3
HPLC/PDA
HPLC
(Fig. 3)
4 4
H-gNMR
4
H-gNMR
(1.4% ) (Table6)
c 2
RRF
RRF H-gNMR
H-2 + H-6
H-3+H-5 2
H-2+H-6 H-4 H-3+H-5 3
2)

1
RRF
RSD 0.56%
(Table 7)
RRF
HPLC/PDA
256 nm 284
nm
256 nm
284nm (Fig. 4)
3 3 1
RRF (Table8) 3 3
n=3 RRF
1.31 RSD 1.25%
RRF
RRF 1.31
C 3 RRF HPLC/PDA
1-3
(Table 4) HPLC/PDA
HPLC/PDA
2
4)
( ) H-gNMR
RRF
(Table 9)
0.002% RRF
D
RRF HPLC/PDA



99.5%

0.002%
RRF
91 94%
RRF
E.
1) 120 (1996)
8 4 16 .
2) 13
7 22 10

20

3)
4)

377

(2010)

13

8

”2007.

gNMR
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Tablel

1 A Lot1l
2 A Lot2
3 A Lot3
Table2 gNMR
Spectrometer ECZ600 (JEOL Ltd)
Spectral width 5 15ppm
Data points 48014
Auto filter on
Flip angle 90
Pluse delay 60s
Scan times 8
Sample spin no spin
Probe temperature 25°C
Solvent MeOH-d,
Reference material 1,4-BTMSB-d,s
Table 3 HPLC/PDA
Alliance 2695 separation module-2996 photodiode array (Waters)
Inertsil ODS-4 (2.1 x 150 mm 3 um GL science)
Atlantis dC18 (2.1 x 150 mm 3 um Waters)
TSKgel ODS-80TsQA (2.0 x 150 mm 5 um TOSOH)
=500 500 1
40°C
0.15 mL/min
PDA 190-600 nm
284 nm 256 nm
10 uL
Table 4 HPLC/PDA (mg)
1 2 3
1222 0.4919
1803.3 2.3904

950.2 19311




Table5

4- 3.2min Cat N0.99-96-7 Lot N0.44CWL-ST
4.7 min Cat N0.99-76-3 Lot No. STN0409
5.6 min Cat N0.120-47-8 Lot No. SDK4955
7.3min Cat N0.94-13-3 Lot No.AJO1
9.8 min Cat N0.94-26-8 Lot No. SDP7282
13.9min Cat N0.6521-29-5 Lot No.FIFO1
20.1 min Cat N0.1083-27-8 Lot No.PCX01
31.5min Cat N0.1085-12-7 Lot No. KPG0950
7.0min Cat N0.4191-73-5 Lot No.GHO1
10.0 min Cat N0.4247-02-3 Lot No.AUO1
10.0 min Cat N0.94-18-8 Lot No.PCX01
4- 26.1 min Cat N0.720-75-2 Lot No. KPK0210
2- 46.2 min Cat N0.93-44-7 Lot No. TLH0334
Table6 gNMR
a c d
gNMR (%) 97.0+3.3 96.6 £3.5 972+34 97.4+3.5
(%)  97(HPLC)  98(HPLC) 98 (T) 98 (GC)
Table7 RRF
*Average = SD RSD (%)
1:5 0.28 +£0.00 0.47
2:7 0.41 +0.00 0.20
2:10 0.30+0.00 0.56
*n=3
Table 8 RRF
1:5 2.7 2:10 Average SD RSD (%)
Inertsil ODS-4 1.32 1.30 1.32 1.31 0.01 1.11
AtlantisdC18 1.29 1.29 1.29 1.29 0.00 0.24
TSKgel ODS-80TsQA 1.32 1.30 1.32 1.31 0.01 1.11
Average 1.31 1.29 1.31 1.31
SD 0.02 0.01 0.02 0.02
RSD (%) 1.43 0.52 1.34 1.25
Table9 (%)
1 2 3
0.033 0.010 0.015
RRF SD 0.0008 0.0000 0.0001
RSD (%) 2.3 0.1 05
0.035 0.011 0.016
SD 0.0007 0.0001 0.0007
RSD (%) 2.0 14 4.6
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H26- - -001

28
G. glabra
8 4
LC/IMSMS 4 MW 322 354 358
370 4
4
MW 358 MW 370 DPPH
DPPH
G. glabra
8 4
A. LCIMSMS
4
B.
B 1
DPPH
G. KZ34 (G. glabra
glabra (KZ34) )
8
1 B 2
glabidin 1,1-diphenyl-2-picrylhydrazyl (DPPH) B 4
2 TLC-DPPH Wako B 14
LC/IMSMS licochalcone B DPPH Sigma
hispaglabridin A 1 6-hydroxy-2,5,7,8-
LC/IMSMS kanzonol X tetramethylchroman-2-carboxylic acid (Trolox)
4 MW Aldrich

322 354 358 370 NMR methanol-ds acetone-ds



chloroform-d (Isotec )
HPLC
Sephadex LH-20
) ODS
12nm
(YmMmC )

YMC*GEL
150 um AA12SA5

(GE Hedlthcare
ODS-A (

/
(LC/IMS) aliance Waters 2695 (HPLC) Waters
2996 (PDA) Micromass Quattro Micro™ (MS)
(Waters ) HPLC  CBM-20A
( ) LC-20AD( 2
) DGU-20Azr ( ) SPD-M20 (PDA)
CTO-20AC( ) FRC-10A (
) LCsolution ( )
(SHIMADZU ) NMR
JNM-ECA600

(JEOL ) NMR

B 4 TLC-DPPH

TLC UNIPLATESSILICA GEL GF
250 microns (ANALTECH )
butanol/ acetone/ 5% ammoniawater /
water (11/3/3/3) DPPH 40 mg
ethanol 100 mL DPPH
TLC DPPH
DPPH
DPPH
B 5 LC/MS
HPLC Inertsil ODS-3 1.5 x 150 mm
(GL science ) C30
deverosil UG-5 4.6 x 250 mm (C30 )
( ) 0.1%
0.1% CH:CN
liner gradient

m/z100-1000 PDA 200-600 nm

KZ34
45-21b
fr32-33C

frc11-22b frc37-22b frcd4, 45-29b frc44,
frc54-24c  frc25-28b  frc25-25¢

B 6
KZ34 (15.07 g)  ethyl acetate (EtOAC) / 40%
methanol (AgMeOH) (1:1 10L)
40% AgMeOH
3 EtOAc

EtOAC

EtOAC
TLC-DPPH
EtOAC

40% agMeOH
LCIMS
DPPH
LC/MS
glabridin

B 7 Sephadex LH-20
EtOAC MeOH
LH-20

EtOAC
Sephadex

1 (fr) 15
frl1 fr96
methanol (MeOH)
TLC-DPPH
fr5 fr6 fr10 fr45
TLC-DPPH LC/MS
frl fr10 (fr ) fril frl7 (fr 1) fri8
fr27 (fr 2) fr28 fr37(fr 3) fr38 fra5(fr 4)
fra6 (fr 5)

20 mL

LC/MS
fr 2
B 8 YMC*GEL ODS-A fr 2
fr2 MeOH OoDS
ODSHr2
ODSHr2
13
3 30% agMeOH
40% agMeOH 60% agMeOH 80% agMeOH
500 mL

MeOH 1000 mL CH3CN 500 mL



1 15 20mL
(1 fra2- 2 frb2- 3
frc2- ) TLC-DPPH
LC/MS
1
fra2-50 fra2-65 fra2-70 fra2-80 fra2-85

TLC-DPPH
fra2-45 fra2-100 LC/MS
LC/MS  TLC-DPPH
fra2-50 licochal cone B
fra2-65 fra2-70  glabridin fra2-80 fra2-85
(MW) 354
2 1
30% agMeOH  40% agMeOH
60% agMeOH
frb2-1 frb2-70 frb2-1
frb2-60 LC/IMS
1 OoDS

frb2-10 frb2-16
frb2-17 frb2-26 frb2-27 frb2-28 frb2-29
frb2-30 frb2-31 frb2-32 frb2-33 frb2-34 frb2-35
frb2-36 frb2-37 frb2-38 frb2-39 frb2-40 frb2-41
frb2-42 frb2-43 frb2-44 frb2-45 frb2-46 frb2-47
frb2-48 frb2-49 frb2-50 frb2-60

3 2
(frc2-1  frc2-70)

B 9 LicochaconeB

frb2-10 16 licochalcone B
HPLC C30deverosil
UG-5 10.0 x 250 mm (C30 ) ( )
0.1% 25% CHsCN (4.0
mL/min) 156.0 mg
B 10 Glabridin kanzonol X
frb2-38 42 39 42 glabridin
kanzonol X HPLC
C30 0.1% 50%

CH3:CN (4.0 mL/min)

glabridin ~ 1035.7 mg kanzonol X  134.0 mg
B 11 MW 354
hispaglabridin A
frb2-45 MW 354
hispaglabridin A HPLC
C30 0.1%
55% CH3CN (4.0 mL/min)
hispaglabridin A 231.5mg
MW 354
HPLC C30 0.1%
42% CH3CN (4.0mL/min)
59.5mg
B 12 MW 322
frb2-31 MW 322
HPLC C30
0.1% 40% CHsCN
(4.0 mL/min)
MW 322
HPLC
C30 0.1%
30% CH3CN (4.0 mL/min)
133.3mg
B 13 MW 358 MW 370
frb2-30 MW 358 MW 370
HPLC
C30 0.1%
35% CHzCN (4.0 mL/min)
C30 MW 358 MW 370

COSMOSIL PACKED COLUMN 1 NAP 4.6 x

250 mm (1t NAP ) (
) HPLC
0.1% 25% CH3CN
(1.0 mL/min) MW 370
27.2mg MW 358 26.0mg



MW358
HPLC C30
0.1% 35% CHsCN (4.0
mL/min)
MW 358 MW 370
frc2-30
B 14 DPPH
200puL 0.1 M Tris-HCI (pH 7.4) 800
uL DPPH 1mL
10
DPPH
30 517 nm
99.5% 12mL  0.1M TrisHCI
(pH 7.4) 800 uL
As
99.5%
Ac (%)

(%) = (Ac-As) / Ac x 100

C 2 LicochaconeB
yellow
LC/MS KZ34frcl11-22b
RT. UV MS
C30 0.1%
25% CH3CN (1.0 mL/min) RT,
20.22min UV; Amx 368 nm MS; m/z285 [M+H]*

m/z287[M H]
NMR acetone-ds methanol-d,
1) (
methanol-d,) licochacone B
C 3 Glabridin

pearl

LC/MS Kz34frc37-22b R.T. UV
MS
C30 0.1%
50% CH3CN (1.0 mL/min) R.T.; 23.42 min

UV;Amx 228 281nm MS; m/z325[M+H]* nvz
323[M H]

NMR acetone-ds

C 4 Kanzonol X

brown
LC/MS KZ34frcd4,4529% R.T.
uv MS
C30 0.1%

50% CHzCN (1.0 mL/min) R.T.; 49.52
min UV, Amax 207 283 nm MS; nVz395 [M+H]*

m/z393[M H]
NMR acetone-ds
&) ( acetone-ds)
C 5 Higpaglabridin A
brown
LC/MS KZ34frcb4-24c RT. UV
MS
C30 0.1%

55% CH3CN (1.0 mL/min) R.T.; 56.95 min
UV; Amx 229 280 293nm MS; nVz393[M+H]*

mz391[M H]
NMR acetone-ds
chloroform-d
chloroform-d C-7 C9 C-2
C4 4
3 ( chloroform-d)
hispaglabridin A
C 6 MW354
LC/MS Kz34frcd44, 45-21lb R.T. UV
MS
MS; m/z355 [M+H]* m/z353[M H]

NMR acetone-ds chloroform-d



3

( chloroform-d)
3’-hydroxy-4’- methoxyglabridin

C 7 MW322
white
LC/IMS Kz34 frc32-33b R.T. UV
MS
C30 0.1%

30% CH3CN (1.0 mL/min) R.T.; 181.13 min
UV; Amax 214 248 284 295 324nm MS, m'z
323 [M+H]* m/z321[M H]

Glabrene 4 (
methanol-d, : chloroform-d=1:1) NMR

'HNMR -0.07 ppm
BCNMR  0.8ppm
2 NMR glabrenec
cas no. 60008-03-9
C 8 MW358
brown
LCIMS KZz34 frc25-28b R.T. UV
MS
C30 0.1%
35% CH3CN (1.0 mL/min) R.T.; 37.65 min

UV; Amax 230 290nm  MS; mVz359 [M+H]* m/z
357[M H]

NMR chloroform-d

methanol-d, acetone-ds

5) (
cas no. 938190-35-3

acetone-dg)

C 9 MW370
yellow
LC/MS T NAP
0.1% 25% CHsCN (1.0
mL/min) R.T.; 114.07 min UV; Amax 255, 364 nm
MS, m/z371[M+H]* m/z369[M H]
® LC/IMS UV
MS

NMR chloroform-d

methanol-d, acetone-ds

5) (
cas no. 905708-40-9

acetone-dg)

C 10 (DPPH
)
(DPPH
)
H-gNMR
D
G. glabra
8
LC/IMS
RT. UV
MS
4
4 MW 322, 354, 358,
370
MW 370 MW 358
5 DPPH
LC/IMSIMS 4
glabridin licochalconeB kanzonol X
hispaglabridin A
NMR
glabridin licochalcone B
kanzonol X hispaglabridin A 3’-hydroxy-4’-
methoxyglabridin glabrene
E.
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hoJ o mtE LY K234 15.07 g

|
EtOACIE / 40% agMeOH[Z

| EtOAc T40% agMeOHEZ 3[E

Sephadex LH-20(C kA7 El{E (2[E#EYR T, 1frépizY~20mL)

[ MeOH

fri~10 fri1~17 fr18~27 fr28~37 fr3g~45 frde~

(fr0) (fr1) (fr2)

(fr3)

(frd)

(fr5)

YMC*GEL ODS-AIZ KBS EIE (3EFRYIRTY, 1frdpf=l) ~20 mL)

[ 60% agMeOH 80~100% agMeOH MeOH, MeCN
| I I I
fra2-49~53 fra2-54~63 fra2-64~83  fra2-84~100
frb2-10~16 frb2-17~26 frb2-27~49  frb2-50~60
frc2-11~17  frc2-18~27 frc2-28~50  frc2-51~70
BLUrTRfE

Deverosil C30 UG-5

frb2-10~16

Deverosil C30 UG-5

frb2-10~16-2 frb2-30 frb2-31 frb2-39~42 frb2-45
Licochalcone B frc2-30
frb2-30-2 frb2-31-2 frb2-39~~42-1 frb2-39~42-2
fre2-30-1 Glabridin Kanzonol X
® Deverosil C30 UG-5 frb2-45-24~38
Hispaglabridin A
Deverosil €30 UG-5 Deverosil C30 UG-5 frb2-45-3~5
| COSMOSILPACKED COLUMN TNAP frbz._:l,l.z._:,
MW 322 Deverosil C30 UG-5
frb2-30-2-4~7-1 Glabrene |
MW 358
frb2-30-2-4~7  frb2-30-2-22~-30 frb2-45-3~5-1
(cas no.938190-35-3) f1c2-30-1-2 Frc2-30-1-2 MW 354
| Mw 370 (3’-hydroxy 4’-Methoxyglabridin)
©) (cas no. 905708-40-9)
DPPH
TEAC
ICsq IC/SO (ny TE/ny
mL
(mg) (mg/mL) (mg/mL) (ny/mL) sample)
Licochalcone B 3.18 1.590 0.0444 44.36 1.65
Glabridin 255 1275 0.2857 285.71 0.26
Hispaglabridin A 1.91 0.955 0.0937 93.72 0.78
Kanzonol 1.90 0.950 0.1493 149.25 0.49
MW 354 2.20 1.100 0.6320 631.95 0.12
MW 358 191 0.955 0.1910 190.99 0.38
MW 370 201 1.005 0.1824 182.37 040
MW 322 552 2.760 0.2214 22142 0.33

Trolox I1Csy = 72.99 pg/mL
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H26- - -001
28
Y1 Y1 1 OH
9 cis Y1 Y2
Y1
Y2
Bl B2
Bl B2 Y1 Y2
(genipin) (benzylamine)
Fig.
1
1
Y1l
Y1 1 OH
9 cis Y1
Y2
B— Y1l Y2
Y2
(Fig.1)
(geniposide) Y1 Y2
Y1



B-1)

(Wako 078-03021 Lot CTF5047)
(Wako 029-05273 Lot
CTP1798) 1,4-BTMSB-ds (Wako
024-17031 Lot DCL1923) MeOH-d; (ISOTEC
151947 Lot 1Y2101) TLC Silicagel 60
F254 (MERCK, #5715, 20x20cm, 250um 1x5¢cm
)
60 (MERCK, 1.07734.1009 0.063-0.200mm)
HPLC

B-2)

LC/MS UPLCITOF-MS
Table1—~3

prepLC
NMR

JEOL JINM-ECZ600 JEOL CH UltraCOOL
probe
native scale ) ppm
B-3) (LC
)
11
0.2 mmol/20 mL
MeOH
600 nm LC/PDA
(LC Table 1)
Y1 Y2
MeOH
LC
B-4)
(NMR )
0.4 mmol 0.2 mg/mL

14-BTMSB-d; NMR /MeOH-d,

0.6 mL 5mme NMR
40 uL
NMR
NMR H-gNMR 7
BC-NMR 12
H-gNMR

= RG=20 scan=4

64 s T1x5
BC-NMR = RG=56 scan=256
B-5)
0.1 mmol
MeOH 5mL 80 5
(50 mL) HCI
(50mL) 3 -
S
MeOH =10 1 ¢20 mmx140 mm
70% MeOH
Table 3 prepLC
B1( 22 ) B2( 28 )
NMR H ®¥C COSY !H-BC-HMQC
H-13C-HMBC UPLC/TOF-MS(
Table 2)
C.
C-1) LC Y1l Y2
Y1 Y2
Y2
Y1 Y2



Fig.2 Tablel LC 600

nm
LC Y1
Y2 12 14
1:1
16.5
10—~20
15 17
10 20
(Fig. 28)
S
Y1 Y2 MeOH
LC
Fig.2b,2c Y1
Fig. 2b
PDA (190-800 nm)
12 Y1l
600 nm
16
Y1
Y2
PDA(190-800 hm)
14 Y2
600 nm
1.1
Y2
600 nm

Y1 Y2

C-2) NMR Y1 Y2
C-1) Y1 Y2
NMR
MeOH-d, H-gNMR BC-NMR
1,4-BTMSB-d, H-gNMR
BC-NMR
(Fig. 3,4)
NMR
Y2
Fig. 3,4
2020 NMR
1.8
1,4-BTMSB-d,s
NMR
NMR
NMR
NMR C-1) LC
C-3) B1 B2
Fig. 2
LC
10 20



HCI -

Table 3
prepLC Bl B2
Bl B2 Tablel
LC/IMS
Fig. 5 Bl
16.0
604.9nm ESI positive m'z
541.2
B2 16.4
617.9nm ES|
positive vz 555.2
Bl B2
UPLC/TOF-MS
ESI positive
Bl miz541.2119 B2 m/z
555.2299 Bl positive
C35H29N204 (cal cd. m/z 541.2127) B2
positive
C3sH31N204 (calcd. m/z 555.2284)
Y2 Ci1sH1sNO3
Bl (Y2+Y2)-CH10O, B2 (Y2+Y2)-HgO»
Y2 2

Table?2

Bl B2 MeOH-d4 'H-NMR

o 7.4 ppm 4 5.7 ppm
0 3.9 ppm
Y2 5,6
1,3 710
o 7~9ppm
(Fig. 6, 7, Table 4)
BC-NMR
6 128~135ppm 4 63 ppm
852
ppm 164 ppm
Y2 5,6

Bl HMQC HMBC
Fig. 8
B1 2 Y2 6 10
2 N
Bl
UPLC/TOF-MS Bl m/z541.2119
CssH2N204  positive
Bl
Bl NMR
B2 Bl
Bl
Fig. 9
Y2 M2 M3
M2 M3 Bl
B2
D.
Y1 Y2
Bl
B2
1



Y1 Y1
1 OH 9
cis Y1
Y2
Bl B2
LC/TOF-MS NMR
Y2 6 10
E.
F.
1.
1)
(2016.6)
2) gNMR
JAIAN (2016.8)
3) NMR/LC
(
NMR )
63 (2016.9)
4)
gNMR/LC
65 (2016.9)
5)
NMR
NMR
(2016.12).
6) 1 1 1
, NMR
45 (2016.12).
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CH3 CH;
H
. _H
OH
H
HO H 4
Ox O
CHy * HN\/O
H 2
H
B —
O benzylamine
H H
HO 0

+
isomer of Y1 (Y1') Y1
Os O
CH,
\ H
p}[/@ — > blue compound
N
HO H

Y2

Fig. 1 Estimated reaction pathway of blue compound generation from genipin and benzylamine
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Fig. 2 Changes of LC profiles of reaction mixture (genipin : benzylamine =1 : 1) and
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Table 1 LC/MS conditions

LCAM S system

Colmn
Cobmn tem p.

Solent

Fbw rate

PDA scan

Capilbry vo ltage
Cone voltage
Source tem p.
Desolaton tem p.
Desolaton gas fbw
Cone gas fbw

lon m ode
M'S scan

W aters LC : Alliance 2695,PDA:2996 photodibde aray detector,

MS:Quattro m cro'"

Atente T3 (.1x 150 mm ,3pum ,W aters)
40

A:01%HCOOHAH,0 B:01%HCOOHMeOH
gradient:B 50% (0-3 m n) - 95% (15-25 m n)
02mLMAin

190-800 nm

30 KkV (Pos),2.5kV (Neg.)

20V (Pos.),30V (Neg.)

120

350

400 LAr

50 LAr

ESI

m/ 100-1000

Table 2 UPLC/TOF-MS conditions

LCAM S system

Column

Colmn tem p.
Solent

Fbw rate

PDA scan

Capilkry vo ltage
Cone voltage
Source tem p.
Desolatbn tem p.
Desolatbn gas fbw
Cone gas fbw

lon mode
M'S scan

WatersUPLC:ACQUITY H-CLASS,PDA:ACQUITY eA ,
TOF-MS:Xevo-G2QTof

ACQUIY UPLC BEH C18 (2.1x 50 mm ,1.7py m ,W aters)
40

A:01%HCOOHAH,0 B:01%HCOOHMeOH
gradient:B 50% (0O m n) - 95% (9-11 m n)
02mLAin

210-800 nm

05 40kv

10 100V

120

450

800 LAr

50 LAhr
ESI1(Resobtbn mode)
m/ 100-4000




Table 3 Prep LC conditions for compound Bl and B2

SHIMADZU :prom nence LC (LC-20AT ,SIL-20AC,CTO -20AC),PDA

LC system (SPD-M20A),FRACTION COLLECTOR (FRC -10A)
CobLmn AtbntsPrep T3 (10x 250 mm ,5u m ,W aters)
Cobmn temp. 40

A:0.1%HCOOHAH,0 B:0.1%HCOOHMeOH
Soblent _ _

Bocratc:B 66%
Fbw rate 25mLAn
PDA scan 190-800 nm (detect :600 nm)
Inpcton vom e 200 800 uL

Table 4 'H- and “C-NMR assignments of Bl

13 H
Position DEPT135 HMBC (H—C)
1 1341~ CH 914 brs 3,58, 7
3 1343 CH 854 brs 1,4,57,C=0
4 1176
9 140.8
6 120.2
i 139.7 CH 803 brs 5,6,8,9,10
8 1341~
9 134.2
10 1191 CH 7.2 brs '6,7,9
C=0 164.3 C
MeO 51.8 CH3 394 s C=0
1 135.0 C
2,6 128.0 CH
4' 129.2 CH 743-749 m 125354 ,:9516); T
31,57 1293 CH
7 62.8 CH2 569 brs 1,32

*overlapped signal



(H26- -001)
28
4-
4- C LC/IMS
4 4-
carminic acid
carminic acid
A.
pH
2002
caminic acid 1 carminic acid carminic acid
1 laccaic acid A B kermesic acid

C E (Fig. 1) 29 purprin

carminic
acid carminic acid

4 4-
(4-aminocarminic acid)
carminic acid (Fig. 1) ®
4-aminocarminic acid
2000 6).7).8).9)
4 4-Aminocarminic acid carminic acid



carminic acid 4
(-OH) (-NH2)

laccaic acid

4), 5

LC/MS NMR

B.
B-1)
( )
() UN (*“NH,OH
Cat. No 016-03146) () BN
(*NH,OH Cat. No 609390)
NMR
dimethyl sulfoxide-ds(DMSO-ds)  ISOTEC

B-2)

300 mg 100mL  10%

120°C 2h

200 mL  0.05%
0.1% (pH 2)
(pH 6)

(pH 10)

300 mg

10 mM
0.05%
100
300 mg

200mL  0.05%

0.1%

20% 10
0.2 pm
LC/IMS
LC ACQUITY UPLC/SQD system
(Waters ) XTerraMS C18 (2.1 mm
i.d.x150 mm 3.5 um Waters )
40°C A 1% B 1%
A B 80 20(0-10
min)—75 25(10-35 min) 10 L
0.3 mL/min PDA 200 500 nm
280 nm
MS 3.0kV
30V 120°C
350°C 600 L/hr
50L/hr m/z=200 700 (ESI neg.)

B-3) Laccaic acid C 4-aminolaccaic acid C

259 0.05%

500 mL (FILTER PAPER
QUALITATIVE ADVANTEC No.2 15 cm
())
0.1% 30%
OoDS (Chromatorex ODS

() Ca. No DM1020T 4.0
mm i.d.x400 mm) 200mL  0.1%

30% 200mL  0.1%
40%
20 ( 20 mL) LC/MS
laccaic acid C
20
50¢g laccaicacidC
300 mL
0.05%
LC/MS 1,700 mg
laccaic acid C
laccaicacid C B-2
1“NH,OH 5NH,OH
LC/MS
600mg  N-4-aminolaccaic acid C
50mg  N-4-aminolaccaic acid C
LC/MS XTerraPrep RP18 (19 mm

i.d.x100mm 5um Waters )



40°C A 0.1% B
0.1% (laccaic acid C)
A B 75 25(0-15min) (4-aminolaccaic acid
C) A B 75 2540 60(0-10min)

700 pL 8mL/min Nz 538
[M-H]" (laccaic acid C 5 N-4-aminolaccaic acid
C) (**N-4-aminolaccaicacid C) mvz
537 [M-H]"

B-4) NMR
NMR
JEOL

DM SO-ds

JNM-ECAS800
JEOL CH UltraCOOQL prabe

H- BC-NMR COrelation
SpectroscopY  (COSY) 1H-detected Multiple
Quantum  Coherence  (HMQC) 1H-detected
Multi-Bond heteronuclear quantum Coherence
(HMBC) Incredible Natural Abundance DoublE
QUAnNtum Transfer Experiment (INADEQUATE)

INADEQUATE probe temperature
50°C relaxationddlay 1s Jcongtant 70 Hz
X points 8192 Y points 128 scan times
320000(laccaic  acid C (4 dayg)
486400(aminolaccaic acid C (6 days))

BN-NMR probe temperature 50°C
relaxationdelay 2s Spectral width -50 650
X points 32768 scantimes 880 NOE false

C.
C-1) LC/MS
pH
pH
pH (Table
1)
LC/MS
5 ( 1
5 1 5
)(Fig. 2) 15
490 nm

1 5 550 nm
12 4 5 m'z
494 538 495 m/z536
[M-HJ
laccacacidE C B A (Table
2) 2), 3), 10), 11), 12), 13), 14) 3
m/z359 315 m/'z271
LC/IMS/IMS
anthraguinonedicarboxylic acid
m/z 359 [M-H]" 315 [M-H-COy] m/z 271

[M-H-2CO,] 3

anthraquinonedicarboxylic acid
15)

1 ¥ m'z
15 1
(Table 2)
5)
4 (-OH)
(-NHy) 1Da
1 5
laccaic acid A B C E
anthraquinonedicarboxylic acid 4
(-OH) (-NH2)

C-2) Laccaicacid C
Laccaic acid

laccaicacidA B C E

laccaic acid
NMR

ODS

laccaic acid
laccaic acid C
LC/MS
laccaicacidC
600 uL

laccaic acid C

1,700mg

500mg laccaicacidC DM SO-ds



NMR IH-NMR
on6.92 7.04 7.13
on 7.56 on 3.11
on 4.12 (Table
3) BC-NMR 25
(Fig. 3)(Table3) HMQC
on311l 412 692 7.04 7.13
on 7.56 0c 35.36 54.05 116.48
132.83 130.82 oc 115.86
HMBC on6.92  0c119.36
0c125.0 04 7.04 6c35.36 12555 130.82
0c155.00 04 7.13 6c132.83 oc 155.00

on 71.56 Jc 118.32 121.23 168,54 183.12
oc 186.75
10
2D-INADEQUATE
13c_13C

13c_13c
6¢121.23-140.17-(169.53)-118.32-136.53- (115.86)
-(169.65)-186.75-118.83-(104.90)-(183.12)-148.50-
153.12-122.55-(158.93)-(104.90)-119.36-(155.00)-

(116.48)-132.83-125.04-130.82 oc 54.05 -
170.76 (Fig. 4)
NMR LC/MS Fig. 4
laccaicacidC
13)
C-3) 4-Aminolaccaic acid C
C-2 laccaic acid C 800 mg
LC/MS
o
laccaic acid C NMR
H-NMR OH
6.81 7.05 7.32 on 71.57
on 299 311 on 3.83
(Table 3) BC-NMR
25
(Fig. 3)(Table3) HMQC o1 3.83
6.81 7.05 7.32 on 7.57 oc
5499 118.12 129.06 133.78 oc 113.88
on 2.99 on3.11

0c 35.78 HMBC
on6.81 Jc122.59 124.83 oc 155.85
on7.05 0c¢35.78 125.59 133.78 oc 155.85
on7.32 6c35.78 116.08 129.06 oc 155.85
on 7.57  Jc 119.62 138.33 167.20 169.41
177.15 oc 180.00

2D-INADEQUATE BC-BC

oc  138.66-119.99-167.20-113.88-138.33-119.62-
138.66 oJc 180.00-104.76-(144.11)-102.00-177.15

oc 116.08-122.59-133.78-124.83 oc
129.06-118.12-155.85 (Fig. 5)
4 (oc 162.84,
164.43, 170.59 oc 171.07) laccaic
acid C
(Table 3)
LaccaicacidC laccaic
acid C 7
25
laccaic acid C laccaic
acidC 1Da
laccaic acid C
(~OH) (-NHy)
(-NHy)
laccaic acid C
’NH,OH NMR
14N 1
15N :U2 13c_15N
16) l3c_N MR
25
4
(Jon 1541 H2)
(Fig. 6) laccaic acid C
4-aminolaccaic
acid C
LaccacacidA B E
laccaic
acidC LC/MS
anthraquinonedicarboxylic acid
laccaic acid(A
B C E) 1

laccaic acidA B C E)



1 3 4 5
4-aminolaccaic acid E
4-aminoanthraguinonedicarboxylic acid
4-aminolaccaic acid B 4-aminolaccaic acid A

(Table 2)
D.
caminic acid 1
laccacacidA B C
E
pH

laccaicacidA B C E 4

(-OH) (-NHy)
4-aminolaccaic acid A B C E

4-aminolaccaic acid

(4-aminocarminic acid)
4-aminolaccaic acid
4-aminocarminic acid

E.

1) Schmitt, P., Giinther, H., Hégele, G., Stilke, R., A
H and *3C NMR study of carminic acid. Org. Magn.
Reson., 22, 446-449 (1984).

2) Oka, H., Ito, Y., Yamada, S., Kagami, T.
Hayakawa, J., Harada, K., Atsumi, E., Suzuki, M.,
Suzuki, M., Odani, H., Akahori, S., Maeda, K.,

Tanaka, T., Mizuno, M., Identification of lac dye
components by electrospray high performanceliquid
chromatography-tandem mass spectrometry. J.
Mass Spec. Soc. Jpn., 46, 63-68 (1998).

3) Hirata, K., Uematsu, Y., Suzuki, K., lida, K.,
Yasuda, K., Saito, K., Analysis of main pigments
and other ingredientsin lac color product. Shokuhin
Eiseigaku Zasshi (Food Hyg. Saf. Sci.), 42, 109-113
(2001).

4) Schul, J., U.S. Patent 5147673 (Sep. 15, 1992).
5) Sugimoto, N., Kawasaki, Y., Sato, K., Aoki, H.,
Ichi, T., Koda, T. Yamazaki, T., Maitani, T.,
Structure of acid-stable carmine.  Shokuhin
Eiseigaku Zasshi (Food Hyg. Saf. Sci.), 43, 18-23
(2002).

6) Kawasaki, Y., Sugimoto, N., Sato, K., Yamazaki,
T., Ishiwata, H., Maitani, T., ldentification of
acid-stable carminein imported apple syrup product.
Shokuhin Eiseigaku Zasshi (Food Hyg. Saf. Scil),
43, 191-195 (2002).

7) Sabatino, L., Scordino, M., Gargano, M., Lazzaro,
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R=OH : Laccaic acid A (MW: 537) R=0OH : Laccaic acid B (MW: 496) R=0OH : Laccaic acid C (MW: 539)
R=NH,: 4-Aminolaccaic acid A (MW: 536) R=NH,: 4-Aminolaccaic acid B (MW: 495) R=NH, :4-Aminolaccaic acid C (MW: 538)
N R="5NH, : "®N-4-Aminolaccaic acid C (MW: 539)
2
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HO OH
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R=0OH : Laccaic acid E (MW: 495) R=0H : Carminic acid (MW: 492)
R=NH,: 4-Aminolaccaic acid E (MW: 494) R=NH,: 4-Aminocarminic acid (MW: 491)

Fig. 1 Structures of anthraquinone derivatives in this study.
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Fig. 2. LC/MS analysis of lac dye and ammonia-treated lac dye.

(A) Lac dye; (B) Ammonia-treated lac dye. HPL C chromatograms were recorded at 480 nm. PDA

spectra of peaks 1 to 5 and 1’ to 5’ are shown below. MS analyses of peaks a to e and 1’ to 5’ are

summarized in Table 2.
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Fig. 3. ®*C-NMR spectra of laccaic acid C and 4-aminolaccaic acid C.
13C-15N spin coupling of **N-4-aminolaccaic acid C was observed at éc 141.44 (15.41 Hz) (Fig. 6).
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Fig. 6. Synthesis of 2N- and °N-4-aminolaccaic acid C (A) and *C-NMR spectra of 1*N- and **N-4-aminolaccaic acid C (B).



Table 1. The color of lac dye and ammonia-treated lac dye at different pH conditions.

Lac dye Ammonia-treated lac dye
pH 2 pH 6 pH 10 pH 2 pH 6 pH 10
orange red purple purple purple purple

The pH solutions consisted of 0.1% formic acid (pH 2), 10 mM ammonium formate (pH 6),
and 0.05% sodium carbonate solution (pH 10).

Table 2. The observed my/z of peaks 1-5 and 1-5' in lac dye and ammonia-treated lac dye, respectively, as determined by LC/MS analysis.

Lac dye Ammonia-treated lac dye
peak m'z Compound peak nvz Compound
1 494 laccaic acid E 1 493 4-aminolaccaic acid E
2 538 laccaic acid C 2 537 4-aminolaccaic acid C
3 359 anthraguinonedicarboxylic acid derivative 3 358 4-aminoanthraguinonedicarboxylic acid derivative
4 495 laccaic acid B 4 494 4-aminolaccaic acid B
5 536 lacciac acid A 5 535 4-aminolaccaic acid A

Peaks 1-5 and 1'-5' are shown in Fig. 2.



Table 3. *H- and ®*C-NMR chemical shifts of laccaic acid C and 4-aminolaccaic acid C

NG LaccaicacidC 4-Aminolaccaicacid C
. 1H 13C 1H 13C
1 - 158.93 - 164.43*
2 - 122.55 - 116.08
3 - 153.12 - 162.84*
4 - 148.50 - 144.11
4da - 118.83 - 104.76
4b - 136.53 - 138.33
5 7.56 (1H, s) 115.86 7.57 (1H, s) 113.88
6 - 169.65 - 167.20
7 - 121.23 - 119.99
8 - 140.17 - 138.66
8a - 118.32 - 119.62
8b - 104.90 - 102.00
9 - 183.12 - 177.15
10 - 186.75 - 180.00
1 - 119.36 - 122.59
2 7.04(1H,9) 132.83 7.32(1H, ) 133.78
3 - 125.04 - 124.83
4 7.13 (1H, d, J=5.50) 130.82 7.05(1H, d, J=5.50) 129.06
5 6.92 (1H, d, J=7.34) 116.48 6.81 (1H, d, J=7.34) 118.12
6 - 155.00 - 155.85
7-COOH - 168.54 - 169.41
8-COOH - 169.53 - 170.59**
, 2.99(1H, s)

7 3.11(2H, brs) 35.36 311(1H. 9 35.78
8 4.12 (1H, s) 54.05 3.83(1H, s) 54.99
8'-COOH - 170.76 - 171.07**

Solvent, DM SO-ds. brs, broad singlet; d, doublet; s, singlet. Sets of * and ** indicateinterchangeable.
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Table 1.

77

GenBank

Aeromonas caviae

(@]

Aeromonas

Agrobacterium radiobacter

Alcaligenes latus

Alcaligenes

Alteromonas macleodii

Anoxybacillus caldiproteolyticus

Arthrobacter

O I N T N N I S

Bacillus amyloliquefaciens

Bacillus cereus

Bacillus circulans

Bacillus clausii

Bacillus coagulans

Bacillus coagulans J4

Bacillus flexus

Bacillus halodurans

Bacillus lentus

Bacillus licheniformis

Bacillus mannanilyticus

ojofo|jOo|O|(H|O|O]O|O]O

Bacillus polymyxa

N[RIDM|RP|IN|RP|R[R[R|IM|R|O

Paenibacillus
polymyxa(NCBI
Taxonomy)

Bacillus stearothermophilus

Geobacillus
stearothermophilus
(NCBI Taxonomy)

Bacillus subtilis

11

Table 1.




GenBank

Bacillus thermoproteolyticus 1 x

Bacillus a- a- B- 16

Brevibacterium

Burkholderia ginsengisoli o-

Burkholderia plantarii

Burkholderia pyrrocinia

Burkholderia ubonensis

Cellulosimicrobium cellulans a-

Chromobacterium viscosum

Corynebacterium

Erwinia Q-

Escherichia coli

RlRr|IP|IP|P|O|R[R|R|R]|R

Flavobacterium multivorum Sphingobacterium
multivorum (NCBI

Taxonomy)

Flavobacterium odoratum 1 Myroides odoratus(NCBI
Taxonomy)

Flavobacterium sp.

Geobacillus caldoproteolyticus

(=)

Geobacillus pallidus a- Aeribacillus pallidus

(NCBI Taxonomy)

Geobacillus stearothermophilus  o-

Geobacillus thermocatenulatus

Gluconobacter oxydans o-

Rk |kP|lw
010010

Halomonas aquamarina o-

Table 1. 77 - -




GenBank

Klebsiella

Lactobacillus casei

Lactobacillus fermentum

Lactococcus lactis

Leuconostoc mesenteroides a-

Lysobacter enzymogenesis

Microbacterium imperiale a-

0]0]0]0]0]0]|O0

Microbacterium saccharophilum

Microbacterium

0

Micrococcus luteus

RlRr|IRP|R|[RP|N|[R[N|IRP|R]|R

Micrococcus lysodeikticus Micrococcus luteus (NCBI

Taxonomy)

Naxibacter sp.

Paenibacillus alginolyticus a- a-

Paenibacillus campinasensis

Paenibacillus curdlanolyticus

0101010

Paenibacillus macerans

Paenibacillus sp.

0

Paenibacillus taichungensis

Pimelobacter o-

Plesiomonas

Protaminobacter o-

Pseudomonas amyloderamosa

N[RIRPIN|RP|[RIN[R[R[RP|N]|R

Pseudomonas paucimobilis Sphingomonas
paucimobilis (NCBI

Taxonomy)

Pseudomonas stutzeri 1 o

Table 1. 77 - -

GenBank




Pseudomonas

Pullulanibacillus naganoensis 1 o
Serratia marcescens 1 o
Serratia o- o- 2
Sporosarcina globispora a- 1 o
Streptococcus B- 1
Sulfolobus solfataricus o- 3 o
Thermus a- 1
Xanthomonas 1
Zymomonas mobilis 1 o

GeneBank 16S rDNA

GeneBank 16S rDNA
16S rDNA

x GenBank

16S rDNA




Table 2. 25

GenBank
Actinomadura 1
Actinomyces 2
Actinoplanes missouriensis 1 =
Amyecolatopsis orientalis 1 o
Eupenicillium brefeldianum 1
Kitasatospora sp. 1
Nocardiopsis 1
Saccharomonospora viridis o- 1 o
Streptomyces aureus 5'- 2 o
Streptomyces avermitilis 5'- o- o- o- B- 16 o
Streptomyces cinnamonensis 1 o
Streptomyces cinnamoneus 5'- a- o
Streptomyces griseofuscus 1 o
Streptomyces griseus 5'- a- a- a- B- 14 o
Streptomyces lividans o
Streptomyces murinus 5'- o
Streptomyces o
phaeochromogenes
Streptomyces polychromogenes o
Streptomyces rubiginosus o

Streptomyces sp.




Table 2. 25 - -

GenBank
Streptomyces thermoviolaceus 5'- a- a- B- 19 o
Streptomyces violaceoruber 5'- a- a- o- 19 o
Streptomyces B-
Streptoverticillium mobaraense o
Thermomonospora viridis o- -

GeneBank 16S rDNA

GeneBank 16S rDNA
16S rDNA

x GenBank

16S rDNA




Table 3. 10
GenBank

Candida

Geotrichum klebahnii o

Kluyveromyces fragillus B- Kluyveromyces
marxianus (NCBI
Taxonomy)

Kluyveromyces lactis B- 3 o

Pseudozyma hubeiensis 2 o

Saccharomyeces cerevisiae 2

Saccharomyces B- a- 6

Sporobolomyces singularis B- 1 o

Torulopsis 1

Trichosporon 1

GeneBank ITS

GeneBank ITS
ITS

x GenBank

ITS




Table 4. 78

GenBank
Absidia o- 1
Acremonium cellulolyticus 1
Acremonium chrysogenum 1
Acremonium a- 2
Alternaria 2
Aspergillus aculeatus o- B- 11 o
Aspergillus alliaceus
Aspergillus aureus o- x
Aspergillus awamori o- 8 o
Aspergillus carbonarius 1 o
Aspergillus foetidus o- 2 o
Aspergillus japonicus 3 o
Aspergillus melleus 5'- 3 o
Aspergillus niger o- o- B- B- 25 o
Aspergillus niger var. awamori o
Aspergillus ochraceus o
Aspergillus oryzae 5'- a- B- B- B- 16 o
Aspergillus phoenicis o- o
Aspergillus pulverulentus B- o
Aspergillus saitoi o
Table 4. 78 - -




GenBank

Aspergillus sojae

(@]

Aspergillus usamii

Aspergillus o-

[e¢]

Chaetomium erraticum

Chaetomium gracile

Coriolus

Cryphonectria parasitica

Disporotrichum
dimorphosporum

RPlRr|IRP|R |k

Geosmithia emersonii

Rasamsonia emersonii
(NCBI Taxonomy)

Geotrichum candidum

Humicola grisea

Humicola insolens

Humicola

Leptographium procerum

Monascus pilosus

Monascus purpureus

Mortierella o-

Mucor circinelloides

Mucor circinelloides f.
circinelloides

RiRrIP|IP|RP|RP|R[N[R|PR

Mucor javanicus

Mucor miehei

Mucor pusillus Lindt

Rhizomucor pusillus
(NCBI Taxonomy)

Mucor rouxii

Table 4.

78

GenBank




Mucor spp.

Myrothecium verrucaria

Oidiodendron

Penicillium amagasakiense

Penicillium camembertii

Penicillium chrysogenum

Penicillium citrinum

Penicillium decumbens

Penicillium duponti

Penicillium funiculosum

Penicillium lilacinum

Penicillium multicolor

Penicillium purpurogenum

Penicillium roqueforti

Penicillium

Rasamsonia emersonii

Rhizomucor miehei

Rhizomucor pusillus

Rhizopus arrhizus

Rhizopus chinensis

PlRriP|lO[N|[NMIN|RPIW|R|IN|RP|IMIN|[RPRP|R[RP|RP|PF

Rhizopus microsporus
var. chinensis (NCBI
Taxonomy)

Rhizopus delemar

Rhizopus japonicus

Rhizopus miehei

Rhizopus niveus

Rhizopus oryzae

Nlw|k|k |~

Table 4.

78

GenBank

Rhizopus




Trichoderma harzianum

Trichoderma insolens 1 -
Trichoderma koningii
Trichoderma lignorum 1 Trichoderma viride
(NCBI Taxonomy)
Trichoderma longibrachiatum B- 5
Trichoderma reesei B- 7
Trichoderma viride 5
Trichoderma 2
Verticillium 1
GeneBank ITS GeneBank ITS x GenBank ITS -

ITS




Table 5.

11

GenBank

Coliolus

Coprinus cinereus

Corticium rolfsii 1 Athelia rolfsiit (NCBI
Taxonomy)

Corticium 4

Cyathus 1

Irpex lacteus 1

Irpex 1

Polyporus cinereus 1 Trametes hirsuta
(Mycobank - NCBI
Taxonomy)

Polyporus versicolor 1 Trametes versicolor
(Mycobank - NCBI
Taxonomy)

Pycnoporus coccineus 5

Trametes 1

GeneBank ITS

ITS

GeneBank

ITS

x GenBank

ITS
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100 10

PCR PCR
DNA
2. PCR
PCR DNA 2mL
10F/1500R ITSIFITSIR
PCR 94 30 -5 60 72 60
30 1500 bp
150 470bp DNA PCR
3. PCR
PCR 5uL 1puL 1.5 Wiv%
1 TAE DNA
312nm
1
DNA DNA
4. PCR
dNTP
5. DNA
DNA OD260 nm 50 mg/mL
6. PCR
DNA PCR
7.
15mL 7-10 75 uL
20 15000 rpm 20
7-10 250 puL 15000rpm 5
8.
DNA DNA
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1 10F 1500R BLAST

2. ITS1F BLAST
1 0.5moal/L
18649 100 mL
2 1mol/L pH80
2- -2- -1,3- 24.2¢ 0.2mol/L
pH8.0 200 mL
3 TE
pH8.0 1mol/L 10mL 0.5moal/L
0.2mL 100 mL
4
(10) 1vol%  TE
100 mL
5 PCR
10 * 5uL
dNTP *x 2.5 mmol/L 4ul
10 mmol/L lulL
10 mmol/L luL
DNA 1U/mL luL
36 uL
*10
2- -2- -1,3-
pH 8.4 100 mmol/L
500 mmol/L
20 mmol/L
0.1g/lL
**dNTP dGTP dATP dCTP dTTP
dGTP 2- 5
2.5 mmol/L
dATP 2- 5-

2.5 mmol/L



dCTP 2- 5'-

12 (10)

dNTP
DNA

100 mL

100 mL

2.5 mmol/L
dTTP 2- 5-
2.5 mmol/L
6
dye-primer
dye-terminator
7 TAE 50
2- -2- -1,3- 242 g 100 57.1mL 0.5mol/L
100 mL 1000 mL
8 1 TAE
50 TAE 50 1 TAE
9
15 ¢ 50 TAE 20 mL
3,8-diamino-5-ethyl-6-phenyl phenanthridiniumbromide 15,100 10 mL
60
10 6
0.25g FF0.25¢
1.63¢g 50 mL 30mL
11 PCR
10F 5-GTTTGATCCTGGCTCA-3'
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ITSIR 5-CGTTCTTCATCGATG-3'
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,1,1-diphenyl-2-picrylhydrazyl (DPPH)

19
’ 19
(TEAC)
1Cso, TEAC 5.0%
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, DPPH
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19
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1

200 pL ,
(0.1 mol/L, pH 7.4) 800 pL
. DPPH (0.2
mmol/L) 1000 uL , 10
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(99.5) 1200 pL
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517 nm
Ag Ac
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-2- , Aldrich

2 (0.1 mol/L,pH 7.4),
2- -2-
“12.1 ¢
1 mol L pH 7.4
1000 mL
4 2- -2-
99.0%
(3) DPPH (0.2 mmol/L)
DPPH ° 17 mg
(99.5) ,200 mL
6. 1000 pL

(99.5) 200 pL

(0.1 mol/L,pH 7.4) 800 pL

(99.5) 1200 L
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1.05

(99.5)

1.00£ 0.05

® DPPH,Aldrich ,D9132
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,207-06275,
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- P I CSO
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)
19 ( EGCg,
90s, BG-3,
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PF, 708,
G, 100, ,
50EX, d-6-
)
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. (99.5)
1Cso , TEAC,TEAC
(SD), TEAC V) 1
,19
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, TEAC
0.28 7.1%
EGCg 18 4.3%
E.
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1.

1) Tadaharu Ueda, Takashi Okumura, Yukino
Tanaka, Tomoko Shimamura, Hiroyuki Ukeda,



Development of a new electrochemical
evaluation method for antioxidant activity
based on the redox properties of
polyoxometalates and its application to the
evaluation of antioxidant capacity of
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(2016).
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,42,189-196 (2016).

3) Enkhtsetseg Enkhtuya, Tomoko Shimamura,
Takehiro  Kashiwagi, Hiroyuki  Ukeda,
Antioxidative Constituents in the Leaves of
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(2017).
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(n=3)

o TEAC TEAC TEAC

(ny/mL)  (My/ny) SD CV(%)

EGC 26.5 2.21 0.16 7.1
90S 28.6 2.05 0.03 1.6
BG-3 24.3 2.51 0.14 5.6
30S 62.3 0.94 0.04 4.3
29.3 2.03 0.04 2.2

40 55.9 1.06 0.01 1.0
70 33.9 1.73 0.07 4.0
PF 127 0.47 0.01 2.6
70S 24.5 2.39 0.08 3.3
G 64.5 0.91 0.02 1.7
100 49.9 1.18 0.003 0.28
22.0 2.68 0.02 0.87

50EX 88.6 0.67 0.01 1.8
d-o - 113 0.53 0.01 2.0
180 0.33 0.01 3.6

175 0.34 0.006 1.7

50.4 1.18 0.04 3.2

89.2 0.67 0.006 0.92

85.6 0.69 0.02 2.5
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pH-sensitive UV-Vis absorption
1
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3

4
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10 pL

LC
/ 30/70  V/V
0.1% A /0.1%
B A/B  70/30

10

TSKgel ODS-100V column (4.6% 150 mm

3pum )
40
1.0 mL/min
200-500 nm ( 460 nm)
10 plL
HSCCC
50/50, V/V
/ /
/0.1% (4/5/4/5 V/IN/V)
Type-J
1000 rpm
350 mL
2.0mL/min
HSCCC
50/50, V/V
/n-
!/ (VNI Type-J
1000 rpm
350 mL
2.0 mL/min
C.
8
4
2
3
HPLC
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l.

1) Shi K, Chen G, Pistolozzi M, Xia F, Wu Z.;
Food Addit. Contam. Part A 33, 1396-1401.
(2016)

2) Watanabe T, Mazumder TK, Yamamoto A, Nagai
S, Arimoto-Kobayashi S, Hayatsu H, Terabe
S.; Mutat Res. 444, 75-83. (1999)

3) Jung H, Kim C, Kim K, Shin CS.; J. Agric.
Food Chem. 51, 1302-1306. (2003)

4) Kongruang S.; J. Ind. Microbiol.
Biotechnol. 38, 93-99. (2011)

5) Inoue K, Ito Y, Hattori Y, Tsutsumiuchi
K, Ito S, Hino T, Oka H; Jpn. J. Food Chen.
Safety 17, 185-191. (2010)

6) Yamaguchi K, Kurata S; Bunseki Kagaku 54,
1091-1100. (2005).

7) Gérnas P, Siger A, Pugajeva I, Seglina D;
Food Addit. Contam. Part A 31, 567-573.
(2014).
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Two-solvent system Ka + SD Separation factor
Hexane Ethyl Acetate Butanol Methanol Water 0.1% FA in water A B C D AIC B/D
0 5 0 0 5 0 0.21+0.01 0.18+0.01 1.56+0.27 1.38+0.22 7.43 7.67
0 4 1 0 5 0 0.36x0.01 0.32£0.01 2.59+0.08 2.16£0.04 7.19 6.75
0 3 2 0 5 0 0.80+0.01 0.83+0.01 4.64+0.12 3.98+0.11 5.80 4.80
5 5 0 5 0 5 0.06+0.02 0.06+0.02 0.19+£0.05 0.18+0.04 3.17 3.00
4 5 0 4 0 5 0.29+0.03 0.26+0.03 0.77+0.10 0.72+0.09 2.66 2.77
.5 5 0 35 0 5 0.44£0.02 0.40£0.01 1.41x0.07 1.32+0.06 259 3.30
3 5 0 3 0 5 1.11+0.04 1.07+0.07 4.34+0.25 4.27+0.21 391 3.99
A B
n- Xanthomonasin A Xanthomonasin B (@)
(K) (K)
5/0/5 0.01(+0.00) 0.10(+0.01) 6.71(0.11)
4/1/5 0.30(x0.03) 1.62(+0.15) 5.45(x0.06)
3/2/5 2.03(+0.24) 8.94(+1.38) 4.40(+0.17)
2/3/5 5.11(+0.61) 18.92(+1.61) 3.72(+0.14)
1/4/5 8.95(+0.47) 27.13(0.40) 3.02(+0.40)
5/0/5 11.33(0.77) 34.21(+2.17) 0.27(+0.10)




H26- - -001

28
4
Sesamum Indicum Linné
2
/ / / (7:3:7:3,V/IN/N/IN) 85%
99%
7.37 mg 5.17 mg 0.5¢
LC
A.
4 LC
4 10 pL
Sesame Seed Oil
Unsaponified Matter Sesamum LC
indicum Linné
1) /
50/50, V/V
LC
LC 8 23
30% 4
Sesamum Indicum
Linné
Sesamum Indicum LC

Linné



HSCCC
macroporous
saponification/
crystallization
2-4)
HSCCC
5.8 HSCCC
B.
B478
METTLER ML303/52
LC Waters Acquity H Class/PDAeA
MS Waters Xevo TQD
HSCCC Easy-Prep CCC

(multi-layer coil planet centrifuge) GL
PU714M LC/UV702/SC762/PLC761

LC
/ 50/50 V/V
0.1% A/
B A/B 80/20 1
15 A/B 2/98
TSKgel ODS-100V column (2.0x 150 mm
3pum )
40
0.2 mL/min
200-400 nm ( 290 nm)
5ulL

MS
ESI
Capillary voltage: 2.0 kV
Extractor voltage: 3 V
RF lens voltage: 2.5V
Source temperature: 150°C
Desolvation temperature: 400°C
Cone/desolvation gas flows: 50/800 L/hr
MS/daughter scan ranges: /m/z 50 to 400
Cone voltage: 15-20 V
Collision energy: 15-25 eV

HSCCC 0.5g 2
1 mL 0.8um LC
2
/ / /
(7:3:7:3, VIN/IVIV)
350 mL
1000 rpm
2.0 mL/min
290 nm
LC
C.
Fig. 1
290 nm A nax =
296 nm, A nax = 286 nm,
A nax = 289 nm HSCCC
Fig. 1
LC
HSCCC Fig. 1
Table 1
LC
HSCCC 2
Table 2 Table

2 0.84+ 0.18



1.36+ 0.34
1.61+ 0.05 /
/ / (7:3:7:3, V/V/V/V)

HSCCC
Fig. 2
HSCCC Fraction A

Fraction B

Fraction
Fig. 3 4
Fraction A

Fraction A

B 5.17 mg
MS/MS
Fraction B

7.37 mg

Fig. 5 6
LC-
200-400 nm 99%

Fig. 7

HSCCC

HSCCC

/ /
VIVIN/V)

/ (7:3:7:3,

HSCCC
Fig. 2 2 Fraction
LC Fraction A
Fraction B

LC 99% Fig. 3

mg

NMR/LC

HSCCC

HSCCC
2 / / /
(7:3:7:3, V/N/N/V)

2.0 mL/min
:85%
Fraction A 99%
Fraction B 99%
F.
1.

Takahashi, M., Nishizaki, Y., Sugimoto, N.,
Takeuchi, H., Nakagawa, K., Akiyama, H.,
Sato, K., [Inoue, K. Determination and
purification of sesamin and sesamolin in
sesame seed oil unsaponified matter using
reversed-phase liquid chromatography
coupled with photodiode array and tandem
mass spectrometry and high-speed
countercurrent chromatography. J. Sep. Sci.
39, 3898-3905 (2016)

22



2016 6

1.
1) 4

20 10 13
2) Amarowicz R, Shahidi F, Pegg RB; J. Food
Lipids 8, 85-94. (2001)
3) Zhou JC, Feng DW, Zheng GS; J. Food Eng.
100, 289-293. (2010)
4) Reshma MV, Balachandran C, Arumughan C,
Sunderasan A, Sukumaran D, Thomas S, Saritha
SS; Food Chem. 120, 1041-1046. (2010)
5) Wang X, LinY, Geng Y, Li F, Wang D; Cereal
Chem. 86, 23-25. (2009)
6) Jeon JS, Park CL, Syed AS, Kim YM, Cho 1J,
Kim CY; J. Chromatogr. B 1011, 108-113.
(2016)
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Table 1 RPLC PDA
Mobile Phase Concentration of FA (%) S1 S2 S3 Rs N
0 0.63+0.02 1.08+0.06 1.03+0.06 4.38+0.21 270585.61+3244
Water/Acetonitrile 0.1 0.72+0.04 1.01£0.01 1.01£0.02 4.64+0.14 278057.79+143
05 0.77+0.02 0.98+0.06 1.05+0.02 4.14+0.23 267973.57+281
0 0.62+0.01 1.07+0.05 1.06+0.07 3.63+0.01 272869.45+284
Water/Methanol 0.1 0.63+0.01 1.20+0.01 1.24+0.05 3.84+0.05 286477.72+436
05 0.69+0.01 1.30+0.09 1.144+0.05 3.74+0.04 276324.12+1429
S1 S2: S3:

Rs



Table 2 2

)

@

Two-phase solvent system

Partition Coefficient(K)x SD (n=3)

Separation factor(or)

Hexane/ethyl agetale/methanol/ water Se<ammin Sesamolin + SD (n=3)
Ratio (V/ivIviv)
9191 0.15 +0.02 0.22 +0.02 1.39 +0.02
8282 0.33 +0.02 0.51 +0.02 1.55+0.01
7373 0.84+0.18 1.36 £ 0.34 1.61 +0.05
7364 222+0.19 3.90 + 0.57 1.75+0.12
6:4:64 2.27+0.76 4.04 + 1.60 4.04 +0.23
7:355 7.21+1.90 14.51 + 4.46 2.00+0.10
6:455 9.69 +2.13 15.80 + 1.34 1.67+0.28




H26- -001
28
NMR
JH-gNMR (- H-NMR )
, .28
eugenol
HPLC s
carthamin H-gNMR ,HPLC
safflor yellow
A. carthamin(Fig. 2) safflor
'H-gNMR .S yellow (Fig. 3) 'H-gNMR ,
NMR 'H-gNMR
. HPLC
B.

) H-gNMR

'H-NMR eugenol
(Syzygium aromaticum
MERRILL et PERRY) , ,

28
eugenol (Fig. 1) *H-gNMR
HPLC

eugenol




H-gNMR .
acetone-as .

Eugenol

0 ppm
acetone

1,4-(bistrimethylsilyl)benzene-d,
(1,4-BTMSB-ds, Fig. 4) DMSO-ds

1-1 H-gNMR
1,4-BTMSB-d}

Trace Sure® ,acetone-dk

DMSO-ds Isotec Inc. 99.9
atom %D -NMR HG
@5 mm
AUW120D
1,4-BTMSB-d, over
night . 5mg 2.00ml
DMSO-dks
-Eugenol ,
, eugenol
0.50 m ,
1,4-BTMSB-d, 0.10mL  NMR
, 'H-gNMR
3
, . 10mg
acetone-gs (1.00 mL) ,10
3 ’
0.50 m , 1,4-BTVMSB-d,
0.10 mL NMR ,
'H-gNMR . 5
1-2) 'H-gNMR
Eugenol 'H-NMR
,eugenol 6 H o
6.33 ppm Fig. 5, 6

Table 1

8 .
,eugenol 6 H
0.00 ppm 1,4-BTMSB-d,
, 2 eugenol
IEU
Cow =7 xC3 @
IB
,CB, CEU
1,4-BTMSB-d, eugenol
(mol/mD), 1, g
1,4-BTMSB-d, eugenol 1

1-3) HPLC
eugenol
HPLC JASCO JASCO PU-2089
, YMC-Pack ODS-AL s-5 250 mm x 4.6 mm
i.d. Shimadzu
CTO-20AC 37 ,H.0 - MeCN : MeOH =
50 : 40 : 10 1.0 mL/min
,JASCO MD-2010 280 nm
'H-gNMR eugenol
,HPLC s
10p L
carthamin
Carthamus tinctorius Linne
carthamin
NMR
,carthamin
sp? ,



Fig. 7
carthamin . .
carthamin

HPLC  'H-NMR

2—1) Carthamin
Chem, Pharm. Bull.,

61(12),1264-1268(2013) ,
carthamin ;
s MeOH s
0DS MeOH-
60:40 ,TLC 1 spot
carthamin
2-2 Carthamin HPLC
carthamin
,carthamin
N HPLC
,carthamin HPLC
HPLC JASCO PU-2089
, YMC-Pack ODS-AL s-5250 mmx 4.6 mm i.d.
Shimadzu
CTO-20AC 37 ,0.5% -MeOH
0.5% 1.0 mI/min

(0 min: 50:50 - 20 min 80:20)
,JASCO MD-2010 520 nm

safflor yellow

Carthamus
tinctorius Linne ,

) ,NMR

,safflor yellow
sp? . Fig. 8
safflor yellow
safflor
yellow
(Indian Patent, IN 183773 Al 20000408,
(2000)) ,
safflor yellow

3-1) Safflor yellow

35 g MeOH 2
. 300 mL
2 , ,
MeOH , 5.06¢
. safflor
yellow ,TLC
,0DS
C.
) eugenol
DMSO-dks
,eugenol 6 H
0 6.33 ppm ,
, eugenol
Fig. 5,6
eugenol ,
,eugenol
92
eugenol 26.56 ,28.81
,HPLC ,
eugenol 280 nm
Fig. 9
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Table
carthamin
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1 spot carthamin
NMR Fig. 11
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,HPLC ,
MeOH-
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Fig. 12
safflor yellow
safflor
yellow )
D.
) eugenol
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, eugenol
acetone-ds ,
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HPLC ,"H-gNMR
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,eugenol 6 H o 6.33 ppm

eugenol Tanaka, Rie; Inagaki, Risa; Sugimoto, Naoki;
. , Akiyama, Hiroshi; Nagatsu, Akito
HPLC Application of aquantitative tH-NMR
*H-gNMR , (*H-gNMR) method for the determination of
, geniposidic acid and acteoside in Plantaginis

semen, Journal of Natural Medicines (2017),
71(1), 315-320.

2.
carthamin  HPLC NMR
,"H-gNMR 63 , 1A-SY1-2,2016 9
—HPLC
-Carthamin , , s ;
, , , NMR
, 'H-gNMR eugenol
, 63 , 2P-09,2016 9
carthamin HPLC
, NMR
safflor yellow ,
'H-NMR , 2016, D-34,
, ,"H-gNMR 2016 10
, NMR
F. 45 ,
1. 2016 11
Tanaka, Rie; Shibata, Hikari; Sugimoto,
Naoki; Akiyama, Hiroshi; Nagatsu, Akito G.

Application of aquantitative *H-NMR method

for the determination of paeonol in Moutan

cortex, Hachimijiogan and K ei shibukuryogan H.
Journal of Natural Medicines (2016), 70(4),

797-802.
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Table 1 H-gNMR

ECA500
-5~ 15ppm
32000
90°
60
8

25
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Table2 H-gNMR HPLC eugenol

samples ()

H-gNMR HPLC?

eugenol
A 92.47
26.56 24.94
C 28.81 26.20
a1H-gNMR eugenol
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