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24 4
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 (TedolarTM bag, GL Sciences Inc.) 25 
15 70 24

(GL 
Sciences Inc.) 300 mL

Tenax TATM  (Gerstel K. K.)
4

GC-MS  
 

 
4.1-1  
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g 5 mL
10 g 10 L 15

16
InertSepGC GL Sciences Inc.
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L  
 



GC-MS 
 

GC-MS  
GC/MSD5975C

1 240 
2 mL/min.

DB-WAX(60 m  0.25 mm i.d.,  0.25 m
40 (2 min )-240 (5 /min 25 min )

MS (m/z 30-280) 
 

Tenax TATM TDU (Twister 
Desorption Unit, Gerstel K. K.) CIS4 (Cooled Injection 
System, Gerstel K.K.) GC-
MS
GC-MS  

TDU 40-250 720 /min 2 min
CIS4 60 -250 720 /min 5 min

20 mL/min 
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indole
indole

 
indole

indole 1 g

indole
15 16

12 20
24 25 

4 8
12  

 
indole  

indole
 

15 12
25 

4 4-8
8

 
indole 24 15 

0.5 nmol/g f.w. 25 0.3 nmol/g f.w.

15 50 nmol/g f.w. 25 
40 nmol/g f.w  
 

 
4.1-2 indole * 

15 25  
 

 
4.1-3 indole * 

15 25  
 

 
Indole

indole
indole
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indole
15 25 

15 12-20
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1%

indole
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 Radwanski et. al. 1995
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Yuan et. al. 2011
indole 3-hydroxy-indole indoxyl 3-oxindole

Horvath, 1977a,b, Medvedev 
et. al. 1977 indole

3-hydroxy-indole 3-oxindole
 Ishimaru et. al. 1977 indole

cytochrome P450 Gillam, 
2000  
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indole
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15N 2H

anthranilic acid, L-tryptophan
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4.2-1 [15N]anthraniric acid  

L- [2H5] Tryptophan  
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[15N]Anthranilic acid 
L-[2H5]tryptophan  

[15N]Anthranilic acid 10 mM L-
[2H5]tryptophan 10 mM

10 mM 1 g 50 
mL -75 Pa 1

25 70
- 

80  
 

[15N]Indole [2H5]indole
 

1 
g 3 mL

10 g 10 L
15 16

100 L  
GC-MS

indole
[15N]indole  118 [M]+
[2H5]indole  122 [M]+ indole

 117 [M]+
indole m/z 117

 
 

indole  

100 mg 20 g/mL
3

12,000 g 10 min
LC-Orbitrap-MS  

LC-Orbitrap-MS Finnigan LTQ-Orbitrap XL (
)

1200 TSKgel ODS-100V 3  
50 mm, 5 m; TOSOH A



B 0.1 v/v
B 3 5 min 97 5 min
0.5 mL/min 40 

ESI + 300 MS
 100-600  

HRMS
 

 
 

[15N]anthranilic acid L-
[2H5]tryptophan indole  

 117 indole [M]+
indole

 117
[15N]anthranilic acid indole

L-[2H5]tryptophan L-
[2H5]tryptophan+[15N]anthranilic acid
[15N]anthranilic acid  

 118 [15N]indole [M]+
[15N]indole
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0h L-[2H5]tryptophan

[15N]anthranilic acid L-
[2H5]tryptophan+[15N]anthranilic acid  

 122 [2H5]indole [M]+
[2H5]indole

 122
[2H5]indole L-[2H5]tryptophan L-
[2H5]tryptophan+[15N]anthranilic acid

[15N]anthranilic acid
[15N]indole 20 1  
 

a indole  

b 117  

0h tR 41.388 

Blank tR 41.377 

Trp tR 41.371 

Anth tR 41.377 

Trp+Anth tR 41.377 

 
4.2-2 L-[2H5]Tryptophan [15N]anthranilic acid

indole  117 a 117
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Trp  L-[2H5]tryptophan  
Anth  [15N]anthranilic acid  
Trp+Anth  L-[2H5]tryptophan  

[15N]anthranilic acid  
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tR 41.382 Anth 

tR 41.371 Trp+Anth 
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4.2-3 L-[2H5]Tryptophan [15N]anthranilic acid
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[15N]anthranilic acid  
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[15N]Anthranilic acid 15N
[15N]indole

L-[15N]tryptophan
indole O

C8H7NO 2
tR.4.41 3.88

anthranilic acid
indole hydroxy-

indoles oxindoles OX-indoles

anthranilic acid
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4.41)  
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Indole [15N]anthranilic acid
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anthranilic acid 1-(O-carboxyphenylamino)-1-deoxy-
ribulose-5-phosphate  indole-3-glycerol phosphate 
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Caligiuri et.al. 1991, Graf et. 
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[2H5]tryptophan +[15N]anthranilic acid
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3.88)  
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L-tryptophan OX-indoles
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[15N]Indole  
 [15N]Indole 10 mM

25 70%
 

 
L-[15N]Tryptophan

[15N]OX-indoles  

LC-MS
 

A (B )
0.1 (v/v) B 3 (15 min

) 97 5 min 3 (5 min ) 
 

 
2-oxindole 4-

hydroxyindole 5-hydroxyindole 6-hydoroxyindole
tR 6.12 min

tR 7.34 min
4-hydroxyindole 5-hydroxyindole

 134.0601[M+H]+  134.0600[M+H]+ for 
C8H7NO tR 6.12 min

2-oxindole 6-hydoroxyindole  134.0600[M+H]+ 
 134.0600[M+H]+ for C8H7NO

tR 7.34 min
indole

 
[15N]indole

25 4 8
 135.0571[M+H]+ tR 6.13 min

C8H715NO  
135.0571[M+H]+ tR 6.12 min

[15N]-4-hydroxyindole [15N]-5-
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tR 7.32 min  135.0571[M+H]+
C8H715NO  

135.0571[M+H]+ tR 7.34 min
[15N]-2-oxindole [15N]-6-

hydoroxyindole
OX-indoles 2-oxindole 4-

hydroxyindole 5-hydroxyindole
6-hydoroxyindole
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205.0971[M+H]+
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[15N]tryptophan  
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5-Hydroxyindole 6-Hydroxyindole  
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4.3-4 [15N]Indole [15N]oxindole  

[15N]6-hydroxyindole  
 
 

 
L-tryptophan OX-indoles

anthranilic acid
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indole [15N]indole
OX-indoles  

4 indole
2-oxindole 4-hydroxyindole 5-hydroxyindole 6-

hydoroxyindole OX-indoles
4

4-hydroxyindole 5-hydroxyindole 2-
oxindole 6-hydoroxyindole

[15N]indole
C8H715NO 

indole 2-oxindole 4-
hydroxyindole 5-hydroxyindole 6-hydoroxyindole

 
L-[15N]tryptophan OX-indoles

25  

 

 
4.3-3 [15N]Indole [15N]4-hydroxyindole

[15N]5-hydroxyindole  
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indole L-
tryptophan indole

 
 

indole
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indole anthranilic 
acid L-tryptophan

indole
OX-indoles

 
indole

anthranilic acid L-tryptophan OX-indoles
 

 
 

 
indole

 
 

[15N]anthranilic acid
[15N]indole  

L-[15N]tryptophan  
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[15N]anthranilic acid

15 25 24  
 

indole  
 

 
[15N]indole  

 
 

L-[15N]tryptophan  

100 mg 80% v/v MeOH 1 mL
L-[2H8]Phenylalanine 10 mM 5 L

10 min
4 10 min 2,880 3

hexane 3 ml 3
5 

mL OASIS HLB cartridge(60 mg 3 
mL Waters) 5 mL 10 mL

MeOH : MeCN = 1 : 3 (v/v) 10
UPLC-TOFMS  

UPLC-TOFMS LCT premia XE(Waters )
Acquity UPLC system (Waters ) Acquity 

BEH Amide (2.1 100 mm, 1.7 m; Waters)
A B 0.2 (v/v)

B 80 (2min ) 20
3.5 min 0.3 mL/min 40 

ESI + MS
(  50-700) 

L-[15N]tryptophan
[M+H]+  206.0947

L-tryptophan
 

  

 
4.4-2 L-tryptophan * 

15 25  

 
indole

 
[15N]anthranilic acid indole

L-tryptophan
indole indole OX-

indoles
 

Indole 15 16
25 4

 
L-Tryptophan 15 25 16

25 
Anthranilic acid 15 12

25 
8 16

15 
 

 
 

 

 
4.4-1 indole * 

15 25  
 
 
 

 

 
4.4-3 anthranilic acid * 

15 25  
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OX-indoles 2 tR:4.41 min 3.88 min
3.7  134.0604 [M+H]+

OX-indoles C8H8NO 3
tR:4.41 Ox-indoles1  3.88

2 3.7 3  
OX-indole3 15 25 

OX-indoles 1 2 25 4
12 OX-indole1 24h

15 20
16 25 3

 
 

[15N]anthranilic acid
[15N]indole  

L-[15N]tryptophan  
L-tryptophan anthranilic acid indole

indole
[15N]anthranilic acid [15N]indole L-
[15N]tryptophan  

L-[15N]tryptophan 16h 15 25
15 

16 25  
 [15N]indole

indole  
 

 
L-tryptophan 15 25 

25 15 
[15N]anthranilic acid L-[15N]tryptophan

indole L-
tryptophan 15 25 

L-tryptophan
indole indole

indole
L-tryptophan

indole L-tryptophan indole
 

Anthranilic acid 15 
25 

indole
25 L-tryptophan anthranilic acid

indole
15 25 indole

 

 

 
 

 
4.4-4 OX-indoles * 

OX-indoles-1 -2 -3  
 

 

 
4.4-5 [15N]anthranilic acid
L-[15N]tryptophann * 

15 25  
 

 

 
4.4-6 [15N]anthranilic acid

[15N]indole * 
15 25  
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3 OX-indoles 2 OX-indole1
2 indole
25 8 15 20

indole
indole indole OX-indoles

 
indole

 
 
 

 
4.4-7 indole * 
 
 

 
LTPGT NTPGT

indole
 

100 

Indole

 
indole

indole

LTPGT indole
indole

indole
 

indole

indole

indole

indole

1%
indole
indole

 
indole indole

Indole
L-[2H5]tryptophan [15N]anthraniric acid

L-[2H5]tryptophan
[15N]anthraniric acid
[2H5]indole [15N]indole indole
L-tryptophan anthranilic acid

L-tryptophan indole
anthraniric acid 20 1

indole
anthranilic acid

L-[2H5]tryptophan indole
L-[2H5]tryptophan [15N]anthraniric acid

[15N]indole L-
tryptophan anthranilic acid

[15N]anthranilic acid
L-[15N]tryptophan indole O

C8H7NO 2
anthranilic acid

indole OX-indoles
indole [15N]indole

indole
OX-indoles indole 2-oxindole
4-hydroxyindole 5-hydroxyindole 6-hydoroxyindole

 
Indole

indole
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Fresh tea leaves are steamed immediately after plucking to produce Japanese green tea (Sencha).  Endogenous enzymes 
involved in aroma formation are inactivated by this treatment, producing low aroma contents. To enrich green tea with more 
aroma attributes, modification of the manufacturing process is one approach. 

We produced low temperature (15 ºC) processed green tea (LTPGT) with higher aroma contents than normal green tea (Sencha).  
Normal temperature processed green tea (NTPGT), involved storing at 25 ºC, and Sencha had no storing process.  Sensory 
evaluation showed LTPGT had higher levels of floral and sweet odorants than NTPGT and Sencha.  Aroma extract dilution 
analysis and gas chromatography / mass spectrometry - olfactometry indicated that LTPGT had 12 aroma compounds with high 
factor dilution values (FD).  Among LTPGT’s 12 compounds, indole, jasmine lactone, cis-jasmone, coumarin, and methyl 
epijasmonate contributed to floral, fruity and sweet characters. In particular, indole increased initially, peaking at 16 h, then 
gradually decreased.  Total amounts of indole emitted from green tea leaves were less than 1% for 15 ºC, suggesting that the 
emission does not influence the amounts of indole accumulated in green tea, and that indole biosynthesis and the catabolism must 
be dependent on the temperature during the storing process.  

Feeding experiments with [15N]anthranilic acid or [15N]indole suggested that [15N]indole, [15N]oxygenated indoles (OX-indoles) 
and L-[15N]tryptophan were produced from [15N]anthranilic acid and that L-[15N]tryptophan and [15N]OX-indoles were produced 
from [15N]indole. Therefore we estimated that anthranilic acid was the precursor of indole and that L-tryptophan and OX-indoles 
were metabolites of indole. 

Moreover feeding experiments with [15N]anthranilic acid and(or) L-[2H5]tryptophan suggested that tea plant had tryptophan 
feedback inhibition of conversion of shikimic acid to anthranilic acid.  

We proposed the increase in indole was due to transformation of anthranilic acid during the 16 h storage and the subsequent 
decline in indole level was due to its conversion to OX-indoles and L-tryptophan. 
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