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Identification of the Potent Odorants Contributing to the Characteristic Aroma
of Darjeeling Black Tea Infusion

Ryoko Baba’, Maki Nakamura and Kenji Kumazawa
Ogawa & Company, Ltd., 15-7 Chidori Urayasushi, Chiba 279-0032

The odorants contributing to the characteristic aroma of Darjeeling black tea infusion were investigated using
aroma extract dilution analysis (AEDA) of the volatile fractions of eight black tea infusions, prepared by a
combination of the adsorptive column method and the solvent-assisted flavor evaporation (SAFE) techniques.
Principal component analysis (PCA) of the flavor dilution (FD) factors of all the detected odorants in the AEDA
revealed that 3,7-dimethyl-1,5,7-octatrien-3-ol (floral: FD factor 4%, 2,3-diethyl-5-methylpyrazine (roasty: FD factor 4%
and an unknown compound (green, meaty: FD factor 4% were characteristic odorants of the Darjeeling infusions. In
order to identify the unknown compound, the simultaneous distillation extraction (SDE) extract of Darjeeling tea
leaves was highly purified by a combination of silica-gel column chromatography and off-line two-dimensional gas
chromatography-mass spectrometry (GC-MS). Comparison of the GC retention indices, mass spectrum and odor
quality to the authentic compound indicated that the unknown odorant was 4-mercapto-4-methyl-2-pentanone
(MMP), which is known as a potent odorant of muscat grapes. Furthermore, comparison of the potent odorants of the
Darjeeling tea to those of muscat grapes suggested that the muscatel flavor of Darjeeling tea is formed by the
combination of linalool, geraniol, A-damascenone and MMP. In addition, the relationship between the contents of the
characteristic odorants in Darjeeling tea and its unusual growing environment or manufacturing process was

discussed.
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HOBFFICOVCIIRERE OMICEENS -2 L 28
HTW5E, LehoT, ¥V VAEERICFST LK
FOMBRIZZHALI Lo TWEDIDD, BROBYHT
HDHIATY P TL—N—ZHET BRI AH TS
H, RERHEN TR WESOFEESFEENT.
ZZTHE, EH (W) DBRLZIBBRONENDERE
Elaa e 52 8T, F—U) VAR RS
PRRTHLEEDIZ, TAIY P TL—N—RESTILH
OB EFEAT.

X B F &

1. SEERMH

EWORL B SEEOAE (F—T Uy, TyHas, =
V), FarTZ, 9N, XUSLYT, ST, V¥
T EBEV FEZTRTEHEAGRRESHT I VEBAL,
KEFEHT AT T-S0COBHEEICHEE L. ARKRH
Wi, 253 (150g) 120 LT 3L &k (85-90C) %z,
S, R, X5ICE% (WTHUT) ¥428iC
X Y1872, 2-acetyl-lpyrroline” (2)-15-octadien-3-one® 4-
mercapto-4-methyl-2-pentanone”® 3-mercaptohexanal® 3,
7-dimethyl-1,5,7-octatrien-3-0l'Y’, 3-methyl-2,4-nonanedione'?
3-mercapto-l-hexanol®® cis-4,5-epoxy{E)2-decenal® trans-
4 5-epoxy-(E)-2-decenal® iX, ICERIZHEVE R L7, Table
2B DIbEW 4, 18, 381%, YTV v F Uy N
¥, bl, 60 ILFIERIEE TEMASH, 64 IZHARE S VKR
SHL VAL, FRUMREILETESRRASH L D
AL7.

2. BERBEHPORR

FZEREE QL) KWETNLAEREMSE, 77 LICHE
L 7z PorapakQ (B + — ¥ — X\ &4k, 80/100 mesh,
10g) ICRFE S H72RIC, 100mL OV 701Xy VIZTH
HL, WEZE¥EYE (methyl undecanoate, 50 pug) wNE,
Solvent Assisted Flavor Evaporation (SAFE, 40T, 5X
107%Pa) I X h RERBERS 2BV BohizY oo
Ay W, EAKEEERT MUY AITTHAKE, VR
L—%— (35T, 550mmHg), KW TEEKRIKICL VP
150 pl F CiEfE L7,

3. Gas Chromatography-Olfactometry (GC-O)

Agilent #1388 6850 ¥ A 7 a~ 7S 7 2MFERH L. A
5 4 :DB-WAX (30mX0.25mmid, BEE 0.25um, Agilent
), F— 7 VEBE 40T ~210C 6C/min). F+
T—=AA:AY YA (F&E1OmL/min). HAE: AT v
MUAEA. BEAORE : 250C. SAHEAR : 1ul. &
25 BB MM AR (TCD, 230C). TCD oHiOIics
WIREZEBELEEL, BHINALFRERSZFFMLZ.
BULREXEEL, MUK, OBHTIBERETOEE 20
LD R —F —THRL, € 512# 100mL/min
DR EBLT

4. Aroma Extract Dilution Analysis (AEDA)

2. CTHERA-ERERDZ, Vruuixy VI2TREWIC
AREFOF/ML, 3. ICEBML 7 GC-O DEMFITTHEL,
BT DER % W T & 2 /M= (Flavor Dilution (FD)
TroF—) BRdi. FD 777 -k, 3BD/)IZ) R
FDSh, 2B AR L E R L7

5. GC-Mass Spectrometry (GC-MS)

Agilent # B 7890A ¥R ru< v 75 T RHEH L. &
4 :DB-WAX (60mx0.25mmid., BEE 0.25um, Agilent
B, FXUYT—F A :AYY L (FH#E1.0mL/min). E
AHREE:250C. HEAE ATy MEA(ATY v M
1730) 721327 vy PLREA. A7) v MEATOR
FHEARN 1uL, 4 — 7 Y EE X 80C~230C (3C/min),
ATy FLVAEATOREHEARIZ 020L, £ —7 ViR
BEiE 40C ~230C (3C/min) & L7z, HEMKHER (MS)
&, Agilent 1% 5975C inert XL MSD 2R L7z, 414~
LEE : 70eV (ED), 44 ViREE : 150T.

6. BERFSRIORE

EEES RS, GCMS 2B 5 Kovats O {RigicE
RL; =T N YEORFERM L VER), <AARZ MV
BIUBRBEHPEEREO NS L BT L LI2LDY
FsE L7z

7. ERPHMF

AEDA 2 T#H 5N/ 8 BMEOAK BT 5 EFLHS
DFD 7727 ¥ — O (4" wHALHE L, HEETY
7} SPSS6.1] (A« ¥—+ TR - TAKREH, EXN)
THWTERG G 2T o7

8. THIRZDFEE

(1) HFRBHEDOFE

F—IrEE (50g) KBk (W1L) 2z, EEk
EEAEY ML (SDE) #£BIcEE, 0 0HRRL, FK
EAEYzunxyy (50ml) CHH LA #BICEY
lvrunary vk, 2L 3EITEICAREL, A
DR 1L ERRYET I T, BRI, KES0g OF
FBA %R 150mL oY runuxy VB L B i
FLMBR, EAREES b)Y A THARE, 8RB L—
¥ — (35T, 550mmHg), RV TEXERFKICELVH 1mL
FCEBL. BONHERERY (B500ul) %2, -
¥ ¥ 12T Wakogel C-200 (FItME TEHASHE, 59
ERELLISLA A lom, B 20cm Yy oy M
A5 A, 16C) CHEEL, 2r¥ v (0ml), n—r¥
v-vrunxyy (20:1, 10:1, 10:1.2, 1:1) REHE
W (B30mL), Yruuixyy 0mLx2H), JYIFN
I—7)V (30mL) WK TIRREBEHL, Fr.1~8 &£ L7z, Bl
Wik, TSR —%— (35C, 550mmHg), kW TEELK
WICE D100l F CiliME L7z, BoNKETIE, 5.
RO FEI T GCMS 217, GCO FHIc & b
HHR S DSERT 2B 2 R L 72,
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(2) BEFEREYFEY O GC-O FHT

2B WK X %8 ODP3 (GERSTEL #H88) #%4 L7
Agilent #:81 6890N H R 270~ v 75 7R ER L. HT
A DBl (30mX025mm id, BE 0.25um, Agilent ft
). F—7ViEE 40C~210C (5C/min). Fx 7 —
HAA AY T (& 1.0mL/min). FEAE: A7) v b
VAEA. EAOEE : 250C. FREARE  1ul. BRH
7 KERA A Lk (FID, 250C). ODP3 (250T)
X, A FAHOICTFID &4k L7 (FID : ODP3=1:10).

(3) GC-MS/Sulfur Chemiluminescence Detector/Nitro-

gen Phosphorus Detector (GC-MS/SCD/NPD)

(1) 12 THE SN2 Fr. 6 #, GC-MS/SCD/NPD 4-#7 124
L7z, 1BDGCIZ MS B & UMb2RemERKkTe: (SCD),
&R HEE (NPD) o 3BEEOMIMEB 2 EH LA
AT A, ERELREICERREBSRICLIARS Y —=
VIUEeE, MSIZKL BEMEEMEREL, —RICAR
DERCHMETRELREEEL5 252 L THLNDEHRIL
Y, EEFRMEAWOENRMES TR THE. TR
U< b7 7, Agilent HEB 780A FHEH L. H T
2 :DB-WAX (60mx0.25mmid, BE 0.25um, Agilent
#HE). +— 7 ViBE 80T ~230C (3C/min). F ¥ Y
T—=HA A YA (FHE20mL/min). FEAE: A TY v
MEA (A7) v M 1/10). EADRE - 250C. 2
AR 1ul. #HE% : 5975C inert XL MSD (£ # VL&
JE:70eV (ED, A4 Y iF&E :150C), SCD (250T), NPD
(320°C, ZKFEHE : 3mL/min, ZZ&K I : 120mL/min).
FT AHIOCCHREE 301 L, 3B TRERC
B L7

(4) 794 & GC-MS

Fr.6 CEENAHEQHNES 2, SOICEHEICHE
BT A0, 754 Y TOZRT GC-MS™ %@ L
7z. AV AF A3, SBH GC (DBl %4 9 412X % GC-O)
E, SHH GCMS (MEAMELEELER L GCMS) »»
LA, B, PEEGCDAZYy 74 ¥ FR— P HHE
B35 EBMRS%Z, REMIE Tenax TA BHEE I iz
CIS4 54 +— (GERSTEL #:#) 12 10 [E#: B L4E L
WELIESREG %, GC-MS 2 TH#r L. 4EHEGC I
i, @) KEBOBEEBEBLIUVSLAZFRAL:. F—7 v
B - 40C~280C (10C/min). F ¥V T7—H A :AYY
L (JE# 1.0mL/min). #EAE: A 7Y v PLREA. E
AOIRE:250C. FHEHEAR 2ul. 4#7H GC i, 4 —
MY 75— MPS-2 (GERSTEL ##) I X Uhinsfiizs
{& TDU-CIS4 (GERSTEL #t8Y) % ## L7z Agilent -8
680N W A2 U<} 75 7, #HIEBICIE, Agilent ¥ 8
5975B inert XL MSD M L7:. # 5 4 : DB-WAX (30
mX025mm id, EE 025um, Agilent#H). -7
IREE : 30C~120T (3C/min), 120C~230C (5TC/min).
FXYT—HR :A~Y A (i#E1.0mL/min). FEAFE:

Table 1 Flavor of the black tea infusions

Producing district Country Flavor of infusion
Darjeeling India Muscat-like, Fruity, Green
Assam India Caramel-like, Smoky, Sour
Nilgiri India Grassy, Mild Citrus-like, Fatty
Dimbula Sri Lanka Sweet, Floral, Fatty

Uva Sri Lanka  Mint-like, Sweet, Fatty
Nuwara Eliya Sri Lanka  Grassy, Green, Lemon-like
Kenya Kenya Fatty, Green, Caramel-like
Java Indonesia  Grassy, Sweet, Green

ATy MU AEAN. TDUERE : 20C~280C (12T /sec,
3ARRE). CIS FH%ENERE - —180C. BAEE : —150
T~260T (12C/sec, 34 MR,

KBRBRBLUEE

1. =YV AROIFBEICESTIRIOERHR

EHORL 5 SEEOAFRHIIL, &4 MHRHEOFR
BEL, F—U)UAERE, AN b, TNV—F 14—
Lo T EFOFESE L 57 (Table 1).

T, BEEOAZDERFSRSEBRET LD
BARIR OB S B T Lik#EE L SAFE 2 flAShe
e BB TERERY 2 A L7, BERMAOEVARE
IZTHELNAFBREEE, FRFNOLEORENLE
KE2ICHHALTEY, GCO L E2BRESHT DER
WZESTHE LY TV Tho7. Bobhi §fEE
DHEOEZIRSEW % GC-MS 4478 X UV AEDA 124t L,
BREGRGEERLIER, 4204 DOFD 7775 —
FETAHIOXRSIPRBENS., FLT, ThSESD
LA ETOHERBBENZ 06, El (R &
LR AEAR, BRFFRTOEEEDEVICLIE
BENEZLEHEELS (Table 2).

W, F—D) YAROREEICES T RS HS
P 5728, SEHEOME, LRHENLTRTOER
FERASDFD 77 & —%, GMITLICHELE Ly
L, BEEB LIRS BOL SO I, FZLURT TR A
I LRBOTHETH 7. 22T, SEEOKLEICZT
BRI SNBSS DFD 77 7 ¥ —OEEHELHE L
T, EEROOWEEM. FD 77 7 ¥ — 02 AV
HEE, ABORBICBITAEEHEY, Vz—N— 7
e F—0FERICEVEEORBUCIAIT A L &Y, B
BSL ) NHOBREICARTAELEZZDTHS. £
WA TR (Fig.1la) £ ), =) VHEE, fib
DTHFEE ZHEN-MBICTSOY FER, BRENLRESH
BEALTWADZ EARBREINL, E61C, HTANED
B (Figlb) Xy, FOBERBICECEETLIRF
R LR, 37-dimethyl-1,57-octatrien-3-ol (hotrienol)
(28, FD factor : 4°, floral, fruity, RI=1608), 2, 3-diethyl-5-
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Table 2 Potent odorants in the black tea infusions (FD factor>4")

FD factor (4")°

No. RI? Compound® Odor quality

Average RSD(%)

1 <1000 3-methylbutanal stimulus 3.3 14.2
2 1000 unknown fruity, green 3.5 15.3
3 1090  hexanal green 4.0 13.4
4 1127  (Z)-3-hexenal green 4.5 11.9
5 1212 (E)-2-hexenal green 2.8 16.8
6 1237 (Z)-4heptenal green, metallic 4.3 16.6
7 1301 1l-octen-3-one mushroom-like 3.8 12.3
8 1338 2-acetyl-1-pyrroline roasty 2.4 21.8
9 137 (2)-1,5-octadien-3-one? green, metallic 4.3 10.9
10 1383 4-mercapto-4-methyl-2-pentanone green, meaty 3.9 25.6
11 1387  (2)-3-hexenol green 3.5 15.3
12 1395  nonanal fruity 3.3 21.8
13 1428  unknown fatty, sweet 2.9 12.3
14 1436  unknown roasty 3.0 30.9
15 1449 2-ethyl-3,6-dimethylpyrazine nutty 2.5 30.2
16 1453 methional potato-like 3.5 26.5
17 1461 unknown grapefruit-like 4.1 15.5
18 1470 2-ethyl-3,5-dimethylpyrazine nutty 1.9 52.9
19 1495 (E,E)-2,4-heptadienal fatty, sweet 3.4 15.3
20 1499 2,3-diethyl-5-methylpyrazine nutty 1.8 79.4
21 1507  decanal fatty, green 3.8 12.3
22 1529 2-isobutyl-3-methoxypyrazine? earthy 3.0 50.4
23 1537  (E)-2-nonenal sweet 4.8 9.7
24 1550  linalool floral 6.4 8.1
25 1554 3-mercaptohexanal? grapefruit-like 4.3 16.6
26 1563 tetrahydrothiophen-3-one roasty 1.9 44.5
27 1593  (E,Z)-2,6-nonadienal green 5.0 0.0
28 1615 3,7-dimethyl-1,5,7-octatrien-3-ol floral, green 1.3 56.6
29 1632  2-acetylpyrazine, butyric acid? roasty, sweaty 2.4 21.8
30 1646  phenylacetaldehyde honey-like 4.9 13.1
31 1672 3-methylbutanoic acid sweaty 4.3 10.9
32 1703 (E E)-24Anonadienal fatty, sweet 4.8 14.9
33 1722  3-methyl-2.4-nonanedione green 5.0 10.7
34 1736 pentanoic acid sweaty 2.8 16.8
35 1768  (E,Z)-2.4-decadienal green, fatty, sweet 3.5 15.3
36 1782 methyl salicylate green, minty 4.1 20.2
37 1815  (E.E)-24-decadienal fatty, sweet 4.9 17.1
38 1825  B-damascenone honey-like 5.4 17.0
39 1844 3-mercapto-1-hexanol grapefruit-like, burnt 4.4 17.0
40 1849 hexanoic acid sweaty, green 4.6 16.1
41 1852 geraniol floral 4.8 14.9
42 1854 geranylacetone floral, sweet 3.6 14.3
43 1864 2-methoxyphenol burnt 5.1 6.9
44 1878  unknown sweet 4.0 13.4
45 1923  4-octanolide sweet, burnt 3.5 15.3
46 1943 unknown green, sweaty 3.9 16.5
47 1953  (Z)-jasmone, (Z)-3-hexenoic acid green, sweaty 3.1 11.3
48 1968  unknown sweet 4.0 0.0
49 1989 cis-4,5-epoxy- (E)-2-decenal sweet, juicy 4.9 17.1
50 2004  traws-4.5-epoxy-(E)-2-decenal sweet, juicy 5.6 13.2
51 2031  4-nonanoclide ) sweet 4.3 9.7
52 2036  4-hydroxy-25-dimethyl-3(2H)-furanone  caramellike 4.4 20.9
53 2041 unknown sweaty 1.8 40.4

297
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Table 2 Continued

FD factor (4™)°

No. RI* Compound? Odor quality —_—

Average RSD(%)

54 2057  unknown juicy 3.1 20.5
55 2078  unknown sweet 3.5 15.3
56 2083  p-cresol phenolic 3.5 21.6
57 2154  unknown sweet, green 4.0 13.4
58 2171  eugenol spicy 5.5 9.7
59 2187 unknown spicy A 3.3 27.3
60 2198  2-methoxy-4-vinylphenol spicy 5.0 18.5
61 2227  2-aminoacetophenone grape-like 3.9 16.5
62 2238  methyl anthranirate grape-like 2.6 34.9
63 2256  unknown phenolic ' 3.0 17.8
64 2267  jasmine lactone sweet, fatty 4.1 20.2
65 2273  unknown spicy 0.1 282.8
66 2399  (Z2)-methyl jasmonate floral 5.0 18.5
67 2448  indole animal-like 4.0 13.4
68 2458  coumarin sweet 4.5 20.6
69 2491 skatole animal-like 2.9 22.3
70 2578  vanillin vanilla-like 5.8 8.1
71 2600< unknown spicy 3.4 15.3

a : Retention Index (RI) on DB-WAX column. 4 : The compound was identified by comparison with the
authentic compound on the basis of the following criteria : retention index (RI) on stationary phases
given in DB-WAX, mass spectrum, and odor quality. ¢ : The exponent of flavor dilution (FD) factor. d :

The MS signals were too weak for unequivocal interpretation. The compound was tentatively identified

by comparison with the authentic compound on the basis of the following criteria : retention index (RI)
on stationary phases given in DB-WAX and odor quality.

a Dimbula

Uva
14
(b

Kenya .
[ ]

Java

PC2 (19.6%)
o

14 ®

Assam
Nuwara Eliya . Darieelirg

2 -1 0 1 2
PC1 (27.0%)

Fig. 1

PC2
o
o

Scatter plots of principal component (PC) scores (a) and factor loadings (b) obtained by the

principal component analysis (PCA) applied to the flavor dilution (FD) factors of all the
detected odorants in the aroma extract dilution analysis (AEDA) of eight black tea infusions

methylpyrazine (20, FD factor : 4°, roasty, nutty, RI=1499)
B L OARR4S (10, FD factor : 4°, green, meaty, RI=1383)
BREEN, ZhodH B, hotrienol 1&, =T VAL
EOWBESTHA I EHPBICHRESNTWEY —F, &
BEWEFD 77724 — (49 24 LTI RBEBS L, D
THEDIZOFRETERPo/2bDD, F—I) VAED
R ICEOBEL TWAZ R FHEEIN:. &5, 7
V=YD I—T 14— W)BMO BN LEREETS

WERGTHE b, BhtftEwriEEL, RELHR
ATz,

F—I) VREOEEE~NOMS P FREEINLIBEOR
RS ERET 5720, BEICIENE BELAomRY
FEL7z. BIH, 550g OFEIZE TN LEXMS % SDE
By Trooxy Vi L, BONCRELFERIE
WY EEND BHES %, GCOIZ X 24 ER %
FRIBE LT, YUIFNVHTLICTHE, BELE v
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Abundance 43

(0]
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Wl uy z moe o)
07730 40 50 60 70 80 90 100 110 120 130( ”}Z? RIppy.,—1383(1382)
RIpg.1=914(917)
(m/z : 132)
A i
5.0 10.0 15.0 20.0 25.0 30.0 350
Time (min) !

Fig. 2 Mass chromatogram (m/z=132) of the volatile fraction of the Darjeeling black tea, and
mass spectrum of 4-mercapto-4-methyl-2-pentanone (MMP)

T, BWBG DSBS N-ES (Fr.6) 25, HME0Eh
ILE e FRINZBHUES ZHENICFAET 5720, B
LABEE L/ GCMS/NPD/SCD Y A5 A% BHLA &K
VATAIZT, Fro6ZBELZLEZS, GCOWIBITAE
BIES O RIS, AE0nRdtsd ¥—s i sns
ZEXy, RESPFEBYERILEWTH S LR
Shiz, LaLads, KBS, METHAHI LITME,
BHOBGERELTW 20, RABIZEES h ol

ZZT, BMBAESHICEEICERE BRI
2, ¥—=2058EmEsE50, 754 Yy TOIR
76 GCMS™ =@ L7z, BlL, DB-1 4 J 412X 5 GC-O
ZHAWVT, Fr.6 25 BWBEA % ¥R A ¥ M THE, B4
L7z, B EEEZER L GCMS 2\, DBWAX
BT ATHM LTz, Z2OfRER, BRESOTAANRY b
VHELN, TAANRY Mvk 2EHEDO Y 5 A (DB-WAX,
DB-1) B35 RIBLUERFERERE—HK LA L
S, AP % 4-mercapto-4-methyl-2-pentanone (MMP)
LRIEL (Fig 2).

MMP i, =210 YHARICBWTEWFD 7727 % —
4% 2ETHETTERL, TRIRETHITAA Y b -
7 - TLFGF YR TORBNLREY)ICEST ARG L
LTHESINTWAEAY Tz tid, MMP S, =Yy >
KEDTAA Y P 7 V=—N—CbFLE LTV AL
CmRBTBEINEEZ LN, LLEYS, MMPO Y
Y=Y DI =T 4 —REROFR,LS, <A hy FOF
NZBETHIEBELL, ATy b7 L—N—DE
12if, =) VRFIEFNAMOBFERES L DM AE
bEPEETH L LB SN,

FIT, ¥V IHEE, TAHy PREITEVE
EE2ETLIERFFHRD® 2B L72&E, MMP 2h
%, 70—F VEERD linalool, geraniol, A — F22E

P D B-damascenone B5, WEICHKBETH T LIHL M E
“ol: (Fig 3). INb IWAIE, SHCLSTELTHR
FIEBTLIERFERS THD. LIzHFoTIOHR
i, XA Ay b7 L ==, LRD3IWHE
MMP L B E NS EEZRLTEBY, MMP O&FH
B, HRCBILERAAY b7 VL—N—0ORBHALERT
LERLGT 7R IBAILZHBIFTRLTNS,

2. =YV HEHOREERFOERICEH I ER

FERGHIICLY 55— D) VRO ES L LTRE
L 72 3,7-dimethyl-1,5,7-octatrien-3-ol (hotrienol), 2,3-diethyl-
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Fig. 3 The principal potent odorants in Darjeeling tea and muscat grapes
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