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|dentification of Potent Odorants in Chinese Jasmine Green
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The odorants in Chinese jasmine green tea scented with jasmine flowers (Jasminum sambac) were
separated from the infusion by adsorption to Porapak Q resin. Among the 66 compounds identified
by GC and GC/MS, linalool (floral), methyl anthranilate (grape-like), 4-hexanolide (sweet), 4-nonanolide
(sweet), (E)-2-hexenyl hexanoate (green), and 4-hydroxy-2,5-dimethyl-3(2H)-furanone (sweet) were
extracted as potent odorants by an aroma extract dilution analysis and sensory analysis. The
enantiomeric ratios of linalool in jasmine tea and Jasminum sambac were determined by a chiral
analysis for the first time in this study: 81.6% ee and 100% ee for the (R)-(—)-configuration,
respectively. The jasmine tea flavor could be closely duplicated by a model mixture containing these
six compounds on the basis of a sensory analysis. The omission of methyl anthranilate and the
replacement of (R)-(—)-linalool by (S)-(+)-linalool led to great changes in the odor of the model. These
two compounds were determined to be the key odorants of the jasmine tea flavor.

KEYWORDS: Jasmine tea; potent odorant;  Jasminum sambac ; (R)-(—)-linalool; methyl anthranilate;
enantiomers

INTRODUCTION sufficient fragrance has been absorbed by the tea leaves. The
scented leaves are then dried at about 0Gor 8—10 min.

Many types of tea are produced and consumed in China, During this process, the characteristic scented tea aroma
including green tea, oolong tea, black tea, and scented tea, the 9 P '

latter being consumed in the greatest quantities. Scented tea isqradually forms and this elegant aroma plays an important part

reprocessed from processed green, oolong, black, and other teal the appeal of jasmine tea. The pan-fixed and basket-dried

by absorbing the fragrance of fresh flowers. Various kinds of ?k::%]otst?‘;fngiid :ger:?le(g iicg:mﬁg tiza.aLno-?igg gg;\eda, ;‘;E'(;::i]e'j
flowers are used to characterize the flavor of tea such as two g ISP b

kinds of jasmine,Jasminum sambaeand J. officinale var green tea. The “week anq sweet grgen" aroma of.gre.en tea

randiflorum L r,na nolia Nlichelia) rose. omeIoC(itrus. material used to make Chinese jasmine green tea is different
9 . ! L., Mag . ’ ' P from the “roasted green” aroma of Longjing-tea. The volatile
grandis), daidai Citrus aurantiumvar. amara),Chloranthus,

and Osthamsthus(1). Among these scented teas, Chinese compounds in Chinese jasmine tea have been investigated by
; ) Lo ' .. Yamanishi et al. with modified LikersNickerson simultaneous
jasmine green tea, which is reprocessed green tea scented with,.” . ~ . . .
flowers of J. sambac, is the most popular and forms the basis _d|st|II_a_t|on_eqU|pment (S.DE)’. and_25 vplatlle compounds were
' identified in the essential oil of jasmine ted)( They have

of this study. - . ; . .

Chin smine areen tea is also familiar in Japan. b described the correlation between the quality grade of jasmine
. €se jasmine green tea Is also famiiia apan, beCauS&q, ang the ratio of the total concentration of benzyl alcohol,
it has been served in Chinese restaurants for a long time, an

- ) enzyl acetate,Z)-3-hexenyl benzoate, methyl benzoate, and
PET-bottIgd and canned jasmine tea has recently becomemethyl anthranilate to that of linalool. On the other hand, recent
popular with the Japanese.

. ) . flavor research has tended to extract the potent odorants after
Jasmine tea is generally produced by the following process

the volatile components have been investigated in detail, so that
(2). The flower buds are picked and immediately spread out. P g

the aroma character can be expressed with a mixture of the
When the buds have bloomed to about 90%, these flowers are.iqimum compounds ¥-5). The enantiomeric purity of

mixed with green tea leaves at-384 °C to absorb the fragrance  giracted chiral odorants needs to be investigated, because it is
of the flowers, and the flowers are then separated from the teay o1 that sensory properties such as the odor quality and

leaves. This process is repeated with new flower buds until strength are often quite different between optical isomé}s (
A detailed examination of the potent odorants in jasmine tea

* To whom correspondence should be addressed (teleph8he3-5978- also remains to be investigated.
57?%(;{?2:08”%[2?’&58%&5:5?& e-mail Kubota@cc.ocha.ac.jp). To clarify the character of the jasmine tea aroma in this
*Ito En Ltd. present study, at first a method for isolating the volatile
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compounds was determined, and then the aroma components Gas Chromatography—Olfactometry (GC—0). GC—O was con-
were investigated in detail, including their absolute configura- ducted in a column of 60 nx 0.53 mm i.d. (1«m film) coated with
tions. The potent odorants were also determined by an aromaPB-WAX (J&W Scientific) in the split-less mode. The GC instrument
extract dilution analysis (AEDA)T), these compounds were &nd temperature conditions were the same as those used for the GC
then quantified to obtain a model mixture, and the key aroma analysis. Helium was employed as the carrier gas at a flow rate of 8.3

] . . mL/min. After adding 18 mL/min of makeup gas at the outlet of the
compounds were finally examined by a sensory analysis. column, the carrier gas was split 1:1 and passed through a glass sniffing

port and FID detector. Wet air was pumped into the sniffing port at 45
MATERIALS AND METHODS mL/min to quickly remove the odorant that had previously passed

. . - . .. through the port and to keep the nose moist.
Materials. Jasmine tea produced at Fujian province of China in g P P

September 2000 was used. It was prepared from greerCadilia Determination of the Potent Odorants.An aroma extract dilution
sinensisL.) scented with flowers ofJasminum sambac. After the analysis (AEDA) was used to determine the potent odorants in jasmine
scenting process, the flowers were removed from the tea, and dried!€@ (7)- The original odor concentrate (6E) isolated from 50 g of

flowers of J. sambaavere newly added to about 1% of the weight of jasmine tea was diluted stepwise 4-fold with diethyl ether by volume
tea. and then subjected (ZL) to a GC-O analysis. The flavor dilution

(FD) factors of the odorants were determined, and an FD chromatogram
(plot of the FD factor of each odorant versus its retention time) was
prepared. To identify the compounds, the odor quality during the GC

Standard Compounds for Identification and the Model Mixture.
(R)-(—)-Linalool, (S)-(+)-linalool, 3,7-dimethyl-1,5,7-octatrien-3-ol,
methyl epijasmonate, 2,6-dimethyl-3,7-octadiene-2,6-diol, and linalool - h ST
oxides were provided by T. Hasegawa Co. Ltd. (Tokyo, Japan). (R)- analysis was confirmed, as well as the retention indices and mass
(—)-Linalool and §-(+)-linalool, respectively, contained as an impurity spectra. o ] ) ]

a small amount of the optical isomer at 4% and 2% by a GC analysis. _ Investigation of the Enantiomeric Purity. A column of 50 mx
4-Methyl-5-hexen-4-olide and dihydroactinidiolide were gifts from 0.25 mm i.d. coated with CP-cyclodextrin-B-236-M-19 (Chrompack,
Takasago Co. Ltd. (Tokyo, Japan). The other standard compounds werdliddelburg, The Netherlands) was used for chiral GC and-GIS
purchased from Tokyo Kasei Kogyo Co. Ltd. (Tokyo, Japan) including analyses. The carrier gas and split ratio were same as those described
the methyl anthranilate, 4-hexanolide, 4-nonanolide, 4-hydroxy-2,5- for the GC analysis. Linalool was investigated with the oven temperature
dimethyl-3(2H)-furanone (Furaneol), and (E)-2-hexenyl hexanoate. ~ Setat 95°C, and the injector and.detec.tor temp.eratures both set at 200

Isolation of the Volatile Compounds. One liter of hot water (95  C- 1he other compounds were investigated with the oven temperature
°C) purified by the Milli-Q system was added to 50 g of jasmine tea increased from 60C to 200°C at the rate of 2C/min, and the injector
comprising 49.5 g of tea leaves and 0.5 g of jasmine flowers. The and detector temperatures both set at 200
infusion was filtered through a nylon cloth after 3 min. The filtrate Quantitative Analysis. The aroma components in the jasmine tea
(800 mL) was immediately cooled to 3 under tap water and infusion were quantitatively analyzed. Hot water (750 mL) was added
centrifuged for 15 min at 3000 rpm to remove the solids. The to 10 g of jasmine tea (9.9 g of tea leaves and 0.1 g of dried jasmine
supernatant fraction was subjected to chromatography in a column flowers) and, after infusing for 3 min, the tea leaves and flowers were
packed with 18 mL of Porapak Q resin. The adsorbed compounds werefiltered off, and the filtrate was used as the jasmine tea infusion. Ethyl
eluted with 200 mL of a mixture of pentane and diethyl ether (2:3), decanoate (0.1 mg) and 0.02 mg of methyl palmitate in methanol were
after the water-soluble compounds such as amino acids and sugars ha@dded to 660 mL of the jasmine tea infusion as internal standards, with
been removed with 200 mL of purified water. The eluate was dried these two different concentrated internal standards being added to
over anhydrous sodium sulfate, and the solvent was evaporated at 39.5ccurately determine the amounts of the low-concentration peaks and
°C at atmospheric pressure. Then the volatile compounds were to confirm the reproducibility of the aroma concentrate. The odorants
concentrated with a nitrogen stream to80just before injecting for were then isolated by using Porapak Q resin in the same way as that
the GC or GC—MS analyses. for isolating the volatile compounds and analyzed by GC apparatus

The volatile compounds of dried jasmine floweds §ambac) were ~ €quipped with FID. Calibration curves were prepared using the mixture
also isolated. The dried flowers in the jasmine tea were collected, and of authentic samples of odor-active compounds and internal standards
1 L of hot purified water was added to 0.5 g of the dried jasmine (€thyl decanoate and methyl palmitate). The equation between the
flowers. After infusing for 3 min, the flowers were filtered off. The  absolute concentration and peak area % by FID response of each
resulting filtrate was immediately cooled to 30 under tap water and authentic standard is shown laterTable 5. The absolute concentra-
subjected to chromatography in a column of Porapak Q resin. The tions of the odor-active components in jasmine tea infusion were
remaining procedures were performed in the same way as those usedietermined by the ratio of peak area % of each compound to the internal
for the jasmine tea. standard and the calibration curves of authentic samples. Injection was

Gas Chromatography (GC).An HP 5890 Series Il gas chromato- ~ Performed in the split-less mode.
graph equipped with a flame-ionization detector was employed. Helium  Sensory Evaluation.Sample Preparation. A jasmine tea infusion
was used as the carrier gas at a flow rate of 1 mL/min with a split ratio was prepared in the same way as that used for the quantitative analysis
of 30:1. The column was 60 m 0.25 mm i.d. coated with DB-WAX to provide a sample for the sensory evaluation. A model mixture was

(J&W Scientific). The oven temperature was held at®60for 4 min first prepared by using authentic samples to quantify the extracted odor-
and then increased to 18C at a rate of $C/min. The injector and active compounds. Authentic samples were each diluted with a small
detector temperatures were set at F@and 180°C, respectively, amount of propylene glycol and then mixed in the proportions indicated

because it has been reported that methyl epijasmonate and its isomersyy the data from the quantitative analysis of the jasmine tea infusion
which are important aroma compounds in tea, were significantly (Table 5). The mixture was diluted with purified water until the strength

isomerized or decomposed at higher than 180@8). of odor impression of the model mixture reproduced that of the original
Gas Chromatography—Mass Spectrometry (GC—MS).An HP jasmine tea infusion on the basis of the sensory evaluation.

5890 Series Il gas chromatograph equipped with an HP 5972 mass Evaluation TermsThe terms for evaluating the jasmine tea infusion

selective detector and Willay library was used for the-@€S analysis. and model mixtures were first determined for the sensory evaluation.

Injection was performed in the split-less mode, and the GC conditions Each panelist selected the most appropriate terms for evaluating the
were the same as those used for the GC analysis. Electron impact (El)jasmine tea infusion from among the 44 words reported by Shimoda
spectra were recorded, the temperature of the ion source being 180et al. as being appropriate expressions for fogdlQ). Additionally,
°C, and mass spectra were scanned at 70 eV im/amange from 30 they were requested to write down other words with which they could
to 400 mass units. evaluate the sample, if they thought the above 44 words were not
Identification of the Components. The components were identified  sufficient to describe the odor of the jasmine tea infusion. Seven
by agreement of their Kovats’ GC retention indices and mass spectraattributes were finally agreed upon after several consultations among
with those of authentic standards. the panelists: floral, woody, sweet, bitter, refreshing, mild, and
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Table 1. Odor Attributes Selected for the Sensory Evaluation and the Table 2. Volatile Compounds Identified in the Aroma Concentrate of
Results of Sensory Evaluation of the Aroma of Jasmine Tea Infusion Chinese Jasmine Tea
and the Model Mixtures
peak compound Kl peak area %°
odor jasmine tea  Model mixtures® Alcohols (Aliphatics and Aromatics)

attribute meaning infusion? [ [ 3 ethanol* 931 0.10

6 butanol*d 1140 trace
floral reminded of flower 10.3a 10.7a 6.7b 7 1-penten-3-ol¢d 1146 0.13
woody wet wood-like 7.1ab 47a 8.9 10 pentanol 1251 0.23
sweet honey-like sweet aroma 11.6a 11.9a  47b 12 (E)—Z-penten-l—ol;d 1316 0.24
bitter reminded of bitter taste 5.2ab 41a  82b 1‘7‘ g;:g:ﬁggg&f"' iggg ggg
refreshing  generates pleasant feeling 8.9ab 5.8a 9.7b o ‘

. S 18 cyclohexanol 1393 0.45
mild notimitating . 6.7ab 5la  10.3b 23 octanolcd 1564 trace
extending aroma sensation is wide spreading 8.7a 74a 10.1a 41 2-methoxyphenol (guaiacol)e 1872 0.05

42 benzyl alcohol? 1891 24.68
| d

2 Average score of the sensory evaluation (0, absent; 15, strong) by 15 panelists. g‘;’ ;h%r:]%'?g/ I ethanol %ggg g:ig
Different letters (a and b) mean that the values were significantly different by Tukey's 58 eugenol®® 2169 0.30
multiple-comparison test (P < 0.05). 61 cinnamyl alcohol°d 2299 0.14

Alcohals (Terpenoids)

* e 1w e 19 linalool oxide (trans, furanoid)? 1454 0.57
20 linalool oxide (cis, furanoid)¢ 1483 0.59
22 linaloold 1552 4.46
1$- 25 3,7-dimethyl-1,5,7-octatrien-3-ol« 1621 0.44
29 oc-terpineol®d 1706 0.11
33 linalool oxide (trans, pyranoid)<d 1751 0.10
34 linalool oxide (cis, pyranoid)cd 1772 0.40
39 Geraniold 1854 0.13
45 2,6-dimethyl-3,7-octadiene-2,6-diol*d 2004 0.52
e 62 1-hydroxylinaloolc 2321 trace

B :[ - ‘}i Esters
A O T2 e 70 1k o wef i 1 ethyl formate® 811 0.15
| =0 l N R L |- 2 ethyl acetate®® 882 0.10
I K y j j i j i ; 13 (2)-3-hexenyl acetate? 1320 0.32
0 » Retention time (i) 0 26 methyl benzoate? 1636 059

) ) o 31 (E)-2-hexenyl hexanoate® 1733 0.06

Figure 1. Gas chromatogram (DB-WAX, 0.25 mm i.d. x 60 m) of jasmine 32 benzyl acetate? 1743 12.70

i iniecti 36 phenethyl acetatecd 1821 trace

tea extracteq by the_ _column adsorption method. The injection was i (2).3-hexenyl benzoates 2139 081

performed without splitting. * Solvent peaks. Peak numbers correspond

o th in Table 2 Carbonyl Compounds

0 those In 1able 2. 16 2-methyl-2-hepten-6-oned 1344 0.31

21 (E)-2, (E)A-heptadienal“' 1503 0.03

extending. These seven selected attributes and the meanings of eacti4 3,5-octadien-2-one*® 1583 0.05

. . | 0 o-ionone 1866 0.10

are summarized iable 1. . o 46 cisjasmone? 2014 0.19

Evaluation ConditionsA well-trained panel consisting of 15 females 48 [B-ionone? 2028 trace
in the age range of 2131 years was used to evaluate the samples by 51 56-epoxy-f-ionone 2053 trace
a 15-cm line scale (0, absent; 15, strong) (11). A sample solution (20 o Lactones
mL) was served to each panelist in a 50-mL glass bottle (with a plastic gg j:'r‘]‘eeg%’tﬁazg‘e”“”’"det %sgg %alcg
screw cap) covered with a yellow cellophane sheet to unify the color z3 4 onanolidect 2087 015
of each sample. The samples were kept at°@throughout the 60 jasmine lactonecd 2256 trace
evaluation to reproduce the condition of an appropriately cooled drink. 65  dihydroactinidiolide* 2354 101
The samples were served in a random order to each panelist. Acids

Statistical AnalysisThe data were analyzed by Tukey's multiple- 27 2-methylbutyric acid 1674 018
comparison test 38 hexanoic acid® 1849 0.82

p : 47 heptanoic acid< 2022 0.14
55 octanoic acid* 2096 0.18

RESULTS AND DISCUSSION N-Containing Compounds
) ] 15 2,5-dimethylpyrazine® 1331 0.19
Yield and Profile of the Aroma Concentrate. The aroma 4513 tzaenzytlyfyanlc:efd gggg téagg

ot ; ; -acetylpyrrole .
concentrqte well reproduced the characterlstlc odor of jasmine ¢ methy! N-methylanthranilatete 2118 race
tea, the yield of the concentrate being 522%.1 mg/100 g of 59 methyl anthranilate® 2248 3.90
original tea leaves. A gas chromatogram of the aroma concen- 66 indole? Hydrocarbons 2436 1.83
trate is shown iIFigurg 1. Sixty-six compounds were iQentjfieq 4 decanec? 1003 0.05
by agreement of their mass spectra and Kl retention indices 5 undecane™ 1094 0.88
with those of authentic compounds, and the results are sum-J, ~ Zcthyloluene® 1231 044
i : p o . 11 trimethylbenzenec® 1297 0.45
marized inTable 2. The concentration of each compound is Others

expressed by its peak area % on the GC trace. Forty-six g 1,8-cineol 1214 trace
compounds were newly identified as the Chinese jasmine green g? zmﬁthgl Saligilate:h L 2-cyclopentent-one (cycloten)® ggi t0-85
. . -hydroxy-3-methyl-2-cyclopenten1-one (cycloten race
tea aroma, although almost all compounds were already identi- 43 5 hygroxy-3-methyl-4H-pyran-4-one (maltol)® 2030 frace
fied as the aroma compounds of td2). (Z)-3-Hexenol (peak 54 d-hydroxy -2,5-dimethyl-3(2H)-furanone (Furaneol)® 2090 0.30
i 63 methyl jasmonate® 2345 0.05
17), linalool (peak 22), benzyl acetate (peak 32), benzyl alcohol methy| bpijasmonates 5319 015

(peak 42), methyl anthranilate (peak 59), and indole (peak 66)
were quantitatively detected as the main peaks. All these
compounds have also been reported as the main volatile 2KI, Kovats index. b Peak area % on GC. ¢ Newly identified compound as
compounds of fresh flowers df samba¢13—16) and jasmine Chinese jasmine green tea aroma composition. ¢ Identified by agreement of the

S . mass spectrum and the Kl index with those of the authentic compound. © Tentatively
tea (2). Yamanishi et al. described that all of these compounds, identified only by the mass spectrum.
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g Table 3. Potent Odor Compounds in the Jasmine Tea Aroma
‘5 12= 3031 53,54
s flavor
&°r dilution
5 s} s peak compound factor (4") odor description
= 22
2 o 7 1-penten-3-ol 1 green
T 4 10 1-pentanol 2 green
: Ll 9 s _ a  unknown 1 green
RN I W b uroor 1 s
o L L ! s 700 ¢ unknown 2 roasted
Retention time (min) 17 (2)-3-hexenol 2 green
. . . . . d unknown 1 green
Figure 2. FD chromatogram of the yolatlle fraction of jasmine tea. The 19 linalool oxide (rans, furanoid) 2 lealy, citrus
peak numbers correspond to those in Table 3. 20 linalool oxide (cis, furanoid) 2 lealy, citrus
22 linalool 7 floral
including (2)-3-hexenyl benzoate and methyl benzoate instead® Egtggm ; \S/‘gr(;estweet iy
of (2)-3-hexenol and indole, were contributors to the quality 30  4-hexanolide 12 green, sweet
grade of jasmine tea as already mentioned in the Introduction 31  (E)-2-hexenyl hexanoate 122 green, sweet
section. It was considered that the small difference of aroma 32  benzylacetate . 2 foral
", L linalool oxide (cis, pyranoid) 1 fruity
composition between the report of Yamanishi et al. and our 35 pethy saliciate 1 floral, green
study was due to the isolation method used. Methyl salicilate 37  2-hydroxy-3-methyl-2-cyclopenten-1-one (cycloten) 2 very sweet
(peak 35), 2-phenylethanol (peak 43), 2,6-dimethyl-3,7-octadi- §  unknown 2 herba, -
. slightly bitter
ene-2,6-diol (peak 45), 2-acetylpyrrole (peak 5@);3-hexenyl 42 benzyl alcohol 1 fuiy
benzoate (peak 57), and dihydroactinidiolide (peak 65), which 43  2-phenyl ethanol 2 floral
are also known as important components of oolong, black, and 45 2,ﬁ-%lmethyl-3,7-§C|tadlene-2,Gzidlol o % sweet
green teasl(2, 17—19), were also detected as fairly large peaks. g:aze{%);r::;)?;m yhAH-pyran-4-one (maltol) 5 ‘r'ggtz"dve;’;oke
In addition, jasmine lactone (peak 60), methyl jasmonate (peak 53  4-nonanolide 122 very sweet
63), and methyl epijasmonate (peak 64), which are known as 54  4- hydroxy -2,5-dimethyl-3(2H)-furanone (Furaneol) ~ 12*  very sweet
potent odorants of oolong tea@), were identified for the first ~ N unknown 1 green, sweet
. . . . K i unknown 1 sweet, fruity
time in this study as flavor compounds of jasmine tea. Although g gygenol 1 spicy, green
their concentrations were very low, 2-hydroxy-3-methyl-2- j  unknown 2 sweet
cyclopenten-1-one (cycloten, peak 37), 2-hydroxy-3-methid-4 ~ k  unknown 2 sweet
: 59  methyl anthranilate 8 citrus, fruity
pyran-4-one (maltol, peak 49), and 4-hydroxy-2,5-dimethyl- jasmine lactone 2 miky
3(2H)-furanone (Furaneol, peak 54), which were recently newly | unknown 2 sweet
identified in Longjing-tea18), also seemed to contribute to the 64  methyl epijasmonate 2 sweet
indole 2 sweet

flavor of jasmine tea to some extent, because each compound®
has a characteristic odor and its odor threshold value is relatively
low (21).

Evaluation of the Potent Odor Compounds.To clarify the
contribution of each identified compound to the odor of jasmine The more detailed investigation about this phenomenon is now
tea, the AEDA method was carried out, and the resulting FD in progress in our laboratory. The aroma character of each peak
chromatogram is shown iRigure 2. In total, 34 peaks were  was green-sweet and sweet, respectively. In green tea, oolong
recognized as odor-active compounds, and these are shown withea, and black teaZj-3-hexenyl hexanoate has been reported
their odor profiles inTable 3. Among them, 24 compounds as one of the most important aroma compounds exhibiting a
could be identified. Almost all of the twelve unknown com- green note, although its concentration was not fairly high, (
pounds inTable 3 did not appear as GC peaks, but were 22—24). On the other handg)-2-hexenyl hexanoate was not
recognized by sniffing in the GEO analysis. The FD chro-  noted as strongly aZ)-3-hexenyl hexanoate because of its smalll
matogram consisted of 4 main peaks and 30 minor peaks: theamount or nondetectability in tea. It is noteworthy th&aj-g-
most characteristic odor-active constituents being linalool (peak hexenyl hexanoate was one of the main odor-active compounds
22) and methyl anthranilate (peak 59). Linalool is one of the in the jasmine tea aroma. Six green-note compounds and 13
most popular aroma compounds found in plants. The floral note sweet-note compounds were detected as minor peaks. In addition
of linalool was detected by sniffing during this study. Methyl to these compounds, citrus and floral notes from compounds
anthranilate exhibits a sweet grape-like odor and is a unique such as linalool oxides (peaks 19, 20, and 34), benzyl acetate
volatile compound id. sambagcnot being found in the volatiles  (peak 32), methyl salicilate (peak 35), benzyl alcohol (peak 42),
of another variety of the jasmine flowed.(grandiflorumL.) and 2-phenyl ethanol (peak 43) seem to have contributed to
(15). Apart from these two compounds, mixtures of 4-hexanolide the jasmine tea aroma.

(peak 30) and K)-2-hexenyl hexanoate (peak 31) and of Absolute Configuration of Linalool and Its Related
4-nonanolide (peak 53) and Furaneol (peak 54) showed theCompounds. It is important to investigate the enantiomeric
largest FD factors. To confirm the assignment, each authentic purity of chiral aroma components, because the flavor character
sample mixture of 4-hexanolide anB)(2-hexenyl hexanoate, of some compounds is often different between enantiomers.
and of 4-nonanolide and Furaneol was subjected to the GC  Linalool, linalool oxides (LOs), and 2,6-dimethyl-3,7-octadiene-
analysis in the same condition of jasmine tea analysis. The 2,6-diol were examined in this study with direct enantiomeric
desired odor appeared at the retention time between the formerseparation, using modifigetcyclodextrin as the chiral stationary
peak and the latter peak and this phenomenon agreed well withphase. The elution order of these compounds were determined
that of jasmine tea aroma analysis. It was considered that thefrom the results of our previous studyY) and by co-
tailing of chromatographic peak for the former compound chromatography with optically pure standards, and is sum-
resulted in overlapping with the latter peak in this GC condition. marized inTable 4. The enantiomeric ratio of linalool in jasmine

a FD-factor of the mixture of 4-hexanolide and (E)-2-hexenyl hexanoate and of
4-nonanolide and 4-hydroxy-2,5-dimethyl-3(2H)-furanone.
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Table 4. Concentration of the Enantiomers of Linalool and Its Related Compounds in the Volatile Fraction of Chinese Jasmine Tea and Their Odor
Characteristics

compound configuration GC? tg (min) peak area®(%) % ee odor description
linalool [I]
jasmine tea® R 39.16 90.8 81.6 strong, green floral note®
S 39.82 9.2 oily, heavy green note®
Jasminum sambac? R 39.30 100 100 strong, green floral note®
S 0 oily, heavy green note®
linalool oxides
trans, furanoid [I1] 2R,5R 44,93 100 100 leafy, earthy’
2S,55 0 sweet, floral, creamyf
cis, furanoid [I1] 2R,5S 4791 100 100 leafy, earthyf
2S,5R 0 sweet, floral, creamyf
cis, pyranoid [I1] 2S,55 66.29 66.2 -32.4 sweet, floral, creamyf
2R,5R 67.27 33.8 earthy'
2,6-dimethyl-3,7-octadiene-2,6-diol [IV] R 71.35 23.0 citrus, sweet, powdery?
S 771.75 77.0 -54.0 herbal green?

a Retention times by GC when using the CP-cyclodextrin-B-236-M19 column. The conditions are defined in the Materials and Methods section. ® Peak area was calculated
according to the response of the FID detector. 4 Enantiomeric ratios of linalool in the volatile compounds of jasmine tea and of dried Jasminum sambac flowers, respectively.
ef Cited from references 29 and 25, respectively. 9 Evaluated by GC-sniffing.

OH OH
* —— HO *
. 5
| 2 L= O
I o}
I | 1 v

tea was almost optically active for thR)-(—)-isomer (81.6%  The (2S)-configuration was dominant in LOgstpyranoids).
ee). To examine the origin oR}-(—)-linalool, the enantiomeric ~ The aroma character of LO<i¢-pyranoids) has also been
ratio of linalool in the volatile concentrate from flowers bf reported to be regulated by the C2 configuratiag)( the (2S)-
sambaccollected from jasmine tea was also investigated. The isomer had a sweet, floral and creamy note, and tRg-igmer
enantiomeric ratio of linalool id. sambaavas optically active had an earthy note. The concentration of L@ar(s-pyranoids)
for the R)-(—)-isomer. It has been reported that linalool in green was too low to examine the optical ratio in jasmine tea. The
tea volatiles existed almost as a racemate (11.4% ee for theabsolute configuration of 2,6-dimethyl-3,7-octadiene-2,6-diol in

(S)-(+)-isomer) (26). It thus seems that almost &)-(—)- jasmine tea also showed that th®){somer was in excess
linalool in jasmine tea was derived from the absorption of (54.0% ee). Kawakami et al. reported that t89-isomer was
fragrance from the jasmine flowers and th&j«+)-linalool in in excess in the black tea (85.6% ee) and Rgisomer was in

jasmine tea originated from the green tea material. The excess in the oolong tea (83.6% e8P). The difference in
enantiomeric ratio of linalool id. samba@nd jasmine teawas aroma character of the two isomers of 2,6-dimethyl-3,7-
determined for the first time in this study. It is notable that octadiene-2,6-diol was investigated in this study by sniffing at
linalool in J. sambacand jasmine tea was optically active or the exit port of the3-cyclodextrin column; theR)-isomer had
almost optically active for theR)-(—)-isomer. Linalool is well- a citrus, sweet and slightly powdery note, and tBgicomer
known as one of the potent odorants, as well as linalyl acetate,had a herbal and green note. Among linalool and its related
in lavender L. angustifolig (27) which is widely used as an  compounds, the concentration and FD factor of linalool were
aromatic herb throughout the world, and the enantiomeric ratio much higher than those of the other compounds. In addition,
of linalool showed optically active for theRj-configuration the threshold values for bottR}- and §)-linalool are very
(91-100% ee) (28) likel. sambac. In contrast, the optical low: 0.8 ppb for the R)-isomer and 7.4 ppb for th&)-isomer

structure of linalool in another variety of jasmine flower, (31). These results indicate the substantial contributiorRpf (
grandiflorumL., has been described to show optically active (—)-linalool to the overall odor of jasmine tea.
for the (S)-isomer (2&9). The aroma of. grandiflorumL. is Contribution of ( R)-(—)-Linalool and Methyl Anthranilate

quite different from that of). sambac, the former being an to the Odor of Jasmine Tea.To clarify whether the odorants
important aromatic plant for the perfume industry. The large with high FD factors were actually the key compounds of

difference has been reported between the aroma ofRh¢~« jasmine tea, model mixtures were prepared with authentic
)-isomer with its strong, green floral note and that of t8g-( samples of the six main odor-active compound®)-(—)-
(+)-isomer with its oily, heavy green not29). It is considered linalool, 4-hexanolide, (E)-2-hexenyl hexanoate, 4-nonanolide,
that the absolute configuration of linalool plays a very important furaneol, and methyl anthranilateR)-(—)-Linalool used here
role in the overall aroma of jasmine tea. contained a small amount (4%) of tH®-{somer as an impurity.

The optical ratios of LOs and 2,6-dimethyl-3,7-octadiene- The absolute concentrations of these six odor-active compounds
2,6-diol were also examined, although their concentrations werein the jasmine tea infusion were first determined against the
very low. LOs ¢is andtrans-furanoids) in the jasmine tea all  calibration curves of authentic sampld®ble 5). A model was
showed optically active for the B-isomer. It has been reported then prepared by mixing the authentic chemicals in a small
that the odor character of LOs (furanoids) was regulated by the amount of propylene glycol in the same proportions as those
absolute configuration of C25); the (R)-isomer had a leafy,  of the jasmine tea infusion. The odor quality of the model
earthy note, and the (2&omer had a sweet floral creamy note. mixture was then compared with that of the original jasmine



Potent Odorants in Chinese Jasmine Tea J. Agric. Food Chem., Vol. 50, No. 17, 2002 4883

Table 5. Equations for the Calibration Curves of Authentic Samples for Quantitative Analyses and Contents of the Main Odor-Active Compounds in
the Jasmine Tea Infusion and Model Mixtures for Sensory Evaluation

content in model mixture

content in tea infusion (10-5g/mL)
compound calibration curve? (10~%g/mL) | I
linalool y = 0.99x +0.0136" 260.7 £19.9
R%=0.9986
(R)-(-)-linalool 236.7¢ 125 0.3
(S)-(+)-linalool 24.0¢ 05 6.2
(E)-2-hexenyl hexanoate y = 0.70x +0.1026¢ 95%40 0.5 0.5
R?=0.9815
4-hexanolide y = 0.99x + 0.0455¢ 75+34 0.4 0.4
R?=0.9934
4-nonanolide y = 0.41x +0.1072¢ 16.6 £ 2.7 0.9 0.9
R?=0.9186
Furaneol y = 0.52x +0.0821¢ 13.3+3.0 0.7 0.7
R?=0.9388
methyl anthranilate y = 0.58 x +0.0058° 533.3+40.7 26.6 26.6
R?=0.9997

3y: Peak area ratio of authentic chemical to internal standard detected by FID detector. x: Ratio of absolute concentration of authentic chemical to internal standard.
b <The equations were prepared using ethyl decanoate or mehtyl palmitate for internal standard, respectively.  These values were calculated from the ratio in GC peak area
of (R)—(~-)-linalool and the (S)-isomer in the jasmine tea infusion in Table 4.

tea infusion by diluting the mixture with water until the odor Floral ——jasmine tea
intensity of each matched by a sensory evaluation. A preliminary 150 | =~ ~Model mixture I
— -Model mixture II

experiment had revealed that the lack of any compound among
these six potent odorants reduced the jasmine tea flavor in the
model solution. In particular, the absence of methyl anthranilate
or (R-(—)-linalool markedly reduced the characteristic jasmine
tea aroma. These results showed that bBfja(¢)-linalool and
methyl anthranilate were very important constituents of jasmine
tea. Therefore, in this study, the odor quality of the model
mixture composed of the six potent odorants was examined and
compared with that of the jasmine tea infusion by a sensory Figure 3. Odor profiles of the original jasmine tea infusion and aroma
analysis. Additionally, to investigate whether the absolute model mixtures composed of six odor-active compounds. The composition
configuration of linalool contributed to the odor of the jasmine of each model mixture is shown in Table 5; * p < 0.05.

tea infusion, two more model mixtures were prepared. Model

mixture | contained R)-(—)-linalool dominantly in excess of intense in model Il than in model I. Consequently, the aroma
the (§-isomer, and the other five compounds were also included profile of the jasmine tea infusion could not be reproduced by
in this model solution in the same ratio as that of the jasmine model I1.

tea infusion. The concentration was then adjusted to be about In conclusion, R)-(—)-linalool and methyl anthranilate were
fifty times greater than that of the jasmine tea infusion to provide found to be the most important odor-active compounds in
an equal odor intensity between the infusion and the model jasmine tea, with the absolute configuration of linalool defini-
mixture on the basis of the sensory evaluation already describedtively influencing the odor profile. Minor components such as
(Table 5). The composition of model mixture Il was the same (E)-2-hexenyl hexanoate, lactones, and furaneol also supported
as that of model |, except tha®)-(+)-linalool was dominantly ~ the basic flavor character of jasmine tea with their green or sweet
in excess ofR)-(—)-linalool and the concentration was half that note, because when any of these compounds was absent from
of model | (Table 5). This concentration adjustment was made '.[he model mixture, the odor profile was different from that of
because the intensity of th&)-isomer was stronger than that Jasmine tea.

of the (R)-isomer at this concentration, and all the panelists
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