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ABSTRACT

Thevolatile composition of the headspace from Gastrodia elata Blume was
investigated. The volatile constituents were absorbed by a solid-phase
microextraction fiber and directly transferred toaGC-MS. Vol atile composi-
tional changesof Gastrodia elata Blume prepared viadifferent drying method
(hot air, freeze, and shade drying methods) were also determined. A total 91
volatiles congtituents were confirmed in the headspace from these samples.
Acidswere predominant in the headspace vol atiles of Gastrodia elata Blume:
fresh, 17.81%,; hot air-dried, 24.45%; freeze-dried, 20.54%; and shade- dried,
39.18%. Hexadecanoic acid was the most abundant volatile component in all
samples. Dehydro carveol, tetradecenal, cinnamyl alcohol, hexadecanoic acid,
and hexadecenoic acid showed the greatest percent difference of al the
volatile constituents from 4 Gastrodia elata Blume samples. Tetradecenol
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concentration in the hot air-dried sample was significantly increased.
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INTRODUCTION

Theimportance of aromatic plantsisconsiderable
owingtother applicationsinfolk medicineandtheir po-
tentia for commercid valueinvariousfieldsasspices,
beverages, perfumery, cosmetics, pharmaceutics, and
aromatherapy¥l. Gastrodia € ata Blume(Orchidacese),
which grown inthewoodsof K orea, Japan and thecen-
tral provinceof China, hastraditiona ly been usedfor the
treatment of avariety of conditionsincluding neuralgia,
paralysis, lumbago, headache, and other neuralgicand
nervous problemsasraw and dried tuberd3. Gastrodia
elataBlume(GE) isan effectiveanaygesic and antis-

pasmodic agent to subduethe hyperactivity of theliver,
relievemuscular and treet infantile convuls on>.

There are many pharmacol ogical and nutritional
studieson GE®9. GE influenced thedevation of gamma
aminobutyricacid (GABA) concentration by inhibiting
GABA shunt. GE aso demonstrated other pharmaco-
logical activities such as anti-inflammatory and inhibi-
tory activity onnitricoxideleve inrat modd©%, Chung
and Ji'" reported the composition and functionality of
GE, and Heo et a ¥ studied the antioxidant and antitu-
mor activitiesof GE. Hong et d B eva uated the qudity
characteristicsof thebeveragewith GE. Many research-
ershavebeentried touse of GE infood industries'®1Y.
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GE isanimportant food and medicinal materid inKo-
rea(Cheonmain Korean) and China(Tianmain Chi-
nese). Although many paperson functiondity of GE are
published, but there seem to have been afew reports
concerned with volatileflavor composition*>%3, The
economicimportanceof edibleplantsand their useful -
nessinthefood industries necessitatethe acquisition of
accurate compositiona data.

Solid-phase microextraction (SPME) isasol vent-
freeextraction techniquefor organic compoundsand
flavor, inwhich analytes are absorbed directly fromthe
sampleinto afused-silicafiber coated with either thin
film polymersin the stationary phase (e.g., Carbowax,
divinylbenzene(DVB), polyacrylate (PA), polydimethyl-
sloxane (PDMS)) or amixture of polymersblended
withaporouscarbon-based solid maerid (eg., PDMS-
Carboxen)*+18, SPME has been successfully utilized
for thequditative andys sof many food substancesand
flavors. However, theavailablefibersare not consis-
tently respongiveto dl compounds. Theextraction effi-
ciency of solutesby SPME could bedifferent whenthe
headspace, composed of different classes of com-
pounds, is quantitatively analyzed*®. Thefibersfor
SPME consist of afixed liquid film or fixed solid sor-
bents, and their length and thickness depend on the
coatings'. Severa fiber coatingsare commercially
availablefor theextraction of volatileand semivolatile
compounds. In PDMS and PA phases, volatiles are
extracted viaabsorption by dissolvingand diffusngthem
into thebulk of the coating. Carbowax-DVB, PDMS-
Carboxen and PDM S-DV B, which are mixed coat-
ings, extract viaadsorption with analytesstaying on the
surface of thefiber. Extraction efficiency, precisonand
reproduci bility by SPM E technique can beaffected by
modifying thematrix of thefiber, extraction and des-
orption time, incubation temperature, samplevolume,
and other sampl e treatmentg*518-20,

Thereare somereportson thevolatileoil compos-
tion from GE!'213, Despite the useful plant resource,
no detalled andysisof heedspacevolatilesfrom GE have
been reported. Theobjectiveof thisstudy wasto iden-
tify the headspacevolatiles of Gastrodia elata Blume
andtoinvestigate the changesof volatiles effected by
variousdrying methodsby usng SPME.

BioTechnology — o

EXPERIMENTAL
Plant material

GE tuber was obtained from the NangSeong-
Gadtrodiafarm of Chungbuk, Korea. It was harvested
at itsoptimal edible stage (2007). Authentic chemicals
for co-injectionin gaschromatography and mass spec-
trometry were obtained from reliable commercial
sourcesasfollows: Aldrich Chemica Co. (W1, USA),
SigmaChemicd Co. (MO, USA), PolyScienceCo. (IL,
USA), AccuStandard, Inc. (CT, USA), ThetaCo. (PA,
USA), and Wako Pure Chemical Industries (Osaka,
Japan).

Thewater activity of each samplewastested by
Aqualab (Decagon DevicesInc., Washington, USA,
model series3TE) at room temperature. GE samples
wereanalyzed colorimetrically inthreereplications by
using a Color and Color Difference Meter (Color
Techno system Co., Ltd., Tokyo, Japan) coupled with
aspectrophotometer (Shimadzu Co., Kyoto, Japan,
UV-1601PC). Theresultswereexpressed asHunterLab
L (whiteness/darkness), a(red/green), b (yellow/blue),
and color difference (AE) with standard, whitecolor.

Dryingmethod

Inthisstudy three different drying methods were
adopted in GE tuber. A sample of thefresh tuber was
hot air-dried by using adomestic hot air-drying oven
(Dongyang Science Co., Kwangju, Korea, model
1060) for 24 hoursat 50°C. A fresh GE samplefrom
thesamebatchwasdriedin afreeze-dryer (llshin Labo-
ratory Co. Ltd., Seoul, Korea, model FD 5505) at -
54°C and under vacuum (7 mm Torr) overnight. A third
sample of fresh tuber was placed in shady place
(~20°C) that waswell-ventilated for 3 days.

SPME

Inthisstudy, a100 m PDM Sfiber (Supelco, Inc.,
Bellefonte, PA) was used becausethis particular sta-
tionary phasematerial showed ahigher affinity toward
volatilecompounds at |ow concentrationsin previous
tests. The SPME fiber was exposed to the headspace
of samplesvaried from 30to 70 minto establish the
best extractiontime, and 50 min wasdetermined to be
theoptimal extractiontime. A 3gfreshsampleand 0.5
g of each dried sampleswerehermetically sealedina
10 mL via from Supel co having asilicone septumand
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anauminum cap. Thestainlesssted needlecontaining
PDM Sfiber wasinserted through the septum of the
samplevid inorder to sampletheheadspacefor 50 min
by usngaVarian 8200 autosampler (Wanut Creek, CA).

Gaschromatography (GC)

After theextraction by thePDM Sfiber, thevolatile
compoundsweredesorbed for 2 mininto theinjector
of aGC (Agilent 6890N, CA, USA) equipped witha
DB-Wax fused-silicacapillary column (60 m x 0.25
mmi. d., film thickness 0.25 um, Jand W Scientific,
Folsom, CA, USA) and aflameionization detector.
The column temperaturewas programmed from 70°C
(2 min for desorption) to 230°C (20 min) at arate of
2°C/min. Theinjector and detector temperatureswere
both 250°C. Nitrogen asa carrier gaswas used at a
flow rateof 1 mL/min. The headspacegasof thisaro-
matic plant wasinjected into GC, and the splitlessmode
was adopted. Theretention indices (RIs) were cal cu-
|ated for all volatile components using ahomol ogous
seriesof n-alkanes (C_-C,,) under the same GC con-
ditions.

GC-massspectrometry (GC-MS)

The GC wasinterfaced with aVarian Saturn 2000R
MStoidentify of the volatile compounds. SPME was
injected into the GC-M S system using aVarian 8200
Autosampler (Walnut Creek, CA, USA). After the 50
min extractiontime, thevolatile compoundswere des-
orbed for 2 min into the injector of aVarian Saturn
2000R 3800 GC (Walnut Creek, CA, USA) equipped
withaDB-Wax fused silicacapillary column (60 m x
0.25mmi. D., filmthickness 0.25 um, Jand W Scien-
tific, Folsom, CA, USA). Hdiumwasthecarrier gasat
aflow rate of 1.1 mL/min. The column temperature
was programmed from 70°C (2 minfor desorptiom) to
230°C (20 min) at arate of 2°C/min. Theinjector tem-
peraturewas 250°C and theinjector split ratiowas 34
to 1.

| dentification of components

Componentswereidentified by comparingtheir RIs
and matching their mass spectrawith those of refer-
ence compoundsin the datasystem of Wiley library
and NIST Mass Spectral Search Program (ChemSW.
Inc., NIST 98 Verson Database) connectedto aVarian
Saturn 2000R mass spectrometer. Thevolatileflavor

TABLE 1: Water activitiesGastrodia elatablume

Drying method Water activity
Fresh 0.976/25.8°C
Hot air-dried 0.260/25.2°C
Freeze-dried 0.539/25.3°C
Shade-dried 0.539/25.3°C
TABLE 2: Color and color differenceof Gastrodia elatablume
L a b AE
Fresh 86.04 -1.68 820 15.32
Hot air-dried 90.07 -127 1048 1395
Freeze-dried 94.78  -1.44 6.44 8.07
Shade-dried 90.31  -0.69 956  13.03

componentswere also matched by co-injection with
authentic compounds. Theresultswere expressed as
theaverage of the peak areapercentagesin duplicate.

Satistical analysis

GC pesk areapercentsof somevolatileflavor com-
pounds (carveol, geranyl butyrate, perilla acetate,
dehydro carveol, tetradecend,, tetracosane, pentacosane,
hexadecanoi c acid, and hexadecenoic acid) were sub-
jected to one-way andysisof variance (p < 0.05) using
the Statistical System software package®!. Significant
differences between means by duplicatetestswerede-
termined by Duncan’s multiple-rangetest.

RESULTSAND DISCUSSION

Headspace composition of fresh GE

Theinitid water activity of the GE tuber was0.976
(TABLE 1). Hunter L, a, b, and AE vaues of fresh
sample were 86.04, -1.68, 8.20, and 15.32, respec-
tively. Theidentified volatile componentsand their peak
areapercentsaregivenin TABLE 3. Thecomponents
arelisted inorder of their elution on the DB-Wax col-
umn. A classification based on functiond groupsissum-
marized in TABLE 4. Eighty-six volatileflavor compo-
nents, congtituting 67.94% of thetota volatile compo-
gtion of theheadspace, including 14 hydrocarbons(8.32
% peak ared), 10 aldehydes (6.72%), 25 alcohols
(13.87%), 3 ketones (2.01%), 12 esters (4.14%), 6
oxidesand epoxides (2.12%) and 13 acids (17.81%),
wereidentified from the GE tuber by SPM E method
(TABLES3and 4). Acidswerepredominant in fresh
GEvoldtiles.

Hexadecanoic acid wasthe most abundant com-
ponent (4.90%), followed by tetracosane (2.80%),
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TABLE 3: Volatileflavor componentsof Gastrodia elatablume

Peak area percent Peak area percent
5 K s a L gdn o
gt g SEYESE 25 "o PEslEfl
© LC :% S 1O 5o o )
45 trans-Dodec-2-enol 2029 0.55 1.10 0.68 -
1 Ethyl acetate 990 0.06 0.30 0.02 0.03 46 transNerolodol 2044 031 029 025 025
2 Camphene 1089 0.02 0.04 001 tr 47  Octanoic acid 2053 0.31 0.28 022 0.34
3 2-Pentenal 1126 - 002 - - 48 Globulol 2061 0.24 018 0.20 0.09
4 Sabinene 1134 - - 001 - 49 Elemol 2091 034 025 028 0.14
5 §-3-Carene 1157 001 - 004 - 50 Viridifloral 2098 0.28 0.16 0.19 0.10
6 a-Terpinene 1190 0.02 - - - 51 Cedrol 2115 0.66 0.37 054 0.23
7 Limonene 1231 0.01 - - - 52 Spathulenol 2128 031 0.12 045 0.08
8 y-Terpinene 1292 0.01 _ _ _ 53 Cedrenol 2136 0.22 0.09 0.16 0.04
o  Tepndee 1312 - - 001 - 2 U Zo 00 e 0% 010
1IN0 . . . .
1(1) 2 Heﬁmﬂnﬁame ﬁgi 8:83 - 56 Thymol 2174 059 021 046 0.12
o Tetradecene 1451 002 - ] ] 57 Eugenol 2186 0.63 0.15 040 0.07
L . ’ 58  p-Vinyl guaiacol 2199 - 047 066 134
13 C|s-IT|monene_OX|de 1451 0.01 - 0.01 - 59 Nonanoic acid 2200 065 ] ) )
14 Lindooloxide .00 g1 - 60  o-Bisbolol 2210 041 015 037 -
ISomer 61 Isothymol 2223 062 0.13 044 001
15  p-Cubebene ~ 1540 009 - - - 62 B-Sinensal 2235 067 008 057 0.05
16 cisLimonene oo fop . . . 63 B-Eudesmol 2247 0.49 009 044 0.8
epoxide 64 Isoeugenol 2257 050 009 044 0.04
g Ni/rlwl acet?te iggi 8-% 06 o 0-1 0 06 . 65 Ethyl hexadecanoate 2267 0.56 0.09 0.54 0.06
yrceno . . . . trans,trans-Farnesyl
19 Trans2-Decenol 1645 017 - - - 66 acetate V' 2275 041 007 039 007
20 cisp-Farnesene 1658 0.09 - - - 67 Cinnamyl alcohol 2301 251 - - -
21 TransB-Farnesene 1672 0.09 - - - 68 Methyl 2337 123 079 114 030
22  Trans-Piperitol 1693 027 043 - - heptadecanoate ' ' ' '

23 a-Terpineol 1702 0.12 - 69 cistrans-Farnesol 2343 035 022 031 -
24 Dodecana 1716 0.22 0.39 70 transtrans-Farnesol 2350 0.36 0.20 0.39 0.33

o - 71  Methyl pamitate 2357 031 013 033 017
25  Neryl acetate 1737 0.32 0.69 1.29 0.15
y 72 Ethyl heptadecanoate 2362 0.25 0.20 0.36 0.30

26 g &Lﬁi\é%?%yran 1744 016 - - - 73 Decanoicacid 2367 055 048 067 0.12
27 - 1753 031 - - - 74 Nerol oxide 2376 0.45 038 075 022
oxice 75 Octadecanal 2388 073 038 0.72 0.29

28 Sesquiphellandrene 1778 0.61 1.42 0.46

2-Hydroxy-4-methy
29 Cuminadehyde 1810 053 080 057 020 76 - 2Tt

2400 0.81 047 0.83 0.27

; acetophenone

31 Geranyl propionate 1826 0.39 - - - 78 Methyl ctadecanoate 2434 0.75 058 0.77 0.60
32 Carveol 1841 0.79% 2.37° 1.27° 0.752 79 Undecanal 2446 079 1.34 083 0.70

p-Mentha-1,8- 80 Octadecancicacid 2465 0.86 0.84 0.89 0.89
33 dien-10-ol 1858 084 144 0.79 047 81 Dodecancicacid 2470 0.84 086 0.86 3.52
34 Geranyl butyrate 1872 0.93* 2.25° 1.09° 0.70Y 82 Tetradecanoicacid 2487 1.01 1.03 1.07 3.41
35 Dodecyl acetate 1891 1.06 - 1.00 0.66 83 Lauric acid 2492 077 0.83 080 3.02
36 Perilla acetate 1903 1.18* 2.60° 1.34° 0.78° 84 Pentadecanocicacid 2500 1.14 1.14 120 1.66
37  Tetradecand 1929 135 - - - 85 Pentedecenoicacid 2521 1.02 082 1.08 1.43
38 Dehydrocarveol 1939 1.48% 6.20° 4.11° 2.19" 86 Tricosane 2530 1.08 202 110 0.86
39 B-lonone 1955 1.04 87 Tetracosane 2543 2.80° 3.33" 3.05° 5.14°

40  Tetradecendl 1068 157° 7(-)113 Oé4c 0;1d 88 Pentacosane 2575 1.04* 098" 1.25° 4.13°
41 Hymullene epoxide 1972 6.74 2'.03 6.26 é.20 89 Hexadecanoicacid 2598 4.90° 10.37° 8.82° 15.88°

90 Hexadecenoicacid 2614 2.35% 2.43° 2.79° 7.10°

42 cisp-Caryophyllene 1979 2.25 - 069 265 o ecancicacid 2633 265 282 131 270
43 NS CAVORIVIIENe 2007 059 084 0.38 3.47 67.94 81.40 67.36 81.52

epoxide Values with the different superscripts are significantly
44 Ledol 2020 041 - - - different(p < 0.05)
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TABLE 4: Constitution of functional groupsin the headspacevolatilesof Gastrodia elatablume

Peak area percentage

Functional group Fresh

Hot air-dried

Total no Peak area %

Hydrocarbons

Aliphatics 4 5.12 3
M onoterpenes 5 0.07 1
Sesquiterpenes 5 313 1

Aldehydes
Aliphatics 7 5.24 6
Terpenes 3 1.48 3

Alcohols
Aliphatics 2 0.72 1
Monoterpenes 11 8.54 10
Sesquiterpenes 12 4.61 11
Ketones 3 201 1
Esters 12 4.14 11
Oxides and epoxides 6 212 3
Acids 13 17.81 12
Total 86 67.94 63

Freeze-dried Shade-dried
Total no Peak area % Total no Peak area % Total no Peak area %

6.33 3 5.40 3 10.13
0.04 4 0.07 1 tr
1.42 2 1.15 1 2.65
10.33 4 2.54 4 1.99
1.04 3 1.33 3 0.35
1.10 1 0.68 - -
11.58 9 8.67 9 5.05
2.12 11 3.91 9 1.34
0.47 1 0.83 1 0.27
8.02 12 8.78 12 3.98
3.25 5 141 3 5.89
24.45 12 20.54 10 39.18
81.40 67 67.36 57 82.41

heptadecanoic acid (2.65%), cinnamyl d cohol (2.51%)
and hexedecenoic acid (2.35%). Lee and Kim*? re-
ported thevolatileflavor congtituentsof GC by asmul-
taneous steam distill ation and extraction method. They
identified 39 componentsin thefresh GE, and reported
the hexadecanoic acid as the most abundant compo-
nent.

M onoterpene al cohol swere the abundant oxygen-
ated compoundsin fresh GE flavor, and cinnamyl aco-
hol was the most predominant component (2.51%),
followed by dihydro carveol (1.48%), p-mentha-1,8-
dien-10-ol (0.84%), carveol (0.79%) and thymol
(0.59%). Cinnamyl acohol iswidely usedin perfume
compositionsincluding many flora fragrancesand soap
perfumes, andinflavor compositionsfor imitation apri-
cot, brandy, cinnamon, grape, raspsberry, strawberry
and walnut for itswarm-balsamic flavor??, Thetota
amount of adehydesin volatilecompositionwas6.72
%, withtetradecend (1.57%) and tetradecand (1.35%)
being the main components. Ketone occurred in low
level (2.01%), with B-ionone (1.04%) being themain
component. Twelve ester components (4.14%) were
confirmed in headspaceflavor of thissamplewithme-
thyl heptadecanoate (1.23%) being the main compo-
nent.

Headspace composition of dried GE

Volatile Compositiona changesof GE onthedif-
ferent dryingmethods[hot air-drying (HD), freeze-dry-

ing (FD) and shade-drying (SD)] werea soinvestigated.
Thefinal water activity and theHunter L, a, b, and AE
valuesof each dried sampleswereshownin TABLES
1 and 2. Comparison of thevolatileflavor profiles of
thefresh and dried GE samplesreveded distinct quali-
tative and quantitative differences(TABLES 3and 4).
The headspace of dried GE was composed of hydro-
carbons (HD, 7.79%; FD, 6.62%; SD, 12.78%), a-
dehydes (HD, 11.37%; FD, 3.87%; SD, 2.34%),
acohols (HD, 14.80%; FD, 13.26%; SD, 6.39%),
ketones (HD, 0.47%; FD, 0.83%; SD, 0.27%), esters
(HD, 8.02%; FD, 8.78%; SD, 3.98%), oxides and
epoxides (HD, 3.25%; FD, 1.41%; SD, 5.89%) and
acids (HD, 24.45%; FD, 20.54%; SD, 39.18%)).
Acidswereprominentin heedspacevoldiles. Hexa
decanoic acid wasthe most abundant volatile compo-
nent of hot air-, freeze-, and shade-dried samples
(10.37, 8.82, and 15.88%, respectively). Dehydro
carveol, tetradecend , cinnamyl acohol, hexadecanoic
acid, and hexadecenoic acid showed the greatest per-
cent differenceof dl thevolatile congtituentsfrom4 GE
samples. The content of aliphatic hydrocarbons, ox-
ides and epoxides, and acids were the highest in the
shade-dried sample, wherediphatic and terpene ade-
hydes, monoterpene and sesquiterpene a cohols, ke-
tones, and esters showed the opposite predominance.
The oxygenated compounds areimportant contribu-
torsto plantsflavor. o-Terpineol isadesirableflavor in
many fruits, whereasin othersit isperceived as an off-
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flavor described asterpentine-like, camphoraceous,
stale, musty and pungent'®24. |t isadegradation prod-
uct of essentia oil componentsin somefruit juice. It
occursin aged orangejuice. Thereforeit hasbeen pro-
posed asaqudity indicator of essentia oil components
in somefruit juices®!. a-Terpineol content wasfound
only infresh sample (0.12%).

Fresh GE tuber had the greatest total number of
volatileflavor compounds. The newly identified com-
poundsinhot air-dried samplein comparison with fresh
onewere 2-pentenal, and p-vinyl guaiacol. Sabinene,
terpinolene, and linalool oxideisomer werethe com-
pounds identified in only freeze-dried sample. The
freeze-dried sample had alow hydrocarbon, and ox-
idesand epoxides. Shade-dried GE hadthehighest acid
content.

TABLE 3 showstheeffect of drying methodson
the abundanceof ninevolatilecompoundsmarked with
superscripts. Concentration of compounds, carveol,
geranyl butyrate, perilla acetate, dehydro carveol,
tetradecend, tetracosane, pentacosane, hexadecanoic
acid, and hexadecenoic acid showed significantly dif-
ferent patterns depending on the method used to dry
thetuber. However, thelevd of carveol inshade-dried
samplewasnot sgnificantly different fromleve found
inthefresh sample. The headspace of freeze-dried GE
was characterized by itshigh contentsof carveol, geranyl
acetate, perilla acetate, dehydro carveol, and tetra
decenol. Tetracosane, pentacosane, hexadecanoic acid
and hexadecenoi ¢ acid concentrationsin shade-dried
samplewere significantly increased upon drying by
shade-drying method. Theamount of geranyl acetate,
perilla acetate and tetradecenal were decreased in
shade-dried sample, but not inthehot air-dried sample.
Thesignificant increase of tetradecenol concentration
inthe hot air-dried samplewas noteworthy.

CONCLUSION

Someof thedifferences between thevolatile com-
pounds profilesof plantsmaterid susing different dry-
ing methodswere able to be detected instrumentally.
Dueto both economi cimportance and academic inter-
est, research has been carried out on theidentification
of volatileflavor compounds of foods on various pro-
cessing conditions. The effect of drying methodson

volatile componentsisoften regarded asacritica fac-
tor of food flavor quality. An understanding of thefla-
vor quaity according to drying methodsrequiresthat a
relatively compl ete quantitativeand quditative database
be devel oped. From these experimentsit isconcluded
that the headspace volatiles of GE wasfoundto bea
rich source of acids. Hexadecanoic acid wasthe most
abundant component. Comparing thevol atile compo-
nents of thefresh and three differently dried samples
showed distinct quditativeand quantitativedifferences.
An organol eptic comparison of thevol atileflavor com-
ponentsfrom fresh and dried sampleswill providemore
detail ed information about the odor-active components
of these samples.
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