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Volatile Compounds and Antioxidant Activities of Adenophora remotiflora
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Abstract Adenophora remotiflora (Mosidae) is a perennial plant in the Campanulaceae family and a wild plant that only
inhabits in Korea. This research analyzed the volatile compounds in Mosidae and their antioxidant activities. The volatile
compounds in fresh, shady air-dried, and freeze-dried Mosidae were isolated by steam-distillation extraction (SDE) method
using diethylether as a solvent. Volatile compounds were analyzed by gas chromatography-mass spectrometry (GC/MS).
Antioxidant activities were determined using the linoleic acid system and 1,l-diphenyl-2-picrylhydrazyl (DPPH) method.
Sixty and seventy-two volatile compounds were identified from fresh and shady air-dried Mosidae, respectively. In fresh
Mosidae, the most abundant compounds were ethyl acetate and heptyl acetate, while ethyl acetate and limonene were the
most abundant in the shady air-dried sample. Inhibition of peroxide formation by fresh Mosidae was higher than that of
a-tocopherol, and inhibition by shady air-dried Mosidae was same as that of a-tocopherol. Furthermore, volatile compounds
from shady air-dried Mosidae had higher free radical scavenging activity than o-tocopherol. The freeze-dried sample
showed lower antioxidant activity in both the linoleic acid system and DPPH method.
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24717F ool AREEIITE AR BATE AlAHE -, nigo]
Z ke asoM o -;r“é Qb A Azl ApAE BA
A AlRE FHIEITh B3 AR AEE AFHT Add =
A& &Z7%7](lishin Lab Co., Ltd., Korea)Z 52 71Z3}4
FHEIAoH —70°Ce)] BAsPAA ARSI

SDERE 0|S8%t gy M2 =&

g AR FEL 98l A4 o "‘ AAAZS BAINE 27}
7} 200 g7} 60 g& W3l deodorized water 1.4 LE €&
YHEFEZZ 1-dodecanol(GC grade, Sigma Chemical Co., St.
Louis, MO, USA) 1 uLE #H7}slaL diethyl ether(99.9% purity,
T. Bakel Co., USA) 125mLE FZE&0Z &l TAFE71S

FZ(simultaneous steam distillation-extraction: SDE) Z*Xli 2’\]7‘-
¢ Y AES SR BEAQ I FINE FE
< 918ke] refiigerated circulated bath(D.P.C. Co., Ltd., Korea)E
EEHH 1°ce] Wzrg FFEIeH, iy AR FE & 8

g ol sle] R4 E F(anhydrous Na,SO,; first grade,
DPC Co., Ltd,, Koreaye Bl 4°CollA 24r7F B Bpr17]
o3 3}X] (Whatman No.1)Z o]3}5le] 37°C AdslelA] 1°Cce] Wzt
TE Fasty 344 2F F=7](Eyela, Tokyo Rikakikai Co.,
Ltd, Japan)E §53 o5 AL7ka2 &o)E s AlAS =
GC 3 GCMSE 24 A82 A3

it &4 342 flste] 919 Y wHe
A% 4 AAAx BZAYY] FHAAE AR FE5 A A
B2 Sk
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UM MiEo| GC ¥ GC/MSe| #4
BATE7IERTER 8 Lozl 7z A Hee
GC % GCMSE °©]&3l] #4s13T). Agell A3 GC(Agilent
6890N, Hewlett-Packard, Avondale, PA, USA)2] column<= DB-
Wax fused silica capillary column(60 m>x<0.25mm id., film
thickness 025 um)S ARE3IA L 255 70°ColA] 287 XS4
71 &, 3°C/minS 2 F23l0] 287F A EA17] L, 220°ClA] 208
< A Detector—— flame ionization detector(FID)S A}
gatgon, 24k 713= N2 S flow rate= 1.0 mL/min®
2 39t GC/MSE  Varian Saturn 2000R  3000GC  (Walnut
Creek, CA, USAYE AME3IIAL £4 2L GCol =14 S5t
ot GeMSell €13l 28 472te] peakis ETEAAL] co-injec-
tion3} 7} peak®] mass spectrum= computer library file?l Wiley
275 Z]—E_E] H]—ﬂ—ol'o‘i ‘QLXé o]—/\}k];]'-
Linoleic acid system= 0|3¢t AL F&£2 324 ME9|
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Linoleic acid systeme& ©]-83F ZA|te] &4kst & %é%
Osawa 5] WH17)& HBsY SH3INICh E"]EH = 3

23 AR Smeoll linoleic acid 0.13mL, 99.9% ethanol 10 mL
2 02 M phosphate buffer(pH 7.0) 10 mLE 718t & FHF=2
ZF S 25mLE BT} o] AR UL 40°CollA] incubation
Al71¥ A thiocyanate method®l] 2]l UV-VIS spectrophotometer
(Hewlett-Packard)Z 500 nmel|A] S35 SHdlo] tBIHEE £
A8}3 T} Linoleic peroxidation®] inhibition "8, = % inhibi-
tion of linoleic peroxidation=100— (Abs increase of sample/Abs

increase of control X 100y Al4tete] its}l 48 Yepl it
AA FAsAI9l a-tocopherold FHA #AFSIAIQ] butylated
hydroxytoluene(BHT)S Y|t 0 2 3l RA|the] Abt)zel ahak
3 4L AUk 2482 33 w8l on SAS Pack-
age(SAS Institute, Inc., NC, USA)E ©]8-3l% Duncan’s multiple
test= FAIA 2] 3T

DPPHE 0|2
e &%

DPPHE ©| &3 felgtt)zd £AE4-2 Yamaguchi 59 3
(18)S W&Este] =43kt 0.1 M Tris-HCl(hydroxymethyl ami-
nomethane) buffer(pH 7.4) 950 pL°ﬂ ethanol(HPLC grade, J. T.
Baker Co., USA) %<1 RAI F2E& 324 AR souLs 3
7}et T} ethanol(HPLC grade, J. T. Baker Co. USA)| <1
0.5mM DPPH(1,1-diphenyl-2-picrylhydrazyl, Sigma Co.) 1mL(Z]
TEE 250 pM)E 237 30 59 vortex mixer® 83 £ 30
i B9k WA g g UV-VIS spectrophotometer(Hewlett-Packard)

g A FEE LY 2o RI2C|Z &

2 517nmollM FHEE ZAATH9). RS F2E )il o
Be2 S0pLE W Yo, HTFoRE o l%—%oﬂ o]

500 ppme] a-tocopherol(Sigma Co.)#+ BHT(Sigma Co.) 50 uL-<
H7bele] 2 Wyog B ftd 2AgHE o
zZ7ol g Mgt FHEE YEEE ek dde 3
3] WHE3l9l o] SAS Package(SAS Institute, Inc., NC, USA)S
©]8-3}%] Duncan’s multiple test® 57| 2|5} c}.
A7 0@
AL FEE0| 3/UY 42

SDE ®Hdl] sl F5¢ A5 3y AR & 782 2
A3 ZAIY 2 AAdzg BAelA 22t 0.06% 2 0.420/&
Uebstth GC 3 GCMSE 3714888 w48 A=K (Table 1), 4
A3 BAlA 2R 4%, dUlldtol=R/ 7%, 9R2EF 127, °ﬂ
ZHF 9%, E}E'il—?;v 23%, AET 2% 2 718 359 F 60
5 24 420 & 1°‘1‘+ Az ZAA E1E A

S 3 mos 4R %, UATl=R 11F, R2ed 10E,

2EF 10Z, B3lra Z, AERF 35 ¢ IE} 3%olATh
SRlE FHA Aol *Jéjv& EAIEHHLE} AA7zg A8 o
B2 olfe AAAR oA FEA ) Ao 1 Hel 2 A
AER7] gEe 2 FATETH(19).

lel 3A AR peak areaS AW EW, AlAE ZAJTe
A5 oEER7E 50.98%F 7P WAL, ’SEARIE 2257%S
214|519 EL. o] 7Fe-u| ethyl acetate”} peak area 29.60%= 7}
ol FHuo] UANSB, heptyl acetate 19.86%, tridecane
10.24%, 6-methyl-hept-5-en-2-one  5.70%, 9-octadecenoic acid
2.86%, tetradecane 2.46%, tetradecene 2.27%, limonene 2.24%
9 isothymol 1.40%9] AR ] ATk A AAAzE
Aol B3EAF 20.09% 2 o 2EF 11.80%7F = o]
AT AAAZS AFoM lE AE 712 ethyl acetate
5.73%, limonene 5.38%, 9-octadecenoic acid 4.63%, tetradecane
4.21%, isothymol 2.94%, nerol oxide 2.46%, camphene 2.16%
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Table 1. Volatile compounds of Adenophora remotiflora

RN (Adenophora remotiflora) 252 F'd/ % 2 ks 111

= Peak area %
Compounds" RTY —
Fresh Shady air-dried

Propionic acid 30.65 - 0.06
Formic acid 4747 - 1.36
Aids Nonanoic acid ) 63.50 0.29 0.97
7-Hexadecanoic acid 80.43 0.48 0.20
9-Octadecenoic acid 81.49 2.86 4.63
Tetradecanoic acid 83.36 0.68 0.26
2-Hexenal 7.42 0.31 1.28
Nonanal 11.10 - 1.53
Octanal 29.89 0.13 0.13
Benzaldehyde 23.51 - 0.63
Decanal 26.43 0.24 0.51
Aldehydes Undecanal 34.01 - 0.62
trans-2-Decenal 36.37 0.50 2.04
2 4-Heptadienal 40.71 - 1612
Tridecanal 45.87 0.07 0.08
Octadecanal 76.67 0.19 0.33
9,17-Octadecadienal 84.55 0.63 0.83

Hexanol 7.24 0.24 -
2-Pentenol 7.86 0.05 0.15
3-Hexenol 8.08 0.13 0.08
2-Methyl butanol 13.61 - 0.75
3-Methyl butanol 14.09 - 0.05
3-Octenol 23.22 - 0.15
Borneol 30.48 0.06 0.20
Alcohols Octanol 31.76 0.38 0.61
o-Terpineol 40.04 0.32 1.20
Dehydrocaveol 52.10 0.14 0.89
Eugenol 63.13 0.14 0.18
[sothymol 65.39 1.40 2.94
Cinnamy]l alcohol 68.35 0.20 0.23
p-Mentha-1,8-diene-10-ol 69.07 0.24 0.39
Phytol 82.38 0.68 0.14
Ethyl acetate 6.20 29.60 5:73
2-Methylbutyl butyrate 16.73 0.12 0.06
2-Hexenyl acetate 18.80 - L1
Heptyl acetate 22.22 19.86 0.99
1-Methoxy-2-propy| acetate 23.05 - 0.10
Esters Nonyl acetate 33.26 0.13 0.36
Citronellyl acetate 3745 0.52 1.40
Decyl acetate 38.79 0.34 0.40
Geranyl acetate 42.97 0.23 0.86

Geranyl propionate 46.09 0.09 -
Cedryl acetate 62.14 0.09 0.79

o gFe AU o T olsh fA AR Yolg 24
9 W TR ALY Aol b Wol A=A 1
7

248 BAthol] Hlsle] AR A8 Fd AR o-
terpineol3} isothymol®] $H&e] z}zb 38 B 2.1M} F7hekd
Limonene®] 2+8}E|o] o-terpineol2 F4d5HH, o] ¥ke-o] Q&7
F25 AR o Yeh QAXFA ) AFS T 9
2242 284 e 20.21), BANE AdARSE N
limonene2] 4ts}7F FR1E|o] AMZE Algol v]sle] HlwA B
2] o-terpineol®] AAZAZF AlBeA] 1=t AHET)
Isothymol:& carvacrol®| 2}l F-2& [ E3IHEE thymus &
o 2.8-20.6% FHrEe]l ™ E coli, S aureus 5oV tldte] 7
23l gg@idoe] RaE r)AdEolth22).

AAZ Qo) Hho FrGESRE dEiA e d2EHF 7t

S8 ethyl acetate®} heptyl acetates= 241k ®A|tjol] v]ale] =}
AAZF MBNAM 7z oF 5 L 208] A= ZHAE go] IR
% 2ATh. Heptyl acetate= ¥ 3F, o3 £37] 4 leafy noteol] ¥t
oJ3l= E2o|n, ethyl acetate’= BFE Al 71edsh= 37}
E0|TH(23).

Linoleic acid system& 0|88t 2A|L] FEE FUY MHEQ
FEEC|Z A7EY

AA, Az 2 FAAXS 2AY FE2E 2 AR
linoleic acid peroxidation 24l &3}ol| tfgl A3}-E Table 20 A|A|
3191th. Linoleic acid peroxidation ®JA| &3H= BHTAA 7H =
Al LEREAL, o-tocopherols) HIw SIS mf A BAL] F&
Eo] 3y 4Ee Azt ko, Addx AEe §Y
AL FAAE AEe @A Uebkth ol 2 A =
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Table 1. (continued)

Peak area %

1) 2)
Catnpounils - Fresh Shady air-dried
o-Pinene 8.38 0.13 0.08
o-Fenchene 9.06 0.03 0.09
Camphene 9.59 0.60 2.16
Undecane 10.06 0.10 0.06
B-Pinene 10.92 0.17 0.16
Sabinene 11.27 0.57 1.47
d-3-Carene 11.74 0.79 1.91
Myreene 11.94 - 0.10
a-Terpinene 12.87 0.14 0.23
Limonene 14.31 224 5.38
3-Phellandrene 14.64 0.10 0.28
y-Terpinene 15.46 0.24 0.80
Hydrocarbons p-Cymene 16.44 0.60 0.14
terpinolene 1732 0.54 1.07
Tridecane 18.61 10.24 0.03
Tetradecane 22.62 2.46 4.21
Tetradecene 23.34 227 0.36
a-Cubebene 25.86 0.53 0.48
o-Ylangene 27.92 0.12 0.08
a-Copaene 28.18 0.04 0.15
Pentadecane 28.34 0.12 0.04
B-Cubebene 30.90 0.14 0.12
B-Caryophyllene 34.21 0.25 0.11
v-Elemene 35.39 0.15 0.16
Cyclohexa-1,3-diene 53.75 B 0.42
6-Methyl-hept-5-en-2-one 20.49 5.70 1.65
Ketones f-lonone 52.62 0.07 0.11
3-Buten-2-one 56.04 - 0.22
cis-Linalool furanoxide 25.65 0.12 0.26
Miscellaneous Carvone oxide 45.62 0.23 0.36
Nerol oxide 72.78 0.32 2.46
Unknown 1 6.58 - 3.00
Unknown 2 10.50 - 0.73
i — Unknown 3 17.16 - 1.24
Unknown 4 18.12 - 0.11
Unknown 5 36.70 - 0.87
Unknown 6 - 2.95

DTentative identification was performed as follows: Co-injection with authentic samples (analytical standards); Mass spectrum (MS) was consistent
with that of the Wiley mass spectrum database [2001, Hewlett Packard Co., Palo Alto, USA].

JRetention time.

B IO e st 84 ZA 32 4 (Table 1)°]
A 2¢1% borneol, eugenol, isothymol 52| #|=3}gE0) 71913
ool 9= Atk Farag 5(6)<> carvenone, camphor, borneol,
eugenol ¥ thymoldt 722 #HE & Ad 3o EAsH
hydroperoxide F4-& A|Fckal Hsiiem, 2,6-dimethyl phe-
nol @ camphors F-8laL e %% 289 Af7t 5 &4

Table 2. The inhibition percentage of peroxides formation in the
presence of volatile compounds of Adenophora remotiflora as
compared to a-tocopherol and BHT after 6 days

Inhibition %"
a-Tocopherol 83.61 = 1.117¢
BHT 94.33+0.01*
Volatile compounds of fresh Mosidae 90.17 + 5.50*
Volatile compounds of shady air-dried Mosidae 86.08 + 1.84™
Volatile compounds of freeze-dried Mosidae 76.88 + 1.79°

:’Each value is mean = SD of triplicate assays.
JEach scores with different superscripts are significantly different
(< 0.001).

84282 YehdTaL El-Massry 5(12)°] HALsIgich £
9] terpeneZ] 33 7h-U y-terpinene 2 citronellal®] =2 s}
B4 BAT gern(13), &2 Afelr e

limonene 2 perillyl alcohol#} 732 terpenoids7} #H|%, 7+ 2 7]
Bl & X5 &Aool BaE uh dvk24). wlgr & 49

carveol,

o] g AREA ZAelA ﬁ} 18 uje} 7ol mA|tef Fhr
%l y-terpinene @ limonene = FAFE} EAdo) 7]oiE 1S Ao

2 yekE.
DPPHE 0|88 ZAI F58 3¢d d=29| RaE2clzt &
et

BAIY) F2E A 420l st 848 DPPHE 233

ZA 3K Table 3), #|*5| %E]E}E]?ll’l' HFg-sls sl RA B4
g4kslA19l BHTZE 7HE & 848 VeI Addzs =
ehe] 3 Agiol a-tocopherol Ho} =2 ggE)d 47
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Table 3. Free radical scavenging activity of volatile compounds
of Adenophora remotiflora as compared to o-tocopherol and
BHT by DPPH method

DPPH percentage
of reduction
46.38 +0.05"¢
84.62 +0.02"¢

a-Tocopherol"
BHT?

Volatile compounds of fresh Mosidae 4423 +0.04¢
Volatile compounds of shady air-dried Mosidae 55.63 +0.04"
Volatile compounds of freeze-dried Mosidae 37.15+0.02¢

"Ig-Tocopherol and BHT concentration =500 ppm.

“Each value is the Mean = SD of triplicate assays.

“Each scores with different superscripts are significantly different
(p <0.001).

FAAZZ Agug AA 2 QAR BAY FEE YA
AR o] #A U A I

g2tz AAEEE 3E2 FIISHR dEA A=
B} g Haso] Sltk12). frejzie]zde SE3A e
Akslol Fa8%k A3 sy gl felEitl Al ksl
W2 814U phenolic hydroxyl 28 A7} 45 o] oH4
21717 BAEEZR ¢ o] AW 487t dojur] e
3tH25). Linoleic acid @ DPPH £42 E3lo], 2] §
A Aol FaFaA 2 AW fElzE wheske 8 3
SAZA LS o 4 Atk

oz 22 ANE Fale], fEveke] W 281 BAY
T3 &S AU 128 o-tocopherol FAFSAY =2
st 848 veidls U 4ES FRsia deuz 1A
e AAAzsAY A4S FEHZ A2 F 715 AF4A
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re

oo

2 ¢

Ad g AAdz BAYe] Fud AES SDE Wyoe® F
3 F GC % GOMSE o83l £4stion, A F
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3 4 FEEE AR 819 linoleic acid system¥ DPPH
frelgitd 27 848 FAEUTh AAE BAT oA

T 4%, QUslol=ER 7E, ¥R 123, Jd=EHF 9%, ©3}
FAEF 23F, AEF 2% 2L 7|E 359 F 605 LY AEo]
SRIFRATE AAAAZS BAA ERIE RS F 12FoR
AF 65, LHEIER 11F, ELSF 4%, oZHF 108, &
sra® 25%, AER 3F % 71E 3F°l3dth Linoleic acid
peroxidation A &35 AHEW, BHTZ} 7} =2 4 &3
7F YEFIL o-tocopherola Y] wall S wf 41413t BA) &
o] A e AA a7t Eon, ARAX AEE 5
3 FAUZR AlEe WA JEsth B3 2AY 3R A4
B F2250| g3} &AL DPPHE =43 Z3, BHT7Z} 714
=%om ZAAZS A9 4] AEo] a-tocopherol HT}
=2 FEEHZ 2AEHE BIoH A48k 2Ae FuA
HEE o-tocopherol?t 722 2 E4& Yy sAAx
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