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Analysis of Nutritional Components, Volatile Properties, and Sensory
Attributes of Cynanchi wilfordii Radix: Characterization Study
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ABSTRACT Nutritional compositions, volatile compounds, and sensory attributes of Cynanchi wilfordii Radix were
analyzed in order to examine its practical utilization as a food resource. In the proximate analysis, protein and lipid
contents were shown to be 14.6 and 5.0 mg/100 g, respectively, in C. wilfordii Radix. Potassium was the most predom-
inant mineral (809 mg/100 g), as determined by inductively coupled plasma-optical emission spectrometry in parallel
with microwave acid digestion. Total phenolic content was found to be 410 mg/100 g. Further, arginine and linoleic
acid were the most abundant amino acid and fatty acid of C. wilfordii Radix, respectively. To examine its functional
properties, classical 2,2-diphenyl-1-picrylhydrazyl (DPPH) analysis was performed. As a result, the concentration of
C. wilfordii Radix required to scavenge 50% of DPPH radicals was 1.16 mg of dried material. Lastly, in olfactory
and sensory tests, B-eudesmol (woody odor) was the major flavor compound responsible for the bitter taste and sensory
attributes of C. wilfordii Radix. Taken altogether, the above results provide important preliminary results for utilization

of C. wilfordii Radix as a food resource.
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wilfordii Radix)+= &% % (Cynanchum wilfordii Hemsley
(=7 3} Asclepiadaceae)®] WolPrg &2 Y E ko)
] 5~10 cm, AE 15~35 mmzE &#HA o,
W xH QESHA FEE TER 7 9 4 8
Y Eel A= A el A oA ek oL
@k, ok g3 geukg v 2 qlol
F Adzxsto] AREE gt s e s s
of WalFQ ® F-Este] AREstal glow, A}
Al “FoFA A" = e uid 3

Z

i
&
o

o

)
L=

b 8 >

R R OO <
rot
0y
o
fo % rlo w0
o

12
ol
o

f
O ox 2 Hu

BES

ot

Received 23 February 2015; Accepted 7 April 2015
Corresponding author: Eui-Cheol Shin, Department of Food Sci-
ence, Gyeongnam National University of Science and Technology,
Jinju, Gyeongnam 660-758, Korea

E-mail: eshin@gntech.ac.kr, Phone: +82-55-751-3271

o

Felolg} A3l ef W30 5 a4 A3kl
FAISE o ghokd &) gk okt A ol A sl g4
=2 (Polygoni multiflori Radix) & 13315 3L, 9
W= Q (Cynanchi wilfordii Radix)Bt= WY o2
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212 ATHE). Wt ol ek d& Aol A acetophe-
none¥} polyoxypregnane glycoside’} 58 Al&olgt+=
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acylmetaplexigenin, kidjoranin, caudatin, penupogenin,
wilforine &°] X% 3, 7|e} AE S 2 cinnamic
acid, benzophenone®] 3 AF%= B3 JrH4).
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Aol A AREE BE A9k} EFEF2 Sigma-Aldrich
Co.(St. Louis, MO, USA)°llA4 +913}3 ). Hexane, meth—
anol(CHs0H), ethanol chloroform(CHCl3)> HPLC-
gradeE A}&3}4 a1, anhydrous sodium sulfate(NasSOy),
n—pentane, diethyl ether, phosphoric acid, hydrochloric
acid, Folin-Ciocalteu, sodium chloride(NaCl)+ ACS-
gradeE ©]-&3}th A WAE 2448 E1sl7] 218l Supelco—
37 fatty acid methyl ester(FAME) % %
noic acid(C17:0)7} AH&% At
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=4 % Al 565
A, 3% S AT R 105°C A x
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Wt o] Fr)d % A4S Jung 5(14)9 F3k
microwave acid digestion(Titan MPS, Perkin Elmer
Co., Waltham, MA, USA)S o]-&3le] AAZE Al '*"%H 3131
th AR 0.5 g& e8] skl dAg &7l 2aL 10
mLe] A4kS 7k & 1587 180°Coll A 7FE3slar 600 W

ANJAE 7hete] AlgE Ealetlth. dxe7 gud Als
o] €712 100 mL wlZ et g-88kar 0.45 ym LH
£ AHgstel AlnE BEY @ F BAE A2 A8
BalE 4B 1 BAe GEAYEeE Ry
/ICP-OES(Inductively Coupled Plasma-Optical Emission
Spectrometer, 5300DV, Perkin Elmer Co.)Z AM&3}3it}.
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WMl o ¥ F HE g2 Folin-Ciocalteud]
H(15)ol met SAHsAY. AEE 1 mg/mLE 4“"]7] -

2% 40 plel FH4 200 pLE #H7bsbar, ol 7]l 2
Folin-Ciocalteu's reagent(Sigma-Aldrich Co.) 200 pL

2 Yo ¥ 30%7 EFEUT. o] §o 30% NayCOs
(Sigma-Aldrich Co.) 600 uL$} ZFH4 160 uLE 7héted]
Eska 25°Col A 2413F Bk AR W-se F 750 nmoll A

TAEE SAF}IY. FFEHEEE gallic acid(Sigma-
Aldrich Co. )—E‘ AH8-81] 0~500 pg/ml =2 st M=
o= A% F de HFHo RN F £

W30 o] gaksle > DPPH(1,1-diphenyl-2-pic-
rylhydrazyD) & ©]€3}9 radical scavenging activityS
S7sluk(16). AdxE W& X (200, 400, 600,
800 pg/mL)Z 3)Agk & Alg &4 80 uLel 0.2 mMe]
DPPH &< (dissolved in 99% ethanol, Sigma-Aldrich
Co) 320 uLg ¥ kgl of& 37°Coll A 301t WA g
% 517 nmolA SR EE SAsoH, thao] A tis]
sto] ikstd & 5433l
A& A7 B3
R e
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o] 3 mLe] 6 N HCI#} $H) test tubeol] ¥ 107+ wHk-S
A atete] e ded $ 110°CE 7tEd
heating block(Thermo Fisher Scientific Co., Rockford,
IL, USA)ell A 24A)3F o] 7tE st 7heial & AAISHS
t}. 50°C &%) A] rotary evaporator(R-II, BUCHI,
Postfach, Switzerland)® 2+ | A%
buffer® 50 mL &3 t}2 1 mLE # 3l 0.2 ym mem-—
brane filter®Z oIAIA o}v it AEE4]7]1(L-8900,
Hitachi High Tech, Tokyo, Japan)& °]-&3}o] A% £
sieiet.

frelobnl e gerels] Sls) AT 1
mLe} 7 1083 g AAJsgink wnk 3 3, OOO rpm
o4 2087 2% AL AFAE A B
mL sample dilution buffer2 &3A|7]13L, sulfosahcyhc
acid 205 H7Fsle] 4°Col A 1417 &<t HX]g & t}hA]
3,000 rpmellA] 20+23F 4] 3H31aL 0.2 ym membrane
filter= o] #A1 7 opv] =it AHE R4 71(L-8900) 2 4 &
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Mgk, opulaet B4 %7
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71 9138 6% sulfuric acid(H2S0)E
ABFATHL7). &F 100 mge] F&d A&
reaction vial(5 mL size, Thermo Fisher Scientific Co.)
o £7 % 100 pl9 WHZFE4 heptadecanoic acid
(C17:0)(1 mg/mL hexane)E 37 vialel 3 713FSc}. A8
=2 2 mL9 transmethylation reagent®l 6% H.SO./
CH;0HE AF&-31%aL, 70°Ce] 2% A Reacti-Therm I
Heating/Stirring Module(Thermo Fisher Scientific Co.)
= &3 16713 Bt F=AS AT 1647 & A&
Ao wxste] WAAIZl & 1 mLe| 5 H7tst] 183
vortex A7 th& 2 mL2| hexanes #H7}sl] 183t vor-
tex A7l ¥ hexanes < FH3 T 2 mLe] hexanes
A7 AL 3H wkE )] hexane%% FHe o5 A4t
2E o] 83}9 hexanes A|AT & AEES thA] 1 mLe
hexaneol] 5o AWk 41 918 Aol AH&3H3iTh

A WA A4S $]3A] AL-8-¥ gas chromatography 2%
Agilent Technologies 6890N “#X](Agilent Technolo-
gies, Santa Clara, CA, USA)7} AF& 5 Qi) B4 =l
SP-2560 capillary column(100 m<0.25 mm i.d., 0.25-pym

42 Reacti-vial

Table 1. Total and free amino acids in Cynanchi wilfordii Radix

e R LR E L

film thickness; Agilent Technologies)o] AFg= 1
carrier gas® helium(2.7 mL/min)°] °]& 53t} ¢

2 AE7] £5E 25 250°CH AL split ratios= 50:19]H,
B o] &8 3t =49 aire HEV]olA £ 40 mLet
450 mL7} 242F AHEERITh Oven &%+ %7] 130° COM
SEIF W F B 4°CH 240°C7HA] ASAIA 1583t &

r_{

_a_

AR RE BHE 38 wrate] skt #4182
AN BEES o) §3te] 47l HTE AZHE o] 83}
o BAsent

200 3o @] AR TR Schultz S(18)9)
W] wat EFE AEFF|SRFEFA(Likens &
Nickerson type simultaneous steam distillation and ex—
traction apparatus, SDE)E o]&3}3t}. &3¢ W32
100 gdll &7 5~(Z&9) 1,000 mLE 7Fshe] 33 &
FETE42 1 mLY n-pentadecane(l mg/mL, Sigma-
Aldrich Co.)& #7bsto] 110°Celld S#5 Ak, 25
S 93 718 = AE53 n—-pentane¥ diethyl ether
Feul(1:1, v/v) 100 mLE Abgako] Ak aholl A 34171
= AR 8ol £dor 3k
Z3FTh FEFo] B F o] FE99 10
EHNazS04)& 7Fate] 4°Cell A aFZ4t v

11 n—pentane® diethyl ether Z3-g 1=
3l 1 mL7HA % § GC/MS 2 A 5=

Ll
o

=2y g AJES gas chromatography-mass
spectrometry(GC/MSD; Agilent 7890A & 5975C, Agi-
lent Technologies)Z #4131t} &7] Ao 48 HP-
5MS Z-#(30 mx<0.25 mm i.d.<0.25 ym film thickness)
S ARgERlth old Ao R Q3 2XE 40TolA
5% HE-E 5 200°C7HA] 9 5°C 22 S2AHL
H, injector &%=+ 220°C, carrier gas¢! helium® %2
1:10°]%1t}. Total ionization
chromatogram(TIC)oll Al 2] &® 7+ A4 mass spec-
trum library(NIST 12)¢} F#d(19) o] &3te] 543t
Nom, 7t Alme] Y] i 9T WHT ol VEeR
sl AA 33 WAS 100%2 $ikste] 7 wEEo] 714
I3 "WAE Aol vEe)= e

1.0 mL/min, split ratio=

Total amino acid

Free amino acid

Column Ion exchange column (#2622PH column) Ion exchange column (#2622PF column)
4.6 mm X 60 mm 4.6 mm X 60 mm

Column temp. 57°C 30°C~70°C

Flow rate Buffer 0.4 mL/min, Ninhydrin 0.35 mL/min Buffer 0.35 mL/min, Ninhydrins 0.3 mL/min

Buffer pH range pH 3.2~4.9, alkalinity pH 2.8~4.1

Wavelength 570 nm, 440 nm

570 nm, 440 nm
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GC/MSE &3l 8¥ 2t7t9] 3 7] &2 GC/
MSDell &2H¢l olfactory detection port with heated mix—
ing chamber(ODP 3, Gerstel, Inc., Linthicum, MD, USA)
£ o] &3l Iy EAo gt Agxe] F7hs F3
sniffing test& AAISFATE Qo] =7+ F7to] A=
ole} AJ7bo] A g w2 7te] vizAgd o] fasE A

& 2 3

BSHA

WelEeo] HeE A2 BE AL BT 9
d Melre b gT FEZ 1 LE Alo] 2 F oj3alo]
N gae Axsch Azn 487 HeAAE Pt
) uleka A 1592 o 154 8S o] ko]
A, g, AU T A% Bew Bl FRA NBEE 2
sttt WetEedtel e BETE %S ALgsa
gl AHEE b AT T e B Fee
M ) BIETE e AES o galnh. WelE et B
54 Wrhe saste AAQ vag B AAss

£7)%2]
W0 9o % A Aol dE Auks 3uEg
Fol B g ARAAE B4 v me A, Al

AF8-E A3+ Microsoft Excel software(version 2010,
Microsoft Corp., Redmond, WA, USA)E o]-&3}o] WA}
Y O 2E B3 Wl Ak #A5A AolE P

2 A A

Ut

Moo ANl RS BAS] A8l S, 2ER, 2
S, 44§ 24 A Table 29 gk,
FE2 12.710.2 g/100 g, Z3]% 3.3£0.2 g/100 g, @
A2 14.6%£0.3 g/100 g, A4 &2 5.0+0.1 g/100 go. &
eron), 2 g A% 14 4¥0% ) AES A

Table 2. Proximates in Cynanchi wilfordii Radix

Proximates (g/100 g)

Moisture 12.7+0.2
Ash 3.3+0.2
Protein 14.6+0.3
Lipid 5.0+0.1
Carbohydrate 64.4+0.5"

Data represents the mean+SD in triplicate.

"Total carbohydrate content of foods has been calculated by
difference. The other constituents in the sample (moisture, ash,
protein, and lipid) are summed and subtracted from the total
weight of the sample.
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mg/100 g)& 2kA8fal glow A9l 45.46% % A5kl
ottt 283 ZH5(406+£50 mg/100 g)3F <1(272+29 mg/
100 g), vF2ul%(142+13 mg/100 g), 2(129+12 mg/
100 g)o] 8 F7)d Ao o5 57k F7]de] A

=
Hl &9 98% oS xx|etx i} E3 ZF, 24, 9,
vkl Q1A 7F 8ol 100 mg o14e] HFHAE 88k
gk 2142 B 100 g % Y] 89S vEeia
olo] ¥-714 o w H o Walros B THdo R

Ao zAg ol slvkar & 4= Sl (20).

Table 3. Mineral contents in Cynanchi wilfordii Radix

Mineral Content (mg/100 g) Percentage (%)
K 809+94 45.46
Ca 406+50 22.83
P 272429 15.25
Mg 142+13 7.97
S 129+12 7.26
Na 8.52+1.67 0.48
Mn 4.21+0.52 0.24
Al 3.30+0.62 0.19
Fe 3.24+0.49 0.18
Zn 1.74+0.17 0.10
v 0.31+£0.04 0.02
Se 0.18+0.10 0.01
Cu 0.11£0.05 0.01
As 0.08+0.04 0.00
Ni 0.06+0.01 0.00
Ti 0.05+0.01 0.00
Total 1,780.06+£201.54 100.00

Data represents the meantSD in triplicate.
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Table 4. Total phenolic content and antioxidant capacity in
Cynanchi wilfordii Radix

Total phenolic content

(mg/100 g) ICso (mg)

Sample

Cynanchi wilfordii
Radix
Data represents the mean+SD in triplicate.

410+10 1.16+£0.09

L FEEY F dE IS S92 410£10 mg/100

g0 2 UEtH(Table 4).
StAtgA

Absld ~Eg 2 gtk a55 &21str] A8 Wl
o] gkl e Qlsty] 918 o AATES SAHSIAT
DPPHE & HEAS w)= QH4 3 free radical= &H4t3}

EEIEEECEERY
@ A28 B U A aAZRE ML S45)
o) o] §5 3 ThE). ¥ Ao Watro.e] 584

A3} £33 DPPHY 27 48 =A
to] vt e 1 A3 Table 4] YT &
A WEE e FEE0] IC50(50%2] Bzt 2752 &4
a3k e 1.16+0.09 mge & LERSTE Table 49l
UEld =2 polyphenol &S H|Fo] & u] W50 =
abstel] f8e A% AAEAY FAAES 7 AR T
ISazh=

A3l -0 05 4

L

N

Fdotoledt & RE|oto] LAt
W42 9 71 7FA] = AF B38)l(acid hydrolysis) & F38] &
2 AA opv Ak AT I A S A ¥ FrEof
2ko] 2738 Table 50l YEFNRATE A ofn] kel A
opr =2tk 8F2 A9 31.55%F AT o}
k] A g0l 10.75%5 AA AT ofH| At S 7}
S A8k o] Abe arginine(4,343+36
mg/100 g)2.2 AA 2 30.34%2 AR ¥ argi-
nine®] H|&-& WelFo & v oFR2HE] & A
7= T8 dlew duA dvk. Ao R F2 IS
Ho]E glutamic acid(1,517+28 mg/100 g)= arginine®}
= ke BhE A AL glen 9 st R e R Qa1
9] Na¥9(monosodium glutamate, MSG)& ZH| R & o]&
= AR A dnk ol il F leucine, iso-
leucine, phenylalanine W3} 9] &ulo] 7] o] 3}+= o}
1) =4k tH20). £3] arginine {rg]o}n] mAbol| M = 7}
E2 HF(33.77%)S AA| 8L Y= ofnitolt), Wt
29 FHolr =t 240 A arginine TFS 02 =& HF
S A sk ol Ak y-aminobutyric acid(563%20
mg/100 g)& y-aminobutyric acid(GABA)E A} Ao &
Zake v o 4le] AFO R 4] BAR Y
of lom, w2 F&4E 7H E4o|th23). GABAR &
2] y—aminobutyric acid:= o & 7}x] Ay @Al 7] %
o= Bk JTH24-27). Jung 5(28)0l o) BaE okg

2159 GABA %<& HW 10%9 At 55 5 A7

e
=
kel

flo >2

Table 5. Total and free amino acid contents in Cynanchi wilfordii Radix

Total amino acid (mg/100 g)

Free amino acid (mg/100 g)

Lysine 799+22 Histidine 59+5
Methionine 79120 Phenylalanine 57+£5
Leucine 613+19 Valine 52+4
Essential Phenylalanine 581+14 Leucine 49+5
amino acid Valine 478+10 Isoleucine 38+4
Histidine 451+11 Threonine 11+1
Threonine 426+10
Isoleucine 37619
Arginine 4,343+36 Arginine 832+23
Glutamic acid 1,517+28 y-Aminobutyric acid 563+20
Aspartic acid 1,109+£24 Alanine 434+15
Cysteine 898+22 Cysteine 98+9
Alanine 764+22 Glutamic acid 8349
Non-essential Glycine 548+19 Tyrosine 43+6
amino acid Serine 448+17 Citrulline 38+5
Tyrosine 170+15 Glycine 35+3
B-Alanine 28+3
a-Aminobutyric acid 21+3
Aspartic acid 15+1
Serine 8+1
Essential amino acid 4,516+39 Essential amino acid 265+8
Non-essential amino acid 9,796+81 Non-essential amino acid 2,199+66
Total amino acid 14311121 Total amino acid 2,464+79

Data represents the mean+SD in triplicate.



Table 6. Fatty acid profile in Cynanchi wilfordii Radix
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Table 7. Volatile compounds in Cynanchi wilfordii Radix

Fatty acid Composition (%eweight)
Palmitic acid 18.71£0.12
Stearic acid 2.08+0.02
Oleic acid (©-9) 7.00+0.03
Linoleic acid (®-6) 63.74+0.58
Linolenic acid (®-3) 4.93+0.03
Arachidic acid 1.04+0.01
Gondoic acid (-9) 0.92+0.02
Behenic acid 0.91+0.02
lignoceric acid 0.67+0.04
%Saturated fatty acid 23.41+0.19
%Monounsaturated fatty acid 7.92+0.04
%Polyunsaturated fatty acid 68.67+0.61

Data represents the mean+SD in triplicate.
NS, AR, A, MR 7R 07, Y
¥ FE2EAA 27 3.1£0.1, 5.4+0.2, 1.6£0.2, 1.0£0.2
0.7£0.1, 0.2+0.1, 0.9+0.1, 0.9+0.1 mg/g®] F&& e}

)

SHaklS o 5.62 mg/go® Wak4:0.0] GABA Fteo] 7]
o] kg2 &o] 7}A grEr Tl -alvta duE )

o WEl4 e X Aol 7}R] = A4k A= linoleic acid7}b
63.74+0.58% % 7} F3 AWAte 2 e, palmitic
acid’} 18.71+0.12%, oleic acid”} 7.00+0.03% = 52 3F
Aako 72 &5t} 53] linoleic acid®} oleic acid2]
stk AA9 70%7F A& H2 H&S Kol AT &

3 -3 AL linolenic acid GA] AEH o] WMal2 9
A I

o % l\_t%% =
S 202 g

150 -
100~

50 -

L

No. (nlfi;f) 1 Compounds P?Z;(kl ggia
1 3.27 1-Ethoxy propane 6.62
2 3.38 4-Methyl-2-pentene 0.74
3 347  Acetic acid ethyl ester 0.51
4 3.56 3-Heptanol 0.74
5 7.78  Hexanal 0.41
6 9.83  Ethyl benzene 0.26
7 14.24  2-Pentyl furan 0.22
8 23.81 2,4-Decadienal 0.28
9 2492 Eugenol 0.54
10 31.38 &-Selinene 1.32
11 32.05 B-Eudesmol 4.25
12 32.38 B-Humulene 0.52
13 33.84 3-Butyl phthalide 0.53
14 37.60 Hexadecanoic acid methyl ester 0.45
15 38.57 Hexadecanoic acid 5.24
16 42.68 9,12-Octadecadienoic acid 0.96
YRT: retention time.
s 87| M2 U SN
GOMSE ol 88 Mool vy 4re Ba% A

Z 33714 9] 3 Aol ARvEIIA(Fig. 2a)00A &=
H 3L, GC/MS libraryE ©]-838 334 A 79] spectrum
S FA18le] 1671419 key flavor compoundsZE 53
&}o] Table 7o YERNSITE 15 %2 3 WA& Ho|x=
=22 1-ethoxy propane® B-eudesmol, hexadecanoic
acid® YES Y. B-Eudesmol®] - sesquiterpene al-
cohol®] 3 FH=Z woody odorE 7} B2 o825
% 3lubol™, Kashima 5(29)°l 98] 438 of&2 &9l
Pavonia odorata® =83+ &7] A& & Eac PC |

AetE FL stito] k.
Jeon(30)ell 93t FAd Aol tist AFE By Wl
o] 3 7] AES A% A7 hexanal(FA| 3 A&
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Fig. 1. Chromatogram of fatty acid profile in Cynanchi wilfordii Radix. Peak 1, palmitic acid; L.S., internal standard; 2, stearic
acid; 3, oleic acid; 4, linoleic acid, 5, linoleic acid; 6, arachidic acid; 7, linolenic acid; 8, gondoic acid; 9, behenic acid.
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Fig. 3. Consumer acceptance of Cynanchi wilfordii Radix. Dot
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(—) represents Cynanchi wilfordii Radix.



AF7k warslo] g, WakEe.e] V1 sAe S5 v
o] 2w gtk she] Tk Sl FNE HRE 2ol
‘ 9% EAE Az ;

hexanal¥} =32F2e] 37| A<l nerolidol ¥ B-ionone %2
o2 A5 S i, Rt} WS

= 2 Efo F43t &S u=
pyrazine¥ % furanio @Fgt &3 W29 7] A
= S S
7} A E T B sk tH30). Lee(36)2] 1o A
S BastiA make] Fadh F7) 4
exanal®} butanaldll 7]1HC}aL B 134931, o] 2]k 4
Ao 7] e Al X Gt QA7) w2} #o]
& o Wt o] 3k At ¢

IEEREEEREEREES B

=

N

R

o

R

N2

oX, u

ML g

o~
=
@]
e
Q
=
)
SN2
2%
=
@]
=]
@]
=
)
o
2
o
)
2

=

kd
Ot
o M
= (o

K
U E R

fg
N

1

¥ % NomE O oo
s b

o &

=AY

I

.
=

0
2

O _b,
to
N
)
N
N
N
rie

o,
2=
oX
M
k)
o2
ox
M
=2
=

_1>f

[0 o
W
>
_O|£
;.u,

B 5
-
N
w
o
U
s
rlo
i)
it of,
T
o
koo

~
oL _184
>,
o
-
o
il
O oo
O
3L o
&
oS
I

D

=0

A,

arginine©]

@ 3o o e

A
@ i o

i
rlo
oot
ot

[o
f
o
k]

,

aminobutyric acid(GABA) 94|
it 248 B w) dFEA ke

4
w %
™
=
o
@,
(@]
o
e,
[aN
N
N

AF ¢l linolenic
A

ZAE Ao 3
ATk B 5= v BeHAALE B Welreate] A H
2pol| wlEl] ofzre] ¢nty whulo] YEaitial A H Qo
L oY BAE HAE B9 AT F JYS Ao
dorg
ZAe| 3

AT FEEEE YA AL (A A
31 314021-03-1-SB030)el g3l o] Fojx Axgyrt

REFERENCES

1. Choi H, Zhu M, Kim C, Lee J. 2003. Studies of name and
herbal origins of Ha-Soo-Oh. Korean J Oriental Medicine
9: 81-89.

2. Moon B, Kim H. 2014. Authentication of cultivated and
commercial herbal materials of Cynanchi Wilfordii Radix
using molecular discrimination methods. Korean Herb Med
Inf 2: 53-59.

3. Lee CB. 1993. The Korean illustrated plant book. Hyang-
moon Publisher, Anseong, Korea. p 304.

4. Kim HK, Kim YA, Lee AY, Ko BS. 2003. Pattern analysis
of Cynanchi Wilfordi Radix and Polygoni Multiflori Radix.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

9 s AL 571

Korean J Pharmacogn 34: 278-281.

. Seo BI. 2008. Effects of Cynanchi Wilfordii Radix in pre-

vention of hyperlipidemia and liver damage induced by
alcohol. Korean J Herbology 23: 31-38.

. Lee DU, Lee WC. 1997. An 5-lipoxygenase inhibitor iso-

lated from the roots of Cynanchum wilfordi Hemsley. Kore-
an J Pharmacogn 28: 247-251.

. Lee MK, Yeo H, Kim J, Markelonis GJ, Oh TH, Kim YC.

2000. Cynandione A from Cynanchum wilfordii protects
cultured cortical neurons from toxicity induced by H»O»,
L-glutamate, and kainate. J Neurosci Res 59: 259-264.

. Shan L, Liu RH, Shen YH, Zhang WD, Zhang C, Wu DZ,

Min L, Su J, Xu XK. 2006. Gastroprotective effect of a
traditional Chinese herbal drug “Baishouwu” on experimental
gastric lesions in rats. J Ethnopharmacol 107: 389-394.

. Park GS, Bae MJ, Seo GJ. 2011. Quality characteristics of

the Hasuo (Polygoni multiflori Radix) muffin prepared with
different types of sweeteners. Korean J Food Preserv 18:
836-843.

Nam SJ, Park GS. 2012. Optimization and quality character-
istics of Sulgidduk added with Hasuo (Polygoni Multiflori
Radix). J East Asian Soc Dietary Life 22: 25-32.

Lee GS, Park GS. 2011. Quality characteristics of jeungpyun
prepared with different ratios of Polygonum multiflorum
Thunb powder. Korean J Food Cookery Sci 27: 35-46.
Na YJ, Lee JH. 2014. Physicochemical and antioxidant prop-
erties of Yanggaeng with Cynanchi wilfordii Radix powder.
J Korean Soc Food Sci Nutr 43: 1954-1958.

AOAC. 1995. Official methods of analysis. 16th ed. Associ-
ation of Official Analytical Chemists, Washington, DC, USA.
p 2.

Jung SJ, Kang ST, Han CH, Kim SJ, Ko SK, Kim YH,
Kim YK, Kim BS, Choi BH. 2010. Survey of heavy metal
contents and intake rates after decoction in herbal medicines
classified by parts. J Fd Hyg Safety 25: 402-409.

Folin O, Denis W. 1912. On phosphotungstic-phosphomo-
lybdic compounds as color reagents. J Biol Chem 12: 239-
243.

Blois MS. 1958. Antioxidant determinations by the use of
a stable free radical. Nature 181: 1199-1200.

Dhanda JS, Pegg RB, Shand PJ. 2003. Tenderness and chem-
ical composition of elk (Cervus elaphus) meat: Effects of
muscle type, marinade composition, and cooking method.
J Food Sci 68: 1882-1888.

Schultz TH, Flath RA, Mon TR, Eggling SB, Teranishi R.
1977. Isolation of volatile components from a model system.
J Agric Food Chem 25: 446-449.

McLafterty FW, Turecek F. 1993. Interpretation of mass
spectra. University Science Books, Sausalito, CA, USA. p
225-282.

Oh HI, Lee HJ, Moon TW, Noh BS, Kim SJ. 2011. Food
chemistry. Soohaksa, Seoul, Korea. p 183-298.

Jeong CH, Choi SG, Heo HJ. 2008. Analysis of nutritional
components and evaluation of functional activities of Sasa
borealis leaf tea. Korean J Food Sci Technol 40: 586-592.
Kim HK, Kim YE, Do JR, Lee YC, Lee BY. 1995. Antiox-
idative activity and physiological activity of some Korean
medicinal plant. Korean J Food Sci Technol 27: 80-85.
Xinga SG, Jun YB, Hau ZW, Liang LY. 2007. Higher accu-
mulation of y-aminobutyric acid induced by salt stress
through stimulating the activity of diamine oxidases in Gly-
cine max (L.) Merr. roots. Plant Physiol Biochem 45: 560-
566.

Chung HJ, Jang SH, Cho HY, Lim ST. 2009. Effects of



572

25.

26.

27.

28.

29.

N

Q- A 2AT TS

_l

steeping and anaerobic treatment on GABA (y-aminobutyric
acid) content in germinated waxy hull-less barely. LWT —
Food Sci Technol 42: 1712-1716.

Narayan VS, Nair PM. 1990. Metabolism, enzymology and
possible roles of 4-aminobutyrate in higher plants. Phyto-
chemistry 29: 367-375.

Omori M, Yano T, Okamoto J, Tsushida T, Murai T, Higuchi
M. 1987. Effect of anaerobically treated tea (Gabaron tea)
on blood pressure of spontaneously hypertensive rats. J
Agric Chem Soc Japan 61: 1449-1451.

Shelp BJ, Bown AW, McLean MD. 1999. Metabolism and
functions of gamma-aminobutyric acid. Trends Plant Sci 4:
446-452.

Jung YS, Park SJ, Kim JE, Yang SA, Park JH, Kim JH,
Jhee KH, Lee SP, Lee IS. 2012. A comparative study of
GABA, glutamate contents, acetylcholinesterase inhibition
and antiradical activity of the methanolic extracts from 10
edible plants. Korean J Food Sci Technol 44: 447-451.

Kashima Y, Nakaya S, Miyazawa M. 2014. Volatile compo-
sition and sensory properties of Indian herbal medicine-
Pavonia odorata-used in Ayurveda. J Oleo Sci 63: 149-158.

>~
-

43

30.

31.

32.

33.

34.

35.

36.

O REREL ESREE

N

Jeon JY. 2011. Volatile flavor compounds of green tea by
the addition of Puerariae Radix, adlay, naked barley and
Cynanchi Radix. MS Thesis. Dong-Eui University, Busan,
Korea.

Harold WG. 1989. Flavor chemistry of lipid foods. The
American Oil Chemists’ Society, Urbana, IL, USA. p 98-
112.

Stone EJ, Hall RM, Kazeniac SJ. 1975. Formation of alde-
hydes and alcohols in tomato fruit from U-14C-labelled li-
nolenic and linoleic acids. J Food Sci 40: 1138-1141.
Kazeniac SJ, Hall RM. 1970. Flavor chemistry of tomato
volatiles. J Food Sci 35: 519-530.

Okazaki K, Oshima S. 1952. Antibacterial activity of higher
plants. XXII. Antibacterial effect of essential oils. 3. Fungi-
static effect of clove oil and eugenol. J Pharm Soc Japan
72: 564-568.

Burdock GA. 2010. Flavor ingredient. 6th ed. CRC Press,
Boca Raton, FL, USA. p 377.

Lee JY, Wang LF, Baik JH, Park SK. 2007. Changes in vola-
tile compounds of green tea during growing season at differ-
ent culture areas. Korean J Food Sci Technol 39: 246-254.



