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ABSTRACT

Background: The roots of Codonopsis lanceolata are widely used in natural traditional medicine,
and cane be eaten either raw or cooked. This study was conducted to investigate changes in the
content of the main components of C. lanceolata roots during different stages of growth.

Methods and Results: To determine the changes in the main components of C. lanceolata at dif-
ferent growth stages, we analyzed the composition of six component types (saponins, amino acids,
inorganic matter, free sugars, fatty acids, and organic acids) in C. lanceolata roots during three
growth periods [dormancy (winter), high growth (spring) and later growth (autumn)]. We accord-
ingly found that the contents of all six assessed component types tended to be high in January
during the peroid of dormancy.

Conclusions: Our finding that the contents of the main constituents in C. lanceolata roots are high
in January during dormancy are consistent with the general practice of harvesting roots during the
authmn to winter peroid prior to the period of high growth in spring.

Key Words: Codonopsis lanceolata (Siebold & Zuccarini) Benth. & Hook.f. ex Trautvetter, Con-
tent, Growth Period, Main Components, Saponin

AH 280 YFHHEA 7154 2F YEE o]gAo] FER
Atk olel wEl Yol AiHAS 2013 1,751 ha oA
2019 2,195 ha 0 & Z7}ellar, AAFES 20139 7,340 &
oA 20199 11,363 Eo2 7kt ik Aol oF8-2E
Z 7P ol AuEaL Utk (KOSIS, 2019).

Hye AREdS ¥31ske] 0.07 mg/100mg - 2.76 mg/100mg
9] o}m At (Meang and Park, 1990), 2.22 mg/100g2]
e 24.92 mg/100ge] B, 112.97 mg/100g0] 2,

Ry B Y

Fokrlo} Aol F2
eFgom ALgE 48

A WA, BiRteR, Qe oA 5 E37F o™ (Kim
and Chung, 1975; Kim er al, 2009; Park et al, 2012;
Choi et al, 2013), HZol= 7+ BE 2L (Kim et al,
2008), &Fsl S%1 (Song et al, 2012, Yoon et al, 2016),
GAs=RE A9 7N (Ushijima er al, 2007) 5 theFah oF
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4.82 mg/100ge] 2+ (Kim, 1985), 71} AF4, vg
5ol B2 B i Ao FuA Aok Hel Al
Y& triterpenoid saponin®=Z eclalbasaponin, codonolasides,
lancemasides 5 22 &9 AREY Aol EAlgte o=

g2 Ut} (He et al, 2015). ©] ¥ lancemaside A, lan-
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cemaside C, lancemaside E, lancemaside G foetidissimoside
A, aster sponin Hb 5°] 23+ Alxdolg} BuEy 93,
2k TlEolA lancemasidesd] o] B Z=ZwHT} 3 wj
- 48 o st ¢ o) (Ichikawa et al, 2009).

E3] gy F2 ALY lancemaside A= B4 74d7] &
W7, 7198 9 BHS A4, g st 9Rds i
(Ushijima et al., 2007; Joh et al., 2010; Jung et dl.,
2012; Joh et al, 2014y 37} = AT HA L
g el FEEE AbEde] o] aolely Azl
2 AYER Agstn /) BEe A% AE AEE
slal ok AR &kl thek Ay} T Qi)

olxke]l AL = AFEUS] ginsenosidegl e sl 5
o) 7P =3 A B 2AREYS] RS 10¥0] 7P =2
Aoz AdHA UL (An e al, 2002), EE}XI—E— 393} 124
of a1e ) zAEe) Sl M S Aom Ry
AT (Lee ef al, 1999). olsk 2ol 4% A7lo) wek oF
o] Bol SHE A719 F8A1717E U
7] Wzell Hye] A5 ALl wet AbEd
A TS Pske 2ol Zasit) uebA
o] A5 A7]el] wet AbEdS E9kek Ty e
sH5 sk 3kt
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23X ©Y (Codonopsis lanceolata (Siebold & Zuccarini)
Benth. & Hook.f. ex Trautvetter) 325 1, 3, 5, 7, 9, 11
Lol Fgate] ARESIaL, AT A 1, 5, 7, 9, 119

ol ek 2715 M FEste] 500 g& 3 WHEOR Alay
g AR o] 83Tk AMEe FAlste] ARE H Az
71 60CIM 3 & Bt AZAA BT 5 24 AER ]
Sl

H5e] S Am ARE ] A AR (&, 271k A
SH- (FEE BT kAL, WA ot 271E, f
2, F7IAE, AR EAE B BERke ol8sie] A A
Zlel met A (19), A5 4719 & (59), 7 (99)
2 vhro] BAsIIE oplidt, 1%, fEld 4 1Y

BE 10 S 1 RHEo g 3w o g AW, F71Ah A
ke gy 8g] 20 NS EFsle] 1 HHEo 2 FARBIITH

2. o] MRS TAL 2 52w

He wele] Aol B B4 2K 7 A71ER e s
AE 1 wEoE sol 3 o 2, 2R
t 29, 27, 82F, A9F 5 4 /K8 2H9
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2B - el
F= e AS AVEE Ax-BE gy 2 S5
T2 10 ¥} At 5 FF WHOE autoclave (JSAC-

40, JSR, Gongju, Korea)E ©]&3to] 100CA 20 &7+ 15
psi®] 4EHE Fol F=3 F A F 34 IFEF7] (N-
1300VW, Sunillap, Busan, Korea}— o] &3t FE3ATE &
=¥ gy FE2ES A4 YEIL (deep-freezer)l] B3 &
F471%7] (FD8508, llshin Biobase, Dongducheon, Korea)
2 3 97 sAAZ st 4 AEE ol§slislth

3. A2

3.1 AREEH 2A (LC-MS/MS)

el A (Q, 271k Ak (Rl $A0E AR
£ o]&3le] HPLC grade water2 A& FA2] 100 v 34
sto] LC-MSMS (Qtrap, AB Sciex Co, Foster City, CA,
USA)E olg3le] ALY #4& dAsigch,

Columne YMC-Pack Pro C18 RS column (150 mm x 2.0
mm x [.D., 5/m, YMC Korea Co., Ltd., Seongnam, Korea)
ARgEk 25w 40C2 AAsslnt. ol
H,O (0.1% formic acid) : acetonitrile (Daejung Chemicals
and Metals Co., Ltd., Siheung, Korea)s 70:30 (v/v) &3F
O]'OJ] o] &3}, S 0.2 md/min, injection volume 20

A FAste] EA A

Mass spectrometer negative ion?} selected ion monitor-
ing (SIM) 3}ollA] EAI31T). Electrospray ionization (ESI)

fu

o]

column®]

rflo nlo

4.5 kV spray voltage, capillary voltage= -40 V, tube
lens offsetS -130 V, capillary temperature 350C, sheath
gas®} auxiliary gas= AMS-¥ nitrogen= ZHZ} 35, 5 arbitrary
unitsZ 3}${T}. Lancemaside A= m/z 1,189, lancemaside B
+ m/z 1,351, lancemaside G= m/z 1,205, aster saponin
Hb= m/z 9252 #4315 th. #5542 ginsenoside Rgl
(Ambo Institute, Daejeon, Koreays ©]83l] #HF T=& 2,
4, 8ppm = M ato] HF FAol| o] &It
3.2 OOt 2
gy B Az B8 Aol 70% EtOHZ 5 Hj
o} 3 3 5 3,000 pmOE 20 H7F LAE
& (S AFHATE 3 1 e 54
e dElol A s Hdxg & pH 22
o|-gate] A8l &
& syringe filter 0.2 pm 2 33} amino acid analyzer
(Biochrom 30+ series, Biochrom Ltd., Cambridge, U.K)=

21813t

ofu| =4k A2
performance column, 4.6 mm x200 mm), buffer solution<
lithium buffer (pH 2.80, 3.00, 3.15, 3.50, 3.55)% AM&-3l9)
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lithium citrate loading buffer 1 ml <

column® = lithium column (lithium high



Ciso] s AP[of w2

3. flow rate= buffer 31 mb/hr, ninhydrin 20 mé/h, wave

lengthi= 570 nm, column &%+ 32T - 80C7IA] WL 3l
A A3, injection volumeS 40 4 & Fsle] HA

itk W BFEFERE 41 F9] oF=2kE 10 nmol &

=2 G B4l olgskith

33 PNI= 24

gy ¥ale] Ax B A|EE microwave digestion (Ethos
easy, Milestone, Milano, Italy)S AF&3le] AxE|S AAs}
At

AAE PP A=

E (0.1 gy microwave digestion
vesseloll ¥ vesseloll 1

22 10 me & H7FF v 30 21
1,200 Mw, 220CollA 7}=E-a 3t
Atk eEEE oY AlgEE 5% (10 m0)e] 3 2} SFSF
Z 3A 3% F ICP-OES (Optima 8300DV, PerkinElmer,
Waltham, MA, USA)E ©]-&35te] £33t

ICP-OES 9] 1,300 watts,
nebulizer gas flow (Ar)= 0.55 £/min, plasma gas flow
(Ary= 10.00 £ /min, auxiliary gas flow= 0.20 £ /minZ 3}
%3l Ca, Mg, K, Na, P, Fe, Zn, Cu, Mn & 9 7}X] #7]
AE-S B35t 228 2E P A9 1, 5, 10 ppm, L}
WA F714EE 1, 5, 10, 20 ppm FEZ AT A0l o4

sk,

N

F 30 7 WA F

AE5Zz7AL RF powert

3.4 welg 24

oy BEle] FA7AX A|EE HPLC grade waterZ 100
H] 3]A 3t HPLC (Agilent 1260 Series, Agilent Tech-
nologies Inc., Santa Clara, CA, USA)E ©]&3le H4 3}
At

Columm-2 Hi-Plex pb (300 mm x 7.7 mm, Agilent Tech-
nologies Inc., Santa Clara, CA, USA)S ARSI o572
2 100% water, flow rate= 0.6 m/min, columm tem-
perature 70CE Z 3}, detector= Agilent 1260
infinity RID (35C)2 ARE-3I2H, injection volume 0.5
W AE TPt FEFS BT W EFE4EE 4
9 29 100, 500, 1,000 ppm FEZ A Eajo] o]
&3kt

3.5 1 2o

oy Heje] sA71x
120 pmellA 4 A7+ &
4,000 rpmellA] 15 7 94
membrane filter2 ] Z}3ke] 100 ®j
(Prominence HPLC, Shimadzu Co., Kyoto, Japan)Z ©|-&-3}
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Fe ME w5
o 45kt
HPLC E4ZAL column®Z Two Shim-pack (SCR-
102H, 300 mm x 8.0 mm, Shimadzu Co., Kyoto, Japan)S A}
4393 guard columne Shim-pack guard column (SCR-
102H, 50 mm x 6.0 mm, Shimadzu Co., Kyoto, Japan)& A}
23l th. Mobile phases= 4mM p-toluenesulfonic acid,
reaction reagent (16 mM bis-tris aqueous solution contain-
ing 4mM p-toluenesulfonic acid and 100 uM EDTA)E ©|
|31 oven temperatures 40C, flow rate 0.8 m{/min,
detection electroconductivity, injection volume 20 42
Fsld 7 ) f7Ibe B4 Siddch i BERARE 7
F9] f71AHE 10, 25, 50 ppm FEE FF LA o]8s}

et

3.6 Al 244

Hy fele F471x %8s o]&ste chloroform-
methanol (1: DE 5% - oJ33slo] 7k =3k 22 <F 100

mg < 7 Zeka3el] 38kl IN-KOH -ethanol (300 HY)
| 3 mlE 4o] FA o] lojd wi7kA] wRkAl Ty
14% boron trifluoride-methanol 3 mé & 3715153t 3737t
715 FEete] 5 27 80CelA 71date] methylesterst 5133
a7, o] g NaCl E3H2- 3 ml, hexane 1.5 ml S AT)
2 7kl 42 o A del &4 BASAT s &
Fatod ¥ NapSO,5 ¥ol 5 AASL 0.5 mE vialdl
AN #H et T Gas Chromatography (GC-17A, Shimadzu Co.,
Kyoto, Japan)Z #213}5]t}.

GCEAL columnoZ SP™.2560 capillary column (100
length x 0.25 mm I. d.x0.25 gm film thickness), detector
flame ionization detectorS A3}, oven temperature
10 E7F 140C2 FA31aL 4C/mine 2 240CT71A] 2d=5A]
F 240Co)A 30 ¥7F 54 31T injection temperature
9} detector temperature= 260C, split ratio= 1: 1002 A%

F4sjo} 37 B APHS

ET=Z2EE Supelco 37 component

i dr 3

21

S}, injection volumes 2 1A
w4 Sl
fame mix (400 ppm - 600 ppm, Sigma-aldrich, St. Louis,
MO, USAYE g7 24l o853t

4. SHEM

A% dlolEl= SPSS program (SPSS version 21, SPSS
Inc., Chicago, IL, USA) TEIW& o]&3lo] AAujx] A
24 (One way ANOVA)YS A%k & Duncan’s Multiple
Range Test (DMRT)E F3ll 5% F<collx SATH 94
A8 (p < 0.05).



Q=8 - 2iZsl - sl - roual
Aot Y pFE 3, a2 2= 37438 724810 (Fig. 2).
weElA, Hye] X el Baoa nE A7l 59

1. Yo Mz ApDId
Y (Codonopsis
Benth. & Hook.f. ex Trautvetter)2] AJ<5-
A WskE 2k flal 1€

2 4% vt

lanceolata  (Siebold &  Zuccarini)
A7l mE 8
- 197K 2 )9 7HHe=

1“ BEE Fgele] AlEd, opriedt, FUNE, fEE, A
71 5 6 7HA AR #AS AL HYe] AR
3, Eﬂ)t: 1, 5, 7, 9, 114l F&ate] Abxdnt 24135131
ok S A7]el e gy el AS 5A4S Ak 43
S 27 Ho A 7|2 295 2%, 27, Ads, A2

o] S7Feks A¥S BT (Table 1).

gy Hale] 8 AREYR] lancemaside A9 T 1€
39S AR A3S Kot} 59 7P Bol Sk
I o]¥ 2 AR Hidhke S UERIe vkl aster
saponin Hb, lancemaside G, lancemaside B A& Al7]¥

@)el kel 7P =9ka, A Akxd U]'E‘:—— lancemaside
Aol ]3]l #-9-5]H, lancemaside A7} F2.5F AREH F SR
AL gelgd 4 Tt (Ichikawa er al, 2009; He et al,
2015, Um ef al, 2019). 7] T8 Maje] 7o Zsha)7)
ol 1199 lancemasides 2 5447190 59 E)EY o
2 B2 Aol ot 59 - 1197H] BAIF foA zlole

- X
04041—4_

An T (2002)2 4G4 Qlake] A FEA7]o] wE ARE
U S 44TH 109714 & 2 7 om AL A3
37191 590] 7.60%2 FAEW o] tE A7) (4.5% -
5.8%) Br}t ¥53] =9k ginsenoside TH= 5¥o] 4.09%
2 O A7 175% - 2.52%8ETF oF 2 v AE =riar
Sieh ¥ AROIME 59 @)l Ak Fel 71 ke

geoll= 5€3 HlaLalA

Qe b2l sl 74 -

Z Ael7t g1 (Fig. 1). B1Y £71°1A4 lancemaside A€] AR frelde AFHA FIARE vk adhe ARE W
e 5doll 5438 Aot 7 e FEFE UERISL ERA At
Table 1. Growth characteristics by growth period in C. lanceolata root.
Month Root length (cm) Root diameter (mm) Fresh weight (g) Dry weight (g)
January 13.7%0.9° 19.5+0.1¢ 21.2+1.7¢ 4.9+0.1°
March 13.7+0.2° 21.6+0.1° 30.1+1.3¢ 5.9+0.5¢
May 13.9+0.3 22.1+0.6° 32.9+4.4" 7.5+0.6"
June 14.2+0.2° 22.8+0.4° 35.2+2.4% 9.5+0.2
September 14.3+0.9 26.0+0.9° 37.4+1.1%® 9.6+0.2°
November 16.3%0.2° 28.8+0.7° 40.1+1.8° 10.0%0.9°

Each value is a means = SE (n =

3). "Different letters are significantly different at 5% by Duncan’s Multiple Range Test (DMRT, p < 0.05).

359 _e— Aster saponin Hb -
—C— Lancemaside A L emasits A
304 7 Lancemaside G
—a&— Lancemaside B a ‘
o =1 Total T "
[o)] a ab
E 25- z T i o
® b T
C T “‘1 .
jg 20 4 b %\ b oG | Lancemaside G
8 b / ~\§“—_——§. - ab g \
S 15 - . . \} " \
2 _—
= }
S 10 ;
(CU “| Lancemaside B
3 | N
51 i
— . = ‘'+——— Aster saponin
s—1% — * | |
0 T T T T T T - AR
Jan. Mar. May Jun. Sep. Nov.

Fig. 1. Comparison of lancemaside contents by growth period in C. lanceolata root. Vertical bars represent standard error of the
means (n = 3). ‘Different letters are significantly different at 5% by Duncan’s Multiple Range Test (DMRT, p < 0.05). Right figure

indicates LC-MS/MS chromatogram peak in C

54

C. lanceolata root.
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61 a 5 hsler saponin b AG 4710 59 @)ell Akd o] 7Y s RS g
ancemaside
I —v— Lancemasice G A & YT olZe ik v Ago] AT A
5 4 —a&— Lancemaside B -

1 Total 710 AtaEde] @ol AAdEE AR AlRHL o] o] A&
o] XYPAFE A HtlM = 590l Hlal] Ak FHgo] W

4 - =
3, o= S 4710l 5¥ °]F lancemasides $FE©]

olR|= oI AR BAKCRE Felgk Aol ST
Jang 5 (2018)2 F=3F U (*‘J'HVSH)-‘J— Nag] %2 <4t

o] A& Asfelar ershE A}fﬂ 45 Welgittar

319, Jeong 5 (2010)S Au <1kl wlal Akt Abatel

Lancemaside contents (mg/g)

11 2 ginsenoside o] ETIAL O}ﬁit‘r. Yol o= 4k gy

b I ©F Hee] Al Heel va) A feke] ok sl

0 + ¢ =3 (Lee, 1984) B3k AEEHe] W Ao S AAFetaL
Jan. May Jun. Sep. Nov.

, glovt Yot ALE el B AT wFH Aok,
Fig. 2. Comparison of lancemaside contents by growth

period in C. lanceolata shoot. Vertical bars represent

standard error of the means (n = 3). "Different letters are 2. ClElo] M AP Ol0|%:At M2 Y5}

significantly different at 5% by Duncan’s Multiple Range =

o MR o Y PleRange ey ware] g A)7)o] mE ofmlwAl A WaE 24}
g A3 19 (AS)e] 7P =33, 58 &6 98 )=
5% a3 AoIh olmat 4 AEdEs F 41

FEFEA (20170 Jshd gy 59 - 6€l AFHEt F F 35 Fo] AEHUL, ©] T arginine®] T (111.3 mg/
A AL siglet], 2 AFlM e A A 100g - 323.9 mg/100g)°] A5 Al7]ol #ARle]l A ofw

Table 2. The contents of amino acids by growth period in C. lanceolata root.

AAD Jan. May sep. Average AA Jan. May Sep. Average
mg/100mé (%) mg/100mé (%)

phser ND ND ND - Isoleucin 1.91+0.05% 0.28+0.00" 0.07=0.01°  0.76 (0)
Taurine ND ND 0.02+0.02°  0.01(0) Leucine 0.54+0.01°  0.25+0.01"  0.22+£0.00°  0.34(0)
Pea 0.14%0.06° ND ND 0.05 (0) Tyrosine 1.80=0.05% 0.11£0.000  0.39+0.02° 0.77 (0)
urea 0.07+0.07¢ ND ND 0.02 (0) B-ala ND 0.49+0.01"  1.00+0.03°  0.50 (0)
Asp ND ND ND - Phenylalanine  3.95+0.13%  0.25+0.00'  0.20£0.02°  1.47 (0)
Hypro ND ND 0.09+0.08°  0.03 (0) aaiba ND ND 0.04%0.02°  0.01(0)
Threonine ~ 4.85+0.25% 1.45£0.01%" 0.29+0.01°  2.20 (1) Homocystine ~ 0.02+0.02° ND 0.07+0.00°  0.03 (0)
Serine 6.31+0.33¢ 1.96+0.03® 0.75+£0.02° 3.01(1) Gaba 1.78+0.04%  6.63£0.12° 5.10+0.23"  4.51(2)
Asparagine 12.95+0.53° 3.26+0.05° 0.76+0.01° 5.66 (2) FEthanolamine 0.67+0.05°  0.68+0.12"  0.40+£0.20°  0.58 (0)
Glu 18.87+0.54" 4.64+0.007 2.6320.09 8.71(3) Amm 12.31£0.12°  11.30+0.24°  2.70+0.16°  8.77 (3)
Sarcosine  0.06+0.06° ND 0.01£0.01°  0.03 (0) Hylys ND 0.14+0.01"  0.03x0.01°  0.06 (0)
AAAA ND ND ND - Ornithine 0.12+0.01¢  0.04+0.00°  0.06+0.01¢  0.07 (0)
Proline 3.06+0.10% 0.97+0.028" 3.70+0.19 2.58 (1) Lysine 3.41£0.05%  1.06+0.00"" 0.95+0.03°  1.81(1)
Glycine 0.33+0.01° 0.21+0.00' 0.14+0.01° 0.23(0) 1-Mhis 0.35+0.18°  0.06+0.01"  0.03%£0.02° 0.15(0)
Alanine  14.75+0.34 4.52+0.04° 4.30+0.23* 7.86(3) Histidine 6.41+0.13¢  252+0.02¢ 0.83+£0.08°  3.26 (1)
Citrulline  0.86x0.14% 0.43+0.01" 0.72+0.03° 0.67 (0) Tryptophan  14.55+2.87* 0.12+0.12'  0.33£0.33°  5.00(2)
aaba 0.10+0.02¢ ND ND 0.04 (0) 3-Mhis 0.13+0.13¢ ND ND 0.04 (0)
Valine 4.51+0.10% 1.86+0.01% 0.93+0.02° 2.43 (1) Anserine 0.20+0.20° ND ND 0.07 (0)
Cystine 0.98+0.78% ND 0.09£0.01°  0.36 (0) Carnosine ND ND ND 0.00 (0)
Methionine  1.15+0.12% 0.03+£0.02'  0.01+0.01°  0.40 (0) Arginine 323.88+10.112 188.19+2.30° 111.29+2.89" 207.79 (77)
cysth-1 ND ND ND - Total  441.12+17.66 231.46+3.10 138.15+4.80 270.25 (100)

YAA; amino acid, phser; O-phospho-L-serine, Pea; O-phosphoethanolamine, Asp; aspartic acid, Hypro; hydroxy-L-proline, Glu; glutamic acid,
AAAA; a-aminoadipic acid, aaba; a-aminoiso-n-butyric acid, cysth-1; cystathionine-1, B-ala; p-alanine, aaiba; D,L-B-aminoiso butyric acid, Gaba;
y-amino-n-butyric acid, Amm; ammonium chloride, Hylys; 3-hydroxylysine, 1-Mhis; 1-methyl-L-histidine, 3-Mhis; 3-methyl-L-histidine, ND; not
detected. Each value is a means =+ SE (n = 3). "Different letters are significantly different at 5% by Duncan’s Multiple Range Test (DMRT, p < 0.05).
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22 5 73% - 81% AT AEE FQ3) ofniAlo g
UELSTE (Table 2). ©]]ol| glutamic acid (2.6 mg/100g -
18.9 mg/100g), tryptophan (0.3 mg/100g - 14.6 mg/100g),
ammonium chloride (2.7 mg/100g - 12.3 mg/100g), alanine
(43 mg/100g - 14.7 mg/100g), asparagine (0.8 mg/100g -
13.0 mg/100g) 5ol HEFA2 1 arginineol] H]3l] A7Fe|a,
A5 7R T ghke] o zpel7t slevt Afo] 11 H
o wet Fadhs AEE YeERAIT

Kim (1985)2 Afuj ©j9e] ofmu|=4F k2 arginine >
glutamic acid > aspartic acid > leucine > lysine > wvaline
o7 = 8193, Meang and Park (1990)= v HH
o 4] arginine > glutamic acid > aspartic acid > lysine >
histidine <02 op|=qt ghgo] ETRL S9ITh o172 &
A7-¢F HEo] arginineo] HY FE]ollM 7P @ol et
e opiit o shuhe 2ls ERld = ik

koo

3. Yo Mz ADIE PI|E et Mol

gy el A4 Al7)o) we F71E g3S 245 A3
19 (A€)e] A5 K& po] 7P shaFo]l #=QkaL, thao] Ca
I Mg 22 YET (Table 3). 529 ()4
> Ca > Mg oI, 98 (7F)9
Mg |3t}

S A7E F71ES FRol wE T A5 A7l #
Algle]l Pol K $Hago] 7P =943, POl A S AVHE
Zpo]7F GIRo Cas AJSo] LTS Pashe 4TS B
AL K2 19 Al 7P =0t 59 (@)l 2ashs
AES Holtprt 99 (I ele oA SUske AES B
o} MAHoZ P, K, Ca7t AA T8 ke 70% FEs
A A FQ3 F)Eo|t

Park 5 (200952 Harigelx F71d e B80S

Api0l - ooley
o K > P > Ca> Mg 0= ggfo] Frjal st & 4
d fARE 435 YERIIT Lee 5 (1990)= U9 ¥
oA Kol kol <k 10,000 ppm FEZE 7P ©o] sl
Atk s om P Ca, Mg 4% 1,000 ppm - 2,000
ppm BEE FFo] HlS=itial sk AT Kim (1985)°]
ofstd 4k Y] A9 Ca®l T (18591 mg100g)©] P
(17.72 mg/100g)2.tt °F 10 ¥} %= =Eohl s ok AH=
gk vuis vk zeiv thiEe] A AdelA] 7719
shako] Aol YA P, K, Ca, MgZ7t F23 77189 A&
AT F AT

4. OYo] Mz ADIE wald a2t vig)

oy o] A A7l mE Y 24 A AS Al
o #AGlo] fructose > sucrose > stachyose > glucose
o2 o] wtom T fET T g 1€o] 7
¥t} (Table 4).

Hwang 5 (2011)2 Aju] HYolA fructose2] &HEo|
2.9%, sucrose S 1.1%=E fructose®] draFo] <F 3w A

= EUT o] A AR 23S YeEhiSith 28

i Ay X

Table 4. The contents of free sugar
lanceolata root.

by growth period in C.

Sugar Jan. May Sep. Aveorage
mg/g (%)

Stachyose 0.34+0.05° 0.49+0.01° 0.12+0.02" 0.32(10)

Sucrose  1.58+0.10° 1.16+0.02" 0.24%0.03" 0.99 (30)

Glucose  0.13+0.22° 0.45+0.02° 0.55+0.08" 0.38 (11)

Fructose  2.19+0.11* 1.49+0.08* 1.29+0.19* 1.66 (50)

Total  4.24+0.48 3.29%0.13 2.21%0.32 3.34 (100)

Each value is a means = SE (n = 3). "Different letters are significantly
different at 5% by Duncan’s Multiple Range Test (DMRT, p < 0.05).

Table 3. The contents of minerals by growth period in C. lanceolata root.

. Jan. May Sep.
Mineral Average (%)
mg/g
Ca 3.43+0.03¢ 2.24+0.02° 2.14+0.07° 2.60 (21)
Mg 1.24x0.01¢ 1.02%0.01¢ 0.87+0.03¢ 1.04 (8)
Na 0.02+0.00 0.02+0.00° 0.01+0.00° 0.02 (0)
Fe 0.23%0.01° 0.70+0.06" 0.06=0.00° 0.33 (3)
K 5.32+0.06 2.13%0.01° 4.80+0.08" 4.08 (32)
Zn 0.05+0.00' 0.02+0.00° 0.03+0.00° 0.03 (0)
Cu 0.01+0.00f 0.01+0.00° 0.01+0.00° 0.01 (0)
Mn 0.08+0.00 0.07+0.00° 0.02+0.00° 0.05 (0)
P 4.40=0.06" 4.87+0.06" 4.18+0.21° 4.49 (35)
Total 14.78+0.17 11.08+0.16 12.12+0.39 12.66 (100)

Each value is a means =+ SE (n = 3). "Different letters are significantly different at 5% by Duncan’s Multiple Range Test (DMRT, p < 0.05).
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A=)
Rl

L Lee (1984)l ofshd zjul tjge] 4 71|19 2 =
218 A3} sucrose (1.75%) > fructose (0.98%) > glucose
(0.43%) > maltose (0.05%) o2 Tgo] =L sl tha
tE A= JepATh

oA Qe 7 A A7 717k webA]
o] Haldtks X3 (Kim et al, 1981; Kim and Jo,
1984)7F lo] & 7 A 3 Il Abel= ApjeE st o
o] Az 21 AFH A7), A B S5 Apeld] 71lst
= Zog Azben

Z Q1 Ll

RGN s B B

5. Cl99] Mz AD|Y 7I|ot a2k Bigt
gy Bl A A7]el mE 7 Fo {4 BAS 4
3} citric acid, malic acid succinic acid, acetic acid’} =

s HEEA

o =

FQ3 tartaric acid, lactic acid, formic acid
23t} (Table 5).

AZ" {714 F citric acid?} malic acid 3] 7%
RXo™, citric acid®] 735 A5o] &Pl wt Frlsk=
S BT Malic acid®] 735 1€ ALl 7H =2
FS YERIUAL 59 ) 9¢ Rl o A
S 1A Succinic acide] A$- 1€90e AEEA] &Sk
593t 9o ofF mERE HEEH AT Acetic acide A5
A71el wEh & Zeol7b glgiew e AAE citric acide}

A

ﬂ“

[0 o = o Hif

S

>y

Table 5. The contents of organic acid by growth period in C.
lanceolata root.

Organic acid Jan. May >ep- Aveorage
mg/g (%)
Citric acid 7.59 10.51 26.47 14.86 (45)
Tartaric acid ND ND ND -
Malic acid 29.00 10.65 11.05 16.90 (51)
Succinic acid ND 0.88 0.73 0.54 (2)
Lactic acid ND ND ND -
Formic acid ND ND ND -
Acetic acid 0.99 0.95 0.97 0.97 (3)
Total 37.58 22.99 39.22 33.26 (100)

ND; not detected. "Organic acid was measured by one replicate to
mix with 20 roots.

A

=< = S
Fe M8 Het

malic acidol] W]l o} &

=

o

Aol At

Hwang 2011)2 YA citric acid, malic acid,
succinic acid 3 7FA¢] F714FE 4313 =0] malic acid
(3.86 mg/g) > succinic acid (3.19 mg/g) > citric acid (0.34
mg/g) =08 Fhgo] FTAL dto] 2 AFSE FARSHA citric
acid, malic acid, succinic acid5°] T2 F7]41 A& gl
& AT 23 succinic acide} 3ol F714k A o
o lojA= vha Zpol7t AT
6. CiYo] Mz AD|H X|WHit gigk Yig)

oY B2le] A5 A7l mE 37 T A S =
AFet A3} capric acid, palmitic acid, stearic acid 3 7}
23} ARt AEE AT} (Table 6).

A vake]l &3S palmitic acid > stearic acid > capric
acid =02 =tovt 1 ke S A719F Adglol 045
ppm - 0.60 ppm T =2 vl AFFolUTE L o] Fol
M= palmitic acid’b AA| A4kl 60% o= EFE
AL stearic acid7F 30% - 40%2] HIFE ARA|sh= AL
2 et

Park & (1985)
palmitic acid TO=

=

=

linoleic acid > linolenic acid >
=02 S 3L, Meang and Park
(1990)2 linoleic acid > palmitic acid > linolenic acid”}
AA AL AR 5 60% olds ARl sieler. B3k
A BlE3} AF Tl SlojA g 2] Zfolzt Stk st
Ak 28y B AFoME palmitic acid7t F23F XA
9] sl A2 & A+ A SAT capric acid,
stearic acid 5°] &% HEE] o] A9} tha AJol7h
APGARERE ofugt opw|t, R, e,
o] 74 i o]xe] AT Aot 4|
ot 574 Aol s 73l lofA
FRIFACH o]Re Y e Aujgk
9] Apelol &3k o7 Abg
oFstm tY o] a3 RO E U
71 lancemasides®] &S A} A EF ST
59 (@)el 7P =2 AFolUr). o)A Y] Ao 44
3} A]719] lancemasides®] AAdo] EREE Ao g Holw, 7

o

l

o
%

Table 6. The contents of fatty acid by growth period in C. lanceolata root.

Fatty acid Jan. May Sep- Average (%)
ppm (% of total)
Capric acid (C10:0) 0.02 (3.67) 0.02 (3.81) 0.02 (2.97) 0.06 (4.00)
Palmitic acid (C16:0) 0.36 (59.69) 0.26 (58.44) 0.36 (61.36) 0.98 (60.00)
Stearic acid (C18:0) 0.22 (36.64) 0.17 (37.75) 0.21 (35.67) 0.60 (37.00)
Total 0.60 (100.00) 0.45 (100.00) 0.59 (100.00) 1.64 (100.00)

“Fatty acid was measured by one replicate to mix with 20 roots.
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Zod Aoz polh w3l gy Ae Al7]o] uE ojux
A I sEe §7)Ak A B g RS ALl

190] 713 obd AwEel HEe) £8AY) (12 - B)st

A e FAT 5 Atk W B Az Hgel
AES EHR FIAE Y ZUE A% AW, A5, 24

3} e Aol 72AEE B0 TVl AluH.

Aol 2
E AYE 202095 SHHATAT 7 2ATARI AR S:
2019R1G1A100242512)2] Aol 2Ja] o]Fojx AF}=Z o]d
A=Y
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