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FENT  (Aractylodes  macrocephala K)= =343}
(Asteraceae)ll &3h= A3 (Urractylodes sp.) 21E= thd

Al ZEo|t} (Han ef al., 2007;

ABSTRACT

Background: The rhizome of Atractylodes macrocephala is used in traditional medicine. Atracty-
lenolides I, IT and III are the major components used in traditional medicine and possess gastropro-
tective properties. Although the domestic cultivation and production scale of A. macrocephalaare
currently expanding, research on cultivation physiology remains insufficient.

Methods and Results: A. macrocephala seeds were sown in a greenhouse in mid-March, and the
seedlings were transplanted in mid-May to investigate growth characteristics and atractylenolide
content on a monthly basis. While the shoot growth decreased after peaking in mid-October, the
growth of the rhizome increased sharply from mid-June to mid-July and continued to increase until
mid-November. The length of the rhizome increased until mid-October, and then stopped, but its
diameter continued to increased steadily until mid-November. The total content of the three atrac-
tylenolides was the highest in mid-November followed by mid-August.

Conclusions: Growth of the rhizome continued until mid-November, when the shoot had dried,
and the active content was highest at this time, followed by mid-August before flowering. These
findings provide basic imformation regarding the phsiology of A. macrocephala that can be useful
to researchers and farmers.

Key Words: Atractylodes macrocephala, Growth Characteristics, Major Components, White
Atractylodes Rhizome
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AL 7 o= AefAlelH, 20209 FHSAA
AR 2t 660 = 7HEFO] FHoIA FEA
(QIA, 2020). =M E F5 AA, 9 34, 45
BT, AT AGS FA0Z 2020 71E 87 & vhao] At
AT (MAFRA, 2021). F71ll s FApH2]o] golsfe] A

el

R

L
Atk

ol

10,

R

uj7)7ke] #al o] & EEAST (A macrocephalays:

1990 tel] F=ollA =ik F5El =2 A3k Atk (Cho
et al., 2001).

T8 AJEOSZ = atractylenolide 1, atractylenolide II 2]
3 atractylenolide Il 59 A-f Ad&Eo] ¢&A At (Kim ef
al., 2006; Yun et al., 2013). Aractylenolide = UAIXZ2]
A 37F YJIL (Yun et al, 2015), FFZ, olEy] FF
d 9 gz T 53 Fol RAHASH (Li ef al,
2009; Wang et al., 2009; Lim er al, 2012), atractylenolide
II9} atractylenolide > 9174 HE7]50] BAd v Uk
(Wang et al., 2011). ©] 2ol 7+ BS, ufolel, %
a3}, ol g EX1, HEWAE A ES Fo] BaEAk
(Matsuda et al., 1991; Hwang et al., 1996; Satoh et al.,
1996; Wang et al., 2002; Cheng et al., 2016).

SRYFE wFY WYL olfE YNAHOE TS A
o Ashsht 48717 Fol sao] WA FA 9% A
aade Be FAPe] Brke wHe] U, 2 WL AW
A% F4o] FoiA) HEA 53710 W

L

=
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o] AFA R o]z)3 BHS =

= A3l

9l
Eal7] flste] XE &H o]
A E SP71e ap FgALte] Thsdle] Fo] Stk
= 9+ Az Rad vl dth (RDA, 2005; RDA, 2016;
RDA, 2018).
97 2T ABAY AT WS ¥
Qe ASs 2EH O AR FeAEY FEA
V)% stk Sl M Helg olgshe okgaE
2ok, A3}, @k, A&, v} Fo] F8A17]E
I L CR R
ZABIOR] ST
718 47 gl of #3k A7 A= H53 el
(Kim et al, 1996; Lee et al, 1999; Cho et al, 2000;
Kim et al., 2015; An et al., 2016; Lee et al., 2019).
Ade TSEARTEA (1766)s 2 58318 (1830, 5
of «dg A& B WNE ¥ 5 Fold o itk
2l A3 e AEE RIZA QHHEE UE, BA 5
o7 2gsigktt (KTKP, 2010a; KTKP, 2010b). T3+ =
SHYA S ST FgAE Il 20199 4
ofA TAF 7% B 14y [Ex2]8 e G, 23
o]-g 9] FEollA r]Ee] HelEy] 9o ofd 4= F
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(MFDS, 2020). o]°]l we} A|/3+-2] 88 7H]7} =R AL 9l
ot ool thigk A2l A A7Adt E=gk Rsi.
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SHIM-29 AP
Y= (4. macrocephala K.)

2019¢ 3¢9 F<=oll 128
AAXE FAE 2 HolM 5 E FFato] sk
Balth o5 10 o & SR wote]o] ESo] 2 wf &
72 o HolE H T F 60 d A 5Y Sl G4
ATH
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N:P,0:K,O HIE&E 7:4:3 kg/l0a= 3}

=
B3] 2 F A Aujstel B8 @ gAsEon ol 110
en st 2 50 cn APTE AL YA AR
£ 30 em x15 en PAOR olsisith. WY 3 WMEoR

AlET F 20 4 F 60 2| AREE AF st AF B A
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2. s U L2k EMTAL

o]2] FAQl 3¢ 1595E 1€ 1597 1 WY 7oz
ZAFSIATE FA71AH R (http://weather.rda.go.kr) S ©]-2-3)
7RSS 3 Ay, AR HaeEs 49, 1127C, 549,

18.1C, 69, 25.0C, 7€, 26.7C, 8Y, 25.7C, 9¥, 20.97T,
10¢, 139CE Yepygton, 75ae 49 58.0 mn, 592
15.5 mm, 692 64.5 mm, 742 171.0 mm, 8ol 67.5 mm, 9
ol 148.0 mm, 102 85.5 nm = YERHATH (RDA, 2019).
FEATH AFATRAL 712l Tk 2%, A, AT,
Ar, 9 2 dE ARSI o, At =3 st
74 o], 27 U], ATF, AT 2 AITFEE AR
3t (RDA, 2012a).

AW AE (relative growth rate, RGR)yS L3k 7]7¢
EAZE S A 58S S A 5 Ao
A 853 9t} (Lee et al, 2004; Shipley, 2006; Rees
et al, 2010; Seo et al, 2018). A71¥ AA RT3 AZLF
SO HHdpkS ol&ste] Aol A3l RGRS A}
s1aL ofefel o] AlAtsIATE (RDA, 2012b).
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RGR = 1/w-dw/dt = (LOgeW2 — LogeWI) / (t2 — tl)
dw/dt: 2 A1He] A& 5 7 &5
w: o] AJFe AL T I AE AN 5E
Wa: t, AlZ1OMe] 222 AEF (g), Wit Al7]ollAle] =)
o AEF (g)

olr

g2 24

2T F24H9 atractylenolide 1, atractylenolide 1T,
9 atractylenolide & #23}7] 9138t ChemFacesAt
(Wuhan, China)®] F2ES Agalt). 586le] 2AKIL
S ARE 2054 W EE Exea BEse & A9
& XEFA (50 &, 50 mesh, 279 /m) AE o]&3te] #+As}

3.

[e)
Atk AR E22 100 mgH FUsHA FHsle] F=
"2 70% EtOH 1 méS& 1 AIZF &t A2oA 2539 =
skt

Yun (2013)°] WHE $83to] atractylenolide 1,
atractylenolide I, % atractylenolide IS ¥2{3}ic}. #4
Al ARE-E column Type YMC Pack ODS-AM (250 mm x
46 mm, 5 /)] column oven X+ 35C=E 3th
Injection volume 10 U2 FISIN L, HEo AREE UV
-2 236 nm oA EAEIoH, &5 B I ME §F
AFAL, o187de] Z712 Table 13+ 2Tt

ARREAS B17] flsiA 0% ollere-S 0|83}
o 60, 125, 250, 50.0, 2 1000 gl o] FEE AZ5H
o B4 Al AMg-El )= Agilent technologies 1200 series
HPLC (Agilent Technologies Inc., Santa Clara, CA, USA)
£ ol&sll 4& #4412 sidith. HPLC ¥4 =12 53l 3
o] E™oN FFASF RH7F 247 09999, 0.9999 =

=

o
o

D= -TARY
IdrEds

=

Table 1. Mobile phase condition of chromatographic separation.
Mobile phase (%)

Time F|OVY 01%
(min) (mé/min) Formic acid/Water Acetonitrile
0 1.0 90 10
30 1.0 10 90
35 1.0 0 100
45 1.0 90 10
60 1.0 90 10

Table 2. Calibraion curve equations of Atractylenolide
Atractylenolide II and Atractylenolide III.

l,

Sample Equation” R?
Atractylenolide | y = 18.43977x + 0.329546 0.9999
Atractylenolide Ty = 23.45135x + 2.22300 0.9999
Atractylenolide Iy = 1.16496x — 0.153867 0.9988

DEquation; linear regression equation of each standard chemicals.
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0.9988% W% ZXAlo] AF I (Table 2), ©] 2]O&
atractylenolide I, atractylenolide II Z2]3L atractylenolide III
35l tiste] HEAS AAIsIT

4. SH 2M

EAE2A2 SAS Enterprise Guide 7.1 (Statistical analysis
system, 2009, SAS Institute Inc., Cray, NC, USA)Z ©]&
st st e, 3 W A& ZF 914 Z°]= Duncan’s
Multiple Range Test (DMRT) WO & §o]5F 5% 2 7
Asth (p < 0.05).

o DE

=

i}
1. Keff M= 54
AL A7 E EEBMS drractylodes macrocephala K.)°)
A BE EAS A A3 Table 390 YERAITH
A3 7474 o]2] AH 103 cm, 3.9 mmol|A] o] F F4 3
T 60 €74 30 cm, 6.8 mmol] E3PL o]F
Fe old F 30 €% 7396

%]

o7l F7h= Stk 4
olA] 30 Lolr 60 Y7 39.8 MMNZ 53] 78R
T FolAd Zol7t flthrt 120 U7 F iRl 5
AalgE o] AZIFE HH&e] FUHE 2 0E Bt

AR FRZ I AR FRZL o] F 30 YAl 27} 64 g
0.6 gollA 60 L7l 516.0 g, 1367 g & FA F713 H
150 9739 1,299.0 g, 377.8 g & Ao Eslt}r} 0|59
= AP AP ARREEA A 02 7HAERTE (Table
3 and Fig. 1).

S AE (relative growth rate, RGR)O|& 4 A|F o)A
o] 71EF T AEAWEES UEil= Z o= o] AXE T3l
AEFe] 371 S5 71 & e, A 1Y 7

=

=
o
[e]

T

7R
o]

wgg

Eds

RGRE ©]4] F 30 o -60 47, 0 & -30 247, 90 & -120
U7, 120 & -150 U7, 60 & -90 U7, 150 & - 165 Y74,

-18 O 2 =4t} (Table 3 and Fig. 2.).

d -60 €732 RGR®] 211.03 g/g/dayol]
FE3] oL & & AEd
AsHom F7F &+ YA ol F 30
A, 69 A E FulE ve s)Fel EY
FES Er3sk= Zo] st (Cho et al., 2000)

2450l wel RGR P& Aol7h AW Aoz 45
o] APdFH oAl A4S Hol=d (Hoffman and
Pooter, 2002; Rees et al, 2010; Seo et al., 2018), EE4t
F A RGR= 2710 F4=2 F7R8Islon o4 # 60
A -90 YAl HH R vt o] AV]e AVIE AV
i A BAEE AlRolM o]F 90 ¥ FE Ziskel 150
A7 7 T S7EeE AE Gl e et
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Table 3. Changes in growth of aerial part of Atractylodes macrocephala seedling in different growth stage.

Day after ~ Plant Stem No.of  No. of Leaf Leaf No. of Fresh weight Dry weight
trans- height  diameter : ) length width : of Shoot of shoot ~ RGR"
. stem branch leaves
planting (cm) (mm) (cm) (cm) ©® ®
0  10.3%2.0° 3.9%1.1¢ - - 5709 3.6+0.6 4.6+0.9 1.2+0.0¢ 0.2+0.0¢ -
30 16.2+6.3° 4.9+1.8° - - 7.7+1.9% 3.1+0.7° 9.6+5.3° 6.4=1.0¢ 0.6+0.1¢ 3.69
60  30.2+8.0° 6.8%2.3" 1.5+1.0° 6.9+2.4% 83%1.5" 3.2+0.7 39.8+24.8° 516.0+110.3° 136.7=34.1° 211.03
90  30.4%7.7° 7.0%2.2° 1.7+0.9° 6.1+2.2° 7.8+1.7° 3.1+x0.8" 45.8+22.8% 572.2+153.9° 165.7+49.5° 1.08
120 32.1%7.6° 6.0=1.6° 1.9+1.2* 6.7%2.5* 7.3+1.8" 3.0x0.7" 47.1%£22.9" 944.8+112.9° 276.2+37.6" 1.62
150  32.4%8.2% 6.4+1.7° 2.1+1.3* 6.3%+2.3% 7.5+1.32 3.1+0.7> 23.1+12.5° 1299.0+292.5* 377.8+94.8° 1.34
165  33.7x7.0° 6.2%+1.6° 1.9+1.0* 6.4%2.2* 7.2+1.5" 29+0.7" 22.1%15.3 1147.7%£311.1% 382.7+£97.2 0.82
180 - - - - - - - 1007.8+23.1°  347.7+7.1®  0.81

Values are means = SD (n = 60). "RGR; relative growth rate for 1 month. "Mean values were separated using the Duncan’s Multiple Range Test

(DMRT) at the 5% probability level (p < 0.05).

Fig. 1. Changes in growth of Atra

lodes macrocephala seedling according to the number of days after transplanting. (A); 60

Day after transplanting, (B); 90, (C); 120, (D); 150, (E); 180. Scale bar; 10 cm.

SO Faoz o] Yol A7ZME (Fig. 3).
SEAT AN FTME s e Y B g &
RE AT ofF Aol AE WEHAL e FHo)
t}. Han (2007) 52 34 AGelA aks) Adito] &
Ash AASAZ A 7hsde] Erhal Bk vp 9l

o meEp SFdle B A7E vges A
b Bl dve "ed Aow 47y

R

g o

O
=,

€]

ST (A macrocephala)?] AR A5

A= Table 49 YERAATE A8 A&l
7ol o]4] AA 140 cmol] B3} 315101} o]
150 Y737KA F7Veted 3.91 emel] ©@38l3 04 o]
UERHA] edsket. v 2739 272 5.4 mmol|A4] 180
31.6 mm 714 Z7Vske A JeERAT o=
722 B RHER] A go] | AH o 273e] o] AYAgo] oF
X o]F #7] WS sk A HISEE AFoltt (Lee e
al., 2019).
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e (B 1> ¥ Jm

7z =
o ©

ol

120

A5 o2 AT oA 30 97 27 03 g, 33 ¢
S JeERlilow 60 27 743 g2 F43] S8 o)F
2T FEE] Z7RIAL A2 150 A 7 703 ol 3}
R XUt arfelE oA 180 973, S 1Y T
7R ARt A A& om o] Al7|e] ziZFol] 7
2 g JERET ol 2 weFhEel Qi A
Aol AP AP At A St AR —
APAT A} dR|st ALH 45 {8l A= A%
oFRe] AF7) olw3d Aw AT (Park ef al, 1986;
Lee et al, 2018a; Lee et al, 2019).

SHA, A5 RGRE ©]2] - 30 ¢ -60 €73, 0 ¢ -30
A7, 60 & -90 U7, 120 € -150 €7, 90 & -120 U7,
150 & - 180 €7 o= =gkom X AdES 9] 90
A - 120 €A AR AGEC] AT} (Table 4).

A EA = Tkt 713o] Sink7t 2§ Yo} FEAFEAY
273E AR ol gsl= 2 22 AlFo] H4o]

3= =l lotM
obd ol BFad Sink7t 2 F v <A =
et =27

o

¥=

jvife)

= T
(Park et al., 2004), ZZAF0lA ©] Al7]&=
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Table 4. Growth characteristics of rhizome of Atractylodes macrocephala seedling in different growth stage.

Day after Rhizome length

Rhizome diameter

Rhizome fresh weight

Rhizome dry weight RCR?
transplanting (cm) (mm) © (
0 1.4+0.3¢ 5.4+0.9' 0.3+0.0¢ 0.1+0.0° -

30 2.1%0.5¢ 10.1+2.1° 3.3=0.4¢ 0.2+0.0° 3.69
60 2.9+0.8" 18.5+3.6¢ 74.3+7.5° 16.3+0.8% 74.66
90 3.1+0.7° 22.2+4.4° 112.0+18.1% 32.2+2.59 1.94
120 3.3+1.1° 25.0+5.1° 156.8+10.9" 46.8+4.1% 1.42
150 3.9+0.7 27.7+9.4b 260.5+53.0° 70.3%=17.2° 1.47
180 4.0%1.3° 31.6%7.6 298.3+81.3 89.7+32.8" 1.13

Values are means = SD (n = 60). "RGR; relative growth rate for 1 month. "Mean values were separated using the Duncan’s Multiple Range Test

(DMRT) at the 5% probability level (p < 0.05).

Fig. 2. Flower development of Atra

lodes macrocephala.
(A); mid-August (B); early-September (C); late-September.
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=

FA=EE AIZIZ Sinke] EAto] AR Aol JEgFS 7)x1
Zog BT} (Fig. 2). wfebA 37k AR Al o2 &
90 ¥ Mol £E-2E AAsks A2 AsHt Aol 384
A ZHE 7|13 Rz A7t

o|RL 79 15¢0 £E 2 E AASH= Flo] 8Y 20, 9
4 2090l AAsks AEG e FFe] 5 a2t Avar
gk M3 A+ Aot AASIATE (Kim er al, 2001). %
of ®o} AL AVIEE 2598 AA 2 i) 2AL
g ot dg Fo= AzhEt.

o]2 & A3} Ao mE KRR e Wk o
7t} (Table 5).

Atractlyenolide 1 3F-S AR o]2] 24 0.021 mg/gdl
A A&HoR FUHsld 60 YAolE 0.154 mg/gs VFERNSL
om o] thA 74T 90 Y7 0.116 mg/gS YERAL
3120 947 oAl 0.124 mg/egR AE FUFeE & AA O
Al & Zo2 Z7sle] 180 97 0.164 mg/gS YERAATH

Atractlyenolide II+= ©]2] Z% 0.038 mg/gS YERH =T
o|& FA3] F7I8l] 60 7oNE 0.227 mg/ge] TS e}
Waem ol ulMEHAl F7tste] 90 D7l 0.266 mg/gell &
SHAAL 120 73l Frasttirh oAl S7bstel 180 473
0401 mg/g2 HU)x|o] =2ttt

Atractlyenolide 1= 30 473 7 W3kar o] 90 U7
7] F7Fet7E o] 150 UA7IA mAlEHAl 74k 5 180
A7 0.766 mg/g= HhAo] =ESIATE 3 /A AR BF
11 9 F<520 o2 3 180 7ol 7HF =9kom o] Slo] A
== 10 € 3ke B ool fadite] 7MY Eriar gzl
TR, Aok, g, A% T3 fAkE Ateltt (Kim er dl,
1996; Lee ef al., 1999; An et al., 2016; Lee et al., 2019).

S FEASE 99 (Phytophthora drechsleri) S31E 7}
Z Bo)] B oR8AEREA A5 AWM oY BATE
o] 50% °)’F F7I% sted s e E718ks AE 9l
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Table 5. Changes of major compounds of rhizome of Atractylodes macrocephala seedling in different growth stage.

Day after Atractylenolide I Atractylenolide T Atractylenolide Il Total atractylenolide  Total atractylenolide content/
transplanting (mg/g) (mg/g) (mg/g) content” (mg/g) Individual plant (mg/plant)

0 0.021+0.000' 0.038+0.001% 0.336+0.000' 0.395 0.02

30 0.037+0.001¢ 0.054+0.001" 0.166%0.0028 0.257 0.06

60 0.154+0.002" 0.227+0.004¢ 0.424+0.006° 0.805 13.15

90 0.116=0.000° 0.266=0.001" 0.597+0.003" 0.979 31.49

120 0.124+0.000° 0.175+0.001°¢ 0.496+0.004¢ 0.795 37.23
150 0.125+0.000¢ 0.245=0.000° 0.454=0.001¢ 0.824 57.95
180 0.164=0.000° 0.401+0.000° 0.766%0.001° 1.331 119.35

Values are means = SD (n = 3)."

Multiple Range Test (DMRT) at the 5% probability level (p < 0.05).

o) AL

L2 Al mER 180 9735 A19lEk atractylenolide I =
1730l 74 =X atractlyenolide 113} atractylenolide IIT
= 90 el AWASIE, Gebd Afst ol e s
FEA 710 10 € 5o 88 ART) ekgARe] =&
welg 3 4 glon] 47 o|§EE Eolt Aol ol
w3y W) A 2] ] UosE 44 & 92
oI}, eleld Aske Ms] AF2 B4 tiral W
3}7] wjiEolm (Hwang 2009), 72-& =3zt 2]E91 s,
WES, AR Sl lst A7) fraldidol EoAvt Al
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