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ABSTRACT

Background: Angelica gigas is a valuable medicinal crop widely used in traditional medicine
because of its pharmacological properties, particularly its bioactive compounds. The aim of this
study was to evaluate the growth characteristics, yield, and indicator compound content of 4. gigas
roots grown using different cultivation methods and explore the potential utilization of discarded
root segments.

Methods and Results: Field experiments were conducted to compare the growth performance,
yield, and compound composition between the two cultivation methods. Conventional field seed-
ling cultivation (CFS) roots exhibited significantly greater length and weight than plug-seedling
cultivation (PS) roots, leading to a higher yield per area (449.3 kg vs. 269.1 kg). However, the cul-
tivation using CFS required a longer growth period of approximately 3 years, whereas the crop
could be harvested within a year with PS. Root diameter classification showed that body and thick
roots, i.e., the larger root segments, comprised a higher proportion of the total yield in CFS. In con-
trast, PS yielded a greater proportion of smaller segments (medium and thin roots). The indicator
compound analysis revealed that medium and thin roots had significantly higher levels of decursin,
decursinol angelate, and nodakenin under both cultivation methods, with thin roots meeting the
Korean Pharmacopoeia standard despite being discarded as a by-product.

Conclusions: This study demonstrated that while CFS offers a higher yield per unit area, PS pro-
vides time efficiency and reduces cultivation periods, making it a practical alternative for modern
agricultural systems. Additionally, the high indicator compound content in the discarded root seg-
ments highlighted their potential for repurposing in medicinal and functional product development.

Key Words: Angel-ica gigas, Agricultural Practices, Decursin, Growth Characteristics, Medicinal
Plants, Pharmacological Compounds
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g XEA|, A, FRIAS X84 ToE HEHoR de
2~of gt} (Kang, 2021; Song et al., 2021).

53], H2 0] 48E Uehlle FAES decursin
(decursin®} decursinol angelate)®] °F2] & o] tgk A7}
gs] P low, I, FES, s, dA s
M 59 oket a50] BAEI ATt (Son et al, 2009).
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al, 2011; Kim et al, 2014a; Jo et al, 2024), T=g+ 4
&7} (Sestito er al, 2024), %% oW (Bae er al, 2016),
AAME BS g3 (Tran et al, 2023) 52 &5°] Hiy
Att.
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H1E () SE o4 WyoR Uth (Lee ef al., 2024).
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Table 1. HPLC analysis conditions for decursin, decursinol
angelate and nodakenin in A. gigas Nakai.

HPLC analysis condition

45°C
Solvent A : Water

Column oven temperature

Mobile phase o
Solvent B : acetonitrile
UV wavelength 330 m
Flow rate 0.3 mQ/min
Cradient elution system
Time (min) %A %B
Initial 95 5
1 80 20
10 5 95
10.5 5 95
10.6 95 5
Injection 10

(A) Decursin
Y = 8.656e3X + 9.174e4; R*2: 0.9997; Origin: Ignore; W: Equal; Area
10000000
9000000
8000000
7000000
6000000
g 5000000
4000000
3000000
2000000
1000000
1
T T T T T T T T T
200 400 600 800 1000
ng/mi
(B) Decursin angelate
Y = 1.153e4X + 1.672e4; R*2: 0.9997; Origin: Ignore; W: Equal; Area
14000000
12000000
10000000
8000000
g ]
6000000
4000000
2000000
0 E T T T T T T T T T T T
200 400 600 800 1000 1200
( C ) Nodakenin
Y =3.715e3X + 1.162e3; R*2: 0.9999; Origin: Ignore; W: Equal; Area
450000
4000003
3500003
3000003
2500003
g E
< 2000003
1500003
1000003
500003
o3
T T T T T T T T
20 40 80 100 120

60
ng/mi

Fig. 1. Calibration of three indicator compounds of A. gigas
Nakai. (A) decursin, (B) decursinol angelate, (C) nodakenin.
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Decursin (=97%), decursinol angelate (=98%) % nodakenin
(=298%)2] W 21& Fig. 19 YERATH
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FA 22 SAS Enterprise 7.2 (SAS Institute Inc. Cary,
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Table 2. Growth and production characteristics of A. gigas Nakai based on the cultivation type.

Cultivation type”  Survival rate (%) ~ Root length (cm) ~ Root diameter (nm) ~ Root weight (g:DW? /ea) Yield (kg/10a)
CFsS 99.7+0.0™ 52.9+8.3" 51.7+4.4™ 84.5+20.3" 449.3+108.0°
PS 99.7+0.1 38.6x4.3 43.5%+3.6 50.6+£9.4 269.1£50.0

CFS; conventional field seedlings cultivation, PS; plug seedlings cultivation, ?DW; dry weight basis. Values represent means =+ SD (standard
deviation) and measurements were conducted in triplicate to ensure reproducibility. Statistically significant value compared with control group by
unpaired student's t-test (p < 0.05, “p < 0.01). ns; not significant.

Fig. 2. Shape of the underground part of A. gigas Nakai after harvest: Comparison between conventional field seedling
cultivation and plug seedling cultivation. (A) conventional field seedlings cultivation, (B) plug seedlings cultivation.

o7k Bastel vsl APz 7k B wEe] GAP
AP A BN BP0 wAY FAS HER F 1
d ol SE L AR, B o)xshe Wi Aua)

2. FHUHUAIE JE SEEDL
Decursin (=97%), decursinol angelate (=98%) 2 nodakenin
(298%)%] 319 W42 Fig. 19 YESIS™  decursin,
(Yu et al., 2000). decursinol angelate®} nodakenin®| retention time2 Z}Z; 9.1,
2 715 st Qlalf e Ay A Ho] Fdstar 3l 9.1, 2|3 42 o2 IIFAUT} (Fig. 2).
o (Lee et al., 2024), A% A= Qs Aul o]Fo] Q& A3 B3 =25 Aujel 2B Auje] e wmE
EYS dxRBlor 3 w7k A4S aHE o (Lee er dl, AAES A3 (Table 3 and Fig. 3). 33 =X]HoA
2020), 717ke] 71 #s) =A B AR FHIE ApHol decursin $FFS- 48,287.3 mg/kg (4.8%), decursinol angelate:=

715 Wstel Azt el E 13k Aful of2ALERS 3|9 = Q)
= tiA dEke = o]8d 4 9t

3w A Y =3 a"st ZAE sk 9
3 2 28 =Y F de 7S 2 Asst Hash,
SYIEE 283 71AsE A A&l tigk F7F A7 &
THER SYIE Ap7E A71H o2 /-85 Al w4 olzt
38 It (Lee et al., 2024).

28619.6mghkg (2.9%), nodakenin& 57859 mgkg (0.6%)Z.,
Al 7 AR g 82,692.8 mgkg (8.3%)ATE EeHol
A= decursin o]l 42,954.8 mg/kg (4.3%), decursinol
angelate7} 24,919.7 mg/kg (2.5%), nodakenin®] 5,766.3 mg/kg
(0.6%)%, AE2] 3+ 73,640.8 mgkg (7.4%)= LERATH
gk Al i w2, ge 2R wvEs) 3
A (A gigas)®] HEPE AoHM, o] oS AXT T

nodakenin?} % decursin (decursin % decursinol angelate)<]

Table 3. Contents of indicator components of A. gigas Nakai based on the cultivation type.

Cultivation type” Decursin (mg/kg) Decursinol angelate (mg/kg) Nodakenin (mg/kg) Tatal contents (mg/kg)
CFS 48,287.3i1856.4* 28,619.6+1224.4™ 5,785.9+273.8™ 82,692.8+5070.8™
PS 42,954.8+1796.7 24,919.7+1227.4 5,766.3+351.1 73,640.8+5363.2

YCFS; conventional field seedlings cultivation, PS; plug seedlings cultivation. Values represent means + SD (standard deviation) and
measurements were conducted in triplicate to ensure reproducibility. “Statistically significant value compared with control group by unpaired
student's t-test (p < 0.05).
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Fig. 3. HPLC chromato%ram of decursin, decursinol angelate, and nodakenin of A. gigas Nakai. (A) conventional field seedlings

cultivation, (B) plug seedlings cultivation.
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3ol 6% o]’delojok st} (MFDS, 2019). &3] =
H15e] 7 Al A oA et ] B
Tk AoR ERIEY e X & B
Ao=E FRIHT
& =25 Aot ZHIE AuE BE 712
tlA] zto]7} ik, WoEe #3) =AHE 14
SEX A& ¥y =23
HIHE Sk T Z2Eoizl Al QoM F8 EolE
olgate] HepHog Y - oiE 7+ o BE 719 Al
sl= Aol

& =2 E Aol FHIE Aie AE 717ke] Adold
A f8AE 7 Zjol7t & xlol7t gle AR et Al
717ko] A Zel1Be] o|fo] g ZoR eyt o]
AH F228 AE S FaE TS A= A
= Tt kg ATEAE M= M 219
B AYE 53 FHLBAM AR )] HE A 9 &
gHcol= 3ol dEiA|= AHE RIFSL (Ren ef dl,
2019), A1Fe] AS v FEAE IHAS o 92 S8
Al E F3l FEFS =Y = 975 T (Lee er
al., 2019).
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3. MuiLAlol W2 2AY fASEM Tt
Aol wet A =28 Auje} S8 Al 7 7HA]
2 UrRlaL, ZHzbe] ool mEt AjujE S A7 o
2t Al div], F0), 283 Alrle] AR BR/E Sl T
E4S ISR (Table 4, Table 5, Table 6, and Table 7).
oY A5 Aol ke ] BelE AEE B

38

Table 4. Yield, weight ratio and moisture content of A. gigas
Nakai body part based on the cultivation type.

Diameter”  Yield (kg/10a) Weight ratio (%) Moisture content (%)
CFS  169.8+40.8"  37.8+9.6" 49.7+2.6"
PS 19.9+3.7 7.4x1.7 42.7+10.5

YCFS; conventional field seedlings cultivation, PS; plug seedlings
cultivation. Values represent means + SD (standard deviation) and
measurements were conducted in triplicate to ensure reproducibility.
"Statistically significant value compared with control group by unpaired
student's t-test (p < 0.05, and “p < 0.01). ns; not significant.

Table 5. Yield, weight ratio and moisture content of A. gigas
Nakai thick root part based on the cultivation type.

Diameter”  Yield (kg/10a) Weight ratio (%) Moisture content (%)
CFS 151.0%£36.3"  33.6%x7.6™ 50.3+3.5™
PS 132.1£24.6 49.1%3.2 53.7x13.3

YCFS; conventional field seedlings cultivation, PS; plug seedlings
cultivation. Values represent means + SD (standard deviation) and
measurements were conducted in triplicate to ensure reproducibility.
"Statistically significant value compared with control group by
unpaired student's t-test (p < 0.05, “p < 0.01). ns; not significant.

Table 6. Yield, weight ratio and moisture content of A. gigas
Nakai medium root part based on the cultivation type.

Diameter”  Yield (kg/10a) Weight ratio (%) Moisture content (%)
CFS 88.5+21.3™ 19.7+4.0™ 47.3+2.2™
PS 84.8+15.8 31.5+16.4 35.3+x94

YCFS; conventional field seedlings cultivation, PS; plug seedlings
cultivation. Values represent means = SD (standard deviation) and
measurements were conducted in triplicate to ensure reproducibility.
Statistically significant value compared with control group by
unpaired student's t-test (p < 0.05, “p < 0.01). ns; not significant.
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Table 7. Yield, weight ratio and moisture content of A. gigas
Nakai thin root part based on the cultivation type.

Diameter”  Yield (kg/10a) Weight ratio (%) Moisture content (%)
CFsS 40.0+9.6™ 8.9+1.1™ 53.4+8.6°
PS 32.0+6.0 11.9+7.6 32.0+=139

YCFS; conventional field seedlings cultivation, PS; plug seedlings
cultivation. Values represent means = SD (standard deviation) and
measurements were conducted in triplicate to ensure reproducibility.
Statistically significant value compared with control group by
unpaired student's t-test (p < 0.05, “p < 0.01). ns; not significant.

3 Ax} e FAo] 7P F A S 169.8 kg Z A
FAL] 37.8%01H, 8 SRS 49.7%A3, LY. Afufol| A
T AepiollA Be] HAo] 7 & 4le] FEE 199kg
2 AA FAS 74%c1H, i TS 427%2 JERTH
(Table 4). E]1B2] Xt T4 w50l sldsl= 4l F-919
gt FA vlgol= frolsk xlol7k veltar, el A 5]
37.8%2) A3 ¥wd wf oF 1/ 5 o) BTt (Fig. 4).

Z7do] T WAE & div|e] ke A& =X HAA 151.0
kg 2 AR FAC] 33.6%0]L, S8 TS 503 +£3.5%F L}
EPATE (Table 5). A1 tiv]e] FAl= #3) =R HollA XA
o] 714%% XAEATE FH1HoA tiv)e] $e 1321
kg2 A FAQ 49.12%, T8 FF 53.7%3oH, Al
tuje] = AA FAL 56.5%Z, ¥ SHo| 71.4%}
Hlaste] Aoz vidr,

Al A A7 Sl Rko]l A3 =R Ho A 88.5kg S
2 AA FA 19.7% s, T T2 47.3%ATh
(Table 6). FTLHOA= FiFo] 84.8 kg &=, HA| 779
31.5%5 2RAgon, 7 2 353%%2 UERST

7P 22 A9 Mvle e =R HA A FA 9

==

ol Mg
>‘<|<5|T'_—

8.9%2] 40.0kge] FHL B, S8
}om (Table 7), Z2HolA Almje

A FAL 11.9%°IA5L, 2 TS

534%= e}
PR0kg=E A

4. MuiAoll UiE 2AE ZA ot
Aol wel #8 A8 et SHaE A = 7
A& WAL, 2] Aol wet Al Fekes A7l
w2t A, v, FH), 2E 3 AW RE EF7FE st A
EAES #4389 (Fig. 5 and Fig. 6).
#8 =A RN A7 ERAS W 7P B A HE
A8 2lelA] decursin T2 22,093.1 mgkg (2.2%),
decursinol angelate= 10,871.2 mg/kg (1.1%), nodakenin->
3,608.5 mg/kg (0.4%)=, Al 71X 8] ol 36,572.8 mgkg
(3.7%)= YUERIT} (Table 8). Z&|1HoA 4le FA Hl&2
7P o ARAR e 7P Wket, Ao A% A4
B B4 A decursin FHS 23,7629 mglkg (2.4%),
decursinol angelate= 14,878.5 mg/kg (1.5%), nodakenin-<
4,744.9 mg/kg (0.5%)%, Al 7Fx] AdE-<] Fto] 43,386.3 mgkg
(43%)= el ol A7 AT F 7P v el
#3 =A R HAo] ke tin], Fv], AlrleM e A%
i o] Zhzb 69,327.7 mgkg (6.9%), 81,544.6 mgkg (8.2%),
80,307.9 mgkg (8.0%)Z, TPIet AlnloAa fFojHoz =&
sheFS KBt} (Table 9, Table 10, and Table 11). 28|11
A 27 Aol wEl div], S, Aol F e 7
58,651.6 mgkg (5.9%), 72,884.6mg/kg (7.3%), 73,934.7 mg/kg
(74%)% Ueisten, #8) §H} vixZAZ FSrjeh Alnol
A AR AR Tl freldes =9
Al AE BF7IA Aol oF 2 mm wREQl Alvl= ARE-
A Held] FARER FHFEHARE 2 A5 A Ao

|

0

o

=

ok

(B)

Fig. 4. Classification of underground size by diameter. B, TkR, MR, TnR indicates body (diameter = 47.4 mm), thick root (6.16 mm -
47.3 mm), medium root (2.39 mm - 6.15 mm), thin root (< 2.38 mm), respectively. (A) conventional seedling transplanting A. gigas

Nakai, (B) plug tray cultivation A. gigas Nakai.
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HPLC chromatogram of decursin, decursinol angelate, and nodakenin of plug seedlings cultivation A. gigas Nakai. (A)
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Table 8. Contents of indicator components of A. gigas Nakai body part based on the cultivation type.

Diameter” Decursin (mg/kg) Decursinol angelate (mg/kg) Nodakenin (mg/kg) Tatal contents (mg/kg)
CFS 22,093.1+5614.1 10,871.2+2571.3™ 3,608.5+1001.4™ 36,572.8+9186.8™
PS 23,762.9+859.2" 14,878.5+458.8 4,744.9+216.4 43,386.3+1534.4

VCFS; conventional field seedlings cultivation, PS; plug seedlings cultivation. Values represent means = SD (standard deviation) and
measurements were conducted in triplicate to ensure reproducibility. Statistically significant value compared with control group by unpaired
students t-test (p < 0.05, “p < 0.01). ns; not significant.

Table 9. Contents of indicator components of A. gigas Nakai thick root part based on the cultivation type.

Diameter” Decursin (mg/kg) Decursinol angelate (mg/kg) Nodakenin (mg/kg) Tatal contents (mg/kg)
CFS 42,658.5+3038.3™ 21,665.1+=1485.2™ 5,004.1+305.6™ 69,327.7+4829.1™
PS 33,176.8%x1115.9 21,261.1x747.1 4,213.7+364.0 58,651.6+2227.0

CFS; conventional field seedlings cultivation, PS; plug seedlings cultivation. Values represent means + SD (standard deviation) and
measurements were conducted in triplicate to ensure reproducibility. Statistically significant value compared with control group by unpaired
student's t-test (p < 0.05, “p < 0.01). ns; not significant.

Table 10. Contents of indicator components of A. gigas Nakai medium root part based on the cultivation type.

Diameter” Decursin (mg/kg) Decursinol angelate (mg/kg) Nodakenin (mg/kg) Tatal contents (mg/kg)
CFS 50,917.7+409.5™ 26,029.7+507.8™ 4,597.2+322.3™ 81,544.6+1239.6™
PS 41,835.4+1269.2 26,358.0£662.3 4,691.2+486.0 72,884.6+2417.5

YCFS; conventional field seedlings cultivation, PS; plug seedlings cultivation. Values represent means + SD (standard deviation) and
measurements were conducted in triplicate to ensure reproducibility. Statistically significant value compared with control group by unpaired
student's t-test (p < 0.05, “p < 0.01). ns; not significant.

Table 11. Contents of indicator components of A. gigas Nakai thin root part based on the cultivation type.

Diameter” Decursin (mg/kg) Decursinol angelate (mg/kg) Nodakenin (mg/kg) Tatal contents (mg/kg)
CFS 47818.5+2328.5™ 27911.9+1102.0™ 4577.5+295.8™ 80307.9+3726.3™
PS 40673.0=1480.7 28916.3+942.9 4345.4+312.6 73934.7+2736.2

CFS; conventional field seedlings cultivation, PS; plug seedlings cultivation. Values represent means + SD (standard deviation) and
measurements were conducted in triplicate to ensure reproducibility. Statistically significant value compared with control group by unpaired
studentss t-test (p < 0.05, “p < 0.01). ns; not significant.
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