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Study of Root Characteristics of Angelica gigas Nakai in
Plantations using a Micro-CT Camera
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ABSTRACT

Background: We measured the weight characteristics, intercellular space volume as a proportion of root volume, and quantities of
the functional component in Angelica gigas Nakai, collected from four cultivation areas in Pyeongchang, including Tapdong-ri and
SangjinBu-ri, and tested the results for correlations.

Methods and Results: Dry weight was the highest in the Tapdong-ri group (13.37 & 0.13 g) and the lowest in the SangjinBu-ri
group (11.90 = 0.57 g). The percentage of intercellular spaces within the roots, determined by micro-CT camera, was the highest in
the Tapdong-ri group (6.44 = 0.76%) and the lowest in the SangjinBu-ri group (9.01 + 2.15%). The quantity of functional compo-
nents were the highest in the Tapdong-ri group (116.13 £ 9.53 mg/g) and the lowest in the SangjinBu-ri group (99.77 £ 23.23 mg/g).
Conclusions: The dry weight of 4. gigas significantly correlated with the volume and percentage of intercellular space. An increase
in the dry weight resulted in a negative correlation between the volume and ratio of the intercellular spaces. The volume of intercel-
lular space correlated negatively with levels of the functional components, this was significant in the case of the nodakenin, decursin
and decursinol angelate content (p < 0.016).

Key Words: Angelica gigas, Dry Matter, Intercellular Space, Micro-CT, Regression Analysis
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Fig. 1. Sample parts of Angelica gigas roots. A;
Micro-CT scanning, B; flesh and dry matter
& useful components measurement.

Table 1. The geographical Information of A. gigas cultivation in Pyeongchang.

Location Address Coordinate Altitude (m)
North latitude East longitude
D" Tapdong-ri 64-1 37°43'17.62" 128°33'29.58” 762
HM? Homyeong-ri 733 37°38' 53.44” 128°35'28.91” 594
SC? Songjeong-ri 2496 37°38'53.21” 128°34'22.65” 542
N SangjinBu-ri 856 37°40’ 25.43” 128°33'00.51” 743

"TD; TopDong-ri, ?HM; HoMyeong-ri,

¥SC; Songleong-ri, ¥SJ; SangJinBu-ri.
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e 0.1% 7injate]l shrEl 3 oRHEUERS ARSI
o} o] Fd e ARl weEt W TE 78] &ElE Al
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Fitop ARSI O FAIREA 21 Table 29 2t A%

Ay
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% ML

A 2ZHdE 93l nodakenin, decursin, decursinol angelate
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o] TER AFS F UPLCEAS Fsision Hae gigh
FTER AFAS 25Tt
. SHEM
A5, g, MEDST 8480 e x|
AHE2A (One-way ANOVA)Z} Duncun’s Multiple Range
Test (DMRT)Z 5 5% (p < 0.05)0.2 ATsI9oH,
AT Hloly 3k WA + 72} (means + SD)E YE}
WAtk Micro-CT #9S &3l =&% At 8A4E 2

Table 2. UPLC conditions applied for analysis of Angelica gigas.

330nm
ACQUITY UPLC BEH C18 (100 x 2.1 mm, 1.7 m)

Wavelength

Colume

Injection volume 2 (£

Flow rate 0.2 /44/min
Mobile phase Solvent A: 0.1% formic acid in water
P Solvent B: 0.1% formic acid in acetonitrile
Time (min)  Solution A (%) Solution B (%)
1.00 80 20
3.00 70 30
Gradient elution 3.50 50 50
system 9.00 45 55
9.50 0 100
10.50 0 100
12.00 80 20
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i

Table 3. Weight characteristics of A. gigas roots in Pyeongchang.

Location PV weight  Dry weight regain  Moisture regain
® (%) (%)
D" 13.37+0.13? 26.74+0.25° 73.26+0.25%
HM? 12.87£1.38"  25.74%2.75% 74.26%2.75%
SC? 12.54+0.77*°  25.09+1.55 74.91+1.55
S 11.90+0.57*  23.81%1.132 76.19+1.132

"TD; TopDong-ri, ?HM; HoMyeong-ri, ¥SC; Songleong-ri, “S);
Sang)inBu-ri. All data expresses as means = SD (n = 3). "Mean with
same letters are not significantly different in Duncan’s Multiple Range
Test (p < 0.05).

C—Dry weight (g) W Moistyre regain (%)

16 80
15 - T ; i 75
™ i 1 :
14 F70 @
T 13 T - 65 3
3 ]
£, | I =
12 l 60 g
11 55
10 50
TD HM SC s

Fig. 2. Dry weight derived after drying 50 g fresh weight and
moisture regain of Angelica gigas roots in Pyeong-
chang. TD; TopDong-ri, HM; HoMyeong-ri, SC; Song-
Jeong-ri, S); Sang)inBu-ri. Each value is expressed as the
means = SD (n = 3). "Mean with same letters are not
significantly different in Duncan’s Multiple Range Test (p
< 0.05).
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o] Al FLT FAtoll FHste] ARESIATE 1 A
50+0.02 go AEHol tall 7P Eo AEwo] geld TD
9] 13.37+0.13 golARE 7FE ¥ SJ9] 11.90+0.57 g7HA]

SISFE 147 g9] ZfolE BT} Egk &4 SIet TDZH
o] z}o]7} 2.93%Z AHEE T (Table 3, Fig. 2).
A g /\]-*9-1:4 HFH (Angelica gigas Nakai) A 5= 7173

E\:l

Z719] JEgS AAS] 3] BAAGOR AT AL, E oF 1.47 g8 zolE ERISIITH
Table 4. Matter characteristics of A. gigas by using Micro-CT.
Total Matter Intercellular space
Location -

Volume (mri) Volume (m) Volume (%) Volume (mri) Volume (%)

D" 1,118.30+£76.38"  1,046.35%73.81" 93.56+0.76 71.95+8.75 6.44+0.76

HM? 967.77+20.45° 894.79+18.69° 92.47+1.64% 72.98+16.54" 7.53+1.64%

sc? 1,009.67+22.73% 940.12+21.59® 93.11+0.16* 69.55+1.97° 6.89+0.16°

S 963.31+116.49° 877.65+122.14% 90.99+2.15% 85.66=16.88* 9.01x2.15¢

3). "Mean with same letters

TD; TopDong-ri, ?HM; HoMyeong-ri, ?SC; Songleong-ri, SJ; SanglinBu-ri.All data expresses as means = SD (n =
are not significantly different in Duncan’s Multiple Range Test (p < 0.05).

Fig. 3. Intercellular space of Angelica gigas roots in Pyeongchang. 1 - 4; TopDong-ri, 5 - 8; HoMyeong-ri, 9 -
12; SongJeong-ri, 13 - 16; SanglinBu-ri, a; micro-CT image, b; |ma§e anaIyS|s plane ¢; image analysis (side,

matter and intercellular space) d; image analysis (side, intercellular space).
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[
87330 ghako] Eolxithal Hiry
2011; Park et al, 2019) 3] FE4% < nodakenin®]
A9 SColA 921+ 1.74 mgg® 7H¢ =A FEHPoH,
decursin® TDA 60.71+6.72 mg/g, decursinol angelate=
HMol A 4921 +7.55 mg/g® &el= AT} E3F nodakenin,
9 decursinol angelate®] & T 7P wHe FE

116.13+9.53 mg/ge] S &
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99.77 £23.23 mg/g®] FFS RISt F Ao F-EA4E
Z ] 2Jol7t 16.36 mg/gE AHEJTH (Table 5).
4. SAIEAM
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o] Al sk FAIA FeldS AR S8l At
A EZ7= BA7e] slHEA (Fig 4) 2 Alx7= 549 &
87387k Spearman’s rank HIAIEA S Yt A
Table 6, 72+ 7t}

ASHES FHAFE sla BQNY, 155y 2 58S
Z47ko] EYHTE @ o AFEe] i EdR9e 204
FAIAE BRI oY HFEHe] F4E EF
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A9 A sk 7= R399} 782 =2 oA g
AR BAEAEY AsHe] S5 15 Fuu 780
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oo} f8ES AR 59 AAIAE THE Ao=E 4

Table 5. The variation of nodakenin, decursin and decursinol angelate contents of A. gigas in different cultivated regions.

Location Nodakenin (mg/g) Decursin (mg/g) Decursinol angelate (mg/g) Tatal (mg/g)
D" 8.38+0.85% 60.71%6.72° 47.04+3.25° 116.13+£9.53°
HM? 8.93+3.80° 45.89+19.00° 49.21+7.55° 104.02+30.20°
SC? 9.21x1.74 50.84+7.137 42.45+4.37° 102.51+6.45?
¥ 6.73+1.22¢ 57.17x10.77¢ 35.87+12.05% 99.77+£23.23°

"TD; TopDong-ri, ?HM; HoMyeong-ri, ¥SC; Songleong-ri, ¥'S); SangJinBu-ri. All data expresses as means = SD (n = 3). "Mean with same letters
are not significantly different in Duncan’s Multiple Range Test (p < 0.05).
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Table 6. Correlational analysis of dry weight and matter volume

characteristics.
Matter Intercellular space
volume (mr) volume (mr) volume (%)
Dry weight 0.092 0.017 0.006™

Spearman's 8 values written are significantly correlated between the
variables compared. Negative values denote negative correlation and
positive values denote positive correlation. Values in brackets means
p value (p < 0.05, “p < 0.01).

Table 7. Correlational analysis of marker compound and matter

characteristics.
Nodakenin Decursin Decursinol Total
angelate
Total volume 0.425™ 0.165™ 0.035™ 0.217™
(mni) (0.169) (0.609) (0.914) (0.498)
Matter volume 0.305™ 0.098™  -0.014™  0.147™
(mni) (0.335) (0.761) (0.966)  (0.648)
Intercellular space  -0.674"  -0.007™  -0.091™ -0.168™
volume (mni) (0.016) (0.983) (0.778) (0.601)

Spearman's 8 values written are significantly correlated between the
variables compared. Negative values denote negative correlation and
positive values denote positive correlation. Values in brackets means
p value (p < 0.05, “p < 0.01), ns; Not significant.

5921, nodakenin FF= F2A
0.016)2 X3t} (Table 7). 22 -3
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