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ABSTRACT
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Deodeok is a crop widely distributed in Asia; its fresh or dried roots are used as medicine. It
Accepted: 6 December 2023

exhibits excellent antioxidant and antibacterial effects owing to the abundance of its functional
components. Deodeok can be distinguished from ginseng using the marker compounds
tangshenoside I and lobetyolin, abundant in deodeok; however, further research on this crop and
its utilization is needed. In this study, we aim to measure the functional ingredients and
physiological activities using the flesh and skin of Korean and Chinese deodeok samples and to
use these basic data for the development of functional foods. A higher Tangshenoside I content
was detected in the skin than in the flesh, with the highest concentration identified in Jeju Deodeok
(302.07 pg/g) among Korean and Ji'an Deodeok (662.97 ng/g) among Chinese samples. Similarly,
the skin exhibited higher lobetyolin content and five types of phenolic compounds than the flesh.
The physiological assay revealed that the antioxidant activity increased with increasing total
polyphenol content; a high antioxidant activity was detected in the skin. The skin of deodeok,
collected in the sprout stage, can be effectively used. Additionally, during hydroponic cultivation
of deodeok sprouts, an increase in the secondary metabolite content can be induced using a
regulated source of artificial light.

Keywords: Lobetyolin, Radical scavenger, Secondary metabolite, Tangshenoside I, Total
polyphenol content
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t1S9(Codonopsis lanceolata)2 Campanulaceae®l| Z55H= THAAY Al Z0]m Foprjof Fopa|ot 9l Hopalofo]|
T2 FIAEIITHHe et al., 2015). HE2 SF8AFEEA] AFFHAIR B ] &0 = ARg-E]o] 2ih(Kim and
Chung, 1975). B|5-& M4ks} @ 9 ghdt v Q<51 (Lee and Ryu, 2019), AJHe] Ti=2¢] Mal S o2 A
Bl Rt} oY Be]o] A A4l A7EF A1, o5 A= 5k= ] AR5k 1tk Hossen et al., 2016).

Tangshenoside2} lobetyolin< Codonopsis 25 A1=2] 9 SIeF=E0) A} A|HAE 0 2 | phenylpropanoid HiEA| 2]
tangshenosides 1= EIEollA] 2-& H 17%]] © H(Mizutani et al., 1988) 7952 oH5}7(Kim et al., 2022), A4
7]%5 Aol S slEol= o] At Qlo] B a1 vl Q1T Ushijima et al., 2008). Polyacetylene | 221 lobetyoline L4+
AT T Q) xanthine oxidaseS AAolo] B2 2=t A% A4 9] FALS o6t (Yoon and Cho,
2021), 9 Huh &3S B ook= 92 hk(Song et al., 2008).

S o] w54 ShehE-2 T Y o] AdF ol whE FAAQ) T o[ dla Beiste] 7HE ot &4 ol 2 4t
A tg o] o) 25 HlEy slghEe] vt AEE o™, A 2 FaESAIe AEEA T ] 7EA7t 4551
ATHDu et al., 2018). =35] TIE A& (skin) ] 77, 52 (flesh) B} B> FO] 7154250l HEH7|% staltt
(Jung and Ryu, 2018). o}/3] A+ AvtE ET|2 7|54 277561 g tiH o] A4S Rt AlF o 2 9]
2R H 715 o] Siel g At 7 ook

2 AT =Ut oY 653 F=04t Y 652 543 A = UHro] tangshenoside 17 lobetyolin & 5521 22F
oAbk FgE S0t & Eelvlks &%, & S0t 0| = 9t 4 DPPH, ABTS 214 274 5-& S75te] T4

S8 7157 34E Aol 71 2AtR = o]-85lalA} el

|

e

UL e 311w T3, B4, A, U, AlFeollA] Al At ZH e o 8sieint. St HEl2 6d
Yol AEiA] 9 =}l whet ok, A, RIS A Y 0 &2 FASHL of 7)ol AH e S H Y e S5 AR
StItt. AFRY A= e Eolll L, 7HEA &= AlAskt AAHE Alas wolieta=s 2715 AAT & 54
7} S Relalo] 10°Col A 48 A1 B9 RS, ol F EAZ 2 ) olo] Aglol AFaloick

High-performance liquid chromatography(HPLC)E 5t 7| 5A4EH 2] EXo) ARS8 acetonitrile, water,
ethanol-2 thd3}=(Siheung, Korea) 0 2HE] 711519 oW, 22 thiAbFE 2] & 245 915 22 2 p-coumaric
acid, caffeic acid, chlorogenic acid, gallic acid, vanillic acid”’} A=At FFE452 Chemface(Wuhan,
China) 278 F-el5to] ARSI =@ 240 ARgE e 8ulieh Al=EE2 Hdea(Siheung, Korea) T}
Sigma Aldrich(St. Louis, MO, USA) AZE-2 AF&519IT

(o
o
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=2 1087 YRR & ASATES 0.22 um syringe filter=2 o{1tolo] ARESITE. Tangshenoside 13}
Lobetyolin 3 5%9] 7|54 £ €%, & Eelulls §2 % Beh ool b 228 91d) ARk 28 €9
o2 AFE 19T, DPPH ST 2753} ABTS Bhelg A7 Z40] 485 $22L 5,000 mgL 2 5]4j51
of ARSI

HPLC &M
A B2 4 B0 AR BEE22 tangshenoside 12} lobetytioline AF8-510] 241519 0 T, 55-0] 22T AM =
2 gallic acid®} vanillic acid, caffeic acid, p-coumaric acid, chlorogenic acidg® w2 AR8oto] 4513t

HA 2712 Diode array UV-vis 4&717F 42 Prominence HPLC system(Shimadzu, Kyoto Japan)= AF8-5F

o] C18 column(250” —4.6 mm, 5 pm, Shimadzu, Kyoto, Japan)< 53l 245}t o] '54FA+= water(formic acid
0.1%), ©]'5 B+ acetonitrile(formic acid 0.1%)= AF8-5F93, -345+-2 0.7 ml/min, —T—‘?J%kfj 10 pL, column 2%+

40°CE Aot Suljo] ZAIRSH= T2t At 02, 10% B; 52, 10% B; 155, 80% B; 202, 80% B; 25,
10% B; 30, 10% B. 4142 280 nmollA| E45t ). A2 52 50 - 1000 mg/L A9 5 525 At
gsjo] sl on], 7} ARo] WA HEB 0| e S ol gsle] ar Balsiolrt

0x
ur Mo
B

21

=
Z E2|dl= SIHE TEF2 Anesini et al.(2008) 2] HIHE-S HH o1 =385t} =22 100 pLol| Folin-Ciocalteu
reagent 50 uLE 7I51] 3E7H XS & 20% Na,CO; -84 300 pLE 7Fshe] 1587 ¥ESAIF L B3l DW
1,000 L2 H7}5}0] YA R §F T AFSATES F510] 96 well plate 2 200 pLA 25513 c HE-g-ol.0 Bttt A)
(Multiskan FC Microplate Photometer, Thermo Fisher Scientific Inc., Waltham, MA, USA)E AF&-5to] 4513
oo, T8 2 738 nmoM SABIT BEESEL gallic acidS 08519 A Ale 2HdsI3ltt. o4y =
0.0043x + 0.0562 (R* = 0.998)% WEFF 2™, mg GAE(gallic acid equivalent)/g(dry basis)Z WEFH AT

ZF EefH co|& T2 Re et al.(1999)2] HIH-S LR W oio}oq 53Tt 2= 500 puLoll 10% aluminium
nitrate 100 pL2} 1 M potassiumacetate 100 pL-E 712t 4027t BESAIZATE HEGH-2 96 well plate = 54 S°8%
%X 405 nmef|A| S0t BEF =42 quercetine A}ﬁo}oq 2418 24519 319 41L y =0.0128x + 0.0571
(R? = 12 YEP 2™, mg QE(quercetin equivalent)/g(dry bas1s)___E._ vER Qi

DPPH 2tjZo] A7842 Blois(1958)2] WS Hste] afst3ict. s|H¥ 58 100 pLof| 0.15 mM
DPPH 100 pL-& 718t & 30211 ol WEEAIZT. HFg2 S35 4t 519 nmollA] 7851t B4
ascorbic acid S A& EAH A7 B 471552 HA-5-0'5(Electron donating ability, EDA) .2 L}E}
Wit

ABTS 2H]Z 242 43 9ot ABTS+= 7.4 mMZ A Z51 2.6 mM Potassium persulfate®} 1:1 H[-E&2
24A17HHESA)Z1 F) 1X PBS bufferel] 3141510 AR&SIAEH0.D = 0.7 + 0.03). 34 25520 puLojl ABTS B3
N 180 uLE 7toto] 10427 SHSAIZLE BRSO 53 3t 738 nmollA] S5s3It BEE4-2 ascorbic acid & A

259t 274 A2 9] efrlg 27158 AREes o= Lt

nol'
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SA22]
EA B2 SPSS 28(SPSS Inc., Chicago, IL, USA)E o|&3lo] Z} Agle] Hivl EEHAE ALY,
ANOVA-E 53t Duncan T ¥ (duncan’s multiple range test, p < 0.05) 2.2 ARE A5t

ThsH 22 B

Tangshenoside 17} lobetyolin2 E|E 9] 2| BAJE0 2 Q4 Zro] tjd i} vl=3h 3 E 7 ]’71‘1 ﬂ%_ﬂﬂ' =37t
TE RS 7 tg o] 29 o RE ERlok=d] /\}%%E} Tangshenoside 17} lobetyolin®]] thgt
SHA| A= 2] QAR B Y W] B4 2.0 = Th ok Fofqle], &4 o &8 {ijto] 1A} ‘?ﬂ:rLQ—Ti STt ofof|
2] 2 Bojel| g 71 % A= 0] 3do] vl F- a5tk v o] AufR] E F-9jo]] T tangshenoside 17} lobetyolm
o] gFekS BAo1 Fig. 19]] YERATE =it B]= 9] tangshenoside | &2 2 A o] SAETH =7 e,
™, Al g o] A20] 302.07 pg/g 22 7 =2 tangshenoside I &S LERACE 1 F 2= 8d 7@ 2(247.94
ug/g), 4 o9 8-2(200.46 pg/g), 44 ‘3‘3 ”471%(197.76 ug/g) —(E/ﬂi =2 tangshenoside | &S Bt} 5=

A Ele] G PR o] SUH RS FS Uehylon], Xt B AUl 66297 pg/gOE 71 B2
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Fig. 1. Tangshenoside | and lobetyolin contents of different parts of Korean and Chinese deodeok samples revealed by
the HPLC analysis. Different letters indicate significant differences (p < 0.05) between means varying with the storage
period.
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tangshenoside I T LFERLE T Fl2E A4 oY 8-8(584.39 pg/e), A4 B9 A2(484.57 ng/e), A dd
272(481.4 pg/g) &4 2 =2 tangshenoside 1 TS H Y. lobetyolin ol A e = jibt S4By = 74
Ao AR A UERg o w mulitols= A BY Aol 354.11 pg/g, TAtellA= 414 By 7o) 598.2
ug/g S 2 7H =2 lobetyolin -2 R ATt

22 A RS AEA 7 9] e o =R E AESH | flol] A dohe o] Edolt). AlZ 2R A4t 22 T
A2 R 2SS UE™ ol dw o 2 ARSI 22 ik - 52 2 e/ 2heles 24t
SATHTable 1). p-coumaric acid= 5%2] H=4 SIHE 5 7P B2 G2 At =it 5 AT oy A2 oflA
418.78 pg/g 02 7FY =& p-coumaric acid &S UEFH O, S04t 35 2|9 B d A4 720.02 ng/g 02 7}
=3kt Caffeic acid+ A2 % A AT (Jow-density lipoprotein, LDL)2] AF8}S Ao ]2 AA5k=

oot AtsiA| o] IS Fi(Gilgin, 2006). AT B1E] F 314 Bl o)A 52.65 pe/g 02 7P - Ak
o, S=AH Y 5 A Y ZA-0] 60.64 pg/g O 2 7P =7 YERTE Chlorogenic acid= 71 S 9 ¢} H]

Eee T dR 52 715 8S 7L Sl efekEelth(Yi et al,, 2019). siuiatolie G4 |E ZEolA

r2oto ot o
HE j
2
lo et

=

Table 1. Concentrations of tested phenolic compounds in different parts of Korean and Chinese deodeok revealed by
the HPLC analysis

Place of collection Plant parts p-Coumaric acid ~ Cafteic acid  Chlorogenic acid ~ Vanillic acid Gallic acid
Flesh 411.7 +£2.28Y 37.5+0.8 105.48 £2.3™ ND 43.98 +8.2¢"
Hongcheon . N N d b
Skin 37724 £2.5 39.73+£0.4 66.88+£0.7°  5248+25% 7191406
Flesh 147.82+1.6"  43.62+0.5 185.02 £ 2.8 8.82 + ¢t 46.16 £4.2¢
Hoengseong . ) d g . et
Skin 28245+2.17  52.65+05 296.09 £2.3 23.01+5.9%  60.58+0.9%
Redli Flesh 209.02+1.1™  41.96+04  107.52+1.8™ ND 42.06+2.1¢
cd-1ne .
K Skin 3353+10.8 4558+ 1.3% 6243+ 1P 5537+164°  67.11+12°
orean
Flesh 417.11 478 37.02+04' 47.61+1.79 ND 37.26 + 1.6"
Jeongseon ] . . . .
Skin 343.18 432" 41.86+02 6834+£0.1° 2299+£19%  50.78+0.9%
Nai Flesh 230.31 +3! 37.09 + 0.4' 63.59+1.7° ND 445+ 8.2
aju .
/ Skin 386.19+84"  42.18+0.6 65.72 + 0.5 29.99 + 8.1 74.81 + 2%
I Flesh 1152+1.5" 39.58+0.2" 3144+ 17 3.9+8.1¢ 4527 +3.8%
cju
! Skin 41878 £4.85  46.08 +0.2¢ 4549 £0.59 89.25+ 1.4° 74.45 £ 1.4%
A Flesh 2723 +6.2¢ 44.07 0.3 17117+ 1.7 77.83+14.8°  584+13.3¢
san
Skin 49033+ 169"  5327+02°¢  271.1+35  140.08+53°  87.06+ 14.7°
. Flesh 68581 +6.4>  59.95+0.8" 8545+1.9°  2899+153"  5131+4.1%
mgyuan .
& Skin 52128485  55.01+£0.4°  19728+0.5  89.19+24.5°  85.67+12.3°
" Flesh 28527+4.5  4454+05"  161.79+3.8% 5759+ 1.1  45.18+04%
ran .
Chi Skin 720.02+3.6°  48.15+14"°  19533+0.6  195.94+14*  70.16 + 1.6
1Nnese N
Blue Flesh 103.66 £2.29 4591 +0.3¢ 156.14 £ 3.8 36.6 + 1.9 4752 +£0.6%
ue-lne .
Skin 344.1 £ .11 60.64 = 0.3 43572+ 1° 148.75+2.7°  85.94+0.9°
Redl Flesh 12837+ 1.1° 47.95+0.5"  308.68+56°  1023+2.1%"  5882+0.8
ca-lne . N
Skin 341.14+ 3 53.36 0.1 392.5+3.8 2932+ 1.7 87.57+1.1°
) Flesh 675.56+53°  49.83+04°  265.86+24" 35613127  59.04+0.5°
Shenxian ] d e b b
Skin 622.93+7.3 54.15+25 21038+5.9%  134.8+9.7 81.29 +£2.9°

YMeans in a column with different letters are significantly different (p < 0.05).
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296.09 ng/g O & 7P =8kom, Sttoll A= SrH EollA 392.5 ng/g O 2 7P 2 S it suiitt
At EE oA vanillic acid oS A1 Y Z7(89.25 png/g) v 219 HE (195,94 ng/g)°l 7Fe =2 &=
HAH. Gallic acid T2 =ittt U= T A2(74.81) 7 T4 01Y AE(87.57 ng/g)°l 7F e did= &2
ek 5E0 w7 AREE RrolA o] SR RS UEIT o= o] vy o] Hie] 5 o 7ok A3
2 0 & ghgo} §li= FLgol 2} 12} o] A A 24 Holig T 8732 stz HE] BT 517] 9fote] theko] 22ejArt

o1
o] doj Hof| wpt A RS A Fsl] ofete A=

o

B2 E2S 7 o7 Holct T2 oy o] EXAJ AL Al 7]7F

= AA A=, Aol 51t 71548 BEES 5 02 HFIeh] HoiAe A5 1 oluie] A HYS &8st
+Hete] fEg Z o= Helch AW tjele =5 FAAEE ol A==, AW el et Fdet A A4S 7t
2 AW 14re] 7 A Al AR Q1 31 0] Sl w23} v R ] At dell Fak& o, 7158 &4 o
ko] Zi7} 755tk Sadiq et al., 2023). T3t caffeic acid®} gallic acid 22 HlsA EEE2 112 Ao 2t 1

o] 2 o] wheell Aoz AFfoh= S al2isior & Zo|th(Hong et al., 2007).

£ E|ui= Y St -0|= ot

Eo iz FAte, At 5 ohede @Xdo] i kel d o] Ao akge] digh B A7 ol Foi =] 9l
THChoi et al., 2003; Fernandez-Panchon et al., 2008; Karakaya et al., 2001). T]5 9] F Z&| vl g2 AR 2
A TRt 2] 9 a B9l mE et &8-S 'tk VT E 4= Qs Aol EefE rolEe k¥t 5 7t
7 flavusoll A it T, wis sfekEo|A) itel S, dat 282 Shth(Lee and Park, 2022).

T E0 s SUlit R S oA AR T o] ¥ T2 oS H At (Fig. 2). =ikl AE AT H
o 7440] 23.01 pg/g 07 7V w2 RS Hlom T vhgo 2 4 BY (2222 pg/g), SHY BE(20.99
ng/g), U= tlE A (17.52 pg/g) A= =2 ke Uehiih. S=itolls= 89 oY 401 30.12 pug/g 0 =2 7}
w2 e HYlom O oo R g 74%(26.82 pg/g), A1K HlE 7% (26.36 pglg), A9 HE A2 (24.96
ng/g) w0 & =2 ohgS el

T ZoHE o] E 9tk iU St B oA =2 oS LRt (Fig. 2). =il = B4 B9 A
20103 ng/g 0= 7 A bt o I vz o 2 Al Y (019 pe/g), A1 FE BE(0.15 pg/g), 33 T
9 ZA2(0.13 pg/g) w0 & w2 TS Btk S4 HEolA= Y oY Aol 0.4 pg/g 0 = 7P 2 o
= H3lom I oh30 = FHYat 39 74(0.39 ng/g), A4 BlE AE(0.33 pg/g) w0 = =2 bk LFERIT

DPPH % ABTS 2iCjZt 2715

tIE 9] DPPH 9 ABTS 2t 275 574 Z7h= Fig. 39+ Zth DPPH 2tz 2750l S8Rt o] T
E2 2755 U o, Uikl S e Yt 94 oY BE0] 39%E 7Y w2 A7 5= Bt S=4tolA
=39 vE o] 54% 2 7P =2 A5 Bt Uit Sy Q4 o e A 9 Sk oY A
S &%= 71 =7 WE=t, Kang(2009)7 PR RA) = BE] A 5.910] & Ee|uls ool S71
5 e BT STk A o= LER:

ABTS 2tz 275 Bt S 4 H o A B 72 4753 UEhdl oo, sulitelld= A5 oY 0] 36%,
S = Y T AH0] 43% R 28 47152 H Ytk DPPHRFABTS Ui 47158 A2 th2 qhalel 2

712FE 7IAIAL lof AR Aol 2tol7t ol o, w8 A Tho] it} EAdofls SUSHl 2 AolE EAH:

A

d

ol
i
oo
__&:x:_]“
'S
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Fig. 2. Total polyphenol and flavonoid contents detected in different parts of Korean and Chinese deodeok. Significant
differences (p < 0.05) between sample means by storage period are indicated by different letters.
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Fig. 3. DPPH and ABTS radical scavenging activities recorded in different parts of Korean and Chinese deodeok.
Significant differences (p < 0.05) between sample means by storage period are indicated by different letters.
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& Aol Uit St T H o] B9 7544 2 %‘ﬂ%‘ 32 EAokA} shgiet. 5 T
7} 9B o] 2 5 =4 71%60] Balslele] FEES AlZsI) =ikt
gl o] o8 75 A=A A EAS A7 At A =421 tangshenoside 17} lobetyolin 2F©]
oA E=A vereteh =it St {Oﬂ 71678 =4 Y o7t A o o= A= o Al
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