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ABSTRACT

Background : Platycodon grandiflorum radix used as a therapeutic agent for lung and respiratory diseases in traditional Korean
medicine. The saponin and sugar content in P. grandiflorum root is dependent on the drying temperature and method. In this study,
we investigated saponins and antioxidant contents in dried P. grandiflorum roots either not cut or cut to different lengths.

Methods and Results : P. grandiflorum roots were either cut to 0.5, 1.0 or 2.0 cm in length or left uncut. They were dried at 45C
and the effect of antioxidant substances, antioxidant ability, and saponin content were investigated. P. grandiflorum roots rapidly
dried out when cut to short lengths. The saponin contents (platycodin D, polygalacin D, and deapioplatycodin D) was highest in the
uncut P. grandiflorum roots. When the cut lengths were long, the levels of polyphenolic compound increased. However, 2,2'-azino-
bis-3-ethylbenzo-thiazoline-6-sulfonic acid (ABTS) and 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging activities were higher
in the samples cut to shorter lengths.

Conclusions : These results suggested that the saponin and antioxidant content of P. grandiflorum roots could be maximized by
controlling the drying rate of the roots via adjustments to the root cutting length.
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M A AEol delA Utk (Konishi er al, 1978; Tada e al,

1975). 53] platycodin D= SEAHEE &3l s AE=E,

2] (Platycodon grandiflorum A. DC)= =, & g 521739 A28 (Sung and Seo, 1998), @F7sl2hs 9 &

=] AR g Ak 28T AEE PEE of A 2EE UAPNAZRE (Zhao et al, 2006), I a3}

£ 9 yEgog go| o]gyy Qu}t. =kx]e] #als ek (Choi er al, 2001) &Y% &3 (Ahn et al, 2005; Wang

A ez A7 (Platycodi radix)°le} E2]H ThEFe] AlEdo] et al., 2004), ATt G5} (Lee et al, 2010) 5°] AE A

SHrEo] de=dl, ol2ldk AlEdolE platycodin A, C, D2t o= Waxlon, olye elave A At Aol
polygalacin D, spinasterol, spinasterol glucoside, inulin <] wel g2k = o BuET Y (Lee ef al., 2014b).
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Feo = AREel] flEide 28-S AAA
ol QF HEHO 2= ABAZ (Swami ef al., 2007),
Az, 9 (Kwon et al., 2013), Z74Z (Lee and
Kim, 2009) ¥ &ZA7Z (Mujumdar, 2000; Kwon et al.,
2013) 54 ol ARHEL v X3 T dF AxE
sh= A97t @32y s41%E o A% 1o 1dx"
TepAlof] 23R Al o] o Erhal HAEA O (Lee
and Cho, 2014) IFAZE
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GFAZRE sl A

At} (Lee and Cho, 2014; Lee et al., 2014a).
2EA ] de] BxFH Y= el e oYt =
o FAS 7 wlEA %89 phenolic hydroxyl”]7F
child g} e AfEpet dehS Fel sl ek B et
5o A7l 7He Aoz 4EA Utk (Rice-Evans er
al., 1997). 5ol =] e st &4 F polyphenolic
SRHEEES s sl S 7THAL e AleE A 2l
o, o] free radicalE YA F U= phenolic ring
o EA Wil A= HyHojA Uttt (Middleton and
SpA
[
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Kandaswami, 1994). JAE2] tslede &4 radicalol
AAE FoAstal 2% o AWA A oAlske S4S
7ERIZL So] Q1A oAM= €4 radicalell 93 =sle} A4
< dANTI= 98 S ATk (Kim et al, 2001, 2013).
Al Z2pA] oFe]Adel B3 Aol e E o AMEE)
71 A Axy HHew AFX L% (Lee and Cho, 2014)}
AZHY (Lee et al, 2014a)0) 3+ A= F3d uf 9o
U Ax&sd #s Ate v

meh B ATelNE A A0lE deid waAE e
= NZ O AzEe A8t e e Rele) oy
e} GaskEe) nAe 43S EAG waAe) okl
2 o) Do A9H J)2AeS AT S

ME % g

1. &eis

At 4d2 =2HA] (Platycodon grandiflorum A. DCYE
2015 2990l FEate] A Rt ARSI AdsiA|
e EofA HElE dxt (FEHE S =2 BEE
05, 1.0, 2.0cm Zo]& Hdehdh § 71x2% 45CE 71x3h
A 2487F A0 R FAIE SASIAAL FAI Wt /le
u] 7kx] Azsle] E37] (Super grinder JL-1000, Hibell,
Hwaseong, Korea)2 £33} 0.5 mm 3|2 AHsle] Y5
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2. PI= ot
e SRR AEEd nEAEY (KFDA, 2011)

EUE 3 2158 (NIAST, 2000002 B350t} A&
0.5g°1 65%<] HNO; 3ml 9 30% H,O, 1ml & teflon
bottledl] Fo} o]= A A|FLMNOE 3N O™, microwave
digestion system (Ethos-1600, Milestone, Sorisole, Italy)E
o]-gato] HiL tHEEE AT

Park 5 (2000)°] A|otsl oz wg}
50m o] &§ste] 45T FegzolA]
4,000 rpmellA] 15 AlEelst s F
=5 28] WSkl o)Zts % $53t] HPLC-grade -7+
10 me of] =3ict.

AFEY sl BAol] ARR¥El HPLCE Agilent 1260 Series
HPLC system (Agilent techolgies, Wilmington, DE, USA)
£ o] &3t FAsth HPLC Cis (4.6 x 250 mm,
5 ym, Shiseido, Tokyo, Japan) columng ARE-3IATE ©]54t
2 water, acetonitrileE A3} 9™, acetonitrile H] &S
Omin (18%)-22min (18%)-32min (30%)-60 min (50%)
2 8o s 2t Column &5 35CE #4 3%
3L, injection volume 10 4, £42 1 md/minZ 3t T 4
S92 203 nm oA S48k

A FFEAEE SIS HHE 2429 (Natural
Substance Bank, Korean Promotion Institute for Traditional
Medicine Industry, Gyeongsan, Korea)S 2 4-H
platycodin D, platycodin D3, deapioplatycodin D, polygalacin
DE 77 1mg 4 Fslo] S7< 10 mbol] =9 HPLCE EF
AR gols ZA|skod, ZFz} 100, 50, 25 m/ml =

FEY 10 4E Fst

PHoERE B

A7 A

1=} o
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ARE 80% HEREE 247 S}t 33 I"FZE (SK-71
Shaker, JEIO Tech, Kimpo, Korea)d: T of3}ale] 719bs
Z (Eyela N-1000, Tokyo, Japan) 3] 53+ =5 of
st % polyphenol %<2 Folin-Ciocalteu phenol reagent”}
FE=0 ZPvsd e o8 e Ax =EEd A

Ao w whllsk= Y22 A8t (Dewanto er al., 2002).
Z} FEE 50 109 2% Na,CO; £ 1 L& 713 5 377}
=

x5 50% Folin-Ciocalteu reagent (Sigma Aldrich, St.
Louis, MO, USA) 50 /4 Z 7}ttt 308 & ukgole] &7
T e 750mm oA E2AEY A FEFEA

s

ol gallic acid



E2K] HeRolo| =AY

(Sigma Aldrich, St. Louis, MO, USA)E AR&-3slo] A
2L 322 y=0.003x (R?=0.989)2 e} u:], g
Z9] mg gallic acid (dry basis)® YERIATE ZF flavonoid
SHES Dewanto 5 (2002)2] Yo wEl FEE 250 L o
SHT 1ml 9} 5% NaNO, 75 1.5 713 o2, 5% % 10%
AICl; 6H,0 1504, 7}ate] 6% WX|stal 1IN NaOH
500 (05 7FFATE 113 &, vkeHe] 4= 7S 510 nmol]
A 243 TE BFEA9] (+)-catechin (Sigma Aldrich, St.
Louis, MO, USA)E ARg-ale] AZALS A3 3 A4S
y=0.005x (R*=0.998)% UFEMOE] ANE g 59 mg

_0__
a

=2

[€)
=z= 7~

catechin (dry basis)© 2 UERNSITE F tannin -2 Duval
3 Shetty (2001)] He] whe} = 2aan, 2 Az s

1 ml ol 95% ethanol 1 ml &} E{HF 1Tl E
o] FI 5% NaCO; &
reagent (Sigma Aldrich, St. Louis, MO, USA) 0.5ml & 7
G & A2olA 607 LA TR 725 nm ol A
=739 2™ tannic acid (Sigma Aldrich, St. Louis, MO,
USA)Z RFEZZ A4 (y=0.0097x, R?=0.9769) 2
slo] A& g 2] mé tannic acid (dry basis)® LERNSITE.

7}0}‘# Z EE
1mé ¢} 1N Folin-Ciocalteu
]_

ST =
1:1"6]"-1—-

5. ABTS ¥ DPPH 2iC|Z oM =H

FEE U s ABTS (2,2-azino-bis-3-
ethylbenzo-thiazoline-6-sulfonic ~ acid,  Sigma-Aldrich) %
DPPH (1,1-diphenyl-2-picrylhydrazyl, Sigma-Aldrich) radical
o] 2AEHE =AU (Lee and Lee, 2006). ABTS
radical®] 2AEA3E ABTS 7.4 mM3} potassium persulphate
26 mMZ B FQF oraoll WGt ABTS Yol2s ¥4
AlZL F o] 84S 735m oA FEE ol 14-1.57F H=
2 BE33F (=3.6x 10" M- cm)E o] &3] Were =
SAstict. s14% ABTSE 1m€ ol F& 50 4l & 7tst
of FYwe] MBS P3| 308 Fo| SHsgon], EEE
A =ZA] Trolox (Sigma-Aldrich, St. Louis, MO, USA)E &%
A7Vl mg - TE (Trolox equivalent antioxidant capacity)/g
2 ¥YsI%ith. DPPH radical®] 274842 0.2 mM DPPH&
' (99.9% methanoldl] £-3l) 0.8ml ol A& 02ml S 73t
F 520 G 302 Fol Y= BAXE Sk
on, ¥FEHZAM Trolox (Sigma-Aldrich, St. Louis, MO,
USA)E 5% F7FIAL mg- TE/g & FsISh

6. AL
RE APe 33 WRoz o dPdse Frow Vet

WL SAS Enterprise guide 4.0 (SAS Enterprise Institute,
Cary, NC, USA)S ©]&3}o 74]"]'0};«;\—1“ One-way ANOVA
(Analysis of variance) tests HAISH § FHA {14
(LSD)ll ©J3l H+t7+e] FolxE p<0.05 oA fFo]A<d
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ZA3E Table 12 1/}5}1410;11:} TEx g Zolo] wE
A S 0.76- 0.53%2 A o] 0.5cmollA 7FE =4
ERged] o]E A}z ek} vlwshd vl ATS By
om, 53] AREY o)A % deapioplatycodin D (DPD)] &
Fah whe] A4S BAT (Fig 2). ol8s dxe =24
ez 3 AzTAo| EEkxo] E&E 2x[thA} AHEQ) A}

N

Lo 1
iy rQL' kr
X
o Mt
ML

o

¥ kol 9 FE Jlog AlgH
B71A8S] AR 0.50 - 0.67%E Atk Zo)d e xjol=
fFeojado] AAEA egkon, LFL 1.17- 1.50%% TS ¥

7] 2] w7
25 goleoz YEF

2ol sl siek. 25 Aol
F3} A Ao RS S8 FHS

e, 18 i X8 A eltt (Lee er dl.,
2013). ZEE 05mE 031%% 7 Ao, Fade

0.36%= At o7t Aod4s F7kshes 43S B3t vt
% RS 0.5em oA 028%= 7P Bkew 1 em oA
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Fig. 1. Changes in moisture of Platycodon grandiflorum
radix by cutting size.



Table 1. Mineral contents of Platycodon grandiflorum radix by cutting size.

Cutting size Mineral Contents (%)
(cm) TN P,Os K Ca Mg Na
0.5 0.76 £ 0.03a 0.67 + 0.08a 1.35 £ 0.04b 0.31 +£0.01a 0.28 +£0.01a 0.03 + 0.00a*
1.0 0.58 £ 0.04c 0.47 £0.10b 1.18 £ 0.02c 0.36 £ 0.04a 0.22 £0.01c 0.04 £ 0.01a
2.0 0.65 £ 0.09b 0.63 +0.10a 1.50 £0.07a 0.35+0.01a 0.25 £0.01b 0.04 £0.01a
Cﬁtotlr:;g 0.53 £0.07c 0.50 £ 0.06b 1.17£0.11c 0.36 £ 0.02a 0.24 + 0.03bc 0.03 +0.00a

Data represent the means + SD of triplicate determinations from three separate experiments. *Values in a column with a different letters (a - c)

are significantly different (p < 0.05) using DMRT.
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B Non- cutting
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Saponin contents (mg 100'1)

100

50

Platycodin D3

Fig. 2. Saponin contents of Platycodon grandiflorum radix
by cutting size. *Data represent the means + SD and
different letters on the same kind of bars are

significantly different (p < 0.05) using DMRT.

022% 7V S e e ool mhe AT A%
& e 9ot e e A ol me 544

R
.

fropdol AR EAA skt ol A4 (Choi er
al., 2006)3} 3 H A& (Arslan and Ozcan, 2008), =2}A]

(Lee et al., 2014a) 5o~ 7AZx W3 AZAIZRe] zpo]7}

3. AlZl st

TEZRE 05, 1.0, 2.0cm 1337 UZ2T2 FAUso] 45C
oA zAxdt] AT RS
ATk A AEA
& How, E3] 4572 AR Fo platycodin D2] ke
FAGNA 397 mg%, 2cm oA 356 mg%, 1cmolX 350 mg%
0.5cmollA 318mg% o2 Hek o7t #S4= Alxd I
o] Yolx= AFS HISH (p<0.05), polygalacin D}

deapioplatycodin D®] 3 FEwtolA ZH7b 149 mg%t
TAmg%E 7P =Ske™ (p<0.05), platycodin Dyo} FHeRS

2cmol|A 67 mg%z 7Y A YERSTH (p <0.05). =24 A
23N =EAe e AR SRS AR 2% (Lee
and Cho, 2014)9} AZHYH (Lee et al, 2014a) 223 A%
7174} 9 (Lee et al., 2014byl]l FFS won 53] A%
SE7b 9L AxANe] AeE Al e S8 (Lee
and Cho, 2014; Lee er al, 2014a)x. R® w} Qlt}. o4
o] AxE T8 A Az I mEAE FEdste
Axshe 749 IS AR ghgo] SRR AEAIZH H]
§o] Bol 2axjo] A el tigk F=d vt
Zog Zlo7 Algdnt

u

71 S viRitke Ba o] & dAelME dxst 4. Stieletd Y2 et
goll RS0l TR Tl IS & Ao AdtE. Polyphenolic 3t9t=52 =8 st 7L = A
4.0 0.10 25
B N 0.5cm
35k 1.0cm
ESN 2.0cm

0.08
3.0

251 0.06 |

20

0.04 |-

Polyphenol contents (mg g
Flavonoid contents (mg g

0.02
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0.00

B2 Non-cutting 20
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Tannin contents (mg 94)
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Fig. 3. Antioxidants for cutting size of Platycodon grandiflorum radix. A; polyphenol content, B;
flavonoid content, C; tannin content. *Data represent the means + SD and different letters
on the same kind of bars are significantly different (p < 0.05) using DMRT.
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e EERIO(O) ME Al et | ettst

oF gEA dom, ol= free radicalS SPISIAZ 4 A=
phenolic ring®] &2 W& ZogE HiEoH 2
(Middleton and Kandaswami, 1994). =2}%] ¥g]e] Hdh
oo W& & polyphenol ¥ds 43 A¥ At ZLojrt
#ES4E Z7lhe AES HAT (Fig 3A). A Zolrt
0.5cm A 330mg/g 0= 7Y wWokow FATRS 270 mg/g
o7 7P AA vERsth

Flavonoid= <= anthocyanidins, falvonols, flavones,
cathechins @ flavanones 522 FAE O] JomW, T FZo
w2t 54 flavonoide @HsE B dtA T TS AelEAE
Zhl Qe Ao Z HAES 9lt} (Middleton and Kandaswami,
1994; Choi et al., 2013). =2} flavonoid $H&-e 3] vl
o] Eollom, Aet Lol mE el 0.05-0.07mg/g &
2 Foio] AHEA AUAIT (p<0.05) At Ho)7 Aojd
TE Folees AFTS BTt (Fig 3B).

Tannine 2}e] Bt 7] B Ao Zlo] #ofaim, mAEe]
A A, 245 a8 Asizger BiEy
(Nakagawa and Amano, 1974; Martin and Martin, 1983).
tannin ¥ £, AT o7} FEFSE o] =4 e
om 05cm dolg2 det 5 o 221 myg, FEAT A o
1.66 mg/g® 2 0.5 cm ko] FAw]] Hlsf 33%7} S7lsh=
2o =2 et (Fig. 3C).

AzxEepA e st Qi Ax7t mETS STk A
S Ble, olEg A7 Ha 5 (2004)°] HiLgh Hie}
o] EeiA] Ax&wrt WA AxeepA| e o] shzbA
o2 W3l= A polyphenold} tanningtEo] SV Ao
Z AtsEd AAAY EA13k= polyphenolic 351+ -/
of wet ksl 9o xpel7t o™ (Hwang er al, 2013)
AzxzeA] T s st A3 JaPAFelr HE F
2 A g Je AT RIFHT o] (Hwang et al,
2013) =2pA]9] RS UEhle AR § Al W o}
Yzt dsA SR AE e A 288 5loE Al

ot

N o

>
W

. 0.5 cm
1.0cm
a NN 20cm 120
B8R Non-cutting

b

105

ABTS radical scavenging activty ( mg TE/g)
DPPH radical scavenging activty ( mg TE/g)

0.0

Fig. 4. Antioxidants for cutting size of Platycodon grandiflorum
radix. A; ABTS radical scavenging activity and B; DPPH
radical scavenging activity. *Data represent the means + SD
and different letters on the same kind of bars are
significantly different (p < 0.05) using DMRT.

Aol 05cemollA 7.7mg- TESZ 74 =A vehgon,
1.0 cm oA 7.45, 2.0 cm oA 7.03, F-E oA 6.37 mg - TE/
g 08 A Zol7} Hojd5 Fslskl H4silvt (Fig.
4A). DPPH radical &2AEANME Ak Zo] 0.5cm oA
1.76 mg - TE/g 718 =4 e o™, 1.0cm oA 1.59, 2.0 cm
oA 1.38, FdwtollA] 1.38mg- TE/g 02 Aet Zol7} Zoj
AFE T3l 244381t (Fig 4B). E2fAe 1A% 57t
W2 XA oA Aol ST} wol JER =T
(Lee and Cho, 2014) o]¥1 A= =2fA] Az 3244
Wb g hdol JES o] dlEsiEd ABTS,
DPPH radical 22A84d0] 5715 2102 Alg ¥t}

6. SefAl Ao Zojoll W2 AEEUsk shist MR ES0]
gk} shilsl ghdufol ARz

TER|e] Aok Aolo)] w2 Alxdsiaks) dilsdE 9 g
A3ke] 4BBAE SAS programS 2 FAJ5E A3= Table 2
el o] felido] AAEE Aoz Vet e o]
of w& Alrd e ks polyphenol} flavonoid2ke]
ZFAlA PCD3E A€sh YA Aide 27t -0.823%
oA —0.967**, —0.830%| 4 —0.973**0 7 F= H-o] AT
AE BEAIL tannin}e] A= A} gle A
o2 yepgth AlEY kel DPPH radical 22A843542] 4+
AN E -0.837*H -0.977**F ABTS radical &7
Azke] AdAAANE PCD3E Al9)3 YA —0.857*00A]

i

Table 2. Correlation coefficient between antioxidant content and saponin content Platycodon grandiflorum radix by cutting size.

Polyphenol Flavonoid Tannin ABTS DPPH
PCD" -0.967** —0.973** -0.534™ —0.960** —0.9771**
PCD3 0.412™ 0.434™ -0.191™ 0.454"™ —0.971%*
PGD —0.920** —0.910** -0.640™ —0.969** —0.933**
DPCD -0.823* -0.830* -0.333"™ -0.857* -0.837*

YPCD; Platycodin D, PCD3; Platycodin D3, PGD; Polygalacin D and DPCD; Deapioplatycodin D.
"™, *, ** No significance or significance at 0.05 and 0.01 probabilities, respectively.
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—0.967**0 2 F-o] ApAlo] Aoz et
PR AxEEr)t wEd AREY sheke] kA gkaks)
Edo] Frsle] 2R o2 ok AR (Hwang et dl,

2013)0] F7FgHtt. o)de] A7 AR wefA] ARSEA ] wek

TERe] Az £5E g & Havt IS o7 AlEH.
ARl 2
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