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Abstract

In this study, to develop balloon flower (Platycodon grandiflorum) leaves, which are not used as tea, a method of making green
tea was referred to, and several physiological activities were analyzed using the balloon flower leaf tea with different times of roasting
and rubbing. The highest total polyphenol and tannin contents were 33.02 mg GAE/g and 5.03 mg/g at two times of roasting and
one time of rubbing, respectively. In the case of the total flavonoids, the RO3 + RU2, subjected to three times of roasting and
two times of rubbing, showed the highest value, whereas there was no significant difference between the control and the other samples.
Except for the green tea as a control, the RO2 + RU1 samples reported the highest antioxidant activity whereas it decreased with
increasing number of times of roasting and rubbing. The color, lightness, and yellowness tended to decrease slightly as the number
of increasing roasting and rubbing among the samples with no significant difference. All of these things together, to develop tea
using the balloon flower leaves would be suitable with two times of roasting and one time of rubbing.
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L=2}X|(Balloon flower or Platycodon grandiflorumy= %%
Z 3K Campamulaceae)°]] &oh= thdA AEZ vt 5
2 2 =)o AASlT 9lor], 788 Mahdl X sluo
& Zo| frj(Jang 5 2011; Kim 5 2015). Z27olzt a2 F

£ F= 91 glom, 7 o2 AA) AE YRR 55
o] Holou, £ &7+ 5Fo] HoIUA LTHMEDS
2020). =R B2 9] FAE-L triterpenoidA| saponind} T,
ARAEE TRotal glo hloAs 71-E XA §HA
L, 7H AlA & 718AE R A4 59 SE71A de
AMEE O] AR mE T A9 877 =A 1A E o
2th(Jang 5 2011; Kim 5 2015; Yoon 5 2019). o]& Z&}X]

71578 A= olv] EiEo] ed, =4 F
&9 ¥W9Y 3, A 4 F+aY 59 Ve A+
(Yoon YH 2012; Kim J 2014; Kim & Jeong 2015)% H|%5}0]
A2, I 4 AR7I OE =] By 5
platycodin D, polygalacin D % deapioplatycodin D 52 A}Ed
g Hstol st A= EalE|o] Qlrk(Lee & Cho 2014;
Lee 5 2014). 7 Yol mebAlo] $2 7154 HES o8
stof 7], A9 & AlE7FEole &8 ATe ERE
Aspergillus oryzae =302 Waslo] Fu|utaysE BIs}H
L 5 Tyt BofolA| A7 el SAETL SAcHieong
& Yu 2013; Jeong 5 2013; Kang 5 2015).
L] B9 s fsiAe AA@EAE7]) 2= 5l
of Be] o] EAo] FRsfiA|al L] FFo] F75H7]|
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of 564 A - o 242 3HA Hrh(Huh 5 2015). ofuf 2]
AE 2 HEAA HAT, oM E 7148, /29, of
it 5 Aeks 5 Rt RS 715 4S ek Al
of, oz 7158 £AR9| ol&E F&3] 7Fsdlth(Jeong
& Shim 2006).

o, AETA A tiRe e YRS FYEER SH9
Az -7 7184 AFoz2AM JEAh AR 1A
o, A Q] dAFE= HAFo|aL, Fitdlo| A= g}
o] vlFo] 7Hg At 7|€ A% HAES] /goA 17, 1l
€ 9 A57152 4= A9 MR, oY gl ¥
Skal glom, uhE|Rke] - 2 fAFe] AA SISt
(Korea Agro-Fisheries & Food Trade Corporation 2019).

webd] 2 ATeAE HeAE Eokx) Ao o84 ST
2 9ot 71 2ARE AT g3 FEAANA A =
X 9 olgstel Eatx AAE Az oY HE
el Oﬁ(ﬂlﬂlﬂ)«l Slg7t m2bA] latel A5 niAl=
FEFS AW ET] ffsto] Az HE 53 2 79 SleE &
&/d 22 Histe} ojsfety E449] WSS Eelskal 22 A
e AYskaAt sholct.

e W e

wE N2 2 98 N
L = TR YL 20204 FE HFoA idfgr
o5 A 204 £ A4 7159 el &
2 A3t £ %6 At mebx] QAo AxE ARG Ear

5 E712 AAT 3 200C2 Z7-0]Z o]
s 298 AereKROL 98 1) 4
P QS thl S8 T A ROZRUISIS
23]+ 13]), o] TFZ WHESHo] ROZ+RU2(H S 38]+%
g 23]), RO4HRU3(HL 43]+74 33)E A|=s191, Z2F
O] A&t Fofli= 80 CollA 1A17F X3 T H
SlpdE T AE AR H, I F48S v AESH
o 18 YAE AxS] 98 HH 2AL FTA 1%
o}, Zh2ke] el ek Qo] i@ RAS Slste] oA
Az A3} 1 g 70~80T & 100 mLof| 5&7F &5k 4
£2](8,000 g, 20 min) ¥ 7oK Adventec No.2, Adventec,
Tokyo, Japan) F 4181510, ofl ZE Aol et
3 uks ol 2Asigon, 2t ARl gaTRs ARe
A= A HXH(Nokchawon, Seoul, Korea)s ARE-SF3TT

2 & B2lHE B 5%
TR 419 & EYHE -2 Folin-Ciocalteu's Hr
o] u}2} Folin-Ciocalteu reagent’} £&59] Z2|d &4 3kgt

2o oj3) PUH Az}, Bejnel PO Wy AL

i

A SRF FE AL 571

Y2 =43} H(Amerine & Ough 1980). &5 50 uLoj
2% NapCO; 1 mLE E3sto] 35 =A|slal, 50% Folin-
Ciocalteu’s phenol reagent(Sigma-Aldrich Co., St. Louis, MO,
USA) 50 uiLg S43to] 1417 AR & 750 nmoll A 58
T e =451t #5254 gallic acid(Sigma-Aldrich Co.)
£ Agsiol AFue BT, FEE FO

acid equivalent(GAE, dry basis)=® WEFAcT.

mg gallic

3. & EiETol= 2 &3
TEkx] Yak9] £ ZtH 0|t SRS Chung HI(2014)2]
WS #gste] 225 200 ulo] 1 N NaOH 600 uLot

diethylene glycol 4 mLE 7}5F0] 37 ColA] 1A17F A1 &
B HO] S8 E 3 420 nmollA S5, HEEHE
rutin(Sigma-Aldrich Co.)& ©]-8&5}o] Z’jakéj% &4 5}of

opv rr r

Zehaiols gare etk

J $=F2 Duval & Shetty(2001)2] BF
4g weh 2aiect. olzislol 109 B4 AR 1 mLo]
95% ethanol 1 222 1 mLE 7fslo] & EE50|F11 5%
Na,CO; 1 mL2} 1 N-Folin-Ciocalteu's reagent(Sigma-Aldrich Co.)
0.5 mLE 71t & 420l A 6027 FAAIZ] ThZ 725 nmo]|
A FBEE S75t3lon, & ©d T2 tannic acid(Sigma-
Aldrich CoyE ©]&35to] AFAE A/dste] & ©d I
Tkl

5. DPPH ZIC|Z0f| CHEH MXS0is EH

T YA9] AR}-g-o 5 (electron donating ability: EDA)
2 1,1-diphenyl-2-picrylhydrazyl(DPPH) method2 =735} th
(Choi E 2003). 0.4 mM DPPH 202 &% Zto] 1.3~1.47}
HEE A3 & FEE 0.2 mLo] DPPH(Sigma-Aldrich,
USA) €9 0.8 mLE 715t & AL0]A] 3087 %] & B33
I & A|(Cary UV-Visspectrophotometer, Agilent Technologies,
Santa Clara, CA, USA)E ARE5}o] 525 nmof|A] 4 & =
qololc SHEE 24T ol Aol $EHE 7t A2 o
¥ $95] Aol BRpue) SIS 2olol i

5, ol AAFeI5L A7 7P vl AT F
Rolg wasez Tt

ol

" 4

6. ABTS 2iC|Zof| CHE MXIS0is £3

TR YA FAISIEAIL 2,2’ -azino-3-ethlybenzothiazoline-
6-sulfonic acid(ABTS) radical AA &S &4 H(Jang 5
2012). 7.4 mM ABTS®} 2.6 mM potassium persulfates 5155
o} k4:0] HFHJsto] ABTS ool 2 BAAZ F o] Fig

o 1=
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735 nmol A FAE Fo] 14-1.57F HRE B FHAGe-
3.6<10'M 'em )2 0| 83to] FR4w SAstgTt. B4
ABTS €9 1 mLoj| A|23&E 50 uLE 7}oto] F4w=9] ¥
ste 8] 308 o 2Lt ABTS ghrize] 47
He Az AErer ARE A7 gL 490 FuEs
MEg e tEhfglch

7. M =X

Tepd] Aje] T 24 AR T 9 B4 05
mm A9 T FIHAIA HEAHX ‘}74]((:M-3500d Minolta, Tokyo,
Japan)E o]t SA o] 124 ©-2 F I(Lightness), a
(redness) 9 b(yellowness) Zkg Z}2t 58] BHE 3ol =459
ot o] ZEe 196.89, a=-0.07, b=-0.18°] it}

8. SHNZ

2 A9 Aol gk Hlo]H+= SPSS package program
(Ver 12.0, SPSS Inc., Chicago, IL, USA)S o]-&5}to] B3}
REEAS Ao ool tier BEghe JYAA
(one-way ANOVAYE AA| 5t &
T ABZ F93]1 Aol

Duncan’s multiple range test
AS3HA THp<0.05).

1. E2tK| Yol & B2z, £ BaHR0/S L B
2
1=

#4358 9 w0 04 3880l 33

S A7} Table 13} 71‘11]-

A 33HE-2 flavonoids, anthocyamns catechins, tannins =

o, AEA ] 9 EAske 22} thAMEE9] sh
Z429] phenolic hydroxyl( -OH)7| & 7}X| 1L Q]

14 5ol ofe) ST 47 2Tk SHoz

=

AFAESUPNA

1xﬂ°ﬂ et -8
1999) 24

3
T2 HE 239 F92 18] g RO2+RUL /\li-_ﬁ} 33.02
mg GAE/gO & F9J% o= 7} %L;— AL, B2 139k ARt
A&7} 10.81 mg GAE/gO 2 7P @A yelstth iz
ARRSE AT =2 G RS A= 26.64 mg GAE/gR & U}
BT Al S3E A st A F " fdE 4
2319} 13] A3t o] 7P £ 11 3157t BoldE /9
Aoz AASHTh WA Ee2bA] Ao & EYvls AT
= B AP7E 28] o), 1+ 13] o]} JPHTE 235 &
43Me AFAS Hol HA3 ATyt Wask Aoz Btk

Z ZtH Lol o] H(Table 1), 275 A|<5t

A= Rt Boke o, 523 1+ Sl Sk A o
%}:E F7¥tR oY 7 A2 E wol g uiA AlR9] A%

Q5|8 FAaskAth |2 3319t 1 238 AAR Alm
o) A% 7V 2 W45 mgg)?] whE HAXT A
AgT H di2TolA s FAF Rl Zol7F UrEhA] Rttt
(p<0.05).

tAle e 2 g2 2] 7Y 523 479 shuz A1
gt 71 9 Ao glo] Hofsid, o 7HA] g2 7HA]
L JHo=a 4e]A 9lrK(Nakagawa & Amano, 1974). B3}
e SlE 2t mebA] JAe] w9k A, B2 29]
2} §9¥ 13]E Sk RO2+RU1 AE0] 5.03 mg/gl &2 74 =5t
A, HE2F7F 7P B2 3097 mggye eI, AT F
NAE € 35]9 89 2315 3 RO3+RU2 AZo0] 49
08 W = UEHH(E<0.05).

ool A4y}, & EdvlE, & EStEkolE H T &
o] S ST EH 1 239 449 15 E §F RO2+
RUI A&7} 7H8 & a2 WEhlaL, g2 927t &
A3] 2 g yEb o], makA] iAke] AREAd S =07l

Table 1. Analysis of physiological activity of balloon flower leaf tea with different times of roasting and rubbing

Method Total polyphenol (mg GAE/g) Total flavonoid (mg/g) Total tannin (mg/g)
Control” 26.64+0.86”" 4.3242.20° 0.97+0.02°
ROI1+RUO 10.8120.41¢ 4.130.62° 1.7620.02°
RO2+RU1 33.02+1.98° 4.54+1 45° 5.03+0.04"
RO3+RU2 19.57+0.15° 5.4542.63 1.48+0.04¢
RO4+RU3 17.72:1.24° 4.40+3.47° 2.25+0.02°

Y Control: Saeyeobcha, Korean green tea, RO1+RUO: one time roasting, RO2+RU1: two times roasting and one time rubbing, RO3+RU2:
three times roasting and two times rubbing, RO4+RU3: four times roasting and three times rubbing.

2 All values represent meantS.D.

**Values with different small letters within a column are significantly different by Duncan’s multiple range test (p<0.05).
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Ao 58 2819} vu)71 S 158k Ao] wiAsieha W
gt

o AE3AH F M 7124 58 4L AY
Y Lo B sl YRS AT 2] 4
A BT $AD 5 QS s 2elo] o) A o
A=, 180~350C FL7kA] 7FEet HZ 7hikEo] Yol 2 &
B AA H2 Fo] FdE AT A4S IZA7A H
=l ol BAY] &, A AHof et A 2R E
& z4&slojof Stt}(Park 5 2006).

=29 9 A2 WE A glol, A QurEel
A Q7S A Hoke v, Be Hxe] HE 5 FU He
304 34 39 Belds 4R B9 shiel AR
(catechins)?] WH3S}E A A3} v w2 ZA3K(Suh & Suh 2007),
theobromine, ( - )-epigallocatechin 5 47}2] &4 AJQ1 9] H]
ol S7Fskal U™ A caffeine 5 6714] dE-2 Q.5]8 7rAagh
ot Baste] & Auehs golstelth. SR E T o
FoME g AL 3,59 73] X ste] 2 AR A
3 53 §e @ Aol 714 2 AT e etk
31 (Park 5 2006)519, -2 H47F AAL AUAE i}94
ﬁﬂoﬂ gore = =5 0101:!; 014 Hz]oﬂ =12 g
47o] Wasit,

,%1 o]

=2

. Tlo

&
:
o]

2. E2IX| 2xlQ| eitsls 24

A2 F4d 55 2Eoto] Ax3t Z2bA] x| At
3} @442 Fig. 13} Zth. DPPH 2oz 2459 #4915
A= A A F=59S ohA] 208 3]46H31a, ABTS 2
Yz 2759 #4S AdiAe A AR FEHS A
108] 3]4%t A| 25 o]-&-5to] £A5k}Ith. DPPH )z 4
A2 2T MFANA 7T =2 44(68.23%)= LEF
I, G955 18 A= o] g TP we &
(23.07%)= YEHRT 275 AlQJstal Alg+1t Hots
= 98 23]9 89 13](RO2+RUNE 3 A Zo] 714 =2
B4(49.58%)= UEFIAL 3157t S7FsHAA folAo s 2t
A8t FE UERITHH(p<0.05).

ABTS radical A7 E3t R4 7 =2
(57.76%)y YEFA, B 13] g A&7t 7MY W2 &4
(1491%)y= UEHoH, 92 135 A3t thE MEoA=
H2 2 749 7 ST = 942l Aol YERA]
oLoh:].(p<0 05).

FARIRF Y] et FUHA] ARAAE S B tiE
TRl SR AAHE = FolF g BA SAHEHJAA, o
A ARt & ETdledt & ©@d9] ol 8o w3t
d 92 2319} 89 1312 3 A|E7} DPPH Stz 2459

B FA 7HE w2 <005y YEHY e EEhA]

O

N T

wel) QR 21 24 573

80 7 BDPPH

B ABTS

ABTS, DPPH radical
scavenging capacity(%)

Vit C control RO1

RO2+RU1 RO3+RU2 RO4+RU3

Fig. 1. ABTS and DPPH radical scavenging activities of
balloon flower leaf tea with different times of roasting and
rubbing. Vit C: positive control, 0.01 mg/mL for DPPH, 0.1
mg/mL for ABTS, control: Saeyeobcha, Korean green tea,
ROI1+ RUO: one time roasting, RO2+RU1: two times roasting
and one time rubbing, RO3+RU2: three times roasting and
two times rubbing, RO4+RU3: four times roasting and three
times rubbing. **Values with different capital letters within
a sample (white bar) are significantly different by Duncan’s
multiple range test (p<0.05). **Values with different small
letters within a sample (gray bar) are significantly different
by Duncan’s multiple range test (p<0.05).
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]:Im

3. E2IX| KX Mz FA
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Table 2. Change of color (Hunter L, a, and b values) of balloon flower leaf tea with different times of roasting and rubbing

Method L value a value b value AE
Control" 50.08+1.032° - 1.38+0.26" 9.88+1.12%
ROI+RUO 51.92+1.02% —2.4140.28° 11.38+1.02° 3.35
RO2+RUI 53.47+1.46° —2.4240.22° 10.88+1.34% 6.79
RO3+RU2 49.98+1.73° - 1.65+0.48° 8.58+1.62° 0.89
RO4+RU3 50.89+1.01° - 1.99+0.20% 9.02+1.27* 0.88

D Control: Saeyeobcha, Korean green tea, ROI+RUO: one time roasting, RO2+RUI1: two times roasting and one time rubbing, RO3+RU2:
three times roasting and two times rubbing, RO4+RU3: four times roasting and three times rubbing.

2 All values represent mean=S.D.

*“Values with different small letters within a column are significantly different by Duncan’s multiple range test (p<0.05).
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