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Abstract We evaluated the physicochemical properties of Platycodon grandiflorums
jelly prepared six different concentrate levels to develop the jelly with improved
functionality. As the Platycodon grandiflorums concentrate content increased, the
moisture content and pH tended to decrease, and soluble solids tended to
increase, but no significant variation existed. The L value decreased as the
concentration of Platycodon grandiflorums content increased. Conversely, the a
and b values tended to increase. Texture profile of the jelly revealed, the strength
and hardness increased, but the elasticity and cohesiveness decreased as the
content of the Platycodon grandiflorums concentrate increased. The melting rate
was lowest in the control jelly, and there was no significant difference in the
melting rates between the jelly supplemented with different concentrate levels.
The melting temperature was the highest in PG10, and the gelling temperature did
not vary significantly among the different added Platycodon grandiflorums
concentrate levels. The crude saponin content increased as the concentrate
content increased. The ABTS and the DPPH radical scavenging ability both tended
to increase as the content increased. Therefore, the jelly preparation improved in
functionality by adding Platycodon grandiflorums concentrate, with providing
improved textural characteristics and high antioxidant properties.

Keywords jelly, gelling property, texture, Platycodon grandiflorum

1. ME

LA (Platycodon grandiflorum)= 2223 Campanulaceae)ol| &3l= thdA =
AEE T, S, 92 SolA AHeiH, UE 5 349 AmET ofyEt thktt o Ake-
2 YR AFEI YHKim G, 2008). THgofA= FEHT= A0 = F @o| o] & X
AowH, Agoz= AR} o] Bl A @ol hEIl BEo] Wol glo] AA|, U=, AR,
A 5o R 2EI ItkPark 5, 2009). 28] Al ZetA|9] et Fulet EET L0k

7124< wol& Hut oyt Aok gtk Hojd AF o= d#fA YrKPark 5, 2012).
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Tl o5t wetAE TF71A AR AR}
71250} Qow, HT 537

b 48, Y45 4
8, AU B8, 8 2§ 59 vl o mrt A
Z52 IeHPark 5, 2000). EeHolE Ay, Belop
Age, Sehaiol=, Eejils, A2 5o YT
M 78 420z 2neT gos, Eoe) AEyle
At Ao TES FAS, 249 AW HEE AAG

oz IAY Ao|2 |Egt v|IF LA A7 A
A7} Y= vk Qek(Choi 5, 2017). E8kA] &
9 W9y 32, A 2 I+ 5% 59 78 A+
Y= glon, oot AeedS et B A A
oFg 9 7 ERAFOE olgHn Zahx] Hu(Kimd}
Kang, 2011), =2t A&(Jeongd} Yu, 2013), A &
HAA o] A(Hwangd} Kim, 2019) 59 thst 7154 1=
o= &&= Qich

T HAAE AR AzxE 7RAEY 7158 4R
A3let A EEo] AsHT 9lom, E3 A& 27t
gt THE7E S o] A E AFo2A A9 AH%}
ohFgt A2 AT & s Agel)/d A8 AH7L 5
7kt AtHSon &, 2005). Aetel2 5E9] A% =24
/ot Qe F8 Tl S 7HEd
712 71EoiAA SEA1 AR, 719 HQ)
oj= AsA|Z o] &HHPark 5, 2014). Az}
AL g§4o] 37CE, A A2o)A 44
/go] RANE HEle A7HE YyeEg A, 3y, ¥4
5 AEY FdE 9 FYE=E go| AREEHtKStevens,
2009). ol2fgt A Axof qlo] 7l5d&el H7td /A
oS 371t A9 Ag(Hwang 5, 2018), Fdojuy
Qufj B (Lee?t Chung, 2020), ¥4 E F=&E(eong
T} Cha, 2020), 87 8448 =9 (Nam 5, 2020) 4
7Y AR 59 ot A7 AP ek B3, =
¥ At B4S H7KE 924H](Jeong?} Kim, 2016), =
A e 2AA (Yoo} Kim, 2017), Bt Aetel A71eF
& 23t ARAAKImI} Shin, 2021) 52 thFst A&
o= H7H AF7F MY ot FHFol= Olﬂifﬂ X.ﬂ_ﬁl
A5 B 9 HFE AP Hstel @A A, =
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S 5= tiAISH A, FA, RO A& ¥ 6& A
& Y= JcHRhee, 2010).
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e & A
A 2o 55U W7
54 9 B Y el

=

o] €83 & Qe ARE AA oAt gt

2. Mz % diH

2.1. M2

2 Ao ARgs sz Agg(Geltech Co.,
Busan, Korea)2 F+Ysto] AMESHTE A= Ad &
S A9 e ZepFeRedelA 20204 1249 5
g5t 60U =HAE FYsto], =HA 12 kgoll S/
120 LE $3L 100ToA 4A7E 5 50190, 352
< 60ToIA A 55319 55 °Brix® 55%S A|Roto]
Al A zof ARSI

22 X‘I/E/ 1}71

A Az RS Soto] dojXl Atd 5k 3.5%
o =4 55N TFE 0-10%= H7Iste] Aokt B
SHof| w2} YAFY ZF4+E 80T water bath(WB-11,
DAIHAN Scientific Co Ltd., Wonju, Korea)olA &%
sto] At Lebr] 5582 =0l & 587 wykslt.
A3 GoiE Folle - 2719 E(60 mmx60 mm
x20 mm)ol] Yl 4204 3087 Egh =, 4A7F <t
4T YgaoA 237 & Ao ARSI

2.3 Me =X
A== MAA(CR-300, Minolta Co., Osaka, Japan)
£ AHgstol 8718 Uetile Lek(lightness), M =S 1
E}Lﬂt agk(redness), FM TS HEFH+= bgk(yellowness)

a

SEolES A o)A $E=H7|(HE53, Halogen Moisture
Analyzer, Mettler-Toledo, Zurich, Switzerland)& A}
&sto] A 1 g2 AT F 105CoA SHHH.

25 pH % 84 BEE 55

pH % 7FA ILHE9] 542 A= 5 g& 3 50 mL
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9] £845 715t & homogenizer(Nissei AM-12, Nohon
Seiki Co., Tokyo, Japan)Z 10,000 rpm°lA 10&7} ot
A3t oS A5 NS pH meter(S220, Mettler Toledo,
Schwerzenbach, Switzerland)?} 22 BE=A(N1, Atago,
Tokyo, Japan)E AR&sto] S4stoitt.

2.6. =&z 5F

A7 9] E4L Rheometer(Compac-100, Sun Scientific
Co., Japan)g o]&3alo] 23] AZAHS Bl A =(stress),
7% (hardness), B4 (springiness) & -584(cohesiveness)
< Aottt SHXAL ARE FH20 mmx20 mm
x20 mm)sto] AIEE ARSIl C™, AFo] 15 mmSl
adaptorE F2}519] table speed 120 mm/min, compression

ratios 30%, table moves 10 mm= A7sto] S5}t

2.7 8ig 58

Kawamura®} Takayanagi(1989)2] vt o] we} 53
&2 479 4 A8 A6l Als A4S 100 mL
H]o]Ao]| 50 g Fotal 4ToA 3AIZF YZsto] Aslgt
A FHANEE ARSIt 81& 3325 40CY
water bath(WB-11, DAIHAN Scientific Co., Ltd.,
Korea)ollAl 1027 |3t =, Hlo|AA A& AUl 6
mesh 5500 S2%E1 3027t #oE &9 S ST

o A A4 Sl H FFHEES FHE%E St

28 FZr ¥

AP o] EHr 94w 4S8 80T 9] water bath(WB-11,
DAIHAN Scientific Co., Ltd.)olA 3087t & 713t &
Z(sol) FERONlA spectrophotometer(UV-1601, Shimadzu,
Kyoto, Japan)g A&-5t%] 500 nmolA| 33] BHE =75}
of B oE Yehigich

2.9 82k ¥ 812F Y

Shimda 5(1993)9] #< Wt A9 Gl
STI2EE SASIAY Sl2Es WA 1.2 cm?l A
Aol Ag8EZ 5 mLA FUsH] 4TAA 3AIZE FARE
T A FASIAT. 1 & 25T 9 water bath(WB-11,
DAIHAN Scientific Co., Ltd., Korea)o|A] A o] t}

f

[e]

ool we
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52 W7HA] Hd 80CT/HA| =& S7HIFH 0.5C 45
S djuich AFETE AFE Al A EHo] gofiete 2
TE FH2EE St 32k = WA 1.2 cmQl AY
o] AlFES 5 mLA FYst] 3087 70CY water
bathollAl fAAZl & 22L& AStA|A A FEHo| gofi=
= 25 Aot

2.10. ZAEH 24

Lee 5(2013)9] n-butanol FEHS WPt XAE
d S ot E2kA] A 5 gofl 80% methanol
25 mLE 7tste] 1417 B9t 70T 24304 F&510] o
¥HWhatman No. 2)stith. o|2fet F&742 23] WHE
AA T Ao FE2EE 50094 Y 55019 5=
T 37 25 mLE 7ioto] A8 ES AASH] Yk
diethylether 25 mLE 7}5to] 23] ¥ &350t o] &
33} n-butanol 25 mLE 7kt ¥ 33| ¥HE &9
th. o|F &5 EoA A0 3este] Ay 553 F 105C
ol FeFo] & w7tx] AXSIGTh thE A0 RHE XA

ZAFEU(me%) =

Az & 5719 FA(mg) - 719 FAl(mg) y
Al&E(g)

100

2.11. DPPH 2CjZt AHEN =5

Blois(1958)9] ¥l wtet A2|9] DPPH =tz &A
48 =459t 0.4 mM DPPH(1,1-diphenyl-2-
picryl-hydrazyl) €% 0.8 mLol A& 0.2 mLE F7lst
o} 1087 HA8HA. 0% 525 nmollA EFEE 27435t

gou], TS HozRE BHEE AEsgT)

DPPH radical scavenging ability (%) =

0.D. of sample
0.D. of control

a - ) x 100

2.12. ABTS 2L]Z AAEN =X
Re 5(1999)9] "ol we} ABTS 2tz 2ASES
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2459, 2.6 mM potassium persulfate?} 7.4 mM
ABTS(2,2'-azino-bis 3-ethylbenzothiazoline-6-sulfonic
acidfg 29et oh A2 - GAoA 24417 B A5t
o} radical& BAIF. o]F AY Ao ABTS &4
phosphate buffer saline(PBS, pH 7.4)& A&sto] 732
nmolA FF%=7}F 0.700+0.0300] HEZ 3450 AR
Skoitt. 345 ABTS €9 950 ploll A= 50 plE A7t
Sto] ehanollA 10=7F ¥HEAIZH °1F 732 nmollA &%
L5 Ao, thg AR osto] TS 4AHESH

ot

ABTS radical scavenging ability (%) =

O.D. of sample
O.D. of control

1 - ) x 100

213 SA4/xz2/

e A2 guAe E22EAE Yo, {94
HSL IBM SPSS 12(SPSS Inc., Chicago, IL, USA)
software package program= ©°]€35 Duncan's

multiple range testE o}t

3. Z% o 3%

3.1. £24x Heo HE

e = Ao 7|30 e F= FELCE A=
A7tell weh g 7P ®ol v E4ojtHKim T,
2020). & Aol Azxd A 55A HA7Iekgo] o
£ 429 M= Table 10] Yepfiglch. M9 B7]1&E U
Rl Lo g2 35.54-55.989] MAE YEhY, 747}
TolA 55.982 7Hg ¥ H7IE YERIeH, Tt
=9 sFo] 10%% PG1091A4] 35.54= Yo}, H7lelaF
o] ZI7F&EE Lgko] Wolx= AFS Yetfo] A7k
of w2t F-9JAQl ZolE UEH U aftdt bt =24
5 Ao gESE UMk AdE UEol
PG1091A Z+2}F 2.749F 16.092 YEloH, agte 3
7Fsko] T foARl A7t Ao, bitd] Afoles 5
S H7rekero] 6%Ql PG6R-E PG8ZF PG100A #2914
Aol g HolA] kortt. LEtA] 55 AA|Q] 2ol Az
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Table 1. Color values of jelly prepared with different concentrations
of Platycodon grandiflorums

Sample”  Color value
Lightness Redness Yellowness
(5] (a®) (6%
Control 55.98+0.66% -0.96:0.09f 7.8620.14¢
PG2 48.47+0.25° -0.07+0.08° 13.2210.61°
PG4 42.76+0.1° 0.53+0.09¢ 15.1440.28°
PG6 40.45+0.3° 1.41£0.30° 16.82+0.80™
PG8 37.7740.3%° 2.21+0.15 16.410.22°
PG10 35.5410.25' 2.74£0.09° 16.09£0.22°

Control, P grandifiorums concentrate 0%; PG2, P. grandlfiorums
concentrate 2%; PG4, P grandiflorums concentrate 4%; PG6, P
grandiflorums concentrate 6%; PG8, £ grandifiorums concentrate 8%
PG10, P. grandifiorums concentrate 10%.

WNalues are mean+SD of triplicate determinations. Different superscripts

within a column indicate significant differences (p¢0.05).

o] Mol Y= mA= AR, Hut wFA H7 AT
AFoNA sFHE H7tol S71eEE Likat bgke]l $7F
St A= UEHo], & AFet sYsHA s5Hol gt
SRS Hi Ao g HIE Y HMoon 5, 2011).

3.2, Lefx] Helo) #2858 pH ¥ J7t84 1FF
Tt 59 A7 A9 2%, pH 2 M8 1
PEO| A= Table 20] UeEHHQILh SETHS =
2] 55N FFo| FHAEE Ao AT UEY
o H71gEgol et G249l Afo|7t Qe ASE YERgo
H, =9 H7igko]l 10%Q! PG1091A 89.74%% 714
Lo LRGeS UERQIL) o]9h 7 AT tiasd
A7 A9 Avollx FE7EY SRRl 84.35%=
7P E=kon, 559 Ariko] $U1ESE a4
< UEfo] fARE AFE UEUTHChoiet Lee,
2014). T2t 559 A7t A9 pHe pH 6.19-6.732
2, 5595 H7PolA &2 F37HA pH 6.732& 7}
% =2 pHE HEHGoH, T2t 559 H7lekgo] 3
71 AAaste Aoz yerdglou PGS PG10
A /2SIl Afol7t gl Ao Yehyth 7184 1
FE2 T 5599 gFo| JNARE STt AT
ojout, A7IFFRFE R9A Apol= UehtA] ottt o|9t
22 Avt= gz AR A 559 Jrieol S
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Table 2. Moisture content, pH, and soluble solid of jelly prepared
with different concentrations of Platycodon grandiflorums

Sample” Moisture pH Soluble solid
content (%) (°Brix)

Control 96.63:0.05”  6.73:0.10° 0.2+0°

PG2 95.3540.16° 6.5310.03° 0.240°

PG4 93.61£0.12° 6.410.02° 0.440°

PG6 91.8740.13° 6.30+0.02¢ 0.4+0°

PG8 90.82+0.16° 6.24+0.01% 0.640°

PG10 89.74+0.27" 6.19:0.01° 0.6:0°

"Control, P. grandiflorums concentrate 0%; PG2, P grandifiorums

concentrate 2% PG4, P grandifiorums concentrate 4%; PG6, P
grandiflorums concentrate 6%; PG8, P. grandifiorums concentrate
8%; PG10, P. grandiflorums concentrate 10%.

2Nalues are mean+SD of triplicate determinations. Different superscripts
within a column indicate significant differences (p<0.05).

pHe #astes A2 YeleH, o= A7Fgo] AA
9] ol Hlsl HiHoE A917] fo] & = A
A A= AoF HIFFHOH(Choi?t Lee, 2014), Kim
5(2010)9] &4 559 M7t A2 A E pHe F
A7l Hisl 552 M7 SVl e 794 Alol=
ARoY Aok AFE UEAT B skt

3.3 E2tx EE/o XXzt

=2 559 A7Re gEiste] A2 =2 Az
A% S443 = Table 33 2. A9 Ars 559
10% H7FEQ1 PG10°] 48.48 g/cm’Z 74 &A Yehg
o rElA] %9 §TFo] AR A7} Lol 7
S Uehfiglon, BA7EolA 38.96 g/cm’E 7 &

2> A=, PG4, PG6, PGS A7IolA=
ol ol Aol7} Q= Ao R YeRtoy, PG8Y PG10°]

= Ao g Yyttt Ax £33 5
%.47}% | $7185 2o = A= UEleH,
2 9ozl ol7} 9oyt PG2e} PG4,
PG4} PG6, PG8} PG10°A4= F94 Aolg UErA|
ottt 'L RE7MOlA 102.48%2 7F w2 &
AL 71 gleH, PG10°] 98.35%= ZetA] 5%
o] A7t Wolx= AFFS YEUeH, PG10°A
gk B 7ol §9 A9 Aot Gl Ao ' UEHTh &
A4 TS FA7EIA 99.98%% 7P &koH, ke
PG4°lA 97.96%% =2 #< Yetdl & Fadst= AFE
Uetfo], PG1091A4 86.52%2 7H4 92 &
Yol o2 5=9] FA7Het o4 iM% %E} 2wt
5N A AR Qo] Hul s5Ho] F:
7Pk A%E e em(Moon 5, 2011), S7hs
5N H7F A AN Suks s5d0| VRS 4

jia)
o
o
T
o

T, A4 € gL f9F0z Jetd o, ©EA,
AL FYA Apol7t AL, F2RIE fold o= et
= AT YIS (KimT}F Rho, 2011) Ealsto], &
AL} FARE 235 YER I

3.4. T2y Helo Sag ¥ £3L

ETA s5H9] AVHEE gElsto] Azt =2k AE
o] BN FYEE 54T A= Table 40 Uerigl
o &2 ¢ FAVHOIA 89.77%% W2 THES
vepdleon, ket w59 Wb A9 49 96.27-

Table 3. Textural properties of jelly prepared with different concentrations of Platycodon grandiflorums

Sample” Strength (g/cm? Hardness (g/cm? Springiness (%) Cohesiveness (%)
Control 38.9640.95% 129.15£3.08° 102.48+0.85 99.98+1.76

PG2 40.91+2.61% 136.36+8.58 100.26+2.43% 94.06+7.38*

PG4 42.1211.24° 140.0944.01% 100.26%1.65% 97.96+2.82%

PG6 44.90£0.78° 148.92+4.8% 100.03+1.35% 96.53+1.27*

PG8 47.88+2.50° 154.36211.94% 99.7042.16% 94.26+3.48%
PG10 48.48+2.99° 165.6417.83° 98.35£3.85" 86.52+19.80°

UControl, £, grandiflorums concentrate 0%; PG2, P. grandifiorums concentrate 2%; PG4, P. grandifiorums concentrate 4%; PGB, P. grandiflorums
concentrate 6%: PG8, P. grandiflorums concentrate 8%; PG10, P grandiflorums concentrate 10%.
2Nalues are meantSD of triplicate determinations. Different superscripts within a column indicate significant differences (p<0.05).
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97.04%& et F37t0] Hlsto] oy, H7bsko
T2 994 ol gl Aog Uehdt) Aatelo] AL
ST B, 257 & E & S EY, Astd A
22 25T AFo|A §of=7] fio] A58 Ao &
Al Aok g9l SHetta FEA AthKim, 2014).
Ao EPr= AsA9 EFEAES Qloks AdeR
Qo] IS F= 8oIthKim &, 2020). Z2HA] A
9] Az S0l & oA FEYre FHIE
0.1100% 7P E9gt 20 Yepgon, Tei7] 553
gl 7= EFHS A7 5k 10%<1 PG10°
A 0.7612 FH=7t 71 @A Uk, 371l wE &
9]& afolg YEHQITE AR T 9 ddx E29] M7t
o] 3718 FYrrt Robslths B1(Chot Choi,
2009)9k, ot 55N 17t AEjofli] 55N Hriko] B
oMl E gt 2 g2 UEtHE 9+ Z3HMoon
5, 2011)E Ho] B Aol fAlekgich

3.5, £2fx] BEl9 g2 ¥ S02F

TeH] 559 RS t2A ot A Az A, A9 &
feret SIS ST AHE Table 59 YEFHS
o §ol2s A AJE Q] Ao EHo| Ko} T2&= 4
B7F =9 WY 2525 Uoks A0E, §o2x He
+ 30.0-30.83CE PG10°14 30.83C=E 7H¢ &9k,
7P @2 30Ce & Aolg HEHA gttt A7

Table 4. Melt down rate and transparency of jelly prepared with
different concentrations of Platycodon grandiflorums

Table 5. Melting temperature and gelling temperature of jelly
prepared with different concentrations of Alatycodon grandiflorums

Sample” Melting temperature Gelling temperature
(c) ()
Control 30.00£0.00°? 20.50£0.00°
PG2 30.00£0.00° 20.50+0.00°
PG4 30.00£0.00° 20.00£0.00°
PG6 30.50+0.00° 20.00:0.00°
PG8 30.67+0.24%® 19.50£0.00°
PG10 30.83+0.24° 19.50£0.00°

Sample” Melt down rate Transparency
(%) (0.D)
Control 89.7743.45> 0.110£0.001"
PG2 97.0410.25° 0.220£0.001°
PG4 96.27+0.41° 0.339:0.002¢
PG6 96.3740.77° 0.486£0.003°
PG8 96.60£0.50° 0.620£0.007°
PG10 96.540.67° 0.761£0.009

UControl, P grandifiorums concentrate 0%; PG2, A grandifiorums
concentrate 2%; PG4, P grandiflorums concentrate 4%, PG6, P
grandifiorums concentrate 6%; PG8, P. grandiflorums concentrate 8%;
PG10, P. grandiflorums concentrate 10%.

2Nalues are mean£SD of triplicate determinations. Different superscripts
within a column indicate significant differences (p¢0.05).
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Control, P grandifiorums concentrate 0%; PG2, P. grandifiorums
concentrate 2%; PG4, P. grandiflorums concentrate 4%, PG6, P
grandiflorums concentrate 6%, PG8, P. grandiflorums concentrate 8%
PG10, P. grandiflorums concentrate 10%.

Nalues are mean+SD of triplicate determinations. Different superscripts
within a column indicate significant differences (p{0.05).

PG2, PG4IA 2o tigt 594 AjolE HehfA] okt
o1}, PG6 0]F9] H7FsZolAlE RAQI Alol7t AE A
o= Yt Asht dojuts S12%9] WYl 19.5-
20.5C Alo]2 PG8, PG10°1A 19.5CE |94 Zpol7}
Ao, H7FsE7t =2 PG8Y PG109A W 2%
A St H= A= gRlskginh AsH S50l wetA &
2wt Sa-2E0 Apol7} Sl ACE Ve AT, L
ot ASAl At ARESE 2 A A9 Sl Y
gferol HYrt 34 e Ao ARHT} Tt 79
71 A9 Y] A9 A7FFe] Sl et A9 gaf2=rt
S7RtE AFEIE B o 2 A7 fARE 2T0E U
A (YoonT} Oh, 2003).

3.6. E2fX] HE[o FAIEL St

e 59 JrHtgE gYste] Axe Ao AL
I FFZ Table 60 YEHISITH Z2b4] 559 H7Ijt
Fol S7Fdol wEt PG2o1A 0.9 mg/g2=, PG10°A]
2.2 mg/gl & Ueh H7Fsxo] SVt wet RAfxd
hgol 7ok A= UE oW, $AXCE Fot
Zol7t gle Ao E YeiHTh ZefR|oA= oF 1789 A
Eo] 245}, platycosideztal && A triterpene”
AREAS okl Qled], of 23 AR dE 5& Al

3, A &AL, 544 JA 2, @ € 9 Aot

=

A2EHE A 28, S 2 Y 2 5ol 3
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Table 6. Crude saponin content of jelly prepared with different
concentrations of Platycodon grandifiorums

Sample” Crude saponin content (mg/g)
PG2 0.9£0.42%%

PG4 1.2+0.00°

PG6 1.2+0.00°

PG8 1.8£0.57°

PG10 2.240.85"

Control, P grandiflorums concentrate 0%; PG2, P. grandiflorums
concentrate 2%; PG4, P grandflorums concentrate 4%; PG6, £,
grandiflorums concentrate 6%; PGS, P. grandiflorums concentrate
8%:; PG10, P. grandiflorums concentrate 10%.

2Nalues are meantSD of triplicate determinations. Different superscripts
within a column indicate significant differences (p¢0.05).
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Fig. 1. ABTS (A) and DPPH radical (B) scavenging activity of jelly prepared with different concentrations of Platycodon grandiflorums.
Values are meantSD of triplicate determinations. Values with different letters on the bar (a-f) indicate significant differences

(p€0.05).
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