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Abstract

This study was conducted to investigate the physicochemical properties and antioxidant activity of black Doragi-apple
juice to increase the utilization of Doragi, which is known as a high-functional horticultural crop. To prepare the
black Doragi, it was steamed for 15 days at 60°C and was then dried at 30°C for 3 h. The five types of black
Doragi-apple juice were prepared based on different mixing ratios of black Doraji extract, apple extract, and jujube
extract. The mixing ratios of black Doraji extract, apple extract, and jujube extract were 3:3:1, 4:2:1, 2:4:1, 2:2:1,
and 2:6:1 for samples A, B, C, D, and E, respectively. The pH and acidity of black Doragi-apple juice were
within the ranges of 3.9-4.15 and 1.26-1.51%, respectively. Black Doraji-apple juice E showed the highest sugar
content (9.33 °Brix), reducing sugar content (85.05 mg/mL), and sugar content/acid ratio (6.98). Based on the sensory
evaluation, sample C was most preferable in terms of color, taste, sugar-acid ratio, and overall preference, except
for the flavor. Black Doragi-apple juice D showed a higher total polyphenol content (706 pg/mL) than sample
C (586.22 png/mL), but there was no statistically significant difference between samples C and D in terms of antioxidant
activities. Therefore, it is suggested that the best mixing ratio of black Doraji extract, apple extract, and jujube
extract for the production of the best black Doragi-apple juice with excellent taste and antioxidant activities is

2:4:1 (sample C).

Key words : Platycodon grandiflorum, apple, jujube, mixing ratio, antioxidant activity

MB

ol
-

2K

T2} R|(Platycodon grandiflorum)= “d-520] 5
23 o] @ol Ii-d LA AEe s AgAtg,
328, G, XF 59 FeFEo] e Aoz g
AJTH1). 2 9ol Rug F2 Felanze F95
TFAA 2L, etdsta-g, Feholine 543
Z-g-o] BHarw 3 gtk AA7HA] gefxl mepA] e 2
T GWHgE, AR, V1A S A =R
SR g 9 A%V AE A 5o] 9lom,
ZEAoll A FEE ALE ] gulvtEsel HPLCE o4

X
oo

olo -

2
o
ok
1o r@ et

.

*Corresponding author. E-mail : yoonky2441@ynu.ac.kr
Phone : 82-53-810-2878, Fax : 82-53-810-4768

4, %, 8 50 3 :

F82 F771E PHe Ao SweAs) wgrg

s, St 349 PHE B HEolAO)
Forold WelA £3) AN e 2S B, &

# Lmold $AT F712 AFse] S PO

Hx
o M .
O bR oo

o
of

2

ksl g gatetado] ol V)5 AELAZEAY o] 84
o] A F7HE F Aol FRAHATHB9).

AN Malus domestica)y= E QA& Av|E Zno| 1o
GANEY AEQ] AMURe] el 2 A {714k B9

- 199 -



200 A F A S A 2219 A2E (2014)

2L 7154 A ol9olx Ao, BIE, Pulg i

kst A4S o et AduA 28 4 o4 5

= &7} Aok olEg Abte 2 T,

7 22 Y2 7tFste] AnlEL glon 4 g
FEN7F A 7HEEY] 90% 01 = AHAISH A
g FE3] SRSkl ATH(10).
WS (Zigyphus jujuba)= 77 }F-2HRhamnaceae)ol| <5
= YHEguEo R fuy Edo] THS AFoR
HIER] C9] 3ol a1 =315 WA|sh= a3yt jlon
(1D, H=87 18] oW F w387 Ase AAFA
1 o E A Avkar A k1), olH g theEs i
o] #uto g 7|3 &7} Fof 98 AL He Aol
Ao, 7FEAFE A A oA BG4S ASAATER
2ol &85 ok

H AT T AT Wstet A kst
218kl gk T8 o] SrlsHAA AAE el 1771
SAFY HdH Aa T AL ATl dig IHE ST
SHATE oA ® Ul ARIREEe] 7ol st B ST
2 3| AFAAE "ol Watar glom 53] Ao wid
AAsE S50A stA Uetdar e FAlolth 3
9 ofAE 7HEEt A x2S AAFLE v A
AAE F due A A 78 E2QdE € U
2lo]idfroll &gt AiA Ak o, Mzt dA 2 gt
3} 59 58 Yehle Ao gEA Qo] 1 AH7t 59
war QIek(13).

ey oPA7EA] el A= ol gt thekst Hd et A4
S 7HEAEe Aot vdlshk, 53] =eAE &
SxgpA Y Aqe AFS Aok w2 A
AMe SEIA FE2E, AHE, UF FE2ES w98ty
SEA] AMRFAE Axsta FAEAAS o EH
SEHAE o83 w5 /R 7|2AEE AlFsta

Ab sl

ofo il
e

i

2 A3 ARE-SH Z 8} A|(Platycodon grandiflorum)= 73
BEE FFAA AE 39S AHEE o AE
2 @34 & (Cheongsong, Korea)oll A A|Z¥ AlZFE A}
|30, W Zigphus jujuba)= 732+5Fs 8 (Gyeonsan,
Korea)oll A w3 A& A3t

FEE M=

SEHAE Lee 5(8)Y] Wl whet A|xst =, Al
HE A E 32 7)(BIP-1033FW, Lihom-Cuchen, Seoul,
Korea)ol| 4] 60°CollA 1597F 54814131, dry oven(Vision

Scientific Co., Seoul, Korea)S ©]-83}¢] 30Tl A 3A|7F
Azl SEgAE A3t SEdHA] FEHL S5
2] 50 goll & 1 LE 7Kt $2<&(BIP-1033FW, Lihom
crystal, Cheonan, Korea) 87|54 60% 33] WkE3lo] 3
=3 & Asto] ARSI 9o HHoE de Skt
A FZ2H 7HA 1R FEFS 2 BrixAth AME2

A AV Malus domestica, "Fuji’)E 253+ M& 7=
%, B71E FaA B 2 FAFY #HS A
boto] AzE AS AHEsIR o, AbES] 714
S-S 15 “Brix©| ot tiF F=9S oS 300
o & 3 LE %ol 1004 3027t 2 ¥ x5 ol

21_11
o,

-

oN

Bl o 2 02
by

oft
™

oQ

[e)
t}. 919 FAoAM AL F FEQ9] 7184
2 8 °Brix3Th

EZ2fX| AlRtEA E8HH|E AF

SR Al Z3H1E-2 Table 13 2t} E3H1&
< AT 22bA] wiFY] EeAE R4S AL
3l 57172 EH|ES 24T

Table 1. Mixing ratio of black Doraji, apple and jujube extracts
for production of black Doragt-apple juice

Mixing ratio (%) Final mixing ratio of black
Sample Blag;trfcotm i Qlt)g; Jujube extrct Doraji, ag)ftlrzc;ti;ld jujube
A 42.86 42.86 14.28 3:3:1
B 57.14 2858 14.28 4:2:1
C 2858 57.14 14.28 2:4:1
D 40.00 40.00 20.00 2:4:1
E 22 66.67 11.10 2:6:1

pH & HEMT

s wE S&fA AMF2Y pHE pH
meter(Orion 3 star Benchtop, Thermo Orion, Beverly, MA,
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S & 700 nm(Biochrom Asys UVM 340, microplate reader,
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Table 2. pH, acidity, reducing sugar content and brix/acid ratio of the black Doragtapple juice according to mixing ratio

Acidity

Sugar content Reducing sugar

Sample” PH (%) (°Brix) content (mgfmL) Brix/Acid
A 4,05+0.017? 13120.03" 6.97£0.06" 61.7243.38° 531007
B 3.9040.01° 1.26£0.04 520+0.87° 41.23+0.34° 4.15+0.79°
C 4,07+0.00" 1.50+0.04' 8.50£0.10° 76.72+4.00° 5.67+0.07°
D 4,04+0.00° 1.51+0.04° 6.97+0.06° 57.11£0.17° 4.630.15°
E 4.15:0.00° 13420.01° 9.33+0.12° 85.05+0.34" 6.98+0,09°

YA, black Doraji extract : apple extract : jujube extract = 3:3:1; B, black Doraji extract :

apple extract : jujube extract = 4:2:1; C, black Doraji extract : apple extract :

Ju]ube extract = 2:4:1; D, black Doraji extract : apple extract : jujube extract = 2:2:1; E, black Doraji extract : apple extract : jujube extract = 2:6:1.

Each value is MeantSD (n=3)

IMeans with the same small letter in each column are not significantly different at p<0.05 using Duncan’s multiple range test.
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Table 3. Hunter’s color value of the black Doragtapple juice
according to mixing ratio

Sarnplel> L value a value b value
A 37.39+025° 4.05%0.08" 2.80£0.09°
B 36.23+0.09° 2.56+0.08° 1.12+0,03°
C 38.34+0.04° 437:0.13" 4234015
D 37.090.10° 2.96+1.63 2.38+0,08°
E 39.00£0.07° 390+007° 4,5140,08°

YA, A, black Doraji extract : apple extract : jujube extract = 3:3:1; B, black Doraji
extract : apple extract : jujube extract = 4:2:1; C, black Doraji extract : apple
extract : jujube extract = 2:4:1; D, black Doraji extract : apple extract : jujube
extract = 2:2:1; E, black Doraji extract : apple extract : jujube extract = 2:6:1.
)Each value is Mean+SD (n=3).

"Means with the same small letter in each column are not significantly different
at p<0.05 using Duncan’s multiple range test.
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Table 4. Sensory evaluation of the black Doragiapple juice
according to mixing ratio

Sugar-acid ~ overall

Samplel) Color Flavor Taste “atio preference
A 38580677 340:088™" 330£092" 320095° 325:0.79"
B 305:L15 3258085 230:073" 205:0.61° 240:0.68°
C  405:100° 362:119 395:083° 420077 420083
D 360:08° 381077 360t110° 340100° 345:089"
E  375t107  340:L14  385:123 395:0.69° 3.95:0.76'

DA, black Doraji extract : apple extract : jujube extract = 3:3:1; B, black Doraji
extract : apple extract : jujube extract = 4:2:1; C, black Doraji extract : apple
extract : jujube extract = 2:4:1; D, black Doraji extract : apple extract : jujube
extract = 2:2:1; E, black Doraji extract : apple extract : jujube extract = 2:6:1.
Each value is Mean=SD (n=30).

IMeans with the same small letter in each column are not significantly different
at p<0.05 using Duncan’s multiple range test.

“NS : not significantly different among groups.

Table 5. Total polyphenol content of the black Doragtapple juice
according to mixing ratio

Total polyphenol content

le”
ke (gL
A 618.89+1.547
B 641.56+3.36"
C 568.22+3.36°
D 706.00+7.42°
E 546.00+6.11°

DA, black Doraji extract : apple extract : jujube extract = 3:3:1; B, black Doraji
extract : apple extract : jujube extract = 4:2:1; C, black DorajI extract : apple
extract : jujube extract = 2:4:1; D, black Doraj}' extract : apple extract : jujube
extract = 22:1; E, black Dora/I extract : apple extract : jujube extract = 2:6:1.
Each value is Mean+SD (n=3).

Means with the same small letter in each row are not significantly different at p<0.05
using Duncan’s multiple range test.
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A F60%7t e TS BYon, 747te] Sl
of W& FZ < Aol YEPA] 3tk Lee 5(13)°]
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Fig. 1. DPPH radical scavenging activity of the black Doragitapple
juice according to mixing ratio.

A, black Doraji extract : apple extract : jujube extract = 3:3:1; B, black Doraji extract
: apple extract : jujube extract = 4:2:1; C, black Doraji extract : apple extract : jujube
extract = 2:4:1; D, black Doraji extract : apple extract : jujube extract = 2:2:1; E,
black Doraji extract : apple extract : jujube extract = 2:6:1.

Each bar is Mean=SD (n=3).

NS : not significantly different among groups.
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DPPH radical scavenging activity (%)

ABTS radical 22452 418 4S 54 & o 2ol
WHO R SLebA] AbgF29] ABTS radical 2455 5
3t A= Fig. 29 2tk BE SEEA A2l A
°F 68% ]/‘]‘-4 =2 AAEAHS B0, D>B>C>E>A9]
w9 AAGTE BA o A= A% DRo] f19]ZQl Afol&
HAT} Lee v(13)«] AT AT AlF 2] ABTS radical
SAGTET & A7 SEgA| AT 4o =&
As g F Ao, ol S| FE=4 tF F2F
HA7IZ 3l F229] ksl Edo] e Aoz AZE)

252 700 nmol| Y] §3=2 YeR I 11 gho] 45
5 Zdgo] At= A ov|shH, 715A48S gl 9

100

b ab ab 2 ab

0 ] I I I [
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Fig. 2. ABTS radical scavenging activity of the black Doragiapple

juice according to mixing ratio.

A, black Doraji extract : apple extract : jujube extract = 3:3:1; B, black Doraji’ extract
: apple extract : jujube extract = 4:2:1; C, black Doraji extract : apple extract : jujube
extract = 2:4:1; D, black Doraji extract : apple extract : jujube extract = 2:2:1; E,
black Doraji extract : apple extract : jujube extract = 2:6:1.

Each bar is MeantSD (n=3).

Means with the same small letter in each bar are not significantly different at p<0.05
using Duncan’s multiple range test.
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Fig. 3. Reducing power of the black Doragiapple juice according
to mixing ratio.

Reducing power (700 nm)

A, black Doraji extract : apple extract : jujube extract = 3:3:1; B, black Doraji extract
: apple extract : jujube extract = 4:2:1; C, black Doraji extract : apple extract : jujube
extract = 2:4:1; D, black Doraji extract : apple extract : jujube extract = 2:2:1; E,
black Doraji extract : apple extract : jujube extract = 2:6:1.

Each bar is Mean=SD (n=3).

Means with the same small letter in each bar are not significantly different at p<0.05
using Duncan’s multiple range test.
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