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ABSTRACT

This study carried out a quality evaluation to determine the optimal ratio (0%, 10%, 30%, 50%) for mixing orange juice
with Gwapyeon. The L, a, and b values of the Hunter’s color scale increased significantly in proportion to the amount of
orange juice added. The total polyphenol content (2.50~3.78 mg GAE/mL), the 2,2-diphenyl-1-picrylhydrazyl (DPPH) free
radical scavenging activity (17.66~66.16%) and the 2,2'-azino-bis-3-ethylbenzothiazoline-6-sulfonic acid (ABTS) radical sca-
venging activity (24.34~78.85%) of Gwapyeon increased significantly with the increase in the amount of orange juice. Hard-
ness, chewiness, springiness, and cohesiveness in the Gwapyeon decreased significantly in proportion to the amount of orange
juice added. Gwapyeon containing 50% orange juice showed a high score with regard to appearance, color, transparency and
overall acceptability. Therefore, the optimum amount of orange juice to be added to enhance the quality of Gwapyeon was
found to be 50%. This study indicates that Gwapyeon prepared with the addition of orange juice has functional components

and antioxidant activity.

Key words: Gwapyeon, orange juice, total polyphenol content, DPPH free radical scavenging activity, ABTS radical

scavenging activity
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Table 1. Ingredients of Gwapyeon added with orange juice
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®(Chungjungone Co., Seoul, Korea)> A-&4z] vlECA]
TFY3FR o, =5 E(Sinsunherb Co., Seoul, Korea), =i
R ZAAHE 2 (Garunara Co., Seoul, Korea)= QEJYl o2 <]

Ak

2. otH M=

Ho] A7 wgH] = Table 13} 2o} LAAF H7=
oflu] ¢ APAFA(Shin ST 2010)2 Faslsich HA| 8
A7FEe] 10% 2 80%<] M99 315 (11F 0%, 5%, 10%,
20%, 30%; 2718 0%, 20%, 40%, 60%; 31& 0%, 30%,
60%, 90%) 2= H7kste] TFHALE AAIBHATE 10% ©] 3t
HA7hre aRF A7t Gdko]l Alem, 60% o) A7kt
o] 735 74k 3l e} e alx|Fo kgl vhe] Jgko g viet
251A] & ARE Kol HI7PESIE 10% 1732 50% Atel
=2 oAt matA A F H e FEHVEES 0%,
10%, 30%, 50%= A drlste] FAS A5ttt o
AFL oA 445 82 & & gdo] 23¢HA ¥=
= B3 & ez AA #Zg 9A7)(Vitamix E310,
Vitamixkorea Co., Seoul, Korea)ol|x] 3% 4H A3k &
100 mesh Aol b AMA|FE A3 1, Yo A%
slHA] AL

R AT 7= AT (Lee SH & 2019; Shin MH
& Chung NY 2019)°l| 4] SR ZEAREE A7 Al wredata =}
AWA Feele daE Fo 48 Mdske o R vE
U olE EdE A A2 Al A AR RS Hbs] S8l
Au| g AABHATE S5 5] 0%, 1%, 3%, 5%,
10%E H71ste] F5HALE B3l dn|ddst 47 5% H7t
Al 7V FE e Bskon, Mt Hi AHETHE 40 g)
7|FO R 5% ol &l HAAAES 2 ¢} A
38 g2 &3t} A&t AR A AR S-S

gato] FH| g FAG 1/20] WEo] AA] Fre= A

fol Mz wlo

Ingredients (g)

Samples”
Orange juice Water Mungbean starch  Jerusalem Artichoke powder Sugar
OGP0 0 400 38 2 80
OGP10 40 360 38 2 80
OGP30 120 280 38 2 80
OGP50 200 200 38 2 80

1) OGPO: Gwapyeon added with orange juice 0%.
OGP10: Gwapyeon added with orange juice 10%.
OGP30: Gwapyeon added with orange juice 30%.
OGP50: Gwapyeon added with orange juice 50%.
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9 T BES Ba, Aed 2 hr 2712 A7 = uE
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ZH Qs 2 AxHH 7+ 3 g& =zglo] 2 E(Thermo
Stable EOF-155, Daihan Scientific Co., Ltd, Seoul, Korea)®]
A1 105C, 1 hr ZAZ2AIA s Fohe Atz e
B i A9 33 vE S & HAEger o
BTt

27 mL ¥ # {Z;}‘& <+ AAE2]71(Model CRYSTE
VARISPIN 15R centrifuge, Novapro Co., Buchun, Korea)l|
2] 4,000 pm o2 10 min P4 F-2lste] F5AS AUk T
gk A5 st G=AI(PR-201a, Atago
Co., Tokyo, Japan)Z =73} °BrixZ ZAISIITE pHE ¢
AEge J5HS #3ke] pH meter(420 Benchtop, Orion
Research, Beverly, MA, USA)Z =33l ) 2zt 2432 33
W 2SS & Hage® JERith

= 94

ME £H
A A g A ZHL] A= AEA|(Minolta CR-170,
Tokyo, Japan)E A}-&-3Fo] T X(lightness), z3."—'1‘1'::‘(redness),
B2 = (yellowness) #k< ZH2t 3Q WHE =23 T yiago s
vEbych W A F(Calibration palate CR-A43, Tokyo,
Japan)e] W=, AT Aol 7o Zk7} 94,50, 0.3032,
0.3193°]3]t}.
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I A s ‘il QA AA 7t | g AtE ek Ha,
95% &S 9 mLE % 7}3}+9] shaking incubator(LI-BS200L,
LKLABKOREA, Seoul, Korea)°l4] 160 rpm 2.2 12 hr &
% 4] %2]7](Model CRYSTE VARISPIN 15R centrifuge,
Novapro Co., Buchun, Korea) 2 4,000 rpm, 10 min 94 %-2]
iﬂ. }\]—EOH_Q_ /\1§_i /\}ﬁ.-g} 1;} E]ﬂiﬂlx: zg-ak /\]g_ 1
mLo 50% Folin-Ciocalteu reagent 0.2 mLE- 470] Al 2of A

He &4 54 397
3 min WX & 2% sodium carbonate 1 mLE 7}5te] £33

31, Al 1 hr WA F 23332 A|(SP-2000UV, Woongl
Science Co., Seoul, Korea) 2 750 nmo|A 3 =E =435
o = Zg]ds 92 gallic acid(Sigma-Aldrich Inc.,
Louis, MO, USA)S AHgale] EEASRAL 24 a}Oﬂg
w, A8 & ZfdHs IES gallic acid equivalents(mg
GAE/mL)= $Htalela, 43S 335 v 54 & Jagte

= Uepi

7. DPPH 2jCjZt A= =1

HAAE B A FAH A8 7 1 g2 AAEesIdd

1, 95% ollehHES 9 mL 3718k shaking incubator(LI-
BS200L, LKLABKOREA, Seoul, Korea)°|A] 160 rpmo.&
12 hr $&A171 3 Y941452]7](Model CRYSTE VARISPIN
15R centrifuge, Novapro Co., Buchun, Korea)° 4 4,000 rpm
© 2 10 min %Nt‘a?‘ﬂ— A]—E_oﬂ_o_ /\]Ei /\]__Q.g]_oﬂq_ /\]g_
A 02 mLE AlgFo| ¥ 0.2 mM DPPH(2,2-diphenyl-1-
picrylhydrazyl) free radical, Sigma-Aldrich Inc., St. Louis,
MO, USA) €9 0.8 mLE 7}8to] 30 min ¢4 Wx|8 & &
3 Al(Shimadza, UV mini 1240, Tokyo, Japan)2] 517 nmoi| 4|
iz dAwe] FF=E S 23 g2 ol e
FAo R AAES o, A 33 vk S F Hdge

2 ey

a1 - 2g iL 3=/ 2T F3E) x 100

8. ABTS 2iC|& 27 s &§F

FAAE 2 2AAFAH A8 7 1 g& ALZesId
2, 95% eSS 9 mL 3718led shaking incubator
(LI-BS200L, LKLABKOREA, Seoul, Korea)°l|4] 160 rpm, 12
hr F&A17] & Y941E2]7](Model CRYSTE VARISPIN 15R
centrifuge, Novapro Co., Buchun, Korea)ol|4] 4,000 rpm o2
10 min YAt F5dE ARE AMSIATE 7.4 mM
ABTS(2,2'-azino-bis-3-ethylbenzo-thiazoline - 6-sulfonic acid)
9} 2.7 mM potassium persulfateS 1:12 4901 24 hr g2l
WAt ABTS Fol22 A2 &, o] 9= 735nmell
A FBE 3] 0.7~1.00] HEE 50% HERSR 3]A 8] A
ARESFIT 314 ABTS &0 AR5 &% ¥ 1L, 10 min
WES-A)121 & &33A(Shimadza, UV mini 1240, Tokyo, Japan)
9] 735 nmel|A] thEw3 ARATY FFEE S
e otgffe] FA o AEsiglon, AL 335 v S
& PGigte® Jehych
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B4 4= 845771(CTX Texture analyzer, Ametek
Brookfield, Boston, USA)E A}&-3}911, S43EL ZAx
(hardness), BF2“d(springness), % &~d(chewiness), 773 (gum-
miness)°| oM, AL 33] vHE S ste] FAgo R
Elich EA=H7]9] =3 2L test speed 30 mm/sec,
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HHES A A7 & A S FAlo ZF A|RE AA]
3t e84 E A wdste A4E ZEA A BASIES
stk TEAAE Al g i) A RE HUbsta SRR Y
= AT Y, v A5 E HU8tES Skt B
=2 9] FHappearance), A(color), TTt(sweetness), 21Tk

(sourness), 23l Bi(slightly bitter), 74 E(hardness), T4 %=
(transparency) 2 ZHFA 7] 5 % (overall acceptability)©] Iz,
THAANAE o2 skt
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Az} ulolEl=  SPSS(Statistical
sciences, Ver 20.0, IBM Corp., Armonk, NY, USA) 27131
< o] &3] YR BAHEA (One-way ANOVA)S A A
st o, A ke Ho+ETH A MeantS.D.) 2 YERATE
7y 2% Bkt 2432 p<0.05 FF2 2 Duncan?] TF
ZH] ¥ (Duncan’s multiple range test)ol] 2J&] &3 ch

package forth social
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°Brix, 22|55 10.80 °Brix0] At} A5 AEAYL 259
gatsl 24 ATH(Lee YI 5 2013)0llA] FHEFoll &3)
222 9.3 °Brix, 92 5.5 °Brix, @& 8.5 °Brix2} 3}
Ae] FxrF ¥ E=3dth Bd T2 gAaksd 94(Chung HI
2012)014 <eix]e] pH L F=r} 247} 3.72~3.92 °Brix,
11.67~13.502} 8t tha: zfol7} Uk 558 HWE L
2 97.95, AT aghkS —0.84, 3T bk 3,170,
PR AR E] WE LS 4595, A% aghe 0.74, A
T bk 11150tk 3R] Fe] HWx Lk 36.68, A=
agkS 0.85, SIS bEke 312809k Qx| gaksid
@ AFNo DB 2016)°4 Q#AF M=e HE Lk
53.05, A% a2 6.02, BT bk 33342 2ol & HS
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FAE0] 34.71%, HAZZAED 63.16%, LHAX]F2 68.30%

Table 2. Moisture content, pH, sugar content and Hunter’s color value of mungbean starch, Jerusalem Artichoke powder

and orange juice

Moisture content

Ingredients pH

Sugar content

Hunter's color value”

(%) (°Brix) L a b
Mungbean starch 10.93+0.14% 6.64+0.01 5.9+0.01 97.95+0.04 —0.84+0.03 3.17+0.06
Jerusalem Artichoke powder 7.2240.16 6.34+0.01 0.0£0.01 45.95+1.12 0.74+0.04 11.15£0.14
Orange juice 88.23+0.05 3.49+0.01 10.80+0.14 36.68+0.45 0.85+0.32 31.28+0.12

D L: lightness, a: redness, b: yellowness.
2 Value are mean+S.D.
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Table 3. Total polyphenol contents, DPPH radical scavenging activity and ABTS radical scavenging activity of mungbean

starch, Jerusalem Artichoke powder and orange juice

Ingredients

Total polyphenol contents

DPPH" radical scavenging ABTS? radical scavenging

(mg GAE/mL) activity (%) activity (%)
Mungbean starch 0.40+0.23 34.71+0.32 23.95+0.47
Jerusalem Artichoke powder 5.3740.13 63.16+0.25 93.05+0.45
Orange juice 1.64+0.25 68.30+0.25 94.454+0.51
) DPPH: 2,2-diphenyl-1-picrylhydrazyl.
? ABTS: 2,2'-azino-bis-3-ethylbenzo-thiazoline-6-sulfonic acid.
% Value are meantS.D.
°]21a1, ABTS &z & 5E S5HE 23.95%, WA A A Fo] Gusid S Hol 7|5 AAEEA S8=r)
T 93.05%, SHMAFE 9445%0]Atk HAAREE R T Fopd AR Hlth
25 A7(Lee SH 5 2019)0l| 4 SHA|7F2HEE2] DPPH 2t
2 2750l 4031%2 e Aol2 wch Alw 937 3, Q2IK| DEHe| S22 pH U DE
F2= 0|38t A(Lee JJ 5 2019)ll4 2ALGE Q&A]F2 SAAFS AR Ao SR, pH B FeE 4
= Zol¥s €82 910.7 ug GAE/mLE £ ATolA AlE- 5 A2} Table 49} 2t} 2T ) 270] 69.68%, I
g ez F Fejuls o] v ¥skew, DPPH 22 g LR Fe] Hrtgo] FrHE

2A% 2 ABTS Sz &A TS Z2H 95.96%, 70.66%=
2 AR A ALesE 93127} DPPH St AL o] v

%L, ABTS 2z &A% o 22 Zoz Yehgt o]
2ol AR FF, ARl 2 AMESS Sl o3t Aol

2 AZEn AT BEAY 2AFd] gitstEd A (Lee
YJ 5 2013) 2 Al #AF2~ 7154 A74(Chung HJ 2012)
N E F220] Fiks} 5 Av} 2L FHe B
F22} %= DPPH &7 %
vb Ak AW gz

HaxEo] glom, ol up2}

= A REelA ol o

Reere folHow 7Haslglt) ofzuo}
71 A (Hong 11 2017)04] o}=Yo} A% H7teko] =7}
5 o] Figaro] fhadtha %l a, A AT
(Shin SJ 2010)¢} E-F#|2]ZHH A-H(Lee DS 2009)4 = &
o] fhagitta st B AFATe} fAR AES B
Ak ole A7t AR Aol i FEARY 57
o Z7]1QI(Kim SH & 2012)% A e& AlgHr. pHE T
o] 6.96, A7}E 53594 48302 {27 A=,
QAAF Aol pH} 3498 ZEFY 3.76(Kim KS &
Chae YK 1998)Z} fALSHA 2 3k Hof QA F 71
o] $71&4= o] pH fho] Y& A Aoz e
Wtk AFH A7 (Ko SH 2007)o14 = A 7% #FA1<] pH7F

o3

L

-

fr oo
PN ol

fr

=TTa

Table 4. Moisture contents, pH and sugar contents of Gwapyeon added with various levels of orange juice

Samples” Moisture contents (%) pH Sugar contents (°Brix)
OGP0 69.68+0.64° 6.96+0.07° 0.91+0.07°
OGP10 68.86+0.79° 5.35+0.07° 1.2140.01°
OGP30 66.710.64° 4.93+0.07° 1.41+0.02°
OGP50 66.30+0.27° 4.830.07* 1.61+0.01¢
F-value 1,299.046™ 571.514™ 807.556™"

D Refer to Table 1 for abbreviations.
? Value are mean+S.D.

3 274 Means in a column by different superscripts are significantly different at 5% significance level by Duncan’s multiple range test.

Each value is presented as meantS.D. of 3 times.
" p<0.001.
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3101905, A7kl Z7Rtel mel pvk ghasele] W AT oA 267002 frelA o FrlegTh HEAN A (Han
Asks fAKE AFololeh. Bt AEO] 091 Brixo2  SK 5 2006)914 B2 rhe] FhehN i
A71go] Z7Kgel ek 121 Brixel Al 161 Brix® f  shn AAws FAw} S/l Ao R Uehgon, of

ojHor F7lelsith obAtelH2] 2k A (Han JY 2012)°] Yol Hon 11 2017)0ll4 = A+ A7l S7lebiA =
M= opitelwlE]F H7bFe] SUlelHA e Bl 5 Eof S Ee A AXEE Sk AlS
71ghchaL sto] B sl fAKE AdE Btk (Kim KN 2017)9lX & Al537 o] S71stiA Bee 2
adbal Al AT STkt AR A

4. @HX| njE{o| AHE A Nam HW 5 2004)o A= Hx, 2= 2 gaer) 71
QAAFS HUber HH] AMw 2P AT Table 5) HE L FTFAL ste] & A} FARRE eItk whabA] Al
e i zo] 38.8001%0 3, HrlEko] Z7FEHEE 454900 4] HA7kke FARAAA freld Aol dFo AFe] A=

(e} AR
A% aghe tze]  WMEE del YehlE A& 2 4 90,
~6332 718 Rk Aolee] 2RSS
Bow, 0% A7bEe] ~1.68% 714 . K| TEo| BHArEA
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Table S. Hunter’s color value of Gwapyeon added with various levels of orange juice

Hunter’s color value

Samples”
L a b
OGP0 38.80+0.767" —6.33+0.13* —3.57+0.28"
OGP10 45.49+0.98° —5.40+0.17° 10.24+0.16°
OGP30 46.46+0.39" —4.53+0.13° 21.67+0.15°
OGP50 48.50+0.23° —1.68+0.28¢ 26.70:£0.32¢
F-value 182.110™ 2,090.498" 9,442.491™

D Refer to Table 1 for abbreviations.

? Value are meantS.D.

9 274 Means in a column by different superscripts are significantly different at 5% significance level by Duncan’s multiple range test.
Each value is presented as meantS.D. of 3 times.

™ p<0.001.

Table 6. Total polyphenol contents, DPPH radical scavenging activity and ABTS radical scavenging activity of Gwapyeon
added with various levels of orange juice

Samples” Total polyphenol contents DPPH radical scavenging activity ABTS radical scavenging activity
P (mg GAE/mL) (%) (%)
OGP0 2.50+0.13%% 17.66+0.34° 24.344+0.37°
OGP10 2.74+0.22° 23.40+0.61° 31.46+0.87°
OGP30 3.27+0.21° 46.92+0.23° 67.57+0.64°
OGP50 3.7840.22¢ 66.16+0.25¢ 78.85+0.14¢
F-value 136.632"™ 1,903.634™ 2,649.244™

D Refer to Table 1 for abbreviations.

? Value are meantS.D.

3 274 Means in a column by different superscripts are significantly different at 5% significance level by Duncan’s multiple range test.
Each value is presented as mean+S.D. of 3 times.

" p<0.001.
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Table 67 Zth F Zdles I dlzTo] 2.50 mg
GAE/mLe| 31, M7t 2.74 mg GAE/mLol| A 3.78 mg
GAEmLEZ fojAdo=z ZF7kstitt. DPPH U4 &A%
2 2] 17.66%C190 1L, H7Fgo] S71gtel el 23.40%
oM 66.16%% FolHe g2 et th ABTS gz &A
T2 tFRTe] 24. 34%o]M# , A7}gFo] Z7}gH ek
31.46%° 4 78.85%=% & o2 Z7lslit). o] ¢t #o] &
Aol e FAIRE HUbelle w HrbEel S
E AFe FAksde] ooz Frtele As ‘3—; —’F AR
o} ofZYol#H A (Hong 11 2017)9F &

(Lee DS 2009)¢l4] DPPH #}t]zt 5:74—‘10]
oo}l 9l S-Fule] Hrlgke] FrtErS T"rﬂzﬂ. o2 F
ALIA AF(Kim KN 2017)o-E & Z9d s

7}01'»\—1—
5 DPPH ) £7%50] QU A% H7HE A oz
o wa) Aol Gasidol feldow FrlaA. A

A (Shin S 201001 = AAFFE9] W7ol F7ha
S DPPH 20l &7)%50] Z7kaick. eI e
FARE 4 A AL AR AR A 53
o o ARAT EA=A ¥EY 4 2715 A

o

o

O_u
d

»
el
i
1o
S ﬂ|'||]
0x
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g Aol BS54 Z 3= Table 73 &
. 0] 57.60 g, 10% A7} 52.25 gollA 50%
A7k 40.90 gi oAl ZArs B, §HAL thR2T
o] 4.83 mme| 3, 10% A7F* 4.24 mmoA] 50% A7k
3.88 mm=E st on, A7kt fo)A zol= gl
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Table 7. Texture characteristics of Gwapyeon added with various levels of orange juice

Samples” Hardness (g) Springiness (mm) Chewiness (mlJ) Gumminess (g)
OGP0 57.60+0.147% 4.83+0.04° 2.8940.77° 56.67+0.42°
OGP10 52.25+0.13° 4.24+0.35 2.414+0.37 56.96+0.49°
OGP30 47.67+0.21° 4.11£0.28° 2.42+0.28" 53.35+0.28"
OGP50 40.90+0.07* 3.88+0.36° 2.2240.45 50.40+0.25
F-value 300.179™ 14.550" 3.728" 45.626™

D Refer to Table 1 for abbreviations.
? Value are mean+S.D.

3 274 Means in a column by different superscripts are significantly different at 5% significance level by Duncan’s multiple range test.

Each value is presented as mean+S.D. of 3 times.
* p<0.05, 7 p<0.01, ™ p<0.001.
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Table 8. Sensory characteristics of Gwapyeon added with various levels of orange juice

FobAloh kiR

Samples”
Characteristics F-value
OGP0 OGP10 OGP30 OGP50

Appearance 3.33+0.627 3.67+0.61° 4.60+0.51° 5.00£0.65° 25221
Color 3.40+0.51° 3.4740.52° 4.67+0.64° 5.52+0.62° 16.418™
Sweetness 3.6020.50° 3.800.41° 4.33+0.49° 4.70£0.51° 13.928™
Sourness 3.33+0.49° 3.37+0.45° 4.87+0.37° 5.12+0.49° 14.691"
Slightly bitter 3.51£0.30° 3.73£0.33° 4.41+0.25° 4.59+0.38° 13.104™

Hardness 4.60+0.50° 4.47+0.52% 4.26+0.46™ 4.0340.35° 3.007"
Transparency 3.1340.64° 3.2740.59° 3.27+0.45 3.46+0.51° 0.821™
Overall acceptability 3.53+0.52° 3.80+0.36° 5.02+0.49° 6.11+0.34° 37.695™"

D Refer to Table 1 for abbreviations.

? Value are mean+S.D.
3 2~4 Means in a row by different superscripts are significantly different at 5% significance level by Duncan’s multiple range test. Each

value is presented as mean+S.D. of 3 times.
p<0.001, ™ not significant.
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