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Abstract

To increase antioxidant activity and physicochemical quality characteristics, four kinds of berries (blueberry (BEB), blackberry
(BKB), cranberry (CNB), raspberry (RSB)) with antioxidant activities were used to replace beet (B) in existing ABC juice. In the
experimental group, the pH was decreased while the content of soluble solids was increased significantly. Total polyphenol content
was significantly increased in all experimental groups compared to that in the control group. The control group had the lowest
polyphenol content at 14.723 ng GAE/g, whereas the blackberry replacement group had the highest polyphenol content at 67.12 ug
GAE/g. The total flavonoid content was the lowest in the control group at 8.98 pg QE/g but the highest in the blackberry group
at 50.47 ng QE/g. All experimental groups showed significantly higher antioxidant activities than the control group. DPPH & ABTS
radical scavenging activities were the lowest in the control group at 15.69% and 19.55%, respectively, but the highest in the blackberry
group at 48.24% and 59.43%, respectively. SOD-like activity was also the lowest in the control group at 14.12%, but the highest
in the blackberry group at 48.18%. When comparing experimental groups, antioxidant activities (DPPH, ABTS, SOD) and antioxidant
components (total polyphenols and total flavonoids) were in the order of BKB > CNB > RSB > BEB > Control. In conclusion,
the new ABC juice containing four types of berries is enriched in antioxidants with significantly improved antioxidant activities and
physicochemical quality characteristics.
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S 2011). HPLCE EZH=3lRMEs] AEs 4% 24
S-hydroxymethyl furfural(5-HMF), chlorogenic acid, caffeic acid,
( —)-epicatechin, quercitrin, phloridzin 5 97§ 2] &4t} &<t
Hlro|tel 2 EovE SigEo] #eE o= Hily
o] Qltk(Hwang 5 2011). A¥HA O & chlorogenic acid2} ( -)-
epicatechin®] 3§tgFo] 2z}t 8.45~279.90 mg/L, 74.47~523.24
mg/LE 7P E9kow, 7+ HuddEe] 2442 B AlEl
Al FARE S UEhd A o2 B E Itk Hwang 5 2011).

BB E= Yolobil, A4, A, e A, <, F4t, HE
B 50 &2 AA9 wdg HEvlo] v 3FgEo] 9l
31, AR} fAto] FHst] AT Al2E AT FA9
A7 9T gkl BaEo] JthKim 5 2010).
E3t 5y StgER TS AFoA HEHIE AfE 5
S22 1.55 g/100 g of dry weight, & FEE2 1.23 g/100 g
of dry weight2 UE} O™ DPPH ozt AAEA E3h
53% ©o]AFe] S HQl Zlog HIl FHolQlth(Lee & Chin
2012).

T2 Aol A-R-et B, 7F=E| ol &, nylE 59 4
84 B4 o okl Jlow, S84 Al 4oz} HlE}
9 A9 HAFAR] B-carotenes TFF -5k Tt TS I
Arsh a3, A4y o, FAAE 5ol 2 A% YEY
L Ao% BuEo] grkSharma S 2012).

T2y, oot &2 ABCFA0] tigt ti52] Q17|19 g
Fshol . A AHQ] AYPA+= AFI FHolH, whzt
A ASEA g2 IFE 852 Farsty AvRE 7|ered
27} At} olo] wEh & Ao A= ABCFEAY] V5=
ASst7] flsto] ikl B4 WEs| A7 ekl 7]
Z Ho|HE F53HL T Yolrl ABCFAS 53020l ®
Ed & JoHANE E HHYFE AR 2E 22 S4H
Mde] ABCFAE 7HEstalat shyich &, Y9 Apple +
Beet + Carrot TjAl Apple + Berry + Carrot¥} Zro] H|g|H-E
A = ABCFAE 7Hdste] 11 715481 FEE4
< BASIRIHE HIE tjAlo] ARES g R § EFHY 3
I 2= 4R F e E Pt 2dt 5 oheRe A
A& AYIL Y= AR & AA Uth(Martineau 5 2006;
Seeram 5 2006; Su & Silva 2006; Jeong 5 2008). °]&3+ AY
Ao 7|5t AEoZE HEHo ZTHE INHE
Qo &= A 1L, AFHlS, Wid R 5ol e Wol o-FE o]
U FEAlOP WAL Qlom, o] = Thadt FUA THY

17 7152 do] AAMARAS 7|54 Bat ohfet B

o7 ®H1E Hf QIth(Boo 5 2012; Nam 5 2015).
A= M2 71648 252X Y 7S B
5t7] fJsto] HIE ti4l 4%5:9] wWgFEFH 2, &, 2
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Aol AR&SE AFH(Apple), B (Carrot), H| E(Beetq= =
2l £BFoA I PSR L, 452 HElFe EFHE
(Blueberry, A&4h), &2 2] (Blackberry, HH|4), LH]2]
(Cranberry, T]=4h), 2h=H]2](Raspberry, AH4Ho] d=
SAEE 2 B oA Fistch. 71Er E4] AR
3t A]QFO F Folin & Ciocaltew’s phenol reagent, DPPH(2,2-
diphenyl-1-picryl-hydrazyl), ABTS(2,2’-Azino-bis(3-ethylbenzo-
thiazoline-6-sulfonic acid) & gallic acid= Sigma-Aldrich Co.(St
Louis, MO, USA)o]|A] S-9]5}931L, potassium persulfate(99.0%),
pyrogallol(99.0%)+= Samchun Co.(Pyeongtak, Korea)o| A T
319 9™, Quercetine Daejunghwagum Co.(Siheung, Korea)o]|
A Fstol AHgstei

2. ABC A AR HIE

2 Al AFOIA 7MY sl s gl 712 A
o wigtelS Fasle ofel ZEo] A=E v gl o
A5 B HIEAT T HEH O Table 13} 2
1 FAstol Azt S, Waulo] aet ARt 2

AR ARG BF BaEo] Yol LI ojz|o] olzste]
4 A=z AH8shett

pHe} 7184 1P E SFFS Z47F pH meter(S70 SevenMulti™,
Mettler Toledo, Greifensee, Switzerland) % =& %= A (PR-201,

Table 1. Formulas of ABC juices (unit: g)

Ingredients ~ Control ~ BEB" BKB CNB RSB
Beet 40 - - - -
Blackberry - 40 - - -
Blueberry - - 40 - -
Cranberry - - - 40 -
Raspberry - - - - 40
Carrot 80 80 80 80 80
Apple 80 80 80 80 80

Water 1,000 1,000 1,000 1,000 1,000
Y BEB: Blue berry ABC juice, BKB: Black berry ABC juice, CNB:
Cran berry ABC juice, RSB: Rasp berry ABC juice.
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Atago Co., Ltd., Tokyo, Japan)Z =75} th(Jang 5 2017,
Song & Park 2018).

N
o
>

= 3HF =42 Folin-Denis o we} 243519
& Lee 2017). A|& YN 0.15 mLo]| Folin-Denis A|2F
0.15 mLe} F7<= 0.7 mLE go] Xgslal 58 52 §HSA|
ZATh HHE-Holl 10% NaCOs 84 1.0 mLe} 374 1.0 mLE
Eotsto] A AdEiolA Aol 1.5 hr T AT & Bg
33 A|(Ultrospec 2100 pro, Amersham Bioscientes, Uppsala,
Sweden)E ©]&3l 760 nmof|A SFEE SA5ET
Gallic acidE ©]-85to] EETACZHE F ZejuE IF

= AhESHH.

g ol b 42 Kim 5(2022)9] WS ¢
Aot S45nh AR ¥ 1.0 mLe} 5% sodium
nitrite 0.3 mL, SFF 2.0 mLE JEF & 587F AL0A
HH-S-A]7]2L 10% aluminum chloride 0.3 mLE A3} £33
o] 68.7F AL0oj| A HF3A]Z] ] 1 M sodium hydroxide 2 mL

Z22= 24 mLE 335to] B3353% A|(Ultrospec 2100 pro,
Amersham Bioscientes, Uppsala, Sweden)S ©]-&3] 510 nmoj|
A FHES 2H5A0H A2A Hquereing o810
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1) DPPH X}7eiC|2 AEM

DPPH 22|12 A724.S Jung 520229 $3S 2
B 4gsto] 243kt AlZY 0.8 mLo] 70% ethanol 1.5
mL, 0.02 mM DPPH(2,2-diphenyl-1-picryl-hydrazyl) €% 1.5 mL
£ AG H FHANA 15 hr % FASHL BFFEA
(Ultrospec 2100 pro, Amersham Bioscientes, Uppsala, Sweden)S
o]-&3te] 517 nmoll M FF=E SHSIALL, et E2 &
2]-& 0]-2&3}o] Electron Donating Ability(EDA)E AH&351A T}

EDA(%) =

C;S x100

C: Control absorbance

S: Sample absorbance

ikt B4 W olsRkY A B4 27

2) ABTS AtRaICIZE AHEN

ABTS A42}0iz 27242 Jang 502)9) e A8
743t 24513t =, ABTS(2,2’-azino-bis(3-ethylbenzothiazoline-
6-sulfonic acid)8% 7 mMe} 2.45 mM potassium persulfateS-
1:19] v && EF3E 5 A4 16 hr ¥H-SAIX] & ABTS
222 FAAA 34 H ABTS 2L ofjeh2 =2 5]45}0]
734 nmoJlA] &3 &L= gto] 0.70+0.027} H =5 245t
At 71 5 ABTS €9 0.75 mLo]| A|FE9Y 0.15 mLE &35}
o] GAofA 657t HHA] &, B33 T A|(Ultrospec 2100 pro,
Amersham Bioscientes, Uppsala, Sweden)S Al-8-5}0] 734 nm
oA FUES 25

ABTS radical scavenging activity(%) = O;SXIOO
C: Control absorbance

S: Sample absorbance

3) SOD TFAlEA

SOD GARHSS Marklund & Marklund(1974) 2 Lee 5
(022)9) $HE DR SHstel 2otk AR 10 mL
2} pH 8.5 Tris-HCL buffer 3.0 mL, 7.2 mM pyrogallol 0.2 mL
£ tiAIste] 25T F25FoA 1023 §HAIX § I N
HCI 0.5 mLE tiAIet & &34 %A (Ultrospec 2100 pro,
Amersham Bioscientes, Uppsala, Sweden)S ©]-85}9] 420 nm
oA FHEE SHeIsc,

SOD-like activity(%) =

c—S
x1
c 00
C: Control absorbance

S: Sample absorbance

6. SHXzZ

2E APS 33 W2 2YsIso0], ATk PREad
Az YER It ZF Batgtoll Jiet #9# Rl Afol= SPSS
(version 27, IBM Co., Armonk, NY, USA)YE ©]-&3}o]
ANOVAZ 243t 5 Duncan’s multiple range testE A A]5}0]
<005 SZIA RS FANAT Ao FABE 3
I FAkSE FAE 1HY] AUHAE Lotk 7] fiste] Person
of AL AAFHST,

=

Zhig!

k=,

1. pH ¥ JI84 TEE 8
7|12 ABC 29| B9| Beet 4l BerryE tjAoto] TH=
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ABC F£9] pH 3 718/ N2 eF2] Woh= Table 20
UERH AT 2 F29] pHe tj2Fof ¥Is] BerryS thA|
FooA B Fastynt. 277t 6142 7P ¥, &
oGS AT F2a7t 5542 7P Eorou g F A
A &2 oAl Zol= It Kang 5(2015)2] &FH]
2] 2252 YA 39 pH 332-3.652 EIE H} Qlo] H|E]
T AATE F29] pHE AaA7IEd e = ASE A
A=
7H8d L&Y AFS AAH LR HE Al benyS
At A 7ML FE Aol FIHo® Edth o
2 F247} 940 Bx%s 7P Woka, gkl S giAet =
271109 Bx%ZE 71 =4 YERHT Song 5(2014)2 =%
£ 2|9] 7184 1PE FFol 835 BxwolA A
9.71 Bx%7HA] &€ Aoz Busiqirh B doA &
Fug] Al ABC F2% 103 Bx%E oRth 4 Yeht
g F2oM EFHE 9 2 A= 2t IF WE<d
Ao® F4H

2. & EClnil= E.%*

Wl HE AR ABC F40] F Belils L Fig |
o et gict. W ﬁ@ 2 H4BA9] de] Bxslo] 9)
2% HARR ] St chopst BAg T2 A, 7

St Zhe 4283 2= ) phenolic hydroxyl7]-4 g9 9
3 apatsl, - 2 ot =9 A e 7]—7\1E]-(Song
2014). AAZH o2 27| v berryRFE hASH ZE A
F2olA & EulE ol 2o r FTIekH HIE
7b Z3E 2T 14.723 ug GAE/gO & 7P WL ghake
Hoom, Eauz ABC FAOA 7FE =2 67312 1g
GAE/g 9] 3HFS YERYQITh Song 5(2014) E2H|E] F
E29] % Zdvs 3teF 24 A} 138.4~141.1 mg/100 g
2 A yepd Ao B33k v} Qlrh EFF Nam 5201582

Table 2. pH, soluble solid contents of ABC juices

ABC juices pH Soluble solid contents (Bx%)
Control 6.14+0.02*Y 9.40+0.1*
BEB? 5.54+0.06° 10.3+0.0%
BKB 5.63+0.04° 10.5+0.0%
CNB 5.59+0.08° 10.1£0.0°
RSB 5.610.04° 10.9+0.0°

Values are expressed as the meantS.D. (n=3).

Y Means with different letters (*°) within the same column are
significantly different by Duncan’s multiple range test (p<0.05).

? BEB: Blue berry ABC juice, BKB: Black berry ABC juice, CNB:
Cran berry ABC juice, RSB: Rasp berry ABC juice.
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Fig. 1. Total polyphenol contents of ABC juices. Different
letters (*°) are significantly different by Duncan’s multiple
range test (p<0.05). BEB: Blue berry ABC juice, BKB:
Black berry ABC juice, CNB: Cran berry ABC juice, RSB:
Rasp berry ABC juice.

A=, of2Yot, A, s=HE e & Eevs dFS
2 1 mLg 350.86~369.56 ug GAES] & #% 190t
E2H|2]9] ¢ 23149 pg GAE/MLE B2 WG Zoz

H 15193t} Jeong 52015y o} & Yo} > EHu|2] > 2|
29 o7 HutA o= HZ|Ro Hs4 9} H=9] o]
=0 Aog BAXQT 7]eto] IAF AL 40 umole

GAEg &Y< HaLstt. ohd, S| ’“Ur«l Ry
8= dFol 279 mggC 2 HIUE7|E stoi(ung &
2015) ARl w2t EvlE A HIT FELE UE
wou, FEAer WERe Eeue el 52 Aos
gRleo] BlE Al H2|FE tAIRE ABC F£9] & &1
= 4T SR 9FE = AR AmdEn.

Fig. 20 e iet. Hetd o 3157} ToE 2T FA
of vlsl Hi2lFE AT ZE A
ggol fodor FUstAtt. H

8.984 ng QE/gO 2 M4 Woral £ tiA|gt ABC F
27} 50.468 ng QE/gC & 7MY =0kt SHH, Al & &
BHo|Eo FFL F EEjvE FgoAe nprA R
I BKB > CNB > RSB > BEB > Control®] &A1 2 =7 U
Efstet. o]9F T2 BUT FFL T HET STk 0|
T oo gt AAEAIEA Aol A EHR1E] Y tH(Table
3). &, & Y= T § SR ol 3F 7 gk

09822 ek} WS AFI JBBAT U & 5 A
th Ko 5015) E3F 2524E Delste] A2e 222
228 5% ARS BHT 2% F SehHiolt G
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Fig. 2. Total flavonoid contents of ABC juices. Different
letters (*°) are significantly different by Duncan’s multiple
range test (p<0.05). BEB: Blue berry ABC juice, BKB:
Black berry ABC juice, CNB: Cran berry ABC juice, RSB:
Rasp berry ABC juice.

ZedE g S22 AgEE 593 A4S Ay
WS}l 2102 H1gh vk glo] & el YA|she Zo=
At E . H2RF 5 £8P Y] § St olE ko] of
Qh of2] B AuEH Jung (20158 0.60 mg/go] A=
B 75193, Kaume S(2012)2 74.4 mg/100 gO.2 R I35}%]

o1 Choi 5(2017)2 AZHH o] wel 3.8-6.2 mg/gS TR
St Q& Histke & Rt oIl £
% Kang 5(2015)2 & 43} 11 FAHEC] S kolE
F B4 A1) 7HY =2 o] 2413 mgglE B

o} 9ick

)
1o
ol ol o

l

=1

4. DPPH XFRaC|zt A7EH
H2| 52 ThAISE ABC F:229] DPPH A-§2ht)Z 242

I‘ELH'UEEO

=
FAIS BHS 2 BAT WS A At go] &

ikt B4 W olsRkY A B4 29

Control RSB CNB BKB

Fig. 3. DPPH radical scavenging activities of ABC juices.
Different letters (*°) are significantly different by Duncan’s
multiple range test (p<0.05). BEB: Blue berry ABC juice,
BKB: Black berry ABC juice, CNB: Cran berry ABC juice,
RSB: Rasp berry ABC juice.

A gME 212 o §8THlung 5 2004). ARFHOE v
E7b 2gE ago] Hs] MR BE AP

B24%% 7HE w2 A 84S HAeH, Alm o=

(2014)> A4 FEAEe] = £5 E5H2] 9] DPPH 2t
Z 2AZAo] Wi F= 9EF 0|3l e, 1,000 ng/mLo] 5
TOlA ZZF 79.17% E 74.1%F S HISFF T TS Nam
520159 HioANE LI 3% Hgy 2599
DPPH 2}t]Z AAGAY L BE A4 SEoEH0Z F
7¥stlon, ot2yo}, =] Bl 2F=H|E]| 9] -2 °F 96%
9] &5 Hol wWje 53 AoE YEHTh Jeong 5
(2015)2 ofrtolHE] > ot2 Yo} > 2] > I:lH|Z] &
O = g4go] FoF o =0, AXwTt 7 W= B
SHRE Lee 52015y Stz 2)7t thE H2| & Bt
OF 2uf 0]A} 9-0]4 0 =2 203 mmol TEAC/100 g T4

Table 3. Correlation coefficients among antioxidantive compounds and antioxidant activities of ABC juices

. DPPH radical ABTS radical SOD-like
Polyphenols Flavonoids . .. . .. ..
scavenging activity scavenging activity activity
Polyphenols 1
Flavonoids 0.982 1
DPPH radical 0.945 0.983 1
scavenging activity
ABTS radical 0.967 0.994 0.997 1
scavenging activity
SOD-like activity 0.992 0.995 0.967 0.983 1
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S eyl b 22u]g] 0.86 mmol TEAC/I00 g B 2}=H]
2] 0.77 mmol TEAC/100 gC & X 115} th.

3HH, ABC 24 7Zh7bo] abAlsl AJual apaksl gHAjof o
b AR SR 23 DPPH SUi2 47494 & S
9 = ZEtE o)t $1eFo] gk ZhZF 0.945 X 098302
et e B8 ABRAZ 98] 25tk Table 3).
A2Hoz ML ABC FA9 AT AT 2 JAT B
o] 27l FHHY YFE FE AR Amar)

mh‘ ol

5. ABTS AlReiC|g

H 2|75 tAIgE ABC 29| ABTS Afett|d &AEA
2 Fig. 4°] U ict. ABTS A-f-2ttZ-E o]-&3t 4kt
&9 Z4H2 potassium persulfate®}2] ¥H-3- 02 A==
ABTS zh2tt]zo] Alg o] Hitks} E4of s A|A =
o] g}tjzt EQ.0] Alo] FEMo| SME|= AL o] L3t Hi
o]tH(Ko KS 2013). DPPH o]z AAEA T} upd7t] 2 |
27 A¥olA ABTS A2tz AAGAHE fojFos
EUTH &, 27 19.58%E 7P Wkon, E9HY S
A7} 59.43%2 7 =9k} Ko S5(2015)0] £-4151 2247
ZZ2E0] Ao 1,000 pg/mL S Eol|A 88.08-98.13%2]
ABTS &)t 2A7AZAES B Ao g By Hf Qi gHH,
ABC A Z17k0] 3pArs} Ad 5} hatst g/gof ofgh At
Al 24 A3 ABTS Sz &AASHL F Ejvs € 5
Saluyo|T 3ko] (Zhe ZH7h 0.967 U 0.994% LFERET,
DPPH 2tz 2AS/J3H= 0.9972 Yeht v =2 A
AE AYIL Q= ZACE ERIEGITHTable 3). Lee &
(2015) IEZF =4 #2729 F4tst 24 B AFollA] ABTS
At AAEdo] DPPH €43 AR A& Els

2HEY

ABTS radical scavenging activity (%)

Control CNB BKB

Fig. 4. ABTS radical scavenging activities of ABC juice.
Different letters (*°) are significantly different by Duncan’s
multiple range test (p<0.05). BEB: Blue berry ABC juice,
BKB: Black berry ABC juice, CNB: Cran berry ABC juice,
RSB: Rasp berry ABC juice.
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£ Buste] B ATe AXFGOH, BA oy AR F 2
etz 7t 7P £ 2.99 mmol TEAC/100 g9] B3-S 1

R et=HE7F foF o2 7P WekS-g BsHct

6. SOD RAIEM
Superoxide radical-2 pyrogallol AFSIA A 24 B2 §
‘gst=dl, A 8ol EAY 7% ol2Igt pyrogallol®] At
SME7E Bt 1S o83 R4Sl SOD FARY
AIE Fig. 50 YEPH ATH(Cho 5 2007). WA A 0= H|Z]
% PZOIA SOD ATAo] BE RO kT, A
F719] <=A4|&= BKB > CNB > RSB > BEB > Control2 UEFgt
G gETE 1% 1 2L BT WAL HYT B
A2 E AR ABC A AP BI%E 7MY =2 &
Abet &4d& Holoh ghH, ABC 24 Z47+9| Akt =3t
SpAleh ol et A 4 23} SOD AR
ZEE 9 ¥ SetRkol 9Fo ke 747 0992
09952 UERE RIS} 0] WS PAS BHE 27}
Sh= Zlog Atz ot E3F SOD R-ARMI T DPPH 2HdjZ
4794 U ABTS 27 AARAT] Rt 2tz
0.967 & 0.9830 % UtelL}; 4te}t E/d7ho) B = w¢-
E2 202 g1 QItH(Table 3).

doz WES GAN A WeRd Az
ABC F49) A3 A% U AT BHES B8 SIS
B Qo] FF 75 2R AME EEE s U= A
o8 7|tHrh

Q% ¥ #=

£ d7olA= 71& ABC F£04 B 3 5= Beet H

SOD-like activity (%)

conror e e -

Fig. 5. SOD-like activities of ABC juice. Different letters
(*°) are significantly different by Duncan’s multiple range
test (p<0.05). BEB: Blue berry ABC juice, BKB: Black
berry ABC juice, CNB: Cran berry ABC juice, RSB: Rasp
berry ABC juice.
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Al AL &4 9 olaked FHAEALS S7HAIZI7] Aol &
Atel &/do] L3t 452 BerryFH(EFH| 2l (BEB), E2H| ]
(BKB), Z | 2|(CNB), 2}=H|2|(RSB)E thA|SF A 22
AF Jigstazt siaith #HEE tiARE BE AE oA
pHE= ZAastelon, 7R 13 E 2 foFo = F7t
st & EYjHE g e AdTolA xRS §
ox oz Zrlslch RT3V} 14723 pg GAE/gl 2 714+
2ok, EdE] iAol 67.12 ng GAE/ge &2 7MY &3k
th & S o|E kg2 ti 27} 8.984 g QE/gC = 7}
A oo, S| thAEoll 4] 50.468 ng QE/gLE 7MY
=%ttt DPPH & AAZAL tiZF7T 15.69%2 717
woton, EduE] thAlTto] 48.24%= 7 =AU ABTS
grd A8 9 SOD AR BT di27F A4
19.58% 2 14.12%2 7FF 2ok1, Eu|E] tid|o] 59.43%
9 R18%= 7HE =0T BE AT d2E Ak}
2ol RoHor =t St JEF EYves € I
ETtE ol E 3s) ¥ gH4ks} &J(DPPH, ABTS, SOD) &
T 352 o= BKB > CNB > RSB > BEB > Control <=°0]%]1l
M2 2] AUTATE =30t AEH R 4359 HERE
AgE 22 ABC FA4= A4S} AEo] FHR| L A
3t &4 % olgshd] FHAE/o] FoJFoR P AR
AtE
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