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Abstract

This study analyzed the quality characteristics and antioxidant activity of a mixture of apple and carrot juices with
different amounts of beet. The pH of the mixed juice sample group increased as the beet amount increased, and
the acidity and soluble solid content tended to decrease. As for the L value, the control group was the highest, the
beet addition rate decreased, and the a value and b value showed a decreasing trend. As for dietary fiber, B0.1 was
found to have the highest dietary fiber content at 0.20 mg/L. As for the mineral, Zn, Fe, and Ca had the highest
control group, Mn, Mg, and K had the highest B0.5, and Na and P had the highest B0.1 and B0.3 juices, respec-
tively. Compared to the control group, free sugars increased sucrose as the beet juice added increased. DPPH radical
scavenging and total phenol content significantly increased DPPH scavenging as the beet added increased. Therefore,
it was found that B0.3 was the most suitable when manufacturing apple and carrot mixed juice with different
amounts of beet added, and it is considered as a manufacturing optimization method to improve the marketability

and functionality of the product.
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Hu et al. (2014)2 HEF 3 7Fo] v Ske] Al S
o Watr] Qs AL A4 HHE WA=, 7l
Fd 3 AAaE ZH2E 200 g o’ AT A HEFT Aol
oF 32%71% Folethal Hilstlon Abste} 212
S AT A 28, 18Y, IXPF o S wE

th ¥ 5 tH(Bae et al., 2020).
oo whel A HME Zhe HAES A
3= A7) 7154 AEFow &84 QOj\ﬁ
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A dFs] A5e FE F2 Fo] 7S AL

THEAFR ] BHA TH3AE AR A A8l
2 20199 257 ALF A& 2014 o] 5.7%(2F
3,0009191) S7F8tAAI N, Al FE R ek A A
gt ol FAE] T Aol digh AR
VEE AR Hole Wi AEFA U FAAF &
gk Aol v F7hshe FAH ] THMAFRA & aT,
2019).
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F¥ AREoltk(Park & Kang, 2004). &0 T3
AT FYUOE = Aol Wy ol v, JIEE
©] = (carotinoid), H]E}Rl TOo= A& A Aol 4
< e AYgd 48 TEH 2 Aok &
ol Aol AA 9 HEFLZ B (B-carotene)S T}
fratal o] FAEaHRE ARern S oWshe
#= e AL Z YEFITH(Sharmg et al., 2012). 53]
o] WEIEES DNAY A A3} 2H8-5te] 43
= Aol &gitine] S FoFe ks 8-S
THKim et al., 2009).
AV Mallus pumila Mill)= thd A SE2AEZ 7
of ERE™ #HFE5Ho] st 2ol HER
Z5 9 T 5ol T o] YYTHeEE H
24 ATtHYun et al, 2007). Abztol] o}
=] e EYuse ditsteol FEs & 9
= BEEA AtFe] FAtsksel Fo JEeRE
=, ol& Akt #go = Qg =3} G

>

rdh oL oft fol i (% o f 2 [ §2 o
]
o

=)

B2 oo 20 &

ik

gt ¢ st 59 HPH Hgs g vk
(Vinson et al., 2001). =3t Al 2k UV-A (350-
370) @] A9 Ate] At aHA o R F4sh A}
Mo R IEE A Al7|E AHE B dWeid
g Asll a4 AY v @ 35 HAE A% 7154
sPE AAEA F8AR S-S AW oM (Jeong et al,
2010), A€ AW, G 9 22 AW AEs A
2A7]5L T3 A S o] =& = ZWRE oz}

= Fe HeE W
3] A th(Boyer & Liu, 2004; Bang et al., 2014).

H]E= ol53}(Chenopodiaceae)] F3laolE2 F¢
W Aol kx| ol w7t ¥ A 9] Folw 7t
ofprlo}, Fotzel7l T Aol EHA A= U=
2= o] th(Kowalski & Szadzinska, 2014). T=3F H|E2] ¥ig]
£ F2 MoR 553 A8 AW TS o et
aglom, o] 86.0%, B 10.1%, THE 1.9%, 3|
1.0%, A4 0.9%, A2 0.1%Z 2§ L AMAh807 ol
AFEEITHRDA, 2019). HIEQ] ¥ig] REoO Lgma

L

(sucrose)’} FH AEo T Py} oF 5%, H|ES]
7+ Ag == wlelQ(betalain) A A s FEAACE A
o] | e}zl (betaxanthin)} A 2] W E}A] o} (betacyanin)
| Al dHFrEo] ATHCho & Choi, 2010). A% HIE L]
FEE2 UAY 9 Al E(gastric adenocarcinoma; AGS)
=2 A a7 =9k, A% A EZ(Human Colorectal
Adenocarcinoma Cell Line (ATCC HTB-38); HT-29)°
g HAIE A AAlE aRH o vEPS ¥ ofvt
HES] FYEE2 Hod itst @48 Holw 93
ot g ksl aE Ad AS ¢ AUtkJang et al,
2009).

A2 S0 #A 5|
A 2of e Mg Aot Hdo] e HFE A 2

2]
o) Be WElE goyy 9r) ES AH|Zo] F

o

™

e opnbi, ¥E, ofs}

roop rE oy

NME= 7173 A7171908 2n7t F7kskal doH, o=
WE2A B shs ANALE] & Bd 3 AAReL 2EY 2,
TH B T A7 tig ofsyt GAtElE vk 2
245 e ITHMAFRA
& aT, 2019). o|&% Y 2 ALE HFHske T840
o) o

st 2l I 9oy,
R F P opil Fe] B gl WE FA 54
ot Y B AT HSE wlS vl g Aol
B ATAAE Pl A4H A% 715 HE F
o Tjs Aol F7kske Arl Abshe] A SAo)
ol Frivk BASEL 47} 418 HF Foo) Fujz
Ak, G2, MES o83 14 HF 2o S
oA H4e s, 154 I AL+ 9
£ AZES AFssta, Abtsl gRERFad) NE
g AhFe BeS Foo FY 54 2 s
24 5o 472 Bl 94 7154 HE F2o) A
AE}E A% NN2ARE AFSHLA ST

HAANERE ARSI TE AAF2E Azxs7] flete 71
gA| oA ) st AV (Mallus pumila Mill., Seoul,
Korea), & (Daucus carota L, Seoul, Korea), 2] 3L H]
E(Beta vulagris L., Seoul, Korea)2 T3t AM&313it).

HEES 3SR Hrlete] vhe Al G232
o]gate] Az 71548 FLe A AT (Park, 2019)9F
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Table 1. Formular for apple and carrot mixed Juice with
different amounts of beet

Samples (%)"

Ingredient

CON BO.1 B0.3 B0.5

Apple 100 100 100 100
Carrot 100 100 100 100
Beet 0 10 30 50

" CON: apple and carrot mixed juice with beet 0%.
BO0.1: apple and carrot mixed juice with beet 5%.
BO0.3: apple and carrot mixed juice with beet 13%.
B0.5: apple and carrot mixed juicewith beet 20%.

B3} Table 13} 7o) HIE
= EF2E A XSG
A, G2, HEE B2 7| Ro] AlFsle] 45802 2}

o Egug

2 Ab g

£ % =%71(Angel-juicer, Angelia 7000p, Korea)oll 2
‘i_lﬁ Ol'gi]:]' ]'%0] de9 21]— }\]Jr—jr_gg XAX};H%(CAS,
SW-1S, Korea)S ©]-3te] AZFslaL, Table 13+ 7ol 7}
ANBEES sl
JEEEIE

pH, FAE o 7144 wyp =74

Zﬂi?:f} EF T AETLES pH S AR 5ol T

T 45 mLE H7Fste] #27](AM-7, Ni-honseiki Kaisha

Co., Tokyo, Japan)ollA] 12,000 rpm &2 4% 5ot 723}
st EEAL 1087 AR F e, IS pH
meter (Lab 870, Schott Instruments, mginz, Germgny)&
olgate] 33 W SHE ¥ WO EiSIT

A Zs & F2 ANFFEY AR 2o A)F7 9
10mLE 100 mL Z{ZgpT0 Y Z=F4E 715l
100mLE A 2 58 3 539 20mLE A7t Zahx
2o A8 F 1% AEEPE Aoe Aotz el
301N NaOHi 3} At BEROR WA=

A7A 273 3kt

Az = F2 AE5LEY] 7HA
F 5¢ FFF 45mLS 7lste] Ao 1A B
T YR g 7184 IFEAMHI 96811, Hanna instruments,
Romgnia, Europe)E ©|-&3t] 43ttt
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Az ANEZES] e & A
(Chromg Meter Cr-300, Minolta, Tokyo, Japan)& Al-8-3}
o] ™ X (L-value, (100) white, < black (0)), lightness) &
A %= (a-value, (+) redness « greenness (-)), redness), &
A % (b-value, (+) yellowness < blueness (-)) #< =4
st ow, 7+ A8 T 33 vhE 245t I ks o

T 1 -
BT, ®E w
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At B0 FAEA 97 13
Aol f 574
Azd B F2 ARTEY HoldH FHS Az
H AR F NS FEEL o8 WA a-obetolA

B4R AHH o Fjste] HEY
10% ool A& 33t 51
REIS ZJJ st & g
@O] HAFE SR A
=3 oMl =R AHF
STk 2R84 204
(Insoluble dietary ﬁber)—: E_w_v:OHET:: o] 7}3le] ZhA
(residue) S WEEF B2 A Hstn 1 BAE shelste] A
FalAh 8494 o]df(Soluble dietary fiber)= IDF2]
AX g HA A A& AN T A H NS Fate] e =2
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A8 508

S 10 mL ¥3L
microwave (mgRS 5, CEM Corporation, USA) # 22
AR AR et AR i, FRTE 78k 100
mL H&3 & AN o2 ALttt BEEA T A E
|4 plankE ICP-OES (Varian, MPX, AUS)Oﬂ FY3l] B
3T 2GS EFE(Wako, Japan)S 1,000 mg/L
B A ARSI, 50% FAFo =z 8|4 sle] ARE-sFS T
BlankE 50% ZAAFS AF8-3}93 T

2=

o
Axe

geaiA ae F

pul

f29 24
g 24

USA/pump, auto-sampler,

< Dionex ultimgte 3000 (Thermo Dionex,
oven) HPLCE A}&3F39 3
Chromeleon Ver. 6 softwareS ©|&3} Tt f2lge £
+ Sugar-pak (Waters, 300x6.5 mm, USA) columng A}
439 em, columne] =& 70°CE 3t o544

T

water (Waters Co., Milford, mg, USA)S ©]-&3}3L, <
£ 0.5 mL/minS 2 3t AR FYHFS 10 uL=E 3l

Shodex RI-101 (Shodex, japan) detectorol| 4] =7 3} t}.

Z Z94ls 34

% Z89E %2 Folin-Denis¥ (Folin & Denis, 1912)
< Wdgste] SAskAh A& 100 uLell 500 pL Folin-
Ciocalteu's phenol reagentE H7}ste] 2+ &3t & 3§
7+ Ao WA F 10% Na,CO, 600 L= 7}ste] &3
3 kAol 1A WAE F AARINE o]kl
12,000 x gol A 1023+ A& & Feds 34sh]

720 nmoA EF = A3t Tannic acidE ©]-&3tod



=
ox
2
o

=

T3 A ekal S AlLkskTh

DPPH radical £71% =73

DPPH 2t 4£7%< Blois (1958)¢] o w =4
3F2™, 0.1 mM DPPH (1, 1 diphenyl 2 picryl-hydrazyl
Sigmg Aldrich, St. Louis, MO, USA)+< ethanol &< 9|
0] & ARSI, AlE8& 5 uLe DPPH &9 950
uLE 7hsked 3087 Aol WA & EFF=A(UV-
1800, Shimgdzu Corp., Koyto, Japan)S ©]&3}o] 517
nmolA FFEE SA AT DPPH gtz A &4
Ag ZA7HEet TR 85 AfolE ofefjet o] A
sbste] M EE 2 JeERf Ao

DPPH radical 2=7-5(%)
= (1 - AEH7HY 35/~
x 100

e
=S5 pHYt vlEEte SRt A 2 (Park,

2019)¢F A 225 e T

FAEE HEL(CON)°l 0.83, HE E3FE 5%9
B0.1& 0.76, H1E EE 13%2] B0.3 0.70, 2&] 3L Hl
E Z3E 20%9 B0.5E= 0.60= LFERsiTH o]9f 7o
= 7F AlBe] pH7F S7HeE Ak vl st L
o] A7HETE o ¥ xE L}E‘rk‘i tl, ¢l Kim
& Kim (2009)_,] Ao wEw G724k ko] AL u)
EFS AAHoZ Ad Aw) %O}L Aot A3k
O™ Lee et al. (2011)2] =u] Al e B 2 A& F29]
Al A=l 023-0765 T £ Mg Alggel] §
FE f71F 2 vER o dFgoz o] {o%9l

Al =2

2}o]l & Jehll= Ao 2 Bl

7HeA LPEELS PYERZ(CON)O| 11.72, HIE E3E
5%<2 B0.1< 1252, HIE E3FE 13%<2 B0.32 1242
a8 HE EFE 20%2] B0.5E 12.128 et H]

Eztzdo] A7IER] e UlxTe] /M 1R I

pE g Zo] b IYA T, HE EFE %] Bo.1o] P =
7HEA R $EE Bolm B0.1>B0.3>B0.5>CON
Olatetd £ TO2 EUTh o]#e AFE Lee et al. (2011 U
pH, F4E, % 7184 2YE 574 A Y 9 A F2o) B w9 11.2-17.69
Az EF F2 A8 pH FUE R/ T mws) noke w AurE 2HeH TR FF 89 )
Fis ST A= Table 29 221t o &at= Ao 2 VElytT)
pHe ZHZF tlZ7(CON)°] 5.14, H|E E3E 5%
B0.1& 5.17, M|1E E3& 13%°] B0.32 523, g3l H] A
E Z%E 20%2 B0.5= 5272 HE H7tego] F71Es A 23 &3 F2 A8 MLEE Table 33+ 294t}
& foH oz Frtste FAH1E UEFATH(p<0.001). HEE HE #A7HEo] 0% tEE(CON)o] 7H =9k
o= #EHES} AbF20] T H| & e HAFL H|E #H7}go] wlgsle] 71Asl=s 202 Holt) o=
o] F4 54 9 FAst 4] Aol HIE EdEC]l Park (2019)9] FEH|ESH AbFEe] E§HH] o] wE
Table 2. pH, acidity and soluble solid contents of apple and carrot mixed Juice with different amounts of beet
CON" BO.1 B0.3 B0.5 F value p value
pH 5.14£0.0322% 5.17+0.008° 5.23+0.003" 5.27+0.003° 63.984™" .000
Acidity 0.83+0.0572) 0.76+0.057% 0.70+0.000° 0.60+0.000° 17.833™ .001
Soluble solid contents 11.72+0.0449<) 12.52+0.109* 12.42+0.228° 12.12+0.083° 35.388" .000
YAbbreviation are referred Table 1.
YAll values are Mean+S.D. (n=3).
i;l\ﬁ;i%igoll) with different superscript within a row (*°) are significantly different (p<0.05) by Duncan's multiple range test.
Table 3. Hunter’s color values of apple and carrot mixed Juice with different amounts of beet
Samples” CON B0.1 B0.3 B0.5 F value p value
L 24.38+0.258% 19.50+0.187" 17.54+0.230° 15.54+0.270" 1,259.275™ .000
Colors a 8.28+1.025° 6.80+0.412" 4.42+0.476° 2.40+0.141¢ 91.637™ .000
b 4.52+1.314* 0.28+0.238" -1.34+0.378° -2.16+0.384°¢ 85.293™" .000

Y Abbreviation are referred Table 1.
YAll values are Mean£S.D. (n=3)

IMean+S.D. with different superscript within a row (*9) are significantly different (»<0.05) by Duncan's multiple range test.

99<0.001



HAF20] WEo FARE e BT Ao A
Ex HEF 24 A7Fgo] oA adte FAE A
=, ol HEFo] H/HETSE ANrt Frtete A
L= 24 thE Park (2019)8 A7A S} BluPS
) FHEE B AS gHe Algel g2o] HUHESE
= o= Aot FARIAIEE B EFC] HMEFE A
AME7F F 71 Ael= ASHA] estth. ©l= Son
et al. (2008)°] _HJLUL HEZS H713F g 20 A
= ZAA YERd AellA] HE §iFo] mold 4 E 7t
Adte G A A3E B o, HE FEol
oS FUtsle AT Adaels ke A9E

Bl =] 7]—Eko] Z71s 8 ZJAHEQ]_ %]_)\_1,1_1;_7} ‘IT*/]
asgltky wase ol @ st 2de £
A3 APAEEC] Ax F SR 2 Eitslo] &
R wEmas Aol asll Askel S & Arel
Aok e o AxAd F ueel wug
A QR o) YL we Aoz Andr.

oL

¢

Bt
Eblitt kAR Kang et al. (2014)2] A7olA ZEA g
qo 2

o

=y

oo

AZG G T2 AR Aoldf FHFE Table 4

Z(CON)°] 0.17 mg/L, Y]

EE 5% B0.12 Omg/L H]E :Q?ﬂ—% 13%4

0.18mg/Li BO.]A é}o]/g_ﬂ_ @tho] N = Zi—o—i
VERLTHp<0.001). o= A AFe HdFe] Ao)ds 3
ZFS A3 Hwang et al. (1996)2] 219} vlws) gL
w @ 3.16mg/L, AlF 1.5mg/l Bt} We Ao)Ad

Table 4. Dieatary fiber content of apple and carrot mixed Juice
with different amounts of beet (wet basis, unit; mg/L)

Samples” Dietary fiver content
CON 0.17+0.01*
BO.1 0.20+0.01°
B0.3 0.18+0.01*
B0.5 0.18+0.00*

Y Abbreviation are referred Table 1.

YAll values are Mean+S.D.

MeantS.D. with different superscript within a column (*") are signifi-
cantly different (»<0.05) by Duncan's multiple range test.

Table 5. Minenal content of apple and carrot mixed Juice with different amounts of beet

t Lol ARE Axsts
S, e SN At T, S| Sl @sle]
e el Holdq7t £48 Row Aadr,

59 7714 T EFS Table 59
ZH(CON)S] F714 oA (Zn)
0.857 mg/L, ¥7+(Mn)2 0249 mg/L, H(Fe)= 0.286
mg/L, ¢1(P) 181.179 mg/L, Z4(Ca)S 82.544 mg/L,
UEHFNa)S 144.759 mg/L, vF2UlH(Mg)S 41.857 mg/
L, ZF([K)S 1778.327 mg/LoZ UElyit) HE &35
5%2] B0.1¢] H712 o} (Zn)S 0.205 mg/L, %7HMn)
€ 0352 mgL, (Fe)= 0203 mg/L, ¢(P)S 222478
mg/L, Z-4(Ca)S 32426 mgL, YEFNa)S 262.716
mg/L, vF2UlFMg)S 99.694 mg/L, ZHE(K)S 2140.606
mg/Le 2 YEltth HE E3E 13%<] B0.39 713
o}1(ZnyS 0.231 mg/L, ¥7HMn)2 1.785 mg/L, E (Fe)=
0.087 mg/L, <U(P)S 262.656 mg/L, Z#(Ca)S 56.537
mg/L, EHFNayS 220.589 mg/L, vF2ul4(Mg)S 90.261
mg/L, ZE(K)S 2237.939 mg/LO 2 UElytth v E &3
£ 20%%] B0.5¢ F714 o}d(Zn)2 0.271 mg/L, &7t
(Mn)& 2,614 mg/L, E(Fe)= 0.093 mg/L, 2(P) 183.342
mg/L, Z%(Ca) 30.214 mg/L, Y EFNa)S 228.576
mg/L, PF2U5(Mg)S 101.689 mg/L, Z-F(K)S 2,346.611
mg/LE 2 YEFTH

o]+ Kim et al. (2007)2] AFolA A& Az )2
o #7114 FEFH tha Aol UAT B IS
ol Ao R UElHTE & Al o] Ak, B, H o H
Ef] st 71 At bE AFEE] A Aol
= 7t A REC] AFE FH7T ofd &S EA st A

o
= >

AHI

FU

P Agd. Axd &9 F2

A
o 714 % T oFd(@n),

A B Z(Fe), Z4(Ca)y
ZFH(CON)el 7 &9kow, Wk Mn), »F21ul&(Mg),
%%(K)ﬂ B0.57} 7H¢ =43, YEFENa)Z APy 7t

Z} B0.13} B0.3 F+27F 718 =7 YRS T

T2 Table 69} 7ol =}

(unit: mg/L)

Samples Zn Mn Fe P

Ca Na Mg K

CON  0.857+0.004¢ 0.249+0.002°
B0.1  0.205+0.001* 0.352+0.002°
B0.3  0.231+0.002° 1.785+0.010°
B0.5  0.271£0.002° 2.614+0.012°

0.286+0.001¢ 181.179+2.715*
0.203+0.001¢ 222.478+6.240° 32.426+0.177° 262.71642.004°
0.087+0.001* 262.656+0.376°
0.093+0.001° 183.342+2.314¢

82.544+0.901 144.759+1.985*  41.857+0.230* 1,778.327+21.624*
99.694+0.420° 2,140.606+49.992°
56.537+0.184° 220.589+0.815°  90.261+0.270° 2,237.939+6.192¢
30.21440.036* 228.576+0.219° 101.689+0.115¢ 2,346.611+4.321¢

Y Abbreviation are referred Table 1.
PAll values are Mean£S.D. (n=3)

IMean+S.D. with different superscript within a column (*¢) are significantly different (»<0.05) by Duncan's multiple range test.

950,001
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Table 6. Free sugars content of apple and carrot mixed Juice with different amounts of beet

Samples” Sucrose Glucose Fructose mannitol sorbitol
CON 40,993.12+130.82° 26,302.80+91.95 44,600.15+34.44° 185.85+8.41° 2,045.09+33.51°¢
BO.1 43,782.49+214.73° 26,606.66+77.46 44,694.21+£157.44¢ 179.06+11.33° 2,067.15+44.58¢
B0.3 44,246.88+88.86° 24,721.31£13.07 41,467.70+54.25° 175.3512.57% 1,908.47+18.66°
B0.5 44,849.43+333.61¢ 23,054.32+184.08 38,403.62+227.33¢ 157.63+7.74* 1,743.21+£23.13°

YAbbreviation are referred Table 1.
PAll values are Mean£S.D. (n=3)

9MeantS.D. with different superscript within a column (*%) are significantly different (»<0.05) by Duncan's multiple range test.

9*9<0.001

F(sucrose), =T (glucose), T (fructose), "FE(mgn-
nitol)3} A2 1] E(sorbitol)S =74 ;}"31’4— tZ1H(CON)9
FE e A 40,993.12 mg/l, E=9F 26,302.80 mg/L,
I 44,600.15 mg/L, TUE 185.85 mg/L, L3l AEH]
£ 2,045.09 mg/LE YEFT =3 B0.19] R3S AT
4378249 mg/L, EEF 26,606.66 mg/L, T 44,649.21
mg/L, YIS 179.06 mg/L, 283 AEH|E 2,067.15 mg/
LE vebstth

T3k B0.39 frEle2 A 44,246.88 mg/lL, =T
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Fig. 1. DPPH radical scavenging activities of apple and carrot
mixed Juice with different amounts of beet. CON: red beet
extract 0%, B0.1: red beet extract 5%, B0.3: red beet extract 13%,
BO0.5: red beet extract 20%. Each value is MeantS.D. Values with
different letters above the bars are significantly different at p<0.05
according to Duncan’s multiple range test.

DPPH radical scavenging activity(%)

40
35.32
m Total phenol 33.06b C 35.19¢
-
o 30 26.86a
<
'—
2
e 20 I
o
<
a
©
< 10 [
}_
0
BO.1 B0.3 B0.5

Fig 2. Total polyphenol of apple and carrot mixed Juice with
different amounts of beet. CON: red beet extract 0%, B0.1: red
beet extract 5%, B0.3: red beet extract 13%, B0.5: red beet extract
20%. Each value is Mean+S.D. Values with different letters above
the bars are significantly different at p<0.05 according to Duncan’s
multiple range test.
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