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Abstract

Four types of mixed citrus and carrot juice (CCJ) were prepared with citrus—pressed juice and cake, and carrot—
pressed juice. Their physicochemical properties and antioxidative activities were investigated. The four types
of juices were created using different ratios of citrus—pressed juice, carrot—-pressed juice, citrus—pressed cake,
and additives. The mixing ratios of the four CCJ were as follows (all ratios given in the order of citrus—pressed
juice : carrot—pressed juice : citrus—pressed cake : additives; 70:30:0:0 for CCJ-1, 65:30:0:5 for CCJ-2, 65:30:5:0
for CCJ-3, and 60:30:10:0 for CCJ-4. Acidity was low in CCJ-3 and -4 at 0.82 and 0.80, respectively, compared
with 0.95 in CCJ-1. The fructose, glucose, and sucrose content was 2.11~5.76 g/100 g, 1.20~2.75 g/100 g, and
3.00~4.21 g/100 g, respectively. Total phenolic content was 1.17 and 1.22 times high as 863 and 898 mg% in
CCJ-3 and -4, respectively, compared with 735 mg% in CCJ-1. DPPH radical scavenging activities of methanol

extracts of CCJ-3 and -4 were 3.05 and 3.29 times as high as 58.7% and 63.3%, respectively, compared with

19.2% in CCJ-1. Superoxide anion scavenging activities were also 1.67 and 1.80 times higher in CCJ-3 and

-4 than that of CCJ-1. Inhibition of NO production in methanol extracts of CCJ-4 were 1.15 and 1.57 times
as high as 20.9% and 28.5%, respectively, compared with 18.2% in CCJ-1. Based on the sensory evaluation,

CCJ-3 was more preferable in terms of color, flavor, taste, and overall preference than CCJ-1, -2, and -4. It
was concluded that CCJ-3 made with 65% citrus—pressed juice, 30% carrot-pressed juice, and 5% citrus—pressed

cake were high in antioxidative activity and the inhibition of NO production, and more preferable in terms of

sensory attributes.
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27t At 35 A9E AgE = vl A 24
AbAZ(reactive oxygen species)2 Ao EA)3t= su-
peroxide dismutase, catalase, glutathione peroxidase &3
22 kst ado) o AAHA X A ASEEY A
7F AR E =, A AEd s AEEY R A H o)dEs
ZH 3t =35 HES 74F AW Yloz A3}
welA o] s BANAEFTES AASY] HsA
oA A datsl SAS zhe AJEC] TR A ES ol
AHE 87k Jdoa-3).

T A ge] A7stE S/ 2 AAE 7HEAF
AHe A884E 3 5 AU F48 d9e=
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75 kgs AATE 2L 50% %%5—‘.%‘1}% Kdg=inns
JATE L1(EFE 5 kgd HAF 5 L)i
Z U (HCM-8500, (F)eHd&A7IADE =
=g 3205 kgs FAPLE tl.‘-‘ﬂé}oq 2o
234 kg Aoy, FEHFL 524571 (HCM-12500,
(FFARARZAZNAZ B & 2afryg 22 F
25N 194 kg #EF9F 1031 kgS AT 42
15 kg¥ &7]9] Yo Y5 (-20°C) 2%
TdFE AxE AEE ARSI
232 T2 duAR(ISHAADE B3t B2
N M7 HFE 30%E DHYAA L, FEEAFAS
%= 2gsti YA E 50% FE2EE,
charides, Samyang genex Co., Ltd., Seoul, Korea), vitamin
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Table 1. Mixing ratio (%) of citrus and carrot mixed juice

Code of citrus and carrot mixed juice

Materials CCJ-1 CCJ2 CCJ3 CCl4
Citrus pressed juice 70 65 65 60
Carrot pressed juice 30 30 30 30
50% citrus press cake” — — 5 10
Oligosaccharides — 4.45 — —
Others” - 0.55 - -
Total 100 100 100 100

})50% Citrus press cake: citrus press cake and water (1:1).
?Others: vitamin C 0.05%, citric acid 0.1%, and water 0.4%.

Genex Co., Ltd.), AAFE H7isle] £33 F 85°CollA
15% & F252(F578, A7E, ghap)ollA Adsta
a2 WZAAA 1Y A AEFS A=A HTable 1).

ZEFd GEHEN, 50% FEFFA, 419 AAE
2 A FF29 F ZEHE 2 ZetR o= 33 DPPH
2] Z, superoxide anion ¥ 4H8} A A (NO) 4A &4 4
< 9% FEE ANEE TE1E & A= 10 gofl 200 mLe]
80% methanolS 7}8}e] Z5-3H(Crest #1875, Crest Ultra-
sonics, Trenton, NJ, USA)Z 1A 33] &3 & A H
S A E=(EYELA, Tokyo Japan)3le] &wjE A A
TADAZ AT 2 F 449 AAZE DS ethanol:
PBS(phosphate buffered saline)(1:1)Z 100 mg/mL7} E &=
& Azxste] EAAEE ARESIATH

5
n

AL et ZFe ATt T
R AANFEY, ZANS JdH
< Kjeldah"] 2. 2 #2315t} pHE Al
10 goll = 10 mLE 7}ste] & wwket & pH meter
(Mettler Toledo Bedford, MA, USA)E o]&3lod Z4319
o} 9= TFE=A(N-1, Atago, Tokyo, Japan)ES A3}

¢ BN o

—{ (
e
2
N oY
ru‘,
.

=A%l 1, A== 0.1 N NaOHE A A3} citric acid®
et & 4 ]”o FFe FAUAE AA 2L
A8 & AOAC "H(16)S o] &3ty =87 Ao dfet &
|4 2ol dfy s %— 2ol df stEo 2 el Ao
BEE AEL 33 vtE Sl Hu ez e
g 24
FeEl7 FEFE A8 3 goll 80% EtOH 60 mLE 7131

6A1Z E%ﬁjr FZ(33)) 3tk
2 X3 v} Sep-Pak Cl18 cartridges
(Waters, Mllford, MA, USA)E 5 34A1A 0.45 pm mem-
brane filter(Woongki Science Co., Ltd., Seoul, Korea)Z ]
73+ A& HPLC(Waters 2695)% #4319t #2l3 &4
2 Preval™ Carbohydrate ES(4.6x250 mm, 5 pm, Grace,
Deerfield, IL, USA) 243 AHE-8to] ELSDE HE& skl e
H, o] 54 2= acetonitrile™} FFHFTE 7322 &3

OTITT =
£ 08mLe £EZ o]FAATE FT FFL TEER

223 ARAe B4
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AZz3 ZTFEZ(fructose, glucose, sucrose)(Sigma, St.
Louis, MO, USA)& HPLCZ E43le] d& mx34doe=
FE st

= 0z g2 & ZelELro|E s2F =X
FE2E9 = HE g2 Folin-Denis $HHo 2 =434
(17). A1 F9(1 mg/mL) 100 pL¥} &7F4 900 uL& &

3}38}a1, Folin-Ciocalteau’s phenol reagent 100 uL& 7}8l<
Z 4L F 5E Aol WS AIATE o] &l 20%
NaxCOs 300 uL& 9o &3t o3 S/HFE 718t 2 mL
2 Z2AYT o] £AE 23°Coll A 2412 3 WA g &
760 nmol A FRES =4 }93"7 tannic acid(1 mg/mL)E
o] &3k 74‘“/“*4 Hlwsle] & #Hs FFs AEsAT
= ZgH ol ke /\]Eoﬂ diethyleneglycol 2 mL,
1 N NaOH 20 pL& 7}k v 37°C @220 143

WX T 420 nmoll A EREE =P o] ) TFE
AZ rutin(Sigma)< ©] 43t 23 AFA Hlwslo
F T eolE FFE AEdAon, o] 33 wHE 574

AT

DPPH 2fC|Z e &3

Al8¢] DPPH #HZ &2AE44-2 Blois "HU8)S &3t
HEyste =3 = A8 100 L 1,1- dlphenyl 2-
picrylhydrazyl(DPPH)(Sigma)S W &-29 100 uMe] =
2 %9 DPPH €9 900 pL& ¥ir £33t ’\]-9—(01'/\])011
A 30E-7F W3 o 517 nmoll A R EE A3 o,
NZzFo 2= 2E3EA|Ql L-ascorbic acid, BHA, trolox
(Sigma)E AFE31 2™, DPPH radical &7 &A1& ol&f 2}
Zo] Akt

A—B

% DPPH= TXIOC

A: Absorbance of the control

4

B: Absorbance of the sample

Superoxide anion &~7H&H =X

Superoxide anion &7 &4-& PMS/NADH system< ©]

{3t WA E superoxide aniond] %S NBT sdyog
517 nmol A &33ATH19). ¥H-s-A-2 2+ AlJ 50 Lol 125
uM NADH<®} 63 uMe] NBTE PBS(pH 8.4) 150 pLol] 2
&35kl & 8 uMe] PMS 100 plS 713} superoxide A8 A
S F =319} Superoxide anion AA AL Z+zE A
superoxide®] FFEE A|BE 7}3}A && Z2F9} vl
st AN B HE(%)Z YEFH AT tHET 2 2F L-ascor-
bic acid, trolox, quercetin(Sigma)S A&3t.oH, 33 1t
& A8

MZ=43} nitric 0xide(NO) A Xslils =5
A& oll AF8-3F Al E = murine macrophage cell line, RAW
2647 M EZ 3= A EF-23) (Korean Cell Line Bank, Seoul,

fols

Korea)oll 4] T+43FR2H, 10% fetal bovine serum(FBS)z}
100 unit/mL penicillin-streptomycin(GIBCO Inc., Grand
Island, NY, USA)o] 3% Dulbecco’s Modified Eagle
Medium(DMEM, GIBCO Inc.) A& A}8-3te] 37°C, 5%
CO; &=71oA HlFstaAtt.

MEZA AFE 96 well plated] DMEM Hl X & 4] s}
o] RAW 264.7(1x10° cells/mL) MEZ Q31 18417 v &
5 o8] 714 329 A8 9} LPSipopolysaccharide, Sigma)
100 ng/mLE 7k & A w3 FLaHA 2443 1)
sl 28l WST-1(EZ-CyTox enhanced cell via-
bility assay Kkit; DaeilLab Service, Seoul, Korea) assay &
o]-g3te] AEZAEES 33 wHE 434 74 A5 F
o e FEEE AT F 2T FF=9 Blulsty
RAW 264.7 A3zl Uigt A5 MX 54 AT E H738)

01

NO 474 A#l5e RAW 264.7 AlZZ 1x10° cells/mLE
ZA3 % 96 well plated] FF3t1 o] 71A] w59 A8
£ 1A17F B2 A8 g & LPS 100 ng/mLE 7}8}d 24217
ksl & A E NOS Griess A oFS o] &3] =331
ot &, AEZu A5 100 pL# Griess A1 1% (w/v)
sulfanilamide, 0.1%6 N—(1—naphthyl)ethylenedlamme in 2.5
(v/v) phosphoric ac1d] 100 uL& E£33Fod 96 well plateol] A
10% &<k ¥h-gA171 + 530 nm0ﬂ"1 FEEE Fs9eH,
A= NO«] %2 sodium nitrite(NaNO») 2] 7 &4 3} 8w

ad Fdista

Arasly|EgAAE Y 208 S Auste] @5 @A

TJF%J' 7].%45&& o H]E% A1Z1 & A A (color), F(flavor),
1:

ol = (overall preference)ol thale] <=
StAL.M, H7F A= 5% FEAA F24

AY A EAA = Window-8 SAS(Statistical Anal-
ysis System) 8.0 version(SAS Institute, Cary, NC, USA)S
o] &3] ANOVA®Y Duncan’s multiple range test<}
Student’s9] t-test®Z F3P3lAct EAEAN A= HH 2
BEFAAZ AR oH, 2 A3 Fo]H0 Aole
p<0.0591 4 A=t}



Table 2. General composition of citrus and carrot mixed juice
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Citrus and carrot mixed juice

Component cCj1 CCJ2 cCl 3 cCr4
Moisture (%) 91.26+0.10 88.80+0.15" 91.38+0.06" 91.23+0.01°
Carbohydrates (%) 7.67+0.03" 10.2340.16 7.64+0.06 7.71+0.05"
Crude protein (%) 0.60+0.06™ 0.54+0.00° 0.58+0.00™ 0.63+0.05"
Crude lipid (%) 0.07+0.02° 0.04+0.01° 0.040.00" 0.03+0.01"
Crude ash (%) 0.4040.02" 0.3840.02" 0.37+0.02 0.3940.02"
pH 3.69 3.70 3.80 3.84
°Brix 125 13.1 11.0 11.2
Acidity (%) 0.95 0.87 0.82 0.80
°Brix/acidity 13.1 15.0 13.4 14.0
Total dietary fiber (%) 0.258+0.014 0.319+0.013" 0.265+0.013" 0.285+0.016

The data were expressed as mean+SD of three determinations.

The same letters in each column are not significantly different at the 5% level using Duncan’s multiple range p<0.05 in ANOVA

test.
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= FFetd AAsE HUbste 2R &
20 5~10% H7Fstar, gk F29 FHE
Q3] H7FE=E vitamin C, citric acid, oligosaccharides=
78t AAFE A2 F(Table 1), A9 TFF29
0|88ty 545 43U tHTable 2). % F&e g &
g FZAT 50% 2HFRZFES HU)EE A Zﬂ%(CCJ*l, 3,
DolX e ¢ 91%= TRy, ST F F7H=ES A
7Fg Al A F(CCJ-2)d A= <F 88%E *dtt. &sE 3
g g 9 9 AF5AY 50% EAF-S MUk AlA
F(CCJ-1, 3, DX = < 76%2 FL3AoY, ST
HA7HES 718 Al AIE(CCI-2) A= 102% = =3 H
ae 054~063%, =AW 0.03~0.07%, =3I
37~0.40% =] AA

pHE 50% ZE&RFuE H7He A AIF(CCI-3, 4)°] 2
7} 3.803 3.84% H7IsHA] &e AJAF(CCJ-1)9] 3.69xt}
=3tk BEE SEugS HA7EgE AAE(CCI-2)0] 131
‘BrixZ 7Fg =to ™, YR AlAEL ¢F 11.0~125Brix
€ YEMAT AEE 50% AEEFES Wb AAE
(CCJ-3, 4)°] Z+z} 0.829} 0.802.2 H7}38FA] &S AlAF
(CCJ-14] 0958 Sttt & Aol df 32 50% 78
2tEuS Y713k AlA|E(CCJ-3, 4)°] "71eHA] &8 AlA1 =
(CCJ-1DET 103%<} 110% =3y FAHSZ f94o]
ARt

Lee 5(20) =2k vttt g9 3o FTE=R

10
~11°BrixZ ®lIS28lal, Al #E Al e AEFLF 5, 3
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Table 3. Free sugars content of citrus and carrot mixed juice

2 I4}FSEY FEE 12~13Brix, ¥ AFSF

TE 11~15°Brix® g 9530 1~3°Brix o,

AREFL 89 AEE 09~1.09%2 VEGTI T B uste]

E AFME FEdT EFF29 4271 0.80~0.95

%E Tha Wk, ol S2FF RS 30% s 7] u
<l =

Table 3& 232 EFF29 fred TS Yl
gt G839 FFL fructose”’} 2.11~5.76 /100 g, glucose
7} 1.20~2.75 g/100 g, sucrose’} 3.00~4.21 g/100 g &,
53] fructose Tl A B2 AHolE YEINSITE 50% &
ZZuks H7 kA e AlAE(CCJ-1)& fructoset glu-
cosed] FFol E2 WA, 50% HEAFES AU A AFE
(CCJ-3, )& 23 @& YE &= sucroses Bol &
g Ao =R Hol, 50% FEAFES HUlehd Tk flojA
T F4o] 5% AeE FHHAUG

Song SC2DHE #AEHFY F2lT T2 sucrose, fruc-
tose, glucose =22 ko™ sucrose’} DA A2 F9
449~66.0%% 714 ol g5 o] AU fructosest glu-
cose= 247} 175~30.1%%}F 15.7~25.7% 5o A<
Budat Lee 5Q20% HEEEHNA S g4t Az 7+

F29 AT FET FHFS E4% A7 sucrose,
fructose, glucose’} A& E RA=Hl, sucrose’} A F29
9] 63.7% ~71.5%, fructose’} 10.0~15.8%, glucose”} 18.1
~21.2%%ka BHastty & APA FE2E 30%9

(g/100 g)

Citrus and carrot mixed juice

Component CCI1 CCJ2 CCJ3 cCr4

Fructose 3.38+1.88" (41.6%) 5.76+0.05" (46.8%) 2.214002° (288%) 2.114001° (28.6%)
Glucose 1744077 (215%) 2.75£0.04" (22.4%) 1.2440.02° (16.3%) 1.2040.01° (16.3%)
Sucrose 3004154 (36.9%) 3.79+0.06" (30.8%) 421+0.11° (54.9%) 4074003 (55.1%)
Total 8.13+3.44" ( 100%) 12.3120.15° ( 100%) 7.67+0.14 ( 100%) 7.38+0.03" ( 100%)

The data were expressed as mean+SD of three determinations.

The same letters in each column are not significantly different at the 5% level using Duncan’s multiple range p<0.05 in ANOVA

test.
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Table 4. Content of total phenolics and total flavonoids in

foi

Table 5. DPPH radical scavenging activity of citrus and car-

citrus and carrot mixed juice (mg%) rot mixed juice
. Total phenolic Total flavonoid DPPH radical scavenging activity
Sample - -
content content Sample Scavenging ICx" (ng/mL)
Citrus pressed juice 720+1 187.0+1.1 activity (%) ©owe
Carrot pressed juice 42849 82.7£2.2 At 2,500 pg/mL
50% citrus press cake 979+8 2952178 Citrus pressed juice 23.6+2.3 >5,000
CCJ-1 735+8 172.7+1.1 Carrot pressed juice <5% >5,000
CCJ-2 75619 122.5+0.1 50% Citrus press cake 29.0+2.7 4,837.6+139.7
CCJ-3 863+9 207.7+1.1 CCJ-1 19.2+1.9 >5,000
CCJ-4 898+12 224.4+0.1 CCJ-2 285+1.8 4,841.3+£77.8
Commercial citrus juice 591+1 9794+1.1 CCJ-3 58.7+0.1 2,037.0+7.0
Commercial carrot juice 45448 295.2+7.8 CCJ-4 63.3+0.1 1,844.846.9
Commercial citrus juice 14.84+0.7 >5,000
Commercial carrot juice 24.04+0.9 >5,000
DFAZNG (0~70%2 Delste] A2 EFF2ME At 50 pg/mL
° I AR R R T A =1 Ascorbic acid 92.6+0.1 10.0+0.1
1ok AR frele TE XS A Butylated hydroxy anisol 92.54+0.3 12.3+0.1
= Trolox 80.5+1.0 22.1+£0.1

2 = UeEhi it 7‘%”
= ?j’—zr./:oﬂﬁt 50(V 7L§L7——‘}%‘1}% A7 e A AE
CCJ-33 CCJ-49) & = IS 72t 863 mg% 898 mg
%=, 50% FEFHFEE HUMekAl &8 AAIEQ] CCI-1
(736 mg%) Rt} 24zt 1173} 1.228) =ko v, A|d a5~
(591 mg%) B 247} 1463} 1.514) =3kt
Z ZgHyolE gge 7FRZdy gazr=do] 7t
7y 187 mg%<}t 82 mg%ol A=t 50% g &FH-2 295
mg%E 7HY =& TS YEldY. AEdT EFF200
M= 50% HERFEE 7R AlAIE]] CCJ-3% CCJ-4
9 F FHEEolE FFL 47 2077 224 mg%E, 50%
7L§5_<]-—§—‘1}—% H7FeA] g2 AJA|EF 2] CCJ-1(172 mg%) K
b7} 129} 139 Egkoh whebd gaEaEue] A7tw
=3 & SHHE o= 15 & 7 AAT

S
N
N o
e
l

EtF29) d2k3F 438 DPPH radical® su-
peroxide anion radical®] A% 2 H7}EATH Al A ZE 9]
DPPH radical 2275 (Table 5)& A& 7+ &2A &4 9] 2}o)
7} b4 2 2500 pg/ml BEAAY 22 e T
) Z721 ascorbic acid, butylated hydroxy anisol, trolox<
E 2GS UEhlE 50 pg/mLolA o] SHAZ vE
WAtk DPPH radical 47162 2,500 pg/mLe] &%=l 4
50% ZHEAEES A7k AlAIERD CCJ-3% CCJ-47} 2
7} 58.7%%} 63.3% =, 50% A2 &EFES USR] &2 Al
AFQ CCJ-1(19.2%) Bt} 242+ 3.059F 3.298) =3k o, Al
4 EF2(148%) BT 42 3.96% 4.279) =Skt
g2 EFF2 AJAE 2] superoxide anion radical 4
743:2___%4 T3 A8 7 2AGAY zol7) MY 2 625 pg/mL
TolA e HAHAZ eI, tj2F<] ascorbic acid,

YCs values were calculated from the regression lines using
thirteen different concentrations in triplicate experiments.

trolox, quercetin® Al &9} FAFSE 84S YEl = 100 pg/
mLAlA 9] A X Z YERH Y. Superoxide anion radical
A2AGARE 50% FEAFES HUbe AlAE CCJ-3%
CCJ-47} Z+7t 59.2%9} 63.8% &, 50% HEAFHE HA7ts}
A k& AJAFQ] CCJ-1(35.3%) 2t} Z+zF 1,673 1.800) =
fom, Al# ZEF(320%)EtE 1.859F 2.08 =g
(Table 6).

SHA 50% ZEEFER AeE F ds gEFe] 979 mg%
2 7% &¢koy DPPH radical® superoxide anion radical
AAGELE 38 BA @2 wH, ST AAEFS e
FAde FEAFAT 50% FEAFHS HAMEoEZH 3
Abs gAdo) T

=
R
I3 FERF ) FRH 9

ot

B §29=Y)
F, FHFY 1

g
A
2

RE 7] FEAG 7

Table 6. Superoxide radical scavenging activity of citrus and
carrot mixed juice

Superoxide radical scavenging
activity (%)

Scavenging b
activity (%) 1C»  (ug/mL)

At 625 pg/mL

Sample

Citrus pressed juice 38.7+0.5 824.0+30.1
Carrot pressed juice 6.0+1.0 >5,000
50% citrus press cake 37.2+0.1 >5,000
CCJ-1 35.3+1.5 869.3+26.2
CCJ-2 40.2+1.2 779.44+9.6
CCJ-3 59.2+0.3 4735489
CCJ-4 63.84+0.6 415.140.1
Commercial citrus juice 32.0+£0.2 1,022.54+27.4
Commercial carrot juice 249+1.7 >5,000
At 100 pg/mL

Ascorbic acid 60.5+2.1 69.6+2.4
Trolox 21.9+1.7 333.0+5.7
Quercetin 33.7+0.1 228.8+17.1

”ICgo values were calculated from regression lines using thir—
teen different concentrations in triplicate experiments.



Table 7. Cell toxicity and inhibition of NO production of cit—

A 54 9 s Ea 603

Table 8. Sensory evaluation test (average value) of citrus

rus and carrot mixed juice in LPS-induced RAW 264.7 cell and carrot mixed juice (=20)
Median lethal NO inhibition Attributes Citrus and carrot mixed juice

sample (TC C01qc‘/ L) ( lO(gSA ) /mL) cCrl Sl cers cerd

| _ s, ug/ml) (at 1,000 pg/m Color 2.25" 315 1.85° 275"
Citrus pressed ].u{ce >1000 9.845.1 Flavor 2.751) 3.20° 1.65" 2_40b
Caorrot. pressed juice >1000 35.340.3 Taste 2.50° 2.10° 2.45 2.95
90% citrus press cake ~1000 12.2+0.1 Overall preference 260" 280"  190° 270"
CCJ-1 >1000 18.2+0.1 - o~ -
CCJ-2 >1000 23.941.1 Same letters (a—d) in each column are not significantly differ—
CCJ-3 ~1000 20:910:9 ent at the 5% level using Duncan’s multiple range p<0.05 in
CCJ-4 >1000 285+2.6 ANOVA test.
Commercial citrus juice >1000 151442 Lower score indicates more preference.
Commercial carrot juice >1000 22.01+0.2
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CCJ-33 CCJ-47} Z+2t 863 mg%# 898 mg% = CCJ-1(735
mg%) Bt} z+zt 11782} 1.224) E=9kth. DPPH radical 47
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E=%th Superoxide anion radical AAZAE CCJ-33
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