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Comparison of antioxidant activity and prevention of lymphocyte DNA damage by
fruit and vegetable juices marketed in Korea*

Cho, Miran - Lee, Hye-Jin - Kang, Myung-Hee - Min, Hyesunlr
Department of Food & Nutrition, Hannam University, Daejeon 34124, Korea

ABSTRACT

Purpose: Fruit and vegetable juices are known to be rich sources of antioxidants, which have beneficial effects on diseases
caused by oxidative stress, The purpose of this study was to directly compare the antioxidant activities of fruit and
vegetable juices marketed in Korea, Methods: We analyzed four fruit juices, two vegetable juices, two yellow—green juices,
and six mixed vegetable juices, Antioxidant activities were analyzed using 2,2—diphenyl—1—picrylhydrazyl (DPPH) test, 2,2'-
azino—bis(3—ethylbenzothiazoline—6—sulphonate) (ABTS) test, and oxygen radical absorbance capacity (ORAC) assay.
Protective effects against DNA damage were determined using an ex vivo comet assay with human lymphocytes, Results:
DPPH radical scavenging activities were in the following order: blugberry juice ) mixed vegetable C juice ) kale juice )
mixed vegetable P juice ) grape juice, ABTS radical scavenging activities were in the following order: blugberry juice )
mixed vegetable C juice ) grape juice ) mixed vegetable P juice ) kale juice. Peroxyl radical scavenging activities as
assessed by ORAC assay were in the following order: blueberry juice ) kale juice ) mixed vegetable C juice ) grape juice,
Grape or blueberry juice showed strong abilities to prevent DNA damage in lymphocytes, and the difference between them
was not significant according to the GSTM1/GSTT1 genotype. Conclusion: Antioxidant activities of fruit and vegetable juices
and ex vivo DNA protective activity increased in the order of blueberry juice, grape juice, and kale juice, although the
rankings were slightly different, Therefore, these juices rich in polyphenols and flavonoids deserve more attention for their

high antioxidant capacity.

KEY WORDS: fruit juice, vegetable juice, blueberry juice, antioxidant activity, comet assay

M E

3

s en GHos 9 A
1 9530 9ol itk A ulmA Q
| s glek S Ak FLelE BF, G,
HIER, A B S SE o] BRslel AsleEd
22 FoiFa, 8% A4 WA, B Ak, A4 W7
279 Q) PPy 28 £92 FE A0 Bugw
itk B3} Ak 4o e AYFAANE sk
QA 2§ 71He Fu3) FHEA gkort He

C, ZizEeol= Se] P} MR EsliEe) 4
24 shsat F4o] F23 8lo A7ET Yo, uj
Az AR FhEe] = Fel HAT G B
BAol 2L Ao FeA ok 53] Bt AHze)
}1_;1] :?g_r/\% AR~ u1 §L/H ;d/\oﬂ _,]@—_ f:/\]- —ETH 174
& WESFE vET @ A AT P 51
7h G Basw Qo 4 mag S Aduhl
k& AAN7)T DNAS &o2re] nashe P8
4o Eob HAWALS, ¢ 5 WA BINBL
= 230 |2 g wasln RIEte
Tzt o] 7A%FR FI} whEIAEN vl f

wE

Received: November 25, 2016 / Revised: December 22, 2016 / Accepted: January 16, 2017
*This research was supported by 2015 Hannam University Research Funds.

"To whom correspondence should be addressed.
tel: +82-42-629-8792, e-mail: hsmin@hnu.kr

© 2017 The Korean Nutrition Society

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creative-
commons.org/licenses/by-nc/3.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided

the original work is properly cited.



2/ N F229] kel 2 DNA &4 W] a3} vl

Y ZAEelde Al Aas TE8]) HAstkes A%
AL Stk ols =7pellME A B QR 7R %
AR L= Ak 138 ALF22 AHsIaL e
o7 ZAIL Yk’ Ao ThEEA ¥e A #
o3t At viemls Aelgd =4S ¥ Bl B
2 ARER $7E A el Al B 2
S Al 25 L3 o182 4 e gl o
2 33t A ohEF) FAF Foo) MEw R anl

o1 9 S5k 2
2 et anEel o) oY e wes
Q3] A7l 5ol s EA thgk 877} AXRA
B AR 7, S T ER T O e 7
b A ghslo] P55 AR Fkoz A
3 9leh 2008 FUALGYRAL ARl oJahd &
YU AFFE S SRR T2, TEFA TS, EVLE
o A, ARF2, TRl EF2 S wne 2
5 78 Bol AHsaL slglem o] 7kid QA
A A 50.1%5 A3 oA 7}’4 2”0
F29) Rog BuEth 0 A7 S-Euetelx Al
29 FAF/ FAE Yo S AFES T 1y
Fot 9 Ak Fag ho s olately 543 Jhs
3,1 gt s, 9EA Y2 % s 9T 58 1
waplon], E5 ot Hge] Fust Bl g A7
£ =g njeby feluelel ) A Qi ) 9 )
X Fa B2 FF) 0] Ak 84 2 3R} V)54

o the A7k Bt
AE el it B9S Ukl AgEy ARl
57} ORl] 7 JEES AR ORe w71 o)
BrAksl AL LERd & oli 3As) FAJS =43
7] SiiAE Tl PAlst Bane olgstel Puist B

SR

i

\=

l

0O

>,

:

0

il

e WAL Fsd & Aeld 226 Fhke 20l
43R Alo] FasiThM olel o) 7 7)) WAk} B
A a0 m= A3z ksl BAS HalelA) bk

7]

ofs
‘|—’

o grE & Aol Al A TR Batsh 24
E2H [DPPH radical &4 S, oxygen radical
absorbance capacity (ORAC) #49, trolox equivalent
antioxidant capacity (TEAC)l| 2]+ ‘d'/‘]@]- g4 =4H]
2 #g3lo] el AR e 1459 T F
2-9] zsp\}pjr g8 _a;ﬂ o}giouq 2-0] a}/«};} 7]1—_/\4
S =A3 B o g 33l o] 71 =) vERd )
F2~ 428 A0 Z comet BAL 52351 ex vivo DNA

£ B398 24T,

]I

l'U

_‘

rly

T

=]
B Aol ZARE T AFOA BlEE 100%
A Bk F2 shen Zelsls B9 PUo] HomA

ﬂ]%:l:goﬂﬂ] 7]&% ;](j_EL}éo] =8 F 7]-?‘]3] "?‘Ell%
2 FRlEo] o 2Hlsha g AT FoE HAusiel

AABGEE BY F2 45 (EEF2, QAXF2, w1
£, EFHETR), A F29 55 48 A T
FEF, ENESEA: 55 Ad 55, W) 55), Al
T F2 65 AEEFF2 A, B, C, Y, R, Py A8}
T 1439 F25 B4 #4918 e AR
EEHE RS vake o wHsidt. A A
& AFS AFolN TUT F BE0Z7] (PVIFSIOR,
A2, Korea)Z o83t Adl -40°C, A -60°C o]}
o] 2o =E T4 Axg & -80°Cel| BH3IHA A4
o83ttt

P

DPPH 2iC|Z A7 &4 &3

DPPH #2] }tjzt 227 &4 Chen 512 WL o
5 g3t 4319tk DPPHE sleh¥ o2 Mge
g FHZE 7R e 84 BAR ket &) 9
4 v A WFaA gioze] Y

Wl Z, A9 R} Folol] &gt fe] fold AT
SAd| o]&dtt. A|RE SR Fo TEHEE 34
& A]E 10 pLol| 120 uM DPPH/CERS- €9 190 puLE 7}
aled 37°Col|l A 308 B2t SF-{-X]3F & 517 nmol| A &%
T2 2435t A8 TEE APATE EYE 100,
500, 1,000 pg/mLZ 3]A43}e] A} g3l90m, Frda 3
A5k AR Ol FRTE H7IRE A blankE ARSI
o} 7z} 5 Z=37kS blankgkd} Hlaste] % Inhibition
Z E3 -

SR

Aggrlr

i

% Inhibition
Absorbance .01 — AbsorbanceSample

= x 100
Absorbance, .,; — Absorbance, |, .,

Oxygen radical absorbance capacity (ORAC) &8
ORAC 22 peroxyl radical®] A~A5S B45}=
Ho g fa )zl ot #3 TAE2Q fluorescein
o BA8E ZYsje] FE AT BASE eridel g
ﬁc}&ﬁ}*ﬂ#’—" Ashs WHolth. & A7ollA= Ghiselli
S160] w9 0]83}190 21, 96-well microplate (black)
o]l 75 mM phosphate bufferol] =<1 80 nM fluorescein &




ol 100 uLeF SHAIE 50 uL A EF%: 10 ug/mL)yE 4
a1 80 mM 2,2'-azobis(2-amidino-propane)dihydrochloride
(AAPH) 50 pLE F7}ste] & &3 th5 GENios fluo-
rescence plate reader (TECAN Trading AG, Switzerland)
£ ol 37°ColA 2% 3HAoR JppS SASAH
(excitation wavelength 485 nm, emission wavelength 535
nm). A|§2] ORACFS Z} A|59] &3z} blanke] &
Fk 9] ylo] ztol= ALFsAT). Trolox (6-hydroxy-
2,5,7,8-tetramethylchroman-2-carboxylic acid)g 3=
AZ ALEsiey BE Av= trolox equivalent (mM
TE)2 8408}e] UeRhg.

TEAC (trolox equivalent antioxidant capacity) ol 2|8t
BAtst 2y &Y

F229] TEACe] 913 &Hata} &432 Aruma 5172 W
ol oJ3l =43} t}. 2',2'-Azinobis(3-ethylbenzothiazline-
6-sulfonate) (ABTS)= f+2]719} WH-g-51e] Sy ® ool
9] ABTS" radicals- AAJsl=2 ABTS' &3} w}3hrkdt
F 898 vkeAA AAEE ABTS radicale] 91 Wk3-
o] oJaf ksl 79It TEAC 400 AR Al
29 = APATE EfZ 100, 500, 1,000 pg/mLE
3|Aale] ALgE10™, ABTS 89 990 pLol] X888
10 pLE 37kt 37°CollA] 63231 WhE-AIZ]HA] 734 nm
NA EFEE =3}t TEACEES troloxE 31418}
TEAR ARESI ST AFFAAES o]8st] Alkkst

At

Comet assay

Comet assayt Singh 5'8¢] WS QR F=33}o] 5238
S9! ool Al Z4A in vitro BA AT FilE} &
Aol 71 A U T2 4% (EFHETS, AAaEdT
2 C, ALSF, IEF2)s HFoE A o7& o
23} comet assay WWHOZ DNA £ iX|a¥ s =4
3t

Comet assayol] AFE-SF Jul++= glutathione S-trans-
ferase (GST) 34 TS 7IE0= 7} f-3APE= 4

Journal of Nutrition and Health (J Nutr Health) 2017; 50(1): 1 ~9 /3

TOR RSt FLAR Al o7 DNA &4 s
s ST GST= <) frall=del sl =2t
&5 Sk phase I1 842419 A} H4kst 424 3
A BES 2REELS ARAIE A8 &2
o] aslnEwz o A7lE HRBES B85
3l AYAE Boshe akolth? weby £ Age
FafF2e] Ut DNA &4 48 3s AR} 54
o] GST +%1218 DNA &4 #2835 E48190t

£ A= dEighl RB AdAE AA 9&
2 5200 A7 FAFR] 9A 5078 el sidAEe] A
HEQ) Folslol 42333199tk (IRB No. 2012-03K). ¥
o] ASFAEH LS wole Ao dEA o F

)

= AR RS tVdAE st GST A ol
71Ee® v 7HA] fRAPEE 394 F 1299 A
s HE A ANdskr] A 8AIRE o =418t
=8tk GSTMI13} GSTTI 532 Bell 5219]
N3} Pemble 52%¢) WS 7hz} o] g3le] B8t
(Table 1). 3l}Ho] X2)¥ 100 pL BFHFE HAES &
o} 3A1ZF ol JI}+-E 2] g T storage bufferel] &
Y B E -20°Coll A 3 AR Q&S 5, -80°CE &
s A7) FaL Aol A8t T

AR/ T2 AR AP T2 HAE A-s] 9@l el
HIAAE 738k 23}, 71 2 A59] % 10~1,000 pg/
mL 917} DNA &4 24 837 Jeh 7] A3k &
E9} DNA &4 7Hag37} o o) S718kA] &< <HF
SEE AT &, DNA &4 A7) A Edg
A1 H,0,5 AH-31= positive control} oA = 4]
2S}A] & negative control2] T ol &322 Alg
o] F=E A} HluTe g HEl] CE ARSI
on du|dFPo|A BIEM] C&} 459 T2 (EFHE T,
NrEFF C AYSSE, EEF2) 2571 10 ug/mLol]
A Ju DNA &3 A489E Yelleons A8 &
= 10 pg/mLoA] comet assayS =38} Th A2 H o
-5 PBSE AIXgH -, 4ks) ~E# 2ol ©J§ DNA &

o> flo o
Jfu
[e%

of 1
T

Table 1. Primer sequences used in the PCR reaction for GST genotyping

Primer Segeunce (5 —3)
GSTT1-forw. ttc ctt act ggt cct cac atc tc
GSTT1-rev. tca ccg gat cat gge cag ca GSTT1 —
GSTM1-forw. gaa ctc cct gaa aag ctaaag ¢
GSTMI-rev. ott ggg ctc aaa tat acg gtg a Globin —
B-globin-forw. caa ctt cat ccacgttcacc GSTM1—

B-globin-rev.

gaa gag cca agg aca ggt ac




4/ A F220] 418l B DNA 23 7] &9t vl

238 k7] 918l 100 uM H,0,2 4°CollA] 5B <k ut
SAIZTE. PBSZ MZg & comet assays AAI3e] )
T-¢] DNA &5 4310t

Comet assay

A7 M| AZ 2} low melting agarose gel (LMA)YS- &35}
o] Eefo|=of AR F 4°C WAarel] Bt A
o] ZoH LMAE ¢ 4 T 9& ¥, STfol=8 4589
o @7} AlEE £3)A17132L DNA oIS UATRE EoF
At AlE 837F Bt ERtol=E 7]9E Aol wid
ShaL 4°Ce] H5-8-A-E A9 2087 A7Y TS AAISHA
o 71950 B $ tris $5-8H o2 FH3] AlHEHA
om, S FAgt & PP Aol A FE3EA comet
G BT 7 AlaEs) /g2 comet image analyzing
systeme| AX|E HFEPIA EXATE A5 T
9] (10~1,000 pg/mLyE o] 43k DNA &4 A3
%= tail length kel tail %DNAZ &3] tail moment (TM)
#o = vEil. derRE o]Ed DNA 3 A&
eFste] Yyl DNA 4 J=5 24319

Xtz ol A

sl &4 AL 4 ASERE Al ¥ eS| st
of A + FFAAE TG 24 TR Fo4 HS
2 one-way #4HE4 (ANOVAYS AJ&3} F gk 78}
A3 A9l = Duncan's multiple range tests ©]-8-3}
Atk BE FA= SPSS-PC+ FAIF7]A] (version 19.0)5
o]-g-ste] Al e ettt

Z o

El

DPPH, TEAC, ORACO]| 2|st g3t 2 H

7} F22A1%2] DPPH &jtZ &A A4S 4% 29
+ Table 29} 29tt}. DPPH 2lZ &5 EFHES
2~9] 213} A7k (% inhibition)©] 99.1%= A3+ Al 7}
A2~ 7R kst 3o 71 = A UERsTE L o
o] AAEITF2 C 86.2%, AYSFE 69.7%, NrEg T
22 P 56.2%, EEF 54.8%, QAT 37.0%, 320l
ZF2 343%, NEAEFFE B 32.4%, AAEIFA R
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Table 2. Antioxidant capacity of commercial fruit and vegetable
juices in Korea

Juices .DP.PI.-|. TEAC ORAC
(% inhibition)  (umol/mL)  (umol of TEZ/mL)

Blueberry 99.1+£1.2 30.0+0.1 3.9+0.1
Mixed vegetable C 862+ 1.6 28.4%0.1 2.1%0.1
Kale 69713 23.0+0.1 3.1+0.2
Mixed vegetable P 56.2+0.9 23.5+0.4 0.9+0.1
Grape 548+0.2 25102 1.7£0.1
Orange 37.0x1.0 19.1£0.3 1.5+0.2
Pineapple 34.3x0.6 10.1£0.1 0.7+0.1
Mixed vegetable B 32408 13.6£0.1 0.8+0.2
Mixed vegetable R 25.3+0.2 7.7+0.3 0.5+0.1
Mixed vegetable A 20.0+0.7 7.8+0.1 0.3+0.1
Carrot 19.1£1.5 9.6+0.2 0.3+0.1
Mixed vegetable Y 19.0+£0.0 25+0.2 0.3+0.1
Tomato 16.4+£0.8 52+0.1 0.6+0.1
Angelica 11.2+1.1 18.5+0.3 1.0+0.1

1) DPPH, free radical scavenging acitivity by diphenyl-1-picrylhy-
dazyl radical; TEAC, Trolox equivalent antioxidant capacity;
ORAC, oxygen radical absorbing capacity; Values are mean
value £S.D.  2) TE: trolox equivalent
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Fig. 1. Comparison of ORAC values of ethanol extracts of commercial vegetable and fruit juices in Korea. Each bar represents the mean

value with standard deviation.
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Fig. 2. The ex vivo effects of vitamin C, blueberry juice, mixed vegetable C juice, kale juice, and grape juice on H,O,p-induced DNA dam-
age in humanlymphocytes. Each bar represents the mean value with standard deviation. Each DNA damage (%) was calculated using
tail moment by comparing with positive control. Vitamin C was used as a reference pure compound. N; negative control, P; positive

control

IRINET2 > P > AATHTE A > AAEF)
F2AR>EUEFA > PALTIFAY.

GST ST} CHEME &5 A0 DNA £4F HiX|
&1

GSTE WIEFORNE HEE HISFE Ao
A IR Q8 Flolna ’éfﬂtﬁ*‘ﬂ—*—

GST #3221 GSTMI B T1 F32H o)l whe} 402 1}
Fol BAF F229] DNA 4 X avs ARt
223 QA Jubrol] vIEN CoF AT BT 2 4%
EFHFs, A2EFFA CAYSE, LTS 7}

7} 10 pg/mLE AA2|gE & DNA &4 14 835 4
sttt A dubtollA 4 tail momentZF-E] ZJTh
22l DNA &7 % Al¥ste] Fig. 20 veRich. 215
22 T Hlugo 2 AMESEE HIEN] CE Yubtoll HAs)
GS v & FARE A H,0, #2] 3} positive controlol]
H]3j DNA M‘Ol freojd oz AsiEn e, Hig C >
FEF2 > B F2 > ALERTE C > AdSF
TO = DNA f}} g7t A JERT (Fig. 2).

AA YuE GSTMI 2 GSTTI FRAE 7|Fo=
GSTMI+/GSTT1+ (132), GSTM1+/GSTT1- (22), GSTMI-
/GSTT1+ (3:%), GSTMI1-/GSTTI1- (400 E o] 2+
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Table 3. Levels of ymphocyte DNA damage expressed as TD, TL, TM of vitamin C, blueberry, mixed vegetable C, kale, and grape juice

according to GSTM1 and T1 polymorphism

Juices
GST™ ]”/ DNA N2 p3) Vitamin C _
GSTT1 damage Blueberry  Mixed vegetable C Kale Grape
D4 7.2+02%7  163+039  81+0.2° 8.9 0.4 9.5+£0.2¢ 9.20+0.3° 8.7 £0.3%¢
+/+ Rl 53.5+23% 1654+158% 89.6+32° 101.1+3.9°° 114.245.9¢ 111.446.4°¢  103.5+5.8°
™) 43+0.6° 281+03° 88+0.4° 10.7 £0.6° 11.8+0.8° 11.7+0.8° 10.0+0.7°
D 7.4+03%  16.6+02° 83%0.4%  9.0+0.4° 10.6 £0.49 9.6+0.2d 8.9+0.2b°
+/- | 58.34+3.9°9 1659+57° 837+48° 103.3+4.2° 121.2+ 5,09 12324609  97.8+2.4°
™ 48+0.4° 282+08°  85+09° 10.8+0.7¢ 13.7+0.99 12.9+0.79 9.4 +0.4°¢
D 7.0£0.2° 163+0.39  8.1+0.4° 9.0+0.4° 10.2+0.2° 10.4£0.4° 8.9+0.6°
-+ L 498+1.8% 1656+9.7° 91.8+7.9°  96.4+9.3°C 133.1+7.29 1201 £5.5°9  106.8+ 11.4°¢
™ 3.9+02° 277+15%  846%1.0° 9.9+0.9°¢ 14.2+0.99 13.1£0.9°¢  11.1+1.6°¢d
D 8.5+0.6° 168+0.3°  7.9+0.3° 9.4+0.6° 9.8+0.59% 11.7+1.5° 8.8+0.3%
-/- | 553+4.19 164.2+50° 93.6+4.8° 1002£9.1° 124.4 +7.2°d 133.1+£10.19  107.9+8.3%¢
™ 52+0.6%  284+1.0° 86+03% 11.2+1.4° 13.8+ 1.4 17.3+3.8d 10.4 +£0.90¢

1) Blood samples from three subjects for each GST genotype were used for analysis.

4) TD: tail DNA % 5) TL: tail length
by Duncan's multiple range test.

6) TM: tail moment
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2) N: negative control  3) P: positive control

7) Means + SD with different letters are significantly different among groups
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