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Antioxidant activity and content of phenolic compounds in fruits of
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Abstract  Fruits of 10 cultivars (‘Blue Gold’, ‘Brigitta’,
‘Coville’, ‘Duke’, ‘Nelson’, ‘North Blue’, ‘Rancocas’, ‘Sierra’,
Sunrise, and ‘Weymouth®) of blueberries (Vaccinum cory-
mbosun) were analyzed for characteristics, contents of total
phenolic compounds and flavonoids and antioxidant activity
in this study. Fruit weights ranged from 0.83 to 1.88 g. Total
soluble solids concentration varied from 9.7 in ‘Duke’ to
16.6 “Brix in ‘Sierra’ with titratable acidities of 0.94 % in
‘Sunrise’ and 1.75% in ‘Brigitta’. There are relatively high
contents in ‘North Blue’ (23.75 mg GAE-g"' FW) and low
contents in ‘Coville’ (17.15 mg GAE-g" FW) in total phenolic
compounds. Contents of total phenolic compounds were
high in ‘Nelson’(14.1 mg QE-g" FW) and low in ‘Duke’ (10.1
mg QE-g"' FW). Analysis of antioxidant activity of blueberry
fruits showed that there were high acitiviites of ABTS+
radical scavenging in ‘Rancoccas’ (82.2%), ‘Bluegold’
(79.6%), and ‘Nelson’ (77.8%), and high activities of DPPH
radical scavenging in ‘Rancocca’ (76.0%), and high in
hydroxy radical scavenging in ‘Nelson’ (73.0%). Quantification
analysis method of qualitative data showed that ‘Bluegold’,
‘Nelson’, ‘Northblue’, and ‘Rancocas’ had high contents of
phenol and flavonoid compounds, and activity antioxidants
of berries. Blueberry cultivars selected by statistical quan-
tification analysis can be utilized as valuable genetic
resources for breeding of blueberry with high antioxidant
activities in the future.
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EFH| 2] = Vaccinium 45 0] AE 2 4] 2| Lo A G 3HE 4148
2 A 1900ehol || A AN A FEL A Hlo]
19084 ©f| Frederick Coville BFALof| 93] A 1908 &z 9] &
Fullg] wghFo] gk o] &, A 7HA] 1000FF 0]/
EZ2Eo] 7fdtE] o] Aufj =] 22 9 th(Lobos and Hancock 2015).
EFHE = 715748 AF 59 stURE QA Eo] st =
Egjo] Hu I 5S SH R AY|, S v Ze A Al A o
A A H A 7} 4= Q 7} £ 71531 ) th(Brazelton 2013; Ding at
al. 2006). 54| 2= A3t Bt o] A &2 A QFE AJold, 7}
2e|mo|=, 77, S8 Bo| F3stol AeAe] 4ot
gho) ol 2hjZe Yt oIS ahoi(Hakkinen et al
1999; Kalt et al. 2001; Krikorian et al. 2010; Prior et al. 2001;
Srivastava etal. 2007), A U= A| A Q] s =& Yo N &
22 AT shol BT W] WS oA FrH(Kalt et
al. 2008; Shaughnessy et al. 2009). E?E S22 g AL =59
DNA9] eHg/d& FAI8HL, ¥ 755 SXA 7] o ohAl i &
AL A Sl= A o2 B E o] QlTH(Zafra-Stone et al. 2007).
Aol & B S H[AR A AlFst7] s = =
2 | StE Ao It A o] -5 THR-8HH A Alm| 7t -
423} 1}A] AJAko] I Q 8t} (Lobos and Hancock 2015; Mudd et
al. 2013). EFH 2= @A W FF0] okt 715 o o A
g Al glom, e 77k &, B, A T o
73 .13t e of wheh 5k 52 A FA T 144
Ho| 3 A 93k A = thLobos and Hancock 2015; Mudd et
al. 2013; Skrovankova et al. 2015).
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E 5 2] I o= of Az E]Abo] FRSHH(10 ~ 100 mg/100g),
cyanidin -5 2] anthocyanins, quercetin 5 2] flavonols 52| A&
= THrote] = A& vehd o ket 2 1kl
O] Al 7] of whet th 2 A Vet 53k o] ekl
w2t &A 9] 2po] 7} e th(Rodarte Castrejon et al. 2008).

B3 EE B AT ol = A A F Ao whet 754
sl thaar, W e AR U = o EA e
o, gBlofo] EFH| 2] AFo] FAS o] & Ao r
1 11 %] o] 9l th(Kim and Yun 2015; Pertuzatti et al. 2014; Rodarte
Castrejon et al. 2008; Taruscio et al. 2004; You et al. 2011; Yousef
etal. 2013). TE3F Lietal.(2012)2 QFEA| o} &aFo] W1, &
Aot g0l 2 e AU FE5S AR SFEAOR
AT I E AR 5ol A o2 MR E = A 2
shith

whepA] 2 Atoll A= A Woll A EetiE ol & 59 F
EIeHE ol Al ks G4 o] ARt EFH Y B =
s A ol A == Al = = 55| 2] 10 F5= o
dor Zeph ot U HEoE o b vl uskal FF
7ke) gHAet &g & AT sHAl T

detm §HA AR A RETHE 10579 LR
LHE AR, W R, W, s
20, Aok, Hletol =, *glo]t$-27)] 1Al
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Az EFH Y %Y A& E 80% methanol = 5
of % ol s S0 g el & ol W &
Folin-Denis & (Folin and Denis 1915)¢] w2} £ 314 T} A
FEO AR &N 100 uLo] 2% Na,CO; &4 2 mLE 7|3t
] 25 3 ¢f| 50% Folin-Ciocalteu (2N) A] ©F 200 uLS 2 11 5.3}
T o A TAIZE 2] 5 750 nmof| 4] §E-g-91 0] S35
243519t FZ2E2 £ gallic acid (Sigma, St, Louis, MO, USA)
2 o) gelol RERHL FAoL T % o TS AL
th A2 9] & & e AYA|= 1 g garlic acid equivalent
(mg GAE-g-IFW) 2 L ebf 2t

=
=
A
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o flo ok

5 SoE0|E B =4

o] ek 2EES 0 8o1o] & Belrio|= Fae
Moreno et al. (2000)2] W& U F =45t 463t o
o AR FEY 1 mLof 10% &Fu]&24E 100 uL,
IM ZAMZE 100uL S Y 17, ethanol 4.3 mL-S &35} 11 A2
o A 507 A g 2 415 nmof| A S =S S5 #
Z52 2 quercetin (Sigma, St, Louis, MO, USA)E- 0]-8-3} 6]

T Aokl T SetE ol & g A ARSI T
79| F ZTtH o] & ke A A 1 g quercetin equivalent

(mg QE-g'FW) &2 Wreh| ol ek
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5 7 77 o ket
hydroxy radical 2~ 7 ‘&<
=4S ol 88k 7+
==Y ek
(Dudonne et al. 2009).

2 A535H7] 93l ABTS+ DPPH,
gatart. ol 3 PEL BE
w2 ] HhE 7}=5]7) ] io] A]
Aot glojA g2 o] gt

N ol
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o ot

fr 2 32

ABTS+ radical £2A% &3

Al & 9] ABTS+radical 2752 Reetal.(1999)2] B of w2}
Z45}$I T} 7.5 mM ABTSH2,2’-azino-bis-3-ethylbenzothiazoline-
6-sulfonic acid, TCI, Japan)Z}- 2.45 mM potassium persulfate S &
sholal 5 FoF Ao HF|5}e] ABTS+radical cation
(ABTSHE A A H 2™, 734 nmof| A S-33 = ZFo] 0.70+02
7} EEE ehanol 2 5459 A SR AR 222
300 uLS} ABTS+ §-9} 3 mLE H7kako] 6% Fob whA gt 5
734nmo|| A T =2 =459 o) FALEHS 9] positive control
2 ascorbic acid (Sigma, St, Louis, MO, USA)E AM8-31 %t} A
20 S5 083 2 Ao saralsc

ABTS+ radical 227 &A4(%) = (1-A| & 9] &34/t 219
F7)x100

DPPH radical £24% &3

X £ 9] DPPH radical 4 7] %52 Blois(1958)9] ¥ o u}2} =
A5F . Al & 2] DPPH(1,1-diphenyl-2-picryl hydrazyl)o]] Tf
3 7101350 o/ DPPHradical ] 744 45 & £ 2
o g5e] 243 eleh A7 L) AR FEE 1 mLo] 02
mM DPPH 29 500 uL2 7}3} 31 37°Cof| A] 305 -0} k& 4]
71 % 517 omol A HE 2 2551900k FPAEFS©] positive
control2 ascorbic acid (Sigma, St, Louis, MO, USA) & AH&-3} 41
o Al 2] GASES 02T} 28 4 o2 BT,

DPPH radical 2 A &4 (%) =(1-A| 2 9] Z3Z =/t =9
T E)X100
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Hydroxy radical &4 % &%

Al & 9] hydroxy radical 4~ 7] 52 Gutteridge (1994)2] HlH of
wh2} 224 5}4 th 1 mM FeSO,, ImM ethylene diamine tetraacetic
acid (EDTA), 10 mM 2-deoxyribose?} 4 =9 A& F+5
oS- 77} 200 uL A =35 2, 0.1 M phosphate buffer (pH 7.2)
1.2mL2F 10 mM H,0, 0.2 mLE 7}3F & 1A 7F &2 37°C 4~&-
Ayof| A HFS-A] 71T HF--A] 71 -89 500 uL 2} 2.8% trichloroacetic
acid €N 1 mLS 42 &, 1% thiobarbituric acid £ 1 mL-&
7Fsto] 10474 100°C9] =8 o Al ¥k-3-A1 71 & Fg5to]
532 nmof| A SF =& =4 ) A5 9] positive control
2 ascorbic acid (Sigma, St. Louis, MO, USA)E A3} S th. A
20| GAHE5S e 22 Ao m Sarslglct.

Hydroxy radical 47 84 (%) = (1-A| 729 FF =/t 22
T34 )x100

A XMe| I CEHE ofM

G AS 7‘—5-‘_3’—}94 © 0] 4.2 SPSS 23.0 versionS E3f| &
}o o, p 0.05 5=Z=0f| 4] Duncan’s multiple range test
DMRD)E 3 i 9 Zesimol= Fe53} BAkss 574
o] 4348 4 A YHRL ELo] SIstol EARE
Ao et B EFES 107 52 FEsH o™ 5+
t"‘éi _/‘\_i]g}o}ﬁ /\;(] g}‘a]— ‘GI—EJ:H 24 e =14 ”@—/\]—O}o:] zxq 0
A AF Tk 422 31 d] o] §] = Poppr package (R 3.1) T & 71
23 0]-83}o] UPGMA (unweighted pair group method with
arithmetic mean analysis) B . 2 L3 EA4-& ¢35t &, A}
FAYOR Tukey®] 0| A5 o) chg AR
4 ANson, AL AT HIFEE Uolalp <
0.05)2 435}tk

AU
O
A oot

EFH 2 10552 B 545 #4138 A 2K(Table 1), 23
T2 083~188¢0 M E Yetlon, ‘A& F59 ot
o] 7 AL, ‘A, FATEA, T, Alofep, “Adeto]

= ‘o_“olu}_O/\’ ‘i/\e_?__’ _/‘E.O]O’] E—?—'JE‘E,]‘:083g
o2 714 e B ANshAch Fae Aol

16.6°Brix&® 7} =9k, 10&% %oﬂ A 8E30] 12°Brix©]
o] FetdS Bon], A Aoz 9.7-16. 6°Br1xﬁ LHER
ot AAAE L= B A EP o A 1.75%2 7 =9k, <Al
gto] =70 A 0.94%= 7H Wkt

O
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|
Oh
ﬂJ|l¢|
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=
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=57 10552 & = ‘e
$(23.75 mg GAE-g FW)"ﬂ/\i } =Ok, BRI
(23.50 mg GAE-g" FW), ‘¢ o]u}--A"(22.78 mg GAE-g" FW),
‘YA 7FA(22.48 mg GAE'g FW) &0 2 = ¥ §hafo]
QTH(Table 2). WHH, <12 17.15 mg GAE-g' FWS 2 7}
o 2 ok 3lekS Kot}

o2& 2 9] #l= a2 UL M 5o o FA, A
shol e 17 715/ ¥ vk opy 2} Al 2} vho] 2 A of Tf
A WA Ao = S A =T et adle
2 X 150 Q) th(Tosun et al. 2009).

Nguyen etal. (2014)2 <5 5 Z Zof A] 2270 mg GAE-100 g
FWo| gﬂ‘”ﬁ}ﬂ B 135}9 O i, Ribera et al. (2010)2 =
FHlg] o] F HE dF S8 FHA EFEE

o Hi

=T =2—

Table 1 Fruit characteristics of blueberry cultivars tested in this study

Total soluble

Cultivars Fruit weight solid content Titratable acidity
(2 (Brix) (%)
Duke 1.44 ¢* 970 g 0.95d
Weymouth 1.12 de 1350 ¢ 1.25 bed
Rancocas 1.57 be 11.70 £ 1.45 abc
Blue Gold 083¢g 14.17 de 1.67a
North Blue 1.04 ef 13.97 e 1.13 cd
Sunrise 1.18 de 13.97 ¢ 0.94d
Sierra 1.22d 16.60 a 1.15cd
Brigitta 0.94 fg 15.17 be 1.75a
Coville 1.60 b 15.50b 1.17 cd
Nelson 1.88 a 14.67 cd 1.51 ab

“Different letters indicate significance at the P value < 0.05 (n=3).
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Table 2 Concentration of total phenols and flavonoids in cultivars of blueberries

Cultivars Total phe_rllols Total ﬂav_?noids

(mg GAE-g" FW) (mg QE-g° FW)
Duke 17.89 h* 10.18 g
Weymouth 22.78 ¢ 13.49 be
Rancocas 2248 d 13.03 de
Blue Gold 23.50 b 1391 a
North Blue 2375 a 13.79 ab
Sunrise 21.62 ¢ 12.08 f
Sierra 20.89 f 13.24 cd
Brigitta 19.86 g 12.80 e
Coville 17.15 i 1033 g
Nelson 2093 f 1412 a

“Different letters indicate significance at the P value < 0.05 (n=3).

(3,109.19mg GAE-100g" FW) 7} = 2] 2] £} (3,099.49 mg GAE: 100g”
FW)E c} okt B ushglct B35, 3450 & v g
ZAo|| ] ‘B2 Z’(52.91 mg GAE 100 g' FW)7}E 2] %]

E}’(47.64 mg GAE-100 g' FW)X t} =9ttt a B 1138}
=AY Ao}l s) = uf U%M

227} E 3 o)

= At

e,
Aol 7k glott 2
o 43h Ao 2l

Suectal. 2017)0] oJa} Fol 4 Au == 167 2] £

WE 250 % s T BN sl

2(15 mg

GAE-100 g' FW)7} ‘B 2] A EP’(12 mg GAE-100 g' FW), ‘%
3°(5mg GAE-100 g FW) &2 o} &=9fchar B a}g) ot = o

A Al == =7 2] 4570 &

%9 % 9 AL 2459

o, @37} A(385.7mg GAE-100 g' FW), ‘A 2}o] 2 (313.0
mg GAE-100 g' FW), ‘¢l o] }0/\’(2917mgGAE 100 g FW),
‘B 232C°(289.8 mg GAE 100 g' FW), ‘A]oﬂa}(%m mg

GAE-100 g' FW), ‘l.:i;'—?—’

(247.8 mg GAE-100 ¢' FW), ‘%

3°(217.6 mg GAE-100 g FW), *514]°(188.8 mg GAE-100 g

FW), H a;qay(m 8 mg GAE-100 ¢ FW) &

ERER £ Xl

o] o Ao 2 WiE o] QIrhKim et al. 2013). Li et al.
(2017)0]) A &= 1 A E- 22400 mg GAE-100 g’ FW), - 2°(370

mg GAE-100 g FW), ‘22 &’

(300 mg GAE-100 g FW), 2.

a] 2| EF(220 mg GAE- 100 ' FW), “41 2}0] (200 mg GAE-100

g'FW) A E 2 ¥ ggo] &=
Seti ol ?}f} g
£ d(14.1 mg QE-g' FW)oll A 7} &9k,
(13.9 mg QE-g' FW), ‘.= AE

'“‘I‘Hﬂ‘tq 10?5‘ [ -4 <)

% Zehrio| = Feol

Uﬂ,‘%ﬂ’ﬂlﬂﬂbmlmgQE-g FWOE
ol 71 ;){atu}(Table 2). Li et al. (2017)0| A= <&

ExnsmgQEQFwyswk

E9ro.

E}EiO]E ?j

©°(500 mg GAE-100 g FW), < H 2] X E}’(320 mg GAE-100 g

FW), ‘= AE2°(250 mg GAE-100 g' FW), ‘%

3’220 mg

GAE-100 g FW) Al 2} 0] 2°(180 mg GAE-100 g FW) 424 &
T EotE ol gheFo] Edrhar KAl skqith o gt 4
N2 2 APY T sl =& 15 &ohe F52

] 2ok B e Al

o
El

AM3ls H

FAreHs & vl sty] 91ste] 10552 EFH| 2 =&
A} ABTS radical 4> 7| 5, DPPH radical 4> 7| 5, hydroxy radical
AA%S 25T ABTS radical 4758 @7t
(82.2%), “BELTT(79.6%), “H12(77.8%), Q0] H}-0-2A7(76.9%)
Q- AE-F(74.4%) S-0] ABTS radical & 7 50] =90,
‘0] 53.1%= 71 Wk th(Table 3). Choi et al. (2015)-2 10
mgmL! 558 A 2H B2 8] 25 2] ABTS radical &
AL 0F 10 ~20%c}tal X 17 3191 TF. Burdulis et al. (2009)2
T7HA B2 EE BYNL %S ZHs L),
= %‘%“49] Qﬂr% H|S251A] <3 (51.300.72%) 01| A 7%*

= Hﬂﬂ %%94 DPPH radical 22 7% %% A3}, ‘&3
7F2 0 A 76.0% 2 7HE =9k 0 L ABTS radical 4274 % 274
oA vuA 2 &S W Iy} F 3= DPPH
radical 227 %5 24 | A Z+2F 62.7%, 62.1% % =2 S S
%K Table 3). T80 2 2T E(60.68%), A E-2(59.66%)
woln, ‘“Aeto] = o A 42.7%= 7HE Wkt

Riberaetal. (2010)-2 &5 4| 2] 1} 2] DPPH radical 4~ 75
SAA = E"—‘:’(O‘:90umolTE 100 g FW) ZF0] ‘H ]
Z &P (SF 90 umol TE-100 ¢! FW)X o} =9kt B 11 3¢l o
), Suetal. (2017) F=7 ol Al A vl =] = 1671 0] &5 2] &
9] DPPH radical £75Z& A% ZHEA ‘e AEF
(4,200 umol TE-100 g FW)7} < B 2] 2| €}(3,900 umol TE-100 g
FW)@} 5 =1°(3,000 umol TE-100 ¢! FW) X t} =9fcha B 11

l-EE
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Table 3 Activities of ABTS, DPPH, and hydroxy radical scavenging in Korean cultivated blueberries

ABTS+ radical DPPH radical Hydroxy radical
Cultivars scavenging scavenging scavenging
(10 mg-mL", %) (10 mgmL™', %) (10 mg-mL"', %)
Duke 58.97 & 62.05 b 64.77 ¢
Weymouth 76.95 ab 50.53 cde 64.84 ¢
Rancocas 82.19 a 75.96 a 63.68 ¢
Blue Gold 79.62 a 60.68 bc 67.68 be
North Blue 74.36 abc 59.66 bc 66.31 ¢
Sunrise 5542 d 4273 e 55.50 d
Sierra 61.84 cd 60.09 be 7239 a
Brigitta 63.14 bed 48.65 de 71.01 ab
Coville 53.07 d 62.68 b 50.62 e
Nelson 77.76 a 58.09 bed 7298 a
“Different letters indicate significance at the P value<0.05 (n=3).
SFGith Lietal. (2017) EF ¥ ¥] 559 DPPHradical 227 31 3H4k8kgo] &3 S7H 2] F5& §45H7] 2t &5
& A A ‘= AEE(100 mg GAE-100 g'l FW), ‘%2 (90 25 Adtel7] YA = A B4 AutE £3dF oz B
mg GAE-100 g' FW), ‘E2Z =80 mg GAE-100 g FW), ‘B 45} @A 7} -k & A4 S22 e £5 7t
2 A P (50 mg GAE-100 g' FW)9] <= 0 & gatst Sh4ol & of 3 ol U & Zebi o] & ghgal Abatsof lojA]
rThal Bl akQich o] 59 Ait= & d5-2 DPPHradical X0l 5 H 7] w2 ol -3t S5 A5 AEstr] §isko
Aol AL IRNH FF R HSRH A ez AT, ot FAS A Ssto] v e A S skt 54
72 FZE9 hydroxyradical 2745 574 2= d A4S Fof Fo AHE A HY FEHE REIE 9l
S (13.0%)01M 7 = AL, AR (72.%), ‘B AEP(T1.0%) o 107 5522 2] 3leko] th e s Aa A A AT
& olglen, ‘Il FFoA = 50.6%= Y WS RS 83 FE S AYIL oA A9 el &5k S5
1 & th(Table 3). Kim et al. (2013)-> U A A A 02 7] EZ2£2 ‘Bluegold’, ‘Nelson’, ‘Northblue’, ‘Rancocas’ % 31, 0]
o & 3L Ql= SR «lFRAPoﬂwl?fP““@}L—%Z FEFFSUEFTEON A AT BY B4 w2 T
sk, ‘EP:WV\’(I 50 umol TE-100 g' FW), ‘4l 11}0] W8l Akeks o] 2 A el sl 2719 FE5E
Z’(1.43 umol TE-100 g’ FV\O, ‘B2 =°(1.37 umol TE-100 g BIASE S Al o] Hlojd Z U A EE SAS Y3 SEAE
FW), “o]ub-$-2(1.19 umol TE-100 g' FW), ‘Alofleb(lle  -§-o] 7Hedtm A3t Ei= B2 g 2, B2 2 5, 4
umol TE-100g"' FW), ‘= AE-2°(1.05 umol TE-100 g' FW), ‘51 T} e JFEE AR R ALLE7) o) At of AR
H1°(0.97 umol TE-100 g FW), 28] 2 E}°(0.86 umol TE-100 g (Table 3, 4).
FW), ‘*+="(0.80 umol TE-100 g‘1 FW)$s A 23R4S 0] o} H g Fof e85 HEHHIC, S E A, HE, tE Ao},

E A= v 20| & B O, ‘A7t o B R EE
O] Atk o] =& o ks A2 YA EFL
etal. (2017)& B 2] £%£0] FRAPY| )3l gH4lat5-S 2
A 3ko] ‘1= AE2°(200 mg GAE 100 ¢! FW), ‘2—?——‘3—5’(150
mg GAE-100 g' FW), ‘5 =°(140 mg GAE-100 g FW), ‘B 2] %]
EF(100 mg GAE-100 g" FW), <Al g}o] 2°(85 mg GAE-100 g
FW)9| =0 & 3Hita}so] rhal B a1 shqlch & ¢1tof| A
= 7]2.39,] l:l]—l:Hjl}..‘:_ E}_E_ 3}_89,] Hz\j‘ 1:‘1:'4 KN 32]—.9_0]_0:] 6}
5 Folia Hof

3T

=
Nﬁ#%#ﬂﬂdﬂ@%ﬂ%ﬂ%ﬁ%#ﬁ&ﬁ?

St ol & T2 okel, Y, AN A Ag A
A S Uehd S 2 AR TR dA o] 7] 54 AlEL
2 A9 £ Q3 YR & XA}l ) th(Skrovankovaet al. 2015;
Srivastava et al. 2007). A&7} 7 0] A 2o A EFH g =
QHEAlobd, R Aoh e, 2R 2 A4 Y o2 Sehr ol
£ 5 cobe sl o] FRa 7R /)54 TR A S
T 203 287 AL 9] 0 W(Giovanelli et al. 2013;
Hakkinen et al. 1999; Kalt et al. 2001; Krikorian et al. 2010; Prior et
al. 2001; Skrovankova et al. 2015; Srivastava et al. 2007), A4 2] &
42 HEIC g ths 82 & F4atsksol os) 2444
o}l B o] Qlth(Borges et al., 2010). o] H3t A2 A =
2o oheke A O A5, Al 7], A 2 W 59 7HE
W 2 T)s, AN Sl wet 24 g vt
(Giovanelli et al. 2012; Giovanelli et al. 2013; Gough 1994;
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Table 4 Clustering of genetic resources of blueberry cultivar by statistical quantification analysis
Cultivars pl];:rtlills ﬂaI(())rtlilids Al:;ian;i:al D;::I;Ser:;(iirilzal Hy:;;)\)gngr?:gical Score P<0.05
Blue Gold 9 10 10 7 8 44 a’
Nelson 5 10 10 6 10 41 ab
North Blue 10 9 8 7 7 41 ab
Rancocas 7 6 10 10 7 40 ab
Weymouth 8 8 9 5 7 37 abc
Sierra 5 7 6 7 10 35 abed
Brigitta 3 5 7 4 9 28 bed
Duke 2 3 5 8 7 25 cd
Sunrise 6 4 5 3 6 24 cd
Coville 1 3 5 8 5 22 d
“Different letters indicate significance at the P value<0.05 (n=3).
Srivastava et al. 2007; Strik et al. 2003). T 9 Ao Z AZtETT}

%ol = NGSE o] &8 AAH &4 & F 3l vl ol H] 5] Al 2 2 7F ket whEh = A ek of
o SheEl Ao A SolHom A WAEE FAANE A ASA o Aot 75 o S AT Q= EF
s ¢l tHRowland et al. 2012). S5 H| 2] of] QlojA Fagt AT} Zul 7]z of ek A7 et Aok & A+
7154 EAQ tEA o i Sefi o] = 3 (Guptaet ol A =& SR P Al FFof it A2 A
al. 2015; Lietal. 2012; Zifkinetal. 2012)°]] TAH AARA o of 5o A= Z2¥s ook ool s Aol et AlE
o At HuE ik QFEAJob gheFo] WL, gHAket & S AWt HEStl FE ST AR A ORN V)
ol #& AU E FF9 tEAlo] AN HHEH A EFFT S AT KFRE S 71T Aol E3t
A profilingS 3l Al TA A< 717F o thARASteE ol 23t Aot A SR Y KA S A AR 24,
GEAJOP ok predo] Gl thFRt R AAE AU ohddt A S 8 EA S-S Bt SR E F
Ch(Li etal. 2012). T AeS I A = UE Aol

EFH 2] A Aol A aYE = ThHA o HAitet B o]

FoH o] s o] SehE ol =9 MmO gHo]

7] 2ol o] NFPHHA F=AobHf ol T ™M Q

7Fel7] &2l A S & of A x| 1l Q) th(Rodarte Castrejon et al.

2008). wetA] B Ao E FFER Lo AR & EFHY 10FFY UL EE HH52083~1.88 ¢

& E3et= A7 o B & 2heko] A e A A
2|2 A0 AE =&5HHh

EFH = F5 ol Ay Aot g Aer B
1% o] ¢l tH(Wang et al. 2017; Pertuzatti et al. 2014; Koca and
Karadeniz 2009). 54 2] 9] A5 £ F57H] 443t &
g9 Atol= o] ¥yl o E4, #=3Ee ek
ko] z}o]of| 7]Q15}= A O & o] A 2| th(Pertuzatti et al. 2014).
et 2 2 o Al FF L AGE AT LR
3} o152 A H(Gunduz et al. 2015; Pertuzatti et al. 2014; Wang et
al. 2017; Koca and Karadeniz 2009) 2} & & JLof| A o] F o] A &
2ue) 2pale) 54 9 Al € 2ol 2t Lete] 7] F 9
Eof 270 B2 B 547 ekRfolo] 7] 15 0.2 A
Zhicy, gt 3 Ago] o] $5 HAMH I ThE oxyeen
radical obsorbance capacity (ORAC)©| L} peroxyradical scavengong
capacity (PSC)&} -8 E A vl (Wang et al. 2017)0]) w2 2}-0]

9 E et o, d&ro] 7P 2 wpAS AAsHG S
o B2l 7o) 0.83 g0 & 7HE Aokth G A
o e o Al 16.6°Brix2 7} =9k, 9.7-16.6°Brix2 UFEF]
ek AbgrEE ‘B A eP o A 1.75%E 71 9kaL, <Al et
o]’ oA 0.94%% 7P Ittt ¥ HlE FFe ‘A E
£°(23.75 mg GAE-g' FW)ol A 7} =9k a1, <5 4°(17.15 mg
GAE-g' FW)oll A 7} Soiet. & Setilco| = ghaFe 4
£°(14.1 mg QE-g"' FW)oll Al 714 329k 31, 2 o] A= 10.1
mg QE-g' FWo & 7} wholet, BR8] &5 9| ghite}
A4S 3FF o] Hh 0 & 2 AV A 3} ABTS radical A7 %
O AT (82.2%), ‘BT E(79.6%), ‘DL(77.8%) 5
o 4] 1=9F o ], DPPH radical 22 A 52 ‘@3 7} A°(76.0%)0]
A 7FAF =8k O L}, hydroxy radical 4~ 7 52 <91£°(73.0%) ]|
A7 =t s W Eebi ol & ek, 3HAkekehd
Y EA4L FASteto] oEEF S st A
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d B0l 7H st EFHlE 5 S St
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