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Abstract

Three characteristics which determine fruit quality, namely composition and content of bioactive
compounds, and antioxidant activity, were analyzed in three raspberry cultivars (Rubus idaeus L.),
two Korean raspberry varieties (Rubus coreana Miq., Rubus spp.), and two blackberry cultivars
(Rubus fruticosus L.). The highest levels of bioactive compounds and ferric reducing antioxidant
power (FRAP) and 2,2-azinobis-(3-ethylbenzothiazoline-6-sulphonic acid (ABTS) free radical
scavenging activity were found in the cultivated Korean raspberry, followed by the wild Korean
raspberry. The wild variety showed the smallest fruit with high sugar content and low acidity. While
the yellow raspberry ‘Golden Harvest’ did not have anthocyanins, the flavonoid content was higher
than in the wild Korean raspberry. Its high 2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical
scavenging activity might be related to the high level of epicatechin and 4-hydroxybenzoic acid in
the berry fruits. The ‘Thornfree’ blackberry contained less bioactive compounds with the exception
of total anthocyanins, and less antioxidant activities when compared with the wild Korean
raspberry. The bioactive compound and antioxidant activities in the ‘Canby’ red raspberry were two
times higher than in the cultivated Korean red raspberry. While the cultivated red raspberries
showed good sensory acceptance due to the high sugar content and low acidity, it was the cultivar
with the least amount of bioactive compounds and antioxidant activities among the seven Rubus
fruits. These results contribute to the knowledge of the differences in composition, content of
phenolic compounds, and antioxidant activities in the different cultivars and will aid in the selection
of cultivars for breeding.

Additional key words: bioactive compound, cultivar, FRAP, fruit quality, radical scavenging activity,
Rubus species
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M o

L) Rubus idaeus L.y |10} 4551 7H5.0] o2 4.2, ofAJof, Sofelelz} 5A10] de] Bamelo] ik L
71 7 Aol SAolA 4 A HEE AufE]e] ghovkE 2| 2] oot 2 Ak 9 A A A o] vl Sk Al
SAJoIck L8719 B2 ey S, sk g7, Aee 4] 9] 29 5]0) Mikulic-Petkovsek et al, 2012) 24
& == 7o) QIgHolc), Tefu SHE Aot T30l el Aol } S He A 9, HA 19| Seo] 2 o
S0 SR U7 & Qlth(Dossett et al., 2011). 22K Rubus coreanus Miq. )= A0 1] 551 1A 2 o4& 71
71 = HlElF A ole}. R AR Qe HMRE Wit 0RO = ARG E|o] $Eom thekdt o al-go] thE|H A At
S Z A

5
2 47| APIRF 1 579] 68 oA SSIEHKES, 2016). 2eMel Rubus fruticosus L) 4] 3os1o] &5 7h2] dofz
Fotle)7tet ol 71 wol A= Lo HAp AlAIA & Afujz] o] F71sEal §1 0 H(Ramos-Solano et al., 2014),
Tl 25 0, Aol = A= AL UK Cho et al., 2014). S| 2] = H-ZAHE AV = FrAGHAT, B
ALk 2717} 231 74417} gl B0 Aelo] 45th] olah E4o] SltkShin et al 2005).

WRE7], g7), Bt S| 2ot 22 Hel R aHd o] HITE, S, S ASHS g A S ool @t oletal g2 A
AH|2FO] TS 5714 7] 11 QAT Cheplick et al., 2007; Dossett et al., 2011; Ramos-Solano et al., 2014; Chung et al., 2016).
THgEeRe] 912 QUAI thiakgofl A A/ i B0 At Ax(Sarkar et al., 2016) 0], IRt E/dAHA 0] A4 © = 4ToFA] A
EYATPIAYE A A 2752 A0 H B2 A S B sl i A eho] oS 9fs] gHitel 7o) Rt aHd, Afjaet
2o NBA AZ 27} PAETK Sarkar et al., 2016). H|2]5 74 2] o]&]gl G50 FAJAA AAJS A AL A k=
anthocyanin, ellagic acid, flavonoid, phenolic acid2} 22 phenol’d 313F=1 ascorbic acid 501 7]Q15k= Zlo] th=9] ¢7tof|
A1 9Fs] % tHBenvenuti et al., 2004; Bobinaité et al., 2012; Dragisi¢ Maksimovié et al., 2013; Kim et al., 2015). Anttonen and
Karjalainen(2005)-2 5] 2]5 7+ ] phenold o1& 9toll ke m| A= 81lo] ol IAI9, F52] 745/ (genotype)
o] 74 Za8ickn sjick

AH|ZLO] Q=5 FEAIA FAtetAdwo] SR A Aulisl ] SislA A o] FEl w7164 4] S ol
TR B9 210 2 AR, A2 AR A0 2 AU SR AT e Rl A
etal.,2014; Lee etal., 2015)2} S H]|2](Oh et al., 2008; Jung et al., 2012; Cho et al., 2014) = EF 2 FEAJET} 75
of TRt A= A Y] o] oA A Far Qlrt. ofof] 2 Fof| A= A LR 7] “Golden Harvest”, AfHlE: 214 Y7871, of
Az B2z 1 Zelual < Abundant Fruit’ ] @A71A] B 1EA] 2 genotype} 34| 214 LFETH7] Canby’, A8l B,
EH|2] “Thornfree’E ARE-SIo] IHO] FHEA, phenol’d 2FotE2] 233 9 phenol’d 21z, & flavonoid, &
anthocyanin) 9 TS S 2510, 2 LFRE] Canby i WEAES B50.2 ol SEEIU Waldo,
153) 0] ] §EAR Gafol 2 A 710] a1 917 SLT(Wang and Lin, 2000), 28] “Thornfree’ S FLie]
X Akl o B A golel, A S vlmE B B 17} 9o} obE B Ao} B v|msl 1] S1o]

27190,

=

A= Y
Al of

Folin-Ciocalteu reagent, DPPH, ABTS, potassium persulfate, trichloroacetic acid(TCA), 12|17 potassium ferricyanide+
Sigma-Aldrich(St. Louis, MO, USA)°|4] 7-45}Itt. Phenolic acid EE2 2 caffeic acid, p-coumaric acid, 3,4-dihy-

116

Horticultural Science and Technology



LiRwy|, S22t Salol Tiey S32 24, 812 U giist #iHn

droxybenzoic acid, 4-hydroxybenzoic acid, ferulic acid, sinapic acid, 12|17 syringic acid ¥ flavonoid EF22Z epi-
catechin, catechin 2! rutin2 Sigma-Aldrich(St. Louis, MO, USA)|A T+t Phenolic acid®} flavonoid H-4of=
HPLCH water2} acetonitrile2 Duksan(Ansan, Korea)ol| A +¢15F0] AR8519iTt

N
Aol A4 E50] 2 UREY] 385, BEAES U Bez] 2850] 318 ATk Table 1), L8] A
1= “Golden Harvest (3% )‘Canby’(%) 9 E50] st} G AN S MR, BEA Al opiE} 1

s Aol FUTH2012d = AJARE TS ARG o, S2iH|2] A== ‘Thornfree’ 2} Abundant Fruit™S AF85HSITE

‘Golden Harvest’, ‘Canby’, ‘Thornfree’ 2} ‘ Abundant Fruit’-2 P|=} Oregon=oll 4] 2 oo a4 el 2 7EA$Eom, ¢
312012134 BE.3} 0] 9]0] AL = B B2 AR 113 ol A et A& L 2012W % 69 13-14Y0] A4
8519, 478t A5 20°ColH WEsto] Ajde]l ARgslgiet

7t 8g°fl 60% ethanol 32mLE 75 4<2oflA] 100rpmo]l A -27](SLRM-3, Seoulin Bioscience, Korea) &
W 3Es)o] Az olo}d $E2E A9k 5551 cthanolg AATE $ FAAZ(FDSSI12, ishinBioBase,
Korea)5}al WEHksHAA Aodof ARSI

o
NI
ﬂw
o]
. Tlo
o

s 4o 22 24
7, 37 D 752 A AR £ 20515 245 G 78 B 7](HM-3310, Shinil, Korea) 2 245 3 ¢1o]

R
Ll O
LN
filo
!
ruZi 5

I A(N-1E, Atago, Japan)E AF&51o] 24519t} 2 AT = 715 10mLE 0.1N NaOHE pH 8.37}4] 2]
2 citric acid% = AXFSFA AL, pHE pH meter(LE438, Mettler-Toledo, Switzerland) & AF-8-01] 75 75-0] pHE L}
Ef| i}, A= AT A|(CR-200, Minolta Co., Japan)E AR&-6to] 7|9 L, a, bgta 5780

o
2

Z phenol’d 3lghE &2 =4

Z phenol] SIEME-2 Arnous et al.(2001)2] BPH|| oJaf| 24513}, A AZXSHY /Re]:zr*ﬁ‘ﬂ] SHrE 7ol ot A
A&l 6 2 5} Folin-Ciocalteu -2-H(Sigma-Aldrich, USA)S 715F & 750nmof| A SYEE Z4513). th2 gallic acid
(Sigma-Aldrich, USAYE FF24= olo] B534S 2ok o|25E & loherlOl’H SRt ke Tolsith diks
mg/100g FW(fresh weight) 2 LERJSICE.

£ flavonoid & =4

Z flavonoid &L Shen et al.(2009)2] HH o] Q]| Z A AZS A ZE | 2542 715 &gt A2 Algdlog
5F3415nmofA S-S S5 Quercetin(Sigma-Aldrich, USA)S EFE2 2 olo] 2 HFA-S AMEs] £
flavonoid TS 511, A= mg/100g FW(fresh weight) = LFEFUI Q1T

Z anthocyanin 2F &3
% anthocyanin =2 Pantelidis et al.(2007)2] 5] ool o3t AR A FAARN MFZEo| SHTE 7

of -Bafidt Z& ARSI, Thee] Mo Antelglnt
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Contents of total anthocyanin(mg-g™) = [(A x MW x 10° x dilution factor)] / £ .
A= (As20-Ag00)PH1.0-(As20-Az00)pHa .
& =molar extinction coefficient for cyaniding-3-glucoside(26,900).

MW = molecular weight of cyanidin-3-glucoside(449.2g-mol™).

Phenolic acid2} flavonoid 24 & shzk =4

Phenolic acid$} flavonoid = Vasco et al.(2009)2] WS 31 2 510 Shimadzu Prominence HPLC(Japan) & AF8-61] =
53T}, Syncronis C18(250mm x 4.6 mm id, particle size Sum, Thermo, USA) columne A8} 30°Col A TH] 28
= —-—E] 51991, diode array detector(DAD)ZS ©]-&35] 250nm, 280nm, & 320nm 2] w0l A AZE5r} -G4-2-0.5mL -min”

0 2 5} 40872519 17, injection volume 20uLE SFFITE. 0] 540 2 A-8-98-2-1% formic acid, B-228-2 acetonitrile

& AFREISIT] 050] A-RH-L 950(B-LH 506) 8 5191 2050 = AL 70%(B-EH 30%)E B 0] H-8-2 =T, 3050]

AEN 70%(B-EH 30%) S GRS}, 3150 A-8H 95%(B-E2l 5%) 2 A2 -2 F A0 & Fo7t 5, 405712 A-8-H

95%(B-8 5%) 2 columna A 25ttt A2 82 FAAZTE Al RS 60% ethanol 2 30mg-mL™" 2] ‘F 7} & e = 24519
1, BE BEEAL Img'mL" 9] ‘55 & methanolof 833t & 5}4ato] AL&5ALE

Ferric reducing antioxidant power(FRAP)§ ]| 2|3t 418182 Benzie and Strain(1996)2] ®H o] w2t S9hE-3 A2
Ao A 3087 EESAIF] & S50 O] LS 593nmof| A Z75)AL trolox(Sigma-Aldrich, USAYS EF-EA 2 ARgoto] iM
trolox equivalent(TE)/g FWZ ZEA|5} Y. 2,2-diphenyl-1-picrylhydrazyl(DPPH) radical A7"5-2 Brand-Willians et al.
(1995)2] 2o wetmethanolof| -§-3figt DPPH-&HO| A= oS 715t & 515nmollA] S°3=2] HslE 57*43}_1_’_ trolox
equivalent(TE)/g FW=Z ZEA|5F3L}. 2,2-azinobis-(3-ethylbenzo-thiazoline-6-sulphonic acid(ABTS) radical £7]%5-2 Re et
al.(1999)2] BFof| what =454t} 2.45mM potassium persulfate®} 7mM ABTS 2288 1:1(v:v) Q] H &R = b}?} ° 12-16
AITE Ao 'R RS, ABTS-890-8 methanol = 734nmol| A 33 =2]710.707} =5 3]4519I Tt 0.3mL o] $=&-2<] 3mL
9] ABTS 882 715131 627F 4ol ’EA|$E & 734nmof| A S35 9] H3lE Z4513i ). A= trolox equivalent(TE)/g
FWZ ZAJS}¥

Sz
A ATO] 59142 SPSS 12.0 version © 2 EAHLH(ANOVA)S AASHH .2 H, p < 0.05 5014 Duncan’s multiple

range test2 A5

27t 2 Dt

I 2

Rubus%: A= M40 315, $7, B782 Table 13} 20| genotypeo]l w2t 2 2fo|7k AIH. 33 WHE7]9] T3
1.47-2.00g, ZAoJ=12.21-13.05mm, 22 13.49-15.79mm 2] 9|2 UFE7| F A ‘Canby’(C)2] 2717} 714 Zith. U
D719HE L5 (Lee etal., 2014) OPF EEAND)E Al ERAE) R T 27]9}Fapo] A9kt E2ha] Thomfree’ (F=
A T4 % 71 7, oY EEAKD)7E 71 e

Jim
0x
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Rubus%: Az YO G, 4H, pHi= genotypeo]] Thet-2 210 )7} Q1T Al ¥ O e O] 4 (Table 1), =7t M =
& genotype:> AHIE LFFE7I(B)2F oY HZAKD)7H 11.40°Brix oV 0= 71 =9ka1, S2He] 25F0] 7 H3lthp
<0.05). A= 24 LEEE] <Canby’(C)712.98%2 71 =9k, o]oiA] EaiH|2] “Thornfree’ (F), 3 7] ‘Golden
Harvest’(A), ‘Abundant Fruit’(G) ] <= 2.2 =31t AjelE U7 B7](B)2t oMY B AHD)= 1.37%} 1.93% & A& 5 71
it o5 At R AHE LT E7|(B)2F oMY SR AHD)= TR Adstal AlBto] Aof gl gt AH|ARe) 7| 9wt =
S A0 AddEglon, 2717hule- 2k o B AHD)= MY & o] 85l]of AiehA] b2 A 0 & Abe E Ik A
7] ‘Golden Harvest’(A)2F LHE7] “Canby’(C)i= TR 7361A] 920 419to] Z¥oar, Eeide] 2852 192 ¢l
245k 73Rt EA3S 71 A 0 2 AL et vl ol A Aufigh Caroline’ 24 WURE 7] 9] AHe W o= 1.4%, 11°Brix 2
U A R 7|(B)9) -GAISEATH Wang et al., 2009). Al BEZHE)Q] Y= A H(Youn et al., 2009; Choi and
Kwak, 2014)2] Axeb-FARSE O U 4= 28] ot 2o |7 et U et EFo et AulA| 2 Ahd =7 k= 7] w2l
710 2 AZteIolct. ShH -E2iH|2] ‘Thornfree’(F)2}  Abundant Fruit’(G) 2] 6.2-6.6% &= ‘Choctaw’, ‘Thornless Evergreen’,
‘Chester Thornless’ 2 ‘Hull Thornless’ 2] 9.8-11.5%E t} -2 (Pantelidis et al., 2007) 1 0.2 ZALE| Q] o] 22 Aif=
genotypeo] Th27] TR S 51T, ZHihe 555] 9101 oG 7412 o] ch el A7} i) 275 4 Q= 2
02 AZ|GICh oAb T S ol Z|olshe 0 2 R el te S Zokeh A
£k FO| AJTHAZE AATH Wang et al., 2009) 2 224 21

AL & genotypeof] T2 207 ASITK Table 1). A LFE7] ‘Golden Harvest'(A) 2] B e 2F A= Alm 7 57}

Table 1. Fruit characteristics of raspberries and blackberries used in this study

Fruit

Fruit

Fruit Soluble Total Hunter value®

Sample”  Origin  Cultivar ~ Type Color weight  length width solids acids pH

© (mm)  (mm)  (CBix) (%) L a b

Rubus idaeus L. (Raspberry)

A Oregon, US Golden Cultivated Yellow 147d  13.03¢c  13.49¢ 9.830b* 227¢ 311f 6240a 329e 2192a

Harvest
B Pohang, Unknown Cultivated  Red 1.80bc  1221c¢ 1579b 11.60a 137f 343¢ 40.52b 10.83b 2.86¢
Gyeonhbuk
province

C Oregon, US  Canby Cultivated Red 2.00b 13.05¢  1590b 975b 298a 3.15e 34.13e 1835a 4.45b
Rubus spp. (Korean raspberry)

D Gochang,  Native Wwild Black  0.65e 809e 11.63e 1140a 193¢ 3.48b 3724d 820c 0.95de
Chunnam - species 3058f 4l4e 040e
province

Rubus coreanus Miq. (Korean raspberry)

E Gochang, Unknown Cultivated Black 1.52cd  10.82d 14.18c¢ 9.80b 2.00de 3.69a
Chunnam
province

Rubus fruticosus L. (Blackberry)
F Oregon, US Thornfree Cultivated Black 546a 2575a  19.99a 6.60c 2.56b 3.11f 38.57c¢d 3.79e 0.55¢
G Oregon, US Abundant Cultivated Black 1.67c¢d  1575b 12.57d 620c 222cd 3.22d 40.11bc 6.77d 1.64d
Fruit

“Hunter value: L, lightness, 0 (black) to 100 (white); a, redness, -a (green) to +a (red); b, yellowness, -b (blue) to +b (yellow).

YMeans with different letters in a column are significantly different at p <0.05 by Duncan's multiple range test (n = 20).

*Means with different letters in a column are significantly different at p <0.05 by Duncan's multiple range test (n = 3).
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7 =9k, A= 7 Uttt AfulE LR YI(B)S] e 34.13.22 ‘Canby’(C)HE} £, ZA T Canby’(C)
Hr} ot <Canby’(C)7F =it 7 E7| Ht B% 57| Hol= 21 0 = A QT B2 2D, E)2tE2H2|(F, 6= g
7I(B, O)Ert M, M Zho] Wi Uor E5] g ERAHE)E Bk, AN, JMwrt Ag 74 5 7P W
genotype 0. & LERITE. ol o] Atz 58 AHlE 24 L7 E7|(B) <} Al EANE)= THE P E ot el 4lte] 4]
Hslo] Atz o FA4L 7P 9t Ao = AAEH I

& phenol’d eteh= &

Rubus?: | & 714 9] & phenol 4] 2FHE 91ERS genotypeo] mt2 21o] 71 AIThFig. 1A). Phenol SFeHE-& A2 A|o]|
2] 225 o] Y= 27 tiikbz = phenylpropanoid A 3Hd 7 = 5l A/ benzoic acid, hydroxycinnamic acid 2} 22
phenolic acid, lignin % flavonoid AEHI 2014 AV flavonoid FEET Andre etal,, 2009). 54 L} 7] o] Q1)
ERZKE)7t 731.08mg/100g FW O 71 Wt thg ¥ ERAKD) 362.41mg/100g FW, 24 LERE7] “Canby’(C)
253.33mg/100g FW2] %02 Wtk o]0} B4 LHG7] “Golden Harvest’ (A)}F E2¥]a] Thornfree’(F) Ztolie o] 7}
AL, AHE RV I(B) 9] @l 7P A1

AeE EEZHE) 2] & phenold FHE S 201114t 584.81mg/100g FW(Choi and Kwak, 2014), 2008 A4 560mg/
100g FW(leong et al, 2010) 5T} 2 2.0 2 UeL Al d o] wfe} 2fo]7} 11ck LERe7] Canby*(C)] % phenol ) 8
B2 o AEIE ATE71(B) 120.94mg/100g FW B THE =] LFFE7] F35(115.70-182.97mg/100g FW) E T =30 TH Lee
et al., 2014). W=tollA] Ajuigt U-2E7] “Autumn Bliss’2} ‘Polka’] & phenold #15HE a2 372t 314mg/100g FW
(Dragii¢ Maksimovi¢ et al., 2013) 1.1, “Caloline’2 350mg/100g FW ©]A}(Wang et al., 2009)0| 11, 2] FotL{otof| ] zaj
S 172F T 7]=278.6-503.9mg/100g FW(Bobinaité et al., 2012)2] '] 2 genotypeo]] whet 2o 7} a7}, ghH 3
A H7E7] *Golden Harvest’(A)=239.03mg/100g FW-S g3t sl=t, tH2 @4 77| ‘Beglianka’= 391.1mg/100g
FW(Bobinaité et al., 2012) 2. & ©]2] 60% == o] genotype©l] 2|3t 2}o]E H FITh. Anttonen and Karjalaine(2005), Lee
et al(2014)] AT LPE719] genotypee] et 3 phenold SIS Here 2 ol QIoek

E2p]2] “Thomiree’(F)2} *Abundant Fruic(G)<] % phenol’y S1EHE T vlRelA Alet apele) “A22159}
“‘Natchez’ ©] 225, 210mg/100g FW(Sarkar et al., 2016), ‘Hull Thornless’ 2] 236.7mg/100g FW(Benvenuti et al., 2004)2}-8-AF
i3It Z12u ‘Chester’ @} “Thornless Boy Sembes’©] 9Faf2 351.79} 329.1mg/100g FW(Benvenuti et al., 2004) .2
“Thornfree’(F)2} ‘Abundant Fruit’(G)X.th Eotth & Avk= 71419] & phenol SIRHE slego] SA V7] 378-714
mg/100g FW, 24 U227]115-500mg/100g FW, 34 L 7] 240-400mg/100g FW, S| 2] 125-351mg/100g FW 2] =
o2 ZHashe HE O] Avte} fA oAt Benvenuti et al., 2004; Anttonen and Karjalaine, 2005; Pantelidis et al., 2007;
Johnson et al., 2011; Bobinaité et al., 2012; Lee et al., 2014; Sarkar et al., 2016). 0[442] A2 5 &-Fo|u A7}/ |54 A=
A Z5 913 genotype2 phenold 332 Fafo] W A U E7|(A), oOPEE ERAHD) B AlE SEAHE)Q] 2o A

2= 3l

Z flavonoid &

RubusZ; A= 71 9] = flavonoid 32 genotype®]] Wt 2 z}o]7} Q1 thFig. 1B). Flavonoids A4} phenol ] 518+
=2 phenylpropanoid A & 73 2 o] A AAI = p-coumaroyl CoA 2} 324+S] malonyl CoAEALS] =810 2 HE]| H thA| o] §
AHES-0f| 93] flavonoid AJ &7 Z of| 4] catechin, epicatechin, quercetin, anthocyanini} -2 TS £5-9] flavonoid SFgt
Eo] A=t Wang et al., 2012).

Aol EEAHE) 7} 94.10mg/100g FW O 2 A2 5 71 9k, T2 B4 LFEEY] ‘Golden Harvest'(A), OF 224}
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(D), E&l|2] ‘Thomnfree’(F), ‘Abundant fruit’(G) 2] =412 =34t AHE-E-R2HE) 2] Z-flavonoid THg-2-201 1A Aet &
w2t 3Fd 97.51mg/100g FW(Choi and Kwak, 2014)7} ZjHd = gefe Zfol= A §lSIT . Anttonen and Karjalaine
(20035) % AFE7] 9] quercetin 0] 200113 =2F 20021 = & AHPA =7} ohE 1 genotyped] w2t 2kl 7} Q= 7395 317,
§iE 73 Al HAlsole). AREA 0 2 wj2) i I ©f phenold Sigta A2 4 S 8744 G e Aoz o
217 Qlt}. U Hke] 7]20] =82 2(Wang and Zheng, 2001), ©|AF8FERA 55 (Wang et al., 2003)7} -2 1 ©7] 2] phenol
/4 SghE R el 2 S715H AT AP AL A T8 7t FEMAE, Fe o 2R M |40 20% e =
=, phenol’d SfekE 22 27} kit e/de] o] &t Bentley, 1990).

Lee et al.(2014)2] Aol A &= 24 L7 7] €] genotypeo]] Tt & flavonoid > Z 2107} AT Flavonoids= A&
Aol A A, A AGEE D TRt AE 7558 7HAH UVEAL 23], of s, QFEdolu 42 2 Atk
Ze ~EFAZHE AES H oo (Liuetal., 2013). B(Lenkaet al., 2011)¥} ZHAH(André et al., 2009)S 420] A
ef 2 AuliglS o flavonoid A A7 22} H=ASHA-AAP A O] S712 flavonoid @30 571514 flavonoid= A E#H A0
Sol= a4 o] FRIESIT). Flavonoid2}hydroxycinnamic acid®} -2 phenolic acid S}HaE-2 UV-B7F ZAFE = F-9]of
LI AESH Z7fste] 18 Apdksl= 71 © & 4] A] QltiBurchard et al., 2000). UV-B=290-320nm 1F32] 2pe)41] &
O & DNAOIH Tl 55 /A7 i ] of| AN L2}, 91, 215 v - ehe] Q10 & 2Fg-3ht. o] o e AR
e A EEAKE), A U] ‘Golden Harvest'(A) 2 o EE22HD)2} 2] flavonoid Fefo] 3-8 71412 o)
501 =715 oM E URRA Y F84E w2 Ao R AR E

1l

e oox o

ohi ofr

tu

fol

Z anthocyanin &g

Rubus?s A= 7141 9] Z anthocyanin T genotype©] et 2 2fo]7} Q) 21thFig. 1C). AnthocyaninS H|2]5F Al of| A
=2 PASHS-S 712 FQ phenol’d SFEHEC]th(Kula et al., 2016). AjHE EEZHE)= 237.81mg/100g FW 2 2 = antho-
cyanin 7o) 7Hg T2 genotype Q1 71 & LR, ThE-2 oMY E-ZAK(D) 2t S H|2] “Thornfree’(F)7}94.99, 91.96mg/
100g FW.2. 2 #}o] glo] Batrt. ofojM 2 L7 7] “Canby’(C)= S 2H|2] * Abundant fruit’(G)2F frAFSTHL(p < 0.05),
ZlE: AFE7](B)+=anthocyaning 973k Al = TH 5 =] 71 A Qleh M £ 9] AN Table 1)of|A] 244 Zjulg L
D7](B)= “Canby’(C)°]| H]ol} 32 Lt 2 AM LS B Gl =H] o|i=anthocyanin 9tEfo] Coll H|o] A G17| w2l Ao =2 1}
EPgt}. Anttonen and Karjalaine(2005), Lee et al.(2014), Kula et al.(2016)2] Ao A= YFEH7]9] genotype©] et &
anthocyanin I 2 2}0]7} QI31tt B7|(Kim et al., 2015), 2.t](Choi et al., 2012) 2 E2H]|2](Cardefiosa et al., 2016)2]
anthocyanin T genotype 7t Z}o]7} Zict.

B LR E 7] 9] 591 EEZKE) 2] - anthocyanin FE2 24 UEE7] CoFBET 212} 3,68, 9.64 =], Kula et
al.(2016)2] Ao A e S LHT7] ] - anthocyanin Rt A LT 7| LR TH.6-11.44) =0T} 2k S LR
7| += cyanidin-3-rutinoside, cyanidin-3-glucoside 5 5% St anthocyanin SSHE-2 $H5-617 ] AT, S Lp a7 ofjgt
t}F ZA5]= cyanidin-3-xylosylrutinoside 2} 7-& anthocyanin SFHE H 1 F|{th(Kula et al., 2016).

ojghgjo} 2| of| A Aust7E2] E&H|2] = ‘Smooth Stem’, ‘Darrow’, ‘Chester’, ‘Hull Thornless’ 2 ‘Black Satin’ =
Zof|=67.4-88.7mg/100g FW 9] anthocyanin®] $-7-%]¢] 1of(Benvenuti et al., 2004) ‘Thornfree’(F)2} ‘ Abundant Fruit’
(G)&} Ato)7t 2 A] ket Z12ut ‘Black Diamond’, “Thornless Boy Sembes’ 2] 29| 2] 2 AUl anthocyanin SR 242t
119.3, 126.9mg/100g FW(Benvenuti et al., 2004).©. % Z= phenol’d 2}2}=7 & anthocyanin 50| 52 2502 H L
t}t. 18] 2 0f 4] A8t ‘Choctaw’, ‘Thornless Evergreen’, ‘Chester Thornless’ % ‘Hull Thornless’ o+ 125.6-152.2mg/ 100g
FW2] & anthocyanin®] $-3-E]o] ¢Jo](Pantelidis et al., 2007) ‘Thornfree’(F), ‘Abundant Fruit’(G) =} 1.3-2 B{A = =3ttt

2 7] ‘Canby’(C) 2] Z anthocyanin TR 66.59mg/100g FW= ZulE AHg7|(B) Y 1) g7 2] 3FeF 12.63-

Horticultural Science and Technology 121



LIREY|, 24, S2H2|2 = eighe 24, oE 2 et 2gH|n

30.48mg/100g FW(Lee et al., 2014) T} 2-58L} =9 Tt TS ‘Canby’(C)= o|22]ot Wi || A] Zulgt <September’,
‘Summer’ 9] §15F 29.2, 41.2mg/100g FW(Benvenuti et al., 2004), T]=-o]| 4] A8t <Caroline’ 45mg/100g FW(Wang et al.,
2009), Norway©l|A] 7F5-8-0 2 7P 58 3t 44 FE7] F521 “Veten® 56.6mg/100g FW 9 A7t o] 8-5]7] Hdet £5-
0 2 &2 ‘Malling Admiral’, ‘Malling Orion’, ‘Glen Lyon’ 2 ‘Glen Ample’ 2] 35 33.0-40.7mg/100g FW(Haffner et al.,
2002) Bk 21 0 = Uepith 2 ks SA UFE 7] 7} 2T 494me/100g FW.© = anthocyanin Fgo] 718 &1, the
EH]2] 150mg/100g FW ©[5}, M4 LFE7] 20-130mg/100g FW, 34 LERE 7] 0-3.4mg/100g FW 2] -0 2 H 1% 1
o] Ale}-G-AFsItH Anttonen and Karjalaine, 2005; Pantelidis et al., 2007; Bowen-Forbes et al., 2010; Johnson et al., 2011;
Bobinaité et al., 2012).

Z A3 S A LR 7] 0] 5§ §F A A-E2 9] anthocyanin flavonoid AT A 25 5-5]] 45 pelagonidin, cyanin, delp-
hinidin2] 37}#] anthocyanidin(anthocyanin®] aglycone)©| @3}E]o] TFE-0]ZItHLim et al., 2011; Wang et al., 2012). AHH-&
=237 7ol A anthocyanin $/874 & o Hisf A= B2 A17F sl A gEoL, o] o] H]sf anthocyanin A 47} 91/ & 2] oF
o a2 Tl g1olo] el 2 el 914 Sk Carvalhoetal 2013) 2 taxifolingl 28 474 Ho)2o] ek &
A & 5449 leuanthocyanidin®]| 4] A4-Q1 anthocyanidin O 2 HHfj= THA| oA 5342 & o] A elE]o] X540 2 antho-
cyanin 951 ST B, Docett et al. 201 11 54 Lp287]0]4] S0l }anthoeyanin T3 Hefeie}
T 5h3tt. 2719] A9 anthocyanin AT 25 FAH] gened] 0l 54 = EH Yellow Wonder')o] 471t}
(Xu et al., 2014). O3] AT} 3] B 2] “Canby (Cy A7} 0 Table 1) Ak =7} Hgald] ghort 3
phenol SFEFET} 3 anthocyanin 0] B0 22 A58 Hetole] T} AF2E 59| 2747154 A1 Ao A9 &
Fo2 AmHlt T 4 Rl A Ug]ach 18} 8 G A|E o Cheplick et al, 2007)7} 5 9trHe
25k 2] P ] Golden Harvest (A) S9FE R 2AE B87H7} 58 20 A9
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S = 400 - b 23
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Fig.1. Amounts of total phenolic compounds, total flavonoids, and total anthocyanins in berry fruits. Bars with different letters
are significantly different at the < 0.05 by Duncan’s multiple range test (n = 3). Refer to berry cultivars of Table 1.
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Phenolic acid?} flavonoid Az} &tzf

RubusZ: A& 74 9] phenolic acid®?} flavonoid SI3HE-2] 2437} SRS genotypeof] whet £ 2Fo| 7} Q13T Table 2). Hyd-
roxylcinnamic acid 7] phenolic acid 2+ caffeic acid, p-coumaric acid, sinapic acid 2 ferulic acid”}, hydroxybenzoic acid 7|
phenolic acid2+= 3,4-dihtdroxybenzoic acid, 4-hydroxybenzoic acid & syringic acid”} AZ% %t} 7E% phenolic acid2}
flavonoid 2tghE T AHIE E-2AKE) 7 A& 5 78 =00 H, v A U7 E7] ‘Golden Harvest’(A), OPY =2
(D), £ 2] “Thornfree’(F)2] =2 2 =3ttt 4-hydroxybenzoic acid”} <5 phenolic acid % gF=Fo] 714 Wek 1l oo
syringic acid”7} 3t} Obén et al.(2011)2] B oA+ 2 LpE 7| of| A caffeic acid, 3,4-dihydroxybenzoic acid, 4-hyd-
roxybenzoic acid ¥ syringic acid”} A& W, ferulic acid= AEEA] 9Lt} Zhang et al.(2010)-2 2 A3} ShA0 LR
7] 7250 A caffeic acid, chlorogenic acid, p-coumaric acid, ferulic acid, gallic acid, gentisic acid ¥ 4-hydroxybenzoic acid
7+ AEE1A, 0|5 ferulic acid?} gentisic acid @] $HFo] 7Pk w=9kthal B 1SF3ATE Carvalho et al.(2013)2 21 A3 3RA 1L}
TE7) oA caffeic, p-coumaric & ferulic acid”} 52 phenolic acid2} 1! 513117, Cheplick et al.(2007)- ThFek AAFO] LR
719] 4 phenolic acid+= procatechuic acid®} coumaric acidg}al B 115}t 0|9} o] A5t Ayt wat LR 7] 59
phenolic acid 37} 9tFo] The 212 412 719]| wheh &%= phenolic acid O] T/t AETFl Debd 4 Q7] fl2dl A
O 2 ARl ?HE “Anne’ A LT E 7] o)A 4-hydroxybenzoic acid o] 214 AT 7] Ht 3-108] & EQtTal 5}
|, 2 Ao A & SR 7] ‘Golden Harvest’(A)2] 4-hydroxy benzoic acid &&Fo] 71 w2 71 0 & veht A x]otct
(Zhang et al., 2010).

Flavonoid %27}, 2= A& 10| 4] epicatechin, catechin 2 rutin®| HZE $1+=H epicatechin $&F0] phenold 3}z
Z 71 =911, the-2 catechin®| =80 M, rutine 1|3 $R8-%] 0] Q131 SABANE7] ‘Golden Harvest’ (A )= epicatechins
114.06mg/100g FW 3575171 9101 73 92501 BEE genotypeo |17, Eh&-2: AhE- H-2A)(E) 86.05me/100g FW, Op) 25
ZHD) 2] &A1 2 =¥t} Carvalho et al.(2013)©] B TO]A] % epicatechine 4Z3-0] LFm7] o]l 4] 30-40mg/100g FW, SE5
O] A L7104 25-30mg/100g FW H91% HE5 0] phenold StehE F ool 718 =9kt B4 LHRE7|(A)9]
epicatechin =2 Carvalho et al.(2013) 2] A L8 7] Aol 2fo] 7} QIGL o, AfHliE: L E7|(B)2} Canby’(C) 9] 9t
2 7}7+17.01, 38.84mg/100g FW.2 2 ‘Tulamen’, ‘Sugana’, ‘Autumn Bliss’ & ‘Heritage’ &=5-20] 228 LT 7] 2k A
CHCarvalho et al., 2013).

5k rutin®] 7 4 LRE7] “Fall Gold 7} 2.2mg/100g FWO.2 AJR % 7P ST, o} Aol 19e] B52
0.2-1.0m/100g FW(Carvalho et al, 2013)°] W91 B5:5lo] 2lo] AWl 2874() olsle] 34e] Fagat SA1a1

Table 2. Content (mg/100 g FW) of phenolic acids and flavonoids in berry fruits

Berry Hydroxycinnamic acid Hydroxybenzoic acid Flavonoid Total
cultivar  Caffeic p-Coumaric Sinapic  Ferulic ~ 3,4-dihydroxy 4-hydroxy Syringic Catechin  Epicatechin ~ Rutin
A’ 0.01f 0.04 ¢ 0.07¢ 0.06 ¢ 1.09¢ 1479 a 2.04a 14.05¢ 114.06 a 023 f 146.45
B 0.01f 0.02¢ 0.02 f 0.12¢ 0.93 cd 2.56¢ 1.44 cd 345f 17.01 f 0.05¢g 25.61
C 0.08¢ 0.04 ¢ 0.23b 0.13 be 0.67d 3.55d 043 e 1.72¢ 38.84d 0.74d 46.43
D 035b 0.13b 0.09d 0.05¢ 1.46 b 5.68¢ 1.57 be 32.75b 5481 ¢ 0.80¢ 97.69
E 0.51a 035a 0.09d 0.16a 1.92a 8.93b 1.74b 61.13a 86.05b  5.05a 165.93
F 0.22d 0.38a 0.10¢ 0.08d 1.50 b 3.30d 1.72b 25.75¢ 3347e 0.50 e 67.02
G 0.27¢ 0.13b 030a 0.14b 0.79d 1.68 f 1.36d 20.96 d 20.96 f 1.30b 45.88
“Refer to Table 1.
YMeans with different letters in a column are significantly different at the p <0.05 by Duncan's multiple range test (n = 3).
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Dragii¢ Maksimovi¢ et al.(2013) % ‘Autumn Bliss’ @} ‘Polka’ L}7+E 7] 4] epicatechin > catechin > rutin®] &4 2 A& S
Qthal 511 0, epicatechin T2 4.28, 3.55mg/100g FW 2.2 Carvalho et al.(2013)2] H 119} & ¢I-Lof| A ZAFH SheFh.
o o 22 7ok Bt ool Art2EE A T 7)(A)L} S E-EAHE)= T genotype T} epicatechini}

cateching TF @71 Q1o 53 R 24771574 AlsAl el 7P At Aoz A= 3ok,

ol

i} g

0!

Rubus%s A& 11 0] @F4Feh 8432 genotypeol] mhet & 2407} Q13ITh FRAPH ] ofgt @H4tel &3 Al -2 AHE) 7+
363.51uM TE/g FWE A& 5 7F &2 genotype F1L, T2 oP8 H2AKD), 22H|2] ‘Thornfree’(F), 214 U7E7]
‘Canby’(C)2] &=A 2 =9Itk Fig. 2A). S L2 T7] “Golden Harvest’(A)Y=61.71yM TE/g FW & 713 Wkt FRAPH | 2]
St apitel 84954 AH= F anthocyanin Z7K(Fig. 10)9F AR 43S BT Lee et al.(2014) & FRAPHo| ©J3t 4ts}
42 % phenold 2F3FE3 anthocyanin @ego] THedo] Qlrkal sHoiTt.

ABTS radical 2752 AuE EEZHE)7T 71 3411, 0|04 op EEZKD), ‘Golden Harvest’(A), ‘Thornfree’(F),
‘Canby’(C)9] <oA1 2 =TH(Fig. 2B). ABTS radical £71%5-2] A= Z phenol’d SFHE3} Z flavonoid A1KFig. 1A and
1B)2H-GATGH AgRS B o] AT Y] “Golden Harvest’(A)7} 714 Wobe FRAPH ]| st At} 2}0]7} Q12)tt. o= FRAP
H7} ABTSH O ¥Hg- 127t th27] whEel 202 Ata=|9lrt FRAPH-S F4tst E47} HHGA] Fe''7t Fe' 2 SHx|o]
2,4,6-tris(2-pyridyl)-s-triazine} A33] A © 2 LeR b= 2H 28 =% (Benzie and Strain, 1996)5}H, ABTSH(Re et al.,
1999)2} DPPH(Brand-Williams et al., 1995)-2 free radical 2752 7 }ol+= " o]t}

DPPH radical 4-71"5-2 4 U787] ‘Golden Harvest’(A)7} 714 =0t FRAPRi] €]t qFitel &4 Avje} il & et
WO ABTS radical 2715 Z2eh= AT (Fig. 20). o]ofA S E22HE), oMY E2HD), E2H|2](F), U7
7)(C)2] &0 2 =9kt 3HA LT 7](A)ofl= epicatechinT} 4-hydroxybenzoic acid 3Hgo] A& & 71 =9kel A3K Table
2)25H flavonoidt phenolic acid®} 22 phenol’d 312F=0] anthocyanin 2t} free radical 7] f &1&o]H, E3]
DPPH radical A2} @io] =2 71 0 & F=5]Q]tt Bowen-Forbes et al.(2010)2 anthocyaning 3514 92 ‘Golden’
A Y719 2 -apiket E/d2 anthocyaning TFd 95 A|o]7 it A U7 Hok 28)) o4 =3tThal shof 2
DPPH radical 275 A9} -GASIATE. Plumb et al.(1998)2 catechin S13HE-2] free radical A7]% 2 thoFsh As} oA &
of| T3] H 15T Zhang et al.(2010) 2] H 7 of| A & 30 LR E7] < Anne’ 3} “Fall Cold’ 2] & phenol A SFHE-S 214 1t
27| E et 37| 29O DPPH radical 47152 214 LU E 7]} 2o 7 YIGIHkal B s3I,
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Fig. 2. Antioxidant activities in berry fruits. Bars with different letters are significantly different at the p< 0.05 by Duncan’s
multiple range test (n = 3). TE: Trolox equivalent. FW: fresh weight. A, FRAP (ferric reducing antioxidant power); B, ABTS
[2,2-azinobis-(3-ethylbenzo-thiazoline-6-sulphonic acid)] free radical scavenging activity; C, DPPH
(2,2-diphenyl-1-picrylhydrazyl) free radical scavenging activity. Refer to berry cultivars of Table 1.
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KO A BHAPE AR T 5 1 59T, he 71 Al e ol ke A S e o) BRA) otk
SHA 7] ‘Golden Harvest’+= anthocyanin A4S $-7-514] 9EA9F flavonoid $HF2 oA BBt T =9Fo o, E3]
epicatechin $1550] A& % 714 =9t} T35t 4-hydroxybenzoic acid $HFT B9 =3=H] 015 7% % 2] phenol A 313HE0]
‘Golden Harvest’ 2] ==& DPPH free radical 27153} g1o] Q=7 © & ZF=x5]Qict EdH|2] ‘Thornfree’ = 277} 7 3
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