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Contents of Bioactive Constituents and Antioxidant Activities of Cultivated
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Abstract: In order to select the raspberry cultivars that have high contents of bioactive constituents and high antioxidant activities,
7 cultivated and 2 wild raspberries which were selected and cultivated in the Bokbunja Institute were evaluated for their physicochemical
characteristics, bioactive constituents, and antioxidant activities. The wild raspberry of Asan was the smallest among the sample
raspberries but it had the highest sugar and lowest acid contents among the raspberries. Another wild raspberry of Ulleungdo
had the highest total phenolic compound and ellagic acid contents, 182.97, 55.25 mg-100 g'1 FW, respectively, although it was
small and had low sugar and high acid contents. Among the widely cultivated raspberry cultivars in Kimhae, ‘Wangttal’ cultivar
was a big raspberry with 12.80% sugar content, and another unknown raspberry cultivar was as small as the wild raspberry with
14.60% sugar content. Although ‘Wangttal’ and the unknown raspberry cultivars cultivated in Kimhae possess lower contents of
total phenolic compound (159.62, 165.94 mg-100 g'l) and ellagic acid (45.7, 52.1 mg-100 g'l) than the wild raspberry of Ulleungdo, the
contents of total flavonoids (14.28, 14.90 mg-100 g ) and total anthocyanins (28.69, 30.48 mg-100 g") were higher. Also the
wild raspberry of Ulleungdo, ‘Wangttal’, and the unknown raspberry cultivar of Kimhae had higher antioxidant activities measured
by FRAP (Ferric reducing antioxidant power), DPPH (2,2-diphenyl-1-picrylhydrazyl), and ABTS (2,2'-azinobis-(3-ethylbenzothiazoline-
6-sulphonic acid) assays. The present study shows that three raspberry cultivars could be potent resources for raspberry breeding
and functional material development.
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Berry 342 theFgh E7F2] phytochemical 42 oh5
sto] ibeks, FAS, Tt FUEY T o AEEA
(Bobinaité et al., 2012; Zhang et al., 2010)2 2= o2 2F
&4 ek Berry IH2] 5-895 5 £3] flavonoid, tannin,
phenolic acide} 2 54 SHHES 7V WA AR
A wv] e Sk 4] o) o GAse S 2
AR el Qi) ARo) GAEe T2 o
EAJold1} ellagic acido] &J3tth(Bobinaité et al., 2012).
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22 AI|(R. idaeus)®l 23-59mg-100g" FWo], ZA Ak
(R occidentalis)®] 214-428mg-100g’ FWo| =0 gt}
(Suthanthangjai et al., 2005). YRFA OS2 AHd7|ofl&= th9)
IEAJoPd o] EAshH, AFE7] 2] %9~ cyanidin-3-glucoside,
cyaniding-3-sophoroside, cyaniding-3-(2-glucosylrutinoside) 5
o] FQ StEAJoId AE<] Ao 2 HE % th Suthanthangjai
et al., 2005).

Ellagic acidi= 7], As17] 5] 2141 9 550} 72 Az}
ol i ghEo] Qi sl sakERA $2l9,
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Fig. 1. Samples of different kinds of raspberries.
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USA)E 54 sto] Lokl & Edtilco|t 3
2 mg-100g" FW& Uehfolct.

=

EAlOR & =

Z OtEA|ol 312 Pantelidis et al.(2007)2] HHof 9
3l =Astg 1 g0l Aoz AXEIITE Contents of total
anthocyanin(mg-g"') = [(A x MW x 10° x dilution factor)]/e.

]
0

r
ook

S Flo 02
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coefficient for cyaniding-3-glucoside(26,900). MW = molecular
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Ellagic acid 32 Kim et al.(2010)9] ®Hof wha} Ak
W2 SleRaEt & Seiglth AhEY] 2008 B4 5
(HM-3310, Shinil, Korea) 2.5g2 #|5to] 7.5mLe| SHTE
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detector(Agilent 1100 Series, Agilent Technologies Inc., USA)
E ARE31o] 260nmof| 4] HPLC(Agilent 1100 Series, Agilent
Technologies Inc., USA)2- ©]-8-5l] =43}4t}. Ellagic acid
ke mg-100g" FW= Lehyigict.
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Arg71e] =27] BA4E dobHd dxt 352 1.45-3.10g,
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(Table 1). B A= AFE7|(C)7F A& AMEY] 5 7P 231
FARCH, A& 23%=B)¢ T oMt o AFE7|(D)
9 5 539 AFg7])= A9tttk Tosun et al.(2009) &7
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2 7P w3, AR &350 oMY AME7I(B)= 10.4%=
71 Wtti(Table 1). B]7| Erzurum | opf AFE7]9] o
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Table 1. Characteristics of different raspberries used in this study.

Fruit Fruit Fruit Total Total
Sample Origin Cultivar Type weight” length®  width® sugar’ acids’ pH’
(8 (mm) (mm)  (°Brix) (%)
A Pohang, Gyeongsangbuk-do Unknown Cultivated 2.04 ¢ 1281 ¢ 1678 cd 1240 d 221 b 351 g
B Ulleungdo, Gyeongsangbuk-do  Unknown Wild 158 d 1138 e 1511 e 1040 f 252a 343 h
C Jinju, Gyeongsangnam-do Unknown Cultivated 3,10 a 1620 a 2039 a 1160e 216b 359 f
D Jinju, Gyeongsangnam-do ~ Native species Cultivated 204 ¢ 1376 b 1725c¢ 13.60 ¢ 149 e 3.83 c
E Gimhae, Gyeongsangnam-do Wangttal Cultivated 275 b 1437 b 1821 b 1280 d 203 c 3.63 e
F Gimhae, Gyeongsangnam-do Unknown Cultivated 155 d 1246 cd 1528 e 1440 b 202 c 3.60 f
G Gimhae, Gyeongsangnam-do Hongttal Cultivated 150 d 1140 e 15.89 de 13.60 ¢ 1.89 d 3.68 d
H Okcheon, Chungcheongbuk-do ~ Unknown Cultivated 152 d 1191 de 1527 e 1360 c 14l e 386 b
I Asan, Chungcheongnam-do Unknown wild 145d 1117 e 1529 e 1620 a 146 e 3.95a

"Means with different superscripts in a column are significantly different at the P < 0.05 by Duncan’s multiple range test (n = 20).
YMeans with different superscripts in a column are significantly different at the P < 0.05 by Duncan’s multiple range test (n = 3).

=X 10.87-13.60%(Tosun et al., 2009)2 713} Ahz7|(F)2t
oMt oY AFETI(DE ABkAL FrAFSEGITE Pantelidis et
al.(2007)-& 12| 2of| A Aulj%E ‘Heritage’, ‘Autumn Bliss’,
‘Meeker’ &% A4 7]9 g X7} 7.3-10.0%2}11 H1135}9
11, Haffner et al.(2002)& =2 oAt 53 Atd7]9] =7}
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Ard719) Ates BE 2520 ok AME7IB)7) 2.52%
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A Ajol glo] 74 WeTHTable 1), = flol4t 4187]o)
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w79} ATt E7] Erzunm #]ee] opy Al Al
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Table 2. Colorimetic characteristics of raspberries used in this
study.

Sample L value a value b value
A 40.52 ¢* 12.12 bc 364 b
B 41.71 abc 1357 b 3.69 b
C 40.96 bc 872 d 1.68 cd
D 3894 d 8.09 d 1.51 d
E 40.97 bc 10.54 ¢ 2.78 bc
F 38.75 d 8.20 d 1.19 d
G 4243 ab 12.63 b 355 b
H 41.03 bc 12.84 b 339 b
I 43.14 a 1599 a 492 a

"Means with different superscripts in a column are significantly
different at the P < 0.05 by Duncan’s multiple range test
(n = 3).

2 E7] ERAY oy Abgv|e] Prel A=t AulE
A7) Eo AR 2 Aeo|etal Bkl & AT
Aol UAetott ghE By BRA opy Ahdv] o] A
Tl W 40.5-49.6, ML 32.2-42.8, AT 15.7-25.89]
Hegon, £3] AN rwel FAErt it ofy ARg|E
o} AA3] Eoke) 2 olal Ah7]] A9 W 25.6-29.7,
Z 17.7-25.0, B =7} 6.7-10.42] wH 9] (Haffner et al.,
2002)9 a1, AF Q1AL Ald7] o] 9= Wi 18.29-25.89, &
AT 33.03-35.10, I % 17.78-19.052] H$|(Ancos et al.,
200002 =FUWAF AFE7|H o Pl W HAE o) A )

Bol Tg P Mg mi o Ryt



LEH72] 7IsE 8= =

o
o] d=A eighee A, ot

r

A dukAel F4, &
At 50 A7) 5738 ohyEt AlE AR 2= Al virus

of et A U AF7|II7MA] IS mA= Fagt
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2009). AHE719] - e e S % A
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‘Festival’, ‘Boyne’, ‘Nova’, ‘Killarney’ &% o]|2]of 7fjut}
Quebec¥} Ontario A|HollA| 55 4% Ag7]9] & 4
e FrerS =43 A3}t 144.2-214.6mg- 100g FWakLL
Hustgled ol AR AMg7|HT 23 2 Folch
1 g}of Bobinaité et al.(2012)2 1752] g|Fol oAl Abg:
719] & w4 3R] o] 278.6-503.9mg- 100g' FW
2k1l 3% 3, Ancos et al.(2000)2 AH|QlAF AbE7] 79
1137.25-1776.02mg - 100g" FWat1l Husle] o]S m7]9]
% =4 SHES] 2 UikET AAEHA ot Al
A9, FFol wet F Zol7t e AR YEth

2, A, e 119
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(C)9} AE EFHA)2] AF7]7} ZH2) 10.91, 11.60mg-100g”
FWE 94 o] glo] 7H Wkth(Table 3).

Z AEAoMd T2 e gale] AFE7|(F)7F 30.48mg-
100g" FWE 74 1=9ka1, S opate] opa Abg7|(1)7}
10.82mg-100g” FW=E 713 WK Table 3). 12]20)| A Al
%] ‘Heritage’, ‘Autumn Bliss’, ‘Meeker’ #£52] & QFEA|olH
n=R 35.1-49.1mg'100g'1 FW(Pantelidis et al., 2007), 7t
Quebec®} Ontario Ao Aulj£y} 855 £59 ke
23.2-75.4mg-100g'1 FW(Khanizadeh et al., 2009)31.0H, &%
oljopal 1729] Abzhr|= 29.2-130.6mg- 100g" FW(Bobinaité
et al, 2012)2 Al& APG7|Ht} Z FEAJoRd gheFo] =9k
o). Ao Auo e AR AME7]= P
wob R HAS w= A Bl ol § dEAeRd
o]l W] gl Ao ALRE <

Ellagic acids= AFg7]o] Qlof 8 #Hs/4d St o
ARl Ao R sl e, FurE-gol Stk Arg7] 9
ellagic acid 342 ellagictannino| 4] 52 ellagic acid=
o] A} 7}4=85.3) Z7(Bobinaité et al., 2012)7} AJAkx| 9} &
ol whel 47-1,692mg-100g" FW2| W2 FAZE jo]
7} J= Ao 7 HaE¢tLandete, 2011). A& AFL7] 9]

FFE AR 5= AFL7|(B)7} 55.25mg-100g
FW2 714 =943, 2 25 AFg7|(D)7} 34.35mg-100g"
FWZ= 7 Uk=d|(Fig. 2), AF27]9] ellagic acid $FFe &
=4 SESE et =2 AE Hth Ancos
et al.(2000)2 AH|QIAF AFH7] o] HL- F A SehEo]
1137.25-1776.02mg-100g" FW uj ellagic acid deF-2

BT AL

ellagic acid

Table 3. Total phenolic compounds, total flavonoids, and total anthocyanins of raspberries used in this study.

Total phenolic compounds

Total flavonoids

Total anthocyanins

Sample (mg-100 g FW) (mg-100 g FW) (mg-100 g FW)
A 12291 ¢* 11.60 e 19.10 e
B 182.97 a 13.66 bc 2035 d
C 115.70 c 1091 e 15.44 f
D 118.44 ¢ 12.48 d 26.12 c
E 159.62 b 14.28 ab 28.69 b
F 165.94 b 14.90 a 3048 a
G 161.05 b 14.65 a 18.74 e
H 161.64 b 13.30 c 12.63 g
\ 158.32 b 13.81 bc 10.82 h

"Means with different superscripts in a column are significantly different at the P < 0.05 by Duncan’s multiple range test (n = 3).
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Fig. 2. Ellagic acid contents of raspberries used in this study.
Bars with different superscripts are significantly different
at the P < 0.05 by Duncan’s multiple range test (n = 3).

207.89-244.38mg - 100g" FW & =9kt}1 31911, Khanizadeh
et al.(2009)2 ‘SIR942-7 E£0] % ¥4 FFHE Fleko)
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Qrthar 314t Anttonen and Karjalainen(2005)-2 H#=AF
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Eou Ad s FH(G), T obite] opg AP
(D2t 214 2tol= GIATHP < 0.05). “FE(E)2 (F) AHg
7] A% % du4 SRESEE 25 ol AEY|(B)E
o} SOk F FEAOP] $RRS 85 APR| KT #9k
£, o] AMIZEE FRAPH O o3t g4tsl g2 F o
B4 eI F AEAob Fhego] mE FRo] e A
© & AR E 9k Tosun et al.(2009)2 Ahgh7] 9] FRAPH
o5t FAbst B 2 WA SEY YT BUR’ =
0.83)0] @itk 319131, Khanizadeh et al.(2009)2 & &4
3l5HE, & otEAJopd W ellagic acid 3FFo] AR & 7P
EE SIR9A2-T FFO] FRAPHE 7P =9tthar stof £
Aol FARsIGITE El719] S5 Alefx|to| A xgt 1452
oFA) AFzt7|o] FRAPZES 11.2-19.8uM TE-g" FW(Cekic and
Ozen, 2010)2 A]& Ald7|Hc} Wolot € 7] Erzurum
2 9] oA Abgtr] A9 81.3-124.3uM TE-g" FW(Tosun

il
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Fig. 3. FRAP (A), DPPH (B), and ABTS (C) activities of
raspberries used in this study. Bars with different superscripts
are significantly different at the P < 0.05 by Duncan’s multiple
range test (n = 3). TE, Trolox equivalent; FW, fresh weight.
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