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Abstract

This experiment was carried out to enhance the availability of blackberry. Since it is difficult to use blackberry as a
fresh fruit, we investigated the quality characteristics of blackberry powder obtained by various drying methods (freeze
drying and hot-air drying at 40~80C). The L- and b-values of freeze-dried powder was higher than hot-air dried powder.
The pH (3.2) was lowest and the acidity (14.4%) was highest in freeze-dried powder. In freeze drying, the brix degree
was 65.7 °Bx, but it increased from 54.7 °Bx to 68.5 °Bx with increasing temperature during hot air drying. The total
polyphenol and flavonoids contents were the highest in freeze-dried powder, at 9.3 and 6.2 mg/g, respectively. The levels
increased as temperature increased in hot air drying. Anthocyanin content in freeze-dried powder was 8.51 mg/g, while it
sharply decreased to 1.17~2.45 mg/g in hot-air drying. Vitamin C content in freeze drying (979.4 ng/g) was higher than
that in hot-air drying (48.3~303.2 ng/g). The sample concentration required for 50% reduction of DPPH free radical
scavenging (RCsp) was 79.7 ug/mL in freeze drying, and showed high antioxidant activity. Also it decreased from 122.4
ng/mL to 87.7 ng/mL with temperature increase during hot air drying. We therefore conclude from the above results that
freeze drying is more suitable for the production of blackberry powder, because this method showed high value of
chromaticity, total polyphenol, flavonoid, anthocyanin content, vitamin C and antioxidant activity.
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H Aok
o A=l Wi B84, oo, ERE, S| Edd o= HEsAd EFQ gallic acid, protocatechuic
g, ol2Yo} o] FRE o|F1 9lon, T 7|5A Hg acid, p-hydroxybenzoic acid, caffeic acid, p-coumaric acid, ella-
Fol digt &u|RL] 4 o] FolAHA Ao = JujH gic acid, epigalllocatechin, catechin, malvidin-3-glucoside, quer-
o] Z73la 9ty E3] EF|g]= 2011 50 haof|A] 2015 cetrin, luteolin 51} =2 3=F9] gallocatechin, malvidin-3-gal-
W 142 haZ AujHF o] =g, o] 7Led AL Ay actoside, rutin, myricetin, proanthocyanidin 5-¢] &&= o] itk

WAL o 85 hao] o2 Yiw, 4, HG Sof SHYE  (Huang 5 2012; Folmer 5 2014). SFEAOR] Z0] A= cyani-
02 ZAFEY ot FUo A= 1993EEE RIZE 85719 din, cyanidin-3-glucoside, cyanidin-3-rutinoside, cyanidin-2-(2(G)
sl £ 2] AFFol KFH7] AlAste] @A7HA] V3, 77 xylosylrutinoside), cyanidin-30-sophoroside 5-°] gH5°] 3]

f Corresponding author: So Ra Choi, Jeollabukdo Agricultural Research & Extension Services, lksan 54591, Korea. Tel: +82-63-
290-6041, Fax: +82-63-290-6059, E-mail: sora0909@korea.kr

- 609 -



610 Hae}- HoF -

ol-)~
rlo

G- HUA -

S, ellagitannis®}|+= sanguiin-H6, sanguiin-H10, lambertianin
C 59| =4, o]&5L IS v 25| okt 7|54
Z4Actn 218 v QJthFolmer S 2014; Ryu S 2016).

S92 7580 Be AFE ohFE EofollA AA
Heou, 55 FASYo] B RoT HuEYL)
(Huang 5 2012; Ryu 5 2016; Van de Velde 5 2016), 2,2-
diphenyl-1-picrylhydrazyl(DPPH) free radical AAZ&AJ, ferric
reducing antioxidant power(FRAP) 5-©] %55ttt S3H g
297 222 T o)/ Fola A7} TEg
360 mg/dLo|A] ok 270 mg/dLZ G-o)F 02 72 S
A% A= th(Stefanut 5 2013). Liposaccharide(LPS)Z
S5 nitric oxide(NO)&} reactive oxygen species(ROS) 234
T2 AAst= FE A= ¥ AT Van de Velde 5 2016).
ES, E| -’F%%% A7 B3 Al oA thekgt

EdE 240] AlFel wet A<l
3] ofA S| 2|2l Rubus brigantinus
9} Rubus vagabundus—: Al3Z U reactive oxygen species(ROS)
9] Z+4, glutathione §HF 24 9 capases 432 A7 HE
a37F okl B E Qi thTavares 5 2013). E3H|E] 60%
e 22 Hxole tigT JUAE AE Tk glo
H(Jung 5 2012), in vitro Ao 4] ethyl carbamate 2 =% A
ZEA) Al 1 23 B3 = UthChen 5 2016).
Egug]e 2 AZE< cyanidin 3-glucoside= THA|Z &
& 2Wsha, e AAEE T A9 Puiw e 24}
(Kaume 5 2012), EH|2] Yet= L ZHAHE FAHY
triglycerides serem level, & ZY A HE, LDL Y 2HE &
Fe W5 @9, o, 2% W) A kst k3o A
8397} QQcKFerreira de Araujo 5 2011).

S} el weTiolis o 7-10%2] ZHe FA7L A
Aol glo] ATk AT Iole thas Bel7t olw, 42 4
$E SR Wit o] digel, s A
B JH2 olgels o] HiRtsith WA =) W
Az B A7 Ol e AHoIn, B AolA
7HEGA A wol AREHA e FEAAERY @FaE
&5t EHH Y AxETS A2T & YRS, A
24 =2 9 FaAE T 5= Hlaste] At Az
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A3t SAARE Y3 ARE 24417 S -80TC 9
e %‘@E_L(WlseCryo Daehan Scientific Co. Ltd., Wonju,
Korea)2 ZZ2A|7] & £ZAZR7|(TFD Series, IlshinBioBase,
Dongduchun, Korea)2 AZ3SIATE EEAZE 40, 50, 60, 70
2 80Ce 2:2 oF 02 2 mjA] AZ7|(WiseVen, Dachan
Scientific Co. Ltd., Wonju, Korea)Z2 A A|StEHth
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£ 450 um oJ3}=2
A X sle] BEdskel & MX}A|(Minolta Spectrophotometer CM-
3500d, Minolta Co. Ltd., Tokyo, Japan)E- ©]-&3}o H(L), &
M (q), DS ZABISTE o] w M2FA calibration
plate®] LZF2 99.68, agf-2 0.03, b7FS -0.760|Uth

Az BUg 10019] FHEE $55, o] 3 (fler paper
No. 2, Toyo Roshi Kaisha Ltd., Tokyo, Japan)Z o #}3}o] pH
meter(Mettle Toledo AG, Schwerzenbach, Switzerland)E ©|-&
3 pHE SA3I3h S4tE = ARE /742 2,008 =
3| X431a1, oJI(filter paper No. 2, Toyo Roshi Kaisha Ltd.)gt
% 50 mLE F3te] 60 L wlm=ZEE el 894 (0.5% in 50%
ethanol:water (1:1)) (Sigma-Aldrich Co., St. Louis, Mo, USA)
= A7Fstglem, 0.1 N NaOHZ A sto] 2ulgrs 545}
i, FAAE VIR 5}"}3}‘”‘3} = S8 Hsl A=l
10919] R4S HF T 087 2E}e] FEAPALL,

Atago Co., Tokyo, Japan)= =43l 10842 F3ff FHaks}t

.
4. AZEAO| & E2lH= H SR 0|E BE B4
Folin-Denis H'S H XA & Zovs d=he BA51Y

T

ot wlEE 30 mLoj| 242 T 1 g& §o] 25CofA
4A]7¢ F¢ 180 pmO & 33] & ¥ 100 mLE 75;1 ¥} et
2o 50 uLe} FF4> 950 uLE 2 mL tubeo] ¥, 0.1 mL
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Folin-Ciocalteu's phenol reagent(Sigma-Aldrich Co.)& &g
of 387k A 2ol WAk o710 0.2 mL NaxCO; &
Yo, 2542 Wrlehe] 2 mL2 WS} 147 Bt
S0 WA ., 3,000 pmolA] 1087 QAR ST A
o 250 mLE microplate®] %71 3 725 nm2] absorbanceE
microplate reader(PowerWave XS2, Biotek Instruments, Winooski,
USA)Z &A3t & gallic acidE ¥HA|A BE3E AAAAS A
J Agdonyy & BvE deke Fodc

ZelRo|E FES 22 A|E 200 uLof 500 UL diethyl-
eneglycol(Sigma-Aldrich Co.)& €37 1 N NaOH 50 uL& &%
3} vortexing?FP 37C 327]oA] ¥k & 420 nmoj|A]
absorbance 2 &4 stE ) olu] EEEZZ ruting ARESHY]
gEe qUHE AU Ao ZRE Eehuiols U
, 012 38 Wk

o o ﬂilo St

UFEA| o}ﬂ —Eréi—g—. 13l Giusti & Wrolstad(2001)7} A A] gk
Atk 15 mL tubeoﬂ A]i 0.2 g7+ 0.1 N HCI
9y, 3087 229 & § 7,000 pmo 2 5E7H
3l TE 15 mL tubeo] 0.025 M potassium chloride
buffer(pH 1.0)2} 0.4 M sodium acetate buffer(pH 4.5)E 2.5 mL
A Qa1 FEARE 1.0 mLA E3ste] 1587 e ol
A8tk FF,E blankghE AAskaL, FH|E potassium
chloride buffer2} sodium acetate buffer A E2] 510 nm<}
700 nm2] absorbanceS &AstH T &A= absorbanceE o}

o AA] skl hEAlold B BASAL

CRE

Anthocyanin content (mg/mL) = (AXMWxDFx1,000)/(ex1)

A = [(Absorbancesio nm ~ Absorbanceoo mm) pH 1.0
- [Absorbancesio nm) — Absorbancemoo mmy) pH 45

MW = The cyanidin-3-glucoside molecular weight(449.2)
DF = The dilution factor
¢ = The molar absorptivity(26,900)

H]EM] C & Megazymejit(Chicago, IL, USA)2] ascorbic
acid assay kit(L-ascobate)S ARE-3}o] EASIATE 96 well
microplateE ©]-&3}] L-ascorbic acidZ2 ZAAAE XU AHZF
Ag T3 H Hehnl C e 2Hao

6. ZXE29t9| DPPH free radical 2&2Hs ZA}
ot 12+ Bt 1 g& 30 mL HEHE] Yo

o]
=
LARE 59k 283} £ 5t o] 39l WHEate] 100 mLE

A8 T EHANEE ARSI dHAY 2T FEANE
L DPPH free radical &A4%0] oj$ =& A2 el
50~300uf 2 3|45t} ARESIGET, oldf AA AE FEF
E+= 0.2~0.033 mg/mLo|th 2 3el W2 A gE
98 well microplate®] 250 uLA E37, 517 nmo]|A] absorbance
=45t =3 0.1 mM DPPH(S1gma Aldrich Co.) 50 L

a1, Ao A 2027t ¥EEAIZ] F 517 nmof| A SB =S
5kdeh. Aol DPPH AlekS Wr] Azt § BY= 2ol
U NERS) S AIGOE e F ALES hila)
o] DPPH free radical 2~ Ska, Aol FfPrle =
RCsy (the sample concentration requlred for 50% reduction of
DPPH free radi- cal scavenging)S Ar&3lgich. ol ¢1-Z3}Ak
A9l butylated hydroxyanisole(BHA)(Sigma-Aldrich Co.)2]
RCs &= AT

le e
o\& _Il

7. SHAzZ

A% ATko] EAX TS $3) SAS T2 T(SAS 9.1, SAS
Institute Inc., Cary, NC, USA)2.2 ¢j|o]§ 9] 43} B}
£ 33 & AHE7te] zo]E one-way ANOVA(analysis of
variation) 2 HA3}31, 5% 49| A] Duncan’s multiple range
tesDMRT)E AA|st] 7t Fo4dS AR

BRI UELRA o A5E

ZZAAZ} 40~80 C—J g%
24EE 240 aqmg D 5AAxe] 39, 604
28 FEe FTAZE 80T A R E 21A7H71X]
B2 eE Folo] e AR BETE ATl &
£7} £84% AWHoR AzLaATI] FolE AT
o] ltHRodriguez 5 2016).

A2589 3%, SAAZAN 16049 AE4-4 23]

S
N2 B
ri

flilo

v, GEARE 143~153%2 thh 32 $25 Bgld],
olgjgt A= %%3{4#—4 Ao —80CoA E2AZ = A
ZAA FH EA4o] 79,“01% ZAz0 AL Az

S AdRtel] 5ol ESt] &40 47 LAY o
o= AZAEH Heo] EHHE|e 220] o €3
2715 o8 BF Aol SAMA 25l BAYH FY
o 433 EddE 2T HElF T ok=2Y ol Ao
Ao g A2, 194-242%013 00, s241d%
oA EIFA=x] vldf oF 1% Ao, ARL8AIL &
AZZE 2AZEG 50T FARNA 60AIFe2 TEE o]
(Lee & Kim 2015) 2 A3} tha z2po|7}h
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Fig. 1. The drying hours and drying yield by various drying methods in blackberry. These values are means+S.D. Means

with difference letter®?

7}?%01] 'IJrEP %%O}Xl—t« 75‘50 E“‘WFlg 2). @QE(a%b =
Al AL H|Lslg o), otEA|oldo] e EXAF =AA
ZO|A 20020, @EARE 3.0~13302 & X}ol& B
FA=E Uetll= b8k JA FARE ARFelsley, Azt
Aol Lt Mol u]3) cha ek 40T Az 3
FAZ ARR QIF o o) wekE AAY Hol
E40] A9 glete

otz Uole] A9, Axgolt AxAZIe] B2 WA E
ol Mzl 74 Watx UeHA|uKLee & Kim 2015), oF2 Y]
} T2 AxEHY Mes FAURNA L, o, b3ko]l 3%

I, AFE ARA gAdgon, ALy} Zle4E

o
T
A}-

o™

L, a, b3ro] 5 A5dte] B AYPt FARSF th(Horszwald
5 2013). B Ao e BRvee] At 27
Zo| A GEAZ v|F] =K Park 5 2014), SAAZA

o7} AL, I5o] EEH o] AJFAo] Wol, dxe

2 Hgx Rotgon, ¥z A A2 FHU4E
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within drying methods are significantly different at 5% level by Duncan’s multiple range test.

23|18 Lgko] Zra38taL, agtd} b3E-E F7hetth(Shin F 2015)
3 ate] Lgkella] B Aga Autd dnte ®ag b ok
oAl Aol FAARAA L a, b3ko] 7HE £ULS
U, @Fd2 F7tel wetae 28]8 gagtha stej(Choi
5 2014) Azl w2 Mz APl et uje ot
FstA et Aoz gz
pH 4=, GES 2ARE A3Fig. 3), pHe 524
oAl 71 22 3.00190 3, EARE olHTh &2 33-36
2 Ueion, d3Az 2= ©Et 40ToA 23] &1L
Azxgx F7he weh wobg o, 60T o] $5 e §7
oz {240 “%E} 52 dzd EYuEy FA=E
14.4%2 ojj-$ l;;—gkg , BEAZR AL, 83~10.8%2 It
G AuHos dEdse Lt S2as BAE A4
F7hst e, 40 C4 35 °ﬂﬂ7§°l9it} grE 524z
oA 65.7 °BxE HYo z9] 4 2257l &
E} A5 68.5 °Bx7HA| ‘6‘7]'01"1: 7&! FE H?slt}. a8 40C
TAZ A YR Aol uls] 4P| Fe 547 BxE &

L
-
=23

B
Rl

1=,

l T2 Bt wlgR{ 7hdl of2 Yot e, A
Hol| w2 th38~39iix}°l7} APot, dE= é
A=A 657 °Bxd] B3] 50C GEAZ A] 537 °Bx& 7

61 a
C d b

Yellowness (b)

= [

50°C 60°C 70°C  80°C Freeze 40°C

50°C

60°C  70°C Freeze 40°C 50°C 60°C 70°C 80°C

Freeze 40°C
drying

- - d
Hot-air drying ving

Hot-air drying

dryin
ying Hot-air drying

Fig. 2. The chromaticity of blackberry powder obtained by various drying methods. These values are means+S.D. Means

with difference letter™?

within drying methods are significantly different at 5% level by Duncan’s multiple range test.
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Fig. 3. The pH, total acidity and sugar content of blackberry powder obtained by various drying methods. These values

(a~e)

are means=SD. Means with difference letter
multiple range test.

sibn 21 v gltkLee & Kim 2015).

3. 2| AxRYUo| & Zd|niE ¥ Z2i20|= &

auele] Azl G2 J1SAE WS Lohu]
98 & EBew SeppicolE FFS A AT:
Fig 49} 2t Baula) A7e] A9, % B ge
2.79 mg/g, ZFH=0|E FF2 0.60 mg/gS HOlth= Bl

T QthJung 3 2015). & EE|olE g2 52AZNA 93
mggO® 7V wetom, 4FAR A 60T ool 2welA
8.4~8.6 mg/gO 2 =11, 60T ©]3}9] AZX LT 2=
aof w2t G478 FAaE U Park §(2014)= 52 A=d
EFH Y & E2Hs IS 172 mggolloy, €34
ZE103 mggl 2 Aol B Ay gA3E Aufs By
3+ v} 9lt}. Huang 5{(2012)2 HPLCE o]&-3}o] S]] <]
ETdE AES B43 A, of$ &2 gallocatechin¥} vz
9] gallic acid, protocatechuic acid, p-hydroxybenzoic acid, caffeic
acid 5 A2 vt Yok EF DR 3 Beldls G
ZARGE Bialo] w2 d, 742 94 mg/g, £ 5.6 mg/g,
7] 27 mgg &2 2 EFHE|EG B9 7 & EYvs
ol 2o m(Huang 5 2012), 2 A] 2] & &
Yol dFTE i Zpol7k AU Rodriguez 5(2016)2
gFazxet &€ Ax% 23, diRrdz

ZAZZ maqui berryS

-

10

Total polyphenol (mg/g)

Freeze 40°C 50°C 60°C 70°C 80°C
drying Hot-air drying

within drying methods are significantly different at 5% level by Duncan’s

oA T STz FF2 8116 mggo B wou, Az

of| Al 34.43~41.62 mg/go. 2 FolF o, 60~70C YFAZXL
oA & HgFolqlth o] free phenolic acids?] gallic acid
8} ellagic acide= tiFAZANA 242 744 mg/100 g, 176.5
mg/100 go]glom, 40C FEAZNAE 123 mg/100 g, 109.83
mg/ 00 gl A 80Tl 13.97 mg/100 g, 384.08 mg/100 g2 =
7kt tiFAzREL & HETE 91912, bound phenolic
acidsQ] gallic acid?} ellagic acid= ) FA oA 17.11 mg/100
g 19.87 mg/100 o] T, BEARL 222-4.13 mg/100 g, 1.49~
526 mg/100 g0 2 FARNA R} gaFo] ¥y, 2 A
ol w2t S7HstATh wEbs 2 AdoA = EH| Y
Azvgol] wE oekat A& B 9 Ao R FgH
Murta berry2] o A Zof| B3t H 1(Rodriguez 5 2013)0] A]
% A2L=7}F40-80C7HA] S71ete] weh & &= o
nﬂ’rilr:ol‘: o] A&H L2 FopXitkal st
o] ZgtH ot AES HPLC mass-spectometry
A5F A3}, quercetin 3-rutinoside, quercetin 3-galactoside
0%0] JEE o, & flavonols T2 74.4 mg/100 g
= EAtHKaume 5 2012). & A4 A=) i E &
Au| 2| o] ST o= FFE 3.8-6.2 mg/go 2 F ETT
& fERRThE The B BEE Hol7) YAT, FADR

ilua =
2 u
E
_L

_|

°lﬂ f

A I 3% Lxo et Frkete] & EeulE g

8 -

G a

B -

Es -

3

o

» H H
2

Freeze 40°C 50°C 60°C 70°C
drying Hot-air drying

Fig. 4. The total polyphenol and flavonoids contents of blackberry powder obtained by various drying methods. Means
with difference letter®™® within drying methods are significantly different at 5% level by Duncan’s multiple range test.
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m=)
o,

wsle} wlsat A Btk A welge] B
24 ATto] whR(Huang 5 2012), Behiico|= e B
ZH)2] 36.1 mg/g, EHH|2] 11.8 mg/g, B7] 74 mg/g £ =
Hustgedl, 2 AA 2} oha 3o Zol7t JUgich 2
719 ASow BAARA 0T BEAZY swell drying
(@3dz g vsl & SHl=y ST eols T
0] =9k S H(Alonzo-Macias 5 2013), maqui berry(Rodriguez
5 2016)9} murta berry(Rodriguez 5 2013)<] 7 ZHH o o}t
= Zopuol= 3 X SAARAN 7Y E 1, catechin
¥} rutin hydrate®] 35 H3b7} @okarl gk

rl

4. SH|2| AXELO| QHEA|OH! Y HIERI C &t
gutdow Az ut %i*éz‘jc—l ey *EZJEP
A em(Kim & Kim 2000; Choi 5 2014), o]¢]] w2}
Ao FRAECR dHA Qe dEAIIH HE
C &S Azl et vastich EAloPd Y] 7
, SAZZNA 851 mggS Kl Why, %%ﬁ}— 1A =4
Zra5he] 1.17~2.45 mg/gS PO ZAZ YA =
=7t SESEes fo4es ”5\—0}951‘:}(1:1% 5). YEA
d e F ey EetEeolE Y Ml E
o9 & o2 g5k Ryu 5(2016)2 W Au=
A Qe HWolE F 5EFY A=A TS HlwT Ay,
1.9~5.6 mg/go] gF-5 o] 2131, Huang 5(2012)= 524 Ax
B EH Y AdEAoT FE 399 mggo 2 E HYPH
o o B2 g s BIust=t, ol FFolu At
7ol e Apo|= AZE ). Park 5(2014)9 AolA=
EFH 9 tEAoY e EFAZAA 10.1 mg100 g
A B, FEARA 33.9 mg/100 go= 2 AT} izt
72 B2 2ol E H itk Chen 5(2012)2 E3H|2] 24
AEEAE 5H(G), 54— F2H(GR), HF2HR), H2
A — AAMR2B), AHH(B) 5 STEAR FE31aL, HEA|

E—ﬁﬂoi"%orﬂmlﬂilﬂ

10

Anthocyanin (mg/g)

greeze 40°C 50°C_ 60°C  70°C  80°C

rying Hot-air drying

- BHglo} - o]Qld - 413 - o] - geF

=4 EFIYEIA

ofdy} ZEIEAIY S 24T Aol =H, Rt
AollA BEARZ IHF=HA < E/\lOM TF2 0.106°0 4
1.046 mg/g FW= 53] Mot Z2AdEA ot &
< GHANA BEAZA= HH o= 7u ?EEPJ- st
Jung 5(2015)= &) Yo tEAJobd e 1.69
mg/go|2} 3T

EUH|2| o gEAlIH 2 EFHEIY &8 ALE, 3™
H| 2], 2], of Sof v3j tEAPd S FAEAHEl T
5}o] £3] cyanidin-3-glucoside”} thE-E4(90.7~93.8%)2 Z}A]
3lal(Stefanut 5 2013; Lee 5 2015; Lee 5 2016), 7€} 0]FF
9] cyanidin-3-xyloside, cyanidin-3-malonylglucoside, cyanidin-
dioxalylglucoside, cyanidin-3-sambubioside, cyanidin-3-rutinoside
2 FAEo] i Kaume 5 2012; Stefanuf 5 2013; Lee 5
2016). €3] cyanidin-3-glucoside= 7HA| 29 Wd 1} 4 Z:]
S8 rat®] FuRt a7} g FthKaume 5 2012). o] 23
SFE Alotd k2 pH differential methodl} EEEZ-E 0]
&%t HPLC 24 9ol wha} 3 Zpo)7h A 3s] WrkLlee &
2016).

£ dEAOM FFL o] HE F cyanidin-
3-O-glucoside7} 94% 2 FE£ O 2 o] 93f =2 IS
Hld| 4|3}, delphinidin-3-O-rutinoside”} 8 AE<Q &
AU ES} malvidin =47} 59 SFH = dEACM
S FOUAE B FATYS ol S40] YrhLee
= 2015). ®3, BAu sl 7g ATRe) & o)k
AEAO e dH>EdHE>on wolglon, F
AeHde EgdE>UdE>en ol Haid uh glof

(Stefanut 5 2013), FEAJopd LA A o) ule} FAlsHso|
ASEE & 4 U

HlEbE C @ @A SAAZNA A4 Fot 9794 gl
o Byon, AEAxA 4833032 g BTk 13
U 9EA% Yol 50-60TelA 718 Wi, 40ToA o
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Fig. 5. The anthocyanin and vitamin C contents of blackberry powder obtained by various drying methods. These values

(a~e)

are means+S.D. Means with difference letter™™ within drying methods are significantly different at 5% level by Duncan’s

multiple range test.
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& E2 2YE Eed, ole W2 2%00A] viEl C iy
7F A%em, 50T o]FollA nletdl C =437} gol L, 80
CoflA o2 #UE A= ARATbe] Aoz 2 o]
fol 4 71918 Ao Z22Egick webd HEw C e
AzeEe} AN £ 24 BEo PHo| 9l Ao
HE AT FAE 2= 47 GEAoP T vlEH C
FTAARANA B2 do] HEHZ AN I RAA
= 220 IE ¥hgo] tha Aoldt AWE HRH. Park T
(2014)°] w2 EFH 9 5, FAAZRAA HET C
7} 7.1 mg/100 g, 60C BFAZNA 5.6 mg/100 go] F-F=] o
A=, olHg A2 F AR Al ascorbic acid7} A3}
Hi, FAAx Aol W2 29 o) el C7F HEH
7] wii£olet sttt EH 2 Ao FfEHol A= Hl
Bl C= FFolu 243l wet 7.1~9.6 mg/100 g(Van
de Velde 5 2016), 230 nmol/kg(Folmer 5 2014), 14.3~17.5 mg/
100 g (Pantelidis 5 2007)2.2 thfgion], £FAR So=
113.6~ 169.6 ymol/g DW=2 ZA}E E_L(Pantehdls = 2007 =
olct.

[I‘ rr

5. Eaid|2| ZH=E99| DPPH free radical AHS

Ed9u| 2= A o] ool g A Q7] &, &
H|2] AZE L3 BHAS] DPPH free radical 27452 #HA3}
i, RCsp & 2 Yehd A= Fig 63 2t &2 A oA BHA
9] RCsp2 44 ngmLO] Hh, ‘E"Eu‘ﬂlal AZRETL 79.7~
122.4 ng/mL2 tha o} AstAo] e Aol AR

150 -

=
o
o
|
0
(e}
(s}

[RCsq (Ho/mL)]

DPPH free radical scavenging

BHA Freeze 40°C 50°C 60°C 70°C  80°C

drying Hot-air drying

Fig. 6. The DPPH free radical scavenging of methanol
extracts from blackberry powder obtained by various drying
methods and butylated hydroxyanisole (BHA). RCs, value
is the sample concentration required for 50% reduction of
DPPH free radical scavenging. These values are means+
S.D. Means with difference letter™® within drying methods
are significantly different at 5% level by Duncan’s multiple
range test.

Fo] FUEA 615

Hoj| whe} S22 RG> 79.7 ngmlz & A
HYon, dFAx9 7 40CoA= 122.4 pg/mLo| 3}
O, 80Cof|lA] 87.7 ngmLz Yy, AxL=7F 74
5 s ol oAt Huang 5(2012)> &9 Hﬂﬂls’—] ECso
(=RCx)®] 0.44 mg/mL EtOHZ} 3}go Lk, MeOH 2522
AR 2 A9 RCsp o]t oF 300 ng/mL o)A} wol g
Aspgo] BFET), ol AR Bl Aolw 2t
Sick 7ek Bewele] RAbshAol Bk B Eokon), &
A7)ga a3l Aolate] AHAQ HlmE ol M
(Pantelidis 5 2007; Jung 5 2015; Ryu & 2016).

uehA EHe s A2 et o8 229 Wikt
Ao}, DPPH free radical A7 %5of Tolst= EX thoF
g Aoz FEFHo|F ) HEF{F F murta berry tHFAEY
AL AzxLx o] wat DPPH free radical 2AH 5L o3 =
o, o]H3 A= T EQHE St olE T 94X
3} 2 ™ (Rodriguez 5 2013), maqui berryol| A= EFA X9
H]| 5] AR A DPPH free radical A %50o] XA FAJo]
Eth $thRodriguez 5 2016). 12U EFHZ A= &
FAZ40CAA 60CE =7} F7Htol wet 23]8 7ha
Stk st =(Shin 5 2015), o] FA] AR Zpo|=

o of

A Zr=] Tt
Q0 U HE

AR o]go] e B9 o]&AS Fdstux}
58 A5 FAARS} EEAR@0800)E AA|5ty, £
3iet & 4 EAS AR AxET M= 524
ZoA F AR H|F L E agfo] ¥4t pHE FAAX
oA 322 AT F 7P R, ArE 144%2 7MY &2
th EEAAZRO AL JFrl 657 °BxE BEgoLt 4ZAx

A 547685 °BxZ = F7to] met A5stgch & 2
=3 ZalRols sl—aok% FAAZNA 93 E 62 mggl 2
M =en, @3dzoAE 2= STkl et wobsth
0}5/\]0}14,] 74% 7‘; AZo|A 851 mggd Xl vk, &

zol| A FA3] A8t 1.17-2.45 mg/gS Bt vlE

J‘“*% SAAZNA 7 #oF 9794 nggs HAL
Az A 48.3~303.2 ng/ge] it DPPH free radical 4~
S AR A3, FAAZY RCs2 79.7 ng/ml2 £
S HYon, dF Az H$, 40T E 1224 ny
mLo] gl o1}, 80°Col|A] 87.7 ngmLE Jeh}, AZRLE7} =
7tea5 ditedo] woksith & A A, B A=
% ARE Al A=t F Edus, EehEkolE, &
ExJold ¥k njelel C W FRASIAl0] e SAAZI) &
I Aoz AZEn.

FO{HO

o N g (2 of
N

o



616 et $2F - $FL - FJUA - o} o]QlA - 42T - o]7|H - LT TFAFFLEIA
ZAle 2 inflammatory activities in RAW 264.7 cells. Food Sci
Biotechnol 24:1879-1886
HE dRL 2154 TEFATAIANETDA Y S Jung HN, Lee HJ, Cho HN, Hwang KT. 2012. Antioxidant and
E o] &3 7EAIE e, AW S: PI01102802)2] X o anti-proliferative activities of Rubus fruits in Korea. J Korean
olF =l om, oo ZAA=H Soc Food Sci Nutr 41:1649-1655

References

Alonzo-Macias M, Cardador-Martinez A, Mounir S, Montejano-
Gaitan G, Allaf K. 2013. Comparative study of the effects
of drying methods on antioxidant activity of dried strawberry
(Fragaria var. Camarosa). J Food Res 2:92-107

Chen Q, Zhang XN, Yu HW, Wang Y, Tang HR. 2012. Changes
of total anthocyanins and proanthocyanidins in the developing
blackberry fruits. Intl J ChemTech Res 4:129-137

Chen W, Xu Y, Zhang L, Su H, Zheng X. 2016. Blackberry
subjected to in vitro gastrointestinal digestion affords pro-
tection against ethyl carbamate-induced cytotoxicity. Food
Chem 212:620-627

Choi SR, Yu YJ, Ahn MS, Song EJ, Seo SY, Choi MK, Han
HA, Song YJ, Kim HJ, Seo SY, Lee GK, Kim CK. 2014.
Quality characteristics by various drying methods in ear
mushroom (Auricularia auricula-judae Quel.). Korean J Med
Crop Sci 22:497-503

Ferreira de Araujo PR, da Silva Santos V, Rodrigues Machado
A, Gevehr Fernandes C, Silva JA, da Silva Rodrigues R.
2011. Benefits of blackberry nectar (Rubus spp.) relative to
hypercholesterolemia and lipid peroxidation. Nutr Hosp 26:
984-990

Folmer F, Basavaraju U, Jaspars M, Hold G, El-Omar E, Dicato
M, Diederich M. 2014. Anticancer effects of bioactive berry
compounds. Phytochem Rev 13:295-322

Giusti MM, Wrolstad RE. 2001. Characterization and measurement
of anthocyanins by UV visible spectroscopy. Current Pro-
tocols in Food Anal Chem F12.1-F1.2.13

Horszwald A, Julien H, Andlauer W. 2013. Characterisation of
Aronia powders obtained by different drying processes. Food
Chem 141:2858-2863

Huang WY, Zhang HC, Liu WX, Li CY. 2012. Survey of
antioxidant capacity and phenolic composition of blueberry,
blackberry, and strawberry in Nanjing. J Zhejiang Univ-Sci
B (Biomed & Biotechnol) 13:94-102

Jung H, Lee HJ, Cho H, Lee K, Kwak HK, Hwang KT. 2015.

Anthocyanins in Rubus fruits and antioxidant and anti-

Kaume L, Gilbert WC, Brownmiller C, Howard LR, Devareddy
L. 2012. Cyanidin 3-O-[3-d-glucoside rich blackberries modu-
late hepatic gene expression, and anti-obesity effects in
ovariectomized rats. J Funct Foods 4:480-488

Kim NM, Kim DH. 2000. Quality change of sinnamon extract
prepared with various drying methods. Korean. J Food &
Nutr 13:152-157

Lee S, Kim JK. 2015. Quality characteristics of Aronia melanocarpa
by different drying method. Korean J Food Preserv 22:56-62

Lee SG, Vance TM, Nam TG, Kim DO, Koo SI, Chun OK. 2015.
Contribution of anthocyanin composition to total antioxidant
capacity of berries. Plant Foods Hum Nutr 70:427-432

Lee SG, Vance TM, Nam TG, Kim DO, Koo SI, Chun OK. 2016.
Evaluation of pH differential and HPLC methods expressed
as cyanidin-3-glucoside equivalent for measuring the total
anthocyanin contents of berries. J Food Meas Charact 10:
562-568

Pantelidis GE, Vasilakakis M, Manganaris GA, Diamantidis GR.
2007. Antioxidant capacity, phenol, anthocyanin and ascorbic
acid contents in raspberries, blackberries, red currants,
gooseberries and Cornelian cherries. Food Chem 102:777-783

Park SJ, Choi YB, Ko JR, Rha YA, Lee HY. 2014. Effects of
drying methods on the quality and physiological activities of
blueberry (Vacciniu ashei). Korean J Culinary Res 20:55-64

Rodriguez K, Ah-Hen K, Vega Galvez A, Lopez J, Quispe
Fuentes I, Lemus-Mondaca R, Galvez Ranilla L. 2013.
Changes in bioactive compounds and antioxidant activity
during convective drying of murta (Ugni molinae T.) berries.
Intl J Food Sci Technol 49:990-1000

Rodriguez K, Ah-Hen KS, Vega-Galvez A, Vasquez V, Quispe-
Fuentes I, Rojas P, Lemus-Mondaca R. 2016. Changes in
bioactive components and antioxidant capacity of maqui,
Aristotelia chilensis [Mol] Stuntz, berries during drying.
LWT-Food Sci Technol 65:537-542

Ryu JH, Kwon SJ, Jo YD, Jin CH, Nam BM, Lee SY, Jeong SW,
Im SB, Oh SC, Cho L, Ha BK, and Kang SY. 2016.
Comparison of phytochemicals and antioxidant activity in
blackberry (Rubus fruticosus L.) fruits of mutant lines at the
different harvest time. Plant Breed Biotech 4:242-251



Vol. 30, No. 3(2017) Azwsd

Shin DS, You YM, Kim HY, Han GJ. 2015. Determine the
effects of drying temperature on the quality change and anti-
oxidant activity characteristics of blueberry. Korean J Food
Preserv 22:505-511

Stefanut MN, Cata A, Pop R, Tanasie C, Boc D, Ienascu I,
Ordodi V. 2013. Anti-hyperglycemic effect of bilberry, black-
berry and mulberry ultrasonic extracts on diabetic rats. Plant
Foods Human Nutr 68:378-384

Tavares L, Figueira I, McDougall GJ, Vieira HL, Stewart D,
Alves PM, Ferreira RB, Santos CN. 2013. Neuroprotective

617

wore] FUEA

% o
effects of digested polyphenols from wild blackberry species.
Eur J Nutr 52:225-236

Van de Velde F, Grace MH, Esposito D, Pirovani ME, Lila MA.
2016. Quantitative comparison of phytochemical profile,
antioxidant, and anti-inflammatory properties of blackberry
fruits adapted to Argentina. J Food Comp Anal 47:82-91

Received 08 March, 2017
Revised 05 June, 2017
Accepted 13 June, 2017



