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Abstract

This study was carried out to investigate the improvements in antioxidant activities and cholesterol secretion inhibiting
abilities upon the maturation of black raspberry (Rubus occidentalis, collected from May to June) for determining
the suitability of black raspberry extracts for use as functional food materials. During the maturation process, the
black raspberry samples were extracted by water using the reflux extraction method. The antioxidant activities of
the resulting water extracts were determined in terms of the reducing power and ferric reducing antioxidant power
(FRAP) and it was found that these values were higher for the unripe black raspberry sample. The cholesterol
secretion inhibition activities of the extracts were then examined in HepH2 cell, while the hydroxy-
methylglutaryl-coenzyme A (HMG-CoA) reductase activity and cell viability were measured in HepG2 cell. In addition,
cholesterol secretion was inhibited of unripe black raspberry in HepG2 cell. Furthermore, HMIG-CoA reductase
activity of the unripe black raspberry extract was found to be superior to those of the other extracts. These results,
therefore, indicated that the antioxidant activity and cholesterol secretion inhibiting ability of black raspberry were
reduced during maturation and thus the water extract of unripe black raspberry could be suitable for application
in functional foods and medicial materials.
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(HMG)-CoA reductase= Zdl| 2859 FHEEE =4
3= §4 2 HMG-CoA reductase 4 o] A 3teH 7He]
LDL-receptor®] &/do] S7te]o] 3 Fe|zHE 555
722X 21eH(Qureshi 5, 1983; Sirtory, 1990). o]l thaFah
HA A 2] HMG-CoA reductase A &4 HA=ES £33
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Lee 5, 2011). B3k, e 282 Aol A= Aksla ~
E | 2(oxidative stress)E Z313le] A W Aoz
ol A Aol B8-S 7H oA so] AdaA AeS &
welid 2938 @910 @ B e 9JokNaito 5, 2002;
Wu 5, 2010). Rt o2 d35 F|2ElE X = 2olA]
ol TR < 9% ARa T 22 Aolas 59
o & 7jAo] 7153} (Balasubramaniam 5, 1985), statins,
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2 183 E AAL HAAE, $5 25 &4, 93 A
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=, T AL vk deA Y emJeong 5, 2010),
HFA AN A (Choi 5, 2014), AR (Lee 5, 2014) Sol=
Bt e Ao g HuEa vk o] A HitAtel tigh
7% A7 T8 ol FolA L la, nlds dnfet
gk o] gk Bl A= o] FolA o, BEak
Gulj7} A&E A = G dA e kst &4 9 ZH 2~
HE 7fA Aol #e A o] FARA] L )

olof] & A= Tkt 7 5ol dEA e B
2 Al E g e AZE R AFH st FEES AZRS
AL, o] FEE| kst G4 2 FyzEE N &
£ 2Abete] Bz dujo] A7) 7 ksl &4 Bl
ZHE 2EHE A nA e JEFS Flstaa) stk

N

M= L g
A ME
2 Ao Algd BEAE Agds n3de 39W
F7tell A 2018 5€ollA 64 Alelell AFH e Aoz szt

315, 22, 25, 28, 32, 38, 414 ZAH dujE &5t
229 old FgE I E msH, 259 5H 3597141 €]
dulE F5, 2 oY SR ERSith ke
Ao -40ColA W Basie] Ao Alg-ate]T).

kst 24 B Ze| 2 E N B3 S5 99
FZ&5 AlZE Kwon 520112 WS 83ttt =,
AeA71E B2 EulE 60Tl A 39 133 7h2te]
A= 100 goll 575 1,000 mLE 7}t o
A7 28] SR FES St FEYES AFA
(Whatman No.2, Whatman International Ltd., Maidstone,
England)Z &2}l A& o8 7H9HE%7](R210, Buchi,
Flawil, Switzerland)E- ©]-8-5ld 5% § $21%35l -70T
deep freezer(CLN-71UWM, Nihon freezer, Tokyo, Japan)©l|
A Bgste] AR AT

oo
O —
S
(e
@
=
>

g2 (Reducing power) &3

24 AEA7IE B F2EC] -2 Oyaizu(1986)
o] W& ol&3ste] 7433t 100, 200, 300, 400, 500
nwgmL s=H2 ZA =55 0.1 mLel 0.2 M sodium
phosphate buffer(pH 6.6) 0.25 mL % 1% potassium
ferricyanide 0.25 mLE 3 7}slaL, 50C dF-&ZFolA 20%
HFS-A)7] & 10% trichloroacetic acid 0.25 mLZ 7}3}i T}
1 F 0.1% iron chloride(Il) 0.05 mLE- % 7}3}o] ELISA
reader(Synergy HT, Biotec, Washington DC, USA)E A}-8-3}
o] 700 nmol|A B =S SA 5T
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Ferric reducing antioxidant power(FRAP) &3

EZA ASAI7E & FEE2 FRAPE Blois(1958)¢]
HhH S 2-8-35k0] 24319t =, 0.3 M sodium acetate(pH
3.6), 10 mM 2,4,6-tris(2-pyridyl)-s-triazine(TPTZ)(Sigma-
Aldrich Co., St. Louis, MO, USA) & 20 mM FeCl; - 6H,0=
Alzste] A 2 -] 10:1:19] BHl&2 Z335te] FRAP
£AS A 23 TE FRAP €9 0.75 mLo} 55 (100,
200, 300, 400, 500 pg/mL)Z A2 Al 0.03 mL¥ 7}
g % 37C 2ol A 1583 ¥H8- 3 ELISA reader
(Synergy HT, Biotec, Washington DC, USA)E A}-8-3}<]
593 nmo| A SF =5 =H3Ih

HEZF 9 Mz o

Aglo AF2-H HepG2 cell® American Type Culture
Collection(ATCC, Manassas, VA, USA)|A +43+4
M E viLES 3] Eagle’s Minimum Essential Medium
(EMEM, Corning Incorporated, Corning, NY, USA)] fetal
bovine serum(FBS, welgene, Seoul, Korea) 10%, antibiotic-
antimycotic/Thermo fisher scientific. Waltham. MA, USA)
1%7} A ZB7rst 95% H5, 5% CO,, 37C AL
vl &71(INC108med CO, incubator, Memmert GmbH+Co.
KG, Schwabach, Germany)©f|A] H] 2F&}$3 T}
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Joll PIX= F3FE FRIsH7] 213 HepG2 cellS 6-well
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(Lee &, 2014).

HMG-CoA reductase M Ax[E1} 24

EEA AsA71E B FEE°] HMG-CoA reductase
activity©l] V|X|= G ER15E7] 918 HMG-CoA reductase
activity kit(Sigma-Aldrich Co.)E ©]-8-3t] 573t th(Lee
=, 2014).
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o] golAl= Ao R YEnith $hd® & DPPH ¥
ABTS &z 2A A7 A3 A= 7 1 e A
© 2 H3(Choi 5, 2007)%]0], ¥ A3olA gdHo] 71
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Table 1. Extraction yield of black raspberry during maturation

Days after fruit set (Date) Yield (%)
15 (May 23™) 27.40+£0.40"%
18 (May 26™) 23.87+0.61"
22 (May 30™) 22.07+1.70®
25 (June 2™ 18.47+0.42"
28 (June 5™ 20.89+0.92¢
32 (June 9™) 31.95+1.48¢
35 (June 13™) 41.16+1.20°
38 (June 16™) 44.40£1.11°
41 (June 19™) 49.17+1.05°

YValue are meantSD.
*pdicate  statistically significant differences of black raspberry
during maturation (p<0.05).
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Fig. 1. Reducing power of black raspberry during maturation.

o] &3t gts) S —f— J3l7] 9lste] FRAPE =73t
A= Fig 29 2t ASAIZIE BE FE520] & ©
T2 0 & FRAP 27/d°] %7}o}w~, skl g3 v 2
s Al71e] FEE] 7MY = 848 JEIT
53] sl = 189 dufje] & FEE0] 7MY =2 8=
HEd], 100, 200, 300, 400, 500 pg/mL E =) A ztz}
0.364+0.010, 0.503+0.022, 0.675+0.010, 0.735+0.012,
0.869+0.0492 UJER} 71 e g8 1ol Mgt = 41
2k G B} 500 pg/mL FE=olA Hlw e 739 oF 1.94)
o} =L DS Ko, KAl whet e gikst
E409] ek 2 FAo xjo]E Helthe= A H 31(Choi
S, 2009)eF 2Tt HEAl dulle] A9, nlids Al7]olA
FRAP &4o] 7 =& & Ilsisla, S5 E
Do At "ol g Al7)ollA o] 71 Al e
Wt} Cha 5(2007)8] A&aAld 2 BRxpd7] o] gitksl
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BRI 9&3) 253 2 nj&gHy) =2 38 1Y
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Fig. 2. FRAP of black raspberry during maturation.
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el A FAakst &do] sttt

I 22 23E 2ok

2} Qufe] 735, AdAl71ek AAglol
Helom, 53] B4k nlid<s drfrt
Hod gpksl 7)1 AE Adlm BE
g & AHEShe Aol

o )<

ZaAHE WM =3t

S| zE =] AW AT 1ol A o] Foixint. Ze
2HE g 2] AlZ2 acetyl group= 7} acetyl CoA 37H
27} A gl (acetyl CoAol|A] 17] + acetoacetyl CoAcl]
] 271) HMG-CoA”} A B tH(Cerqueira 5, 2016). ¥ <1
‘T’Loﬂk]u —1"‘ ]'}H/\ ] ]HEﬂ = ‘z[“%%o] /‘1]4_‘4] ”‘Eﬂ
H= "3’“01] ou gt Yk nA=AE &elstr] s
& HepG2 A3zol| AH2lgh 5 Al 4 S
Z:Eﬂi-/] ¢S S thFig 3). 1 Ay, a5 ¢ oa
2ol & B ok, B@ate] daA7]e] BE TElA Al
FU S zdHE9] Aol JAEAT S HE A4
off 7b & Al o= H 2152 M3 F 159 A
A=A, ATl Hlal 50% FaEAa, st £
229 =} “HHS’J 735 47%, 18)a sk 18, 25, 35Y
2k Gufe] 79 oF 39%2] Fel|HE s eI
ol2] gk ﬁﬂ'# Lee 5(2014)°] E-24} n|d < Fufjof o<
guf FEEA e S zdHE A gA Zeel #g
B]_’ ATFollA HiEA s FEEAA S 2EHE
QA F5= BSl A} T 2= et ot
A AsAI7E %'?:7(} B FEE Axd FYzHE
A A F5 AHE B3l JHE 159 A Geiivt 29

7]_ zzu
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o
=
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Fig. 3. Effect of intracellular cholesterol synthesis inhibition by
extracts of black raspberry during maturation in HepG2 cells.

Intracellular cholesterol was measured in cell lysates from HepG2 cells
incubated with the indicated 200 pg/mL concentrations of extracts of
black raspberry during maturation. Data indicates significant difference
by Duncan’s multiple range tests (p<0.05, n=3).

C, control.
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M
rlo

2HE A 7P Z3F 28 AR YEyiT
HMG-CoA reductase X3l &4

HMG-CoA reductase™ Zd| AH|ES A= A 73
A &=E 27 8}=(rate-controlling step) THA| ZA] =
2H &Y TS 2dste ol & 9FE S 2=
(RussellZ} DeBose, 2008). Z#~HE 2 F2743} X5
o dg] 2o]lx e statin A FES HMG-CoA
reductase®] TS AAE Tl B2 F2go] HuH2l
o}, mpebA] o2l gk F2k8- glo] HMG-CoA reductase] &
& JAAZ 4= L= bioactive compound®l] #H3F AFE
o] th F 3P ¥ o] Yt AgarwalZt Rao, 1988; Auger 5,
2005; Loke &, 2010).

22 ASAIZIE B FEE0] HepG2 Al XA 2
ZHE A A 2= vle e 2 HMG-CoA reductase &
del o gt FaFE P =R RIS THFig. 4). tHET2
2 AF-E pravastatin(50 nM)S 7]F0 8 BE2} AJ<A]7]
Y 5 FZE2°] HMG-CoA reductade QA &A1 3Helsl
A3}, ALA7]17}F o] 2 NS T 15, 18, 22, 25, 28 A}
g E A2 Al aFolA JA 45 JERTH
a5 E 53] /st $ 22 A duff A2 1F2 {2
1] 3 HMG-CoA reductade 24 Al & Vel o, o]
= Azl Z2"HE A 2= L3 s
ERQITE o]2f gk YQle =z EEa) njid<s Al7] dufd
3% phytochemical®] °Fe] 280l g 1o =2 Aehe
ot} 53] Bl v]dE Gullol= ellagic acid, gallic acid,
ferulic acid, caffeic acid 52] phenolic &-3H=©°] ThaF &7
5o} 9ltk(Shin &, 2018). 2] 1 Wl 2] Foll TheF Eihe] o]

U= ellagic acide 53] EEA} dufjo] 8 A FHEC=

cd

abc ab

HMG-CoA reductase inhibition
(% of pravastatin)

prava 15 18 22 25 28 32 35 38 41

Days after fruit set

Fig. 4. Effect of extracts of black raspbenry during maturation on
HMG-CoA reductase activity.

HMG-CoA reductase activity was measured treated with 200 pg/mL
concentrations of extracts of black raspberry. Each value represents
the mean and SE. Graph indicates significant difference by Duncan's
multiple range tests (p<0.05, n=3).

Prava, pravastatin (50 nM).

A DZFYEHER QI sWAS) diel] E37t k=
AT W&ol A v} 2l om(Park 5, 2011), gallic acid
(Ngamukote 5, 2011)¢} ferulic acidMyoung &, 2010)2]
Ze| e E Ao &g v AFEo] ERE v itk
Salvamani 5(2014)2 FH 74 sto] 235 Uil = A&
/J flavonoidE°l] &3+ A5 X33} 1L, quercetin, ka-
empferol, myricetin, rutin, naringenin 5-°| Zd ~H|E A3}
£ 53l WA 2de vEitta BEausiglth &
Aol PE HiExp ASA7E B 529 Al
ZH & A A2 HMG-CoA reductase A 279
of et AFE TN & off HiEA}el Fufjol] &=
SJ+= polyphenol 2 flavonoid, anthocyaninE =2 <3| =2
2EHE A EHE el Ao s AdHTh

M= MEE(Cell viability assay)

HepG2 Al 2ol H-E2F AsAl7 | & 35523 24417
FEEE Aesle] AEZAPEES 013 A= Fig 59
2l ASA7E B FEES 250 pgmle] F2olA 80%
AEES Bom, 1 o] F&2] 500 pg/mLe] FE
oM dF A AEEe] it AFgS Bt
E3] A7)} o] & 159 AHFE] 25 Abe] A% AEE
o] 80% m|Tro.Z FhAdl= WHA, FEA7|7) Zold s
EE0] 90%= YEFSITE ©]2]3F A2= Kim 5(2004)<]
AGAI7IE AT 25 GAE T2 oA &7
B3 AT A} L AHE Uk Kim 5
(2004)2] A+ Aol M= v & Al7]9] FAT olehs
FZ50] A7t dAEO6D) FEES AR IA
HAhn Btk webs] FEA7] 7} o] & nlAds Al
719] BiAl dufjoll vl A7 =2 gt Guizt
Aol et E4do] @ 3 Aoz dAdHch
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Fig. 5. Percentages of cell viability of HepG2 cells treated for 24

h with black raspberry during maturation relative to that of
untreated controls, evaluated with the MTS assay (n=3).
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7 9le Ao QeR B AojE YSAsEE o
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st & FEES Alxsta, o] tig gt &4 9
S =HE /I B3 ASS Hall S zEE A GA,
HMG-CoA reductase A3l &S St A5A171E
EEA dule] & &5 gRIg Ay, visy guljEch
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A2 FFEE AVIFEH FF &0 TR HeR
UERstTh @atkst 24 42 19 g 34 A
ngds A7 7Y w2 3hE S B9, St s
Hol| wef kg2 volx = Ao R UEyith Egh
FRAPE =43t A A= S8 3 np7 A 2 njid<
Guljell A 7P =2 S K91, 53, g so =
=2 S ek FelzHE N 23E Ass 29
A= Ze|=HE o #edst= HMG-CoA reductase
D2 nds Al719] EuflollA] =4 UEbska, 1A 2
(HepG2 cells) W | 2HIE A AR A= v A7)
oA EUslA =& a3 BT} Kim(2005)9] BT
FH, A7 Wl er]e] gkt A Aol A
ngs ool A kst o] Ethe AR et 2
73S B, Lee 5(2014)9] H2A vd< Erj7t

Et & Fe2HE 9A E55 v
o} FL AE HYh
23t ARE T E W A Gule AEA1719
Slo] gtsl &4 2 ZE| e E 7l &2 B3

o

t}. 53] 7ist £ 15 2} Gelizt gaks) &4 9 FE ]
E M B BF 2L oo Z4E Holn &
FEE =4 Yehd, gatsl @4 2 Ze 2EHE Al
B e 5 7158 2AEA BEAF ErlE Al
stazl & i 7l = 159 A EulE 83k Ao 5
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