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Black Raspberry A& X &

By BUEY ¢392 393 53}

b
Netjsta st A Egess

Black raspberry(Rubus occidentalis) @+ XX (Vitis labrusca) <
Serolld Ak e vt E FEHE FEA AREL v dAA E
Aol A HEFEE] black raspberry®t XX Y &4 7]E0
Bauxo] gtow, Zdde v, A, 718 2 FakEelkR ol
FAAQ 7hs/dol AAE I At wEbA, 2 A58 542 =uiqb black
raspberry A ¢} X% NE2HE F FEEI Bd BIES do] kst 4
AT 5¥E vl F7kske Aol

Black raspberry Ao X% A F FE=ES ZZ BSTE(black

raspberry seed total extract) 28 GSTE (grape seed total extract) 2} 3},

black raspberry A9 X% XK wd EIFES ZtZF BSTF (tannin



fraction from black raspberry seed)® GSTF (tannin fraction from
grape seed)#l WHsIATh A FEE E@¥s %, FRAP, DPPH,
ABTSE %3t dAatsts 3719 cell culture AdoA2] AX S4 9 NO

WA oA F3

1o
i)
oy

H7b= SAAZREY AX %S Vo7 YEL

BSTEY % Zg s =S 271.0 mg GAE/gC® GSTE(206.2 mg

GAE/g) 9 & ZodlE d%rRd f93ox E3H(p<0.05, t—test).
BSTF ¥ Zg ¥ 33 (787.8 mg GAE/g)> GSTF(760.8 mg GAE/g)
Bop EoARE Foj Al Apol= AT (p>0.05, t—test). BSTES] FRAP
2 GSTE(34.6 xM TEAC/g) Rt} foldoz 9kom (p<0.05),
BSTF¢ FRAP %(926.5 ¢M TEAC/g) = GSTF(2300.9 M TEAC/g)
wo} folF o E3tth GSTES DPPH ICs0(56.7 ¢ g/mL (freeze—dried
extract/reaction solution)) #t©] BSTE(40.9 xg/mL)e] Bl3] §2z o=z
=9H(p<0.05). BSTFQ DPPH ICs0(11.7 gg/mL) %S GSTF(14.8 4
g/mL) el w3 feld oz vokrh(p<0.05). BSTESH GSTES] DPPH ICs
k2 ascorbic acid(17.9 £ g/ml) ¢} trolox(21.4 pg/mlL)el B3] <F 2
A% E9kal, BSTFS GSTFS DPPH ICso #e o1 ul=shAL skt
BSTEY ABTS ICsy #(92.2 pg/mL(freeze—dried extract/reaction
solution))©] GSTE(121.7 pg/mL)°l Hl&] FolH o=z et} (p<0.05).

BSTF¢ ABTS ICs, 3t(25.27 pg/mL)& GSTF(40.39 xg/mL)el 13|



oA o= Ukth(p<0.01). BSTESF GSTES ABTS ICsy a2 ascorbic
acid(38.56 pg/mL)el Hlal] o 2~3v] A& =3O}, BSTF9 GSTEF

ABTS ICsp k2 MIzab L Skt

Az JeFS v A=A e FEAA RAW 264.7 AIXE 4A]7F Fob
BSTE, GSTE, BSTF, GSTFZ Agsla #jeksle] 9= §as & NO
AT &t Aat X FEEEY Lo nldste]l NO S # &3}

= A% sk 4 99}l wek BSTE, BSTF7} 2+zr GSTE, GSTFe| H]

o
Z

0 44 A ZR} FAHoR o wrh
AEH oz, U4k black raspberry X F%E(BSTE, BSTF)o] k%
¥ %22 (GSTE, GSTF) | vls) &aksl 84 =43 gad= 84 =Ho|
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1. Black raspberry$} ¥ %

Black raspberry = Rubus == 2=l 7] 5 2 A

Au| 7} (Rosaceae) o] &3t= thdAy o] &9

4
It
o
il

TE xolg
AmiE worm /i W HulE BIESte] ofxjo} AF ofxLe Tt G0
¥ 5ol QtH(Oh 5, 2008). Black raspberry ©]2]o|% raspberry,
blackberry, boysenberry &2 ©Fst FF7F ole] 3t} Black
raspberry+ polyphenols, flavonoids (anthocyanins, flavonols,

flavanols), tannin(condensed®} hydrolysable tannins)®  &-&o]

Frotel G FET, FUE

A

de 7 Ae=w dEA
A (Tulio &, 2008; Seeram, 2008).

¥re Adiub (Rhamnales) %7 (Vitaceae) ol &8k= 4
PaEdeE EEHole= 115, 70091F9 £=7F 1o (Hwang 5, 2008),
A3l (Kedage 5, 2007), 393 (Castilla 5, 2006) % d<olg 3 (Jang
S, 1997 7k Zlog 4eA gl

Tyl F2 Aujste] sk w52 black raspberry (Rubus

occidentalis) &+ EX (Vitis labrusca)+= A3 T FX HFAF Ax &8



= cyanidin—based anthocyanin<

A
O

red raspberry? I}Fo

Z7}sk=  WhA  ellagic  acid, quercetin 3—glucoside, quercetin

oft

derivative®} £ Z@¥s IHFS FgF o= Attt B skt

2. Black raspberry R & X &

ATE s HiEo] ghon, FHtols #y, X, 7|9} e FAES
Ael B4 7lss AW oy mael dish ARl ThsAdol AAH L
Atk (Peleg &, 1991). Furuuchi 5 (2011 W=W, Rubus % 3Rl
boysenberry®] # e} FA7F 67H4 F79] E¢ ¥ 5= (flavanol monomers,
proanthocyanidins, ellagitannins, anthocyanins, ellagic acid, and
flavonol glycosides)s 38t em, 1 FeolA]l ellagitannin®] 7}

3t 1 Y% ®E proanthocyanidin®]2ta s tE. Kugt

ol
-

Mun (2008)2 E-®2} X (Rubus coreanus)®| -HEHo] Y= Zg¥ =



shgh=o] Ao ¥ FAbsFsd Aol At R AESITE Ross
5(2007)2 Sephadex LH—-20& o9o]g3te] A7} X33 raspberry

39S v, LH-20 bound fraction®] Z#¥E 33E2

o
f
G
tlo
Hm

o
e

5 Pt &3k, ©o]& raspberry

o

1l

rlr

gt

&F}el ellagitannin®] Z%-3&fck
%57 anthocyanin—rich fraction®t} ¢ & dxt3dlsS 7HAta

Hustgom, o9 ellagitannin®| raspberry? HeolAd FEZEHAS

1S ASE L. Hager 5(2008)2 ellagtiannin®] #{d°o] RE
it (seeds, torus, flesh)ell EAARE, E3] Ao 718 FF3HA
= cia= 1A = A s =

3. &d

ehdS A EAC FRLstAl EAlste 5EHE Hed sigtEoly duwA

o A light brownell 393t 2% W2 gkl #HoIsit}, vl o] 32+
] Hshe, dutdg oz 7FRald whd (hydrolysable tannin) ¥ 5%t

3 ®td (condensed tannin) 8 ¥+ I1F 9% EF3st1 ¢t (Damodaran &,



2008).

7l s gdel= gallic acid7F @3 AEste] o]Fo1x gallotannin
o]t} ellagic acid®} Fo] AF3t hexahydroxydiphenic acid® ©]Fo] %l
ellagitannin®] At} (Fig. 1; Méaitta—riihinen %, 2004; Hager &, 2008).

o] JE2& M5 black raspberry, raspberry, strawberry, walnut, almond

X
R

S50} 9t} (Clifford and Scalbert, 2000). Lee 5 (2010)

llo
1%
il
!
-z
v
o
e

3l 7R ghdo] RAW 264.7 Al¥olA NO AA

Hr

7 INOS #HHS  AAsitty Hysglt gEo, s FH
ellagitannin< ellagic acid® 7}EalHo] /2 45, ellagitannin
o] At EA<Q1 ellagic acid® 95 3= 7M1 Aoz BHyuFE gl
(Umesalma and Sudhandiran, 2010). Ellagic acid®= RAW 264.7 A3
A12] NO, L929 A ¥4 2] TNF-a(Kassim s, 2010), human monocyte

o9 PGE, (Karlsson %, 2010) %59 anti—inflammatory mediators

AA sttt B E Q). Ellagitannine &2 Hre|Elolo] 93l urolithin &=
WP 7|5 b=, o] 3 A dAtsteS 7Hcta Bad v ok

(Bialonska &, 2009).

¢

==

e

& EdS  proanthocyanidinolgti®  EgH, 7]E FRE=

i
r

polyhydroxyflavan—3—0l©. 2 carbon—carbon A% o2 A% o] T4

i

o] 2t} (Fig. 2; Passos %, 2007; Damodaran %, 2008). o] &3&&
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Fig. 1. Structures of gallic acid(A), ellagic acid(B), hexahydroxydiphenic acid(C), and the

basic monomeric units for the larger molecular mass ellagitannins: galloyl-HHDP glucose (D),

pedunculagin (E), castalagin/vescalagin isomers (F) and sanguiin H10(G).

Structures were adapted from Hager et al.(2008) and Ross et al.(2007).
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Structures were adapted from Damodaran et al.(2008).



skl A& 7

Ao AWk %40 7 anthocyanidin®} H|S23}1l A% g

o4

A EZZ b4 4 2l (Damodaran &, 2008). Proanthocyanidin<

procyanidin, prodephinidin, propelargonidin®| ¢1©.™ ©] % procyanidin

ez 71 Zol At A AEjolA dE 7FshE cyanidind (—) -

epicatechin® @ 7}rFEa|Etl.  Proanthocyanidine # <9 cocoa bean

oA WAoo T AA A, E7]d EA 5=

Aow deAd vt

(Gabetta &, 2000). Dimeric proanthocyanidin<= A}, Hl, kola nutol 4]

rlr

AR, o] 33ES 7] T "ol &A1= AElolA red—brown?

stable derivatives® ¥+ How d&#A Q. Kris—Etherton =

(2004) 2 proanthocyanidin®] ¥$9% cytokined A4S A st anti—

lipid peroxidation®] &4 7|5& 71X Aoz W33ttt Zhang &

(2006) 2 human monocyte A3l THP—19)|4 procyanidin dimer B27}

LPSe 98] #=%¥ inflammatory mediatorS & #|3t= A-S &3t}

proanthocyanidin®] 3@HAks}t
FaEo] A9 (Chacon 5, 20009;
=3y g§d

Terra &, 2007; Terra 5, 2009), black raspberry A2 7}

Al
=

off

T = ellagitannin®] thst dAkst 4l 3 Al of

ro

AT B

¢
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1. 48 A=
B Ao Ad A 82l black raspberry (Rubus occidentalis) NS A7)

fjskod 201063} 2011l el s s Ad iz 9l sk

AHgElGTh B RRE AE Bs: HS Oh F(2007)9 WHS
Faste] FAsh 9 B F 4 BN A AT FRES A
& AHolUe] B £urete ol et R B4 B{ORNE A

g Rtk Bgot BsE B WMot W At uie] slegons

Aot et FRE ATE TR BE3 B9 BRE PR v,

28 W dol ALE H7bA] WE (—20°C) H sttt
X% W (Vitis labrusca, Campbell Early)+ 20114 Ao A 33t 7

& wel A TS A9 2L BAE AR AEowNE A P
it



2. Black raspberry ¢ T & ¥ F=E

A~

Black raspberry #/ ¢t %= A ¢ & FE&3 ©@d £3E2 Fig. 33
o] whESitt.
2.1. Black raspberry A& £& ¥ F FEE

Black raspberry X ¢ X% AR E ulA7](Hanil Electric Co., Bucheon,
Korea) & #43F2] 35 mesh A (Chunggye Sanggongsa, Seoul, Korea) °]

E9AF T o] A B 20 goll hexane(Samchun Chemical Co., Seoul,

Ol

Korea) 100 mLE #H7}ste] 1A17F F<b dAS A wHbskith. o] 5,

hexane¥} # #22] 2352 Buchner Z#FA~3 2 Whatman No. 2 filter

paper (Whatman International Ltd., Maidstone, England) & ©]&3s}o] %t

o

b AFstelr $19 S 2 ¢ HHESEY] il AASEY A BEE
T A 2o 60% methanol(Samchun Chemical Co.) 100 mL& ¥
sonicator (Branson 5510, Branson Co., Danbury, CT, USA) S o] &3}

303 EQF FZehsAr). o) %, 308 EF 4000 rpmelA AN ¥ A%

e
&
o
o
of
w
3

& Whatman No. 2 filter paper® o ¥#3}3lt}. kel 5
REE3ko], methanol o7& B 5 45°CellA &5 7] (A—10005;
Eyela Co., Tokyo, Japan) & ©]&3}% methanols A A3} o]F, o] &
7 50 mLel =o] —72°Celld dd ¥ 42 xx7](Labconco Co.,

Kansas City, MO, USA) & ©]&3}o] &4 71x3}9] black raspberry | 2}

10



Seed powder

Suspended in hexane

v

Hexane extracts
(Qils)

Defatted seed extracts
MeOH
extraction

Methanol extract
(Total extract)

!

Water fraction
(Sugars and organic acids)

Methanol fraction
(Anthocyanins and tannins)

| H-20

Ethanol fraction
(Anthocyanins, flavonoids
and phenolic acids)

l Fractionation

70% Acetone fraction
(Tannin fraction:
ellagitannins or proanthocyanidins)

Fig. 3. Flowchart of extraction process

11
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XE N F FEES 993, ©o]5 24 BSTE (black raspberry seed

total extract), GSTE (grape seed total extract) 2} W&t A5 A

B>

FR% ¥ A A7 WE(-20°0) maekgin,

2.2. Black raspberry A ¢ £ & X &d EIE

Black raspberry A& IE HZHEE ®Bd EIES A7) Y5ty
Furuuchi (20112 ®HS wWEste] kgt WA Amberlite
XAD—-16(Sigma Chemical Co., St, Louis, MO, USA)° =% ZFZ3t
column(25 X 500 mm inner diameter; Daihan Scientific, Seoul, Korea)

< methanol®} THTE ZHZE Ao HYIIAIZ & k9] YPgoz A2

ol F FEES TYsAY. olF, F/HFF 4 L=E Ao free sugar®t

O

organic acidE A|A3stal THA| methanol 500 mLZ £&FA1AH I
polyphenol #&&& Y F533lth ©]& ©Al ethanol 50 mLe] =<l
3 Sephadex LH—20(GE Healthcare Bio—Sciences, Uppsala, Sweden)
2 FHs 70% acetoned} ethanol®Z A E Aol <FF3IAIZ]
column(22 X 250 mm inner diameter; Daihan Scientific) ol %183t}
0]%& ethanol 300 mL% 2o} anthocyanin® flavonoid, phenolic acid&

AABL 70% acetone 300 mLZE £EA|A ®d EIES A} w4

S

FEo 45°ColA ZHeHE37] (A-10005) S o] €38to] acetones #1713}

12
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3. Black raspberry A& X% X ®©d EIEQ high
performance liquid chromatography—electrospray

ionization—mass spectrometry (HPLC—ESI-MS) &4

ox,
o

Black raspberry A9 ¥& AZFEE d& w©d EIES w©d %

rlr

g1st7]  glste] HPLC-ESI-MS 2415 Fdsiqlch. & AR
methanol®] 9] 0.45— p¢m filterol]l E3AA FH]|8FA Y. Surveyor LC
system (Thermo Scientific, San Jose, CA, USA) ¥} Finnigan LCQ Deca
XP plus mass spectrometer (Thermo Scientific) & #A3lGow, AHL
Zorbax Eclipse Plus C18(1.8 gm, 2.1 mm X 50mm; Agilent
Technologies, Inc., New Castle, DE, USA) & AFg3l3tt ol 542 0.1%
formic acid &N (&l A) ¢ 0.1% formic acid acetonitrile &< (Zvl
B)oldtt. €99 gradients 0~5 min, £ A 99%; 5~20 min, &7 A
99~40%; 20~23 min, & A 40%; 23~25 min, €W A 40~99%;
25~30 min, & A 99%% stk A& FYFS 10 plilow,
T4 150 pL/min2 FA8H313, AE 92 254 nmellq S48kl

&9l 2™ mass spectra™

()
off

A2 positive?} negative modeS A&
50—2000 atomic mass unitolX 7433, spray voltages= 5 kV,

capillary temperaturex 275°C, capillary voltagex 15 V&it}.

14
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o]

ol 105°C dry ovenol

S
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AlAIOlE o

(%)
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N

334715 550°C &

K3
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N

4.3. A g

SHATH AR 1 g8 9E93%

Fof 4

S

A M-8 Soxhlet FEFH S o] &

=

<

S 7FEA 92 FH Soxhlet A ¥ FE%

bl 9417k

A}

Joll Y1l petroleum ether(Sigma Chemical Co.) &

e

Fgo]

104°C dry oven©l 4]

A (%)

718] &=/ A=Y AT

100 X

16



5. Cyanide ¥ £4

T Aljtole] AL T|Ee FE oy AFE FuE o
S8Rt Bradbury 5, 1991; Haque %, 2001). ¢ 1 g9 A& 0.1
M Hs;PO, 40 mLE 7}3}% homogenizers ©]83Fe] ¢F 10%2% 23]
HHEste]  EEkgith 4°C2 A" dAEg 74 8,000 rpmOl®

2047 AR eta, A 1 mLs FHAstel 4 Me H.,SO, 1 mLe}

o

100°Co A 508-37F HE-S-A| AT whgo] &

v

&

12
o

s8] e £ 3 M9
NaOH 3 mLZ 7Fste] 5% F<b T3zt &9 § 100 pLE 3ol
0.2 M phosphate buffer(pH 6.0) 700 x«L, 0.5%2] chloramine—T 40

nLE 742 @o] 587 whEAIF T mEX U O 2 barbituric/pyridine acid

—
(@)
)

=
-

i

i)
N

N
<

o
[@))
o
M
)
rn:

S Al#A spectrophotometer (Spectramax
190, Molecular Devices, Sunnyvale, CA, USA)E ©]&3}4 600 nmolA
SHEE =S435 ol AEREIHIE Al o]l IEFE(Sigma

Chemical Co.)& 0.2 M NaOH & o2 3 Alsle] AzkdS AA s )

17



T ZYdls &% Singleton 5(1999)9 Wl wEl Folin—
Ciocalteu Al¢fo] FZ=E9 ZHsA 3tz 93] o] =ZgBd
Jao g WA= Y2 #4819t Gallic acid(Sigma Chemical Co.) &
FFEARE AMES] HAFAS AAsH AR wEE AEAY "L
¥ %% methanol2 343tk 2 N Folin—Ciocalteu A]2F(Sigma

Chemical Co.) 100 gL® T/ 1.58 mLel A5 20 pLE

o

al
Ab2o| A 3EZF WES AT o] HES Ao 20% (w/v) Nay,COs(Yakuri Pure
Chemicals Co., Osaka, Japan) &9 300 p¢LE FH7lstar 40°CellAl 30+
59k HES-AlF . Spectrophotometer (Spectramax 190) & ©]&3}4] 765
nmelX FFEE SAsAHY. T EdE FF 1 g Aol dEd mg

gallic acid equivalents (GAE) & 3HFsto] XA SFA T}
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7. A3}

ofr
|\

%

7.1. Ferric reducing anti—oxidant power (FRAP)

FRAPS 7% Benzie9t Strain(1996)° el we} Z743H3ith
FRAP =74 2], Chelex(2g/L, Chelex 100 sodium form; Sigma Chemical
Co.) & ©]&3to] deionized waterg® RFEo] B A1R9 A3 &R A
Zo ARgEdt. 10 mM 2,4,6—tri(2—pyridil) —1,3,5—triazine (TPTZ;
Sigma Chemical Co.)E& 40 mM HCl(Samchun Chemical Co.)°l A
TPTZ £9& WA FRAP €92 300 mM sodium acetate
buffer (pH 3.6; Sigma Chemical Co.), TPTZ &, A3 e 7HE 20
mM FeCl;(Duksan Chemicals, Ansan, Korea) €945 Z+7} 10:1:19) v &

2 F3slo] w51 o]E 37°ColA] 1087 HEEA|ZTh okl wgow v

d

uly

FRAP €91 180 L9 3A3 A8 20 xLE thA] 37°CollA 1087
HE-S-A)1 71 & spectrophotometer (Spectramax 190) & ©]-83F% 550 nmoll
A FREE S #F 4= 1 mM  (+/-)—6-hydroxy—

2,5,6,8 —tetramethylchromane—2—carboxylic acid (trolox; Sigma

Chemical Co.)E AF&stel HZAHE A4St FRAP  #2  trolox

ke
[ﬁ
_O|L

2
Iy}

equivalent anti—oxidant capacity (TEAC) 2
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7.2. DPPH radical scavenging activity
DPPH radical scavenging activityE Brand—Williams % (1995) 2] W
of wg} ZAsIRY. 2,2'—diphenyl—2—picrylhydrazyl (DPPH; Sigma

Chemical Co.) methanolel] =] 0.2 mM DPPH £HS A X3t A

22 methanol® 348t0] 1Cy #e A& 5 & vE7t HES 39
t}. Ascorbic acid(Sigma Chemical Co.) 9} troloxE Bl EZZ AR5

o theFst w2 A58 vwE4 50 pLe| DPPH &9 100 p¢Le #H
7}a) A 3057+ A2 9] A A ofl A W) ot <,
spectrophotometer (Spectramax 190) & ©|€3}o] 517 nmolA SIEE

=4 3d ), 22 A8 o]&3te] DPPH free radical scavenging activity

il

Mg 2 Yekhfal, DPPH radicals 50% 4&713= A9 5% (DPPH
IC50) & 33t

DPPH free radical scavenging activity (%)

= 100 X (absorbance of control—absorbance of sample)/ absorbance

of control

7.3. ABTS radical scavenging activity
ABTS radical scavenging activitys Re 5(1999)2] ®WHH S W3 3to]

S48kt SHTE o] &3} 7 mM 2,2'—azino—bis (3—
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ethylbenzothiazoline—6—sulfonic acid) diammounium salt (ABTS; Sigma
Chemical Co.) 2} 2.45 mM potassium persulfate (Sigma Chemical Co.) &

Sl EFAT L, vv). o] §0& 30°Ce] il 15417t Bk ¥

28k Zof 734 nmollA &3 % Fke] 0.700+0.057} ¥ == methanol® 3
Astlth. AISE methanol® 3]A3te] IC; #t= A= F e FE7F
Stk ohekst

-

H =5 Skt Ascorbic acid®} troloxE Hlu=A = ARE-Sh
o} HjwEZ 20 pLol ABTS €9 180 pL= #H7bstal 547

"S- AlF . o] %, spectrophotometer (Spectramax 190) & ©]g3lo] 734

nmelX FFEE SHsAH. 59 AS o] &stel ABTS free radical

scavenging activitys #E&2 e, ABTS radicalS 50% &A=

A8 EE(ABTS ICs0) & Fakalth.

ABTS free radical scavenging activity (%)

= 100 X (absorbance of control—absorbance of sample)/ absorbance

of control
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8. AX uj%

2 el A RAW 2647 AEE @Al 228 (Seoul,
Korea) oA ¢ ol 2 Aol x Arhujekstel 58 20 Alolé
passages AFE3I3tt. Mouse macrophage?l RAW 264.7 A¥X+
Dulbecco’s Modified Eagle Medium (DMEM; Gibco, Grand Island, NY,
USA) ] 10% fetal bovine serum (FBS; Gibco), 2% HEPES(Gibco) £} 1%
penicillin/streptomycin (Gibco) &  F7Fst  wjA]eflA  wlekstsiy.  HjeF

S 5% COy9 37°CE A8kt

22



ME EALS MTT assay HHel wel Jeong S(2010)2] W2
ZFa3dte] =43t RAW 264.7 AEE 96—well, flat—bottom plate®l|

1x10* cells/well == 1x10° cells/well %% ®F3t1 5% CO,$}

o

37°Ce w7l 24A1%F F_b Miksiith olF, HWiAIE  AAEkL
F8H wAE A3 tgFst w29 AlEE 100 LA H€o] thA] 2441
s ket Al Et x3E wiAE AAskL 2o welle]l 10 pL
3—(4,5—Dimethyl—2—thiazolyl) —2,5—diphenyltetrazolium

bromide MTT; Sigma Chemical Co.) & 100 p¢L F8% WA E #7135}
2A13F &k wjFsk itk vhAl WA S Al Skl dimethyl sulfoxide (DMSO,
Samchun Chemical Co.) 100 gL& FH7}sted 208 Fb AelA]
formazangs 283} th.  Spectrophotometer (Spectramax  190) &

o] g3}lo] 570 nmolA SFEE A3 cell viability (%) & AF=E3F T}

ANRE H7FeE 3 g FE2T9 cell viabilityE Blmdle] AlFE7F Al
A= 5A4e S

Cell viability (%)

= 100 X (absorbance of treated cells/ absorbance of control cells)
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10. Nitric oxide (NO) assay

NO= Izumi 5(1997) 2 W o2 A3t RAW 264.7 Al 25 96—

<]
well, flat—bottom platee] 1x10° cells/well FE&
1Asta

37°Ce] HjeF7) oA 24A13F F3b wjeFalSlth
2 3ME vgst w29 Als 200 pLE
Escherichia colilxl F%3t 100 ng/mL2l lipopolysaccharides(LPS
0111:B4; Sigma Chemical Co.) 10 p¢L=E A7}ttt 20A17F &, A|3E uj

A12F(0.5% (w/v)

nlE  Hsked 100 uxL9  Griess
QAAH(2.5%) |A7 0.05% (w/v)

RIS

|

kel 100

sulphanilamide (Sigma Chemical Co.)

naphthylethylenediamine dihydrochloride® 1:1 &

sty 3} 5H-7F Hh-g A
5
=]

ZAt}. Spectrophotometer (Spectramax 190)E o] €3} 540 nmollA]
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11. 3AAY

EA A 8]+ IBM SPSS Statistics 20 ©]£3}9] t—test =+ one—way
ANOVAE A8ttt ANOVA Al £4 23 #Fo4o 3l& 3,
Duncan?® %< A& (Duncan’s multiple range test) S Z3] 44

To44= A=A (p<0.05).
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m A9 2% g 13

1. Black raspberry A9 X& A9 8 Z3E 9 ZA}

F

%

oAl AALE black raspberry A9} EE Ao £ XIE 9 2

b geko Table 13 2t} Black raspberry$ L& A2 83} ZAW
ko GoAel 2o]lE HYtH(p<0.01). Oh 5(2007) black raspberry

Aol XHlo] 17.3~27.9%E AA|ta 1S, linoleic acid®} linolenic
acid7b 242f 53%9t 32.7% 5 ApAste] =E3PAAT] 95.8% ©]dQl A
o7 X3P Y. ®E3H Bushman 5 (2004)2 black raspberry 2] A
o] 15%E AFA|stal %19 linoleic acid®} linolenic acid”} Z+2; 53.5% 2}
31.2%% A8kl vhal B skglth. Ferndndez 5 (2010)2 thofst &
] (hexane, acetone, methanol, ethanol %)% ©]&€3F Soxhlet F%&3t

IE A oild FEo] 12.2~20.8%¢ AHAow RIS B AoA

e

black raspberry A&} EXEHA ] ZAW skl 717 16.7%9 12.5% =24

O =R ATAsel v kst

26



Table 1. Moisture, crude ash and crude oil contents in black

raspberry seeds and grape seeds

S 1 Moisture Crude ash Crude oil
ample
P (%, w/w) (%) (%, w/w)
Black b
ACK Tasbherty 6 49+0.29 2.89%0.07 16.73%+0.53
seed
Grape seed 8.03%x0.28 1.66£0.17 12.52%+1.05

Each value represents the mean £ standard deviation of three

independent experiments.
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2. Black raspberry A9} & N 9] cyanide ¥

Cyanides W& A Zox] =z oz vkt AJQH(HAH) nlGal] #HA|

= FallekA] oy, @i od EalEo] Al AE A S
TS skt Biller (2008) 9] w2 ok 200 mg? solid cyanide B+

cyanide solutions A7 AASNS A5, 5 el F20 ol F 3l
g Bauskoloh T, dA] AFoJekErd A= A (3R 9 B

oMA (F=RD 9] AF- A B Fas AFASHA HW AR EE S50

o A, AT W AW Agto] Q= AE ERste] =l FAIRE
AA sk A7F A 5, 5oz AlFsAY e ThE § Ak,
AAFS 13 4 g oFF 16 g(oF 27k vvtow FAusta vt A A
THEAAT LA US. EPACIA HA ¥ reference doses FHE 3t
o 3% A =% €22 1.2 mg HCN/person/day® A A3} )t}

wEbA, v E A2 A ofupA 9} HA| black raspberry A9 EE A U
of &Ast= cyanided &S ST A, ol (770.9£87 pg/g
seed), X% M (161.8+:24.05 pg/g seed), black raspberry A (77.0%

5.25 pgl/g seed) ] A2 Eodth
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3. Black raspberry A8 T & X 8d B3I E XA

r_{

Black raspberry A Z%H 4 v©d F3E(BSTF) Y =4S HPLC-

ESI-MS®Z <2134t} Positive?} negative ion mode?] ZA¥E B slo]

Black raspberry A ®4d &&= (BSTF)S HPLS-ESI-MS A%
(negative mode)= ol A+ Hlwste] AT (Beekwilder -5,
2005; Godevac &, 2009; Hager &, 2008; Mullen &, 2003; Ross &,
2007). Peak A9 BelXd+E m/z 783.19 FL3 iono] HEHO]
pedunculagin isomer@til F7g3FATE Peak A(m/z 1566.9, 301.3)9}
peak B(m/z 1566.9, 633.0, 301.3)% fragment patterne H}IE O Z
sanguiin H10 isomer?7} £A4& Ao 2 oAsFA T Peak C2 m/z 865.1+
proanthocyanidin trimer® <213t (Simonetti &, 2002). ©]2lo®
m/z 1871.5, 1567.0, 935.1, 783.1, 633.2, 301.39] fragment’} #z% 3
=, °] & m/z 935.1, 633.2°A] relative abundance”} =94t} o] A

& "o F 3t galloyl-HHDP glucose(m/z 633.2), galloyl—bis—

HHDP glucose isomer(m/z 935.1(783.1, 301.3)), sanguiin H6

isomer (m/z 1871.5(1567.0, 935.1, 633.2, 301.3)) 7} =A1& 7}5A)o] Q)

B3 %330t Peak DelA = m/z 935.1614 2.8 iong BRI,

29
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Fig. 4. HPLC—ESI-MS chromatogram of ellagitannins from black

raspberry seeds
Retention time: (A), 9.11—10.86 min; (B), 11.44—-12.02 min; (C),
12.16—12.89 min; and (D), 13.33—14.65 min

Molecular mass data refer to Table 2.

30

s e el

—



Table 2. Identification of ellagitannins from black

ESI-MS

raspberry seeds determined by HPLC-—

Peak no. S M5 data Tentative structural assignment
Negative ion mode (fragments)
A 1567(301) sanguiin H10 isomer
783(301) pedunculagin isomer
B 1567633, 301) sanguiin H10 isomer
783(301) pedunculagin isomer
1872(1567, 935, 633, 301) sanguiin H6 isomer
c 935(783, 301) galloyl—bis—HHDP glucose isomer
865 proanthocyanidin trimer
633 galloyl-HHDP glucose isomer
. 1871 sanguiin H6 isomer
935 galloyl—bis—HHDP glucose isomer

The abundant ions are in bold.

Peak numbers and retention times refer to Fig. 4.
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o]+= galloyl—bis—HHDP glucose isomerC. & &<2l%™ m/z 1870.99A

Z+2 peaks A 5FY] sanguiin H6 isomer® &A1& o2 o AbE T
Nollet¥} Toldra(2012)+ ellagitannin®  ellagic acid®] TZ&

negative mode@® FA3F+= #©] positive modeX.t} T B2 AHE A

sty B ekt Hager 5 (2008)8 Rubus £2) A3} 2ojx #=3t

Ru)
o

\_‘

2] ellagitannin 7%+  galloyl-bis—HHDP2] Z3%3d  &ejo]x
sanguiin H—6, lambertianin C, 18] 3 t}ek3l ellagic acid F=A 59
ellagitannin®] 33t o] QUA|gk, thofstn H34ek Fxo 5440 R s of
A WS XA 9k ellagitannin®] QAT B3R T T3 blackberry A
FEZEoA YFE9 ellagitannin®] multiple isomer® <Ast= AL &
Astglar, ol & AFAHe} FAFSH. 22 Rubus fruitQl raspberry©l
3t oA lambertianin A/sanguiin H—62] isomer”7} 3t 7] &A)3=
Aoz B v oy (Mullen &, 2003; Beekwilder &, 2005),
blackberry A o|A 3t 7] ©]4+2] lambertianin A/sanguiin H6 isomers
w3t == Utk (Hager &, 2008).

IE NEREH d& vd B3I E(GSTF)9 A4S HPLC-ESI-MS®

Hie
flo

10151t} Positive @} negative ion mode? ZA¥E vl wslo] ¢ o]

b
bt

JEE Hol ARWEIHS Fig. 59 Table 3¢l AT A

Ehd 23 E (GSTF) 2 HPLC—ESI-MS A}£ (positive mode) = o)A A
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Fig. 5. HPLC—ESI-MS chromatogram of proanthocyanidins from

grape seeds
Retention time: (A), 9.93—10.88 min; (B), 11.49—-13.05 min; (C),
13.19—-13.81 min; and (D), 14.79—17.19 min

Molecular mass data refer to Table 3.
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Table 3. Identification of proanthocyanidins from grape seeds determined by HPLC—ESI—-MS

MS data
Peak no. Tentative structural assignment
Positive ion mode
A 1155, 867, 579 trimer, tetramer
B 1443, 1307, 1155, 1019, 867, 579 tetramer, pentamer
C 1595, 1443, 1307, 1155, 1019, 867, 731, 579 pentamer monogallate
D 1731, 1595, 1443, 1307, 1155, 1019, 867, 731 hexamer

The abundant ions are in bold.

Peak numbers and retention times refer to Fig. 5.
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vl wale] <189t (Buendia 5, 2010; Gabetta =, 2000; Godevac

o

5, 2009; Simonetti &, 2002). ¥ A72] peak A~DelA m/z 579, 867,
1155, 1443, 17319 ion+ Z}Z} proanthocyanidin dimers, trimers,
tetramers, pentamers, hexamerso| -&3ta, m/z 731, 1019, 1307,
1595+ Z}Z} proanthocyanidin dimer monogallate, trimer monogallate,
tetramer monogallate, pentamer monogallate®l] 423t} Peak AolA+&=
m/z 1155.0, 867.0, 579.1= =RIsIiL T F m/z 867.09 relative
abundance”} =¢tom, F 7FX¢ A 9l proanthocyanidin trimer
¢} tetramer7} £ Ao g FAH3UTE Peak B(m/z 1443.0, 1307.0,
1155.1, 1018.9, 867.3, 579.1), peak C(m/z 1595.0, 1443.2, 1307.1,
1155.0, 1019.0, 867.1, 731.1, 579.1), peak D(m/z 1731.2, 1594.9,
1442.9, 1307.1, 1155.2, 1019.1, 867.2, 731.0) o= #Z3t ions EU=
proanthocyanidin tetramer, pentamer, pentamer monogallate, hexamer
7F EAE RAow ottt 2yt # Aol A peak B~DE] &7 &
oA E A kol Z+zbe] peakell oigt &St identifications SH7]l&
olH ol AU

Black raspberry A ¢} X% A ®&4d FE&=°] positive?} negative ion
mode?] HPLC-ESI-MS A#E BF F&sto] & w, black raspberry

Hoh XE A Wi BHEO B x4o] A% e g salskgr.



Black raspberry A ¢ ¥ 13 Eo|:= proanthocyanidin trimer= <23}
Aot tifo] ellagitannin® 2 =] ATk W, % A9 wd
B3 EL  proanthocyanidin®re @  FAEo]  9l%lom  ellagitannin
fragment pattern®] ®Ho|x] ¢kqttl T8y ¥d B3I E W 7279 peakel

W NMR< o] &%

st 423l identification® isomer? TFE 2ol e

F7F Ado] Bod o R
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4. Black raspberry X ¢ X% ¥ FZ2E9 &

BSTE, GSTE®S] &5 247 4.78+£0.72%2 13.50+£3.82% %11, BSTF
9} GSTFY &2 27 0.84+0.07%% 1.41+0.16%% . Baydar &
(2007)¢ Ao wWEW  acetone:water:acetic  acid(90:9.5:0.5) 2}

229 F8e 7

"

acetate:methanol:water (60:30:10) 2 F=3t X% ¥
7} 15.3£2.3%2 16.2+2.8% %St} Hong 5 (2001)2 294 methanol

T X FEEY F£8E 12.92+0.03% 1 Bkl

o
e

#%
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5. Black raspberry A8 X& ¥ FZE5°] = ZgdE

g
A FEE s AR TS sEAxE] Ax TFS Vo ® st

o] Fig. 6°| ettt BSTES] ¥ &¢
GSTE(206.2 mg GAE/g)9 % %3
(p<0.05, t—test). BSTFY F Z¢
GSTF(760.8 mg GAE/g) B.th =hAwE FoZ4l zto]l&= Itk (p>0.05,

t—test). Carpenter 5 (2007)¢ A7 W=2H X% ¥ FZE9 T &7

S

& k> 865 mg GAE/ge® B AdAvset {Apsrgich Edh
Cuevas—Rodriguez 5(2010)2] A+ wr=w proanthocyanidin®] 4%
ZF

3k t}eksl Mexican blackberry (Rubus spp.) %9 & Zdds &

flo

454.9-598.0 mg GAE/g of dry weighto]g} R 13} t},

oo AnE A FHS J|Fo® dakshd, BSTE, GSTE, BSTF,
GSTF9 &= Zg 9= ghake 717k 13.0, 27.8, 6.6, 10.7 mg GAE/g seed
o7 X% Ao F FEEY & FFE0] black raspberry Ao F F&

=Y vd FEERY EZgusdsel ¥ ®odth Luther 5(2007) 3

Bushman % (2004)2] Ao wp= black raspberry X9 F Zg¥=

R

2o 747} 11.87 44.6 mg GAE/g seedit}.
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Fig. 6. Polyphenol contents in black raspberry seed and grape
seed extracts and tannin fractions

Based on the freeze—dried extract; Bars represent mean T standard
deviation (n=3).

GAE: gallic acid equivalent.

* Significantly different within the same group (¥<0.05; t—test).
adValues with different superscripts represent significant differences

(p<0.05; one—way repeated ANOVA and Duncan’s multiple range test).
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6. Black raspberry A& X & X FZ=E2 JA3F

=9 FRAP (expressed as TEAC) A¥}+= Fig. 79 YeERYtE 2 A9
GSTE®] FRAP %2 534.6 M TEAC/gZ At&g 4 &4, o]+ Xu
5(2010) 9 dAolA B V. vinifera 1.. Cabernet Sauvignon(605.2
M TEAC/g)°l FRAP #3¥ fAFstth BSTF(2926.5 M TEAC/g) 9]
FRAP #2 GSTF(2300.9 M TEAC/g) ¥t} fo8 0= =9k}

B ot A9E A THS V|+o=® gakstd, BSTE, GSTE, BSTF,
GSTFS] FRAP #-2 7}7} 49.8, 72.1, 12.3, 16.2 mM TEAC/g seed©]3]

o,
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Fig. 7. Ferric reducing anti—oxidant power of black raspberry
seed and grape seed extracts and tannin fractions

Based on the freeze—dried extract; Bars represent mean T standard
deviation (n=3).

TEAC: trolox equivalent anti—oxidant capacity

x % Significantly different within the same group (x¥<0.05, #%<0.01; t—
test).

abedyalues  with different superscripts represent significantly
differences (p<0.05; one—way repeated ANOVA and Duncan’s multiple

range test).
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6.2. DPPH radical scavenging activity
DPPH - & 517nm (X)) oA Hje] FFEE 7Hv. FrkshA| = 53¢

TAE FT5tel DPPHE dAsHA =i, HepdolA =Mooz Wl

ot

A

rlr
o

Hrt} o]= UV spectrophotometerE o] g3l &3 =7F 7H4 35 =

a @aslee 24T webd, 4 F%E $As5S DPPH radical

o2

4

Iy
Ol

scavenging activity S =3l FSLT.
R FEE9 FAESS  ascorbic acid$ trolox¢ DPPH radical

scavenging activity ¢} 8] dte] DPPH IC5,(DPPH radical® 50% A7 g

¢

T AdE FEEY %) IS Fig. 8o YEMgtr. GSTES DPPH

:

[C50(56.7 £ g/mL (freeze—dried extract/reaction solution) o=
BSTE(40.9 pg/mL)el uls] fFeol&oz =92 (p<0.05), ] BSTE
7b GSTERT 2 iskss 7HAE 3S 9wttt BSTFS DPPH
IC50(11.7 rg/mL) 3 GSTF(14.8 pg/mL)el| Hld] F&o=z ekt
(p<0.05). BSTE®} GSTE<S] DPPH ICs0 %< ascorbic acid(17.9 ¢ g/mL)
9} trolox(21.4 pg/mL)el ulafl < 28] A% ¥4l BSTFS GSTFY
DPPH ICsy #2 RBIZsHAY Witk Xu 5(2010)9 Aol m=w T
vinitera 1. Cabernet Sauvignon X% % DPPH %2 422.2 uM
TEAC/g of dry defatted matter@A4], ¥ AF X% XA F FE=9

GSTE® %t (438.5 M TEAC/g) # &-AF&+S T},
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Fig. 8. DPPH radical scavenging activity of black raspberry seed
and grape seed extracts and tannin fractions

Bars represent mean * standard deviation (n=3).

1 g/mL: freeze—dried extract/reaction solution

DPPH ICs5q: 50% DPPH radical scavenging activity

* Significantly different within the same group (¥<0.05; t—test).
abedeyaglues  with  different  superscripts represent significantly
differences (p<0.05; one—way repeated ANOVA and Duncan’s multiple

range test).
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A FHS 7]£9% DPPH radical scavenging activity® trolox
equivalent anti—oxidant capacity (TEAC; xM/g seed)® YERJHE,
BSTE, GSTE, BSTF, GSTF+ Z17Z} 26.5, 59.2, 17.0, 23.8 mM TEAC/g

seedo|$lom, X% A7} black raspberry Aol B3] &Akslso] =kt
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6.3. ABTS radical scavenging activity

]

ABTS radical scavenging activityS Zal # F&E2| Hitsls g

ftlo
A

stttk A FEE9 A3l 5 S ascorbic acid® trolox? ABTS radical

scavenging activity 2} H]w3}Fo] ABTS IC50(ABTS radicals 50% A7t

T e FEEY F5) 2 Fig. 99 YeERfIth BSTFE ABTS ICs %k
o] 7} orom 7 th& o 2= GSTF, BSTE, GSTE 9|3t} BSTES

ABTS ICsy #4(92.2 ng/mL (freeze—dried extract/reaction solution)) <
GSTE(121.7 pg/mL)ell vl& fodo=z wekon (p<0.05), °]& BSTE
7F GSTERY %2 &Astes 7= Ze duleth BSTFE ABTS ICs
#£(25.27 pg/mL)& GSTF(40.39 pg/mL)ell Hlsl| o]z o=z wghom
(p<0.01), °l= BSTEF7} GSTFREY (2 FAtdtes 7= s ofvld
t}. BSTES} GSTES ABTS ICs #t ascorbic acid(38.56 pg/mL)°l
vl oF 2~3u] AL E3roy, BSTF9 GSTFS ABTS ICso gk HIS:3)
A w3kt Xu 5(2010)8 Aol W=, V. vinifera 1. Cabernet
Sauvignon X% A F=E9 ABTS 2 649.9 M TEAC/g of dry
defatted matter=® M3}l ow, o] & AP ¥x& A F FEF=<
GSTE(607.8 M TEAC/g) ¢l ABTS #¥ #AFsHt

¥ ZFFS 710 F ABTS radical scavenging activityS M TEAC/g
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Fig. 9. ABTS radical scavenging activity of black raspberry seed
and grape seed extracts and tannin fractions

Bars represent mean * standard deviation (n=3).

1 g/mL: freeze—dried extract/reaction solution

ABTS IC50: 50% ABTS radical scavenging activity

x % Significantly different within the same group (¥<0.05, #%<0.01; t—
test).

abedeyalues with different superscripts represent significantly
differences (p<0.05; one—way repeated ANOVA and Duncan’s multiple

range test).
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seed® YEH, BSTE, GSTE, BSTF, GSTF+= 77t 39.2, 82.0, 22.4,

22.1 mM TEAC/g seede|$l o™, X% M7} black raspberry ol H]&|

{
o

Akl okt

"
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7. Black raspberry A& X& X FEZSES A3 RAW
264.7 AX 54 &3

AAFO] RAW 264.7 Al3EE o] &3] 4 FE&o] Alxel SA4= mA

- X
— O

i

ENE!

22
2

RAW 264.7 A|ES 1x10* cells/well®] ¥ %o)|4 BSTE, GSTE, BSTF,
GSTFE Z}7Z} 200, 200, 40, 40 pg/mL (freeze—dried extract/medium)
7HA 8] FEE 2443 St st AR vlA etz v wskls o,
A AEE] 80% ©14<l BSTE, GSTE, BSTF, GSTF X+ Z+2t 20,
40, 2.5 and 5 pg/mLe]3tH(Fig. 10).

RAW 264.7 AIEE 1x10° cells/well® FEolA LPSHH 23t 3}
LPSst A 55 7 Aest & LPS vlA g dixa 7 vluste] Fig.
119 cell viabilityE YeRith LPS A2l-& LPS vl A thx3} njaw
e W, ME AEENA FoAA ztolE Hloy LPS AHEw % LPS
o} A FEES I/ A FHU0 pg/mL o3t F FEEY 10 4

g/mL ©]8te] 'd 2E8E0 $5)° Alx AEES FoH A Aolrt }13l
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A 120 -
= 100 - T o
S 05 pg/mL
> 80 T
= 010 pg/mL
§ . @20 pg/mL
= 50 pg/mL
° 20 B 100 pg/mL
0 W200 pg/mL
Black raspberry seed | Grape seed
Total extract
B 120 -
L
Q 100 1 00.5 pg/mL
S
> 80 1 01 pg/mL
5 60 - @25 pg/mL
Z 40 - B5 pg/mL
& E10 pg/mL
© 20 - g
®20 pg/mL
0
Black raspberry seed Grape seed W40 pg/mL
Tannin fraction |

Fig. 10. Viability of RAW 264.7 cells treated with black raspberry
seed and grape seed extracts (A) and tannin fractions (B)

Bars represent mean * standard deviation (n=3).

1 g/mL: freezed—dried extract/medium

Untreated control cells were set as 100%.

Statistical significance is based on the difference when compared with

the cells without treating extracts (¥*p<0.05, **p<0.01, ***p<0.001)
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120 ~
A O5 pg/mL
,\3100 1 * o« @10 ug/mL
< 80 - 20 pug/mL
2 B 40 pg/mL
g 60 -
Z 40 -
5]
© 20 -
0
Black raspberry Grape seed
seed
Total extract + LPS (100 na/mL) |
A 120 - 05 pg/mL
f\aloo 1 * =% B 10 pg/mL
o
< 80 - B20 pg/mL
£ W40 pg/mL
S 60 -
8
> 40 -
i)
O 20 -
0
Black raspberry Grape seed
seed
Total extract + LPS (100 ng/mL) |

Fig. 11. Viability of RAW 264.7 cells treated with LPS and black
raspberry seed and grape seed extracts(A) and tannin fractions (B)
Bars represent mean * standard deviation (n=3).

rg/mL: freezed—dried extract/medium

Untreated control cells were set as 100%.

Statistical significance is based on the difference when compared with
the cells without treating extracts (*p<0.05, **p<0.01, ***p<0.001)

LPS: treated lipopolysaccharides from Escherichia coli
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8. Black raspberry A%} X T X ==2E9° NO A A3

NO+¥= 959 Wy o] gltf(Mantovani 5, 2008). NO9 AL

LPS A=2

il

S8 RAW 264.7 Alze] wjakale Haol e A

9 AEEC] JFL A

A

%+ FXolA BSTE, GSTE, BSTF, GSTF

jus)

2 Aestel WFE F AE Wl

O

Mg Griess A3} REgAIA &gk 4
7, LPSE A3 tlxa2 NO Aol #kor LPSE AestA ¢

& E2TE NOY Ao Agd o=z w9 vk}, w3k PSS A ==

mlo

T 7 AYF Zele A FE=9 w29 AlEste] NO B4 A& &

»

B7} ol AL FAT 5 9

32

t}. BSTE &% GSTE w3 5-
40 pg/mLY FZoIAM fFoHoz NO A Ad &I/ = (Fig.
12A). BSTE F&+2 20 pg/mLY %A 35%2 NO S o4
o7 A5 2 (p<0.05), GSTE FEE 40 pg/mLe sEoA 14%
°] NO A4 As &35 B3I (Fig. 12A). BSTFE 1-10 p¢g/mLe &
LTolA fFoAor NO A4S oAl en, GSTFel Hlsl 2.5-10 x
g/mLe FEolA ooz NO A4S Atk (Fig. 12B). BSTF+=
2.5 pg/mLe FxA 19%° NO S oA ¥, GSTF= 5 4

g/mLe] FXeA 10%° NO S JA AT (Fig. 12B). Terra &
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Nitrite (%)
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B

100
80
60
40

Nitrite (%)
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**

Black raspberry seed

Grape seed

Total extract + LPS (100 ng/mL)

Black raspberry seed

Grape seed

Tannin fraction + LPS (100 ng/mL)

05 pg/mL

@10 pg/mL
®20 pg/mL
40 ug/mL

No LPS |
Control |
O1 pg/mL
@2.5 pg/mL

B5 pg/mL
B10 pug/mL

No LPS

Control |

Fig. 12. NO production of RAW 264.7 cells treated with black

raspberry seed and grape seed extracts(A) and tannin fractions (B)

Bars represent mean * standard deviation (n=3).

1 g/mL: freezed—dried extract/medium

Statistical significance is based on the difference when compared with

the cells without treating extracts (*p<0.05, **p<0.01, ***p<0.001)

LPS: treated lipopolysaccharides from Escherichia coli

No LPS: Not treated with LPS and sample
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(2007) 2 4A)%F F9oF preincubation?dt procyanidin F&&°] 25 pg/mL

o] oA NO 84S 20% Adfiehs A= Bishgith

1o

Cuevas—Rodriguez 5 (2010)°] w2, Mexican blackberry F&%&

FAksks 2 NO A4 & A7) polyphenol?} #2241 A& o] Qlrkar ® s}

=l
ol
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Abstract

Anti-oxidant and Anti-inflammatory Activities of
Tannin Fraction

from Black Raspberry Seeds and Grape Seeds

Miyoung Park
Department of Food and Nutrition
The Graduate School

Seoul National University

Black raspberry and grape have biological activities such as anti-oxidant, anti-
inflammatory and anti-cancer activities. Black raspberry and grape are widely
consumed in our diet in various ways including wine, juice and raw fruits.
Many byproducts and waste materials, including seeds and wine pomace
produced after the processing, are an attractive source of functional compounds.

Much research has been conducted on the anti-inflammatory activity of

condensed tannins or proanthocyanidins from grape seeds. However, little is

62



known about the anti-oxidant and anti-inflammatory activities of hydrolysable
tannins or ellagitannins from black raspberry seeds. Thus, the objective of this
study was to evaluate anti-oxidant and anti-inflammatory activities of total
extract and tannin fraction of black raspberry seeds compared with grape seed
total extract and its tannin fraction.

The total extracts and the tannin fractions of black raspberry seeds and grape
seeds were abbreviated as BSTE, GSTE, BSTF and GSTF, respectively. The
equal weights of the freeze-dried extracts were used for anti-oxidant activities
and cell culture experiments.

Total polyphenol content in BSTE was 271.0 mg GAE/qg, significantly higher
than that of GSTE (206.2 mg GAE/g) (P<0.05 according to a t-test). Total
polyphenol content of BSTF was 787.8 mg GAE/qg, not significantly different
from that of GSTF (760.8 mg GAE/g). The FRAP value of the GSTE (534.6
uM TEAC/g) was significantly higher than that of BSTE (p<0.01). The BSTF
showed significantly higher TEAC value (2926.5 uM TEAC/g) than that of
GSTF (2300.9 pM TEAC/g). The DPPH ICs value of the BSTE (40.9 pg/mL
(freeze-dried extract/reaction solution)) was significantly lower than that of the
GSTE (56.7 pg/mL (P<0.05), indicating the BSTE has a higher anti-oxidant
activity than the GSTE. The BSTF also showed lower DPPH ICs, value (11.7

pg/mL) than that of the GSTF (14.8 pg/mL) (P<0.05). The ABTS ICs, values of
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the BSTF had the lowest ABTS ICsg value (25.3 pg/mL), followed by the GSTF,
BSTE and GSTE. In this study, the ABTS ICs, value of BSTE was significantly
lower than that of the GSTE (P<0.05), indicating the BSTE has a higher anti-
oxidant activity than the GSTE. The ABTS ICs, value of the BSTF was also
significantly lower than that of GSTF (P<0.01).

When anti-inflammatory effect was determined by LPS-induced NO
production in RAW 264.7 cells treated with the BSTE, GSTE, BSTF and GSTF,
seed extracts dose-dependently inhibited the production of NO. BSTE showed a
significantly higher NO inhibition than GSTE at 5-40 pg/mL of tested
concentrations. BSTF also showed a significantly higher NO inhibition than
GSTF at 2.5-10 pg/mL of tested concentrations. Our study showed that extracts
with the higher anti-oxidant activities tended to have higher NO inhibition.

Anti-oxidant activities and anti-inflammatory activity of the total extract and
tannin fraction of black raspberry seeds were significantly higher than those of
grape seeds. The results of the present study suggest that black raspberry seed
total extract and its tannin fraction might be used as a source of natural anti-
oxidant agents. Furthermore, it would be worthwhile to utilize the wastes from
wine-making process as alternative natural anti-oxidants and anti-inflammatory

agents in food, cosmetic or pharmaceutical industry.
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