i#4/E3E(Korean J. Medicinal Crop Sci.) 23(1) : 49 — 56 (2015) ISSN(Print)  1225-9306
ISSN(Online) 2288-0186
http://www.medicinalcrop.org

http://dx.doi.org/10.7783/KIMCS.2015.23.1.49

FA

HIZ| & OlElE F&=9| gitsl &Y

0| §|.* .

N2 FYATL, LTSt sl

n

HE R

Antioxidant Activities of Various Berries Ethanolic Extract
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ABSTRACT : Edible berries are rich in anthocyanins and phenolic acids, compounds that possess antioxidant, anti-inflam-
matory, and other biological activities. Antioxidant and anti-inflammatory activities of five berries including acaiberry
(Euterpe oleracea Mart.), Aronia/black chokeberry (4ronia melanocarpa), blueberry (Vaccinium angustifolium), black cur-
rant (Ribes nigrum L.), and cranberry (Vaccinium macrocarpon) were assessed. The Aronia G (prepared by GreenField s.c.)
exhibited the highest antioxidant activities as shown in total phenolic (138.81 mg CAE/g), flavonoid (3.68 mg QE/g), and
anthocyanin (20.31 mg/g) contents compared to the other berries. It also showed the strongest scavenging activities such as
DPPH (69.69 mg vitamin C/g) and ABTS radical scavenging activity (757.79 pmol trolox/g). Aronia G exhibited strong ferric
reducing antioxidant power (553.98 1umol vitamin C/g), and oxygen radical absorbance capacity (820.92 pumol trolox/g). In
addition, black currant and Aronia showed stronger inhibition of nitric oxide production in lipopolysaccharide-stimulated
RAW 264.7 cell than the other berries. According to the above results, the Aronia and other edible berries have notably high
level of antioxidant activities and they could be used as a potential source of natural antioxidants.
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2, Fde), ©7) 5L Pl Ao Hel AvHT 9
3 20l Wlal) opilelHlE], BUARE, 2amE], ] 5 9

ZH|E AL = WP RE YA Ao (Basu er al, 2010). =L

sk sEdzse AV 2AL SHohikg, 2hsekelukg o)
ofal A Afer el ol fuse AEt 2Hol
S, FuAs), Wi, 7%, Sl Ak}, DNA £4 2 %)

O oy hl

o] IH8lE dod|= FHo|t}t (Halliwell and Gutteridge,
2003). Atz os] i Absly 2EH A=
lipopolysaccharide (LPS)Z =% 95 WHS-AYIA reactive
oxygen species (ROS)S] ZHo|| o] (Park et al, 2010)3}
=l 2%l $HE] e HIERIC, ERIE, 7IEEx0lE,
=38, Seireo|=e) 7he RIS EAEL A1qEr]z
of oJgh AtshA E4E ot Wut ofuEl (Niki er al,
1994), WS QRS AGA] pro-inflammatory /3A|9] £43-8- A3
(Park er al., 2010)3te] JIAE ThFst Ao =REH HF g}

W] (cranberry)e} EFH2] (blueberry)= X123} (Ericaceae)
AP FUEE: (Vaccinium)oll &8k 52 21=20] Au)= 2
e EFHEY FRe ADEE EFWE (Vaccinium
angustifolium), L3524 EFW 2] (Vaccinium corymbosum)
2 gHloto] EFuE] (Vaccinium ashei) 5 3%°|th. £ AT+
ol AMg-st BFME] (Vaccinium angustifoliumys A2H=E3
2 E=Z2A] 48l (Kay and Holub, 2002), 33 (Martineau
et al, 2006), &% (Matchett er al, 2006), DF73st Z-&
(Grace et al, 2009) 5 tifst A2EA 7]50] HAEo]
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AT AFYFURE 2AEQl I#MWE] (cranberry, Vaccinium
macrocarpony= FA¥SF B AFF (Yan et al, 2002), A2
A A3 ¥ McKay and Blumberg, 2007), & (Wu et
al, 2008) 5 TH¥sH Aol ArEo] Ut ofAtolH|]
(acaiberry, Euterpe oleracea Mart.y= 481 (Lichtenthaler
et al, 2005) 2 H-60 M&EH AH3x2] HEAP] e (Pozo-
Insfran et al, 2006)3l= 5 71%87de] Barxo] Qi An]s}
(Rosaceae) 2] &Sl o}Zu]o} (black chokeberry, Aronia
melanocarpay= SdZIAMETls E2H, EYAHE (black
currant, Ribes nigrum L.)°} o] Alo|= 9 A7} B3}
o} (Slimestad et al, 2005). EYAUE T AEAJOPIL <l
Z=0lzt Ash Boll tia gulol@l 2 (Knox ef al, 2003) 2
UJHZS (Garbacki ef al, 2004)2H8-0] Hilxo] QI3 ofZY
of & HEstEe X F2 oA (Lala er al, 2006),
FEAWHO|  (Gasiorowski et al, 1997), 7tHZE  ZH&
(Valcheva-Kuzmanova et al., 2004), ZA|85 Hxe] Ze
HE A5 A (Valcheva-Kuzmanova et al., 2007) 52 7]
5o Baglo] gt

37100 Mzzgh vpel Zho] wlgjRe] B2 7]s/do] Halk o]
RO} Z1E wjgle] gAksleAdol tigh vlu A= mv|gk
otk & AlMe 7sAdo] Fg wiElFel kst ¢ &
TGS vl B8 SffellA AH|E AL Qe ofAtolH]
2] (Euterpe oleracea Mart.), o}ZUol/ S 2 E] (4ronia
melanocarpa), B-FM2 (Vaccinium angustifolium), EHAHE
(Ribes nigrum L.), Z#W 2] (Vaccinium macrocarpon)
T 5% HEE ARSIl ks e] HlwE 91t g
7ol T dlEsietE, SetEeolt 9 IEXoPde] S &
g3t} W w39, DPPH, ABTS &0 &7%, ferric
reducing antioxidant radical
capacitys 783t F7IE FAFEA] HIRE et
LPSE 5ol =¥ vheL thaAlEE (RAW 264.7)0] w2
o] dgkE: FEES A2I8te] nitric oxide AJ/dol tigh el
S S8 ol HiglRe] st H FAFTEE] H
IS Fste] AgjgAo] A Higle] S AlAlskaL

power, oxygen absorbance

Rz %
1. ez
2 ATl AR8®E oFAlol 2] (acaiberry, Euterpe

oleracea Mart.), O}ZUo}EAE2 2AW|E] (Aronia E, Aronia
melanocarpa, WPPH ELENA), o}ZUYo}G/E 2 x| g
(Aronia G, Aronia melanocarpa, GreenField s.c.), EFH]
2] (blueberry, Vaccinium angustifolium), EHFAHE (black
currant, Ribes nigrum L.), T W 2] (cranberry, Vaccinium
macrocarpon) 6% A2 FAAZELE MorolwAIE (F)
A, tighl=holx Alg WAL A Alg vk AFd A

o] W8S FaLsto] Zh AlFe] RS Table 19 HERASIT.

[o

&=
7t FANZE A EE 200 Adstas Al Ag-st
AT},
2. OiEtE FE=2 MIZ
AlEe dEes ARt taat 3ol FEsisit. s44

Z ANFE (1 gel 20mLe] 50% AEr2-S 715ke] 35CeA

59 %S97]7] (Power Sonic 520, HWASHIN
Tech, Daegu, Korea)Z FZ&3I59 T} ©] F=4S 10,000 rppm
oAl 208 F<F YHEE] (TOMY MX-300, TOMY Co.,
Ltd., Tokyo, Japan)dl®] &S #]3 F Whatman
No4 AZAZ ofgslt. ddwe] & Akl 20 mLe
50% oNERES 7t 7] A S WSt FEE1Y &
23)). 1, 22k F=olA Lol ollel] 50% oflehES 7tsted]
FIE 50mLE 23 ol Hofxl 5= (20 mg/mL)

2 84ste] Ao AHgSIgich

3. DPPH radical scavenging activity S

A &2 DPPH (2,2-diphenyl-1-picrylhydrazyl) 2z 47
&< Chung 5 (2005)°] S Wdst] SAs0T A&
FZE 100 pLol| wEhgol] %<1 DPPH Al%F (200 pM)S
900 pL 7FskaL vortexing SFATE. AlE9F DPPHO| &3t&&
Hlo] xpeke AF2ollx 30 FF ¥HAIZ O™ 517 nmoll A &
FX (JENWAY 7315 Spectrophotometer, Bibby Scientific

Table 1. Information of six berries according to certificate of analysis.

Common Botanical Manufacturing Country Moisture Food
name name company of origin content additive
Acaiberry Euterpe oleracea Mart. VITA FORTE, INC. USA <5% 0.1% citric acid
Aronia E Aronia melanocarpa WPPH ELENA Poland < 6% None
Aronia G Aronia melanocarpa GreenfField s.c. Poland < 6% None
Blueberry Vaccinium angustifolium Van Drunen Farms USA < 4% None
Black Currant Ribes nigrum L. Van Drunen Farms USA < 4% None
Cranberry Vaccinium macrocarpon Van Drunen Farms USA < 4% None
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Ltd., Stone, England)S =43}t DPPH etz &~A52
o] 2o weh ALE k. DPPH 4715 (%) = (1-(A-C)/
B)x 100 (A: Al& +DPPH &3%; C: A8 + Hlghe 534,
B: 50% ©l¥+ +DPPH &3%). YAUZTZ HEWIC (5,

10, 25, 50, 100, 150 zg/mL)S AR-3lSItt.

4. B iSRS ! BepcOlC A 53
IR % l%ﬁ}f&g S-S Gutfinger (1981)¢] HH

A5 100 uLell 50% Fohn—Clocalteus
s 7}0}1 200 pLe] 10% BHRIEF (Na,COs)

s A7 }o}oﬁ =3t o] Sl 800 uLe| FHTE
7eke] ALolA 258 FoF wheAl7l & 725mm oA SE %=

g5

2 245k WelRel e Baslel YE Amtos
A% (Taruscio et al, 2004) Y= FEZAX (25, 50, 75,

100, 250, 500 g/mLyS EFFOZ ARG on F ¥E3)
=2] g2 mg chlorogenic acid equivalent (CAE) g dry
weight &= VFERARITE

w2 F2] Z8tE=o|= RS Moreno 5 (2000)2] HIHS
HEsle] 2431ATE Al 100 uLoll 100 pLe] 10% ZAFLS
ulE (AINOs);) 2 100 uLe] 1 uM ZAEEE (CH3COOK)YS:
7¥aiaitt. o &gl 700 pLel 50% ollehe-S 7heted
NA 40 B WHEAIZ] F 415 oA FREE A3
Aok ZEAFEAL A2HE (10, 50, 100, 250 g/mL)yS
AREste] APt on EEtR-ol= EES mg quercetin
equivalent (QE)/g dry weight®Z YERJATH

5. OIEAI01 gigk =H

HZ]F QEEAloPdS] SRS Lee (2005)2] WHo g =A%
Atk AES 25mM 9skEE (KCHEEFY (pH 1

1:19¢] H]&2 E3sted 520 nm <} 700 nm oA SF= %
z+ A3 AEE T3 HEZ 04 M XA EF
(CH,COONa)2H=9) (pH 4.5)3 &35t 520 m&} 700 nmo]
AN FEEE A7 3851 T ARRE o] 8sle] FEAJo}
o] AT S AL EAlOPd AT (cyanidin-3-
glucoside, mg/L)=(A x MW x DF x 10%)/e x 1; A =(A520 nm-
A7001m) pH 1.0-(A520 nm-A700 nm) pH 4.5; MW =449.2 g/
mol (cyanidin-3-glucoside®] A1), DF = g&uj4 (F 20);
1=72720] 1cm; £=26900, cyanidin-3-glucoside®] ¥4 &
1 103=gollA mg o2 ©3k2t A] A

02
E
7+
=

BAZ, Lxmol™ xem™

=
T

6. ABTS 2iCjZt _J-|L‘_X-I

ABTS oz &A% = (1999)2] 3feq
=743ttt ABTS (2,2-Azmob1s(3-ethylbenzoth1azohne-6-
sulphonic acid) diammonium salt) %Fo]-2] A4 2 g3}

e Wy

st &y
2 98 7mM ABTS % 245mM 3| Z2%0)|3AztF
(K2S,05)0] EFES WS ;(].1:}—{7]. Ao 164]7F =9t HEX
Shth WekE 2 o] o] FF=rt 1.0+£0.05 A FAgH
T Ao A}&é}om A& 20 uLoﬂ ABTS A9 148 mLE
Egslo] 30T 63 Bt ¥-gA7|3 734 nmol|A] T3S
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5739, Trolox (6-hydroxy-2,5,7,8- tetramethylchromane-2-
carboxyhc acid)@ ¥4 (025, 0.5, 1, 2mM)= 2
st & AlE9] ABTS #UZd &A% umol trolox/g dry
weight® 2 UERH T

7. Ferric Reducing Antioxidant Power (FRAP) 5

Ferric Reducing Antioxidant Power (FRAP)= Bakar &
(2009)9] WS 27 WFHsle] A3Y3IATE FRAP HH-H2

Tt 7ol Az 2AEF 9% (300mM, pH
3.6), 2,4,6-tripyridyl-s-triazine (10 mM), $33}Ao]d (FeCls,
20mM) €S 10:1: 1] FoH&R E3}ste] 37ColA] of

g3t 3 ARSI AR S0 plell 1.5mLe] FRAP WHS-91-S-
;@%t‘a 37CoA 108 Bt BFEAIZ]AL 593 nm oA 53
TE2 23tk 2222 EA BEIC (0.1, 0.2, 0.4, 0.6,

4dE S

Ta=

0.8, | mM)E ARSI, Hol| tist 3t
Clg dry weight®Z JERHATE.

pmol vitamin

8. Oxygen Radical Absorbance Capacity (ORAC)
Oxygen Radical Absorbance Capacity (ORAC) =73
Huang 5 (2010)°] & W¥sle] o=t 7ol 34 O]'}J\]:]'
75mM 21Xk (pH 7.4) 02 3|43k Alg & 50 ulLot
fluorescein (140 nM) 100 «LE 96 well plateol] 7}3}aL
37CeA 158 &<t WXk th AAPH (2,2-Azobis (2-
amidinopropane)dihydrochloride, 80 mM) 50 uL& 7}3}
I 17 7Ho 2 60% B<t Fluorescence Microplate Reader
(Spectramax Gemini EM, Molecular Devices, Sunnyvale,
CA, USAYE Al&3ste] FHFE=E SH3IATH (excitation
485nm, emission 538 nm, cut off 530nm). Area of Under
the Curve (AUC)= TR 2ol &l AIRFEA L, trolox (6.25,
12.5, 25, 50, 100 uM)Z F= =4S 23T Area of
Under the Curve (AUC)=1+F1/F0+F2/F0+ ...+ F60/F0
(FO; 0 mindl] 4% FF%, F60; 60 minoll SHE FF%)

1__

9. MIZZ Bt

FETEA
EF23) 04 °LE} Dulbeccos Modlﬁed Eagles
Medium (DMEM), Fetal Bovine Serum (FBS)< GIBCO-
BRL (Grand Island, NY, USA) A& AM-3193L, 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazodiumbromide
(MTT), LPS, sodium nitrite, phenicillin-streptomycin (PS)

A=}
RN



=

2 naphylethylenediamine sulfanilamide 5 A]¢F2 Sigma-
Aldrich (St. Louis, MO, USA) AECS2 AL&aIITH A%
= 5% CO, incubator®lA] 10% FBSS ¥3F3F DMEMHIA]

pay . al

(1% PS ) AH8-ste] viekstair Aol AHE-sioict.

10. Cell viability

RAW 264.7 cellel thgt cell viabilitys= T3} 7o)
At Byeon et al., 2008). AIEZ 1 x 10°cell/mL2]
2 3]43sle] 96 well plated] 100 LY B39 A|E7}
2" & AR (FEFX 50, 100, 200 gmL)yS 2] E3A )
B A8 24N7F 3, MTT (5mg/mL) 20LS 7}stdth
DMSOZ A& A ¥o] &A= MAE 83IAA 570 nmol|A
&3 % (Epoch, BIOTEK instruments Inc., Winooski,
VT, USAYE SA3IAL v 2ldl] oa AlzdEsS ALt
31Tk, Cell viability (%)= ANEA2]Te] S3w /st 5%
%) x 100.

Al

11. Nitric Oxide (NO) 24 Xoligtd

LPSE ¥Zo] fx=¥ dlAXE (RAW 264.7)°4 nitric
oxide A/l thgk wlelwe] AsfEAdS thaat 2ol 343
ot (Kwak et al, 2008). RAW 264.7 cell& 1 x 10°cell/mL
°] 52 34 (free FBS DMEM HIA] AR5l 12 well
plated] 1 mL® #5310tk 2407 3 A8 (HE5E 200 g/
mL)E A3, Al A 1AZF & LPS (1 gmL)= 24
AIZE B AS5S FEAAY. o] F Griess AlSF (1%
sulfanilamide, 0.1% naphylethylenediamine, 2.5% phosphoric
acidyS o]&sto] Aol EAsk= NO, ¢ = 45t
Ark. Z wlFd 100 Lol Griess AlF 100 LS &35t
96 well platecl]lX] 5% &<t WFSAIZ]AL 540 nmol|A] S35
=439t} oFEAREE (NaNO,, 25-100 MyS AM&-3}e] 3
F2AE sl NOyol AT AT

=51

HEZ2
12. SAXE
WE YA 3 MBOR ZYs] B U U

UepHom SPSS (PASW statistics 18)2 AM&3lo] ANOVA
(Scheffe test)= F-2/d<S AS3IATH (p <0.05).

al

o DE

2zt
1. DPPH 2iC|Z 2 s 21t

DPPH % 275 S4W-2 DPPH =izl tish 3
g8 7eoE SHEA] isES SHY U= WHe
t} (Choi et al., 2013). Wl2]5F¢] DPPH & &AFE =
g3t Table 2°] YeRAT WE] FEE (0.2 mgmL)©]
DPPH 2A%S 24 Az} ofZUlE7} 91.19%, ol=Yo}
G7t 90.74%= e} wlell vl Y53] =haL ofAtelw|E] 7t
50.13%, EFH2]7t 40.45%°1tt. AW El= 24.78%= 7}
S aATE YERIAL EYAYESE 40.77%%] 2715E
YERNRATE Jeong 5 (2012)2 FAA=AE EHAYE I5
ZhEde] FAAZE T FikslEdS 0.15 mgmLolA] oF
22%, 031 mgmLolA °F 40%E B3Ich ol B A
= EUAHE 35 A7z T] el visst 4
Zlolt}h, HIENICE R TeE A|F2] DPPH 2]z &
Aeg Yepd A3 olZUolEE 70.03 mg vitamin Clg, OF=
YolGE 69.69mg vitamin Clg, ©FAFol®|E]E= 38.61 mg
vitamin C/g, EFW2]= 31.45mg vitamin C/g, EYHAHE=
31.20mg vitamin C/g, MW 2= 19.22mg vitamin C/goll
dgste FaskeS AU AU

—

Skt
[=FS

2.

Oph

H=dlkiE ¥ Zee0|c
Chlorogenic acid2 EFI4S 2Hdste] FolssldtE b
< =43 A3} (Table 2), °oF2Uo}G7} 138.81 mg/gl & 7}
& =kon olZUolEE 136.23 my/go|Stt. olAlelvlE]E=
71.59 mg/go. & o}2Ujo} H|&=3lE dhFo] oF 50%=

Table 2. DPPH, ABTS radical scavenging, and FRAP of acaiberry, aronia E, aronia G, blueberry, black currant and cranberry.

Species DPPH" DPPH ABTS? F.RAP?)

(%) (mg vitamin C/g) (mol trolox/g) (mol vitamin C/g)

Acaiberry 50.13 £ 0.51b 38.61 404.42 £ 0.73c 211.42 £ 2.19%b**
Aronia E 91.19 £ 0.32a 70.03 745.63 + 6.17b 538.07 £ 6.68a
Aronia G 90.74 £ 0.15a 69.69 757.79 £ 0.71a 553.98 + 4.63a
Blueberry 40.77 £0.77¢c 31.45 307.70 + 0.00d 189.22 + 8.06¢
Black currant 40.45 £ 0.64c 31.20 282.94 £ 0.73e 159.21 £ 4.08d
Cranberry 24.78 + 0.61d 19.22 187.55 + 0.00f 108.42 + 4.71e

YDPPH radical scavenging at 0.2 mg/mL.
Zumol trolox/g dry weight.
Jumol vitamin C/g dry weight.

*Values are average + standard deviations of six berries analyzed in triplicate.
**Different letters (a, b, ¢, d, e, ) within a column denote statistically significant differences (*p < 0.05).
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Table 3. Total phenolic, flavonoid, and anthocyanin contents and oxygen radical antioxidant activity in fruit of acaiberry, aronia E, aronia

G, blueberry, black currant and cranberry.

Species Total phenolic” Flavonoid? Anthocyanin? ORACY
(mg/g) (mg/g) (mg/g) (mol trolox/g)
Acaiberry 71.59 +0.34c 0.73 +0.02f 2.87 £ 0.04e 595.20 + 33.47*c**
Aronia E 136.23 £0.57b 3.42 £+ 0.04b 18.76 £ 0.21b 705.95 + 30.29b
Aronia G 138.81 + 0.54a 3.68 £ 0.02a 20.31 £ 0.44a 820.92 £ 0.31a
Blueberry 52.58 £ 0.13d 1.98 + 0.04c 10.03 + 0.25c¢ 395.31 + 11.68d
Black currant 46.89 £ 0.13e 1.04 £ 0.00e 7.13 £ 0.06d 219.88 + 12.57e
Cranberry 36.89 + 0.00f 1.29 + 0.04d 2.53 = 0.09e 258.43 £ 8.79%e

1)
2),
3
4

Chlorogenic acid equivalent mg/g dry weight.
Quercetin equivalent mg/g dry weight.
'Cyanidin-3-glucoside equivalent mg/g dry weight.
'umol trolox/g dry weight.

*Values are average + standard deviations of six berries analyzed in triplicate.
**Different letters (a, b, ¢, d, e, f) within a column denote statistically significant differences (*p < 0.05).

Efstth E7uE]e] F dEsiftEe] - 52.58 mg/gol AL
EYAHEE 46.89 mg/gC & Jeong 5 (2012)0] K3k 2
ALE A5F9 T d=s18E0] I 3448 mg gallic/ghth T
2 =4 S4EACE Zheng 3 Wang (2003 ®l2]7F<] &
2eleAd #AA ATelA ol2Uole] F HESE TS
25.56 mg/g FW (fresh weight, A3hHe =2 FAdug|e] F ¥
=3ete S 3.15myg FWE RISk 2 3 (%
80%)S ARIeIE Wl ofEUole] T FlEsigtEe] e B
Aol Ate} vzt

Querceting EFTEAZ AMEsl ETfRwo|E Fekg =4
3lo] Table 20 YERARITE oF2UolG7} 3.68 mg/gl 2 71
ERIL OFZUOLEE HISzeE 9l 3.42 mg/gol AT, ofAtolH]
o] ZelR o= S (.73 mg/gl® 652 A FolA
7P we RS JeRfSith EFHEle 1.98 mgg/e, 2
HEE 1.04mglg, AWM= 129 myee] SThi o= gk
< YeERhITh

3. CHEAIOIH Skt

w25 QtEAlolde] ke Z7d3}te] Table 20 YERHRL
o} ofZUolGe] FEAJOPI FERE 2031 mg/gl® TP E
Al 2R EYIL o2 UOLEE 18.76 mg/gl & A E AT BF
2= 10.03 mgg, EAAHREE 7.13 mg/ge] S eI
AL, oprtolule|el Fdvlele= 22t 2.87 mg/gdt 2.53 mg/g®] <F

Bl 3 UERIITE Moyer 5 (2002)S 1l 27
Fold S8 BUAHE AR AALLT FES AAG

T 70% oHESR FEShE WS ARESl] StEAloRd ¢
FS e 1 g 128411 mg/100 g FW= H s}
AT Wang 3} Stretch (2001)= wl=F FAA oA &t =2
A& Setolzste] ZFHE DAL 2 FEAO
< 19.8-65.6mg/100 g FWE HU3IRET o] 2 o)A

53

ARE-SE Hs dE]ieo] Follx et BYAHE
g o] FAAZR o] tEAloId et
FRot}, vl FEEA o of2 o}l & FAUx
o] 80% OME FEEONA AFEAOP Fgo] 428 mg/100
g FWQl Zlo= BI® u} §J3 (Zheng and Wang, 2003),
W oleggolellA] gk o2 Yo} HEks FEE9 QMEA|
obd e 460.5mg/100g FW (Benvenuti et al., 2004)°
2 BRuEed ol B A ARES E3=at of2yo}
I SAAR B EAOR kg vSssle] Adoldt A
HollA e wlElFe] FEAlopd gho] A xfel7}F UA|

03O O o
wvhHa = /\)]\E\)j\]:]'

PN
&+

4. Oxygen Radical Absorbance Capacity (ORAC)

HE) /7] ORAC F25 Z743te] Table 29 UFERHATE.
ol24o}Ge] ORAC F°*|+= 820.92 mol trolox/g®-Z 7V =
L olZYOLEE 705.95 mol trolox/ge]ATh. olAlelH|E]E
595.2 mol trolox/g, &FWlZ]l= 39531 mol trolox/g, =&
EE 219.88mol trolox/g, M E]= 258.43 mol trolox/g®|
ATH FEFFFO] 72.1-802%F UERE EYAHE)
ORAC FX|&= 50.1-101.4 mol trolox/g FW, 238 71.8%
9] olZyol= 160.6 mol trolox/g FW (Wu et al, 2004)Z
B Agre] Az} vlszsA BaE wl ok wE]lF2] ORAC
TR, F dEsRHE, AEAloRde] Aol et AFolA
ERug], B8}, ©@719) oteEAobd dhat F HEdEtE
Shee] A Alge 2=091, & #5392 ORAC F
29l ARAAE P=08322 BIHJL (Kalt ef al,
1999), E&H|E], B2k, B7]2] ORAC T3¢} QFEAJo 9]
ABBA ASE 22 0937, 0.988, 0.941F, ©]52] ORAC
FR9} F dEsleiEe] AAA ASE 0.995, 0.904, 0.884
2 BHt (Wang and Lin, 2000). Vaccinium <5 W2HF
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Fig. 1. Cell viability of RAW 264.7 cells against acaiberry,
aronia E, aronia G, blueberry, black currant and
cranberry. RAW 264.7 cell were treated with berries
(50, 100 or 200 ug/mL) for 24 h. Values are
average * standard deviations of six berries analyzed
in triplicate.
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2. Nitric oxide production of acaiberry, aronia E,
aronia G, blueberry, black currant and cranberry.
RAW 264.7 cells were treated with LPS alone (1 g/
mL), or with LPS (1 zg/mL) and berries (200 ug/mL)
for 24 h. Values are average * standard deviations of
six berries analyzed in triplicate. Different letters (a,
b, ¢, d) denote statistically significant differences
(*p < 0.05).

s
ae

oMz dEslgtEs} ORAC 319 AAIG (P=0.845)7F
FEAJOPAFZ ORAC F319] A1 (P=0.77)8th At
B Eu AT} (Prior ef al., 1998).3HH 2 AFoHE & 7
=3lghE 3 ORAC 7319 AT AlFE 0.9382]
3, ZEtHiols St ORAC Fx19 AddA Ags
0.6852 FEAJOPIF} ORAC F73|9] “FHAIF (0.678)9) HIs:
3Ith. ORAC =X]2} FRAP, ABTS £7]%, DPPH £7%
o] A Alg= ZH2E 0.893, 0.934, 0.9110]%1t}. ©]4
o] AA=HE W7o sl 7dsl= 22E Fol
= UAEAoP 9o HEslghE T tde o)
2 v

5. ABTS 2iC|ZF 1S ¥ FRAP 53
TroloxE YO Z slo] W2/ ABTS 2z &7

B2
52 AXKEIATE (Table 2). ©F2UoFG7F 757.79 mol trolox/g
0% 1Y wE 275 UeEhIAT ol2UolEE vlset 4

54

=91 745.63 mol trolox/g2] £7%52 LERNSIT) ofAtolH]E]
£ 404.42 mol trolox/g@ & o}ZUo}e] ABTS 2|z &%
9] 50% oA, ZMHE= 187.55mol trolox/gS 2 6%
AFoNAM 7Pg e ABTS 2z 2A%S YERSIH

ol 5 F&Hole MBI EA AF F AFo FaEE
dozIth (Yamaguchi ef al, 1998). FRAPS| 42 2% &
rtslEdo] Fe''s Fe'2 A7) E TEo= Hrishes A
olt}. wlg]F2] FRAP <X (Table 2)& HIEFICES Athx
T2 3l mol vitamin C/ge 2 UERNATE Zdwg =
108.82 mol vitamin C/ge]$3L, ol2UolGe= ZHu|gle] oF
SHf2l 553.98 mol vitamin C/gS 2 =4 E| 01 o2 o}E=
538.07 mol vitamin C/gS = ZSA ATt ¥HA, oprfolulg]=
211.42mol vitamin C/g, EFH2]= 189.22 mol vitamin C/
g, BHAHEE 15921 mol vitamin C/ge] & $U5HS
ERA AT

6. Nitric Oxide (NO) 24d Kol

w2l 79 RAW 2647 A% AEFo] thak J3F (cell
viability)S Z743te] Fig. 191 JeRAATE A52] HE A
FEE 50, 100, 200 gmLZ SIS W EE A EEelA
A AEEC] 85% oldez Yeht AZlEE 200 gmlLE
2g35to] wg]Fe] RAW 264.7 cellol gk nitric oxide A4
AAEd-e S4sIel

Nitric oxide= nitric oxide synthase®] 2|3}l L-arginine® 2
FE A= oftlFel vkgate] k=l
ks Edolt) o] 42 LPSE dFe] fimd A5t
SAIA BAE™ superoxide (0,)2F WHEsle] 743k =4 A
3}A| el peroxynitrite (ONOOH)E A A3t} (Yang et al.,
2012). Hlg] F&E &FSF% 200 g/mL)e] LPSE g=o] &
=% RAW 264.7 Al thgk nitric oxide A4 JAEAHS
=459tk (Fig. 2). LPS H]A2]29] nitric oxide A #S
2.91 MOIIAL LPS HE|i2 19.05 Mo|3ith. ofatolug]
8] 7-9] nitric oxide®] AT 11.09 M, ofZYolE=
10.75 M, o}24°lGE 1091 M, EFHEE 1644 M, £
AHUEE 10.38 M=2A] nitric oxide BAE Foldoz 74
AIFHIL (p<0.05) AAHZ] 2|2 nitric oxide A o]
17.76 M2 24 = nitric oxide A2 Fol48Q0 AE
UERA] sttt EFwE|el o2 Yol= UVB XA %t
inflammatory cytokine (IL-6, IL-8)¢] &S <jA|gh #ul o}
Y2} reactive oxygen species®] AFS AASIT} (Lee et al,
2014). HE3gF o}2Yo}l= inducible nitric oxide synthase<}
cyclooxygenase-22] &S AIES 24 NO, PGE2, TNF-o
o] AL oA (Ohgami er al, 2005)3Hch. 2B o}A}o]

nitrosamines



B2 =2

Hl2], ofzue}, S, EH7RES
synthase®] &S A3 O ZMN nitric oxided] A4S
RAow ek,

spatolu2), ofmulol, B
wl2]Foll ohsl akst 2 6“’35%“3—% il S %
2ujote] Guslayo] w
=, SHEAleRd $HE, DPPH E}Elié &7)%, ABTS gtz &
&, Ferric reducing antioxidant power, Oxygen radical
absorbance capacity)ollA] 7H8 2 Zo2 YEyTh dHF
24 ZAoE BAARNES} LPSE @Fol fmE nhe
A (RAW 264.7)14] nitric oxide®] S 7P ol
Aslaks Aoz tekont ohijolie] 2 olzels §)
22l Aol I (p<0.05). °olde] AA= Hl—roi £
Guiskirlel vl e ohmujol, ohxjolile], eule), &
HAUE 5 HER= U S 04]‘“01] =
a9 A Yokl 489 + e Aol S5AER
Maslr] feixe F7H R FEdE 2 JANE 5 AT
h Bes Ao AR,

inducible nitric oxide
SEE
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