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ABSTRACT : This study was indicated to enhance the anti-inflammation activities by the fermentation of the fruits of Aro-
nia melanocarpa (Michx.) Elliott. The extracts by 70% ethanol (EE) showed better biological activities than those by hot
water (WE) from campared result of the effect of extraction solvents. Then, the extract from 70% ethanol extraction was
further fermented by lactic acid, denoted as FEE. For antioxidant activities, the FEE had showed the highest value as 0.832
of reducing powder, in comparison with those of EE and WE. Cytotoxicity of the water extraction (WE) was measured for
12.06% in addition of 1.0 mg/mé of FEE. For anti-inflammation activities, NO production from the macrophage, RAW 264.7
was observed as 7.24 uM and 8.52 uM from FEE and EE, respectively. Prostaglandin E, (PGE,) production from human
fibroblast cell, CCD-986sk, was also estimated for 152 pg/mé in addition of 1.0 mg/mé of the FEE. The lowest production of
both IL-6 and TNF-o were 3.5 pg/m{ and 865.5 pg/mé, respectively in addition of 1.0 mg/ml of the FEE, whereas 74.5 pg/ml
and 982.4 pg/mf in treated with same concenrations of the EE. It was also found that the FEE was higher amounts than
other extracts through HPLC analysis of the anthocyanins. These results strongly indicate that fermentation process of the
lactic acid could enhance anti-inflammation activities of extracts by increasing the amounts of the anthocyanins, especially
cyanidin-galactoside. Our results suggest that the application of the fermentation process for other medicinal herbs can be
improved their biological activities.
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(Kong et al., 2008). 3tst 9 WA g5 dis] B = el A EQ RAW 264.72 Jurkat T A3, HDF
RS AFRSHO B4 (Human dermal fibroblasts) M|¥& =4 X523 (KCLB,
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Ft} (Kim and Ham, 2003).
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(nitric oxideyE #H]3A HUh PGEx= 954 AlolE7RIC1
IL-6 (interleukin-6)2} TNF-o (tumor necrosis factor-alpha)S]
RS FXAA 5 ATy el tigh Mezk8-& Fivt
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A8 Az AR E ofRYolks 20139% AF ddollM
AF S ofZUolE ARESIT) of2U o} A|59] 52 AT,
e, UE FF VK FEUHoE 7t 4 SR
7} AR Eo e Fahte SekaAE ARgste] Fasisit
GrFEES 1 09 S/ of=Yol dnf 100 g& ARE-3h
o] 100Ce] 271014 247 FZ350, e F55 =3
A3 AN EHlE 70% oNErEE dlo] 80T 244
7+ FESISlT B8 FEEC] S ol=Yol 100 g2 Akt
Lactobacillus rhamnosus®| 7€ 59+ 37C, 90 rpmoll A wl%¥
stglom, mjeket F 4719 vRER 70% dEs FE
ol2Uol FENS APAHT|E AMEst] Azttt o=
Fol 344 7Fs=7] (EYELA N-1000, Tokyo Rikakikai
Co., Tokyo, Japan)® &3+ ¥, 47127] (PVTFA 10AT,
ILSHINBioBase, Dongducheon, Korea)oll 72A17Hs9t F24
Zste] TERE whEo] A3S Fdsisl
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DMEM (Gibco, Carlsbad, CA, USA)8IXA] o] 10% fetal
bovine serum (Gibco, Carlsbad, CA, USA)S 7}sled 37T,
5% CO, 7dslollA wjgsiiet. 2 qholl AR ® BE AoF
£ Sigma-Aldrich (St. Louis, MO, USA)YS %3] 191,
A3l

42 Oyaizu W (1986)S sttt 0.25 mee)
olZuo} Alg FEE3 0.2 M9 sodium phosphate buffere};
1%%22] potassium ferricyanide 0.25 mf & A 7}l
50C ZA0A 208 7F 9F3-A1Z1 3 10% trichloroacetic acid
025 e A7kalo] M-S EEA]T 4,000 pmolA] 105
b AT AT g AEY 500 Lol TR
500 LS E3SFL 0.1%2] ferric chloride &< 100 4%+
F go] A=ollA 10iE 5t RESSH ¥ mircro plate reader
(Thermo Fisher Scientific, Waltham, MA, USA)Z 700 nm ]|
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AE=XF7R= MTT (3-(4,5-dimethythiazol-2-y1)-2,5-diphenyl-
tetrazolium bromide, Sigma-Aldrich, St. Louis, MO, USA) A
oFS ARgEle] AES FAsINnt HAdE 7o+ HDFMIEZ]]
CCD-986skZ AM&-319.0H, 7.5 x 10° cells/well T2 A XS
96-well platecl] FY3t & 315 F<t vigsiAct. s H wiA]
AABIL GIre FEF olEU o} A|BE F 200 b
T3l CO, WiG7]oNA] ThA] gk 1 24A17F 5 st
2407 B A3 A|EZ AASKL, MTT &S 200 1g/mle)
FEZ 3] 96-well pltedl] H7Fekal W& 2pekdk A 37Cq
Al 3A17F vjekRitt. 3A17F 5 PBS buffer® 4123 ¥ DMSO
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Nitric Oxide A% 42 RAW 264.7 AIXZE AME-3IGITE
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7k vieFsldiTt. 2487 - of2 o} FEE AIRE 0.5 mg/mle]
FEE AEe § F71= AR LPS (Lipopolysaccharide)S
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Cytokine A S IL-6 (Interleukin-6), TNF-o. (Tumor
necrosis factor-alpha)e] & kitE: Esl A5} IL-6
+ Quantikine ELISA Mouse IL-6 kit (R&D Systems,
Minneapolis, MN, USA)E AM-3}%t. Jurkat T A|E
53 x 10°cells/md +2-9] FE= 96-well platec] Fo] 244]7F
FE & AES FEEE AL 02gm FEE S
LPS (Lipopolysaccharide)S =& AZo| 7+ oz A3t
5 24A17F BRF ThA] i FeIATE. 24417 H kite] AF WY
o w3 A assay diluent 50 /45 YT FH3] &= FH, A
Z3 F#el7] 21§ standardE HiL 15 FE3] 4o1E
FO2AIZE E)F Aol Tk 2417k A $of] wash
buffer? A3 5 IL-6 conjugates 2L 24|17} F9F 220
WAEI9TE 2 ¥ wash buffer2 A2 &
100 (L2 RE A|Bo] Yal thA] 308 7F 9S x1ugk A
Aol AT 30 F vHg-S W57 918l stop solution
< 3 microplate readerE ©]-&-3t 450 nm oA 5
=5 ZA3IH o, AFE standardS o]&-3te] AT

TNF-a. 9] kit A8 A7F4] IL-69F 5L MExE g
T 53U A kil Quantikine ELISA Mouse TNF-«
kit (R&D Systems, Minneapolis, MN, USA)E A}-& 3}
TNF-a 2] S It} 50 4L 2] assay diluentE 4] =
platel] -2 % standard®} AE 50 1l T HrekaL 2417
¢ Aol FArk 2417 FHoll wash buffer® Al 5L
TNF-o. conjugate 100 (05 F7FSFaL 2A17F 5t Aol W]
STk 2417 F 2 A3 vRZEAE wash buffer= Al sl
3L substrate solution 100 /40 & H-2 F WS 2dsle] 30
Bt Ao At IL-69F 7o) X2 R stop solution
100 (4E H7Fste] WHg-5
o 450 nmollA] THEE
7} AZol thgk TNF-0.2]
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PGE, (Prostaglandin E,)8d&e] &1 A& 753t kits
o] &30t A= Prostaglandin E, Assay Parameter kit
(R&D Systems, Minneapolis, MN, USAYS A% s}t &
23 of2 Yo} ME} standardS 150 4 W TEEE FY
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See Aed WA, 1A AW F AT 2

St OfZL(0F &= &Y

477

i
9

Ol
r

=
=

standard®l] 50 /£ 2] PGE, conjugate & 7} 3 & thA] 24
7F B9F Ao Tt 2 Fo) wash buffers ©]83}e] 43]
M2 & substrate solutions Z} welloll 200 (0% H7}skaL
3007 WS ApE Az A=A SIATh 30 Fell 100 40 2]
stop solution 2L 450 nm oM FFEE SHsl =4 =
E3%lA standard A 2 ZE T3 ABE] PGEe| ¥

gk,

8. HPLC A

olZUole] F= FEE, 70%NehS FEE, LaA I
FEE 283 U 70% e FEFEE HPLC 3482 A
AlEtgom, AZe 1000 ppme] FEE 333 standard SHE
Al (cyanidin-3-galactoside, chromadex, Irvine, CA,

USAYZ 100 ppm ©2 A3t sl 2702 ofZ o}
o] QtEAJopdg el gt AtollA AT (Marie B et
al, 2013). 245 AANIZvFETH Y] (Aglient 1260 series,
Aglient, Santa Clara, CA, USA)E AMg3t3lom, ZH
Jupiter 5u C18 3000A (150 x 4.6 mmyS ARR-EFAT) o] 54
(AJHCOOH-H,0 (1:9), (B)HCOOH-MeOH-H,0 (1:5:4)
o] Hl&Z 3 (A) 100%NA AlZFE 0~2%, (A) 30%,
(B) 70%14 2208 F7F, (B) 100%e1A4] 20 ~22% 37+ =1
23 (A) 100%0lA 22 ~ 248 F7H8 ZA3I9ith R E AR
£ 045 FEHE o g 77 58 0.8ml/
mindl2, ZHo] &%= 30CE X5tk HPLCY &2}
EI2 520nm o] 3ol A Sste] Bl ekt
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Range Test (DMRT) W o= AZ|3titt. #2747k A
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ol2Uo} FEF9| gilsl 858 Hrish] fste] AEe]
T HE =24sl9on, Fig 19 2 235 15 &
2Bshsol =248 e sk F33ke = vehdth &
A EZQl cyanidin-galactoside (cya-gal)2] 73-%- 0.02 mg/ml 2|
LR Zgsiglon, ofZUo} 1 gd 20mg o] FEAJopdo]
g sojdekal Hargk M8 AFE Farste] 1.0 mgml FE
o] FE=3 vl 98t w=E AASAT (Jan and
Aneta, 2005). o}2Uo} A Ee} thEZF < AkEHEZC] ascorbic
acidS WIS W, ascorbic acide= 0.2 mgml 2] FIEoA]
1.054°0 alFete F4te] SAHEUTE Cya-gal®] S35k
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cya-gal* Ascorbic acid

absorbance (700nm)

Sample

Fig. 1. Reducing power from the Aronia melanocarpa
extracts obtained by different extraction process.
Mean values + SD from triplicate separated experiments
are shown. Mean with difference letter (A-E) within same
sample are significantly different at p <0.05 (A-E; a-b).

YEE: 70% Ethanol Extract.

JFEE: 70% Ethanol Extract after lactic acid fermentation.
*Concentration of cyanidin-3-galactoside: 0.02 mg/ml.

0.2 mg/ml 0.4 mg/ml 0.6 mg/ml 0.8 mg/ml W10 mg/ml

cya-gal*

Sample EE

FEE
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Fig. 2. Cell cytotoxicity from the Aronia melanocarpa
extracts obtained by different extraction process.
Mean values + SD from triplicate separated experiments
are shown. Mean with difference letter within same
sample are significantly different at p <0.05 (A-E; a-b).
VEE: 70% Ethanol Extract.
JFEE: 70% Ethanol Extract by fermentation process.
"Concentration of cyanidin-3-galactoside: 0.02 mg/me.
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2. MTT MIEZ

sjRwelel] o3k BYBARE 710l oA, okzuo} AR
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NO W3S SHTO=EA HA i3t 55 IRIs|E L
2} sk Age] Azk= Fig 30 YERARITE NOE Aol &
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Estimation of nitric oxide production in the
macrophages by adding the Aronia melanocarpa
extracts obtained through three different extraction
processes. Mean values + SD from triplicate separated
experiments are shown. Mean with difference letter
wikt)hin sample are significantly different at p < 0.05 (A-B;
a-b).

YEE: 70% Ethanol Extract.

“FEE: 70% Ethanol Extract by fermentation process.

Fig. 3.
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melanocarpa extracts through different extraction
process. Mean values +SD from triplicate separated
experiments are shown. Mean with difference letter
within same sample are significantly different at p <0.05
(A-D; a-b).

YEE: 70% Ethanol Extract.

YFEE: 70% Ethanol Extract by fermentation process.
*Concentration of cyanidin-3-galactoside: 0.02 mg/m¢.

Fig. 4.
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Fig. 5. Comparison of IL-6 production from Jurkat T cell bz
adding the Aronia melanocarpa extracts throug
different extraction process. Mean values +SD from
triplicate separated experiments are shown. Mean with
difference letter within same sample are significantly
different at p <0.05 (A-C; a-b).

YEE: 70% Ethanol Extract.
JFEE: 70% Ethanol Extract by fermentation process.
“Concentration of cyanidin-3-galactoside: 0.02 mg/m.
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5. Cytokine
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Fig. 6. Comparison of HPLC chromatograms from Aronia melanocarpa

extracts.
DWE: Water Extract.
JEE: 70% Ethanol Extract.

JFEE: 70% Ethanol Extract after lactic acid fermentation.
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6. HPLC &3
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Table 1. Comaprison of anthocyanin contents from the extracts of
Aronia melanocarpa obtained by different extraction
processes.

Contents (mg/g) WE EE FEE
Cyanidin-galactoside 0.18 +0.03" 2.51 +0.08% 4.58 +0.11®

Mean values + SD from triplicate separated experiments are shown.
Mean with difference letter (A-B) within same anthocyanin are
S|gn|f|cantly different at p < 0.05.

WE: Water Extract.

YEE: 70% Ethanol Extract.
JFEE: 70% Ethanol Extract after lactic acid fermentation.

Table 2. The production of TNF-a. from the Aronia melanocarpa
extracts from different extraction processes.

(Tp:/Fn;g Concentration (mg/m{)
Sample 0.3 0.6 1.0
EE 1302.1£3.7% 1263.8+5.4% 982.4+7.6%
FEE 1166.1£3.5" 10132 +6.3% 865.5£4.2%
Cya-gal* 1226.1+£8.8

Mean values + SD from triplicate separated experiments are shown.
Mean with difference letter within same sample are significantly
different at p < 0.05 (A-C; a-b).

VEE: 70% Ethanol Extract.

FEE: 70% Ethanol Extract after lactic acid fermentation.
*Concentration of cyanidin-3-galactoside: 0.02 mg/ml.

Fig. 69} Table 1o YJepATt. 2 A3}
olZuol d4 FEH HIE] 70% ollgh
o] ghFo] 14m) =A Y2 RS -"—L.]’o]f,%
A= QFEAJopde] dof thgh WA B
+& #3ste (Choung et al.,
Levi-nissim, 1997), Bt} & LA F&
- QtEAJoPAe] gt F/<2I standard EZ]’] oy g WAy
o= Qlate] 4841 SHEAobdel2} sfegtx 1 ghake] Hf
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