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Abstract This study investigated the antioxidant and nitric oxide (NO) inhibition effects of three domestic and seven
foreign fermented black tea 70% ethanol extracts. Bosung showed the highest total polyphenol and tannin contents. Jeju
showed the highest total flavonoid contents. The theanine content was higher in Hadong (651.50 mg%) than in foreign
fermented black tea. At 25 pg/mL, the domestic fermented black tea extract showed the highest DPPH and ABTS racial-
scavenging activities, reducing power assays. Domestic fermented black tea showed higher NO inhibitor activity than
foreign black tea at 50 pg/mL. Bosung black tea extract showed an increase in SOD-1 level (1.39-fold) compared to the
LPS-only group. Bosung and Jeju decreased the GST protein by 1.52- and 1.46-folds, respectively, compared to the LPS-
only group. Thus our results suggest that domestic fermented black tea (Bosung, Jeju, and Hadong) are effective

antioxidants in RAW 264.7 cells.

Keywords: domestic, foreign, fermented black tea, antioxidant effect, nitric oxide

M B

AR Yol LAY s B4 Ak (reactive oxygen species)ot &
237 A (reactive nitrogen species)> 7| 2Hg-sle] ME] &3
S op1@ta d#iA tkleon 5, 2012). BANAE AE &
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o] EAgta BiEo] qlth(valko &, 2007). g
o EAshs FitsE FAEA(ONO0)e] A7-A191 nitric
oxide (NO)Q] XS Tl ZZF<Ego] FatEth(Ronzio, 2020).
A HollA] AAEE free radicals E&X o2 AA 713 &
k8l @4AE superoxide dismutase (SOD), catalase, glutathione
peroxidase (GPX), glutathione-s-transferase (GST)%©] <At}
Kim %5, 1997). 2F9A SODE Fe7I7t A Ee AF+E2E
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StHRyu 5, 2001). GSTE S&4 54 Udd 9342
e SHEHE] glutathiones} A3t AE Ul £
E4ol HAELS AASE H98E dthKang &, 2001). F
of AL ALAE o] §e Fitsl FHA AFEC] YUY
3 e Aol

= A (Camellia sinensis 1L)2] U3} & A Aoz
g Ao uebd =2hEER), WA10% vT HE), 23
9 H2H15-60% LF), FHT0% LR TAHE5% LE)E &
F2 F AtHKim 5, 2014). BRI HA= S 7pdst
o F49 FAHE AAANA Az} whEEae 83 3AS
Azz2e Bl oF BE & a4 S AT
AR Tk 2 2 2R IS BElA 24 veS
F4E& FAAZIKCho &, 2007b). 3 Z|vE AJES
HZl, Fgtiicol= Fo| HwE Fo] el dom, Heophd,
y-aminobutyric acid (GABA), BIEM], Al2d 2 w3714 59
AL e JkKang, 2011). ©]23 2} HREL gHAksL
& H(Kang, 2011), FHT &3} (Jeon 5, 2005), FFEIHYeo 5,
1995), LDL cholesterol A &3}(Koh, 2000), =3} x| &3}
(Kim &, 2011) 5 &5& 7K Atk BIESTh AR Al
A 2} 2de sbslg s gl AL FEEa o =y
b B =4t St vls] F4 73R e] ol f-Euete] ab
AL Yol &3kl = FAoItShim 5, 2018). oo =
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2 Agox e it 2= sle = A(Hadong, Korea)
B3l Wk 9=t 2= Fo) 2293 (Gyeonggi-do, Korea)
S|Atl A whobA] BAEIATE AMSE FEES A Yo A=
AEE 70% NekEol 1:5 Bl&= EFste] AoA 2447 7
B3k & o] 3] (Whatman No. 2, What-man plc., Kent, UK)Z
olgste] AU A FEELS IHIAFTEFTIR-114,
Buchi Co., Flawil, Switzerland)E AFE-3le] FFA1Z1 & 94 A
¥ 5%7](BioTron Inc., Gyeonggi-do, Korea)Z #& S1jE& Az
stal WS iL(-70°C)0ll AEE BAste] AT

il

MIZHHf

RAW 264.7 M EFZE 3H=FA 3230 (KCLB, Korea Cell Line
Bank, Seoul, Korea)>ZHE Hwtol 100 U/mL penicillin}
100 mg/mL streptomycin(Welgene, Daegu, Korea)Z} 10%<] fetal
bovine serum (HyClone, Logan, UT, USA)°| &-f¥ DMEM Hl
| (Welgene)E AH&-31e] 37°C, 5% CO, F=27]0l|lA Hijdats]

£ Ed|il=, & SatEs0lE, & B &3 =3
Z#9|s $3S Folin-Denis (Singleton} Rossi, 1965)2] ¥

NS olg3le] AT 1 mgmLE 343 A7 100 uLoll &
2mL9} 2N Folin-Ciocalteu reagent (Sigma-Aldrich Co., St.
Louis, MO, USA) 200 uLoll 37t Foll Ad2ellA] 387F HheA]
Zth ®EE o 20% Na,CO, (Dagjung Chemicals & Metals
Co., Ltd., Siheung, Korea) 2mLE 7} & 1A]7F &< WAAIZ]
& ELISA reader (UVM 340, Biochrom Ltd.,, Cambridge, UK)
£ ARSI 765 nmollA] R3S SIS e E e gallic
acid (Sigma-Aldrich Co)E A3t & Ee|vle TS +3IA
I FEE 1g 3 mg gallic acid equivalent (GAE, dry basis)
ters AHEsk
%> ZTR ol 2 Zhishen 5(1999)2] WHE o] &35lo]
ZA35Ath ImgmLZ 3|48 AlE 100 puLo] 5% NaNO,
(Daejung Chemicals & Metals Co.) &< 30puL3} FFF 400

S ¥ T ARolA S8 RESAIFTE oF 30uLe] 10%
AICL,- 6H,0 (Daejung Chemicals & Metals Co.) &2 3 7}s}
3 AAM 6E7F ¥HS- F, 1M NaOH (Daejung Chemicals &
Metals Co.) 200 uL# ZH5= 240 uLS F718ke] 118 ot 2
< 510nmollA S48 F et o= 7R (H)-catechin
hydrate (Sigma-Aldrich Co)E °©]&3le] EF FAE &8I
FZE 1g9 mg (+)-catechin hydrate equivalent (CE, dry basis)
2 VeI

Z w4 F¥2 Duval 5(1999)¢] WS olgsted S35
ImgmLZ 348 A|5E 1mL9 95% ethanol 1 mLe| S/

o
o
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< T 5% Na,CO, (Daejung Chemicals & Metals
Co) &9 1mLe9 IN Folin-ciocalteu reagent (Sigma-Aldrich
Co.) 0.5mLE #H7FgH Fof] 607 2ol EAAI L, &
725mmolX FHEE SRt EFEHEE Tannic acid
(Sigma-Aldrich Co)E AREsle] T ©d ks Foisien, 2
= FEFE 1¢gd mg tannic acid equivalent (TAE, dry basis)®

LrERA AT

Hotd & &4

Hold g2 A8 010l /T 10mLS 7HsF the 3A1%F
5oF ZI”AIA 10% S-sulfosalicylic acid dihydrate (Sigma-Aldrich
Co) 1mLE F7F 12417 &1F 5°Ce] WRAIA dds 2
9 A ABIL, 400 pmoll Al 1587 YAEE S & A5ds Fs)
o]  7F}E=7)(rotary evaporator, EYELAN-1100V-W, Tokyo,
Japan)Z F=3G T U2 E 02M, pH 22 lithium citrate
loading buffer 5 mL< 7Fsle] 31443k 3 0.45 um membrane filter
2 Azst dg ofu|iAt EA7|(Skyam S7130, Amino acid
reagent organize, Darmstadt, Germany)E ©]-83}] UV/VIS
detector 400nm (1.0 AU)IA] RT (retention time)= 40.2%-0l|A]
4 8 R FASATKShim 5, 2019).

DPPH zZiC|&# 27is &H

DPPH U1Z 2752 Blois(1958)2] 7 <& Hysh
Akt 5, 10, 25 pgmLE A3 I3 F2F 200 uLe 0.
mM  2,2-diphenyl-1-picrylhydrazyl (DPPH, Sigma-Aldrich Co.)2
7Fste] 200 uL 1:12 7 & dAollA 3087+ ¥kg-3te] ELISA
reader (Biochrome Ltd.)2 517 nmol|A S35 43Tt 254
e FEE A TS WSty s ©E DPPH
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ABTS zit|gd s £H

2,2"-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid (ABTS) Z}t]
Z4 275 Re 5(1999)9] e WIst ARt 7TmM
ABTS (Sigma-Aldrich Co.) &% 5mLel 245mM potassium
persulfate (Hayashi Pure Chemical Ind. Ltd., Osaka, Japan)
SmLE E3ste] daelA oF 2447 WEEAIZ T ©] ABTS
solutionS 734 nmol| Al SF =7} 0.70£0.027} === phosphate
buffer saline (pH 7.4)2.2 3|43l ARE5ISIT). 34¥l ABTS
solution 800 uLS 70% A} A&-E FE= 5, 10, 25 pg/mL &
T2 A% AlEE 200l et} oA 67 W &
734nmelA FFEE S L] A A4S FEE
7% &3 279 L-ascorbic acid (Sigma-Aldrich Co.)E H]xL
o] WE-E%)E e,

:

'
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FEE0] BAHL Oyaizu(1986)2] WS WHEsl] =3
skt 5, 10, 25 pg/ml T2 AZE Ao 02M sodium
phosphate  buffer (pH 6.8)9} 1% potassium ferricyanide
(Chameleon Analytical Reagent, Osaka, Japan)E &3§3+ & 50°C
oA 208 & WHSAIATE 93719 10% trichloroacetic acid
(Sigma-Aldrich Co)E 7}sle] Aie] & A5 500 uLell S5
4 600 uLZ 0.1% ferric chloride (Sigma-Aldrich Co.) &< 100
pLE HHSAIZL Fo 700 nmolA FFEE Ak AR
FAE 2 A= o2 F7I8h

o
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RAW 264.7 M=Zo| M==4 @7}

RAW 264.7 A2 AX5A H7F= Mosmann(1983)2] S
o]-g35te] ZGEHATh RAW 264.7 AE 1x10° cells/wellZ 200
LA 96 well plated]] &5 & 37°C] 5% CO, incubatorol| ] 24
A7 B0t wlkskATE 50, 100, 200 ug/mL FEE A|EE A
3l 24417F B3t wlF & ZF welloll 5 mg/mLe] 3-(4,5-dimethyl-
2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide, MTT (Promega,
Madison, WI, USA) < #71517 4x17+ St wjekaisict. 2 &
Fede AASIE ABAdE formazan AS dimethyl sulfoxide
(Biosesang, Sungnam, Korea)Z =91 Fo ELISA reader
(Biochrome Ltd)E AFE3l] 540 nmollX SHE=E =435I
AEEA H7ke NEY FEEE U] S350 Ug v

E(%)= HERASITH

Nitric Oxide (NO) MM XNslis

NO 8 AdlieS Griess A& 7|¥HeZ THE0]%] NO Plus
Detection kit (21023, iNtRON Biotechnology, Seongnam, Korea)
& o]g3te] Z3IATh RAW 264.7 cellS 1x10° cells/well 2
200 LA 96 well plateol] - F 37°C] 5% CO, incubatorol]A]
24178 FRF M FSHAL 1pg/mL LPS7h 2318 w2 w3t %,
NEE FEREE 77 Hrteted 2477 SR wFEIsith AlRE
FEEE Hrher Alxe] v A 100 LS AME2 96 well
plated]] 4T 5ol 50 uLe] NI buffer (Sulfanilamide in the
reaction buffer, iNtRon Biotechnology, Seongnam, Korea)S %7}
T 1087 A2l A WEg- & N2 buffer (Naphthylethylenediamine
in the stabilizer buffer, iNtRon biotechnology)S 50 uL. ¥ 3L 10
E7F 24204 vkEAIZIth ELISA reader (Biochrome Ltd.)E A}
431 540 nmel A F3EE =439 Nitric Oxide A4 A8l
T AR FEEE dxe F3= g HEE(%)E Y

B AT}

Western Blotting Analysis

RAW 264.7 cell 1x10° cells/well2 100 mm cell culture dish
of 5 & 37°C2] 5% CO, incubatorllA] 24A17F B2t wljostar
lpg/mL LPS7} ¥E3he X2 w@slom 50 ug/mL FE2] Al
BEE HUlste] 24x7F Bt A F AlZoA @uld S 531
T}, A3zl RIPA lysis buffer % protease inhibitors (Roche,
Mannheim, Germany)E 7} & 9482171914 4°C, 10,000xg,
3057 218035199 2. Bio-Rad protein kit (Bio-Rad, Hercules, CA,
USAZ & whild ks AeFsiint. Jagh dad Jeds
10% SDS-PAGE (Bio-Rad)ale] 2|38} power supply electro-
phoresis (Bio-Rad)E ©]-8-35}%] Immobilon-P transfer membrane
(EMD Millipore Co., Bedford, MA, USA) %71 % 5% bovine
serum albumin (Sigma-Aldrich Co.)ollA ¥4 &S Agsixct. 1
Z} A= B-actin, GST(Cell Signaling Technology, Beverly, MA,
USA), SOD-1 (Santa Cruz Biotechnology, Santa Cruz, CA,
USA)S AH8-3tth 22k A 2= goat anti rabbit immuno-
globulin G (H+L) horseradish peroxidase-conjugated secondary
antibody (Zymax, San Francisco, CA, USA)Z AM-3l9it), vz
28 C DiGit Blot Scanner (Li-COR, Lincoln, NE, USA)$}
Image J (NIH, Rockville, MD, USA)E Al&3te] At =
£ dHolH= B-acting 7|Fo2 AL TH
SHEN

=

2 Ao BE B4 33 RkEsle] o+ XF WX mean+SD)

2 AT A3kl gk BAEA2 SPSS 18.0 (SPSS Ins.,
Chicago, IL, USA) ZZ2I#-8 o]&3lo] EAHEA(ANOVA)ES
AR AR 7+ 797982 Duncan’s multiple range test=
p<0.05 FFNA Fo4 ZolE HS AT

=}

z3p o s

=" X

K

& Efjbls, & S22 0|=2t & B A Hlofd &
ZHE o=, A B AE4 EZERARE Edske=
Az SPgES 4 T2 HguF jkeH I F2E FE
AslEEA AbskE WAt dksl B4 F st 53 7
o AYPaHE YehlleE A22 B 75U H(Limén-Pachecost
Gonsebatt, 2009). ¥ <AolM= FUAL 3532 4t 758 o]
g3lo] T Eejls, EebEieol=9 Bl S A3, ©f
£ Table 1o YJERNSITE 70% S} olghe: FE25<] Uit &
2ol F EFEdlE §Ee BAY AFE, s A 77
330.13, 258.59, 206.03 mg GAE/g <02 YolxE Ao =® g
Sk SuAbE o= X191 2Rt Feletdeobe) Qlx
opd el 2zt 47731, 466.54 mg GAE/gE 331 55 5
7P =2 TS BAA T AR 7HY foF Aole EAISA
ATt Jeong 5(2009)°] 22T FAFEES 72.03 mg/eE Y
ERL Kim 5(2012)¢] 55 254 Hi X% 1062 mg/gl =
et o=kat Zajel] vls) B Ape] it B FEE0] ¥
Al JErgTh Bgh 2 AFX e 4t SAb= Ak St
Hlg] =2 ZeuE 43S AT ol At S
F5E oA polyphenol oxidase 52 T4 FES E3lA
=4 3] MtEAY F9E s el 4" A
02 HAZtkBan &, 2018; Nakgawa M, 1967).

gurA o2 zbel FHE ZTEHR o= d4tsl @43 §)
F B WY &4 T te dES e dBH HAReR
HASBan 5, 2018). =HiAF S AF= 590.11 mg CE/gS.
2 2 B3 FolA P B FHe BT 9=k v
Al Qe op wkAElr) 615.67mg CEo®E 714 E=o 3haks
e AATE 2Ev AlF9) 1E o wHdEle AR 7He] f-9
2 zpo]7F UEhA] 99kth. Kim3} Kim(2019)2] dAFtellA ot
<, )KIE 59 F718wi7F &4 SviEh ¥ EgjElcol=
FEAZE =4 FE2EE A0E BuH €5 FEE2] Ban
52018)¢] BA 3xH264.56 mg CE/g)9t Jeong 5(2009)] 2%
FIF TAH(115.59 mg/100 g Tt & A9 70% ek FEE9
EgE o= Fhpo] ¥ w2 ZoF YERT ol F& &
o ok xfo]2 Bt

ehd ke Ut FPA 243(285.65 mg TAE/g) > 3
(215.82 mg TAFE/g)> AF%(174.25 mg TAE/g) <& UERT)
=4t FARI 2 HIt FekgrdEok, s o wdEtel 2%
Z7} $uke] ghd gheko] zkzt 356.58, 354.60, 347.75 mg TAE/g
02 52 FFE BAXL Al AR 7H] F94 Aort gle A
o2 vl =4t FApF SliAE $AEY 2 vl
< Tfshe B0 et ole 38le] 53 AF A, 3t
Qo] Aslw F 9 79 Apeolof o] 0T HRItk(Yang 5,
2012). Lee 5(2020)2] =4t =219 Wakn}t =3} 4=
ZEo] v SRS 17.3-185 me/gl® B EIt) o9k Bl A
Uit F2F FEEQ BA, sked AT 3 FEEL )2
HIE Lee 5(2020)°] A7ET o 2 v IS st
2 A7 53 9 22 g2uks Ehske AoE Hdh

=

2kQlol] EA|3l= theanine, glutamic acid®} arginine 5
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Table 1. Comparison of total polyphenol, flavonoid, and tannin contents of various extract fraction of black tea

Sample Total phenolic Total flavonoid Tannin Theanine
National Area (mg GAE"/g) (mg CEV/g)) (mg TAE”/g) (mg%)
Hadong 206.03+3.475 190.11%1.92¢ 215.82+16.71° 651.50+7.02*
Korea Jeju 258.59+11.97° 590.1150.15¢ 1742542 .44 27.43+0.69
Bosung 330.13+1.18¢ 264.56+5.09 285.65+9.24" 556.10£12.15
China Keemun 228.85+4.28" 337.89+56.21¢ 149.86+1.86° 359.53+2.36¢
Lapsang Souchong 262.18+5.82° 247.89+3.85¢ 167.87+1.47" 399.40+3.04°
India Darjeeling 435.26+8.75° 386.78+10.72° 271.91+1.07° 312.2343.32°
Assam Mangalam 466.54+13.91%® 615.67+10.00° 354.60+2.24° 239.87+1.89"
Sri Lanka Uva 462.95£11.57° 509.00+£92.44° 347.75+0.30° 209.87+3.67¢
Nuwara Eliya 477.31+5.04* 347.59+22.19¢ 356.58+0.41° 184.7042.62"
Vietnam Ha Giang 326.03+1.18¢ 347.59+50.04° 238.46+4.21¢ 135.17+3.59'

"Total phenolic content was expressed as mg/g gallic acid equivalent (GAE).

ITotal flavonoid content was expressed as mg/g catechin equivalent (CE).
JTannic acid content was expressed as mg/g tannic acid equivalent (TAE).

“Each value is mean+SD of triplicate determinations (n=3).

“Means with different letters (a-j) within a column are significantly different at p<0.05.
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E]‘}i\:‘r(Cho 5, 2007a). 3] F8 7% 4E<] Hopde dE%5
S AAlet 2F S WA FEIA FET 2 s AeS
du}; E_Lﬂair:}(Wang 5, 2018). ¥ A9 Hohd e =
e &3 = A& FolA a3t 1vA % 217} 651.50 mg%

9} 556. 10mg%i =AF FApETE 2 ks VERSITE Shim
5(2019)2] Al e s ARG WRFA 470 mg%e] H|
old TS BT Cho 5(20072)2] Aol olshd ZAd 3%
T 2] HE AR tEA QS o) vlopd o] 75.67-
5229 mg%E YERNRITE 8 Lee 5(2020)2] G0l AFA]
716 W =3ke] Hold TR 149377 mgh s HAFA.
Choi®} Choi(2003)9] Aol <Js}H kel wtg Fwrt S7HE
T5 "Hold o] FUiEE Z20RE HuHU o] AHE F
A 2 AT Uit sks FaF FEE] Heold ko] shE
H|x}sd L2KShim &, 2019), A9 slew ZHCho 5, 2007a)%}
AN 710 WE Z2p(Lee 5, 2020)2Th ZF2F 148, 8.6-12.54,
44-1.79 F7HeE A2 wEAg zpole] ogh 2o R Wit}

B AgeA F FYulE, EetRxols, Bl ke it
AR BAAT AFA 2 e RS Hold Fae
35 SAtA =2 TS BRAFULh ol 2] FF, AU
ANF A7, ZHHHXH E¢ A2 Ao U %Ol 7 Aol
o3 ztelel FhREe]l Ye AEE] WtE Aoz nozith
(Ban 5, 2018; Yang 5, 2012; Choi®} Choi, 2003).

DPPH ZIC|g A7se| Hs}

DPPH Uz &AFE AA9 =3} oA 2 2Fe =z
AEtE AAlste A #HAdo] e AeE HIHATHKIm
%, 2019). 2} 3252 DPPH g 27%5S =43 o=
Fig. 13} 2t} DPPH )z &752 BE A8dA] 525 pg/mL
o] ¥&rt Zy1ete) wat Zrlshe Aoz Btk 25 pgmL %
o)A ATt BAo] 63.89%2F 59.73%= thE2l ascorbic acid
of foF o)zt Qe FoZ Hol - 45 Zloz Helth
3L 25 pg/ml TN 28 FTL $uK60.86%)2t MIER 3¢

(57.86%)> 21422 DPPH U)d 475 BAo] #asdhe A
o2 Yepsth St 83 FEE2 10pgmLe] FElA 9
=3F ZAb FEERT @40 Fadle g Bk A S
018y AT X FFEC] DPPH #HuZ 2A%S SH T
A3}, 0.5 mg/mL %Eoﬂxi 40.2-43.0%2] &4 UERAIL Jeong
5(2010)2] oA Z FEEL 20 pg/mL FEAM 16.90%2] DPPH
o)z oA 48 Bl B A7 AT 1Y S FEE
irst o] wig FEE & 4 AATh wEkA B A
A+ F%E< DPPH amz; 27158 Ao EAEks ZdH
T, FEfRwols, Hold eyt wHeh AuaAvt e Ae
2 HoXthBans, 2018; Wang =, 2018).

ABTS ZIC|g A7 se| Ha}

ABTS gtz =3 #f7180E BalA &3d <+ 7]
o] X4 9 IRA SFEY AR E S 54 4—8}% gl
Holgtr BIEATHPark 5, 2017). 70% &3} oeke F&
ABTS 27+ &7 4L Fig. 201 YeEpIAt 33 3282
525 ug/mLe] F=7F S71IeEMA ABTS Uz &A%°] 31.55-
75.22%%2 Z7VSIATE 25 ug/ml FEAA AF, dHs BA &
2} FEEM Zbzt 7454, 74.17, 68.82%% TR ascorbic
acid®} fFAFHAl =2 ABTS itz €4S B3tk 10 pgml &
oA AF(71.13%)2F BA B-21(69.50%)7F thZa¢] ascorbic
acidHt} folF oz =& 4S5 et Uitz vlw Al 9
%*P ARl 2|7t Feletd goket OLE o wEE ZA|

ZolA 73t ABTS #Ud &4%S B ole AUFE &
%— ztolol] o3 Aoz HWelthShim 5, 2018). Jeong 5(2009)]
Aol oshH - Fab, FFA Holal, 5AF B gt
T2 dF FEEL 250 pgml FEONA 92.09-48.07%2] ABTS
Aol EABIAUL Shim 5(2018)2] AF FTA ¢ FE2EL
0.25 mg/mLolA ABTS =]zt &7%50] 50.4-80.5%2] A4S
2511, Rho 5(2015)¢] w3} o F22FXE FEEL 200 ug/mL

TolA 82.78%E HSth uwEbd B :MH o] =it gk
= Jeong 5(2009)] A =}, F=AF 1"? 32 9 27
I 2219 Shim 5(2018)2] AIF £ 2 Rho 5(2015)9] i

T
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Hadong Jeju Bosung Keemun Lapsang Darjeding Assam TUva Nuwara Ha Giang Ascorbic
Souchong Mangalam Eliya acid

Fig. 1. DPPH radical scavenging activity of various extract fraction of black tea. Values with different superscripts within a column were
significantly different by Duncan’s multiple range test (p<0.05). Each value is mean+standard deviations (n=3).

®m5ug/ml ®m10 ug/ml m25ug/ml

a a a a a
ab a a a
ab ab be ab by ab pb b 7 b b b

30
20

10

ABTS radical scavenging activity (%)
(2]
2]
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Fig. 2. ABTS radical scavenging activity of various extract fraction of black tea. Values with different superscripts within a column were
significantly different by Duncan’s multiple range test (p<0.05). Each value is mean+standard deviations (n=3).
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Fig. 3. Reducing power of various extract fraction of black tea. Values with different superscripts within a column were significantly
different by Duncan’s multiple range test (p<0.05). Each value is mean+standard deviations (n=3).
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Fig. 4. Cell viability in black tea extracts. Values with different letters above the bars were significantly different at p<0.05 by Duncan’s

multiple range test. Each value is mean+standard deviations (n=3).
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Fig. 5. Inhibitory effects of black tea extracts on nitric oxide production in RAW 264.7 macrophages cells. Values with different letters
above the bars were significantly different at p<0.05 by Duncan’s multiple range test. Each value is mean+standard deviations (n=3).
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Fig. 6. Alleviation of increased expression of anti-oxidant proteins (A) on LPS-induced RAW 264.7 cells, following treatment with black
tea extracts. Values with different letters above the bars were significantly different at p<0.05 by Duncan’s multiple range test. Each value is
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