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Abstract

The purpose of this study was to investigate the antioxidant and antibacterial activities of hot water and enzyme
extracts obtained from plants containing tannin pigments. The antioxidant activities were confirmed by analysis
of the total phenolic content, determination of the DPPH and ABTS" radical scavenging activities and lipid peroxidation
experiments. The antibacterial activities were verified using disc diffusion methods against Escherichia coli and
Listeria grayi. The ICs values representing the DPPH radical scavenging activities of the hot water extracts were
determined to be 9.4 to 21.5 pg/mL, while the ICsy values of the enzyme extracts were 3.7 to 6.58 1g/mL. It
was confirmed that both extracts exhibited a good antioxidant activity comparable to that of ascorbic acid (i.e.,
10.5 pg/mL), which is commonly employed for comparison. In addition, the TPC and ABTS" radical scavenging
activities were also significant, and lipid peroxidation experiments demonstrated >50% suppression compared to
the negative control. Furthermore, the enzyme extracts showed a higher level of activity than the hot water extracts,
and the presence of greater quantities of tannin-containing polyphenols in enzyme extracts ensures a high activity
even when low extraction temperatures are employed. These results clearly indicate that tannin-containing plant
extracts may play an important role in suppressing the free radicals produced by oxidative stress in living organisms,
and therefore could exhibit potential for application as new biological materials following additional in-depth research.
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i, Fotle]7l 59 iAol 13F0] Fx gt 7iAt
U 5-(Terminalia chebula) 5 34 A5 S %—%
<, o]Z& v 2&eolgta gtk oA 2 ARE-H
o aytr dzErcko g upg W FzbAl-Zo] 3
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Acacia®y o8] Fre] 3 B3tk BE whdo] o
35-39% ©|tt.

2 dTe A4 ﬂ“"ﬂ AN FE /\}%ﬂcﬂ = 34

oNA sPEE, AE 7 S

= A BFE] ¢ =

A ArsRtes TRt de 439 A E, S U
(Quebracho), 7}FAF}Hi-(Myrobalan), #F-7-(Chestnut), ©F7F

Alok(Wattle) 2. 78] EFF253 o328 9o &
At g2 Bl 2A0S vl EAEe RN g E

N
ofr

t:l
;O
T

2
™
T 8
O_u
12

i)

l‘li‘

P gm

ol
o b O mx Ok

JE
0

N,

BNe 3y
re

Az 7kx 9} F8Adel it A5 s T3t
100T EFZd 93t 715488 ¥4 2 f7]8v &
o o3t §54 55 HstuA {7 EmE AMHSHA] ¥
Aoz FHe el 715 ES T = Qe W
o= gaHYE 53 A AFExAddd U d1E

st ch

Table 1. Substrate information used in this study
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g AleE B9 1 A8 g4 tha) e Table 19 Ve
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1 LZ B¥ 100CellA 4A3F 7Hdstar Sagt & oks<
9 SANZ S AA EEslste] A Atk
BAFEE AR B4, oAUA] &&, 23S 25t
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. WEA A EEal 8 4 (a-amylase) 9 Termamyl ERat]
F- 53] & 4x(a-amylase)$! Ban8OOMG, 4 &
g2l Cellu-Bios AHg-3te] 2Ale] <HAd % =93, &
iiala‘;" Al 100 goll =% ti¥] 4 g= ZH2F A2 e

FTE 7kete] 1 L= 2&% T pHE T Z2A
3} 54 1;], /\Tzﬂoﬂ A}_&Q L] 2 /\] oko Duksan(GR
grade) Sigma-Aldrich Co.(St. Louis, MO, USA) #| &S Al
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=

rﬁ—lo\f [Ra-< Qe S TR A

F=9 AR F ZYds S Hrlehrl el
Folin-Ciocalteu® (7)< ©|&3lth. & A& 100 pLe}
Folin-Ciocalteu 2] 2F 50 (L, 20% Na,CO; 850 1LE &3}3t
T 2A1ZF FRE SHA A WhEAIZ] $ 23 A (UV-1800
Shimadzu, Kyoto, Japan)E ©]-8-3}°] 765 nmol| A 573151
t}. & dE S gallic acidE ©]-&sto] 23t REHTF
A ETA Oi sto] ALt o, & ZejdE &%
F2E AR 1mg 5 EAEE k_é Arkste] TelE
gallic acid equivalents(GAE mg/g)Z 2}4d 3153 Tk Gallic acid
o] FE= 10-500 pg/ml7} B =5 sto] 919} 2L o R
765 nmol| A B =S Hriste] A8kt

ru\o _IH

Sample
— Part used Enzyme
Scientific name Common name / Korean
Custanea crenata var. dulcis Chestnut | ¥ Fruit Bark Termamyl
Terminalia chebula Myrobalan | 7FARIS- Fruit Ban 800
Sthinopsis lorentzii Quebracho | £V Bark Ban 800, Cellu Bio

Acacia decurrens var. mollis

Wattle / ©}7}HA]o} Bark

Ban 800, Cellu Bio
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DPPH radical scavenging assay

Brand-Williams 52} ¥4 (8)¢ll w2} DPPH(2,2-diphenyl-1-
picrylhydrazyl) 2}tz &7 &4 H7Fetoith 6x10° M
DPPHZ methanolol]l =<1 % DPPH 2tt]Zt &9 900 pLs}
AlZ 100 uLE E3ste] 5% REAIZ & B3R EA
(UV-1800 Shimadzu, Kyoto, Japan)E A}-8-3}%] 517 nmol|A|
FHEE %38tk DPPH &t Ze] &AGE oFF 3=
A7FHA] &2 2w A8 H7F & $3Ee] Wtz
sto] ths 2o 2 ALbettt

A8 A ERE

EREECES Tl

DPPH radical scavenging activity(%) = (1—

A 79 F54¥ DPPH 24 A5 (AT, %)<
A 3ksle] AAZAS 50%Y Wo] AlE RS 50% A
EE(ICs0)Z YERH AT

ABTS" radical scavenging assay

ABTS(2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic
acid) diammonium salt) ZHt]Z 2AEA S o] &-3F gH4kst
2 =72 ABTS cation decolorization assay ®(9)°l <]}
of 2SR =, 7 mM ABTS®} 24 mM potassium
persulfate S 4701 12A]7F o] $haof] Whx|sle] ] =409
ABTS 2t Z-3 F8A1A W7 B33l ©H, radical stock
solutione 734 nmol|A] &3 % Zko] 0.70£0.020] H =5
Nz Mt o 29 09 mLel FEER A3
7t A28 0.1 mLE 71 & A-2oA 783t vEgA1Z1
T, whede] F3E WS 734 nmeld FH 3%
ABTS" radical cation decolorization 3 =& A58 7}
w3 VY F3E AAaER ek

G AEAAFAFRE

ABTS radical decolorization (%) = EEE RSy

> 100

Lipid peroxidation inhibition assay
Ad FrrEE S SA67] flete] #o 3

phosphate buffer saline(PBS)2 AF-8-3ld 4T A 23
AT} 1 F 10,000 rpmell 5% B LA EE S A5
AHE3FATE 0.15 M potassium chloride$} 2H2+e] w2 3}
%7 500 uLol| A =55 *2]sted 20 mM ferric chloride 100
ULE 718kt 21 % 37°C incubatorell 4 3083 BES-AIZI
% 15% TCA, 0.38% TBA®} 0.5% BHT/| 3% 0.25 N
cold-HCIZ 500 pLE 718ttt 90Tl 6027 42
7F8llE F- 5,000 tpm, 4TCollA 5% F<t dAEel6l S
g &FF% 532 nm o) A thiobarbituric acid reactive
substances(TBARS)E =7 5153 tH(10).
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SFH(TPC, total phenolic contents)2] %241 Z ¥} Fig. 19]]
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Uehd vke} Zoh B4E 943552 TPCE 0.33-0.63

GAE mg/g®] M9E Yeplil=d 15 $UFAlEe )

IFFE50] 0.63 GAE mg/g o2 T2 FZEd H|3)

S FEoE BAHENY 183 FaFEES] TPCE
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Total phenolic contents (GAE mg/g)

Chestnut Myrobalam

Fig. 1. Total phenolic contents of various plants.

Open bars are hot-water extracts and dark gray bars are enzyme extracts. Data are
expressed as mean+SD of triplicate experiments.
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BiojZ &Hs "ot
DPPHE 3}8td o2 <hgste A-feitZd-2 7HA| 2 gl
= 22 & ascorbic acid, tocopherol, polyhydroxy %3+ 3}
HE el Sl 5ol 2 A AT, ol
oFgl Aol LA REE JASEAS A o]———Eﬂ Ulo}
3 THD3). E5E B BN 5 95 Ao
&9 AT ATe z’éﬂd A= Fig 2¢9F &2
E}‘q Z AASL U ZE 50% LA
TEZ YEhd 9o o] FEE WET
< 7Y d4FE0 o5 dojzl LA
- @ A(H 2= FEE0] 9.4 pg/mL, o} of
(¢H5) 1291 pg/mL, WA E2tR) 154 pgml, 7FAt
T 2EE) 215 pgml £o& UYEs o, 840F5E
& 7R R R 3.7 pgmL, B AR =W
5.95 pgmlL, SUH-(ABEtE) 6.02 pg/mL, oA ol eHE)
6.58 ug/mL O 4% RToA $-3 S-S UERRL
t} vl EF 2 F2 AFRE = ascorbic acide] ICs°] 5-10
ngmL 7291 2L 2Aes] & w) 343%E°] DPPH 2t
7 2ATEE AT w2 e sl S K= AS
I8t A TH(14).
ABTS" 9} potassium persulfateS 4ol WHX|31H ABTS'
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Fig. 2. DPPH radical scavenging activity of hot-water extracts (open
bars) and enzyme extracts (dark gray bars) from various plants.
The concentrations (ICsp) required to exert 50% of DPPH radical were tested. Data
are expressed as mean+SD of triplicate experiments.

8t3) 2] 26 A6ZE (2019)

(15). ©| s} o] ABTS' gt]Z galukg-o ojn] A4g
AHrEr el A BeE FEER YEo] ABTS &
zuﬂwﬂM%WEmmww
Hhgo] 1 Qtol] FRHBE ©A
I} XA D_roﬂ Ag 7} 3}
\ﬂ Lx

%ﬂl Yelsktt ol= ABTS a}ng PPH 2}t]Z W}
Z o 743 Ag e ol 7] Wil Aoz ALsHTK16).
Q4329 ABTS' &2 ICsS 7HAR (A EHLEI-) u}
- AAEH W), oA O}(Q]'*), A B R) F

= Tollem, A FEwdMe *%‘%—r(?ﬂld_a}ﬁ),
RPEE AR, 7B 23, ol ohshE)

To® BF 2 o st s YeEhlith

IC50 of ABTS+ (mg/ml)

M [ L (e

Myrobalam Quebracho Wattle
Fig. 3. ABTS+ radical scavenging activity of hot-water extracts (open
bars) and enzyme extracts (dark gray bars) from various plants.

The concentrations (ICs)) required to exert 50% of ABTS radical were tested. Data
are expressed as meantSD of triplicate experiments.
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215 FZEd) g TBARSS} HH3-3l= TCAS =74 3l
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ANA AStA2H FeCly)oll ©l&l of71¥ 2| 2rkshEof of
G JAE L AFFEEH] FoFEENY Aole 2A
ko, BE A AFHieES JAlshe AL
2 Yehen 53] A A8 F olFtr o FEE(wattle,

0.1 mgmL)°] FA 2] =2 vlwste] 37%, 34%& 24
HaslE YL Ao 7 ARt AL SlE

EFAA] A4 o] gt G3FE LolR 7] 9sle] Escherichia
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£ Table. 23} £t} &5 4
E. coli 7ol 3t oA g3+=
BoA 24 Yeiyton, 53] 2R AR R) 24

F=
OE FE2AM% 3 mm Welo 88 A Age]

|}t Listeria grayil e T3EES A2l Hx
Eoflx = B5AAIge] EASHA] AR EaAE] =
oA e SUFAESRR)E A YA Ado]A 3
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£
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N. control Chestnut Myrobalam Quebracho Wattle

Fig. 4. Lipid peroxidation inhibition effect of hot-water extracts (open
bars) and enzyme extracts (dark gray bars) from various plants.

N. control is negative control without sample. Data are expressed as mean+SD of triplicate
experiments.

Table 2. Antibacterial activity of plant extracts on microorganisms

Listeria grayi Escherichia coli

Sample
Hot water Enzyme Hot water ~Enzyme
Castanea crenata var. dulcis ~— — + + +
Terminalia chebula - + + +
Schinapsis lorentzi - - + ++
Acacia decurrens var. mollis - + - +

Treatment concentration of sample : 1 mg
- No effect

+ . clear zone diameter < 5 mm

++; clear zone diameter > 5 mm

Table 3. Antioxidant activities of hot-water extracts and enzyme
extracts from various plants

Sample TPC (mg/g)

DPPH (ICs) ABTS' (ICs)

Castanea crenata var. duleis 042" [ 0777 94 ] 595 76/ 278
Terminalia chebula 046 /052  215/37 687304
Stchinopsis lorentzii 063/078 1547602  92/24

Acacia decurrens var. mollis 033 064 1291/ 658  7.94 / 3.06

DHot-water extracts

Enzyme extracts

mm W99 T YA ehe Ao o}
FYG 7] o) zEelol Asl5-S Bashs AoR #a

At}

A54F2EI ALFEE) PAE 2 FRLHS T3
& Zolth AwA o ALgH oS F2PH §7]8)
AHeE

Atk

kel EAe F W 3k 4, DPPH 2 ABTS' 2]
4 2%, AZAIEE JAkgo 7 Belsl],
gL it 2 gl Eolto] g dAY B AES
ol o EAE vl HASeank -S54 DPPH
FoZ &A S-S YeER = ICy 32 9.4-21.5 pg/mLE
YR 3, EaFEE0A 9] ICs 82 3.7-6.58 ng/mLE
e vl Ed2 F2 AM8-5 = ascorbic acid?)
105 pg/mL ¥HF gk AksE S 7R = e g1k
th TPCS} ABTS' &tz 275 % 25 197 A vet
wom, A Ae W E AR E AR e F
A2l ] 50% ©]}e] A AALsHE A JASh=

Aoz Yyt ol gk Aate gdA Mg T3 4
=o| - e S Y, 53] AaFEE] 4
FEE EHO 52 754 245 YEUIH. ol ¥
<=0 Fankeg SO gl 3dete EejuleAdEol
H Bl FEHo] £ A& fAlske Aew Addn
oA gzE ol Bt diddddA dd Bt
ol won, wFo AAgle] EFFEHY EaFE0]

d bk 2 et AEdes B Bad
2152 AEA 9 A3tA ~EH AZREE o7 EH = A4
28 dAshs 383 98 v, Bk AE de ATE
213 A2 YE AR E8Ao] =5 Ao 7 AR
At

ZAle 2

2 A= 20189 Tt e ] x| el o gt
=wolH, olo] FAL=HU T
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