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Abstract This study was conducted to suggest an extraction method for preparing the
extract from green tea leaves that possess enhanced antioxidant and antibacterial
activities. Different ethanol concentrations were tested to recover phenolics and
flavonoids, and 50% ethanol was the best under heat treatment (121TC, 15 min).
The ethanol extract exhibited excellent DPPH (2,2-diphenyl-1-picrylhydrazyl)
radical scavenging activity and growth inhibition against B. cereus, B. licheniformis,
S. aureus subsp. aureus, and A. Aydrophila subsp. hydrophila. To enhance the
antioxidant and antibacterial activities, cell-wall degrading enzymes (2.5% cellulose
+ 2.5% pectinase, v/w dry sample) treatment and Saccharomyces cerevisiae
fermentation were applied singly or in combination. The enzymatic treatment of
green tea leaves notably increased extraction yield. However, the antioxidant and
antibacterial activities of the extract were lower than those of the control
(heat-treated 50% ethanol extract). In contrast, the yeast fermentation alone did
not affect the vyield, but enhanced antioxidant and antibacterial activities,
contributing to the increase in the extract’s total phenolic and flavonoid contents.

Keywords green tea leaf, antioxidant, antibacterial agent, enzymatic treatment, yeast

fermentation

‘111—1 A3t E = nAEe] osf HA =,
olE A}, T ojof wE QIA|9] g W
3 7}%*51 | Zlﬂ&i 11171;41 Aol 71 ’é}*éiéi—g QAT 4 Y= AAEER S
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Green tea leaf extract with yeast fermentation

AEo] AL glo] 2L HAEER 7|& /o] wj$- 2
83F AHo|tHKim &, 2019). =2k= HEA7|A] =2 A}
Wi(Camellia sinensis)®] A& AH&SHA THE A2A &
ofxJo} Z|o] = YA Z A NA BARF F 82%E AHA|
Skal 9low, ofAlo} A f =2}9] F PibZ S, U
£, gk, gh=olth. IAjoll= ZHEIRL, 7HEI”], ofW kAl F
714 & A W ot A2 Ueidle 480l o
(Vishnoi &, 2018), e xHE A3t
Tat, B9 Fedh FLY 27 4 F oSt R

202 954 tk(Namita 5, 2012). o|=gt
F AE BER, A 5 Hge 7
= 8 ofyzh, &2 4dA A 714
7FA 2L 1K (Chung¥ Yoon, 2008).

phytochemical 2452 HetY, nd|E &

I 742 "4 gY4E ofYAWE phenolic, alkaloid,
flavonoid, terpenoid 52 & ZAI5}1, 0|52 Ak}
T, S, T T o A A 24 vEhdn
(Joung &, 2007). A+ Yoll+= catechin¥} flavonolo] &
FolA eHfEo] 1AL, o]EEt polyphenol £42 1444
B.9] 9F 36% oJAF XA|§HHAl Hroob 5, 2019; Prasanth
5, 2019). A= 9 ME mesophyll ¥Fll= 14 HARE
A3t FEAE xZoto] BAHo 712 ok 24 A
AHEQ1 phytochemical E&0] £&= 0] 9)1/(Isah, 2019),
Al WollAl 4 T A= o] A2 Q& viEEHLiu 5,
2018). A& Y AEZHL B2 cellulose, hemicellulose,
pectin ¥ lignin 522 FAE o] Qloj(Schidel 5,
2010) A=Y g1E AXJA] &3l phytochemical &3
3este AL ZEFolA] gZ & Utk Alx¥ 4
grindingS Z3oto] 251} &g, A 7HeEo) B
B2 w17} 7535k, phytochemical B4-L H]
SAE7E e 7180 & F2E9] 35 M2 2
271 AF AA_EHtHAltemimi 5, 2017).

SYR | Trichoderma reesei25¥ AJALE cellulase=
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celluloseE glucose, cellobiose ¥ glucose THA| 522

HolotH, Aspergillus aculeatus=5-€ JAFE pectinase

|

o= pectintranseliminase, polygalacturonase,
pectinesterase, hemicellulase @ cellulase’} E3§H= o]

9lo](Sigam-Aldrich, 2023a; Sigam-Aldrich, 2023b),
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HWHZAOZ Saccharomyces cerevisiaeZ} AHEE|al Q.
o] A= A7l 7 YAE 59 ¥3Z, CO, o9 ]
AR S 22 22 dAMREES A, AREEEH
polyphenol#9| 35 -&o|stA stil & Fofsto]
T AR $4Z =oi5= 982 il 5, 2017, Oh%t
Jin, 2020: Yoon &, 2015).

o|9} #Esto] & A oA AR I &4 5Ol
$5et =21 YO 2 RE phytochemical 4 3] A%
ot oeZe] = AT AEe Eof a4 9 5% YRT}
phytochemical 283 9] F+ 84S ¥ol= Hl =52 €
T YA AnEgYTh 53 9 ogE FEEZ 20
=2 QS cellulase®} pectinase &3 B4 AstAY
S cerevisiae® WrASH FEE B G4 AP} AW vra
£ It F2E9 & FH=EsRE € ikl
Sge ARSI, A WOl wE Ak 9 gt B4

=
HEE 53 Bl FAE B4 I 52 AXPIL

2.1. ME & FZA 2=

Az 2 ARRE =2} Y(leaf of Camelia sinensis)S A
Z &% FHE 7k 24 A2 idsE(Hadong,
Korea) 2 25 FLYsto] AMESIGITE 4t &4 B7lol=
Chet o] AEIsliet 7801 AU Bacillus cereus
KCTC 3062, B. licheniformis KCTC 1918, Listeria
monocytogenes KCTC 13064, Staphylococcus aureus
subsp. aureus KCTC 3881, Aeromonas hydrophila
subsp. Aydrophila KCTC 23583 Escherichia coli
KCTC 24418 AEAYAE(Korean Collection for
Type Cultures: Jeongeup, Korea)Z5¥ EF Hoktt,
Salmonella Typhimurium NCCP 12219+ =7} YA
A2 (National Culture Collection for Pathogens;
Cheongju, Korea)2.2H ¥ Hofloltt Alg #4F= BF
brain heart infusion(Difco; Becton Dickison and
Co., Sparks, MD, USA)°IA EASIIZ t2, tryptic
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soy agar(Difco)oll EHsIHA ARSI &x R0
AEH Saccharomyces cerevisiae KFRI 122+ ASF
2RE B stock #5=2 yeast mold agar(Difco)el
HstAA ARGSHRIT

2.2 YESZ 24

21 o Bro] AubgE-2 AOAC B(2005)00 wet &
Attt 8 T2 A7 dR ¥ (method 950.40),
& sk A A3 (method 923.03), A ke
A58} FA|E 0|83t semi-Kjeldahl H(method 976.05),
22X g2 diethyl etherg AMESH &4 F&H
(method 991.36)0.2 77t EA451qlt). ©4=3HE g2,
SroE(%) = 100 - (G o + 20 kg + 2AE

T + ALY AAE E8oto] ArEsiAt

2.3 7458 24

=2} 9 Bl A2 HPAEC-PAD(high-performance
anion-exchange chromatography combined with
pulsed amperometric detector; Thermo Fisher
Scientific Inc., Waltham, MA, USA)Z 243519 tHJun
5, 2018). A& 10 mgoll 72% sulfuric acid 100 xL&
7kt § 121TolA 1A7F B¢t 7HeEsiE APk,
2.8 mL #0]2%(deionized water, DW)°l| 3435t o}
0.20 um PTEE Syringe filter(Advantec Toyo Kaisha,
Ltd., Tokyo, Japan)oll oj7 & £A-& AJH oz ARSI
o}, AHL Dionex ™ CarboPac™ PA-1(10 gm, 4x250
mm; Thermo Fisher Scientific Inc.)2 AMESIF L, A
A 20 plE FYS H 18 mM sodium hydroxides 1
mL/min %08 EFHA EASIGH 9dF 58 2
AFS Yol 859 "ddF HEA|%(fucose, rhamnose,
arabinose, galactose, glucose, mannose, xylose,
fructose; Sigma-Aldrich Inc., St. Louis, MO, USA)&
ARSI, AMIE B8 H TS Hl5l 339 AT EE
Al2K(glucuronic acid, galacturonic acid, mannuronic
acid: Sigma-Aldrich Inc.)& AREsI3Th 2338t HEA]
kS AlESt FYUSH o g EAste] 2 HEE A7}
v wslo] HA8IAN, 3-point L] QF EFEA HA

How AFsigl

https://www.ekosfop.or.kr

2.4 =i} o Balol gl BH B4

=2} 9l B0 ey #E ¢ e B = {4,
HOE A7 glo] =2 B4 Higded § FARHAARA
(Nanoeye, SNE-3000M; SEC Co., Ltd., Suwon, Korea)
O2 WHSIFAL, Image ] Z2IHS ARESHe] 54 9

IO g F7] RR2EE SASHA

s

2.5 8 #5589 HZE

=2} 9 B2 HE phytochemical 52 F&of &
e oS FE AFE Yo thadt Zo] oeE v
FEE= AXSH. =21 o £ 25 ¥i$ DW E+=
25, 50, 75% &2 242 7kstal #4(10,000 rpm, 5
min)stF L, YAEZ (8,000 xg, 4C, 30 min)ote] I
FedE 8 FE== oich 7HE Aol o3t &1 5
29 A 4 oS4 HIE ATET] A, FA
St R} S USHA 4 AYE JFsHL, 121T oA
1587 74 A2ttt o] & A-LoA JZijt F Y4E
2](8,000 xg, 4T, 30 min)ste] A5AS Aol 7HE A

& FEEE sk

1

ol

Mg o

@ o

26. HEY 2o g4+ el ¥ &F g F=559 HE
Aze B a4 AY Ee 51 YEE Adsto] 9
S5 A2 Fig. 13 2t} Alxy
d S cerevisiae TR} &2}0] HAls U
Ae YIS AmE7] s o2 2ol 4F 152 44
skttt 71 A2gt =2 o 50% oeE FEES W2+
(50% EOH-H)&, &4 A7 T=(Ecp25), A% ¥a 9=
(SO), a4 AP T an Wa(Ecp25+SC), aX ¥a &
A AP (SC+Ecp25)= 72t A7gste] g5t o159
FAR 4 ot 2L Frtele] Blaskgit: BA AYE ¢
off, =2 o] 124l sfgoks DWE 7hokal w3

(10,000 rpm, 5 min)atA 1L, cellulase(from 7richoderma

1

reesei, =700 unit/g; Sigma-Aldrich Inc.)2} pectinase
(from Aspergillus aculeatus, =3,800 unit/mL; Sigma-
Aldrich Inc.)E& A 229 Z 2.5%(v/w dry sample)7}
HeE H7RE 5 50Co0A 12407F ¥FSAI A o] 121T
oA 122 EAFste] 45 B, oSS
FE % 50%7t HEE 71eE the AAEE (8,000 xg,
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Green tea leaf extract with yeast fermentation

Green tea leaf powder

I

! | |

Add 25-fold  Add 12-fold DW.  Add 12-fold DW.  Add 12-fold DW.  Add 12-fold DW.
50% ethanol. [ \ I !
| Homogenize. Homogenize. Homogenize. Homogenize.
Homogenize. [ l :
| Add cellulase Heat-treat Add cellulase I}iat-tregt
Heat-treat and pectinasel) (121°C, 1 min). and pectinase (121 C,I 1 min).

(121°C, 15 min). | !

Inoculate yeast strain?

' Inoculate yeast strain

' React React /
(5 log CFU/mL).
Incubate (50°C, 12 h). (5 log CFU/mL). (50°C, 12 . |
(35°C, 3 days). I
| l Incubate Incubate
. Heat-treat (35°C. 3 days). Heat-treat (35°C. 3 days).
Centrifuge (121°C, 15 min). ‘ (121°C, 1 min). |
(8,000 xg, 4°C, 30 min). | Heat-treat | Heat-treat
‘ Add ethanol (121°C 15 min).  Inoculate yeast strain (121°C 15 min).
EOH-H (the final conc. 50%). \ (5 log CFU/mL). I
(Control) ! Add ethanol \ Add cellglase
Centrifuge (the final conc. 50%). Incubate and pectinase
(8,000 xg, 4°C, 30 min). | (35°C, 3 days). I
v Centrifuge | . loieacjt
Ecp25 (8.000 xg, 4°C, 30 min). Heat-treat (50°C. 12 h).
v (121°C 15 min). ‘
| Heat-treat
SC Add ethanol (121°C, 1 min).

Fig. 1. The schema of solvent extraction, enzymatic treatment and yeast fermentation.

|
Add ethanol

(the final conc. 50%).

(the final conc. 50%).
|

Centrifuge |
(8,000 xg, 4°C, 30 min). Centrifuge
v (8,000 xg, 4°C, 30 min).
Ecp25+SC v
SC+Ecp25

"The 2.5% cellulase and 2.5% pectinase

(v/w dry sample) were used in combination. ?The yeast strain was Saccharomyces cerevisiae, which isolated from Korean traditional

wine.

47T, 30 min)3tq o% He A9, olF B4 AY F&5&
(Ecp25)& sttt 2 Hg o 73—?— =2F 9l B 12
HH#Oﬂ sfgsks DWE 71sto] sk, 121TA 12

$7F A% B2 yeast mold broth(Difco)oll Al 28l
(35C, 20 h) 8t S cerevisiae KFRI 122% ¥& &E
o 5 log CFU/mL7} H=% HESHh o]F 35T A
A7t EEHA wFsIR L, 121°C°ﬂ/\1 158 EdA42E
T 71 &S HF T 50%7t HEE 7t
2](8,000 xg, 4C 30 min)ste] AFSHS
I8 FZES0E ot A2 T4
4 an I4aE ¥y AP A2 o

(O8]

o2
ol
xR r101

Ku)
mlo

D*E i mln
Hm _EL

M o

2 [ o
32,
15

1:1 FU

o)
fol
B o
N
i) li)ll

—_
(@)
=~
[@)}

A WA BYSA Bk AP EE ER PEE YD
q A 58 05 A IRES B BT S0 HES

7Kk e APE(B,000 xg 4T, 30 min)stel A5
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i

o]
7FES th2 105ToflA oF 6AIZE 7FEE5k0] 119
SAstlen, ofdl AlitAel] qiYdst sz U

WA} 2EE 10 mLE FHokL 60TOoA 2F 3AI7E ofjH]
o H 3}

il

oft

O
=

B2

9

1FTY FH/ml) x FE2=9] F F3(ml)
AEE d=9] FAg)

x100

2.8 B B4 T
53; 9ol B FEES R Al B 84 A7 2
AL 9 F2E9 st 242 DPPH(2,2-diphenyl-
1-picrylhydrazyl; Sigma-Aldrich Inc.) ez &4 &
A 23 v (Sharma®t Bhat, 2009)2 k7t Hgsto]
7F8k4itr. 0.25 mM DPPH-ethanol E‘l%"—ﬂ‘% 517 nmoll
A FE oF 1.27F HEE 2AISHIAL, Al&duitt 50%
ethanol& AR&sto] 2814 3|43t 7‘:}74] Sl S Z7F &
w5kt 2 A2 9] SIAN 200 Lo DPPH-ethanol Ht
29 600 pLE 713t H vortexdtal, AF20A 30&
REAIF T ZF HRE2 5,000 xg4T)oNA 5EL PAE
25FH L, A5 200 uLE 96-well plate] 71 F 517
nmolA FFEE FAsto] o AArA] tidsi DPPH
gz a7 SY%) 2= UElH ECso a2 7571 ¢
S, ZF A= AT E BEE x 5, B2 v $2E 519
12 TS 61, yitol 2484 50% o WE 7HY
St 502 Hste] €2 x = ECso #2= Aot

P

o =

DPPH &4z &4 E4(%) =

A#=9] 3% ZHOD517)
a - ) x 100
blank®] &3% ZHOD517)

2.9 ga =& T}

=2} 9 FEEO It AL agar-well diffusion B
o2 grsttHJun &, 2015). B7FA L. monocytogenes
KCTC 13064— tryptic soy broth(Difco), YHA| A&
ZF 62& mueller hinton broth(Difco)E AFE-3lo] 30T
A 9? 15A17F AvfeFstRar, Aujat 5Let s =49
agar® Alg #59] 2E 5=7} ¢F 5 log CFU/mL7} H=

https://www.ekosfop.or.kr

£ H33 F plateo] Fo 2R 7 #5327 HFH agar
plate°] 7td A3t 27 5 mm9] AEE ARESHo] well
= AASHAAL, Al =4 50 pLE TS F 30ToA 24
AIZE HfeFstelct. Hige] B F My B HAE AMES
of #9 F4]o] Asie AdE(diameter of inhibition
zone, DIZ)9] A7AZ S45IUL, welld] 73S Hsto
A A71E UEtid. 2 AIE £49 7 sk
10 mg/mLe|%aL, |4 tj&(solvent contro)E DW,
50% E+= 75% ethanol& ARESt] Ald &4 3 FUsH
B7lstitt.

2.10. Zhf=sfefE & EetEL0/E 53 FE

ZH =SS TS Folin-Denis W'#(Dewanto %,
2002)°1 w2t EAstth. Al 125 plol Folin &
Ciocalteau’s phenol reagent(Sigma-Aldrich Inc.) 125
1L, 75% ethanol 0.5 mLE A& 0= 7fotal &35t o
= 5% B¢ FASeH of7]9
2.25 mLE 713kl 90 59t A2oA FA7E F 740 nm
oA &L=E =753t Gallic acid(Sigma-Aldrich
Inc.)E& EEEZE 0-600 pg/mLe L& ZA5to] A
=52 3YsHA Akt AAERE 13 A4 A
1, AR FBE @2 dYsty SH=EsktE 392 A
AFsET.

FETH o]t 3=FS Chang 5(2002)9] Bl ot}
Astat. A= 500 pLlofl 80% ethanol 1.5 mLE 718t
1 Zgett of7]9] 10% aluminum chloride®t 1M
potassium acetate Z+ 100 xLe} DW 2.8 mLE &£AH8 0
2 7kstal Tt o2 3087 AA|skAH. o)A 3,000
xg(4C)olA 1087 ARt 2 45HS 415 nm

oA FFLE SAotAtt. EFEZE rutin trihydrate
(Sigma-Aldrich Inc.)& ARE3IEL, 0-600 pg/mL 5%
& ZAIsto] A5l FUS HHOoE SA oIl AER
B 13} kS AU, AR ST 4 diste] &
EHo|E TS AT

4% sodium carbonate

=

= Jl)l'

2.11. EHx2/
RE AANE P BEEAE eI, Bt 3
£ Alo] §94 Zpol= IBM SPSS Statistics 20(IBM,
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NeWYOfk, USA)‘% /\}%‘5‘]—04 one-way ANOVA‘S‘ }:‘:_]/\]‘(:)_j_'
ATHAO R FO4E 5%O)A Tukey test(p<0.05)2

:'O:
Agect.
3. Zir &

21, 54 8 #8 49 4 2 03 2
H”P-J skobd 24dE metetalat
5F%al, 11 A3E Table
}% ok 69.94%, 2T
2 16.86%, & 5.79%, 2AE 3.05%% 3= AU
ok Al A9, A7), = & A E B i wE g
2 4 AT, =2 AL polyphenols 36%, B<3=
25%, TEA 15%, lignin 6.5%, 3J& 5%, o)At 4%,
methyl xanthines 3.5%, A& 2%, 3714k 1.5%, chlorophyll
0.5% 502 FA= o] it} HiH Hf ItH(Al Hroob 5,
2019). =2 9 29 Y 24 23 759 S48
159 AHdgol AEEHUM olF &2 HlE «2 = YIst

oh:]]—}\-]_lfl Eﬂ q_xélj- _L,H:/}j'
1

12 el 4 9

Table 1. Proximate and monosaccharide compositions of green
tea (Camelia sinensis) leaf powder

Proximate composition Content (%)

Moisture 4.3520.07
Crude protein 16.86+0.95
Crude lipid 3.05:0.10
Ash 5.79+0.07
Carbohydrate 69.94+0.94

Composite monosaccharide  Content (g/100 g) Ratio” (%)

Fucose 0.50+0.01 1.58
Rhamnose 1.110.01 3.48
Arabinose 2.2910.03 7.17
Galactose 3.70£0.03 11.57
Glucose 17.39+0.13 54.34
Mannose 1.03£0.01 3.21
Xylose 1.54+0.04 4.83
Galacturonic acid 4.43+0.04 13.83

YPercent ratio in the total composite monosaccharides.
All values are meantSD (n=3).

1048

M, glucose, galacturonic acid, galactose, arabinose,
0% vt
1, glucose Hl&o| AEH DY 54.34%E Aot
ZAog UEgt A=
xyloglucan FHZ glucose®} xylose?t 8 FA4Eo|H
(Zhang 5, 2020), =2 9 £ W pectin®] 8 F4Y
9l galacturonic acid®] H&2 HEH 74979 14.83%
£ AHA5h= Ao= Uehgt AAEel AE9] AlEHE 15-
30% cellulose, 30-40% pectin, 20-30% hemicellulose
9 AT lignin 522 FAEC] Q& AoRE E_TLE]_TL
AtHAvci, 2022). FEfeH oA =2} lo] P2
TR Ao A9t EF g o = YEREL, tiE-E 2-10 #m ‘?314
oA Y& 27 REEE HtkFig. 2).

xylose, rhamnose, mannose ¥ fucose <

29 hemicellulosex= tH-E

32 UEZ &% ¥ J1Z Xl ME =i g FE29Y =
L ref BY Hizf

A& G449 phytochemical %Z&j—‘é—.% F7180 7t
SIS 22 A ST 9 2z
(Altemimi &, 2017). 54 9 242 2H A 9 g
2ol =2 24F 355h] Ao, DWE ZF ohgst
L9 AHES 2Aot] & G2 ARSI E3
At 7HE 59 BHOoE FAErt BRgt AE AxT
of HERE AN o FEE W 4 &4
of gt eHg/do] 8FEHER, 7FE Ao wE At
01—-3,_,L _oJ-/\-] =] q_— olyﬂ /\Lw‘l EO]'TZ]’(Table Zﬂ' 3)

=24 FE5E AR Al 25% e 5 &R AR
i 7he ziﬂ(mc 15 min)g € 4% 7H 2 FE&5
BRI, &= ARESto] 2o 25 1 fodo=w
7V ‘74{8 T&2 HAHp0.05). °] F A%
75% oW oletE vk 4 7tE Ao g FEEL &
Hok= A9 QIolY, HFHo= oF 26% £&2 HYth
DPPH 22 &7 42 5 8]l oekE 520 wat
Zolg Helow, 7t A7 § - 7o TA Yol 50% ofetE
ARG Al 7HE R ECso 4k YEHHSITH &, o] Z=A
FAE Aol 7MY % FEES AXT U= A
o= weEith 7t AY {-Fol ot 559 DPPH
gz AA S4L2 T Aol HolA| fof 121T, 1587t

o

o,
0
ne

%
e
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Q)

B)

50 - 50
40+ g/ 140
—~ S l‘ls)
8 30+ // 4130 i
= ! 2
_§ ] ] E
; 120 2
: :
< 5
J10
O
PN
1 I:l_‘_T\ L_r]\.—| 0
8 12 16 20

Particle size (um)

Fig. 2. Micro-structure (A) and particle size distribution (B) of green tea (Camelia sinensis) leaf powder. SEM images were obtained

at x600 and x2,000 magnifications.

Table 2. Yields and DPPH radical scavenging activities of the
solvent extracts from green tea (Camelia sinensis) leaf according
to ethanol concentrations and heat treatment

Group Yield (g/100 g, dry) ECso value? (ug/mL)
Con-DW 21404 75.440.2°
25% EOH 27.4+0.2° 49.0+0.3°
50% EOH 27.140.1° 34.942.2°
75% EOH 26.440.8° 41.440.5°
CON-DW-H" 27.140.8° 86.641.1°
25% EOH-H 31.442.1° 50.542.0°
50% EOH-H 27.240.8° 37.441.4°
75% EOH-H 25.6+0.4° 42 640.3°

"Heat treatment was conducted at 121¢C for 15 min.

JEffective concentration possessing 50% scavenging activity for
DPPH radical.

IAl values are meanSD (n=3) and different superscripts within each
column are significantly different (p¢0.05) by Tukey test.

gt

7t Aol ket 244 &2
=i

B3 QA

Ao=

fo

3.3 UEtE sk % JtF *ejof mE
SIA] HS

=20 -
AF HERRA 524 o 2289 28 7 WkE
H3l, Aoz AE sl 752 sy, FEE2

o
St B2 agar-well diffusion HHOE A5
o
o
(o]

=5 o 2589 g7

w3} 9 g 2280 o) 29 F4o] oAE AshE

(DIZ) B. cereus, B. licheniformis, S. aureus subsp.

https://www.ekosfop.or.kr

aureus Y A. hydrophila subsp. hydrophilaolX &
, B FEES Be Aol tis 3t 842 YE
WA ESkthH(Table 3). & &WE 25% ol AR A
B. licheniformis®] Wl 3t /82 HolA] Qotd vy,
oletE 50% TEFE HA UEe 5 5ol sl
e YERUITE 718 Aol et I+t B4 ¥sk= d
Act. o9k, A. Aydrophila subsp. hydrophila®)l 73 il
e sEoEH 07 fpAdo] STkt Ao E UEyTh
o] Al FUAHLE Fro] FAFA F& AR,
ole TAHHE AE U8 Ft= 4 7HHAE SolA EHE
tH(Strateve} Odeyemi, 2016).

54; 9 B 524 FEES ofF] AFoA W2 e &
HEZZ 7M1 catechinso] 8 & 8= A A
t}. o] 7FH9 A% (-)-epigallocatechin gallate®} (-)-

epicatechin gallate= methicillin W3 S aureuss Eg

Ax

sk, Helicobacter pylori, $* ¥1##9l Streptococci
ol tall 54 Asf 482 7HAH, ALt 583t
£ Hof tfet A WAFES AlolE flsl B7H=E 9
Taylor &, 2005). Liu 5(2022)& &4 42 oge=

I d
T

225t OF2 ethyl acetateZ #385F9] catechins©]
F2E8S AT AL JA9A%E 10-35 mg/mL §
Fo\| X Enterococcus taecalis, S. aureus, E. coli®t Sal.
Typhimurium®] &< &35 YepdHT sH3th

2 AolA] BrIet =2} o 8| 2252 A Aydrophila

subsp. hydrophilag AQstal & |2 50% oflet=

o

=
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Table 3. Antibacterial activities of the solvent extracts from green tea (Camelia sinensis) leaf against food—born pathogenic bacteria
according to ethanol concentrations and heat treatment (unit: mm, diameter of inhibition zone)

Bacterium Solvent control Extract
DW 75% Non-heat treatment Heat treatment”
othanol oo 2% 5% 75% Con-  25%  50%  75%
DW EOH EOH EOH DW-H EOH-H EOH-H EOH-H

Gram positive

B. cereus NP NI NI 1.0:0.17 22:02 27:02 NI 1.0£0.1  2.1:0.1  3.0:0.2

B. licheniformis NI NI NI NI 1.9:04 22403 NI NI 16102 2.0:0.3

L. monocytogenes NI NI NI NI NI NI NI NI NI NI

S. aureus subsp. aureus NI NI NI 3.3t0.3 3.6£0.3 3.56:0.2 NI 3.0:0.2 3.3t0.1 3.4£0.2
Gram negative

A. hydrophila subsp hydrophila NI NI NI 24:04 43:05 61104 NI 34+0.3 46#03 55104

E. coli NI NI NI NI NI NI NI NI NI NI

Sal. Typhimurium NI NI NI NI NI NI NI NI NI NI

"Heat treatment was conducted at 121°C for 15 min.
2No inhibition.

Al values are meantSD (n=3). The test cell density of all the bacteria was approximately 5 log CFU/mL and the test concentration of the sample

was 10 mg/mL.

AHE Al 75% oleREt fARE £
A, o A
& 8= 50% °f
ATt.

529 I B e
g o] AAHY 4 Yk oA
ofere-g A3t Aol aHoltt Het

i)
Q

34 MEY Fof gL el ¥ 82 Hadf B2 529 +5
I BHAS) BHA BiS)

Al 3.1.004 71&3t vie Zo] =4} 9l Bl Alx
¥ B o7 A cellulose, hemicellulose &
A0 AYEUY. 23F tAbES]
phytochemical 2852 A& AX WA 4 = A
giejo] AE Q& wi&HK(Isah, 2019; Liu 5, 2018). &=
2 ?—lg Az Efl= ols

o]
2=

pectin®] EAfsh= A

=d FE a2 =Y

o7 =N, Eof&S =olA cellulase2t
pectinaseS Z3toto] 25kt

BA ARA 7 Ao W2, & Al AHEH
cellulase®] #|Z &4 pHE 6, &%= 2F 52C0|tKSigma-
Aldrich, 2023a). Pectinase® pH 5.0-6.5, WM 2%
30-50COA &2 4= 7IHd & e A2E Ueidth
(Omeje 5. 2023). =2t o] oF 12815 DWE 7o}
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)
S

A HHA] ccharomyces sp.< cellulaseE AJAFSHA]
U= AoR BUET QAT Fx U A ARojlA E714
A FHEEE B €FE, CO, € 7| A& A BHo=
da] ARZE T ItOhe} Jin, 2020). & AFoA9] gH 9]
Ao e MA BEHEC 5 davhy = Jojus
A phytochemical E49] ek} 34 StE A4
of FE35t9ch X A 04:;L°ﬂ/\ﬂ Saccharomyces sp. &
‘?—__I'B_E‘ EOH Ag -74 U;G 'c:) o r,}Oh‘s]- /\ﬂﬂfﬂ-}\é
3= Jepdidky 21E H} a1 (Park, 2012), Yoon 5
(2015)2 EFHE]9] 253t a2 W&o =33t
B3} EdtH ot g 9 RS RIkE H|wil 23 &
g § IF Jrkeke AoR Uehd vt Qo

Og"L _l).h

ol

=3} 9o Axy B §48 X7, g% 9E F= §4
Age an da s yislo] 9L 2259 £ JAS)

/L2 Table 49+ Zth &A= &4 A
AFGst Bep2577F &F 41.2%=2 7FF =%t
50% ofehe &1 $%(50% EOH-H)+9 a1

S ysoz
N ES
Ia s
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Table 4. Effects of enzyme treatment or yeast fermentation on
the yield and antioxidant activity of the extracts from green
tea (Camelia sinensis) leaf

Group” Yield (g/100 g, dry) ECso value® (ug/mL)
GSE NT? 455.142.8°
Con-50% EOH 26.3+0.6% 41.8+0.3°
Ecp25 41.2+1.0° 57.2+1.6°
Ecp25+SC 32.5£0.1° 40.9+0.4°
sC 28.111.6° 30.5:0.5°
SC+Ecp25 36.440.1° 38.940.8°

UGSE, grapefruit seed extract; Con-50% EOH, the extract with 50%
ethanol; Ecp2b, 2.5% cellulose and 2.5% pectinase combination
treatment; Ecp25+SC, yeast fermentation after Ecp25 treatment; SC,
yeast fermentation; SC+Ecp25, Ecp25 treatment after yeast fermentation.

“Not tested.

Effective concentration possessing 50% scavenging activity for DPPH

radical.

YAl values are mean+SD (n=3) and different superscripts within each
column are significantly different (p<0.05) by Tukey test.

(SCF= 27 26.3%%} 28.1%% YR ThHE 1150 H]sf
Oewgi THp<0.05). ¥FH, A8 &=A2k A glo]
A A2|et X 48 E HPT F 1%‘—94 FEX A F
1+°ﬂ H]8] oF 5.3-9.2% 1% =%k A
A2 Al #5229 &2 S7HESL e g W
Soll JFE FA Futt. X}E&X}ZZ“(GSE)% H &
xli A]-‘Q_QME].. 7:131].01]__ g
£ AYe BE IFNA B2 HE F 2447 o[ =7
HZ A% 4 9 5.0 log CFU/mLoIA o F 7.2 log
CFU/mLE J71=]0], =21 9 £ o]9] o JFgE A7t
Qo] wto] & FAE= A& & 5 JtHdata not shown).
J%= Aol Hd DPPH & &AL oF 85.9-
87.7% HARE FARRt =E 02 Uehgth. T2y ECso 4
H]jl_oﬂ/ﬂ SCL?-7} 7}7(1— Ll—o} ELA}E]- .5‘_1—/&61 o] 7}11— O 35 } A
oy 14.1_:4.14_77_ GSE7} 7} =o} cg-/k]-g]. ;z]—/ﬂo] 7].x ook

UHERA] efokA|er, an &

—_—

ol 9% s ol A, B B 3
2 A9 1 BHS S

35 MEY Fof 24 | ¥ 27 ER0 ME =Af g F559
g 24 Hsf

AZouto] 712 9 Ao w=w(MEDS, 2023), 94
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AFA O 8 Alotet tgdwtatol tigh 7]eo] AL, A&
EXo| Wt Salmonella sp., Vibrio parahaemolyticus,
Listeria monocytogenes, Y&@73 E. coli, Campylobacter
Jejuni/coli, Yersinia enterocolitica, B. cereus, Clostridium
5 A= ol et Al 20
oth BAF A 2&EEL B cereus, B. licheniformis, S
aureus subsp. aureus Y A. hydrophila subsp.
hydrophilad] W3 3+t B/= YU 4F HER
2O ARE 75 TS o) =af U & Eo] 3t &
42 HQl #F 7heT AEgEtY] 71 2 A0 IAE
255 9 B. cereus®} S. aureus subsp. aureuss &
o 24 BTt e R AHsteitt
=3 92 Alzd Eeff a4E A2, aE 98 E
Aot an das Hsto] A2 559 It
= Fig. 33} 2t} Solvent controlZ AME-H
=9 F Altol izt As S48 Tk w52 A FEE
At AEEAFE2(GSE) HIs) B7He F Alet 25
Al ok B2 At @S YEHITE S aureus subsp.
aureus’} B. cereus®l| B3| Ado] &2 AoE YERG
1, FEE9 AL #3500 Tt 25 HE P Eh
B. cereusolM= AR ¥a dEo g APsE SCHIE g
F2 2o vlg] 4ol £k, S aureus subsp.
aureusPl A= B4 A2 E=H(Ecp25)E AT HE 1
& HFolA 11 &40l STl thEA Uotd, 3R

perfringens, S. aureus &

Q.

8

X mﬂ r1r

9 O_>C4 1
i

El

rlo ﬁ Y,

phytochemical =% epicatechin,
gallocatechin, epigallocatechin, epicatechin gallate,
epigallocatechin gallate, gallocatechin gallate,
myricetin, caempherol, quercetin, chlorogenic acid,
coumarylquinic acid ¥ theogallin §°] oM, o] 7}
&8 catechin FEAS0] F8 Tt B A= U

Z Quth(Prasanth 5, 2019; Taylor 5, 2005).
3.6, MEY 25 £4 xa Y 52 YE0 BE i
9 =2 Iff ZH=35/EIE Y ZoHHL0/E B

=3} 4 225 U phytochemical 289 &S dAts
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Fig. 3. Effects of enzyme treatment and yeast fermentation on the antibacterial activities of the extracts from green tea (Camelia
sinensis) leaf against B. cereus (A) and S, aureus subsp. aureus (B). "Solvent con, 50% ethanol; GSE, grapefruit seed extract; Con,
the 50% ethanol extract with heat treatment; Ecp25, 2.5% cellulose and 2.5% pectinase combination treatment; Ecp25+SC, yeast
fermentation after Ecp25 treatment; SC, yeast fermentation; SC+Ecp25, Ecp25 treatment after yeast fermentation. “All values are
meantSD (n=3) and different superscripts within each column are significantly different (p<0.05) by Tukey test. The test cell density

of the two bacteria was approximately 5 log CFU/mL, and the test concentration of the sample was 10 mg/mL.

LI

HsotEy EEtE L o|t SRS =4 5)o]
Fig. 40 UrEhfgich. o152 a4s} 9@ gt 243t
°] &t &A Sl (oung 5, 2007). SHEHY

=
=

FoA 3} A FE2E E5E GSERG f9F0g =7

HeRET1(p(0.05), ol vk %A
(Table 42} 2 AXI3}gict. Hepiol=

GAkst B4 Axt
Sl A= GSE7F

() (B)

500 50.0
= =
£~ 400 £~ 400 |
s a s B
s < = =
“ eh 300 b S b 300
e d c — o 30.
=S e s 8
i~ ==
T = 200 f X 200 ¢t
i =h = oo a

=

— =
EY 100 + 9 =§ 100 | d B c b c
[ =y E g
= D S

0.0 ! 0.0

Y & L L e I S RN
2 P G O S ¢ & &L 9 &
< ‘6‘/ m‘" 2% :l" ~><Q"
< & & o

Fig. 4. Effects of enzyme treatment and yeast fermentation on the total phenolic (A) and flavonoid (B) contents in the extracts
from green tea (Camelia sinensis) leaf. "Gallic acid equivalent gram. ?GSE, grapefruit seed extract; Con, the 50% ethanol extract
with heat treatment; Ecp25, 2.5% cellulose and 2.5% pectinase combination treatment; Ecp25+SC, yeast fermentation after Ecp25
treatment; SC, yeast fermentation; SC+Ecp25, Ecp25 treatment after yeast fermentation. “Rutin equivalent gram. “All values are
meanzSD (n=3) and different superscripts within each column are significantly different (p{0.05) by Tukey test.
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7V 70 vheba, A el s e A (Ecp2s)E
A9 8 52 gaTRG 59502 WolrHp(0.05).
olfe AEH Rof fk Hel o) Wit Set
wol=7h At At ARt f el F &

59 #e0] 371 Aof vFo] & o &% Y w3t
TET ETEL|E o] HE 40| gold Ao 2t
AN dlddn. a4 A7 2 dag ¥y &
2 et AP 49 & &tz vs) Su=st

IE 9 EHEL0|E g BT R0 HoMA|= AL
2 YeEFFHp<0.05). AA&= 249, Ngadze 5(2018)
9] B0 WEW, Strychnos cocculoides juice & A
H} pectinase®] A= juice?] &3} HEdRE AF
< S7MA A 4L =0tk B g 9HA, orange
7N RAIE R RE HE53RHE 34 B4 02 pectinases
A A9 11 o] Hadths it 9loj(Shaharam
5, 2019), Al&29 Hoff mi AHZof 93t H=3RiE Hst
+ A& w2 Zo|7}F SISt A7 W] wE d9E

[oFstd, Az B a4 A= %’} o FEEl E

(@)

=2
9 Heols T Folid] FAAOT e 4 3

el
sk 7k 50% oEEE 55 &HE S
(121C, 15 min)& ¥ 3¢ & 587} DPPH 2]
7 AA% 9 g3 BHS eyl o] 22Eo B
cereus, B. licheniformis, S. aureus subsp. aureus 2
A. hydrophila subsp. hydrophila®lX =+ E3E YEr
Uodch 3 o #20 a4 A 9 ax g A A
F =2 A FEEY FARet g+ B4 A= IF
S V7] Yo, a4 AZlo+= cellulase®} pectinase

_4
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S ER25%+2.5%)5t] ARESIaL, ER dEdlE
cerevisiaeZt AHEE . B3 A2 A4 AT F& F
59 82 7R, 50% oge FEE(ET)
vjs] Atelet Pt B2 FofA s HAFAHP0.05).
o] wis) B HEE GEoR NPT H¢ HE FEE
o & 7 UAIAT, JHEIIEH EStEolE &
TS £ Attt B2 wolet sHHeE A8
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