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SUMMARY

I. Title

Development of preservation technology for extending shelf—life of

green tea with high quality

II. Objective and Significance

This study was performed to develop preservation technology for
extending shelf—life of green tea with high quality. In order to
achieve the goal, (1) Improve storage stability of green tea product
and improvement for extraction of bioactive component, (2)
Preparation and characterization of green tea extract, (3)
Investigation for the diversity of physiological activities with

storing conditions on green tea products, (4)

Ill. Contents and Scope

<Section 1>

1. Investigation of storage stability of green tea leaves and powder as a
function of environmental condition.

2. Investigation of storage stability of green tea infusion as a function
of environmental condition .

3. Effect of vacuum packaging on storage stability of green tea powder.

4. Establishment of process for produce of beverage using green tea
pOWer.

5. Establishment of manufacturing process and investigation of storage
stability of green tea powder beverage.

6. Effect of gamma irradiation and infrared treatment on storage

stability of green tea infusion.



Improvement of efficiency of extraction for bioactive component by
ultra sonification—assisted process.
Establishment of optimum condition for extraction of green tea with

high sensory property.

<Section 2>

1.
2.

S O o~ W

Investigation of pximate component of roasted green tea

Investigation of contaminated microorganisms on the green tea leaves and
green tea powder under the specific environmental storage condition
Confirmation of antimicrobial characteristics of green tea extract

Isolation and identification of antimicrobial substances

Safety test of green tea extract

Freshness evaluation of agricultural & fishery food materials and their

processed foods treated with green tea extract

<Section 3>

1. Establishment of various storing conditions

2. Examination of the protective effect of green tea extracts with

various storing conditions on PC12 cell line

3. Investigation of the protective effect of green tea extracts on Af3

—induced neurotoxicity

4. Investigation of the protective effect of green tea extracts on neuronal

cell membrane damage

5. Confirmation of the antioxidant activities with storing conditions

6.

Investigation of the inhibitory effect of green tea extracts on

acetylcholine —sterase

<Section 4>

1.

Establishment of analysis method for physiological components of

green tea products

2. Evaluation of the effect of storage conditions (temperature, relative

humidity, light, and air) on physiological components of green tea



V.

products

Determination of storage methods (far—infrared treatment, gamma
irradiation, vacuum packaging, and nitrogen packaging) on
physiological components of green tea products

Analysis of physiological components of green tea depend on

extraction conditions

Major results and Recommendation

<Section 1>

1.

Investigated that high relative humidity about 69, 81% unfavorable on

storage of green tea product such as leaves and powder.

. Total soluble matter and reducing power of green tea leaves was

decrease significantly on 69, 81% of relative humidity.

. Physical powder property as caking index of green tea powder stored

at 81% of relative humidity was increased from 13% before storage

to 84% after storage for 4 weeks.

. Storage stability(on antioxidant activities, color values, appearance) of

green tea infusion was most favorable in cold storage at 4C among
other conditions, such as, storage on ambinient temperature, condition
with presence air at ambinient temperature and without light at
ambinient temperature, and storage at ambinient temperature after
added ascorbic acid. Lowest stability during storage did showed on

condition with presence air at ambinient temperature.

. Catechins(such as, EGCg, EGC, ECg, EC, (+)—catechin) content on

unfavorable condition as presence air at ambinient temperature was
decreased significantly. However, caffeine was increased significantly.
This result from relationship between catechins and caffeine, because
of, chemical structure of catechins unstable against environmental

conditions.

. We investiged effect of vacuum packaging on physico—chemical

properties(such as, total soluble matter, color values, appearance,

antioxidant activities and powder properties) unfavorable



condition(0.81 of water activity). On total soluble matter, color values,
appearance and powder properties such as caking behavior and
volume loss by tapping test, vacuum packaging did showed
significant difference with control.

7. Physico—chemical properties of green tea powder when stored at 81%
of relative humidity after vacuum packaging didn't show changes
value. Consequently, vacuum packaging did showed potential to
innovative method that intensive to environmental conditions for
storage of green tea.

8. Efficiency of extraction for bioactive compounds such as total soluble
matter, catechins, total phenol compound and free amino acids of
green tea was improved by ultra sonification—assisted process.

9. Optimum extraction condition about ratio of total nitrogen to

tannin(N/T value) was investigated by response surface methodology.
Optimum condition of N/T value for extraction of green tea with
high sensory property was 56~64C of temperature and under 18

minute of time.

<Section 2>

1. Green tea extract(GTE) was prepared by utilizing the circulated
hot—water extractor with high pressure. GTE showed antimicrobial
effects remarkably against the wide spectrum of putrefactive and food
spoilage microorganisms above 500xg/ml of concentration.

2. Their thermal and pH stability were effective under the range of
temperature(40C—150C) and pH(3—11). Green tea extracts seemed
to be a natural antimicrobial 1ideally with the view of their
effectiveness and thermal & pH stability.

3. In the electron microscope experiment, their action mode suggested
that their hydrophillic components would perturb the fucntions of
microbial cell membranes synergistically. This result of cellular

membrane permeability could be identified in the experiment that



o—nitrophenyl—@B —galactopyranoside(ONPG), the artificial substrate of
B—galactosidase, was hydrolyzed in the presence of GTE, indicating
that microbial membranes were perturbed.

4. The isolation and identification of antimicrobial substances in GTE
were carried out by using column chromatography and NMR, which
proved to be (+)—catechin, (—)—catechin, (—)—epicatechin gallate and
(—)—epigallocatechin gallateisoeugenol, nomilin and [—sitosterol,
respectively.

5. The acute oral LDsy of GTE for rats was 5.95g/kg with 95%
confidence limits. Patch application to the intact and abraded skin of
rabbits led to mild to moderate erythema and no or mild edema.

6. In order to prepare the basic data for the development of natural food
preservative to prevent food spoilage by contaminated
microorganisms, the effects of green tea extract on the freshness
maintainance of agricultural and marine produce were investigated.
Most of foodstuffs treated in the 0.01%~0.05% of GTE solution
showed to maintain their freshness for longer storage period and to
decrease to less number of contaminated microorganisms than the

control.

<Section 3>

1. To investigate the protective effect of green tea with various storing
conditions on PC12 cell line, in vitro neuronal cell tests were
performed. In our study, neuronal protective effects of green tea,
along with water activity (0.813), and leaf storage periods (fresh leaf,
or leaf stored for up to 4 weeks) were investigated.

2. In cell viability assays using 3—(4,5—dimethylthiazol—2—yl)—2,5—diphenyl
—tetrazolium—bromide (MTT), the fresh extract, and that obtained
after 1 week of leaf storage, showed the best protective effects

against AB—induced neurotoxicity.



10.

. LDH release into the medium was inhibited (by 20—25%) in all tests.

In addition, all green tea extracts (fresh, or stored before extraction
for up to 4 weeks) showed better cell protective effects (93.3+1.8~
96.24+2.4) than did vitamin C (91.0%1.6), used as a positive control.
The results suggest that effectiveness of green tea extracts falls with
prolonged leaf storage.

we investigated the antioxidant activities of green tea with various

storing conditions.

. Our data show the dose—response curves for the reducing powers of

the all extracts from green tea. It was found that the reducing
powers of all the extracts also increased with the increase of their

concentrations.

. The reduction of radical scavenging activities of green tea hot water

extracts were estimated by comparing the percentage inhibition of
formation of DPPH radicals. It was found that the radical—scavenging
activities of wvarious green tea extract increased with increasing
concentration.

In FRAP assay, similar to the results obtained from the reducing
power and DPPH radical scavenging assay, green tea hot water
extract showed dose—dependent ferric ion—reducing activity.
Consequently, in these storing conditions, the difference of each
temperature and water activity was not contributed to antioxidant
activity. Only, the condition of green tea for extraction of
physiological substances including catechins is very important. In this
view point, this study strongly suggested that the powdered green

tea 1s more useful.

. In order to find the acetylcholinesterase inhibitory (AChEi) effect of

green tea with various storing conditions, in vitro tests were
performed.

Enzymatic assay on acetylcholinesterase was performed under same
condition compared to the antioxidant methods. PC12 cell
homogenates were used as enzyme sources of acetylcholinesterase

(AChE). In these experiments, each concentration of samples was 100,



11.

12.

500, and 1,000 pg/ml, respectively.

Among them, the highest concentration (1,000 ug/mL) of fresh sample
extracts showed most potent inhibitory effect on AChE by more than
40%, and concentration —dependent pattern. In addition, we examined
the effect of other storing conditions on AChE inhibition.

For 3 months storage, storing condition was temperature (room
temperature, 4C, and —20C) and water activity (0.81, 0.69, and 0.23).
In this storing condition, the difference of each temperature was not
contributed to AChE inhibitory effect. Our data presented that the
AChE inhibitory effect was affected by the concentration of green tea

extract and water activity (0.81).

<Section 4>

1.

After storing green tea powder for three months at three different
temperatures (—20, 4, and 20C) with three different relative
humidities (RHs) (23, 69, and 81%), the chemical quality was
evaluated with green tea, which was prepared by soaking 1.5 g of
the powder into 100 mL of distilled water at 70C for 5 min.

. Total phenolic contents, total flavanol contents, and ascorbic acid

contents of green tea powder stored at 4C with 23% RH changed
from 267.5, 49.4, and 24.2 mg/g to 287.1, 44.9, and 36.9 mg/g,

respectively, compared to the powder before storage.

. EGC and EGCG, the main catechins of green tea, also changed from

16.9 and 27.3 mg/g to 24.3 and 36.5 ,g/g, respectively, after storage
for 3 months at 4°C with 23% RH.

However, when the green tea powder was stored at —20 or 20C with
higher RH such as 69 and 81% significantly decreased the chemical
compounds.

The results indicate that temperature and RH are important during
storage of green tea powder, and low RH and refrigerated condition
(=4°C) are preferred to increase or preserve the chemical compounds
of the tea.

. After preparing green tea, it was stored at three different conditions



10.

11.

12.

— (A) green tea was stored at not—artificially excluding natural light
condition, at natural air condition, and without addition of vitamin C;
(B) green tea was stored at artificially excluding natural light
condition by wrapping a vial with aluminium foil, at nitrogen filling
up condition, and with addition of 30 mg/100 mL of vitamin C; and
(C) green tea was stored at artificially excluding natural light
condition by wrapping a vial with aluminium foil, at nitrogen filling

up condition, and without addition of vitamin C.

. After 28 days of storage at 4C, the chemical quality of the green tea

was evaluated. Total phenolic contents of (A), (B), and (C) green tea
decreased to 71.50, 73.88 and 75.07%, respectively, after storing for 28
days compared to those of beginning state.

DPPH radical scavenging activities of (A), (B), and (C) green tea
were 87.87, 92.93 and 88.39%, respectively. Epigallocatechin gallate
(EGCG), the main active compounds of green tea, contents of (A),
(B), and (C) green tea were 130.61, 136.47 and 4.34%, respectively.
The results indicated that light, air condition, and vitamin C were
significantly important to the chemical quality of green tea during
storage.

The effects of far—infrared (FI), gamma irradiation (GI) on the green
tea during storage were also investigated. FI green tea treated at 9
0C for 10 min, GI green tea irradiated with 5 kGy, and non—treated
control green tea were stored for 3 months in vacuum or in 81% RH.
Total phenolic contents of control green tea increased in which stored
in vacuo, while decreased in 81% RH after 3 months. Green teas
stored in vacuo showed higher total flavanol contents and EGCG than
stored in 81% RH.

The results suggested that storing in vacuo was very important for

functional components.
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(1) % 7H84 138 9%

[} = o

Aluminum weighing dishell =9 30mlE F 3 105Co|A &t 714
Holl o3l =Fell ol& w7k Axg & AR JxFo FEAtolE
ol &3l T 7t 1P TS okl

(2) A=

ZAEA Y AeSHde 7t AFAS WY AL & o
(Whatman No. 2)% o] 3A]71 & A =}A (Minolta, Chromameter CR—310)
£ A}g3ke] L(lightness), a(redness), b(yellowness)#g S4330H
Hunter 2] 0= AMAH(AE)E ALt ol % /T4 #o= L&
100, a&= —0.01, b& 0.03°]AH(Bosch et al., 2007).

(3) ¢
Ag7IRe) whe wAga Rwe) swel WalE Al 9ol B2
skt

(4) itst €4 54

(7}) DPPH radical scavenging activity

=211 E 99l DPPH radical 2AEAHL =9 0.1 mLel DPPH
(1,1—diphenyl—2—picryl—hydrazyl) ®&-& (4 mg/100 mL) 4 mL¥ &
vortex@ T A3HA 335k g Ao A 30837 WA & 517 nmol 4]
UV/Vis—spectrophotometer(Shimadzu Co., Japan)= A3}t ZF A
25 33 wEAFS AAlste] Htskalth(Braca et al., 2002).

(1}) Reducing power
Al& 2.5 mLo] sodium phosphate buffer(2.5 mL, 200 mM, pH 6.6) %}
1% potassium ferricyanide(2.5 mL)E A7l & &35S 50CoA



205 =<t incubation AlZ] TS trichloroacetic acid(2.5 mL, 10%, w/v)

H7Fske] 650 X goll Al 101 YAEE itk A& & g
(5 mL)ol ©o]&4(5 mL)¢t 1% ferric chloride 1 mLE H7MAZ %
UV—spectrophotometerS ©]&3t] 700 nmolA SH=E =AH3HT}
(Oyaizu, 1986).

(5) A= =84 54
(7}) Caking behavior

Caking behavior+= Nijdam et al., 20062] WS W slo] S35
o} WA B2 250 sieveE Ed BHAIZI F 20T 2%
ST 0~0.932 DA GAH dA Al e 1.5¢% W
AGe= Bk Zhzbe]l AMEZ S 250im sieveE T3 Bisk Huo] FHgk
(2)% AHEE 20%04 SAH AT

oft
ol

MT_MF
Cc= TTX 100

C: caking index(%)
Mr: the total mass of sample(g)

Mg: the mass of fines that passed through the

sieve(g)

(4}) Tapping testol] & L&e] Fojtas 54

Tapping test= Abdel et al., 19754 El—Tinay et al., 19852
Hgste SAsT. 2009 2RdA T2 E7 0~0.81% d*%
A FAE Zb7te] RdEs 50 mL graduated cylindere] ‘il
mme| FololA FIHslrt gl ‘qW}X] b3t (tapping) Al 71+
nith B3 & FA4ste] o WS ALkekslt

1o,
o%
ox

o AgBge) W 53 dE e APy 24
(1) st 34 574

(7F) DPPH radical scavenging activity

523 F Nl DPPH radical &~AE42 =9 0.1 mLel DPPH
(1,1—diphenyl—2—picryl—hydrazyl) "&-2 (4 mg/100 mL) 4 mL¥ &
vortex® T A3HA 313 tfS Ao A 3053 ®Wxg 3 517 nmollA]
UV/Vis—spectrophotometer(Shimadzu Co., Japan)= A3}t ZF A
85 33 WMRAHS AAJste] HtskSl



(Y4) Reducing power

Al& 2.5 mLol sodium phosphate buffer(2.5 mL, 200 mM, pH 6.6) %}
1% potassium ferricyanide(2.5 mL)E Z3A7l & &35S 50CoA
20+ =<t incubation A%l B trichloroacetic acid(2.5 mL, 10%, w/v)
E #H7Fste] 650 X gollA 107+ YA stk dAlEe] s Ao

(5 mL)o] €o]24(5 mL)® 1% ferric chloride 1 mLE H7IA 7 &
UV—spectrophotometerE ©]-83l4 700 nmoll A SFHEE SAH3S T}

(2) A%

SapE Aol AESHe 7t S Wl A T oA
(Whatman No. 2)% o] 3A]71 & A =}A (Minolta, Chromameter CR—310)
£ A3l L(lightness), a(redness), b(yellowness)at= 5743l o
Hunter 2 0= M2(AE)E ALbsiaith. oW i+ S/HTY @z L&
100, af= —0.01, b= 0.03°] 3}t

(3) o9
A7) 2k WE A Bl elye] MaE A Bshe] B

sheieh.

(4) Catechini+ % caffeine = =4

Catechin# 9} caffeine®] oFeF& HPLC (Agilent 1100 series, Hewlett
packard, U.S.A)Z =43} t}. Columne CAPCELL PAK C18 UG 120
(5 um, 4.6 X 250 mm, Shiseido, Tokyo, Japan), methaol: water: formic
acid = 19.5: 82.5: 0.3 (v/v)& ©l&do® ato 40ToA F£%
mL/min®.2 280 nmol A HE3F . o] (—)—epigallocatechin (EGC),
(+)—catechin (C), epicatechin (EC), (—)—epigallocatechin gallate(EGCG),
epicatechin gallate (ECG)¢} caffeines ¥ %2 (Sigma Chemical Co.,
USA) & AH&-3F3i .

(2) A=
wAgEAe) ArEge 7 AFAe W AU F qHA



(Whatman No. 2)2 oJ3#A]71 & M2}FA| (Minolta, Chromameter CR—310)
£ AF83}e] L(lightness), a(redness), b(yellowness)#ts 54330
Hunter 2] 2% MIH(AE)E A4t ol 35 SHT9 #o= L&
100, a¥&= —0.01, bi= 0.03°]34t}

(3) <&
A7l mE Harda el o] ®aE AR
a3l

i
of
ol
20
&
r
i

(4) Iditst &4 54

(7F) DPPH radical scavenging activity

w23 ENe] DPPH radical 24842 &9 0.1 mLel DPPH
(1,1—diphenyl—2—picryl—hydrazyl) ™&2 & (4 mg/100 mL) 4 mL¥ =
vortex® A3 &35 v} Ao A 3053 ®Wxg 3 517 nmollA]
UV/Vis—spectrophotometer(Shimadzu Co., Japan)® S35tk 2} Al
55 33 A S AAjste] HAsksith

(1}) 2,2'—azinobis(3—ethylbenzthiazoline—6—sulfonate) (ABTS) radical
rAE

ABTS radical 7% Z4-& Re et al. (1999)2] W& o] &&t} 7
mM ABTSel|l 2.45 mM potassium persulfate2 7}slo] oFhoA] A2
O F 12-16A1F A3 & 414 nmollA SF%=7F 1.4-1.57F =S EF
T2 AAZY. 3y B2 77 FES AR 12.5 uldd sAd
ABTS radical €9 250 pLS Yol 90%3F ¥H-5A171aL 414 nmol A &
FEE SAsi

*Radical scavenging activity (%) = (I — Asample/Acontrol) X 100

(t}) Reducing power

Al& 2.5 mLol sodium phosphate buffer(2.5 mL, 200 mM, pH 6.6)%}
1% potassium ferricyanide(2.5 mL)ES A7 & &3ES 50Tl A]
20+ E<F incubation A/Zl t}< trichloroacetic acid(2.5 mL, 10%, w/v)
S A7Fste] 650 X< gollA 103 94T sglint. daEe] &

(5 mL)o| g€o]2(5 mL)9 1% ferric chloride 1 mLE H7IA171 %
UV—spectrophotometerE ©|-&3to] 700 nmol A FFEE S43%Tt.



(5) HAEEe] =¢4 54
(7}) Caking behavior

WA EHE 250m sieveE E3 SIAIZL - 20T oM
F 7 0~0.932 AASA 52" GA A E ] 1.5g8 Y 4F%
Al B 4o MES 250 sieveds B3 TS Bdo] FH
(@) HUEFE 20%904 =A<t}

. oo

MT_MF
Cc= TTX 100
C: caking index(%)
Mr: the total mass of sample(g)

Mr: the mass of fines that passed through the sieve(g)

(W) Tapping testol] w2 ko] Hudsrs 54

20C9) 2xoA FEIYEIF 0~0.812 A A 219 217t
B4 AMES 50 mL graduated cylindero] 23 120 mme] ololA] H-3
W37 §le wW7bA A9 (tapping) Al 71E Blrmith Ry S S48l

o wskEe A,

howa Bugne AxEA 37 LAY P 24
(1) Axs74
wa BHERS Az A FAL FYs) A8 w4, Am &

(2) 9
=2k FEERY AFAG Fo oFES Hluwsty] 98] ARIE S

YR Th

(3) A%
SakdEde] AESAHLS dEds Wl A7l & oA

LN

R
(Whatman No. 2)2 oJ3#A]71 & M2}FA| (Minolta, Chromameter CR—310)
£ AF83}e] L(lightness), a(redness), b(yellowness) @S 543530
Hunter 2] 2% MIH(AE)E A4 ol 35 SHT9 #o= L&
100, a&= —0.01, b= 0.03°]34t}

(4) &Atst &4 54
(7}) DPPH radical scavenging activity



2} E Aol DPPH radical &2AEA4L &9 0.1 mLol DPPH
(1,1—diphenyl—2—picryl—hydrazyl) #¥-2 &% (4 mg/100 mL) 4 mLAE
vortex®Z T AsHA &3k v Ao A 303 WA F 517 nmol A
UV/Vis—spectrophotometer(Shimadzu Co., Japan)® 43}t 2} Al
55 33 A S AAjste] HAsksith

(Y}) 2,2'—azinobis(3—ethylbenzthiazoline—6—sulfonate) (ABTS) radical
A

ABTS radical 2A% 542 Re et al.(1999)2] HHS o] &3} }. 7
mM ABTS®l 2.45 mM potassium persulfateS & 7}lo] oF oA A&
O F 12-16A1F A8 & 414 nmollA SF%=7F 1.4—-1.57F =S &7
T2 AANZY. dREY R 47 FE53 AR 125 uldd A"
ABTS radical &9 250 uL& 2ol 9027+ ¥H&AI71aL 414 nmolA &
FEE 546

*Radical scavenging activity (%) = (1 — Asample/Acontrol) X 100

(t}) Reducing power

Al& 2.5 mLel sodium phosphate buffer(2.5 mL, 200 mM, pH 6.6)<%}
1% potassium ferricyanide(2.5 mL)S &3A|71 3 Z35E-S 50ColA]
204 &<t incubation A7l ©} trichloroacetic acid(2.5 mL, 10%, w/v)
S H7Fste] 650 X gollAl 10-27F YA shglch dAlEe g o

(5 mL)oll €o]2(5 mL)® 1% ferric chloride 1 mLE H7IA7] &
UV—spectrophotometerE ©]-83t4 700 nmoll A SFHEE SAHS T}

uf, febd 2 AL Ao mE A JAEde] A4 b A
(1) T M 13 E &F
Aluminum weighing dishell H&< 30mlE 3 105CoA et 714
Holl ofaf eFel] o] wj7bx] A3 & AxHd dx$9 FHAfolE
o]-&3l F 7H8Ad 1LH T FHFS Skt
(2) @it €4 SA
(7F) DPPH radical scavenging activity
=2 &N DPPH radical &2AZA4LS &9 0.1 mLel DPPH
(1,1—diphenyl—2—picryl—hydrazyl) ®&-& (4 mg/100 mL) 4 mL¥ &
vortex® ¥ AsHA 35 thg Ao A 3087 WA F 517 nmoll A
UV/Vis—spectrophotometer(Shimadzu Co., Japan)= A3}t ZF A



i

£ 33 iR dds A

bl abeiny.

ol

(W) 2,2'—azinobis(3—ethylbenzthiazoline—6—sulfonate) (ABTS) radical
2T

ABTS radical 2A% 542 Re et al. (1999)9] HHS- o] &35t} 7
mM ABTSel 2.45 mM potassium persulfates H7}slo] Ao A A=
o % 12-16A17F Wx]3 & 414 nmoll A T3 =7 1.4-1.57F HEE &7
T2 AAANZY. g3 B2 77 FE9 AR 125 ulddl sAd
ABTS radical &9 250 uL& Yol 9037t wHEA17]aL 414 nmolld &
FEE SA3

*Radical scavenging activity (%) = (1 — Asample/Acontrol) X 100

(t}) Reducing power

Al% 2.5 mLo] sodium phosphate buffer(2.5 mL, 200 mM, pH 6.6) %}
1% potassium ferricyanide(2.5 mL)E &A|7l & Z3ES 50ColA
205 &<t incubation A% TF&- trichloroacetic acid(2.5 mL, 10%, w/v)
= ;<47].O}oq 650 X goﬂ/\i 10_,_7]- ?i/\]l?‘g] L}oﬂﬂr OJ/JH,:;] ‘L /\Lxlgq

(5 mL)oll Eo]2(5 mL)9 1% ferric chloride 1 mLE H7IA7 &
UV—spectrophotometerE ©]-&3t4 700 nmoll A SFHEE SAHS T}

B w3 e Re FEas A
(1) = 7%*3 ;RO
weighing dishell @& 30mlE 3] 105CoA] ¢t 714
Hell oJa] g=Fe] o] wi7hx] Axed ¢ U2HI AxFo] FFAtolE
ol g3 F 78 1Y FEFS T

(2) CatechinF % caffeine & 5

Catechini+9} caffeine®] &% Bae et al., 20019 WS o] &3
HPLC (Agilent 1100 series, Hewlett packard, U.S.A)= %@a‘}i‘?}
Column< CAPCELL PAK C18 UG 120 (5 mm, 4.6 X 250 mm, Shiseido,
Tokyo, Japan), methaol: water: formic acid = 19.5: 82.5: 0.3 (v/v/v)<=
olze R dlo] 40CoAAM #4 1 mL/min® = 280 nmolA =3It}
oluj (—)—epigallocatechin (EGC), (+)—catechin (C), epicatechin (EC),
(—)—epigallocatechin gallate(EGCG), epicatechin gallate (ECG) ¢} caffeine
S %57 (Sigma Chemical Co., USA) & A}-&3}5 T},



(3) % phenold 33t=

=2}l % phenolX 3}8EL2 Graham et al., 19929 HIHS o] &3]
A&tk Al2E 50% Methyl alcohol® F%3F & 3% 0.1 mLol
4 3 mL, 0.016 M EEt+ #l 2] A ool =(K3Fe(CN)g) 1mL, 0.01 M
934 (FeCls/0.1IN HCDE9 1 mLE ¥ £33 5 1587F WA sk, <t
AA(H20 : 1% gum arabic : 85% phosphoric acid = 3 : 1 : 1, v/v/v) 5
mL 7} 3 700 nmollA SHEE SA}F o, E2 A4 gallic acid)
o2 A dgnder e fakssih

(4) Flavonol+
2fol] -5 o] A= flavonolF2 S Kim et al., 20029 WS
ol g3l A5ttt AEM 16 mLoll 99.99% ethanol 24 mL¥} 6 M—HCI
5 mLE #H7IgE & 95C 58704 2413 &<t SRl zt A7), o] =&
E% 50 mL volumeteric flaskE ©]&3%t4] 60% ethanol®Z volumeS 50
mL7} ¥ A A3 oS 0.45 mm filter® o] ¥3}e] HPLC(Hewlett packard
1100 series, U.S.A)% 213}t

Table HPLC conditions for analysis of flavonols

Items Conditions

Instrument Hewlett packard 1100 series

Column HP hypersil ODS(200%4.6 mm, 40C)
Solvent 30% acetonitrile in 0.025 M KH3PO,
Flow rate 1.0 mL/min.

Detector UV detector(370 nm)

Injection volume 20 uL

(5) frejobr et
Frelobn| =4t 412 Oh et al., 20029 %
A # sl rotary vacuum evaporators ©] 83}
Lithium citirate buffer (pH 2.2) & 10 mL=
acid 0.5 g& F7}slo] A2l 2413t &k WA
filter2 o33t NS o} =4F 254 7] (Biochrom 30, Biochrom Ltd,
Cambrige, UK)E o]-&-3lo] 4313t}

it



Table The operating condition for amino acids autoanalyzer

Items Conditions

Instrument Biochrom 30, Biochrom Ltd, Cambrige, UK
Column High resolution sodium column

Flow rate Buffer 25 mL/hr, ninhydrin 20 mL/hr
Column temp. 48°C

Injection volume 40 pL

Aluminum weighing dishol]l &9 30mlE FH 3 105CoA A 71
Holl o]l efe] o] w7k Hx
o] &3 & 7HgA PR IFS P

Auto—Kjeldahl®gol| & =Asga, & €
| o8] =2 E 100 ulel Folin—Denis& ¥
Na2C03gN o7 WAAA HEFFTAZ 760 nmol A FFE=E A3

.

L

(3) HA F==x1 g4

S FH A (response  surface methodology, RSM)< $]3lo] SAS
(statistical analysis system) program= ©]&3s}o] HE=ZHAo W x3}
HEZdo HHstE A5} AL, Sigma plot softwareE ©]&3] counter
mappingdtith. & Hx33EF Al &% (extraction temperature; X;)<}
ZZ A 7H(extraction time; Xp)& SHWI(X,) R 3FaL Table 13 o] —2
-1, 0, +1, +2¢] A AAE Fastsle] FAHAENY] FAEAC ddE

T A2 (Y1), T EATFFYL), NTaE (Y& S5UF(Y) 2 o3l

Table 1. Levels of independent variables in experimental design

. Level
Xi Independent variables
-2 -1 0 1 2
X; Extraction temperature (C) 40 40(Ultra) 60 80 90
X Extraction time (min) 3 5 10 15 60
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Fig. 1—1. Total soluble matter contents of green tea powder infusion at
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0.23,

different water activity under storage days. € : Aw
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Fig. 1—2. Total soluble matter contents of green tea leaves infusion at
different water activity under storage days. € : Aw=0.23, B : Aw=0.69,
A . Aw=0.81
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Table 1—1. The color of green tea powder determined by L, a, b values

at different water activity under storage days

Water activity

Period
0.23 0.69 0.81 0.23 0.69 0.81 0.23 0.69 0.81
(week)
L—value a—value b—value
0 61.55 61.55 61.55 —10.23 —10.23 —10.23 21.24 21.24 21.24
1 59.74 58.55 57.22 —6.48 —6.29 —5.97 19.73 21.43 21.51
2 59.07 56.70 54.40 —6.28 —5.67 —5.00 19.95 20.76 20.40
3 58.31 57.38 53.37 —6.12 —5.55 —4.58 19.81 20.89 20.96
4 58.73 56.01 54.11 —-6.09 —5.22 —4.40 19.75 20.64 21.48

23 o] 749- Table 1-29F #o] L—valuex= 1572+ W37}
8 45274 A7) 3ol AAdGE FobA| AL,

< AFS BT a—valuew 152k oFF FobxlaL, o] %
UAL, FEDAE wEA = ZFol7k A (ISH. b—valued]
L—value®} o] 152k= ¥37F Il o, 254 5-H 452744 A %7 3ko

A AFE FolA R, FRBYEL 2255 e JGS 0

Table 1—2. The color of green tea leaves determined by L, a, b values at

different water activity under storage days

Water activity
0.23 0.69 0.81 0.23 0.69 0.81 0.23 0.69 0.81

L—value a—value b—value

0 45.04 45.04 45.04 —5.89 —5.89 —5.89 9.68 9.68 9.68

Period
(week)

1 45.33 45.24 4584 —-3.21 —-3.21 —-3.17 8.89 9.60 9.33
42.93 48.48 50.63 —2.77 —3.32 —3.38 7.99 9.74 11.31
46.87 50.18 51.46 —3.72 —3.72 —3.556 10.83 12.12 12.91

=~ W N

47.11 47.29 52.10 —-3.45 —-3.03 —3.46 10.51 10.28 12.80




Holow 232 A = R Ed mE Aol A fle
Bl H3l7) qlglow) 0.230) A%k 0.69¢F 0.810f H]3] oF7F v
o E a-value= AA7IRto] Aod4E opxlom, 254 7hA] =
Qo] mE AolE HolA| FgoH, 3IFARHE & FEg
of 77 A = @S BAT b—value? A AF7|to] Aojd4=
on 3FARH FEEHALET 2ETF WolA e A4S BT

o,
gl
o,

Table 1—3. The color of green tea powder infusion determined by L, a, b
values at different water activity under storage days

Period Water activity
0.23 0.69 0.81 0.23 0.69 0.81 0.23  0.69 0.81
(weel) L—value a—value b—value

0 87.16 87.16 87.16 —=7.69 —=7.69 —7.69 33.32 33.32 33.32
90.03 90.42 90.80 —6.39 —5.86 —5.89 28.32 26.83 26.20
88.75 88.90 88.27 —6.50 —6.40 —6.70 29.26 29.82 32.07
91.26 93.09 93.97 —5.50 —4.68 —4.07 23.27 19.76 17.18
91.60 93.66 93.18 —6.01 —4.51 —4.78 24.64 19.10 20.15

=W N =

=xpe] FEC] 4% Table 4% ol AR/ FRBYE Wt

H =
w2 zpol 7t Aol YEYA] &oktt. ol 2 =x14] HEde AH7IZF W
Ao )3k Mxo] go]A 9 stabilityZ} EF ZAd] Hl&] 71 =& A
S 4 5 IAT

Table 1—4. The color of green tea infusion determined by L, a, b values

at different water activity under storage days

Period Water activity
0.23  0.69 0.81 0.23  0.69 0.81 0.23 0.69 0.81
(week) L—value a—value b—value

0 98.62 98.62 98.62 —-1.26 —1.26 —1.26 549 549 549
1 98.40 98.51 9858 —-1.14 —-1.21 —-1.12 544 578  5.51
2 98.66 98.39 98.37 —-1.19 —1.13 —0.98 5.64 583 5.78
3 98.61 98.40 9858 —1.14 —-0.87 —0.89 5.56 5.60 5.38
4 98.60 98.46 9859 —1.23 —1.03 —1.10 5.71 5.86  5.97
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Fig. 1—3. Photograph of green tea powder under storage conditions.
A) 1 Aw=0.23, B) : Aw=0.69, C) : Aw=0.81
a:0week, b:1week, c:2week, d: 3 week, e : 4 week.
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Fig. 1—4. Photograph of green tea under storage conditions.
A) T Aw=0.23, B) : Aw=0.69, C) : Aw=0.81
a:0week, b:1week, c¢:2week,

d : 3 week, e . 4 week.

Fig. 1—5. Photograph of green tea powder infusion under storage conditions.
A) : Aw=0.23, B) : Aw=0.69, C) : Aw=0.81

a:0week, b:1week, c: 2 week, d: 3 week, e : 4 week.



Fig. 1—6. Photograph of green tea leaf infusion under storage conditions.
A) : Aw=0.23, B) : Aw=0.69, C) : Aw=0.81
a:0week, b:1week, c:2 week, d: 3 week, e : 4 week.

(4) &irsl 24

(7}) DPPH radical scavenging activity

wapEEsl wagel 444 AFVI FE@Ymd we DPPH
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Fig. 1—7. DPPH radical scavenging activity of green tea powder infusion

determined at different water activity under storage days. € : Aw=0.23,
B Aw=0.69, A : Aw=0.81
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Fig. 1—8. DPPH radical scavenging activity of green tea infusion
determined at different water activity under storage days. € : Aw=0.23,
B Aw=0.69, A& : Aw=0.81
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Fig. 1-9. Reducing power of green tea powder infusion at different water
activity under storage days. € : Aw=0.23, B : Aw=0.69, A : Aw=0.81
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Fig. 1—-10. Reducing power of green tea infusion at different water
activity under storage days. € : Aw=0.23, B : Aw=0.69, A : Aw=0.81

(5) A B 224 54
(7}) Caking &4
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Fig. 1-11° YA AZ7|3ko] dojd45 tAl 4 o= cakingEol <
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Fig. 1—11. Caking index of green tea powder at different water activity

under storage days.



(W) Tapping testol] o]k H-3 A&
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Table 1—5. Volume loss index of green tea powder at different water

activity under storage days

(unit: %)
1 Week 2 Weeks 3 Weeks 4 Weeks
Ta:;;ing control water activity

0.23 0.69 0.81 0.23 0.69 0.81 0.23 0.69 | 0.81 0.23 0.69 | 0.81
0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 7 7 6 6 3 8 11 7 8 18 0.06 0.08 | 0.09
2 15 12 14 17 8 14 20 13 12 24 0.13 0.12 0.12
3 20 16 15 24 11 0 26 18 18 27 0.19 0.21 0.20
4 25 24 20 29 12 23 28 23 19 36 0.20 0.26 | 0.24
5 25 29 22 35 17 28 33 24 25 43 0.21 0.31 0.31
16 38 46 66 93 34 63 92 37 62 99 0.38 0.68 | 0.87
17 38 46 66 93 34 63 92 37 62 99 0.38 0.68 | 0.87
18 38 46 66 93 34 63 92 37 62 99 0.38 0.68 | 0.87
19 38 46 66 93 34 63 92 37 62 0.99 0.38 0.68 | 0.87
20 38 46 66 93 34 63 92 37 62 0.99 0.44 0.68 | 0.87
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Hape] AL 58 o[l Abgre] AlZbell zadte] ARA PBte =5
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e FASE Wdls Ao AT ee BeHer mud AxAE AR
ot W EREAQ WMo FHEE Ak dAss el ot
Ao AR gl 2 A E AAAIE o] 8ste] S5t M
Rsts TEH o mus] W Table 1-6 ~ 102 2ok b &) Qo
AEle] AEgke] 97.62014 WA Al 2, 4504 98.60, 95.43, F2A G-
78.08, 63.09 F=olM 7= & 5= 71.49, 48.03, FAAAEE 89.67,
91.08 ascorbic acid H7} Al 86. 0% vtebRTh. AW st A Ao A

5, 90.90
71 & 200 7P A AskE e A & = Ui

Table 1—6. The color of green tea infusions determined by L, a, b

values as a function of storage at ambinient temperature

Color values

Day AE
L a b
0 96.68 —3.27 13.14 97.62
1 95.96 —2.96 14.15 97.05
2 97.51 —2.05 9.56 97.99
3 95.69 —2.72 12.02 96.48
4 82.76 —1.16 26.20 86.81
5 73.14 2.01 33.96 80.66
6 60.28 9.59 44.97 75.81
7 69.52 4.76 42.77 81.76
10 75.23 7.46 50.99 91.19
14 37.25 30.32 61.57 78.08




Table 1—7. The color of green tea infusions determined by L, a, b

values as a function of storage at 4 C

Color values

Day T ) 5 AE
0 96.68 —3.27 13.14 97.62
1 96.74 —-3.12 13.05 97.66
2 98.32 —1.97 7.24 98.61
3 99.14 —1.56 7.05 99.40
4 98.47 —1.83 7.30 98.76
5 98.56 —-1.94 7.52 98.87
6 98.57 —1.90 7.45 98.86
7 98.25 —-1.61 7.51 98.55
10 98.46 —1.89 7.57 98.77
14 98.28 —1.87 7.80 98.60

Table 1—8. The Color of green tea infusions determined by L, a, b
values as a function of storage at ambinient temperature in the presence

air

Color values

Day T ) 5 AE
0 96.68 —-3.27 13.14 97.62
1 96.62 -3.31 14.93 97.83
2 96.77 —2.48 10.53 97.37
3 92.88 —-2.16 12.27 93.71
4 89.56 —2.00 19.08 91.59
5 75.85 3.83 36.15 84.11
6 80.87 3.87 34.84 88.14
7 75.97 6.61 42.40 87.25
10 78.52 4.93 41.57 88.98
14 33.33 30.67 55.31 71.49




Table 1—9. The Color of green tea infusions determined by L, a, b

values as a function of storage add ascorbic acid

Color values

Day T ) 5 AE
0 97.35 -1.39 7.60 97.65
1 94.77 —0.68 4.85 94.90
2 97.90 —-1.04 5.37 98.05
3 96.54 —-1.12 6.49 96.77
4 96.00 -1.23 7.10 96.27
5 93.30 —-1.23 9.14 93.75
6 92.39 -1.14 9.62 92.90
7 87.99 -1.03 13.16 88.97
10 85.40 —0.84 15.30 86.76
14 84.55 -1.14 18.24 86.50

Table 1—10. The Color of green tea infusions determined by L,

values as a function of storage at blocked light

Color values

Day T ) 5 AE
0 96.68 —3.27 13.14 97.62
1 96.64 —3.62 15.76 97.99
2 96.97 -2.71 10.59 97.59
3 91.92 —1.48 11.67 92.67
4 94.10 -3.01 13.82 95.16
5 92.99 —3.30 15.41 94.32
6 90.64 —2.47 14.88 91.88
7 85.20 —1.83 16.94 86.89
10 83.03 —1.80 20.49 85.54
14 86.25 -2.03 24.43 89.67
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(4) A717vE catechinf 2 caffeine &= H3}

S EN 0] Awo] 7P Hol HdqE = oA TTEY & A

713k wh& catechini9} caffeine $H%F W3l Table 1-113 £t =

=N 9] catechinf+ EGCg > EGC > ECg > EC > (+4)—catechin ©
M, EGCg? o]l AAl9l 60.54%= Hub o]4S AXadtt I &
=2 E N catechin o] EGCg > ECg > EC > EGC >
(+)—catechin o= @ttty W gt 23} vi =27 Yete], o=
FE, TNV, HAERD Z Y Aol giwor dddEn. SAE I
Z EGCe} EC= AR 7Iztel] BAIglol ALY W37F fIAAIRE catechin &
kol 71 w2 EGCge ARzt zJ_ovwﬂ ub2} 16.28 mg/gol Al 0.91
mg/go. = 7HE Wol zaiste S gelsilth. 1eal ¥ catechinf+
26.89 mg/goll A 13.99 mg/gl. 2 °F 2¥|AE 7FAstE TS ERIT

Caffeine ¥Fe] -5 A7|3re] Aojd5 1.65 mg/gol A 2.15 mg/ge
2 Z7bete AEs JEhlidth. A F caffeine 3ol F7kstE ol
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Table 1—11. Changes of catechin and caffeine contents in green tea
infusion under storage days
(Unit : mg/g)

Period ) (+) Total
Caffeine EGC ) EGCG EC ECG .
(day) —Catechin catechin

0 1.654+0.02° 5.1940.18° 0.57+0.03" 16.28+0.57" 1.33+0.04° 3.50+0.10* 26.89

3 1.84%+0.02° 4.8740.16° 0.46%0.01 12.76+0.51° 1.5040.06" 2.94+0.12° 22.56

7 1.94£0.008" 10.67+0.17* 0.44+0.01° 0.89£0.02° 2.95+0.08" 0.02£0.009° 14.99

10 2.15+0.01* 9.4740.17" 0.49£0.03" 0.91£0.04° 3.09+0.09" 0.006+0.003° 13.99

* Results are expressed as means®SD.

%% "¢ Means in the same column with different superscripts are significantly different (P<0.05).
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3RS AFEFEA S w, 1A= A7 Aol YeRhd Aol 7t
e FAA FRIAAE 0.8100A4 AFsh= Tl HERE AT XA
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AN = AR FFHFol WobA FHe Mo Wstrt A L-valuest 541
5 Yehd 4 & a—value7t Eolil oz A7tHET AyHow B ouf,
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Table 1—12. Color value of green tea powder treated vacuum

packaging.
Water activity
Period vacuum vacuum vacuum
(week) control packaging control packaging control packaging
L-value a-value b-value
0 61.55 61.55 -10.23 -10.23 21.24 21.24
1 57.22 61.52 -5.97 -10.78 21.51 20.51
2 54.40 61.73 -5.00 -10.45 20.40 20.13
3 53.37 61.23 -4.58 -10.73 20.96 21.12
4 54.11 60.98 -4.40 -11.01 21.48 20.82

Control: without vacuum packaging.
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Fig. 1—-31. DPPH radical scavenging activity of green infusion during
storage as a function of treatment with infrared and gamma irradiation.
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Table 1—14. Changes in EGC contents of green tea infusions as a

function of temperatures and times
(Unit : mg/g)

Time . . 60C i i

, 40°C 60°C , 80°C 90°C
(min) (ultrasonic)

1 2.3140.05° 3.71+£0.18 3.76+0.15° 4.10+0.02% 4.78+0.08"
5 3.6240.07"" 4.75+£0.09°° 6.31+0.60** 5.63+0.13"® 6.074£0.23**"
30 5.51£0.07°° 5.9240.28"® 6.2240.03**" 6.35+0.39*" 5.16%0.00"
60 5.81+0.60** 5.93+0.06™ 4.8840.42°® 5.14+0.08® 3.7840.23%

Results are expressed as means £ SD.

Values in the same column with different superscript small letters are significantly different (P<
0.05). a> b >c >d. Values in the same row of each infusion time with different superscript capital
letter are significantly different (P< 0.05). A> B> C >D

Table 1—15. Changes in (+)—catechin contents of green tea infusions as a

function of temperatures and times
(Unit : mg/g)

Time i . 60C . .

. 40°C 60°C ) 80°C 90T
(min) (ultrasonic)

1 0.2840.00° 0.47+0.02°* 0.48+0.03“* 0.43+0.01® 0.51+0.01%
5 0.48+0.02°° 0.534£0.01°“ 0.68%+0.06"® 0.71£0.04"® 0.83%0.04°*
30 0.674£0.08° 0.69+0.05"° 0.9740.03*® 1.02+0.08"® 1.30+0.00"*
60 0.65+0.03%" 0.784+0.02°° 0.77+0.08"° 1.06+0.02*® 1.52+0.09*

Results are expressed as means £ SD.
Values in the same column with different superscript small letters are significantly different (P<

0.05). a> b >c >d. Values in the same row of each infusion time with different superscript capital
letter are significantly different (P< 0.05). A> B> C >D



Table 1—16. Changes in EGCG contents of green tea infusions as a
function of temperatures and times
(Unit : mg/g)

Time 60C

0 40T 60T , 80T 90T
(min) (ultrasonic)

1 4.56%+0.61° 8.5440.39% 8.9440.39% 9.66+0.05"® 11.92+0.26%

5 6.98+0.20"® 11.65+0.19° 16.2940.13® 16.41+0.79® 19.58+0.55"*
30 12.78+0.19%" 17.48+0.61°° 22.2340.10*® 23.5240.19** 21.34+0.03%

60 13.38£0.17° 20.04£0.45™* 18.93+0.46"" 19.87+0.38"* 18.37+0.12%

Results are expressed as means £ SD.

Values in the same column with different superscript small letters are significantly different (P<
0.05). a> b >c >d. Values in the same row of each infusion time with different superscript capital
letter are significantly different (P< 0.05). A> B> C >D >E

Table 1—17. Changes in EC contents of green tea infusions as a function
of temperatures and times
(Unit : mg/g)

Time . . 60C . .

. 40°C 60°C . 80T 90C
(min) (ultrasonic)

1 0.60+0.01° 0.9240.03% 0.9940.05® 1.07+0.01°* 1.11+0.01°*
5 0.9740.01°° 1.1240.02°C 1.52+0.13"*F 1.4140.04"® 1.71+0.25*

30 1.4140.05"® 1.41+0.04°® 1.9040.01* 1.8440.29** 1.94+0.00*

60 1.44+0.13%° 1.5740.08%%¢ 1.58+0.22°*%¢ 1.854+0.05*" 1.73+0.15*"

Results are expressed as means £ SD.

Values in the same column with different superscript small letters are significantly different (P<
0.05). a> b >c >d. Values in the same row of each infusion time with different superscript capital
letter are significantly different (P< 0.05). A> B> C >D



Table 1—18. Changes in ECG contents of green tea infusions as a
function of temperatures and times
(Unit : mg/g)

Ti 60°C
mme 40 60C , 80C 90C
(min) (ultrasonic)
1 0.9040.02" 2.1240.08 2.1040.05 2.43+0.01" 2.89+0.04%*
5 1.70+0.03%  2.884+0.06° 3.85+0.34°° 4.3840.22®® 5.03%0.04"

30 2.9240.35"° 4.2340.40"® 5.9840.03** 6.06+0.27** 5.73£0.00*

60 3.4240.26%° 5.114£0.18**" 4.49+0.75"® 5.34£0.11"* 5.05+0.36"*"

Results are expressed as means £ SD.

Values in the same column with different superscript small letters are significantly different (P<
0.05). a> b >c >d. Values in the same row of each infusion time with different superscript capital
letter are significantly different (P< 0.05). A> B> C >D >E

Table 1—19. Changes in caffeine contents of green tea infusions as a
function of temperatures and times
(Unit : mg/g)

Ti 60°C
mme 40T 60C , 80C 90C
(min) (ultrasonic)
1 1.40£0.00°° 1.4940.01%® 1.52+0.07*" 1.56%0.02°* 1.58+0.03%
5 1.4240.10°® 1.62£0.01°° 1.69+0.03™¢ 1.7440.04"*® 1.84+0.05*

30 1.7040.02*% 1.71+£0.08"® 1.8140.00* 1.8240.06** 1.85+0.00*"

60 1.79+0.13*" 1.8340.01** 1.62£0.08 1.6740.01°"° 1.74+0.05"*

Results are expressed as means £ SD.

Values in the same column with different superscript small letters are significantly different (P<
0.05). a> b >c >d. Values in the same row of each infusion time with different superscript capital
letter are significantly different (P< 0.05). A> B> C >D
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Table 1—20. Changes in total phenolic contents of green tea infusions as
a function of temperatures and times

(Unit : mg/g)

Time 60C
. 40°C 60°C , 80°C 90°C
(min) (ultrasonic)

1 30.04+£1.50” 61.39+9.76° 74.14+1.85® 93.04+2.22°* 74.32+1.09®
5  45.354+5.97°° 97.50+3.58® 110.684+4.92°* 110.02+3.65"* 101.34+8.50"*"
30 82.77+2.54™ 115.55+4.61% 125.7944.08"" 136.28+6.71* 132.99+4.76**"

60 91.73+£7.52%° 121.79+3.29% 133.28+4.04*® 145.87+7.76** 141.524+2.43**P

Results are expressed as means £ SD.

Values in the same column with different superscript small letters are significantly different (P<
0.05). a> b >c >d. Values in the same row of each infusion time with different superscript capital
letter are significantly different (P< 0.05). A> B> C >D
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Table 1—21. Changes in myricetin contents of green tea infusions as a
function of temperatures and times
(Unit : mg/100g)

Time . . 60C . .

, 40°C 60°C . 80T 90T
(min) (ultrasonic)

1 2.2240.26° 1.194£0.30° 2.13+0.18% 6.07+0.11¢ 4.72+0.47¢
5 4.6540.24"  3.54+0.09° 3.16+0.05° 8.05+0.26° 6.46+0.31°
30 5.55+0.01* 4.94+0.68* 4.87+0.68° 11.41+0.18* 10.04+0.98"
60 5.264+0.49% 4.77+0.22% 9.94+0.49* 9.98+0.69° 12.06+0.24%

Results are expressed as meansxSD

a4 Means in the same column with different superscripts are significantly different (P<0.05). a> b
>c >d.



Table 1—22. Changes in quercetin contents of green tea infusions as a

function of temperatures and times

(Unit :
mg/100g)
Time . . 60C . 90T
, 40°C 60°C , 80T
(min) (ultrasonic)
1 5.3240.02° 5.85+0.57° 5.9840.56° 15.07+0.53% 11.42+1.02¢
5 7.96+0.64° 8.50£0.30° 7.61+0.16° 17.93+1.28° 14.81%1.11°
30 13.05+0.67* 11.31+£1.13* 11.014+0.84> 24.16+0.94* 21.414+1.42"
60 12.42+1.24* 10.97+0.25° 20.84+0.32* 21.36+1.24° 26.5540.90°

Results are expressed as meansxSD

a4 Means in the same column with different superscripts are significantly different (P<0.05). a>b

>c >d.

Table 1—23. Changes in keampferol contents of green tea infusions as a

function of temperatures and times

(Unit : mg/100g)

Time . . 60C . .

, 40°C 60°C , 80T 90C
(min) (ultrasonic)

1 3.7140.02° 3.83+0.51° 4.11+0.70° 10.89+0.39% 8.18+0.53¢
5 5.62+0.45"  6.00+0.61° 5.21+0.21° 12.19£0.62° 9.79+0.45°
30 8.85+0.36° 8.21+£0.67* 7.76+0.69° 15.86+0.61* 12.70+0.54°
60 8.61+0.28" 7.954+0.29* 17.33+0.92* 14.29+0.27° 17.05+0.61%

Results are expressed as meansxSD

a4 Means in the same column with different superscripts are significantly different (P<0.05). a> b

>c >d.
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Table 1—24. Changes of free amino acid contents in green tea infusion as a function of temperatures and times

(unit : mg%)

Content (mg/g)
Free amino 40C 60°C 60°C (ultra) 80T 90C

i 60mi
acids Imin 5min 30min 60min  1min 5min 30min 60min  Imin 5min 30min 60min 1min 5min 30min 60min 1min 5min 30min

Threonine  0.12 0.17 0.20 0.21 0.14 0.21 0.22 0.24 0.13 0.20 0.23 0.24 0.14 0.21 0.21 0.24 0.14 0.21 0.22 0.25
Serine 0.29 0.36 0.47 0.48 0.31 0.45 0.49 0.52 0.30 0.45 0.51 0.52 0.32 045 0.51 0.52 0.32 0.47 0.48 0.53
Theanine 0.13 0.18 0.21 0.20 0.15 0.20 0.20 0.21 0.14 0.18 0.20 0.20 0.14 0.18 0.19 0.20 0.14 0.18 0.19 0.20
Asparagine 0.74 0.86 0.99 1.14 0.79 1.03 1.10 1.33 0.81 1.19 1.21 1.25 0.84 1.18 1.19 1.27 0.79 1.29 1.32 1.58
Glutamic acid 0.65 0.88 1.14 1.19 0.77 1.09 1.23 1.25 0.72 0.03 1.16 1.25 0.76 1.07 1.23 1.25 0.80 1.09 1.22 1.24
Proline 0.10 0.12 0.13 0.17 0.11 0.16 0.17 0.18 0.13 0.15 0.17 0.18 0.13 0.17 0.17 0.18 0.12 0.12 0.22 0.24
Glycine 0.01 0.02 0.02 0.02 0.02 0.02 0.03 0.03 0.02 0.02 0.03 0.03 0.02 0.02 0.03 0.03 0.02 0.03 0.03 0.03
Alanine 0.12 0.17 0.20 0.21 0.14 0.20 0.22 0.22 0.13 0.19 0.22 0.22 0.14 0.20 0.22 0.23 0.15 0.20 0.22 0.24
Valine 0.16 0.21 0.25 0.28 0.18 0.26 0.28 0.31 0.18 0.27 0.30 0.30 0.19 0.26 0.27 0.30 0.18 0.25 0.28 0.35
Cystine 0.04 0.04 0.04 0.05 0.03 0.05 0.06 0.06 0.04 0.05 0.06 0.08 0.04 0.05 0.06 0.07 0.04 0.04 0.06 0.07
Methionine  0.01 0.02 0.02 0.02 0.01 0.02 0.02 0.03 0.02 0.02 0.02 0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.03 0.03
Isoleucine  0.08 0.10 0.12 0.13 0.09 0.13 0.13 0.15 0.09 0.14 0.14 0.15 0.09 0.12 0.13 0.15 0.09 0.12 0.14 0.18
Leucine 0.12 0.14 0.18 0.19 0.12 0.18 0.19 0.21 0.12 0.19 0.20 0.21 0.13 0.19 0.19 0.22 0.12 0.18 0.20 0.25
Tyrosine 0.08 0.12 0.15 0.16 0.09 0.15 0.16 0.18 0.09 0.14 0.18 0.19 0.10 0.15 0.17 0.18 0.09 0.15 0.15 0.20
Phenylalanine 0.11 0.16 0.19 0.20 0.13 0.20 0.21 0.25 0.13 0.20 0.23 0.24 0.14 0.20 0.20 0.24 0.13 0.19 0.21 0.28
GABA 0.09 0.14 0.17 0.18 0.10 0.15 0.17 0.18 0.10 0.13 0.17 0.18 0.10 0.14 0.17 0.19 0.10 0.13 0.17 0.19
Lysine 0.12 0.17 0.25 0.27 0.15 0.23 0.27 0.32 0.15 0.26 0.29 0.31 0.14 0.24 0.28 0.30 0.16 0.25 0.25 0.36
Histidine 0.05 0.08 0.11 0.11 0.07 0.10 0.12 0.14 0.07 0.11 0.12 0.12 0.06 0.10 0.12 0.13 0.07 0.10 0.11 0.15

Arginine 1.32 2.00 2.98 3.04 1.74 274 312 3.36 1.72 2.84 295 3.22 1.84 2.83 3.00 3.09 1.82 2.80 3.19 3.33
Total 4.34 594 7.82 8.25 5.14 7.67 8.39 9.17 5.09 6.76 8.39 8.92 5.34 7.78 8.36 8.81 5.30 7.82 8.69 9.70
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Table 1—25. Total nitrogen contents of green tea infusions as a function
of temperatures and times

(Unit : %)
Time . . . i 40C 60°C
] 40C 60C 80C 90C ) )
(min) (ultrasonic) (ultrasonic)

3 0.64%0.03" 0.8340.05" 1.424+0.02"* 1.30£0.01"" 0.8340.04" 0.9540.00°
5 0.684+0.01° 0.9140.04°" 1.6340.23"* 1.3240.09"*" 0.87+0.01°" 1.1340.29"™
10 0.9040.03% 1.1440.01° 1.66+0.00** 1.4440.01"" 1.1940.02° 1.0840.15
15 1.1940.01"° 1.19£0.01" 2.054+0.05** 1.45+0.04™" 1.34+0.05" 1.43+0.03""
30 1.3540.03" 1.4440.07"* 1.62+0.01"* 1.55+0.18**% 1.3440.01"" 1.6440.02**

60 1.38+0.06% 1.56+0.05% 1.6640.00"* 1.64+0.02** 1.4840.05® 1.61+0.01**

Results are expressed as means £ SD.

Values in the same column with different superscript small letters are significantly different (P<
0.05). a> b >c>d. Values in the same row of each infusion time with different superscript capital
letter are significantly different (P< 0.05). A> B> C >D>E
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1—-26. Total tannin contents of green tea infusions as a function of

temperatures and times

(Unit : %)

Time

(min)

40C 60C

(ultrasonic) (ultrasonic)

40C 60C 380C 90C

3

5

10

15

30

60

0.64+0.03" 0.83+0.05 1.4240.02"* 1.30+0.01"" 0.8340.04" 0.95+0.00°
0.6840.01%° 0.9140.04"" 1.6340.23"* 1.3240.09"** 0.8740.01%" 1.13+0.29"*
0.9040.03% 1.1440.01° 1.66+0.00** 1.44+0.01*" 1.1940.02° 1.08+0.15
1.1940.01"° 1.1940.01%° 2.0540.05** 1.454+0.04™" 1.3440.05" 1.4340.03™"
1.35+0.03%" 1.4440.07"*" 1.6240.01"* 1.55+0.18"* 1.3440.01"% 1.64+0.02**

1.38+0.06% 1.56£0.05" 1.6640.00"* 1.6440.02** 1.4840.05® 1.61+0.01**

Results are expressed as means £ SD.

Values in the same column with different superscript small letters are significantly different (P<
0.05). a> b >c>d. Values in the same row of each infusion time with different superscript capital
letter are significantly different (P< 0.05). A> B> C >D>E
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Table 1—27. The ratio of total nitrogen to tannin(N/T value) of green tea
infusions as a function of temperatures and times

(Unit : %)
Time . . ) . 40°C 60°C
, 40C 60 80 907 , ,
(min) (ultrasonic) (ultrasonic)

3 32.09%1.26% 35.2043.67" 43.8440.71* 27.20+1.66" 32.78+0.39" 34.45+2.81°
5 32.48%+0.39" 29.9641.48" 41.1944.42"* 25.86+2.33" 33.18+1.19" 36.39+£9.72°
10 36.8241.26" 31.5340.07"* 42.90+8.84% 23.89+1.24"* 33.61+0.26" 28.31+4.46"
15 41.11£0.69 31.3840.55" 42.67+2.17* 21.46+1.38" 35.98+0.68" 34.35%0.15
30 37.9040.71" 33.2940.73" 33.2041.00" 21.04+1.94* 29.11+0.91" 30.21+0.59"

60 33.25+0.06°29.97+0.00" 30.86+2.39" 20.57+0.38% 28.24+0.82° 30.76+0.24°

Results are expressed as means £ SD.

Values in the same column with different superscript small letters are significantly different (P<
0.05). a> b >c>d. Values in the same row of each infusion time with different superscript capital
letter are significantly different (P< 0.05). A> B> C >D>E

(4) HH-g3EHZAIHA 93 N/T value] 23}

A& 204 &2 F gd FFFl dist F AA FHF N/ E
WS EHE A e wAke] HHHEEAS AV HEY Fig. 1-353 2ok
HNESE7F 56~64TC, FEA7Fo] 18min v RFQI 749 N/TgHke]l 372 714
=2 A

T

Fstgith. ARAon, w5 w4 R0 AR 56~
ud =

po
o,
N
N
o
2
ot
2
N

A0 A
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Fig. 1—35. Superimposing contour map of optimization condition about
N/T value of green tea infusions as a function of temperatures and

times.



A 2 A =RAAES] AR
B g7g 79

29 SHEA 2 S34

L 9774 38 y&

7F SR RS A
Azte= A sk ool A Afu) T A F(Camellia sinensis. var.
sinensis) EZL 0]83] AT W om Yoz Azxd AL 145t
1

& ©
x)
4C ¥3dxS &3 sug4: 4~
=l

AFEES B4 92325 100C2 water batholA]l 34]

12k AAIEE o] &ate] o FaGiTh o I 10E<F 5,000 rpmol A
AEeste] AR NS FHskaL 22k AJIAlA P2 <& Rotary vaccum
evaporator(Yamato, Japan)® # %9 1/102 §F38lal 2470 F3 Ala
powder’d o= ZAst. EFFA9 HA =dS 8] flsto] F
ZLEE 40T, 60C, 80T, 100CE &t %H2153EE(Green tea
extract : ©]8} GTE®R #H3H)S F=3I9

o @ I owE

e

U S2RA R dHbd R w4

E2bg 7t A AFH S S2RAI R URE R AOACH (AOAC, 2000)9 &
of 8-S dry oven method, 3&S 24 3|shH, F44E Kjeldahl®
or
[e]

L Somogyi¥ W, A HE Soxhlet FEHOZ =A3FA T}

)

.239] Qxfe} 7FEEAE 20T dA| Aol o X
A AFe AA 15 HHo 2 Far oF did o 2 330, aRF
AAF2 ABE 5gF 3] stomarchpack ¥ & 45mle] H
A3 AA 1mlE FHste] 8 v dA 8453

)



(1) ZFt=r

plate count agar (Difco laboratories) B} #] < Table 1 3} Z2 FA]2] uj
AS FFHF 1L Ho] 120Co|A 1587 Hitsle] A&t} petri dish
of MiA& (¢ 45C) 15 ml AE=FYstar F7F, S Al v, @A 34 o
0.1mlE =23ato] 37Tl A 24A12F &<t viekate], P45 colony®] +E&
colony forming unit (CFU/g)= ¥ A|3}3it}.

Table 2—1. Composition of plate count agar

Component Content(g)
Pancreatic digest of casein 5
Yeast extract 2.5
Dextrose 1.0
Agar 15

(2) gt

Table 29} & %A 9] desoxycholate agar (Difco laboratories) BJA] =
SH T 1L 59 60~70CeoA FHEHSZ o] autoclave Al7]1A] &2 4
Bl = petri dish FYste] T SAHAY 43 WHo= HAPS T3

.

Table 2—2. Composition of desoxycholate agar

Component Content(g)
Peptone 10
Lactose 10

Sodium desoxycholate
Sodium chloride 5

Dipotassium phosphate 2
Ferric ammonium citrate 1
Sodium citrate 1
Agar 15
Neutra red 0.3




(3) =+%o] ¥ ax9 54
potato dextrose agar (Difco laboratories) B} A] < Table 33} 72 249

WAE o] gotel Fael 43 BAT PHow P Sk

Table 2—3. Composition of potato dextrose agar

Component Content(g)
Potatose, Infusion from 200g 4
Dextrose 20
Agar 15

(1) 34 #F 2 oA

2 AgN =R FHY AN TRE WA FHAFA
E, bR, $ABAE, FWFEAE 2 e was e wad v
oot PN ATE ggow o

=]
potato dextrose agar, Al|l¥f< brain heart infusion agar, tryptic soy agars
o AR e AdiuieFatel 4To) wEsAA ALgasich

(2) &= AAL

=2 FE 5o i3t e A e S paper disc method(Piddock, 1990)°l 2]
& ZAskch =, igE FAHEY 1 mlS petri dishell 748kl Ht g ol
A5 <F 15 ml

o] E3tm ZaA 2 Yol A 10 mlS =] 23
th 1 9o HE paper diskE T3 GTEY 5%E 0, 250, 500, 1000
g/mle] FE2 AR A5 10 ul FFAA Ao 45 AFHA2ES 3
5Co| A 24A17F wjkala, &Rel 5ol A

n) A Eo] A3 %3 clear zoned AAS

@& Z0sth viwstel FEEE At

4
WET(5AFERE A

(3) 535355 529 9 9 pH ¢H8A x4
gaddEde dotgd s SAHE ] st HAFEES 40C~150TC
oAl 30EEor 7 dAEd F Alggdor ALEESY. At WY7tsk



potato dextrose agar B=+= tryptic soy agarBi#]el] 1,000 pg/ml 5%E2] A
g MNS paper diskol] HEsFaL, disk@APHo = thF=9F o] 37T A
24X 75 wjeFsto] FAIT T AFANS S48 wSkiTh Egk pHRE
AL FdH Y 58 o = pH 3olA pH 117bA] 243 5 A

Aot sLe W OoR paper diskel HEFsha, AFANIS =

\i

o] AFAHNE 54
ERFEE T FHEAY vAE ASAY HrvsEE SHII
E  membrane filter(0.2mm) = AHFA]7]3L,  tryptic  soy
broth(TSB)ell H5aFEES o8] 7HA =92 H7bsh 5, A s =]l A
7} FAIAE 1M olE FHake] 10 ml TSBel HE, 30Tl 2441752t A
wFAl7) 3L, o] wiF 0.1 mE FH3 F7]et %%?‘5} HldzAo 2 A
k&t wjekel 0.1 mE e Fx9 HxFEFEo] I-HH plate count agar’
of H¥E=wstar 30CeA 33Uzt mjdste] BEATE dE2T 9 HaS5A
ste] W AE] ASANHEE IAPHRE AT

f
_OL
uts
)
—
&)

v, B A E AEEe] 75 M A SAFEEe] 9
(1) Scanning electron microscope(SEM)ol 9]3t H5xFEE g d 59 v
A& Az Jefw st

sakEEEe]l PAESY AEXIHC vAe dFS dolrR”

S |
Scanning electron microscope(SEM)el 93t mxFE5E A d 5o v

1=
MEZe] FeH3E #2351 tH(Bendayan, 1984) =, TAATE 523 FEE
TRl diZz2Ftet @], 250 pg/mlEEe] HAFEFEo] HI7ME ZH7He
Fraser base brothoﬂ/ﬂ 36~48A1 7t v gE ths, w1 nmlE
eppendorf tubeol] %71 3 5,000 rpmolA] 1087t LA E g sle] A5 NS A
7stal 1 ml9] 4% neutral buffered para—formaldehyde(NBP)E 7}slo] th

Al dA R s & s FegetAA] 23] AAseTh o7]d 1 mle] NBP
E tA] 7sle] 4Coll A 48A17HE<F a1 A]7]aL 0.015 M phospate buffer
solution(PBS, pH 7.2)% 1 ml7}8kaL EFo}DW 23] AHT 5 F dER
Aate] B4sta YA AR7IE Axd T, 79 7 nAYEAEe

FepstsE AEsA



(2) B—Galactosidase (B—D—galactoside glalctohydrolase : EC 3.2.1.23)2%] A&

=AFEE] AxTe] nX= GgFS dof 1] flste] AEE H38X

Xl 2FEE EAA A Collectotrichum fragariae] [B—galactosidase &4
ddo]l AFE=71e] o5& Millero] WH (Miller, 1972)¢ll F3dto] Ao H. 3k

t}.  Collectotrichum fragariae’} (3 —galactosidase &4 Jehlle= AE=
isopropyl—3 —D—thiogalactoside (IPTG) &} X—gal(5—bro—mo—4—chloro—3—indolyl—
B —D—galactoside) & 3¢k vl Ao A &A3IATE. Collectotrichum fragariae
= Al HF3E 30Tl 124 #fget § M9 medium©.2 &
A F1 600 nmolA e FFE7F 0.5~0.70] HEF v thg, 0T WA
ato] S oAstg e vl 1.5 mlo] 2o Ry €28l [100 mM
sodium phosphate buffer (pH 7.0), 10 mM KCI, 1 mM MgSO,7H:0, 50
mM B-mercaptoethanol 1 7}8tal, HF §%7F 3%7F H2F 247 S5
4=, toluene, acetone, HAFEES H7lslal, 10x7 AlA &E5o] FUh
toluene AAE &l 37CollA 4047F WAt 28CE £ 557 o WX
sk % 0.6 ml ONPG(o—nitrophenyl—B—D—galactopyranoside, 4mg/ml)-2 7}3}
TF2AaL 28Col A 18412F &<k WAsk3lth. IM Na,COs 1.5 ml& 7}sho]
oo AAATZIAL, DA EEetal s Y] F3EE 420 nmellA SA s8]
T 2 A5 022 3}al toluenes ¥olw 455 10002 3

=45 EFo] AL ML JFL vasgn.

32

AV

&
gt o] |28 R SaFEEEREH FaSd =4S column
s o]gsle]  £gekA ®2ekal, Nuclear magnetic
resonance (NMR) spectrophtometer ¥ Mass spectrophotometer(MS) %
7loll olste] FaSdEL] st E w45

AL mAEE R A AA

A% vio} gol B Mol MU L Py VB @ FI
F BT Wl HAFERE S50 AL/5HS 1T W, 1 B§
97t AED Bast k. wAFERE dA, AFRED, FA o HE,
FOOFE SO ARGl WM, o] FEES HdA BB WA= A
o g do] @ Aotk mebd, B AL HAFERe A A
AE olBFIA, AAT WHOE AT FolA HAFERE FHRTEA
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STAE AEdE 2 O AR AlRE g @, 43S =
o] GTE &Ho =z AHgste] 2AFHE dAG7|3F Aste =9 S9E A+t
o T ATE UoH & WHoRE AT dA AFTIER 7 A
< stomacherg AF&3ste] Hdk AdAZFY buffer§Hoz =3k &
plate count agar LA BjA](DifcoA| & )oll HZEslar oS3 o] g dte] 2

ettt 5, xS SFF 1L

ATh Bl oAl HETH M sAEN 1 nlE 2 wAE (F
5C) 15 ml A= FYsta EFste] ¥z, & A7 v, Alfae] o
A1 colony FA4ES WAEHY] flste], TdsH L=
°olFTT S WENY. MAE ¥, SIA F AFE FHZoJA 37CHA 20
A ZE S Fste], miR) el UElhd Mol FH5E S ol
GTEE #H7lehA] &2 U=+ IEd=
o Mo FH5E SHTh

2. A7NE 9 25

7} ZXA R QE R

Al s Gexke] ARk A A7) Table 2—49F 32o] vERgTh W
52| S 1.36%=A YERNATE 2339 - 13.23% = LERAAT
ZAE- 2.67%Q 0, AL 37 2592 VeI, eEsE-S 37.28% % 71
A JERISITE 2R 8.21%= eI B AFATA H5xpo] ek
2 Lee 5(1998)9] 3.3~3.9%°l H]|gt] thAh w2 Ho|ql&d 2 Ao ARg3h
e B2k A9 B 71xe] 3l mE i S 93k sloa AzhHr.
Tl SRS Lee 5(1998)0] ghit mafol| A A 548 3.1~3.8%% Hil
ste] et 2polE YERNAATE Lee 5(2004) A GAI7]0l we} AdA gheFo]
3.87~6.27%= o]AYo] A FHFo] =r}a B sl on Kim $(2004)& =3}
o] F opu|:At o] 1.2~45%% AN A7 meS sk 53] od
AUFF opu|At 5 theanineo] Wol FHrE|o] HAake] glo] £& o8 HI
ak3itk @, Jeond} Park(1999)2 A4 2 6.08~6.60%% HalslSl=d =

Ae] W Aol e Aol 2 o] g Ao wuaigl,



Table 2—4. Proximate composition of roast green tea (%, w/w)

) Crude Crude Crude 5 Crude
Moisture . 1, Caborhydrate )
ash fat protein fiber
Roast 3)
1.36+0.01” 13.23+0.00 2.67+0.92 37.25+0.03 37.28%+3.69 8.21%0.49
green tea
N X 6.25.

?)100 —sum of moistrue, crude protein, crude lipid and crude ash contents.
“mean+S.D.

. AZEFE SR RY LAV EY ¥t
(1) T+
A sheat ofde] FALA Az A B BH 525 20TColA
AT 0.81, 0.69 2 0.23°A4 45 & A T v|AYESHH ‘%ﬂ_ﬁ}g— )
Ask Ai 2759 A9 Table 2-59 #Zo] YJeyth R E
A% A 1358 107702 Yehgr] A% stglon, A% 4345 1
FERIANE 0699 HF AF 2FAAAA 101702 HAEH
EZAE 0.239] A9 A 1FA A 10°P oz AEHgon, o]F
P Eet A3 AZHA Fdrh saHETe] Ag IR 0.819
A 1558 107702 Yelgon, A% 450 107702 Yeh
4% 0.699 A5 A Haﬂ 107" 0.2 Yehfdt FEFAE
A 15T 107702 Yelgton, o]F #3712t 5o A3
L FAge AS A 1A 6719 AlmT 57l A
699} 0.232 o] Fo M FHEF7 HEHE 5Tt
Lol A RE 459] AA7]7F FQt vl52dh A9 Ff
CmER FEEAE 2dd mE nAEe] A5
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Table 2—5. Change of total bacteria cell number[log;o CFU/g] in storage
water activity during the preservation period at 20C.

.. Storage period(weeks
Water activity s¢ b ( )

1 2 3 4
0.81 2.40 2.1 1.67 2.39

A Xk 0.69 - 1.2 - -
0.23 2.95 - - -
0.81 2.18 1.80 - 2.30

ARy 0.69 2 - - 2
0.23 2 - - -

— © Not detected.

(2) gt

)&+ AMeujA]  desoxycholate agarg ©]-&3te] ofF
Table 2—63 Z+o] e 2+2te] RN E
NA 477 A 7|3k W > dE AE

Table 2—6. Change of E. coli form cell number[logiy CFU/g] in storage water

activity during the preservation period at 207C.

.. 1 k
Water activity Storage period(weeks)

1 2 3 4
0.81 - - — —

22t 0.69 - - - -
0.23 - - - -

0.81 - - — -

R i 0.69 - - - -
0.23 — — — —

(3) &8l & g%

3ol ¥ ang HAET & A+ AEYulA| Potato Dextrose agars ©]-&
sto] HE3 A3} Table 2—73 o] Jehuu) Axte] A% SRS
0.69°14 A% 454 Aoz 10779 FFolamst AF Hden, F&
FAE 0.230 % A 454 10770z AU} Edisxie] Ho S8
DA% 0.69°14 A 1F:A M 1077 o2 JeERRS
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Table 2—7. Change of yeastmold cell number[logiy CFU/g] in storage water

activity during the preservation period at 207C.

.. Storage period(weeks
Water activity s¢ b ( )

1 2 3 4
0.81 - - - -

A Xk 0.69 - - — 2
0.23 - - - 2.39
0.81 - - - -

A 0.69 1.79 - - -
0.23 - - - -

ass Al o

(5) =2F F522] AT LAv e Wk
=3} HENS 4T} 18T &% 24 282U AF3IAA nAEEA wWels
93t A2} Table 2—-8+} o] Ueplilet. d=2A7de] 45 A% 22458 F2571 20
o= yERkem, A 7 o}Fe] A, THE VI aRrgele] A, A
A Ageh= 59k 8] AEEH] itk 2, 4CHRS] Aol A 79 2
AHE St 52 AEHRen, A 147l 302 STIBIgleE aRegele]
T el APERE ek mRIHIE A 14l A8 HEEH] wsdth i
T AP AR Bl HESA ke 2 ARl A, S

St Al vk Sakem, AREeAEky flsiasle] | = Wele] vy
=HATAL & vhEe] FolA]l Avk= ol HEdle] A, 70Tl A
197] vl 2f=oll o3t At g} oA A mid=she A esE AR
AR AEIE = g e AeR ddE:
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Table 2—8. Changes of viable cell count for green tea extraction dirnk of during
storage at 4C and 30C for 4 weeks
(Unit : CFU/ml)

Storage condition

1, Nomal temperature storage (18TC) Low temperature storage (4C)
S Total Yeast. Total Yeast

bacterialcount mold Coliform | bacterialcount mold Coliform
0 ND? ND ND ND ND ND
1 2X10 ND ND 0.5X10 ND ND
2 1X10 ND ND 0.7X10 ND ND
3 1X10 ND ND 1.0X10 ND ND
5 1.5X10 ND ND 1.5X10 ND ND
7 7X10 ND ND 2.5X10 ND ND
10 7.5X10 ND ND 2.0X10 ND ND
14 7.5X10 ND ND 3.0X10 ND ND

1) : Storage period
2) : Not Detection

ol
M
Jm
o

ot GTES =4 2 %
(1) GTE®] =4 ¥4 £

Heats dxd U2 7]dete] FEsFcal E
of ZAg GTEY & &2
(7h) e 9F

ANeEE 23 e B AR F
3 Az A5 100meshd] A7) = F4 3
2—9¢F Zo] YEArE 100T e G FE30S o
o2 o] s} 3 A9 21.30% = YERton, lafe
= Ui e 2Est ol foj Al gk wolA o

Table 2—9. Effect of pulverizing on extraction yield of green tea
( Unit:% )

Condition Raw Powder

Extraction yield 19.08 21.30

GETO| F&/ F&F25c we FE5&e] Wgts A9y s <
FrE 9537 9ujrt HA 3 ths 40T, 60T, 80T, 100CE FH&%
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B4 15.34% %= eIl 100Ce] A9 19.08%% 7MY & 55 &
S Bt g FEF SRUF BEFE FE S0 FolA = AL #AFHE
}\ =

Jom, HHo FEHLEE 100CE AAT = )
Table 2—10. Extraction yields of Green tea by using various different
temperature of water

(Unit : %)
Temperature 40C 60T 80T 100C
Extraction yield 9.57 10.41 15.34 19.08

F=, FF5otal fdxste] xAIg wAY 5 52 Table 2-11

S FE58S oA 19.08%= 7 ESka,
butanol 15.16%, ethanol 12.12%, acetone 0.84%, ethyl ether 0.84% 2. &
vebsth, ek, gEo] Fa o] Hojd =xE=(584 GTE)=
 AEY gt AlEE ARSIt

Table 2—11. Extraction yields of green tea by using various solvents

(Unit @ %)
Distilled Ethyl
Solvent Butanol acetone Ethanol
water ether
Extraction yields 19.08 15.16 0.84 12.12 0.84

(2) GTES] 54
(7}) 484 GTEY &+zh&
GTEQ] dEes S35 flste] ATl detd 84 GTES

= 0(Control), 250, 500, 1000 pg/mle.=2 = 8]3}e] A3}, paper disk
t]'-ljoﬂ olgt A& AFANES S A= Fig. 2—13 2o =, dutk
o2 GTE 500 ug/ml ©]7e] sXol %X 2|3t paper disk —rﬂoﬂt i3
o] F2o] A|¥ = clear zones %‘éﬁoi’ﬁ GTE®] @+4e FHeHA
23t = JATh GTEE Gram¥Ad+t, Gram=/d1, &8 2 F3°] 5
FFe wAE thete] FHEE ASAHSES Ho] FrAEo] ¢
o2 Yepgt oY, ol FATTOl HEiAE skl vldEste] 3

()
2ol ket = & AT

4 x& rlo
5L
rlr 7@

2

ol
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Fig. 2—1. Inhibition effect of green tea extract at different concentration on the
growth of microorganisms.
A: Staphylococcus aureus B: Escherichia coli
C: Saccharomyces cerevisiae D: Fusarium oxysporum
a : Control b: 250 ug/ml c: 500 pg/ml d: 1,000 pg/ml

() F=8&e da2he

H

5714 A& uE &uE Abgste] FE9 ko] dard A3dAds
Table 2—129 2t} =, Staphylococcus aureus, Esherichia coli o t3l] &
i gy EFEECA P AT AS AEES B, HdelR
ethanol, butanol =22 YETE Park 5 (1992)2 2059 kA& th&
= F=A], FE81 At =

2ol uheh Giteel atol 2 etk 3
G e mol, AATelA B Bol HAE 97
o Favhdel A o Hel o Azt
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Table 2—12. Growth inhibition zone of microorganisms by green tea extract from

various solvents.

Growth inhibition zone(mm) of microorganisms

Staphylococcus — aureus

Solvent pay: Esherichia coli

Water 18 mm 17 mm

Butanol 13 mm 13 mm

Ethanol 14 mm 13 mm

Acetone 11 mm 10 mm

Ether 10 mm 10 mm
(3) ARAAY =350 GRS

LA B (A Eabe} BuEab)E 20T, SRS 7242 0.23, 0.69 2

0.812 FA &&= AFGAAA 450 AFetHA, 4713 S d ol o
2 53 A17] &ES paper disk¥ol 23 AHA ] A= Hwd
A3}, ouate]l 9t PumAng tha gEgel e A0R ek,
AFAFANA = A7 53R 5] e F353 Zfol& HolA] ¢
roul, FREYEIL HeRS it Bund HE Fpge] e o
2 YUegoy, 48 er S8 BY, Folxl AdH el A7k
Fraygwel ue SAARe] FHHS KM ol & ol A asivh
webd, olof BEE ATLE A% AR molop & Aow Az

Zl' b

FH 100 pE  BWAEDI F GTE 2,000 ug/ml(0.2%732), sodium
benzoate % potassium sulfate Z2}7} 2% €& 27 10 m9| paper diskel
60 ul# Fieto] FAAL & 37Tl A 48A1ZF mi GRS W, B A )2k
A71E WY, Fig. 2—2%  Escherichia coli ¢+ Sacharomyces
cerevisiae®| WSt GTE] & dAdHE ASAHNe] A& HER
(sodium benzoate, potassium sulfate)®} H]nl3F A3}o|t}, & GTE(0.2%) 9]
AS5AHEE 2% BERS ASAfSEY o 23 T35 PS5A =
e AT ek GTE: A Al e BERRA e o8& 7teds
A AL e AR FE A
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Fig. 2—2. Comparison of inhibitory zone by the green tea extracts and sodium
benzoate and potassium sulfate against.
A : Escherichia coli B : Sacharomyces cerevisiae
a : Control b : sodium benzoate(2%) c¢ : potassium sulfate(2%)
d : GTE(0.2%)

(5) FAFZFES] AitY ASd A= av
GTE7}  fAktel Sl mA&= Ooﬂ@c}% A7l 9kl Ead
Lactobacilli MRS wj Aol Al vl A TE 95 d TR sk HET =
43 5 GTEES 5% (250 pug/ml , 500 g/ml 1,000 ug/ml) = 3}o] paper
diskoll £ 3Fe] 30C incubation®] ®J%3F & paper disk 9 ASF A
sigks ¥ ST GTEZL fraket Aol mx= 932 Fig. 2-33% 3]
YEF . Lenconostoc citreum™ Lactobacillus plantarumol < 247 =%
T2 7] sted GTEE paper diskel &5 § AFANEE vlug 23, GTE
7F WA E &2 519l oy, paper disk 799 A5 A2 YEA] 9k
th =akel ¥ polyphenol FollA AlAl =4 2 AJg] &4 285 e
2 catechin®! Aoz &4 A Ar}t. Weest Park(1997)2 =
2FQol Al - FElR 2 cateching ZAISEe] A Absfjeo] #Host= wAY
25 gdes dvAE 84S AA-4s A, Leuconostoc mesenteriodes,
Lactobacillus plantarum 2 Pediococcus cerevisiae®] WalA+E= 2 mg/ml
A7V ==, Streptococcus faecaliss= 4 mg/ml A7V 5, Lactobacillus
brevist= 5 mg/ml 7} FFAAFH # ASo] JAH7] AFsEel ot
Saccharomyces cerevisiaed| W3t AFAA ayt= Egdvta FFTE, T3
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Park 5%=(2001) A=A oF] FEAHJA 9
Leuconostoc sp.®¢ Lactobacillus sp.7} =2 3 0.
A 5 AWAR fAktrEr A4 St A
Jung 5(2005)9] 7}F35xF A7kl 93k fakate] o &
W, 7FEEA Hobe vl 270 AR Y] Sl &

om 3]y, MY INITH THFEAF FHIbel otk Fakre] F4 3
H7F gy Ae® Bausta v 2 A Ak dAFAIZE 6
7

Fig. 2—3. Inhibition effect of green tea extract at different concentration on the
growth of lactic acid bacteria
A: Lenconostoc citreum (ATCC 49370) B: Lactobacillus pl(ATCC14917)
a : Control b: 250 pg/ml c: 500 pg/ml d: 1,000 pg/ml

Z}. GTEY A& AEA F=JFA5H

GTE®] &4 dFol g AS5As Hises ddsty] flsto] 543
AFAE sE24 Fig. 2—4%F 2t} &, Staphylococcus aureus X+
250 ug/ml o]/l Al A&o] kA3 AN = AoE YElS O™, Esherichia
coli 2 Fusarium oxysporum WA Z+ZF 100 ug/ml 2 500 pg/ml o] 2ol A
Aol 5ol A= Aom ey
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SxFEE0] sk dda=de d H pHO MHAS A3 A

Fig. 2=5 % Fig. 2—63 Zvh. =, I AA A3+ Fig. 2-5904 H+=
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aureus® 7ok Aol #AGlo] oF

(pH 3~11)°lA BT =
W, Escherichia coli®] 5A 82 A5 oF 18 mmAEZ HA 2] pHel
BAGle]l AN L, Staphyiococcus aureus® 785, AEAEHZ] X B
°F 16 mmAE=E AAe pHel #Aglel dAA HEh v S25:5E9 3
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Fig.2—4 . Microbial growth curve in the medium containing green tea extract.
A © Escherichia coli B : Staphylococcus aureus C . Fusarium oXySporum
O: Control; ®: 100 pg/ml ; W: 500 ug/ml;
A: 1000 pg/ml; ¢: 2500ug/ml; [1: 5000ug/ml.
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Fig. 2—5. Thermal stability of green tea extract on the growth inhibition of
microorganism.
A . Escherichia colr B : Staphylococcus aureus
a: 40C—treated b: 60C—treated c: 80C —treated
d: 100C —treated e: 120C—treated f: 150C—treated

Fig. 2—6. pH stability of green tea extract on the growth inhibition of

microorganism.
A : Escherichia coli B : Staphylococcus aureus
a: pH 3.0, b: pH 5.0, c¢: pH 7.0, d: pH 9.0, e: pH 11.0
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5k GTEZH W29 Beld 544 vxE 9%

(1) GTEZ} v A= olvA] Adirtadd a4 @40 vA= I

O

GTE®S] H7FujA| ol A mlAZAEe] ASo] A AAdT= AAA94E
Ed=E, vzl g g WAS ol BuA, Enterobacter
pyrinuss WYate] g AHIEA ah4 DA mAE IS A
. 53] oA tiAtel AHE aaEe digh TS AT HT] fste] o
7HA "iAE 2ol Fast 93RS s &2l hexokinase, glucose
6—phosphate dehydrogenase, malate dehydrogenase <} succinate
dehydrogenase©] Wigt J&S A3 HOTE o]F hexokinased A2
glucose—6—phosphate dehydrogenaseE ©|-&3}% coupling assay method=
ARE3l2 s A glucose—6—phosphate dehydrogenase©] W3+ GTEY a3}

FdEESkt GTESE A4 E4RkeA] & geste] Hrish & a4xd
SAslodth 272 ols 48 HUbskA «a, AAAR] a4
UEll= RS AFEeglon giof mx= &2 dizdd gk 7+
1 &2 A%l Table 2—1391A4 Hi nfe} o], wAE o
a4 =, glucose—6—phosphate dehydrogenase®] 242 GTE
0.01%%F 0.0.5%°l14 24z} of3te] mAdA oA E Ao
o)L ¢l2lt}. succinate dehydrogenase @ malate dehydrogenase &A%
L& GTES HZFsE7F 0.01%F 0.05%1A 712 gzt nlste] 94%<}
86%, 93%9F 87% = LEIY oF7te] GagA oA AES #ET & AT
hexokinase @449 A9, =59 H=Z557F 0.01%9 0.05% A 212+
aagA0] FYA Ue AdAEHE HolA ghon, A o7 ofux] A
Aoiatell mx= GTES F5g §_i%‘3 AAEHd= AT 3k o]
AN}E GTEZF A% dvA A4 aad 32
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Table 2—13. The relative activities of GTE on various metabolic enzymes
concerned with energy production

C Glucose—6— Succinat Nlat

nC. 1

Treatment one phosphate Heemate ae Hexokinase

(%) dehydrogenase dehydrogenase
dehydrogenase

CONTROL 100 100 100 100
GTE 0.01 98 94 93 98
GTE 0.05 96 86 87 98

* Enzymatic activities were represented as percentage assuming the control
as 100.

(2) A A& AE 75 vX= GTES Agax

GTEE AMEel AHgeis i, Alxutel s FE7FHs Lotrr] 9t
o] GTEY &Aslol A E. colit] AMEW B—galactosidased] F4S =431
t}. £ coli7} B—galactosidaseE AAFS=7HE LolH 7] flgte] IPTGSF
X—gal& 7tste] & iAol A wljF3te] oA colony7t o= o] gie] &

e AT 5 AT olojA], MEE HlgE $ ONPGeF A &3t
<, toluene, acetone, GTE(0.01% % 0.05%)& 7}s}o] FAth. S48t
A} 8= &4 B—galactosidase’} BIYAIEW | EAF2 2 GTEZ} Al X4}
JeFS Fo] AMEo] £A4S Hbol B—galactosidase”} A|XE BIO 2 FE0]

o], toluened 7hste] & tixwollA Ax a4 &Aool A=A Fig
2—7° YERH vie} o], FHFE JPElE dlERTdA Y #s 0023
toluenes 7}ate] & x2S 10002 39S W, GTE 0.01%9] 2% 55%,
GTE 0.05%°] -5 90%¢] &4o] AZHH AT acetones 7}ato] Al Euhs
£ Ete] A8 7ho] 10%F+=d o2 EYE B, GTEE acetoneX.th A|3E
e A7IE Aoz FHEAT o] At it Alx A oA
avtel Ay @ dAsglen, GTEY g2 oAy YA o

ek adeby| ke v AR A Ve E4S T AR

Ak Aoz AzhHgr,

in}
l‘1‘>

=
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Fig. 2—7. The effect of GTE on the membrane pertubation of ZEscherchia
coll.
The cells were treated with the reagents including toluene, acetone,
GTE(0.01% or 0.05%) in the media containing ONPG as substrate
for B—galactosidase.

(3) AAdn A< o83 vA

[0=2)

=9 MEF e st

g 540 A= s FASH] flste] A
%9 Escherchia coli, Staphylococcus aureus 2
Fusarium oxysporum T AAEE 500 ug/mle] GTEZA o= A2t A
AE B IAE AYeA F2 x99 A dAdAnE dAANER =
Aste] SEMo 2 &9 % A3 Fig. 2-8, Fig. 2—9 % Fig. 2—-10% #Zt},
=, Fig. 2—8, Fig. 2—9 ¥ Fig. 2—1094 H = nu}e} 2Fo] SEM| 2]3k A
s&gAHelA GTEA YR nAE FA7F AxEY == Axwe] 765
5
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Fig. 2—8. Scanning electron micrographs of Escherchia coli not—treated(Top :

Control) and treated with GTE(Bottom : 250 pg/ml).
(Magnification : x 10,000)

Fig. 2—9. Scanning electron micrographs of Staphylococcus aureus not—treated
(Top: Control) and treated with GTE(Bottom : 250 pg/ml).
(Magnification @ x 10,000)
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s

Fig. 2—10. Scanning electron micrographs of Fusarium oxysporum not—treated
(Top : Control) and treated with GTE(Bottom : 250 pg/ml).
(Magnification : x 10,000)

At NMRel 9% A EZ Y F2E4
(1) gaE4de 28 9 54

Table 2—149°]4 R vk} 2], Column chromatographyoll A 23l
St o] 3heolw ZF & F3E E 2 (Compound A, Compound B, Compound
C, Compound D)o #x%¥4& 98] 'H 2 “C NMR == EHS 204
4359tk =, Column chromatographyoll Al &2]¥l fractions, 471<]
fractiono] 4] PR E-o] AEA &S YEFN S, Compound D fractionol] A
AT WA E vkl AA S ASAES o, FEe

3]

¢

284S 2F% BEAS IR BEYS gt 4 Adh w4, column
chromatographyell Al <t2]ste] 3areo] gl 7} IJHEg=4de] T2
AS 9e 'H 2 C NMR ~HEZS AL =439t
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Table 2—14. Inhibitory zone (mm) caused by the antimicrobial fraction of
individual solvent extract from GTE against food spoilage
microorganisms

Microorgansm

Bacillus Escherichia Candida Fusarium
L . . cereus colr albicans sp.
Antimicrobial Fraction

Control 10 10 10 10
Compound A 13 12 12 11
Compound B 15 14 17 15
Compound C 17 16 17 17
Compound D 18 19 18 18

(2) NMR| 93t FE2E4H9] Fx2E4
b 7171 2 54

H A3 oA AFE3 NMRS Bruker DRX500 (500 MHz) 2 =A 3o A}
43¢ &ulE CDsCNelH TMSE 7I+Ed = ARgskoltt

(1}) Compound A

@ Compound A 'H-NMR ~FE=Z 34

Fig. 2—113 g9 aHgA Hi= vle} 2] compound A% 1H-NM
EdoriE BRE 54 WA el vdad #Zo] 7heshe
(+)—catechin®& g1 5= AATt. WA (+)—catechin®] + H3F=H
570¢] 44 (a, b, ¢, d, e)7} 5.8814 6.87 ppmolA VESS &l
S} be] FAE 6.78% 6.77 ppmol A ZHZb o]F M o7 vrEbyT)

6
OH ¢

o, -OH

e
klomg
o, O 4

SR T

ol I

]_

32

d

8
HO 0.3 .95 #b
m ’
] OH

OH 4
7

(+)—Catechin

c? FAE 6.870A4 o]FA o

o= yehstth WEkso|
Aol E3A vUgter, 7,
el Zo%l= OHY

de} ex= 5.963 5.89 ppmoll A Z+Zt o)A
—t— OHY] 4 5, 6 6.7~6.8 Alo]ollA] a, b
2 6.83, 6.85 ppmoll A @M o7 Vet A
A 4% 3.02 ppmollA SLMOZ ERRT AW

’

=)
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= agldd AT A 12 2.43904 2.84 AtoJol|A o]F—o]F Ao R YEoH,
2% 40194 AlE=H o2 3& 4.61 ppmollA] o]F o= vheltTH

@ Compound A®] C—NMR ~HEF &4

Fig. 2—12 oA ®H+= v}e} Zo] compound Aol B&E BhA & Sl A
7Vl 1TH-NMRE] si4 Aye} 5AsHA (+)—catechin® =2 FHEJh A4S
FEsl= AWE a9 3709 1, 2, 3 A7) 27.02, 66.76, 81.06 ppmol| A z+zh
Uelbgtt), =3 OH7]7F B0 s ek e401 7, 8, 12, 149] 937} 155.53,
155.61, 144.06, 144.08 ppmelA ZZ yelgton, Umx WS egirsl
94.33, 94.80, 99.65, 113.90, 114.68, 119.18, 130.96, 156.09 ppmellA] e},

a7 [e]
TIPS %

f
Y

>
©

(v} Compound B

@ Compound B¢ 'H-NMR ~FE# a4

Fig. 2—133%} &9] 1goA H= vt o] compound BS] 1H-NMR A~ EH
omRH HEE 54 ¥WAY siAo] tEd o] TJhsdte] B =Ho]
(—)—catechin®& &1 4= AUATE WA (=) —catechin®] F W&F= 112l ¢ 570
o] 4 (a, b, ¢, d, )7} 5.85914 6.83 ppmell A EF-S 2183t a9t bo)
FAT 6.759F 6.73 ppmell A ZH7t o]FA 02 LpERRT

(—)—Catechin

c9 FAaE 6.839A o]FHOR, d9F eE 5.937 5.85 ppmol A 77t o] FAl
o 72 e}, Sk Hek=o BojdE OHO 44 5, 62 6.6~6.7 Alo]<l
L}E}M_U% 7, 8% 6.74, 6.80 ppmol| A T E! o2 Yehyth, A= ag o
EojlE OH9 44 4% 3.02 ppmollA] ©dAX oz ey, A= e
o &= FAa 12 2.40004 2.80 Alo]oll A 1%— o]z X o7 UEFO =
3.9700 4 AlEM o 38 4.57 ppmol A o]FH O & LpERsT
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@ Compound B¢ "C—NMR A#HNEZ 3|4

Fig. 2—149]A B+ uv}¢} 7Zo] compound BY EE B4 ¥HAL 2 &4
o] 7}&3l 1H-NMRQ] 34 Ao} 5L3A (—)—catechin®Z 17 = At
MAE Edete AW g 3709 1, 2, 3 ©47F 27.03, 66.74, 81.07
ppmol A ZkZ} YEbsttl 5 OH7|7F 2o e Wk ©4ael 7, 8, 12,
14] 327} 155.53, 155.61, 144.06, 144.08 ppmell A 77+ LpEbro ], U
A WFeF= ©AE2 94.32, 94.78, 99.66, 113.89, 114.67, 119.18, 130.98, 156.09

ppmeol Al YEFETE

(2}) Compound C

@ Compound C¢ 'H-NMR ~FE# &) 4]

Fig. 2—15%} ¢ adelA ¥ wkel 2ol compound C& 1H-NMR 23
EYoraXE RE EA Iy o] the o] 7tssie] B EZo)

[e}
(—)—epicatechin gallate}-S <213 4= )2 th. (—)—Epicatechin gallate 2] A

FlgetEs LFJA 7709 44 (a, b, ¢, d, e, f, g)7F 5.96°14 6.93 ppmoll A 1}
EbS shelslgith a9t b F4E 6.849 6.83 ppmoll A ZHzF o|FHo®
4&%@

e T
79 4 10
OH OH

9
f OH

OH
8

(—)—Epicatechingallate

c®] 4= 6.93 ppmolA o]FAde® e, dot e 5.9
ol ztzt olgdew yepsith 3 9} go] Fae zg%
olelA 6.90 ppmell A TA oz vEEkTh BEFSe

4=10- 6.767 6.742] F 712 LM} 1 Ao ] A He 998 7%
Ebsteh. A= 3ol Sle g4 12 2.79904 2.99A ¢l el A o] d
2 Ughon, 29 $at 550 ppmollA tEAdo R Yehgton], 39 Fat
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5.07 ppmol Al ddH o2 YEST

@ Compound C2 C—NMR ~#HEZH 3F|A

Fig. 2—169]4] H* v} Zo] compound Co EE ¥4 AL 2k &4
o] 7}s@l 1H-NMR9] a4 A<} 5U3 Al (—)—epicatechin gallate &= 7f
Py o) AAE ¥ e AE e 3709 1, 2, 3 B4} 25.06, 67.93,
76.67 ppmoll Al Z+7; YERSYE FERd g 169 A9, RS Ak |
Aade] oaiA 7Hd AU 164.59 ppmol A HElE 5H& Hola 3l
t}. OH77} #o] gl Wk 491 7, 8, 12, 14, 19, 202] 977} 155.88,
155.81, 143.88, 143.83, 137.06, 144.27 ppmoll A z+zt YEbt o v =] 1
= SRS 94,63, 95.15, 98.01, 108.65, 113.38, 114.51, 118.26, 120.79,
130.35, 156.20 ppmollA] U EFST],

(v}) Compound D

@ Compound D¢ 'H-NMR ~#HE &}

Fig. 2—17% 9] age)A B niekzdo] compound DO IH-NMR 2=#E
HOoRRE HE EATHAY dAMo] tgit o] Jhsste 2 FHo
(—)—epigallocatechin gallated-S &Ae = AT} (—)—Epigallocatechin
gallate o] Al W& 12]9] 6709 4 (a, b, ¢, d, e, £)7} 5.96°14 6.91
ppmoll Al YERES ERISHITE ast be] FAhvE e 279 A4 EAls)
7] W&

==

(—)—Epigallocatechingallate

6.69 ppmoll A @A oz Yelt), vz R e9} (9] AR T2
o] Qla, 2RI 7o HAdad diol 7 AR 6.91 ppmol
gXoz ettt c9F dE 6.003 5.97 ppmoll Al Z+z} o]F Mo w

EN
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1

1
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>
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o}, WEkso] EojglE OHO 4 4—112 6.74°14 6.65 ppm AlololA 4

< 7HA A YERg o A g e A 12 2.77914 2.984)0]
oA o]F—o]FT Ao R Ygtomr 29 FA4+ 549 ppmolA A o2 E
womr 39 A+ 4.99 ppmolA @ Ao R YERS:

@ Compound D¢ "C—NMR £~ EZ 3)4]

Fig. 2—18°14 HE v} o] compound DO BE B FHA2 2 34
o] 753l 1H-NMR®] alX Ao} 5UskAl (—)—epigallocatechin gallate 2.
2 EAT AAE e A g 349 1, 2, 3 ©ATF 25.06,
67.80, 76.63 ppmoll A 22 YELGT 7t2Hd g4 149 H 5 2
of i ol oA 7Hg A%<l 162.37 ppmoll Al LER= *5—%]% Holal
Atk OH717F 8o A& WIS &9l 6, 7, 10, 12, 17, 189 ¥ A7}
155.76, 144.24, 129.81, 128.21, 155.85, 144.60 ppmol A Z+2} YEltoH, 1}
WX Wheks B 52 94.59, 95.10, 98.01, 105.49, 108.65, 120.80, 131.41,
137.02 ppmoll Al YERRLTE

7<—1 3F Ak A

& ARals AGEA o =] WRE wd, wiss 4
WA HT Vledde 93, AdFRAom g5Ee] EA 2ol sl
Ao wpe} FAAS G = e e o s Hrh wra 9. we
AR AT E T o]gt WS o] §ste] ZF Al digte] A
25 A|&=3%k A3 EI (electron impact, 115 YA} 57) W& o] 835}
ojn] o] &9 ¥AE A& 4= oJ(Fig. 2—19 ~ Fig. 2—-22) EAF 40|
7Hsskadth A 9L Y-S o] &3te] Hago RN A4S &9l
akeltt
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Fig. 2—11. 500 MHz 'H-NMR spectrum of Compound (A)
in CDCl;.
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Fig. 2—12. 125 MHz “*C—NMR spectrum of Compound (A) in CDCls,
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Fig. 2—13. 500 MHz 'H-NMR spectrum of Compound (B)
in CDCl;.
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Fig. 2—14. 125 MHz ®*C—NMR spectrum of Compound (B)
in CDCls.
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Fig. 2—15. 500 MHz *H—NMR spectrum of Compound (C)
in CDCls,
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Fig. 2—16. 125 MHz 3C—NMR spectrum of Compound (C)
in CDCls,
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Fig. 2—17. 500 MHz ‘H-NMR spectrum of Compound (D)
in CDCls.
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Fig. 2—18. 125 MHz *C—NMR spectrum of Compound (D)
in CDCls,
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Fig. 2—19. Mass spectrum of Compound (A).

Fig. 2—20. Mass spectrum of Compound (B).
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Fig. 2—21. Mass spectrum of Compound (C).

Fig. 2—22. Mass spectrum of Compound (D).
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B Qe F%, B HAFEZEe FUAT P WU 2 o)
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2 WAt /15HS B8V 9% BFeAoR Aol Suofo} @

WA, o2 FEA717] A% A APoR FAATEA, IREA
WG BHAES AAste] et e ARE FSHAT

AA, 5233 A= dFd 74 FoAste 2573 AlFele E
=2 [e)

[¢]
A AAMES S A= Table 2—-159 AT}

Table 2—15. The mortality rates of rats during the 14—days observation
period with administration of green tea extract

Time of death
Dose Hour Days

(g/kg) 6 12 1 2 3 4 5 6 14

Control| 0/10  0/10 | 0/10  0/10  0/10  0/10  0/10  0/10  0/10
1.5 0/10 ~ 0/10 | 0/10  0/10  0/10  0/10  0/10  0/10  0/10
3.0 0/10 ~ 0/10 | 0/10  0/10  0/10  0/10  0/10 /10 1/10
6.0 0/10 ~ 0/10 | o/10  0/10  3/10  3/10  4/10  5/10  5/10
8.5 0/10  2/10 | 5/10  7/10  9/10  9/10 10/10 10/10 10/10
12.0 /10 2/10 | 10/10 10/10 10/10 10/10 10/10 10/10 10/10

* Values are number of animals dead/number of animals tested, cumulative.
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A, 3YAE 1.67, 7LAE 1.00, 14Y o] F o= 0.83 oAt}
1Y93E 79704 Ht 0.17 o] o, 14Y= 0 oAt A%
A Y7L ol e £ Aol 1 Asil o, Tk e wd
%]

(o]

:L

Table 2-—16. Primary irritation scores in rabbits following a patch
application of green tea extract

Time Rabbit number
Symptoms Average
(day) 1 2 3 4 5 6

Erythema

Intact skin 1 3 3 3 2 2 2 2.50
3 2 2 2 2 1 1 1.67
7 1 1 1 1 1 1 1.00
14 1 1 1 1 0 1 0.83

Abraded skin 1 3 3 3 2 2 2 2.50
3 2 2 2 2 1 1 1.67
7 1 1 1 1 1 1 1.00
14 1 1 1 1 0 1 0.83

Edema

Intact skin 1 1 0 0 0 0 0 0.17
3 1 0 0 0 0 0 0.17
7 0 1 0 0 0 0 0.17
14 0 0 0 0 0 0 0.00

Abraded skin 1 1 0 0 0 0 0 0.17
3 1 0 0 0 0 0 0.17
7 0 1 0 0 0 0 0.17
14 0 0 0 0 0 0 0.00

(3) &A% A= AE
S E79] et ol HxFEES Hekd 31, 2, 3, 4, 7, 10, 14 B
st A3}+= Table 2—173 2o}, =5, 5315 S Ao , 2, 3YA Y =
IS

o] Wl A4 70.0, 70.0, 68.0011.2.H =

AA= 48.0, 144 A= 38.5 ot} HAFE=S AL F,
o] 1, 2, 3, 4,7, 10, 144 ] o] W] HE

44.5, 35.0, 20.0, 8.5. 7.5 ©]3lt}. o] A= w|F o
grell gk Ab=e] ofE Sl Aew yeimoy, S5aFEE
2 ARE A5, AS54d0] A GopARE Sold i
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Table 2—17. Eye irritation scores in rabbits following application of green
tea extract

Time Cornea Iris Conjunctiva Total
(day) Opacity Area Hyperemia  Swelling  Discharge score
Not 1 3.0 3.0 2.0 2.5 3.0 2.0 70.0
washed 2 3.0 3.0 2.0 2.5 3.0 2.0 70.0
group 3 3.0 3.0 2.0 2.5 2.5 1.5 68.0
(n=6) 4 3.0 3.0 2.0 2.0 2.5 1.5 67.0
7 2.5 3.0 2.0 2.0 2.0 1.0 57.5
10 2.0 3.0 2.0 1.5 1.5 1.0 48.0
14 1.5 3.0 2.0 1.0 1.0 1.0 38.5
Washed 1 3.0 3.0 0.5 2.0 3.0 2.0 61.5
group 2 2.0 3.0 0.5 2.0 3.0 2.0 46.5
(n=3) 3 2.0 3.0 0.5 1.5 3.0 1.5 44.5
4 1.5 3.0 0.5 1.5 2.0 1.5 35.0
7 1.0 3.0 0.0 1.0 1.0 0.5 20.0
10 0.5 3.0 0.0 0.5 0.0 0.0 8.5
14 0.5 3.0 0.0 0.0 0.0 0.0 7.5
53FEES AF TS W 50% AAFRF (LDso)S 5.95 gkg o=
o= FYRANAATA o Al 105 o5 A=A 71F 5 ghgs 43
s vy ARgoletn # & vk HAFEES AEA9) vro] £¥3
9g del o] Ar S0 23l A, & ks A5 400 va Al 1
Aol 747}k 2,509} 0.1724 vl orabria 7T, wE ol WEe 2
T Foll= 47 0.833 002 A9 AlRb vl & 5 vk okeE, IR
o] SHH e FAFEES ALY S W HWE A 149 70.0 o= A% A
ojglont, 14<delli= 38.5 24 A=Ade] A #Aasigl. wAFEEs At
sk & w2 A B2 AF S F-olE 1497HA] 7.5 AE= o] 3
Hlou AMHeA e Aol el Wwel st A oksE AT wheha
woll tislA = fzte] AFFA4do] JoB R SxFEEo] woll Eoits wel+
20 B o] Fi Mol 22 Aojth o4 AnH APANE FHsH]
2w, SARERS WY dd AAFEER B9T 5 dE A0R
335¢=2
A}, 5EAt AFaA R IHEAE) U@ GTES] A axn
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oh ol ek Hx5EE] gk @35 Table 19 YERNATE WA,
typtic soy broth HJA|Zol] tAHF7S 2.8x10*7] A ZEs}e] 30Col| A wjetsta
o] &, WIS 10°70/ml& AFste] wjFdg Mol HEstar 15-18ColA
Hysk & Ao wWEwrE Asiyo] AEVEA7E floAE #ERAYE
Table 2—18%} #t} = HxF2E HA/MFAE AYEE 29% THUE 5%
TZo] gt YA H2AFEE 0.01% 1ol xRl Hlske] 3¢, 0.05%
e 599 BEAFEAIT ATk AA FEXRANAE 10C AFe I
Aojzlo] Eoi97] wlitel ¥ Axrt o BE A%o] y|dHh

Table 2—18. White—colored precipitation of Korean cabbages steeped in

the salt solution during storage period in the preservation
temperature of 15—187C.

NaCl Test Storage Period(days)
Level Sempe ----—--—-—1H—7r——n-—r-r--vrr————"-—H—"-—-——-"-"-——"—"—————
(%) (%) 1 2 3 4 5 6 7 8 9
Control + + + +
2 GTE 0.01% - - -+ + +
GTE 0.05% - - — - - 4+ + + +
Control + + + +
5 GTE 0.01% — — — — - = + + +
GTE 0.05% — - - - - - — + +
* +  white—colored precipitated solution, — : clear & transparent solution
* The 10*/ml of coliform bacteria was initially inoculated in the salty
solution.
(b wA

= L$ AE BT Adoln FAEER FHVMY A¥xF(Hx
o® @o QL el 2§ kA EE &)
:lEM ﬂ% Ee AT vhdstd Aol &3] Wil SR ddta
9 7 flal FEes oAl I7E ofgn Table 2-19= ZHE]IA

g R

BT daTE 394,

EUM‘A T35 24 Ao gddS v
Qo1 GTE 0.01% H7}F-olME 7980w #5E Z7 6tA] &gt} ofs
2, GTEAZ}F19 A%, 0.05%7-& 40do)At AAar# ol AEE BEX ATt

Table 2—19. Change of the cell count of microorganism contaminated
on the flavored Danmooji during the storage period
in the preservation temperature of 15—18C.
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Test Micro— Storage Period(days)
Sample  organiSms ———————————————————————————————————————

Bacteria  3.2x10° 2.6x10* 3.9x10* 1.1x10° 7.3x10°

Control Yeasts
& 4.0x10 6.2x10  7.5x10 7.0x10  4.5x10

Molds
Bacteria  3.2x10° 7.6x10 5.5x10° 7.1x10* 4.2x10°

GTE 0.01% Yeasts
& 4.0x10  1.2x10 10 10 10

Molds
Bacteria  3.2x10° 2.6x10* 3.9x10* 1.1x10° 7.3x10°

GTE 0.05% Yeasts
& 4.0x10 10 10 10 10

Molds

* Salt concentration : 4.0 %

Sl ZFEATE g 4 Q1Y) wliEel ®eskr] 4
3t A3= Table 2—20°] YepdTh FA <1
b 3A Frrste wiFrb B d@%
A5, ednAEe] 7 A AR
, 0.05% GTE#H7}ell <34 2u)

Table 2—20. Change of the cell count of microorganism contaminated

in the Korean cabbage steeped in the 10C of salty solution

Test Micro— Storage Period(days)
Sample  organisms ————————————————————————————————————— ——

Bacteria 3.2x10* 2.6x10* 3.9x10* 1.1x10° 7.3x10°
Control Yeasts ) ) ) 5 5
& 4.0x10% 6.2x10° 7.5x10* 2.4x10° 4.5x10

Molds
Bacteria ~ 3.1x10° 3.8x10° 6.9x10” 2.1x10°  4.3x10°
GTE 0.01% Yeasts ) ) , ) )
& 4.3x10*  2.2x10°  <10° 10 10

Molds
Bacteria  2.9x10* 3.6x10* 4.7x10* 5.1x10* 7.3x10°
GTE 0.05% Yeasts ) ) ) ) )
& 2.8x10% <10 10 10 10

Molds
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Table 2—21. Change of the cell count of microorgancism contaminated
on the vegetable salad stored in the 15C of cold chamber

Test Micro— Storage Period(days)
Sample  organiSms ———————————————————————————————————————
,,,,,,,,,,,,,,,,,,,,,,,, o 2 4 6 &
Bacteria <10  7.5x10* 4.3x10°
Control Yeasts
& <10  2.6x10° 1.8x10"
Molds
Bacteria <10 <10 <10  1.2x10* 8.8x10°
GTE 0.01% Yeasts )
& <10 <10 <10 6.5x10  3.7x10
Molds
Bacteria <10 <10 <10 <10 5.5x10
GTE 0.05% Yeasts
& <10 <10 10 1.4x10 2.5x10
Molds
* — ! good, * : not good, + : decayed
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Fig. 2—23. Photograph of globular beef not—treated (control , A) or treated
with 50 ug/ml of GTE solution(B).
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Fig. 2—24. Photograph of anchovy not—treated (control , A) or treated
with 50 ug/ml of GTE (B) and sun—dried for 2 days.
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Fig. 2—25. Photograph of tofu not—treated (control : A) or treated
with 50 pg/ml of GTE solution (B) and stored for 2 days
at room temperature.
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WRleh A ofme A3ke FAeh7] wiiel pHE Aot 714 eotol & 917l
A, pH 2AAE 8 & 495 ﬂﬂ%ﬂ o, GTEAAS 71& d8ns
sobe] W8-S ddsta Aok
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Table 2—22. Sensory evaluation result of cooked fish paste during storage
period in the preservation temperature of 15—18C.

Test Storage Period(days)
Sample -—"f""—F—"""""——""—"""—""—"""""———————————————————
(%) 1 2 3 4 5 6 7 8 9
Control + + +
GTE 0.01% - - -+ + +
GTE 0.05% - - - - - + + +
* — ! good, T : not good, + : decayed
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A 3 A AF BHA BE S2AFY BHEAET(H
1734¢) ¥ A4}

Aew ¥ F2g Adag®, o AF w39 54 AxZ AW
w2 FENS A Z3AT (Table 3—-1). AxY 52 7Azxd FE2ES
~20C WEAA BpstuA ATl Agasct
Table 3—1. Condition of green tea extraction
o extraction . .
green tea distilled water extraction time
temperature
15 g 100 mL 70C 5 min
o} A A A E 8fF
MNAMEZE PC12 cell lines #83F3ith. ATCCAlA 4
PC12 cell2 10% horse serum, 5% fetal bovine serum 18]3 1%
antibiotic— antimycoticE #7}3F RPMI 1640 mediumol A w3} o).

Hjek 24L& 37C, 5% CO, Aol
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o}, A AAMFEAPE i3 B3 g3 =4 (AB—induced neurotoxicityol] tiak

R

78' 3l S Asld ~Ed X (oxidative stress)”7t A E =
= 2] v (Alzheimer's disease; AD) 3Fx}9] ¥ ZZ& AR Wz 9]
= ol A= o] o] BHirsoj#aL It} (Kang et al., 2007). H]
= AR T A 9%k oxidative stress@Adel dlgh AL HulstA uis
A A= FekAIRE, AR WA WA AL HSsHAY ] Feko]
oxidative stress—induced neurotoxicityE A7) Aoz dH A 9l
ok s AR @wldo] Eag WAl d3 (AD §)9 T8 fFadoe=
ot A3 9)al I neurotoxicityd] @9elo] oxidative stress® B3 A a1 Q)
o] AB—induced neurotoxicityol] W3at 2t AAAME HE EHE =4
stz &kl

F

(1) % =Hxke] Bs a3

AB—induced neurotoxicity®ll oj) 3k H3 ay+= MTT
3—(4,5—dimethylthiazol—2—yl)—2,5—diphenyltetrazolium bromide) reduction
assay® stk A7 (1~4F) 2k F5ES 100 ug/mLe
FEZ PC12 cell line®ll 4841752} pre— incubation 3L, 71 & ARE
10 uM9] X% 24A)%F incubationd}$ith. o] AEje] PC12 celld] MTT
stock solution (10 pL/well)& A 2]sko] 37 Cel Al 3A]ZF incubation A%
¥, DMSO 150 uL& &&3to] dkes A AT v Hes F3es
microplate readerol4 570 nm (determination)®} 630 nm (reference
wave)ol A =AU . HEZT (positive control) = vitamin C (100 M)
= A3} AL, cell viability® controloll W3 % concentration® & L }E}

st

(2) & 53] BS a3
AB—induced neurotoxicity®l] gt o =2} AAAE B gy AA
MTT 3—(4,5—dimethylthiazol—2—yl) —2,5—diphenyltetrazolium bromide)
reduction assay® =A3}gith Eodi=xjo] A9 Hs Wy o g A3
3} 3L &34 =+ microplate readerol 4] 570 nm (determination)2} 630

nm (reference wave)olA =43} t}.
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nf, AAAE g &g dE B gy 54
(1) &% Sxko] Az Be g3
AB—induced neurotoxicityel] st A¥9 Bs F¥+= LDH (Lactate
dehydrogenase) assay® SA3FAT. AA7)7HE (fresh~4 weeks

£ 100 ug/mL«] FE 2 PC12 cell lineoll 484759t

group) 53 FEE

pre—incubation 3}l L 10 uM9] &%= 48A]7F incubation

g

sheieh. ]

assay mixtures <

=
=

8ol HgS T4
nm (reference)ol A =43}
(100 uM) 2 A}£31

AE) 9] culture
to] 2

71

1‘61- ]__,—_/

ol

=2 ~= E]»/\]
=3 207t incubationd} %l th.
A &3 5x = 490 nm (determination ) ¢ 690
At =T (positive control)¥= vitamin C

mediumiﬂr SHTE
IN-HCI 10 uL=
%31, cell viabilitys controlel ™3+ % concentration

A

ko3
T,

o8 e
(2) 8 =] Axe B3 a3
AB—induced neurotoxicityol] w3l MXEXE WS FI}= B F3219
749-9F o] LDH (Lactate dehydrogenase) assay@® =43}t A7
8 9l =map FEELS 100 pg/mLe] FEZ PC12 cell lineol] 48A13+%
o} pre—incubation 3J}RIL, I F AB—: 10 uMe == 48A)%F

incubationd}tt. YA A 7] wHI U 2o R 585
o}, g ZTF (positive control)™= 100 puM vitamin CE AFE3F3 L, cel
viability+ controlell W3t % concentration® = YEA

—_

vh, A 21 g d4kst gy sk 54

B wHAAARo Rz Q1 Ao T Fadh Hg e
ANAAES] AP A 7|Q1H = Fow Huw Qlvh AWiE s
H AAMEY AFES amyloid—B protein (AR)el &3k AAAE S A
93] Yety=d], ol AAME S5AL AB—induced oxidative stress
2 A dok 2HBEE =204 Auf Aol oA AF AR o
St ksl ATt gxstolm A X m Ao HAS AWE F e &
A Aol g F8&stA E8d F o te E UHAe #d AFEES
g8t

- 141 -



FZ5 2.5 mLo sodium phosphate buffer(2.5 mL, 200 mM, pH 6.6)
¢} 1% potassium ferricyanide(2.5 mL)E &3A17] & Z3E2 50T A
203 =t vjekA]Zl t}& trichloroacetic acid(2.5 mL, 10%, w/v)S A7}
ste] 650 X goll A 103 AalZeaitt. Al d N (5 mL)el
go]4(5 mL)9F 1% ferric chloride 1 mLE 7N %
UV —spectrophotometer(Shimadzu UV— 1601, Japan)Z ©]-&3}% 700 nm
oA FHFEE SAsI3AT.
(2) DPPH radical scavenging activity
oere®A 1.5x107" M ¥%7} 94 3 DPPH (1,1-diphenyl—2—
picryl—hydrazyl) €9 4 mLA S vortex® 7 U4 £33 t}& 2 L0 A

3027F ¥x)8k & 517 nmol A &3 % (optical density, 0.D.)E =43}

o,

Radical scavenging activity (%) = 1 - x 100

(3) FRAP
o] WFHL colored ferrous tripyridyl triazine complex®l] 23 ferric
ion°] ferrous® A& |# = HAHS EATFO2A Ag W F Fitst
g S5t WHolt AFEHEE AR 300 mM sodium acetate
buffer (pH 3.6)¢} 2,4,6—tri(2—pyridyl) —1,3,5—triazine (TPTZ) reagent, L
a1 20 mM FeClso]¥, TPTZ reagent2 10 mM9 TPTZE 40 mM
HCloll &3)A# ). Acetate buffer, TPTZ reagent 2 FeCls solutions
Egrste] (10 ¢ 1 1, v/v/v) 37ColA 10~15%3F incubation A7+
t}. 2} =57} pre—warmed working FRAP reagentZ 96—well plate©l
L & oF 1587k incubationA] 7] 2L microplate reader (Biorad 3055,
Sweden)E AFE3te] 590 nmolA SH =S SAHSSI T

A w57
g HAFABeR G A AAFES G55 A5
) 27 QA 4L 23tk ol W ARAZAN N
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of #ojdlE= AZHYE EZ (neurotransmitter) 241 2] acetylcholine®] &
ghof] 7]1E =, Xuf #xpo] A9 AGddel H]El acetylcholine® &%
7F m§- @2 Ao g Hux v} (Choi et al., 2004). Acetylcholine<
H ABAEANN F A Gdel os] Eaiet Aol =
Holdte gAhRE B aLEA 9 acetylcholinesterase (AChE)$} g4
a2 X49 choline— acetyltransferase (ChAT)7} —%?Hﬂﬁ} o]# gt o]
=2, A4 A gae) X THH} EeHe] AsE AAAN T oFFLS

2 acetylcholinesterase inhibitor (AChEi)7} A %5 a1 9}% AAolt}, 1
Ay A AgE = ATy Eo] 1 54 59 FAES Uehdthe
Hazb o] 1A|e] A Gol B Aleko] EAlstar ot Hgk X ujE o

PAY A5 F Qe FES dARME A A¥sH A7) oF
(AChEis)E 1 245 d¥ a3lA 71 ALY dA 6t 59 Astde g3}
E YEhdaL vk As AERA F218 87 gl Vs E B
© 7ledst A5 dHE AuE 24 5 v o]L %mia L
A7 Sl & A JaL,

b
al AA 7199 ¢ e Aew ddd
Acetylcholinesterase A 3] &4 =74 & acetylcholine iodideE 7] =
Alg3lo] EllmanH o2 SASIA Y. 84F PC12 AXEw Y 1 mLel|
A3s}E 93k buffer (1 M NaCl, 50 mM MgCls, 1% Triton X—100=3%}+<4
o] 10 mM Tris—HCIZ pH 7.2%4) 5 mLZE #H7}sl9 Gllass—Col
homogenizer= 723}t & FA3E AME LS 10,000 rpmell A 30&
e HAEE slen, 1 AANE AN E fstke] AR&sdl
%%%zg% 4Coﬂ}\1 TS(EO]_Oﬂ Ouz] ii‘]. _9_/\011/] ﬂ—ﬂﬂ?ﬂtﬂ—%]:g
71 913Fe] BCA kit(bicin—choninic acid; Sigma Co., USA)E o]-&
3!, bovine serum albumin® 2 23 HeF Mol F#olo] FqFS 3
Ak AA ARG g 2.38 mg/mL) 10 Lol FE% 10 uLE
o] 37ColA 1587F wrgA|p o, HkS Z3Eo 50 mM  sodium
phosphate buffer(pH 8.0)9l €3&]A]%] Ellman's reaction mixture [0.5 mM
acetylthiocholine, 1 mM 5,5'—dithio—bis (2—nitro benzoic acid)] 70 uLE
7Fek § 405 nmollA 10 E<F 2/ (HA 0 R FHEE SASITH

=

L2 ol Flﬂ
ol
ot rx ol Jw m
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2. 7ML 53 A7
7}. ﬂ%lﬂ_"{*}%ﬂﬂ] 3t 135 &3 =4 (AB—induced neurotoxicityol tiak
s av)
(1) l‘?t—":} =2ko] e gy

PC12 cell viability®= AB A &lol 2l3] control group (100%) thH]
78% 5 YElW il AB—induced neurotoxocityt vitamin Col 2|3 89% =
°F 11% A= AABAE Be 535 Bvh (Fig. 3—1). T3k A& &
o] 7}7] A 9] fresh group (98%)3} A& 1 week group (102%)2] 3 =
2t F&E0| vitamin CEU =& A¥ BE g3(9~11%)E YEeRla 1
ANAME B35 a3 control groupo] WE7F= Ao = eyt vhd
A& 717ko] Ao A 4= (2~4 weeks groups) AB—induced neurotoxocity
of 3t NAMNE HEgahs Fh oz Yolx= Ay (78~82%)5 H
At} 2~4 weeks groups®] cell viability7} o4 o2 Y31 AB—induced
neurotoxocityoﬂ 3k AAAYE HSgIHEsE A Holx &3l o]lf+= =
Z} $Hf active—catechin9] W} Huopb= AF7|F & 1 &Aoo ub
obxl Ao =m Atz drt. a8BuE Hggk AiE EFs7] sliAe I3
of 3% catechinF T < 65% AR TIHEH Aom LA
epigallocatechin gallate (EGCG)E s 3sle] A7t mE gk s)
MNAAE Hegy 9@ ikt S 5o A7t FaE o ofg

(2) & =ake] HE a3

PC12 cell viability:= AB Azl 2l3} control group (100%) thH]
78% % YElW a1 AB—induced neurotoxocitys vitamin Coll <3l 89% =
°F 11% Ax9] AAME Be avs BT (Fig. 3—-2). 3 4G &
o7}7] A< fresh group (98%)3 A& 1 week group (99%)9] < ==f
FEE9| vitamin CEY & A¥ s a9 (9~10%)5 YEWaL 1
NANE Reads B9 5209 499 7‘°l control group®] Wa7h=
Aoz VElRTE HhH A7) zke] Aojd4F (2, 4 weeks groups) AR
—induced neurotoxocity®l]l W3k ANAAE Hogits FHow volXx
= Ay 90%HYE Bt a8 A =39 A$ 3 weeks groupd

cell viability7} 78 =4 YeElSth. %3 2, 4 weeks groups®d A%
w8 =3 giH] 8~10%4 %= =7 L]rE]r o] Axte gk FAAd o
1S uhal7] YeiAe= F AH 7]178 EGCG (active—catechin® % X
BAAWY s S dust 1 B 54 o FUF A 4
Aoz Jaert
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Fig. 3—1. Protective effect of green tea (powder form) hot—water extract
against AB—induced cell death in PC12 cells. Control, untreated control
cultures; Fresh~4 weeks, storage life of green tea. Results shown are
means = SD (72 = 3) and significant difference (2 < 0.05) was observed.
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Fig. 3—2. Protective effect of green tea (leaf form) hot—water extract
against A—induced cell death in PC12 cells. Control, untreated control
cultures; Fresh~4 weeks, storage life of green tea. Results shown are
means = SD (72 = 3) and significant difference (2 < 0.05) was observed.
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U AAAE 9 B4 g3 BE g3 A

AB—induced neurotoxicity®ell thdt = >

Hogas floA dFeddv. oL A3 B 5448k o) 55X
Ao =

A 2717 (fresh, 1 week group)®] Zo] Au)# o gIE
Zhs A2 yebgth 3 AGA L] 4 A os wE lipid
S SFEta 9al o]E AHE Al AEH Ao wlg- FHokdk txF EAJo)
g A7) AAME Hoaaet AAAEee] BAE Lol iz}t o}
=9 AFE P},

(1) B2 Hxto] A Bs g3

AB Aol 9& PC12 cell membrane 3} = 213k LDH releases
control group WH] 20% (membrane destruction)”} =4 eI, AR
—induced membrane destruction< vitamin Col| 2]& control group T
o YolHogx AAMEYL BIFINE HAFT (Fig. 3-3). E3]
AA717PE 53 55 (fresh~4 weeks groups)ol <] 3F /\]ﬁxﬂﬁ”‘ B
Tade #FEAeH, 1 e Hud 24 yeEa. 53 A% 3,
4 weeks groups< 7Fg =2 MEXT BE g8 Ho FAY ol Al
AAE A0 st AABHE B35l Ayet= thh ARtEHE ygow
ofe ok Bl FAAL AF7F Fash o= woEh @x MTT
assay®} LDH assay?] AdA<l EH ol o3& yelvb= A31A] ofyH
Wi A E 2419 phenolic compoundsol] 23k YSllx| = BWElx] oF
th Fe B I3k FEE0] A7)zt A #AIGle] vitamin CERTFE
=S AAAED 34 (PC12 cell 9529 LDH release Aslsd)S =
oAF=dl, ol JAl A%71ZPE phenolics 574 Wstol gk F7bH<l
AT7F B o & Aoz By,
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40 4

LDH release into medium (%)

20

Control  Ap  Vitamin C fresh 1 2 3 4
10 uM 100 pM week weeks _weeks weeks
100 pg/mL

Fig. 3—3. Inhibition effect of LDH release of green tea (powder form)
hot—water extract on AB—induced membrane damage in PC12 cells.
Control, untreated control cultures; Fresh~4 weeks, storage life of green
tea. All data are presented as the means £ SD (# = 3). Statistical
analysis indicated that the influence of extracts used had significant
effect on AB—induced membrane toxicity (LDH release) (2 < 0.05).

LDH assayE &3 &+ 52 %52 AB—induced neurotoxicity®l T
s X HE g3E 3lstr] 93l trypan blue dye exclusion assays
F7vE st AFA7| 7 (fresh~4 weeks group) HaF FEES
100 pg/mLe] =& PC12 cell lineo| 484752t pre—incubation 3}%aL,
I % ABE 10 uMe] sXEZ 24A%F incubationdFATE wl% F o] A
°] PC12 cell?} 0.4% trypan blue dyeZ &0 & 3}lo] 10E7F incubation
3}al, ©]& optical microscoped &3l viable cell& countingd}3it}. o
Z7 (positive control)&= GA] 5L3}A vitamin C (100 uM)E AF-&3F
t}. Control group®] T2 assay®t 28 100%7F obd ZH2 optical
microscope@® ¥#sto] HAA| MXE F viable cell?tS countingdle] %=
el 7] wiolth A= AR A gl 98] PC12 cell membrane = 2l
St trypan blue dye staining cell 2% XA X3k cellol] HIE] AFEE AL
= yekstgith

Control group> AA AE F 90% A =7} viable cell2 YEI & A
% 10%%re] A7 7] T AA APEEe 2A3E HAFA vHAE ARE
28] 3k groupe control group WH] 13%°9 217 A ZAME S FukslSd oL,

AB—induced membrane destructione vitamin C (91%)°l] <]&] control
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group o=
3-2). A%7|zk

] fresh~4 weeks groups)ell &3k 217 A &
9 HEagyE Bz

(
), 71 @3+ vitamin Co &I} AAH o=
ro W gdte] AR HaE a=2A e

Table 3—2. Protective effects of green tea (powder form) hot—water

extract on AB—induced membrane damage in PC12 cells

1 2 3 4
i i fresh
Control AR Vitamin € week weeks weeks | weeks'
10 uM 100 uM 100 pg/mL’
5 93.3% 95.6x 93.5% 94.9+ 96.2+
90.3£2.3" | 77.9£0.6 | 91.0%£1.6
1.8 1.1 1.5 1.5 2.4

Vitamin C (100 uM) was applied as positive control. Data are presented as mean * SD for 1
representative triplicate determination and are expressed as the percent survival compared to the
corresponding controls (2 < 0.05). "Aw 0.83, 'storage life, “sample concentration, *% value

(2) & =] Alxe B35 753
AB Al 93] PC12 cell membrane 3+ Z 213 LDH releaset
control group WH] 20% (membrane destruction)”} =4 WeESI, AR
—induced membrane destruction< vitamin Col 93l control group I+
o7 golyoax AAMEY BFEHNE HAFAT (Fig. 3—4). 53]
AG7|1ZHE 52} FEFE (fresh~4 weeks groups)oll 23 AZAEe 1
= #AFEJEY, A 15 (1 week group)? o HA FEE0]
o & AAAEY Haads 7ML e Aew yEew
I FE=E9 AR FAsHA AA7|zrel] =LA J&ﬁ]w«]
vitamin CHU%E =& AAAMEZE &4 (PC12 cell 9%Z2 LDH
release Ade8)S HAFAE=H, o] 9A AF7|ZHE phenolics 54
Wt gk F7EA Sl A 7F WalE oo & Zow HTh
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Fig. 3—4. Inhibition effect of LDH release of green tea (leaf form)
hot—water extract on AB—induced membrane damage in PC12 cells.
Control, untreated control cultures; Fresh~4 weeks, storage life of green
tea. All data are presented as the means = SD (n = 3). Statistical
analysis indicated that the influence of extracts used had significant
effect on AB—induced membrane toxicity (LDH release) (2 < 0.05).

LDH assayE &3l & =2 &9 AB—induced neurotoxicity®l] T
g AEE BE gadE glstr] 98] 9 sYsHAl trypan blue dye
exclusion assayS F7} 333t}

Control group< AA AXE T 90%E =7} viable cell® YERRIL
A F 10%7o] A 7|7F 2 A AEEE APE HoFQu)h uhd
BE A3t groupS control group THH] 13%9] Al AMEAPES f2

%}\

1=

31, AB—induced membrane destruction< vitamin C (91%)°] 2
control group O 2 3EBHOZA AAFAEY B FHE HAFS
(Table 3—3). A&7|7HH 9 =2} F=%& (fresh~4 weeks groups)®l 2]
B AZAEY REEINE 94 BRALEY, 7 ERE BY 22 2E
2o 799} o vitamin Co) EI9 AAH o= FASA heheth 1

—E%‘-‘?ﬁu>rﬁ

23l PC12 celldl tigh AABAEY HEgye] FEr vluwA 124 o
Ebe 54S nelFglon o w3 B ¥T =3 FEENT
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Table 3—3. Protective effects of green tea (leaf form) hot—water extract

on AB—induced membrane damage in PC12 cells

1 2 3 4
fresh .
AR Vitamin C week weeks | weeks | weeks
Control 10 uM 100 uM
" . 100 pg/ml?

90.34+2.3° | 77.940.6 | 91.0£1.6
4 1 4 2 5

95.4%£3. | 96.3%x1. | 95.9£2. | 96.7£2. | 97.9%2.

Vitamin C (100 uM) was applied as positive control. Data are presented as mean * SD for 1

representative triplicate determination and are expressed as the percent survival compared to the

corresponding controls (2 < 0.05). "Aw 0.83, 'storage life, “sample concentration, *% value
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th A 2 mE st a3 ws 54

=2} samples R 3 AFQ Fresh'HE zHzhe] EIAEE (Aw
0.81, 0.69, and 0.23) % 45F7MA] A AstHA 1+ tAo 2 =3 Qv Bt
FE=o g kst APs AAsiit e
radical scavenging activity, FRAP assay, =L
radical scavenging activityoll A9 A3}+= A &7|3F (fresh~4 weeks) 3}
TugddEE Aols R F fle AR A AFVIES 3VERE
AzAstaL, A% 23104 A% (2, 4C, and —20C) xS F7F
2 A v 37k AE S ekl

=
T
(o,
i)
)
ao)
g
s
~—
=
o5}
=
wm

superoxide anion

(71 < ZAke] e

3INAZT g2, W§g 4C), 28 Fs (—200)eA A =4t
A5 (7T0C)FZE] w55 747 gEstd Hrtet & 550125 34
71 S8 e FAHT A= v (Fig. 3-5 ~ 3-7)3 2t} sl g
o] FHE FA= 1 AAVE AR FAES e, F& At}
q& 7HA 17} =4 depdh Al 7 A%

o,
=

BN
-
uls
ol
o
=8
lo
rr
N

o 8 2
o
riet

7} AE7E o @A moAlE S B 5 UATh

=
el
A
ug/mLAAM = 7HE =2 ks g oz A9 skdgo] YEeRG
el
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o
T AT e R T g Aol AP gt A
shAl YEbgeh ofnk WA (4C)2719] 1,000 ug/mL F =0l A
T 0.239 EF FE=E0] dUHoR 7MY T dYESs U
o2 HAY, Iy A3 We A= 1,000 ug/mLolA
patterng Holil Qom T & Yo FREIEHE X
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1 Aw 0.81
Aw 0.69
B Aw 0.23

0.D. (700 nm)

Concentration (p g/mL)

Fig. 3—5. Reducing power of 70C distilled water extracts from green tea
leaves. The reducing power was performed after 3 months storing at

room temparature. Values represent the means (n = 3) = S.D.

1 AwO0.81
Aw 0.69
B Aw 0.23

0.D. (700 nm)

Concentration (u g/mL)

Fig. 3—6. Reducing power of 70C distilled water extracts from green tea
leaves. The reducing power was performed after 3 months storing at 4C.

Values represent the means (n = 3) = S.D.
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Fig. 3—7. Reducing power of 70C distilled water extracts from green tea
leaves. The reducing power was performed after 3 months storing at —2
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phenolic compounds (catechins ¥3%}) 8&%o] W2 ZoA 7]d¥ o
2 F=H T 539 Fo YA AELS catechinso® & A i
gom, 6FF2e catechin isoforms o4 EGCG (epigallocatechin
gallate) Adito] oF 65%5 AAst= Ao= d# A At (Lee 2008;
Pilar et al., 2008; Shon et al., 2004). Tl&o] X} catechins =l A
EGCG2] &4tslzlo] ECG (epicatechin gallate) Th&o] F WAl Aoz

B3 (Wang et al., 2001; Choi et al., 2003)5 1. gJom = & s-d& 9
Z7}= EGCGol 93 3aksl auz Alagdrt, B8 531 9 FEHE9
A8 A4y 5 B AFFzA9 A3 (Fig 3—6)°4] 1,000 ug/mLe 5%
o] kol tigk etk 7|2 Ay Y] el E FEE x33E A
g T4 I oA 2 Fx2F Wslete] dAE A
= F7F4Q Ay oSt Aow ddHy. a8y o] Aye B i
2 FEE WA Ao vlusE o & 9guE A= X A
o7 AtgH )
8

1 AwO0.81

z2 Aw 0.69

B3 Aw 0.23

Concentration (u g/mL)

Fig. 3—8. Reducing power of 70C distilled water extracts from green tea
powder. The reducing power was performed after 3 months storing at

room temperature. Values represent the means (n = 3) £ S.D.
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1 Aw 0.81
Aw 0.69
B Aw 0.23

0.D. (700 nm)

Concentration (u g/mL)
Fig. 3—9. Reducing power of 70C distilled water extracts from green tea

powder. The reducing power was performed after 3 months storing at

4°C. Values represent the means (n = 3) £ S.D.

[ Aw 0.81
vzzz2 Aw 0.69
B Aw 0.23

0.D. (700 nm)

Concentration (u g/mL)

Fig. 3—10. Reducing power of 70C distilled water extracts from green tea
powder. The reducing power was performed after 3 months storing at

—20°C. Values represent the means (n = 3) £ S.D.
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(2) DPPH Radical scavenging assay

(7}) & =xF2] DPPH radical scavenging activity

=31 o) ¢ FELE (70C distilled water)S ©]83te] DPPH radical
scavenging activitiesE 43+ A¥}+= v (Fig. 3—11 ~ 3—13)3 a1,
DPPH radical scavenging activity 54 93t 212 w54 Ay =1
= X3ete] A7E A9 sdeith AR @ SRS Bl
125 ug/mL7MAl = & 9&24 07 radical scavenging activity’} =7}s}h
= 2o Hola, 1 ol F% (250~10,000 ug/mL)ol A= 2F 80~90%
Arol Hy gz 2AGAAS YA 9 o] wEe|EA &4
=7} patterne HolX| & ATt HFE Ho &4 HL A FEEAHE
e zpol= AR FAIE gl WSl e Ao®E yERT

120

1 AwO0.81
Aw 0.69
100 1| B2 Aw 0.23

Reduction of DPPH radicals (%)

Concentration (u g/mL)

Fig. 3—11. DPPH radical scavenging activities of 70C distilled water
extracts from green tea leaves. The DPPH radical scavenging activities
was performed after 3 months storing at room temperature. Values

represent the means (n = 3) = S.D.
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120

[ Aw0.81
Aw 0.69
100 | B Aw 0.23

Reduction of DPPH radicals (%)

62 500 1,000

Concentration (4 g/mL)
Fig. 3—12. DPPH radical scavenging activities of 70C distilled water
extracts from green tea leaves. The DPPH radical scavenging activities
was performed after 3 months storing at 4°C. Values represent the means
(n = 3) £ S.D.

120

[ Aw0.81
Aw 0.69
100 | B2 Aw 0.23

Reduction of DPPH radicals (%)

15 31 62

Concentration (u g/mL)
Fig. 3—13. DPPH radical scavenging activities of 70C distilled water
extracts from green tea leaves. The DPPH radical scavenging activities
was performed after 3 months storing at —20C. Values represent the
means (n = 3) = S.D.
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(W) &% =x9] DPPH radical scavenging activity
Z E5xe] EF FEERE sYd X27olA DPPH  radical
scavenging activityS 543Gt 27] AF 5%<2 15 ug/mLF¥E 100
ug/mL7HA = Aol FREd e a9 BARle]l dB8d % 9
=4 PAE HAFAY (Fig. 3—14 ~ 3—-16). ©h¥k 100 ug/mL ©]/d2] &
%21 125~1,000 ug/mLell 4] ] radical scavenging activiy® E43¥ =
Al B o]de] gtz 275 S7hs HolA FUtt ol FHAf ¢l
Al AL pattern© = H It}
Ty B HA FEEY Ade 53 FEE9 A3} v
R 7HA Aol S Holal 9tk ¢4 DPPH A
A w5 AT A YeRdtE FHeolth Ak d FEEY H
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«] YT A s AT oAM= 18~63%9 24
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120

[ Aw0.81
Aw 0.69
100 | B Aw 0.23

Reduction of DPPH radicals (%)

62

Concentration (u g/mL)
Fig. 3—14. DPPH radical scavenging activities of 70C distilled water
extracts from green tea powder. The DPPH radical scavenging activities
was performed after 3 months storing at room temperature. Values

represent the means (n = 3) = S.D.

120

[ Aw0.81
Aw 0.69
100 1| =& Aw 0.23

Reduction of DPPH radicals (%)

62

Concentration (u g/mL)
Fig. 3—15. DPPH radical scavenging activities of 70C distilled water
extracts from green tea powder. The DPPH radical scavenging activities
was performed after 3 months storing at 4C. Values represent the means
(n = 3) £ S.D.
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120

1 Aw0.81
Aw 0.69
100 | BB Aw 0.23

Reduction of DPPH radicals (%)

62 100 500 1,000

Concentration (u g/mL)

Fig. 3—16. DPPH radical scavenging activities of 70C distilled water
extracts from green tea powder. The DPPH radical scavenging activities
was performed after 3 months storing at —20C. Values represent the
means (n = 3) £ S.D.

(3) FRAP =4
(7H) o 5Ake] FRAP 54
FRAP (Ferric reducing/antioxidant power) assayt H|1l% Lo
Mae ‘F dAksts SAHAYW R v pHA kAl o8| ferric
tripyridyltrizaine (Fe’*—TPTZ) 347} ferrous tripyridyltriazine
(Fe* —TPTZ)o.& ¥ HE)S o] &3 Ao g Yo 3atsiart
S 7HA L Atk Aol #ZRbste] s o Xl wholt). HAp ¢l
70C distilled water)S ©]83}o] FRAP assayell ¢3g+ a4k

¢

dF FE2= (

3t FAS A3 A= 0 (Fig. 3—17 ~ 3—-19)3 £} A3 &%
T3S SAs el TES fusts 398 Ayt fAEA, H3b
o A FEE FE7F Sl wel FRAPHO o &Akst A¥ e
XA X oEGES HAFAT 53 Hul AHg wE<0 1,000

Helt} thutk FRAP assayol A

o
ug/mLellA e Gaksled & HoFolal, o Ay Aol i
1= = o=
ARl A% 2=7F Sobd 45 500 ug/ml o]7de] A



o w1 FrhEe] 2 vehdE ¥ % dla, 1 AnE -20C
of WE AgzAdelAe] 1,000 ug/ml Aeliel Barshee] g w0
etk E@ FREYE AR PRI dolsk wAAEH, 500
ug/mL o]Fe] s% Aol FEEd=7 0.81 olste] =712 0.69¢
0.23¢] FEEAA JGoR $58 Fus 5ol vetur,

[ Aw 0.81
Aw 0.69
B Aw 0.23

0.D. (593 nm)
N

Concentration (u g/mL)

Fig. 3—17. FRAP (Ferric reducing/antioxidant power) assay of 70C
distilled water extracts from green tea leaves. The FRAP assay was
performed after 3 months storing at room temperature. Values represent
the means (n = 3) = S.D.
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I Aw0.81
Aw 0.69
B2 Aw 0.23

0O.D. (593 nm)

15 31 62 10 12 250 50 1,0
Concentration (u g/mL)

Fig. 3—18. FRAP (Ferric reducing/antioxidant power) assay of 70T

distilled water extracts from green tea leaves. The FRAP assay was

performed after 3 months storing at 4C. Values represent the means (n

= 3) £ S.D.

1 Aw 0.81
Aw 0.69
B Aw 0.23

0.D. (593 nm)

Concentration (u g/mL)
Fig. 3—19. FRAP (Ferric reducing/antioxidant power) assay of 70C
distilled water extracts from green tea leaves. The FRAP assay was
performed after 3 months storing at —20°C. Values represent the means

(n = 3) £ S.D.

- 162 —



3

A3

=
=

=
=

Ao 4 FRAP assay

Fe] FRAP

M o) o B ool ® T oM oI
I T N
=0

mﬂﬂt% HEM%M&ME
Oﬁ]ﬂll e X X]FOT
LIEW ,LI,UIMﬂEﬂAI_Xﬁo
_ioE Viproﬂoioiﬁ
Tl ww e
SR e R
N o o ER A 7w
TR %o ROH w MR oo
™ —_ = 1 ‘Ul
~ﬂ./|o %_IXFOﬂ.o wMM_AIQL

ne o . )
e L TENEEFE
L2y Tgezioa’
50 8 O ]waWWﬂL&LwWHtoi_
£ 23 = Mo T
Z o _dnmﬂLooTnv.E_/
T8 x g X R I
Sl S

By — )

WWL%%@%%ME%Q
e mw e e w N —
SENT AT e T oy T EES
7@&;%%@%%%(mﬂﬂ 222
R Rl S - I 188
%1%%%PW&M%@Q A A
A EEEESS T s i oo
ﬂ%w;lﬁﬁwwwﬁi#m
ﬁEoT ‘m-r,_‘.kl,_ﬂ] o
I N N BN

ERCT I . T T e
T o e 0 R B R = I

125 250 500 1,000

100
Concentration (u g/mL)
- 163 —

62

31

15
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distilled water extracts from green tea powder. The FRAP assay was

Fig. 3—20. FRAP (Ferric reducing/antioxidant power) assay of 70T
performed after 3 months storing at room temperature. Values represent

the means (n



[ Aw 0.81
Aw 0.69
B Aw 0.23

0.D. (593 nm)

g AR 2k
15 31 62 100 125 250 500 1,000

Concentration (4 g/mL)
Fig. 3—21. FRAP (Ferric reducing/antioxidant power) assay of 70T
distilled water extracts from green tea powder. The FRAP assay was
performed after 3 months storing at 4C. Values represent the means (n

= 3) £ S.D.

[ Aw 0.81
Aw 0.69
B Aw 0.23

0.D. (593 nm)

Concentration (u g/mL)
Fig. 3—22. FRAP (Ferric reducing/antioxidant power) assay of 70T
distilled water extracts from green tea powder. The FRAP assay was

performed after 3 months storing at —20°C. Values represent the means

(n = 3) £ SD.
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A5 Qokstd, MY AFete T AL FEgA 9
z}o]E o] 399, DPPH radical scavenging activity, —22]al FRAP
B A AEE SAS A9e g5 2ol 8o & Ak
MY AR AFxzdAANE AF 2% 2 FEEAAEY Zo|7t itst
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B o BHus 229 AEHrt o 95 slow ddEy. gEe] sS4t
o] Fo RHUTAY AEL catechinso® IHAIL lom, 6FF
catechin isoforms Z°ll4 EGCG (epigallocatechin gallate) ZJ¥-o] <F
65%E 2HAsHE ZoR dH A vk W XA} catechins ol A
EGCGY] &4tslel o] ECG (epicatechin gallate) The-2] F WHAIQl Fo&
Huxa glenz g =l F7H= EGCGe 93 dilsl ay=
add o]‘jr %i 37FA] &Akst A3 Zhel] Hol= wBE xfolE v
3171 Yalldes A3 8-S mechanismS A2 L a7t Q) o]E A
= TFEE Ef‘“ﬂ Aelgddwtel sA4H A 2ddAY 1 724

of 3]
waiste] #AE Aul FbQ) ATt Wey dow wud

T

g} A A AEEZ (acetylcholine) #3384 (acetylcholinesterase )l
st Aslad 54
(1) 9 =xF FEE9 acetylcholinesteraseol] 3l # &l &}
[e)

w2k oS AFEA H (FEZAE: 0.83, 0.69, and 0.23; A&7]|3H:
fresh~4 weeks))® 8]5}9] acetylcholinesterase inhibitory (AChE1)
effecte SAATE. SAHES 98 ZF sampled] €5 F== (70T

distilled water) 2] %Et 100, 500, and 1,000 ug/mL= ——yLﬁ—o}O% =rd

R

st a4 As FHS %'H positive control fr_/\i BW284¢51 0.1 mM=
g&slon, 1 AFHaHdE 80~90% A== AT F AT AL
2 10%& AASIY. Positive control24 2] BW284c51¢] AChE]
activitys= ¢F 849% AEFom olo] H|F Hx o FEFE = 100, 500
ug/mLe AHZ S fresh sampled E¢ FEES AYdlis EF
AChEi A3l &7do] 79 glas Yebillth. & fresh sample®] 497}
100 ug/mL¥} 500 ug/mLollAl 247} 5%, 25%2] AChEi activityE YEFR
o 22y ZF sampled] tidt € =59 Ag %7 1,000 ug/mLel
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ME dA A o5 AChEL activity7F 3~42% AEZ AH o=z A Ay
A}, 53] fresh sample®] A-$-7F 71 =& 42%2 a4 AHEA

o
= BT, Urt‘ix] X471 sample?] FEELS UIF-E 10% W<
of AAA FAHE Yelith A 43719 i%zﬁcﬂw =2t o 4
T _%%%4 AChEi &3+= fresh sampledr] 5% 9J&% <l patterns

HAow (5~42%), YHA AF=A (XV%WVJ ! FESAAE)E ATt
M= 1,000 ug/mLE ALetas EHE aioAd SAEE BT -
AT

100

T 1 BW284C51
§ 80 M WzzZ Fresh
=2 BB Aw 0.81
B Y Aw 0.69
4 60 E= Aw0.23
[$]
P-4
7}
£ 40
©
j=2)
©
820
£
(5}
g o
2
2
= 20
-40

T T T T T T
BW284C51 Fresh 1 week 2 week 3 week 4 week
0.1 mM

100 p g/mL

Storage Time (week)

Fig. 3—23. Inhibitory effect on AChE activities of green tea leaves
extracted by using 70T distilled water. The enzyme activity was
calculated as compared to the control activity (100%). Sample
concentration was 100 ug/mL. Values represent the means (n = 3) + S.D.
BW 284c¢51 [1,5—bis (4—allyldimethylammoniumphenyl) —pentane—3—one
dibromide]: the specific AChE inhibitor. Concentration was 0.1 mM.
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1 BW284C51
mi Fresh
B Aw 0.81
Aw 0.69
E=3 Aw0.23

80

60

40

20

Inhibitory effect against AChE (% value)

-20 T T T T T T

BW284C51 Fresh 1 week 2 week 3 week 4 week
0.1 mM

500 p g/mL
Fig. 3—24. Inhibitory effect on AChE activities of green tea leaves
extracted by using 70T distilled water. The enzyme activity was
calculated as compared to the control activity (100%). Sample

concentration was 500 ug/mL. Values represent the means (n = 3) + S.D.

100

[ BW284C51
Fresh

= B AW 0.81
80 AW 0.69 —
E== Aw 0.23

60

40

20

Inhibitory effect against AChE (% value)

i

BW284C51 Fresh Tweek 2week 3 week 4 week
0.1 mM

1,000 p g/mL

Fig. 3—25. Inhibitory effect on AChE activities of green tea leaves
extracted by using 70C distilled water. The enzyme activity was
calculated as compared to the control activity (100%). Sample

concentration was 1,000 ug/mL. Values represent the means (n = 3) *
S.D.
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Hxb 9l ' 3fERr AAetEA 1 AFxoR FEREA
(0.81, 0.69, and 0.23)¢} 8 AZL% (A2 4C, and —20C)FAS
7k2 FA8te] AChEi activity® FAsIR 2 1 A¥e= oo Z2u
(Fig. 3—26 ~ 3—-28). AFeE =AH RE 23 A positive control?l
BW284c51 0.1 mM A g]+& @A A3 A (AChEI activity)o] 2F 89%
AER3L, 100 ug/mLet 500 ug/mL A+ TAHA FoxE 1T
W 20% WJe] AChEi activity® HEAt}t =32k 2 4+ F=E 1,000
ug/mL A& A Ao ® 3% AChEL activityE YERHTh 1

g 3L A sample 550 ek Auts= 457 A3 sample

o] FEEH= th Hold ARE HAFAEY, 4 FEEHE 24
A TR gEHC iR B BRE AFLEE 2 HoFEAT
HEo] A4 Fod& 189S o, ¥521d (-200)S AYstae
TogdE 0817 0.239] €7 FEE°] FEEAHE 0698 2> a4
A =S JeEWlal FEEAHE 0.813 0.239 93 &4 As) DA
T ozl A9 gl o=z dAddHr
Qoksti, 457HA 9] A NA FHAb QY = 4 FEE9
5 E3] 1,000

AChEi activity® fresh 2719 F&&9o| 7P 4313 o 53]
ug/mLe] askeld Hu ma A 24

3—-24). 3/MNE7HA o AN = FEE
S B 7 AR, 9A 7HE A" F 1,000 ug/mL2] 74
97} A &aAe &4 (AChEi activity)S YeERIL 1Atk obvk 370
4 AFEAL 100 283 500 ug/ml FE HEi oA 20% <]

AChEi effect7} YeEpt A3, FEIAHE 0.813 0.239] =3} o) I F

&9 AUHoR =& aiAd Sz v Wl Aedd AE
o thgt A& <2l characterization 17} X|&Eookst= HRAS HY]

= Aew Atgdn.
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100

- [ BW284C51
Aw 0.81
80 B Aw 0.69
Aw 0.23

60

40

Inhibitory effect against AChE (%)

20

BW284C51 100 500 1000
0.1 mM .
Concentration (u g/mL)

Fig. 3—26. Inhibitory effect on AChE activities of green tea leaves
extracted by using 70C distilled water. The enzyme activity was
calculated as compared to the control activity (100%). Enzymatic assay
was performed after 3 months storing at room temperature. Values
represent the means (n = 3) = S.D.

100

— [ BW284C51
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BW284C51 100 500 1000
0.1 mM

Concentration (u g/mL)
Fig. 3—27. Inhibitory effect on AChE activities of green tea leaves
extracted by using 70T distilled water. The enzyme activity was
calculated as compared to the control activity (100%). Enzymatic assay

was performed after 3 months storing at 4°C. Values represent the means
(n = 3) £ SD.
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100

_ [ BW284C51
Aw 0.81
B Aw 0.69
Aw 0.23

80

60

40

20

Inhibitory effect against AChE (%)

BW284C51
0.1 mM

1000

Concentration (u g/mL)

Fig. 3—28. Inhibitory effect on AChE activities of green tea leaves
extracted by using 70T distilled water. The enzyme activity was
calculated as compared to the control activity (100%). Enzymatic assay
was performed after 3 months storing at —20C. Values represent the
means (n = 3) £ S.D.

FE=9 acetylcholinesterase®l] thgh A3l a3}
A4 FEE (70T distilled water) H3gF =532 Qlo] 23]
2] 4|3} AChEi effect (acetylcholinesterase # 3l & 3})
At (Fig. 3—29 ~ 3-31). Z+7be] &84 %= (0.81, 0.69, and
0.23)F %t fresh & H2HH 4570 A &% 525 100, 500,
and 1,000 ug/mL & %& <H| 8} 1, positive control®4 BW284c51 0.1
mME 28313t} 52 9o A9 A5, positive control®] &AA
3l &% (AChEi activity) 80~90%E5 FET & U=FH WEAS
10 min A3t % 5212 100 ug/mL 5% A8 7ol 4+= freshdh
sample®] €4 FEE9 a3l dEE #HEHA] i, 1~4F A%
g FEEAA 20~25%9 EAAHNGYEE BT ol =
P wg- mEg Ao® gy ol 1 xloje FAR F Qe T
= Atz gk (Fig. 3—-29). Figure 3—29°14 & & & &% 52 500
3|

ug/mL % A o A= fresh sample®] € F=5=°] 1898 =° &
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AAE GRS HERHAL, 1~45 A #8 5219 I FEES o
27~39%°] AChEi activity® YWeFHT. 53] 100 ug/mL X2 thH]
frsh sample®] & FE&E9 TihAN A= FHg 77 #FES
L, 1~4F AHE sample FEEINAE FEEAHAE 0815 2= B =
AFe] 4 FEE0] oF 38% AHE9 AChEi activityE YeERWT £ =
2 43 9] F%7F 1,000 ug/mLAEH AF}A M= fresh sample®

=
aaAg FHET 36%= US F7HHY TR % 9JEX AChEI
activity & HAF} (Fig. 3—30). &0 1~4F AFH & 53 5
o AedAE asAdl G459 F7F BEFS UERAN, 53] 7
Szt sampled] @ FEE9 217l F7} pattern (40
b ok 54p Qle] A FEES AS, @A fresh
= om (5~42%), YA A%
- oA += 1,000 ug/mL (20% w7k
«1 a4 Xisﬂ =) E Zﬂﬂé}ﬂ% HoE a4aAdEd SHEE T
St (Fig. 3—-25).

A= 2k Q3 B 52k 2552 A3 AM fresh sample®] AChEi
activitys= FAFSHAl WEbow, A7 2 SRR A% 2719
o3t ol M= RT Hap FEFEQ aiAd SRV JUHozn §-
FolAl UErETE o= Al FEE et 5AF sample®] W EW A Abo]

ofst A e F&F aEodA 7IRlEE AR wrtHT). 53
= 7 7HA AEERP maAs =T & 9
Z Yest. 28y B s539 A= fresh sample
< 2t sampleo] Aoz © -3 AChEi
activity® HoF Zow dddth gt 45:7k0] Fe AT =
AdA = AG713re] e aaA ] S E zto]le= HAEA Fdrh
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100 p g/mL
Fig. 3—29. Inhibitory effect on AChE activities of green tea powder
extracted by using 70T distilled water. The enzyme activity was
calculated as compared to the control activity (100%). Sample

concentration was 100 ug/mL. Values represent the means (n = 3) + S.D.
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Inhibitory effect against AChE (% value)
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T T

BW284C51 Fresh 1 week 2 week 3 week 4 week
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500 p g/mL
Fig. 3—30. Inhibitory effect on AChE activities of green tea powder
extracted by using 70T distilled water. The enzyme activity was
calculated as compared to the control activity (100%). Sample

concentration was 500 ug/mL. Values represent the means (n = 3) *+ S.D.
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Fig. 3—31. Inhibitory effect on AChE activities of green tea powder
extracted by using 70C distilled water. The enzyme activity was
calculated as compared to the control activity (100%). Sample
concentration was 1,000 ug/mL. Values represent the means (n = 3) *
S.D.
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extracted by using 70C distilled water.
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calculated as compared to the control activity (100%). Enzymatic assay
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was performed after 3 months storing at room temperature.
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Fig. 3—33. Inhibitory effect on AChE activities of green tea powder
extracted by using 70C distilled water. The enzyme activity was
calculated as compared to the control activity (100%). Enzymatic assay
was performed after 3 months storing at 4°C. Values represent the means
(n = 3) £ S.D.
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Fig. 3—34. Inhibitory effect on AChE activities of green tea powder
extracted by using 70T distilled water. The enzyme activity was
calculated as compared to the control activity (100%). Enzymatic assay
was performed after 3 months storing at —20C. Values represent the
means (n = 3) £ S.D.
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A wHAAZAZo 7o Au] NAHEaHE H
(acetylcholinesterase)ol 3t a4 A& A EE 7]
A ] AFzANA HAb 9o 2 dF FEECS AChEL activity®
fresh 2719 FEE0] 7H4 ¢ o™ 53] 1,000 ug/mLe] L5 %=
A Ao 54 A 4 (42%)°] YERSTE (Fig. 3—35). 371€7k41 9] A
Az E FEINEE 5 JEAQ gaAd A4S 2 5 Y
a, 9A 7P A FE7F =2 1,000 ug/mLel AS-7F HAdl aA )
gd (AChED activity)S YER I . vt 3701€ Ad=x=79] 100 2
2] 500 ug/mL &% Al A 20% W9l AChED effect’} YERt
A3, FEBAE 0817 0.23 54 o A5 258 gUHow L &
A B4Eel WA 9L AABY AR o TAAR
characterization 77} A &Fojofsls DA W= oz Alsd

T3 3ME A 5 FAHI B 5219 AChED activity:s A% 2%
o] W& Aol= AA FL Ao FHEHA| W FRIAA L ol FE
AE 0819 aiA3 LT dudeR $7ES & 5 Ut 53
TEIAAE 0.239 94 FEE°] 47 AA3 sample FF° vl&] a4
d A=t Al FEE FHeR AAREHAN o]& Rlsy] fdA= A

Fxw Aeey 2 Tz .
= gebdnh =3 e x4 53 o FEEe] Hs] acetylcholin-
esterase a4Ad FHYEE Bk =319 A

Ni

o] §-43 Ao Wl
AAHFoz =2k o FE5E Huys &8 53 FE5E9 497F 11
31 A A% sample B.th= fresh sample®] AChEi activity7} Atz o= =
% o= AP =EY FEEeAY AYgd =49
characterization W3} oA 7]y = Ao g FAorET) T3l H A
oA s A oA, 4573 B2 AF7]|zke] 3719 Az
Ho= 953 a4As)] s Uepllt 284 % S &
BT 0.819 2SS 2= sampled Aol @37} vl -3, 3714
st Bl A eE 20 GaAs] B 2 Al E melt
842 AgshA] Eoh oEk Lo 7 Hos dEidEe] A
Fxo] tha 53 Ao = dAdE
T MY AFEAE 7VFoR g4 &4 (AChED I 43t
A3E vlustA, 3749 Az o= W SRR A
ol7} @atsl FAHEoE AA 7|olEtR] Kb Aoz dgdt Ao

AN EAS Bt} gEHos FE53 5 =X
+ A5 sE7F 0% Fa3 A
A

—h

T b
ok

X'E —~
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Al 4 A AFETG o] F2AFS] AT A2

URe

o

L @74 38 W&

7h = 2p Az

24 mapbeEe] wAe AW AxHs mas e 22 dHeR
A AT F, A AE 1 g 100 mLo] TFHFE FL& FE(70T)0A
5t FEetlon, AxE 7t A= whatman No. 1 oJ#A| =2 o] 35}
ZHzre] ofpel s Bl ARgsglon, gk Aldat 33 b Adds AA
AT =2k &5 A Ao Ao 4 53 FE=s 15 mLe 4
S71 12 mLA wo} 4Collq Asivt. A% 2ol Yl Afekto] 75
o= fel §718 €FvE TR gor, A4 AT A= wA 55
S % w2 87 AL VrRE =o¥la, REml C A7k 30

. & dle g

=xkol EAEE F dlE gdHS SAHI

Fste] 2% (w/v) NaxCOz&< 1 mLE 7star 3E3F WX3g & 50%
Folin—Ciocalteu A< 0.2 mLE 7}3le] ¥H-&-AlA =
th o] T¥=S 10E3F 13,400x gl A A4 Ee e &, 4o 1 mLE
o 750 nmelA FFE=E FA3IAHGutfinger, 1981). ¥ #&E FTHF2
gallic acid& ©]-&3dte] A3 FFFACE mg/g G912 HebAY (Fig.
4-1).

= Stk g 78‘*?401]% Zy =2k AlgE 1 mLE Fske] 2.0% vanillin
(8.0% methanolic HC)&9 5.0 mLE 7}3}] 2057 420 A ¥k A7l &
PzS

500 nmoll Al &P == %?‘3‘3} ﬂljf(Prlce et al., 1978). (+)-7}e71& #FE4
2 3l AEaAS s F FEhile 5SS AASESl Yt (Fig., 4-2).
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ofA~mEH AL g BAS 9l HAaF AJE 1 mLE 10%-7F 10,000< g9
A AAEEs & AN 0.5 mLE FHA3SEA trichloroacetic acid (5%)-8< 2
mLeo} Egatar 1083 15,000< g4 LAl E2ladnt. 4o 1 mLel 0.1
mL2% 85% orthophosphoric acid, 0.1 mL2] 8% a,a—dipyridyl chloride, 18
3 0.1 mL9 3% aqueous ferric chloride 0.1 mLe} &8 3to] 2204 14
x4,

FabeAIZL 525 nmell A F33 =5 S48 T(Sikic et al., 1977). ofA31

282 P L-olrnenile ofgdte] 4P EEFHOR L-ofrzm
2viko g gkste] mg/g ¥ 2 YERIAY (Fig. 4-3).

ab L A

7171572 A elli= HPLC(Shimadzu, Kyoto, Japan)& AM8-31310 W, o]
= CTO 10AVP column oven, LC—6AD pump, SIL—10ADVP auto sample
injector “12]3L SPD—10AVP UV/VIS detector® 7% A ™, 210 nmol| A
T4 EE =AUt (Wang et al., 2003; Lee et al, 2006). ZH&
Shim—pack CLC guard column (10x4 mm)©°] A3%¥ Shimadzu Shim—VP
ODS column 5 um (250%4.6 mm)<S AFgstRon, Ze ex= 40CE 1
Attt o)A &1l AE 0.1% orthophosphoric acid(v/v, in Hz0) 9]
™ B+ 0.1% orthophosphoric acid(v/v, in methanol) & AF&-3}At}. o] 54t
o] $42 1.0 mL/min®] AL, §v Ful= 0~5% BEvl 40%, 5~12% BS
) 40~50%, 12~27% BE&™ 50%% f+#], 27~30% BE&w 50~20%, 1¥
31 30~35% BEW 20~0%= At (Fig. 4—4)

v A 57

=2e] AME= AAA (Spectrometer CM—3500d, Minolta Co., Ltd.
Osaka, Japan)E o]&3sle] =A3Ftl. Hunter color Z(lightness),
a(redness), b(yellowness) #+S 33 WHE SA3to] A A2kt
A B 275 573
=2k AJ& 0.1 mLel| 0.041 mM DPPHAI2FS 0.9 mL #7}g 5 10% &
TS A1Z1 3 517 nmollA SHEE S48k, v Ad 9 guZ
Ms& T3k tH(Blois, 1958).

B 2
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% DPPH radical scavenging activity = [(Ajomml = Asample /Acontro) X
100

STD curve
1
y = 0.8664x
08 R? = 0.9959
*
8 os
o
o
3
< 04
02 °
0
0 01 02 03 04 05 06 07 08 09 1
gallc acld conc. (0.1 mg/mL)

Fig. 4—1. Standard curve for total phenolic content.

Total flavanol STD Curve

y = —0.0693x* + 0.4488x
2 _

0s | R? = 0.9984
§ 0.6 -
£
g 04 |

0.2

0
0 0.5 1 1.5 2 25 3

CAtechin conc. (mg/mL)

Fig. 4—2. Standard curve for total flavanol content.
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Fig. 4—3. Standard curve for ascorbic acid.
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Fig. 4—4. HPLC chromatogram for catechin standard compounds.
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of. A2
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AU
aly
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il

[rt
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Joh
[-411

£ Hog g o, SAS(Statistical
Analysis System)Z& ©]83}o] Hit3 F+22F, Newman—Keul's multiple
To8e ARt (SAS, 1995).

2. ATANL 9 25

b= Apuake] HEA SR At oS AF e JhEet A
D, AACA Wol AuEI e V|EAE T M cdd A T 3
ottt a2k S EE QoA HAY VIR Trdete] A e &
i 02 EAREN e et z7] @Al A GAAIZ] v g AR A 97
vt A g 585 A= gt A, dudst 28 A
A& eI et al, 1997). 2 & 75-80%2] 43 20-25%2] 1 E
Az FAAH e, 1y =2 & 309 7HA9 Adto] FrEo o]
2kl a5 W3st) o] nPEHd = FHEF, JHEel, &8 td, ¥
E}Wl, y—aminobutyric acid(GABA), AP, 714, Hold 59 fg oln
L=AFo]l 2l th(Graham, 1992).

¢

flo "

p

32 oy H
.Q‘O?I:r
I

Wi

J

Fyuete] AFEHAAM Haks vl &I, R Aed 985S
FH88 sto] AzxIEd 7|EA AEORA HExF, Az, 1YAE
13t (Food Code 2008). 8 xt+= 2184 82 FU8E 3o 7133 A
ow #¢ T 1Y VSA AES B, 5 Vst adE S&shAY
tE A3FEdd H7teke AR o]8E 4 vk E A= gt &6t
), 2k Qg Ax dHe 2EE e Fo® B 54 gv JtEd, A
4, HEH At HEH E & AHT g e Aol Ak

g, AxAFS FRIAAE, A 2% T g eclse IFqFS
W= SR ol wEh Hlaad ARnkg Ak, s 2 g
7h 2oty Haks o VIR AAetr] fls) dxdte] Rysiew m s
of oJ%k Wdo] A fitt. 2yt F540] Aote] F2olA FEshA Hd
HwESHA Mol dojuA "t 53] oFHE A2 tEd 715wzl
Aol dojupr] g7] wZel xo] wdd A= 81s iEste] H s
oF ®t} xte] WA Boldls Fo AR oRE =4 JHY, AE 2 I
2 ol= HEW C To8 o5 A9 Abstel oaf A, 441 3fwjo] W
37 < oo Al T R A, AR, 24 92 FH T
g]

o 2
-
£
[
oty
(=

=<
kS W=t} (Jeong et al., 1997; Park et al., 2005; Youn, 2004).
oA o e Ednae] A Fo FRot w7t F- v A e 9
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2 2Abel7) $1ste] BUIGES 3744 (23, 69, 81%) 2 TEhe] AA Ao
A ge] ol §¥E 37H S% (W, ~20C; W, 4T; A2, 20C) ZAA
39%F At Baate] FAustel dajA 2k

6”Z}°JOEHE1 ?:ﬂg '?35?-}% Eﬂ—%i}%l% FdlsE 24(23%, 69%,
81% = ghof Aol A7dste] 0, 3, 7, 14, 2

g xH%oM 70ColA & 100 mLS 7@7}6}04 587F F=a1glt F
: J 7t =2} A&+ DPPH a‘rﬂé 2w, #9E, oAl 2% s 24

slo] Table 4—1, 4—2, 4—30l Z}7} L}E}LHME}.

tru

HHN

|

(1) d=xke] A% 7o) gy LA T vA= I
Table 4—10A &}tz 27159 AE= ©]&% DPPH:= oy 3 go g
M BAEE L AMow dagor G Fh FITE ST

o o] & gty Ade] YERd bkl o] AulHE 0.23, 069 Z A
A7 717ko] AojAS= g A7A%o] Frtsle] 0dA 9 68.84%%}
67.26%°l H]ste] 28U 7re] A o 242 71.67% 3 73.22%9] Bl AA
S YERAT 18y 0.819) AUl E A= 149A 9] gz
A 08 67.71%° B3t 9% o]’Fe] S7He 76.79% = ZSAHH AT, ol &=
FUlGEe A Aldo] Ao FH %50l kst AP IS &

2 oma,

(2) d=ake] A Aol P A= JF
Table 4—2°+= AxAE A o

JEs Akl 1 ARE eI ofd E29] 3
3l sde] Fad A¥sh @k BE 249

AR o] AG7|tolA 7HE e o] =kal, 1 o] Fof A HFE AA
Aol 28U Ao 7} e Fhe WY} o]t

goZd 2ATHE 43 A= &ed,

g 714 =, A 93 AMAle wEl, do] =

3, AEH Fa AAL e, dud 2A s dite] JJorn=z 4 o

3wl wel Aol7t U] wEolth(Diplock, 1997).
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Table 4—1. Effect of relative humidity (RH) on DPPH radical scavenging
activity of green tea

(%)
Storage Period (day)
RH
0 3 7 14 21 28
0.23 68.84 67.06% 67.56% 69.09% 70.32% 71.67*
0.69 67.26 68.55 67.56% 71.03% 71.75" 73.22%
0.81 67.71¢ 67.43 67.86% 76.79% 71.52™ 72.99™

Table 4—2. Effect of relative humidity (RH) on reducing power of green

tea
(Optical Density)
Storage Period (day)
RH
0 3 7 14 21 28
0.23 1.47% 1.48% 1.28% 1.45% 1.41% 1.32%
0.69 1.47" 1.52% 1.30% 1.45" 1.43% 1.34%
0.81 1.48% 1.50%% 1.31% 1.44% 1.45" 1.33%

(3) A=) A B7ol o} AW 1A% MAE GG
Table 4-30l%= ¥ate] obdt 27%& EAbste] Lehgieh, o} 24t o
2o 9198 2 2ANA ALY
wol =AW A% AFLS H2
2ol 4] HAE RE AUGEe)

95% ol 4ke] $-4= ob Ak &

P
;

ruft
r o
g
o
il
Jo
e
of
ol
=l
>,
o
=2
(0]
)
X
27
o

t}(Kato and Puck, 1971). pH 3.09]
Aol A 14 o] A& 7|ztell=
EFUQITE. pH 4.29] 2ol xE 14Y
olFo] A 7|ZkA FujHoz oldi AATS BT 1811/}
pH 6.0 A= w 27
oldAit A7 Wl thE AT AT A

o A
i o 1_.
N A Aol Pold5E of it 2A%e] FrhATh: A%E

f
BNt

N
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Ton

Aol =

=
=

&S YEFATH(Cespy and Williamson, 1994).

o

fviel

tol e AT
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=

= 5

stk (TFC) S

=
=

2}uf
T 294 Fx2e] TPC

g]
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Table 4—3. Effect of relative humidity (RH) on nitrite scavenging activity

of green tea

(%)
oH RH Storage Period (day)

0 3 7 14 21 28
3.0 0.23  92.10%  94.00™  91.80%  96.41*  96.33" = 96.64%
0.69 93.97"  92.84“  91.38%  96.50”  96.10"”  96.55%
0.81 93.68  93.85%  90.67%  95.68"  95.87"  96.43*
4.2 0.23 17.33%  20.32%  14.42"  43.59%  45.48"  59.08%
0.69 18.65  17.33%  11.64%  43.41"  42.36"™  53.43%
0.81 17.93%  20.06”  13.06%  39.49"™  41.73"  52.96%
6.0 0.23 0.79* 0.23% =256 —1.15% —1.42% —2.44*
0.69 0.80%  —0.64%  —4.30" —1.35% —2.75%  —1.32%
0.81 3.82  -0.35" —=3.16" —0.76" —1.74" —0.98"

Table 4—4. Effect of relative humidity (RH) on total phenolic content

(TPC) and total flavanol content (TFC) of green tea

(mg/ml)

RH Storage Period (day)

0 3 7 14 21 28

TPC 0.23  106.28% 149.38% 112.64% 128.22 131.86" 131.86"
0.69  118.76% 132.02* 107.98% 127.13" 128.14" 110.70%"
0.81 117.29% 136.12% 105.50° 105.27° 120.16" 107.79%
TFC 0.23 17.29%  22.77%  18.14%  20.96%  21.99™  21.04%

0.69 19.76%  18.90™ 18.05"" 20.01™ 18.14" 17.63%
0.81 19.93% 19.50™  18.31% 17.20% 18.05% 17.12%
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Fig. 4—5. Structure of catechins of green tea.
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Nl

(5) A=ate] A BAl AHNF Tl WA= 4T

zh A =7 WP% 520 7H R S HPLCE #418k3lth. Fig.
4=59 A H=Fe] 87FA] FFE|Z1Q1 (+)-catechin (C), (—)-catechin gallate
(CG), (—)-gallocatechin (GC), (—)-gallocatechin gallate (GCG),
(—)-epicatechin (EC), (—)-epicatechin gallate (ECG), (—)-epigallocatechin
(EGC), (—)-epigallocatechin gallate (EGCG), L8]l caffeine®] ZT+E2 S
TYdste] 2+ A FdolA TS AESkqlth. Table 4—-5, Table 4-6,
Table 4—=79 Z+7Z} 5% 0.23, 0.69, Z18]aL 0.819] A=A el A3}
E et BE A9l T35 7S EGCe EGCGR o, A4
o2 159 epimer?d] GC& GCGY =2 ok, @3 EC® ECGE
epimer?] CeoF CGE= AZEo] A=A &4t Table 4—59] YERE vle}
o] FEE 0.230A = Folak s Wl HelA A7 77k 214471 7

[0

4w 3 A A Aol SHE RE AF AN Fo)
A7E QAA T A Fe B 7UA) AgelA BaH T,

Table 4—6°l+= 5% 0.699 A 7 H2k9] 712172} 719l 9]
ks el AR AdsE 0.233 ¥ 23S eER oY, 14
gsj o] AF7Idol A 7HE =S ECG, EGCG, 7M1J ko] AEH AT 1
H EGCe EGCG, 7helde] s Al 219 Ae-HYgE v
A5 Hol FE7F w2 Ao] mHate] A vﬂﬂ A S L T AAUTh

Table 4—7°1% AHEE 0.819 @A ZF 19 e 79 781219
s etk ko] 99 vl AEelddar, A 71 28 Al
A AR FS S BT ol#d A¥eE AUsE 0.2194 EGC,
EGCG, Z}al|¢19] Hzkel 6.22, 8.42, 6.92 mg/mld} Bl w3t uf zbzhe] Huj
Zko] A= 0.810 4= 4.33, 5.54, 6.57 mg/mlo]o}A] FE7} @& Ao
wake] A 4 AREAAEAA JHHZFY] A e fA FAHA Y]

oAl stelE g,

(6) A=) A B0l kel Axe] vAE FF
mape] MEE mae]l bl Fad PRoEA a4l

o] A% 14UA FE(D)7 Frhrh obA

73 4
A71ke]l AojdE vopx= AEdE B, A% pk2 FdsE 0.81
SC]:

slel= Frhekrt adhe 4
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Table 4—5. Catechin components and caffeine of green tea at relative
humidity (RH) 0.23

(mg/ml)
Storage .
Period (day) GC GCG EC ECG EGC EGCG  Caffeine
0 0.28" 1.41*  3.14* 072 474" 424  6.07°
3 0.32° 1.04" 246 046" 5.538® 582 6.30°
7 0.30">  0.62° 2.7% 0.97*  5.49®  8.42° 6.92°
14 0.21° 0.74¢ 1.92° 0.42" 3.84°¢ 3.42¢ 5.53°
21 0.40° 0.37  2.37  0.85 6.22° 7.76* 6.36°
28 0.31° 0.26° 227 043"  530® 520  6.39°

Table 4—6. Catechin components and caffeine of green tea at relative
humidity (RH) 0.69

(mg/ml)
Storage .
Period (day) GC GCG EC ECG EGC EGCG Caffeine
0 0.28" 0.70° 2.12° 0.27°  4.31®  3.82 5.85
3 0.28" 0.29° 1.78*  0.28"  4.54®  3.35 5.85°
7 0.13 0.24? 1.84° 0.10° 2.49° 2.44" 5.40?
14 0.32° 0.30° 2.18° 0.50° 5.29° 5.81% 6.44°
21 1.88° 0.25° 1.67* 0.55°  3.34"™  5.35° 5.30°
28 0.16" 0.57 1.90* 0.20"  3.07°  2.06 5.62°
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Table 4—7. Catechin components and caffeine of green tea at relative
humidity (RH) 0.81

(mg/ml)
Storage .
Period (day) GC GCG EC ECG EGC EGCG Caffeine
erio ay
0 0.13¢ 0.35° 1.45¢ 0.07¢ 1.26° 0.87° 4.10°
3 0.31° 0.19 2.11° 0.39" 4.04% 3.52° 6.57%
7 0.22° 0.23P 1.92°  0.50% 4.03? 4.38% 5.72%
14 0.22° 1.18%® 2.63% 0.40™ 3.65° 4.29° 5.812
21 0.25% 0.18° 1.86" 0.36° 3.67° 3.80°2 5.93%
28 0.27% 1.63% 2.83° 0.60° 4.33? 5.54? 6.10°

Table 4—8. Effect of relative humidity (RH) on color of green tea

Storage Period (day)
RH

0 3 7 14 21 28

L 0.23  96.50% 94.81™ 95.40® 96.05¥ 96.00¥  96.32¥
0.69 95.92"  95.70™  96.53”  98.74%*  95.57"  96.10"™
0.81 95.91™  95.95™  96.34”  98.41%  96.21"  95.57"

a 0.23  —1.52% -2.02¥ —2.06” —1.44* -153* -1.71%¥
0.69  —1.82% -—1.73% —152% —1.40" -143" -1.35%
0.81 —-1.72" -1.37% -—1.73" -1.73" -2.059 —2.04%
b 0.23  10.02% 11.81" 10.84" 11.02% 12.36¥  10.55%

0.69 10.18%  10.45™  9.92%  10.93% 10.88%  9.87%™
0.81 9.82%  11.06%  10.54%  11.41% 12.62" 12.94%
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e A= 0.23, 0.69, 0.81 231 0f| A]
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Table 4—9. Effect of relative humidity (RH) and storage temperature on
total phenolic contents of green tea powder

(mg/g)
Storage Temperature (C)
=20 4 20
RH 0.23 0.69 0.81 0.23 0.69 0.81 0.23 0.69 0.81
Day
267.5 26753 267.53 26753 26753 267.53 26753 26753 267.5
O a b b b c d c d d
3 3
238.95 18895 155.03 173.06 169.57 286.33 153.29 323.83 309.5
7 b d d d e c e b 9c
23827 21298 149.70 177.81 326.06 324.12 305.13 31443 336.4
14 c c e c b b b c Sb
22965 427.9 420.0 436.2 430.6 398.8 391.0 380.6 392.8
21 d Oa 5a 4a 2a 3a sa 2a 2a
98 21793 169.28 241.67 144.38 219.57 207.85 190.21 170.83 188.6

Table 4—10. Effect of relative humidity, storage temperature and time on
total phenolic contents of green tea powder

(mg/g)
Relative Storage Storage time (Month)
humidity (%) temp. (C) 0 3
23 -20 267.5 252.6¢
4 267.5 287.1°
20 267.5 278.0°
69 -20 267.5 210.6¢
4 267.5 259.3°
20 267.5 234.9"
81 —-20 267.5 211.8
4 267.5 251.0°
20 267.5 205.2°

Different letters (a—c) within a row indicate significant difference

(p<0.05), n=3.
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Table 4—11. Effect of relative humidity (RH) and storage temperature on
total flavanol contents of green tea

(mg/g)
Storage Temperature (C)
-20 4 20
RH 0.23 0.69 0.81 0.23 0.69 0.81 0.23 0.69 0.81
Day
0 49.43"  49.43° 49.43° 49.43°  49.43° 49.43° 49.43" 49.43* 49.43°
7 29.05° 26.09° 24.35° 19.08° 17.11° 29.50° 15.18° 33.33%  30.95¢
14 51.32* 54.95° 54.09° 54.75" 49.52° 29.57¢ 27.20%  40.27° 38.97°
21 28.26° 57.80* 58.52° 58.14° 64.44*° 61.07* 51.89° 49.33° 51.98*
28 34,919 29.14% 41.53¢ 31.70¢ 33.75% 33.30° 30.28° 24.24° 25.54°

Table 4—12. Effect of relative humidity, storage temperature and time on
total flavanol contents of green tea powder

(mg/g)
Relative Storage Storage time (Month)
humidity (%) temp. (C) 0 3
23 —-20 49.4 40.7°
4 49.4 449
20 49.4 45.5°
69 —-20 49.4 35.9°
4 49.4 40.3°
20 49.4 37.3°
81 -20 49.4 36.2°
4 49.4 41.1°
20 49.4 30.3°

Different letters (a—c) within a row indicate significant difference
(p<0.05), n=3.
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Table 4—13. Effect of relative humidity (RH) and storage temperature on
ascorbic acid contents of green tea

(mg/g)
Storage Temperature (C)
-20 4 20
RH 0.23 0.69 0.81 0.23 0.69 0.81 0.23 0.69 0.81
Day

0 24.16% 24.16° 24.16° 24.16° 24.16° 24.16° 24.16° 24.16° 24.16°
7 30.03" 24.88° 21.20¢ 22.83%  22.90° 22.31° 21.88° 41.36*° 40.33%
14 27.18° 24.33% 17.88° 22.81°  36.62° 40.19° 36.86° 39.11° 39.92°
21 22.31° 42.01* 40.51° 39.17*° 37.86* 35.90" 37.72* 37.91° 39.21°
28 30.33*  25.04> 36.21° 29.57°  32.04° 31.42° 29.58° 26.19% 27.38¢
wgAkel WEA $BA Tl BAIY Fol okrmENAte] A
steo] ety olrmENAE AA 23-UARTEMoR Hu AFHow
A o] Atog FHAINE B g Al ko] A g of~F 2RI gk
o] i A#o]l I HAS woE= 2-337 FAFHH(Yamamoto et al.,
1997). # Aol Aol A B e ofrmEnte] Fe fre) W
Z(4C)ol| A A =2 FFo] HEHom, A o] ofA~m =N

shefoll ok 9IS vHS & 5 Aduy

<
ZHZ = 5ake] 8 Ay edas 45 AWt o el ax
ok sakel EAskE RIS ol g7z FeF 1ol

HA77F o, A7 F7F T8 FFe i)t} (Fig. 4—5). Table 4—159]
AusEet A% 22s dEse B 535 39 3 AR T R,
Zeqk, agla ghERle] ®istkE YEhIth BE 244 EGCGeE EGC
7F dEA g Zloln, A 7o wel Wy itk Adl % 23%
o] =AM ECx EE A% 2kolA AFdds= Frtekalar, 53] 4T
AatdS W %2719 0.3 mg/golA 38 Fol= 11.0 mg/go & AA F7}F
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sttt F8 JHE71] EGCS EGCGE WA= F7)8tes
4C 9] 75‘% %2719 16.99} 27.3 mg/gollAl 3 ?oﬂ—t— Ztz} 24.33 36.5
mg/go 2 F7Fskth A, FHHIR1Y] A So% FUtshE AEES Ho] 4T
AN AggE Aol 2719 20.7 mg/gel A 3E Foll= 30.7 mg/gl® H=E
HAth 3, Ko 52 53 FEES A4 AFsE Ao & M
g Apol7t gllew

al., 2006). 7}#2lo] Z7}3s}
A w1 A 9] ek H@M ot
& WA 32 s AFslE
T5 AWyt Wy dojdtial Halskgl
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Table 4—14. Effect of relative humidity, storage temperature and time on
ascorbic acid contents of green tea powder

(mg/g)
Relative Storage Storage time (Month)
humidity (%) temp. (C) 0 3
23 -20 24.2 34.9
4 24.2 36.9°
20 24.2 23.2¢
69 -20 24.2 30.6"
4 24.2 34.7°
20 24.2 29.8°¢
81 -20 24.2 30.5"
4 24.2 32.3°
20 24.2 23.7¢

Different letters (a—d) within a row indicate significant difference
(p<0.05), n=3.
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Table 4—15. Effect of relative humidities and temperatures during storage for 3 months on catechins and caffeine
of green tea powder

(mg/g)
Catechins
&ﬂiﬁf@ Sﬁggaﬁ ¢ Epicatechins Epicatechin epimers Gaililcilc Caffeine
(%) ()
EC ECG EGC  EGCG C CG GC GCG
Control 0.3 5.2 16.9 27.3 16.0 0.3 1.3 3.7 1.3 20.8
—-20 8.6° 7.6 19.1°  36.1° 1.7° 0.9 1.6¢ 1.6° 1.9° 25.4
23 4 11.0° 6.9 24.3*  36.5° 1.9° 1.2° 2.3 1.5 2.6 30.7°
20 9.4 8.5°  22.0° 33.2" 0.5" 1.0 1.9° 2.0 2.1° 25.9"
-20 6.2° 4.0°  14.8°  23.1° 0.9 0.4 1.2° 1.5° 1.5° 20.6°
69 4 10.1° 9.2 22.7°  35.0° 1.8° 1.1 2.1° 1.1¢ 2.4% 29.1°
20 9.4 7.9 193> 32.1° 1.5° 1.1° 1.7° 1.9° 0.2° 26.4°
-20 6.7° 5.8 16.6"  28.2° 1.1° 0.4° 1.4 1.4° 1.6° 20.8°
81 4 9.9 9.0  21.6°  34.6° 1.6° 1.1° 2.0 1.9 2.3° 28.5°
20 7.6 1.6  16.6°  11.9° 0.7° 0.7" 1.0° 1.2° 0.3° 20.4°

Different letters (a—c) within each column indicate significant difference (p<0.05), n=3. Control means green tea
powder of beginning time of storage.
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(1) % sl I3t 5 Sehubs gapel s

o= 2N ARl Sl A HiRe] Fhuel Ynd, oEe
FANNE B Fa Folst dE ne Fx T sl o8 G 5o
RBYL e wabol Eehubs, Eebuhe

=
Fol Y9 shetEe] FfaEo om, oy
oA AEsHow s g4 AEoly, Zeutse 3o F
3}gtEo|t} (Cespy and Williamson, 1994). A7 st
2843t AFstdA S FoE FHY T FhikE FHES Table 4-179)
Table 4—18° Z}z+ Yl SAT).
FoE g5 A, A 53 258

I
T ’
4 grCl Ag, Ak 34, vE C

A FA, vE C F31 7Pl vls] e 745t (Table 4—17). 28U 7 A

A Fo A4S vlael] mu A 2719 dE e 100%E & W A =

2= 71.5%, B 521 73.9%, C 531 75.1%0]9 0} o] Az 9 A HlEP
o

9 C7F 529 Hlm @] S WIS QU st B Hxkel C b Alold
Z 9 C #HIY A= A9 =
F A} =29 HE FEgES A 7|7t Lo{wﬁi 2
= =22l catechol, hydroquinone 52 W3a= reductone
of o]k Blojeg} Hir¥rt (Choi et al., 2000). o] WalE A-2oA Fel

=, & 9= B A% Z740] 4°Co1w FalPomz Wl Ax

B9, 3 EeREa AT A Ha Esi 4G B A A sl
] (100.4 0), B 52 559 C 53 55 27 96.2%%F 96.0%=

é‘o #i%oi%% ZA4eted 98 o] &% gt

7zt 52k S8 E 289U AFF Fo] DPPH @uZ 2755 A3 Table
4=19°] YeERAT A 52 55 A 27]9 vlste] 28U F 87.9%9 ]
Z 2ASE Beon, B 53 $859 C 53 5% 7217 92.9%9} 88.4%%
el Qth o224 B w2k 957F 28YU3F AFe o 71 =2 oz AA

- 199 —



Table 4—16. Storage conditions of each green tea beverage

Light" N, gas” Vitamin C”
A (+) (-) (-)
B (-) (+) (+)
C (-) (+) (-)

Y(4+) means stored at not—artificially excluding natural light condition, and

(=) means stored at artificially excluding natural light condition by
wrapping a vial with aluminium foil.

2(+) means stored at nitrogen filling up condition, and (—) means stored at
natural air condition.

“(+) means stored with addition of 30 mg/100 mL of vitamin C, and (—)
means stored with no addition of votamin C.

Table 4—17. Effect of the total phenolic contents(TPC) of three green tea
beverages stored at different conditions (Unit: %)

Storage Green Tea Beverages
Time (days) AV B C
0 100£2.02 100£0.70 100£0.47
28 71.5£1.65 73.9£0.35 75.1£0.75

Dyefer Table 1 for storage conditions

Table 4—18. Effect of the total flavanol contents(TFC) of three green tea
beverages stored at different conditions

(Unit: %)
Storage Green Tea Beverages
Time (days) A B C
0 100£0.17 100£0.17 100£0.51
28 100.4£0.19 96.2+0.04 96.0+0.14

Drefer Table 1 for storage conditions
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Table 4—19. Effect of the DPPH radical scavenging of three green tea
beverages stored at different conditions (Unit: %)

Storage Green Tea Beverage
Time (days) A B C
0 100£0.97 100£0.80 100£1.81
28 87.9+1.56 92.9+0.29 88.4+1.44

Urefer Table 1 for storage conditions

(3) 7Vl 217 3h=Fe] Wst

=2foll= 4 F7F9  epicatechin®] &A%}t (Fig. 4-5). ©°] =,
(—)—epigallocatechin (EGC)2} (—)—epigallocatechin gallate (EGCG)+&= Hap F
¥ epicatechinel™, 53] EGCG= &Atstay, A4 oway dvwad &
TRt 7leAde 9k Zlo] Haso] vk (Nagle et al, 20065 Wolfram,
2007). =2k S8E 2897 A3 F, EGCS EGCGO &S xAleHqlth
(Table 4—20). A 52} &89 A A %7]] vt EGCE=76.6% = 7FA 3}
AR EGCGE 130.6%% AA S7tetlth. B 54 &5 EGCE 48.7%%
AA #2235, EGCGE 136.5% = ZA 718kt C 52 8% 2% %
43fo] EGCE 48.1% %, EGCGE 43.0%% 74383t} ol d. A HlEg
C7F 52k¢] 7heIZ] el wi-9- 583k QAL S ofn| gty

A

ooSl

N}

=2

0] -2 S F TE, ol I=RIEY a=o] g
e 7 ko] 7HHIRlS A ske] Table 4—21 YEITE A =

2847 A =

A g5 AS A Z7]el vlste] 7HHI12 103.8%= F7FekiTh B =Ab
8% 1284%=% AA Z7lstg oy, C 53 &85 103.4% % v ekstA =7}
ST B 52k g5 A, C 53 S50l H]s8] vlEl C7F H7he o] H o]
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Atk C H52F F8E A 2k 56 vl WS Adstan ik 3o
A 53 59 2 AolHs HolA Rk olE Zak 559 FHH| Tl
HIEFYL C7F 3A 7)o 3hS AlAFSHLL

9, Ko 5(4-19)2 =3k 255 A 49 7HuQl g5 S/
thal Baskledl, A 20 thA Aol7b AARE 2 Ao A ef o] 4T
NA 4573 AFeAS W A 2716 vlete] 22.5%9 FheRle]l FUtshE &
) o A

Table 4—20. EGC and EGCG contents of three green tea beverages stored at
different conditions

(Unit: %)
Storage Green Tea Beverages
Time (days) AV B C
0 EGC 100£0.01 100£0.08 100£0.01
EGCG 100£0.01 100£0.00 100£0.02
28 EGC 76.6£0.96 48.7+£0.44 48.1£0.37
EGCG 130.6£0.00 136.5£0.00 4.3+£0.02

Dyefer Table 1 for storage conditions

Table 4—21. Caffeine contents of three green tea beverages stored at
different conditions

(Unit: %)
Storage Green Tea Beverages
Time (days) AV B C
0 100£0.01 100£0.03 100+£0.01
28 103.8+1.76 128.4+1.03 103.4£0.68

Urefer Table 1 for storage conditions
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o. Zxt B 5RO AxV|s: AA 5ASEE XS VA EE TE F
SN HEHE A4 dejEa qloy FHTde HATATEA 2 EHE
o]g3sto] MPHEY SRAFEA, A SESE_FHRE) & FAIHIL T
wal 7)5A A4 4R FELEE HUE A4 dAE S8 Buss
HEE AEsks FAolth s AINE EESEAES JEer] fEAE EHY
54 a2 A T JAd BA 59 7leEe] AddE oot Jhs st w
Al 2 ATl A Z2rAl E3 A glo]l vl F YA AEHER Ao
e SAREE S RA T 7heeh Al HESH] fete], APA 27 stelA A
A FAs 9 E3E =4S Fote] SAkEwe] dEd A% tgAS
T, HESGoH, gk 2 o27]|EdATE S5t AlEsE g T x2AERE
AS FFT 1EFE H25 Aeke 7 2 7Aool dEE o]
g ole} e FA EE SE5E AME A & PUPHAE AE E BoeE
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o. A &t EH- Y3 7w TR

S2AFEEE2FY drEgo] w9 Hojua bHAE 38 GTEE 7NEst
At GTEE &itE, S§A4E, FAHEdd A&s1i9s o 3 IddS 33
Rom, olF Fal Ak 7hE AFe] & F Adve AA Y =Ho] H F
NS 2 AFoA ety doz A JA A H-ds 7tAe= GTEZ}F
TaEud 71EY FA A EE AT = S Holt
o. HaA A HILoZA o Aujo] thgk mA} AFY HA Y R A
HS D in vitro 33 system ¥
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o] -3 o g UElRth o] EGCG 55 X33 catechin® o] Az &4
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FrtslsS 37HA] WHoeR oA ASES AASHITE o]ofA oxidative

(AB—protein)oll <]t HA A E A} Ho] WA E]
o] Xuje] Aol AR ol gt ANABME REgHE AFEAE F=
S &3t AFsT o9k A, A u) x| Ho A= A HE) o
BdEEA < acetylcholine (ACh)9] Ae]% &7} vl-g- strb= Bark 9lar
W2l A gokEE o] Ho| HFEa o= ACh Hal&sh (AChE)
gt =4 FEEY ANGH= HFTeAT. #1 37FA i witro assay
systeme &85t Awj ool thek HA O =i AN B AFxAS GRS

C 9 A HAE 2 71 AYEd adeldd FUHH VE
2 g AoR, Vs aAE dHetd 1 #E8E7E e 58 =

Gtk ohge] oleld AR EYEAR s FEHE A

obdst 27voR Selsgith. o A oA,

= A& glaglon, od VEe 54

o) FA A v FE3A o1gd F vk o= dd AN nek A
st

B AT SABAES] AR EAD LulAe] Pl A%
g FHGORN AAF ABNE BPG FLAUE AT PIFALS A
stk ATASE S BN el DAY N EARE AT, 45
ERY 52 Bael HABAE oF &M Fae] wFL A=
FuARE B89 golth EH v Mol TEshe AF LS Bl
Nz HANFAFA U FLE FEFoA Ha W hEre I
9 mabkele] 4o J)eld Ao sloje,

=3 AL kY &5 S

=3 A7 feld AR P ol TSR B v U Sl v
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=Ap7bEA ] A el <) deka Aol (1)
T ZEHEY o3 Hap e Al ARA AT 24 (2) FERIJIEZA
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2. =% TRE FY FTE o A6 AT iEE HRE =% 2HE
o FERIoEA dut avjRbse] =a AR 2ol did #Ae THHES
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M o6 & A7IigntdolAM sEet sieltetv|s
My

«] Hoj st F A D Elsevier7t F50] Ho #9495l S+

Afo ] 2] ScienceDirect (www.sciencedirect.com)©l| 4] 'green tea(=2})'E A
o] 2 7%%}04 i 20099 49 139 A F 23,283H9] =¥o] AMHY,
Z=ol| A 'green tea storage (5} AA)' 02 HAE FIHHW 425299 =Fo
A, g, ve BAAANIH)AA &9k A AFo]EQl NCBI
(www.ncbi.nlm.nih.gov) oA % 3}+= PubMedol| A 'green tea(==})'E S|
2 AASe] B 3240749 =89 AMEY, 'green tea storage (=2 A7)
o2 WHeE F3 Y 339 =wo] AMET 20083 2009\l 53 ] =
o] HREHAJAEH, o]FA 3H YES B gy Zr

1. Friedman M, Levin CE, Lee SU, Kozukue N. Stability of green tea
catechins in commercial tea leaves during storage for 6 months (& ==}
E 6L AT weo =2 FHHTIY ebdAd). J. Food Sci. 2009, 74(2),
H47-51.

o] =9 A= i%% = F5-24 (USDA) ot 25 U8 v 2t
52 Ak, anjzke] @ E F7) Y B AARES M A% Fe4%
o1 FHeEI 3 HPLCE EA3t3t). 521 A 8E n3, 3= JRo] gwo|gloe
U%, o] 55 20TolA AAstHA 15, 1, 2, 4, 670 LA W=ttt & 717

= 36.5— 169 7 mg/g HAkelel o, EGCGE 13.3—113.0 mg/g Ha+kelo] it
%71 a%E5 77} Eﬁlﬂﬂd A3 A7 Aol 7 gtel wel EGCGSE ECG
7V 7VE 548 daskdv. A% el Y Ealel wie Thedk 71Aba
R P EH??} Avte] T84S nFsL

2. Zhao W, Yang R, Wang M. Cold storage temperature following pulsed
electric fields treatment to inactivate sublethally injured microorganisms and
extend the shelf life of green tea infusions (525 A& A3 & A~ 7|
F Agstd nAES ESAAATIH S2H0] FE 7|gke] AFEN). Int. .
Food Microbiol. 2009, 129(2), :204—208.

o] =i T ASddEte] wgrh MRt o] At A= 4, 25, 37T
o A~ H7]4 (PEF)E A2](38.4 kV/cm for 200 micros)3dle] 22| o] Ay
=3t4 45 BAElY. A7 7hest AS Baskglth PEF A A5
= ol wEEA kvt ey, 25, 37Co AAE Aol mAd= o]
IRk Z, 25CoIA 14U AGE 99 37CAA 7AT AFE F

Agele o4 MAEel FFsdth 1ot 4CHA 18097
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A nAdE = 1 log CFU/mL °Jst= A=t} o2

oMo A mA= AES0] PEF Aol o3 7HAAL dHE E45 ™

A FAAY AGs] NS AEEC] AE VMAER ‘f‘z}?‘*%‘ ? Ja= 9
7

37C= thal A8 ®otth PEF AHe]F A4 (4TA 7%_17&)5—}?4_ !
&8 AXEY 35S A AY A= wg- axFo)den, o= <l
37TCelA 9047 F5713S AG L 5 A

3. Ortiz J, Ferruzzi MG, Taylor LS, Mauer LJ. Interaction of
environmental moisture with powdered green tea formulations: effect on
catechin chemical stability (&% Fatel A 59 FEke] #A: 7He1Z19] 313t
2 ok ol sk d3F). J Agric Food Chem. 2008, 56(11), 4068—4077.

o) A vl HTujete] AEASTeI N WES WGl Hapeh w3}

AN AT AFAA o] ABFAHS Aok AW w3 }F,
A% 209 e JREA o8 9T wErh of AT BHL bgel
A wR2 AxEAA AGAY A 5= 2 7IE AEEe] FHEIY kAl
2= s /\}6‘}“ Aolty, =ap 2 o= o A, Ak, e
C 52 T3 AlmE 22T A=A N s E=E 0-85%= 3k 33t
Aj,%gl A5 Ze :lE]Jl FUEEE 7HEHTY FEAE Fold 9
Lol A o] & ﬂﬂlﬂ g 2 NE TN FE s
S7retdlem, s 58% oldolA A EA4 =1 e
A AHFE 75% ol delA HER C EAl A HS ofstE . ALk
I HIERRD C7F EAlel EAetE 7 Bl PEﬂﬂol el = Aot *Jﬂ%*tﬂ
43% o|sfo| A= 22CoA A 33 A3 &
o FAHAIT Alo]7]o] MWHEATE. o]/ Zé_”
AN H7b=o] FHHZIY HFAC wAlE dFS A
BESE TEV] A8 HrHEEC vAlE IS A4 g EojoF e AlAL
Eig=2

olelgh A= Jabel gk A 2ol FH FAl wg FasH, 5219
T AAA ol A9l A Hlolyh AAA QD AAAE HASS HERAT
o] H27F AAIA o m A7) fleiA = ole gk AT sigHofof g

[‘1[‘—#

_?_
o},

#9] Alzheimer's disease (AD) A+ amyloid B protein (AR)ol] 2]t
Az g9, agja ol "] Fx, AP zHE, HAFAME Ao 34
olgk ofAEEHd (ACh)9| level 7Ha Fo] T4alo]l Ha glth. AD9| A5+
2 8xe] FAE 7P star, Mo gEEE AAAT=H S AL

i&—lNéi
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AN A synapset W I A ze] AAo] EHslEoO ). o5 AlAA
A E24S AAHEE cholinergic nerve celleld], 72 AFE=E 2l8)A

3} o A= ACh AAbsFo]l dASHA FFasol ot o] gk o] f= M
o A1¢] ACh %5 =/ FAA7IH 3zte] 719e AAF5Ho] A 3 &5H
tha Hag vl Qo AAE A e A AFSEIL 9l ADAIEAIE o]
sk ACh #3las JAA] (AChEis)7} tH-Eo]™ tacrine (Cogver)¥} donepezil
(Aricept) So] o]o] <3t} o]wlo| % rivastigmin (Exelon), galatamine
(Reminyl) 5 ©] /\}%Qi’ Rom v, upo]d 5o A F3|ALT} o] &f H|=E 9
RS Al Wwa . olE UIEES AAHAQd A8 olgp|RteE A
3o] YL A3t LZL = T AU

Acetylcholined] @aAdS& Z=XA717] Yallx] 1 AFAQA =3, HAE oFA
gd7tUEl 58 Foste dAdel oy W AEEHJASH, ol =Ho
blood— brain—barrierS E33}# Hdta 1 g8 o] @r|tolg= AHORE 3
A= F5s W] Xotal ok, @A AD A& X 8ok H AMEEHIL U
N8 E TFEH ofMEEd B3 8ol 7MY aiieln, & Xmef
A= HE 858 YehgA] Xsta ok o= v g8 Ad WwHs
3t acetyl cholinesterase (AChE) inhibitor %% o}y2} acetylcholine
synthesis activator, brain nerve cell protector®} & oje] 7} 9JeFES 11
Hall Ea1, oy AAPAGEAL o QhiA e F7E 7P LE AT AAE )
uksk 9 g 7 Qi)
*J?QX—*,OJ =wo| A= AD X X84 ARt 32.3%9 S A%F,
= 2006l o]2W 43k AD X =5 A A]’é}‘{E T qFRETE 249 & =
%L Zoletal Awstal 9lar ADE S d AA Xu) Bd A R
2,0009] @& 7R, Y32 26029 (198=1,300¢)0l o]& oz FAts]
T AFIIAEY Ao = A Al E o] - AT

Ql
A
D 3=x «] ol A+ basal fore brain 0+ mynert nucleus AAAE7} o)
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