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Enhancement of Gaba Content in Green Tea

and Development of Value Added Product
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Summary

This experiment has 2 main purposes: one is to develop the gaba
enhancement system in green tea, the other is to establish the suitable
production procedure for gaba tea. This study consist of 8 parts which
have objectives are as follow: 1) to enhance gaba content in green tea
trees by using light source and signal transfer material, 2) to increase
gaba content by various pretreatment such as microorganism, 3) to rise
gaba content by combination of anarobic and aerobic treatments before
processing, 4) to investigate the protective effectiveness of hypotension
in rats fed with gaba tea, 5) to investigate the protective effectiveness of
lipid metabolism in human consumed gaba tea, 6) to analysis major
components and nutraceutical content in both gaba tea and its extracts,
7) to extend shelf life of gaba tea during storage, 8) to produce value
added gaba tea product and panel test by comsumer.

For the gaba enhancement in the first part, we analysed major
components and gaba content in tea trees by different light wavelengths
and signal transfer materials in field condition. Any harmful effects did
not find in tea trees by both treatments during 2006—2007 seasons. Also,
we can not found any changes of shoot growth and major components
either in light source or signal transfer material treatments. Gaba and
GDC activity were much increased in either ultraviolet or methyl
jasmonate compared with control. Gaba content is significantly higher in
combination treatment with ultraviolet and signal transfer material
comparison with single treatment.

The second part was conducted to increase the gaba content in tea

leaves by various pretreatments before processing. In water soaking



treatment, gaba content slightly increased in either at 0C for 4 hours
or at 20C for 2 hours treatments compared with non—treatment. In
producing of gaba content by various microorganism, Lactovacillus brevis
influenced the highest gaba content among microoranism in vitro under
grown 2% glutamic acid.

The third part was conducted to increase gaba content by
anaerobic treatment in tea leaves. An anaerobic treatment, gaba
content is much higher at 20°C for 3 hours than those of at 10C or 3
0C treatments. Also, gaba content significantly increased with
combination treatments of anaerobic and aerobic at 20C.

The fourth part was conducted to investigate the changes of
catechins in Y—aminobutyric acid (GABA)—rich green tea (GRGT) and
its anti—obesity effect. The content of catechins in GRCT were
significantly higher than those of green tea. In particular, catechin (C)
and epigallocatechin gallate (EGCG) greatly increased over 1.5 folds
during the manufacturing of GRGT. Also, lipase inhibitory activity was
shown to be higher in GRGT than green tea (GT).

GRGT was administered to male diabetic Sprague—Dawley rats
with high fat diet for four weeks. Body weight gain and lipid level
in plasma of GABA tea and GT groups were significantly lower than
those of control group (P<0.05). Total—abdominal adipose tissue weight
in the GRGT group was significantly lower than that in control and
GT groups (p<0.05). The levels of plasma triglyceride and plasma
total—cholesterol in the GRGT group were significantly lower than other
groups (p<0.05). Plasma low—density lipoprotein cholesterol in GRGT
and GT groups were significantly lower than control group (p<0.05).

However, no significant differences were observed between the plasma



high—density lipoprotein cholesterol levels of GRGT and other groups.

In fifth part, the effect of GRGT on body weight loss and the
improvement of plasma lipid level of male person(40~50 ages) were also
investigated. The overweighted male (BMI>25) were drunk into the
beverage (560 mL, 5.6 g tea dr. wt. equivalent) of GRGT for four weeks.
The levels of triglyceride and plasma total—cholesterol were reduced by
green teas but there was no difference between GRGT and GT groups.

This results indicated that GRGT might exert potent anti—obesity and
the improvement of plasma lipid level in diet—induced obese rats.

The sixth part was evaluated the major components and bioactivity in
both gaba tea and green tea. Total phenolics, ascorbic acid and
chlorophyll were lower in gaba tea than those of green tea. However,
there were no differences in water content, total nitrogen, tannin, caffeine
and reducing sugar contents. In amino acids, aspartic acid and glutamic
acid were much lower in gaba tea than those of green tea. Epicatechin
and epigallocatechin contents were significantly decreased in gaba tea
compared to green tea. Among minerals, Mg content is lower in gaba
tea than green tea. In bioactivities, ACE inhibition activity is much
higher in gaba tea than those of green tea.

The seventh part was conducted to determine the shelf life of gaba tea
during storage. Sensory quality and visual score decreased with time in
both cold and ambient temperature storage. Catechin content and sensory
quality were closely related PPO activity during storage. Shelf life of
gaba tea in cold and ambient temperature storage were 6 and 8 months,
respectively. In packing methods, shelf life considerably reduced when

the tea bag open or clipped with silica gel, regardless of storage condition.



The eighth part was conducted to produce gaba tea and investigate
consumer panel test. Gaba tea was produced by roasted processing.
In economic analysis, gaba tea farmer earned much money about
174,000won/10a compared to green tea. In nutrition facts, gaba tea has
0 calories, 0 mg Na, 0 mg fat, 3.8 mg total phenolics, 8.6 mg gaba
content per g dry weight. For consumer panel test with 200 people
from the big city, they liked gaba tea products with increasing good
taste and functional nutrients such as gaba, ascorbic acid and catechins.
The optimal retail consumer price was 30,000 won per gaba tea

product(50g).
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Table 1—1. Status of green tea production and consumption in Korea.

1990 1995 2000 2005 2007
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Export amount (ton) 44.3 36.6 27.1 266 -
Import amount (ton) 2.7 117 410 2,982 -
H Ak AN g AEE UERdl=d vlE], Aol H55skal

A=dth g Sk Ui For map 7hFe] & FHo R shgstal

Adeped s 52 AuiE A '07d ®BA 1323ha, -2l 220ha, &% 199ha,
110ha, &35 25ha % % 13910hac]|t}. o= Ak '03d 780hao] H]3j
2571 59lom, 04 1340ha, '05d 1358%ha 5 FFAS BTh
oAl Jab Al WA AAF] FFStHA W ZIAA (H )
A (A5E)7FA o] A '05 el Hls] Mk A X HAE FEoR 5
o]zt



=2k A 7HA2 1ked 04 11700904 05 234200¢, '06 13300,
07 500~ 1A= stetglom, g 52l A2 7FA R 05 3nkol A
06 298K, 07d 2w HY o "WolHh FTAXNY 7 & F3xte}
B8] A= 71l et AlES ALl A ek 3lo] Fasith

7}eF(Gaba, gamma aminobutyric acid)® 19493 E. Robetr”} wAsh
7154 BAR 35, EffE S 0.03-32.5ug/AAF g W9, AAruH A%
(Medicago)®] HalolA & 6.6%7F EA5t Y= Ao BuEa o),

SEANA 7HHE 100mg/kg(10mg/F) 2olA] FHl2~HE &5 9
AU FelzHE FFS A 3553 237 dE R By

o= ar
Atk Abgrell A ZhakE 70mg 84 AAAISH Dol T2 o] e
7

2
tt

noi'

53], dF-5 wo] F5o EAs] ANAFHAE EH Q] acetyl choling F7HA]
Ho] 7S FHIAAI, AANA, s adel d=Fe Tl
2hg5te] g oAl A 7)o sk AR dEA Uk

7}v}+= glutamic acid’} L—glutamate 1—carboxylase(GDC)oll <] 3
decarboxylation I CO.7F HlEHHA AAEHE Zo= I¥HA A=
oju] thAEZ L glutamic acid® &¢#HA k. olgst LT E o]&, dnE
40Tl 8AIZE &<F A7] ToprlZ A 7HibelEEe 8mg — 300mg/100go.%
oF 6ull F7lek=dl olelgh ol dAwle ‘SNIY TS AAAFOR AFEshE o
Aol A &5l ATk
2=l A gaba T Al 2EHA(HV7EH, HF, TS
a4 4y, A2, AL =AHE 7Hat i
Bolol A @71 A 2 (CoH No)Al 7hakghaEe A A S7ksted olw &7}

A ME wmek AR, A (7)o 27] dE Ao d@Fe v

o,

rlo
’

ol

)

Fgs S7fst

rir
pou)
o
fu
=
K
i,

F
d

Aowm defAaL i BdS o] &3 ThukAk AJAIFo] EAH AL

el
= ol§a 7154 AN, HA R AEC99Q), B FF
57 7HE7) ol o4 SIAEE(05), A f8 AAEL o §F A

ol AMEH[AG. E, 52 XE ol 8T FHT B B AAFCo4d-AA),

F_& 12
R0
N e
=}
1
rL



gr) B40] 958 Do HRC04d-AA), MA TAAE o 8F 7154
SAC04A-BAD, 5 S, AT A, AGu] 7 Fol A FolAt JES)
R

2. oA 71548 A AL

sZakell A @71AEl= GDC &4 S7k= 9w 7hbkstgel b dve
Abddo] it oAt AT Aol 4] A A G AW Tk o] &8 Zhukabrt
FESE Ho] fEEI gtk At 7MY SARES AX Az A
A FEEAA o7 vhaA BAHUY Ve AERA AN E AL QU o5
b QI ZhakgtFe] 10mg/A &S g Mo Lo 7habak= e = vk

@ Fhubs ghel (MEARD), XY o



® 2 & ClelolM & mE ¥ NSHSEE Atmol
ofgt 7t B

AE AT AL Zo 7hpE SAE = AR Aoy AEH A= 94
He 7hbEE ds ST o2 dEA v Theabrh Aol

d=d Avd g1 gel oEstar o & e

A2A Ay L Wy

A Ad BAT A A ARG el AAE 998 AdEs
ok FA s 9l AF A AE
mXx2mx2.5m(7F 2 A =i o)
AL S8 FAAES AL A Eeotad s YArk(Fig. 2-1).
A AQA, THA BT Ao T2 Aol A FHEA ZAAAEU
Im Foldl o} FAtt.

A 2] X2 100, 150, 250W 8] lal 7FA|HA -2 200W, k242 10, 30,

e

o]-& 20061 69H-E 2007 597 35}

H 32 M

0.9mX20mX1m °o|F (7= A &:3=0]) nlt}

ol



40W &Zoldrt. F e F3d 30YFE dEF 2, 4A3F A5 A

=
Zako] Fo] 100ppmoZ XA 1Y HAo =z 33 g A¥xsgivh

Abg] A g A Al == (salicylic acid) ¢ HZAXARUo|EE ZMzZF AdFHo] o]
FTEEE A AESAY. Axde A 9UHAFEEH 3d7tA 0w 33
A Axgic

Fig. 2—1. Combination treatment of UV radiation and signal transfer

material in tee trees.
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Table 2—1. Response of shoot growth in tea trees by light wavelength

treatments under grown field conditions in 2006.

Shoot of first harvest

Treatment Number Length Leaf no Weight Yielql
(001817 (cm) (_gl-IOObud (kg10a

F wt) F wt)

Control 220 7.3 4.1 31.8 247
Infra red 100W 2hrs 214 7.2 3.9 31.6 244
4hrs 206 7.0 3.7 31.4 240

150W Z2hrs 212 7.1 3.8 31.5 241

4hrs 201 6.9 3.6 31.4 234

250W Z2hrs 208 7.0 3.7 31.6 233

4hrs 196 6.6 3.5 31.2 221

Ultraviolet 16W 2hrs 215 7.4 4.0 31.0 246
dhrs 218 7.5 3.9 31.7 241

30W 2hrs 216 7.3 3.8 31.6 243

dhrs 214 7.1 3.8 31.5 240

65W 2hrs 211 7.2 3.7 31.5 237

dhrs 207 7.3 3.9 31.3 231




Table 2—2. Response of shoot growth in tea trees by light wavelength

treatments under grown field conditions in 2006.

Shoot of second harvest

Treatment Number Length Leaf no Weight Yielql
(00187 (cm) (_g1~100bud (kg-10a

F wt) Fwt)

Control 214 7.2 3.8 32.5 256
Infra red 100W 2hrs 211 7.1 3.7 32.2 249
4hrs 203 7.0 3.6 31.7 241

150W 2hrs 210 7.1 3.7 32.3 248

4hrs 200 7.0 3.6 31.7 239

250W 2hrs 205 7.0 3.6 31.6 240

4hrs 193 6.8 3.5 31.0 224

Ultraviolet 16W 2hrs 212 7.2 3.8 32.6 259
4hrs 215 7.3 3.9 33.1 251

30W 2hrs 215 7.2 3.8 32.4 256

4hrs 210 7.1 3.8 32.5 257

65W 2hrs 214 7.2 3.8 32.6 261

4hrs 206 7.0 3.7 32.2 247




Table 2—3. Response of shoot growth in tea trees by light wavelength

treatments under grown field conditions in 2006.

Shoot of third harvest

Treatment Number Length Weight Yield

-1
(00181 (cm) Leaf no (gl;Oi)Nl?tl;d (k}f;()ta)

Control 232 8.7 4.1 33.0 295
Infra red 100W 2hrs 227 8.6 4.0 32.8 292
4hrs 219 8.3 3.7 32.4 286

150W 2hrs 223 8.4 3.8 32.5 283

4hrs 213 8.0 3,4 32.0 271

250W 2hrs 216 8.1 3.7 32.1 277

4hrs 201 7.5 3.1 31.5 260

Ultraviolet 16W Z2hrs 230 8.7 4.1 33.1 297
4hrs 229 8.6 4.1 32.9 294

30W  2hrs 227 8.6 4.0 33.0 294

4hrs 223 8.5 3.9 33.0 291

65W 2hrs 225 8.6 4.0 32.8 289

4hrs 222 8.2 3.7 32.6 284




Table 2—4. Changes in major component contents of green tea by light

wavelength treatments under growth field conditions in 2006.

Green tea of first harvest

Treatment .Total Total gmino Tannin Caffeine
nitrogen acid
(%) (mg100g") (%) (%)
Control 5.2 1,990 12.1 2.9
Infra red 100W 2hrs 5.3 1,990 11.2 2.9
4hrs 5.1 1,990 11.4 2.9
150W 2Zhrs 5.0 1,950 12.3 3.0
4hrs 5.1 2,180 12.3 3.1
250W 2hrs 5.2 2,290 12.2 3.2
4hrs 5.0 2,630 12.2 3.0
Ultraviolet 16W 2hrs 5.3 2,200 12.6 2.9
4hrs 5.1 2,150 12.4 2.9
30W Zhrs 5.2 2,150 11.7 3.0
4hrs 5.2 2,110 11.8 3.1
65W Zhrs 5.1 1,980 11.9 3.0
4hrs 5.2 2,180 11.7 3.0




Table 2—5. Changes in major component contents of green tea by light

wavelength treatments under growth field conditions in 2006.

Green tea of second harvest

Treatment .Total Total gmino Tannin Caffeine
nitrogen acid
(%) (ng100g-") (%) (%)
Control 4.5 1,690 13.5 2.4
Infra red 100W Z2hrs 4.5 1,690 13.5 2.4
4hrs 4.3 1,670 13.7 2.5
150W Z2hrs 4.2 1,653 13.4 2.6
4hrs 4.4 1,684 13.5 2.8
250W 2hrs 4.5 1,690 13.8 2.5
4hrs 4.1 1,630 13.9 2.9
Ultraviolet 16W 2hrs 4.5 1,700 13.4 2.5
4hrs 4.3 1,670 13.5 2.5
30W 2hrs 4.6 1,715 13.1 2.4
4hrs 4.4 1,687 13.4 2.5
65W 2hrs 4.3 1,673 13.6 2.4
4hrs 4.3 1,679 13.7 2.6




Table 2—6. Changes in major component contents of green tea by light

wavelength treatments under growth field conditions in 2006.

Green tea of third harvest

Treatment Total Total amino . .
nitrogen acid Tannin  Caffeine

(%) (mgloogh (P (%)

Control 3.7 1,030 14.6 1.9

Infra red 100W 2hrs 3.6 994 14.7 2.0

4hrs 3.6 998 14.8 2.1

150W Z2hrs 3.7 1,023 14.8 2.0

4hrs 3.5 976 14.8 2.2

250W 2hrs 3.4 958 14.8 2.0

4hrs 3.3 931 14.9 2.2

Ultraviolet 16W 2hrs 3.7 1,025 14.6 2.0

4hrs 3.8 1,046 14.7 2.0

30W 2hrs 3.6 1,006 14.7 1.8

4hrs 3.6 1,011 14.9 1.9

65W 2hrs 3.6 1,002 14.6 2.1

4hrs 3.5 982 14.7 2.2




Table 2—7. Change in GDC activity and gaba content of green tea by

light wavelength treatments under grown field conditions in

2006.
Green tea of first harvest
Treatment GDC activity Gaba Total phenolic
(unit-mL) (mg-100g™") acid (%)
Control 1.83 ¢* 22.20 b 12.10
Infra red 100W 2hrs 1.52 ¢ 23.11 b 12.20
4hrs 1.59 ¢ 22.80 b 12.40
150W 2hrs 1.61 ¢ 21.40 b 12.50
4hrs 1.76 ¢ 20.70 b 12.80
250W 2hrs 170 ¢ 20.60 b 12.80
4hrs 1.86 ¢ 22.24 b 12.80
Ultraviolet 16W 2hrs 2.11b 23.45 b 12.90
4hrs 2.19b 26.88 ab 12.20
30W 2hrs 2.28b 26.96 ab 12.50
4hrs 3.49a 31.82 a 12.20
65W 2hrs 2.48b 28.90 ab 12.30
4hrs 2.92a 31.25 a 12.30

"Mean separation within columns by Duncan's multiple range test at 5%

level.



Table 2—8. Change in GDC activity and gaba content of green tea by

light wavelength treatments under grown field conditions in

2006.
Green tea of second harvest
Treatment GDC activity Gaba Total phenolic
(unitmL) (mg-100g™") acid (%)
Control 1.40 ¢’ 23.25 b 12.34
Infra red 100W 2hrs 1.32 ¢ 2214 b 12.38
4hrs 1.64 ¢ 22.45 b 12.52
150W 2hrs 1.50 ¢ 21.47 b 12.43
4hrs 1.62 ¢ 20.71 b 12.73
250W 2hrs 1.63 ¢ 20.60 b 12.49
4hrs 1.58 ¢ 22.24 b 12.68
Ultraviolet 16W Zhrs 2.02b 23.43 b 12.31
4hrs 2.26b 26.71 ab 12.36
30W 2hrs 2.44b 26.56 ab 12.43
4hrs 3.24a 30.82 a 12.49
65W 2hrs 2.46b 26.94 ab 12.39
4hrs 2.92a 30.26 a 12.50




Table 2—9. Change in GDC activity and gaba content of green tea by

light wavelength treatments under grown field conditions in

2006.
Green tea of third harvest
Treatment GDC activity Gaba Total phenolic
(unit-mL) (mg100g™") acid (%)
Control 1.14 b* 16.14 b 13.16
Infra red  100W 2hrs 1.16 b 15.22 b 13.19
4hrs 1.12 b 15.30 b 13.22
150W 2hrs 1.12 b 14.24 b 13.26
4hrs 1.14 b 17.30 b 13.39
250W 2hrs 1.18 b 14.82 b 13.37
4hrs 15.32 b 13.43
Ultraviolet 16W Z2hrs 1.46 a 17.30 ab 13.12
4hrs 1.42 a 17.60 ab 13.21
30W 2hrs 1.64 a 20.42 a 13.26
4hrs 1.68 a 21.30 a 13.28
65W 2hrs 1.60 a 22.20 a 13.19
4hrs 1.62 a 21.44 a 13.26

"Mean separation within columns by Duncan's multiple range test at
5% level.
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Table 2—10. Response of shoot growth in tea trees by signal transfer

material treatments under grown field conditions in 2006.

Shoot of first harvest

Treatment(ppm) Number Length L Weight_l Yielc%l
(100,181 (em) eaf no (g100bud (ke10a

F wt) Fwt)

Control 220 7.1 4.1 31.8 247
Chitosan 50 222 7.2 4.3 31.9 251
250 231 7.3 4.2 32.4 256

500 230 7.3 4.2 32.3 255

Salicylic acid 1,000 225 7.1 3.9 32.2 252
2,000 222 7.4 4.1 32.7 257

3,000 218 7.4 4.0 32.4 254

Methyl jasmonate 250 228 7.5 3.9 32.4 256
500 236 7.6 4.2 32.8 263

1000 232 7.6 4.1 32.5 261




Table 2—11. Response of shoot growth in tea trees by signal transfer

material treatments under grown field conditions in 2006.

Shoot of second harvest

Weight i

Treatment(ppm) Number Length Leaf elg ) Y1eld71
(o018 Cem) (g100bud ' (ke10a
' F wt) F wt)
Control 214 7.2 3.8 32.5 256
Chitosan 50 214 7.3 3.9 32.6 257
250 218 7.4 3.8 32.8 263
500 217 7.2 4.0 32.9 262
Salicylic acid 1,000 215 7.2 3.7 32.6 260
2,000 217 7.4 3.9 32.7 263
3,000 215 7.4 3.9 32.7 261
Methyl jasmonate 250 218 7.3 3.7 32.5 259
500 218 7.4 3.8 32.7 266
1000 216 7.4 3.8 32.6 260




Table 2—12. Response of shoot growth in tea trees by signal transfer

material treatments under grown field conditions in 2006.

Shoot of third harvest

Weight i
Treatment(ppm) Number Length Leaf ce -1 Yleld_l
(001807 (em) (g100bud (keg-10a
' F wt) F wt)
Control 232 8.7 4.1 33.0 295
Chitosan 50 236 8.6 4.1 33.1 297
250 239 8.8 4.2 33.4 305
500 241 8.9 4.3 33.5 304
Salicylic acid 1,000 235 8.7 4.3 33.2 298
2,000 239 8.9 4.3 33.4 301
3,000 239 8.8 4.4 32.9 298
Methyl jasmonate 250 234 8.7 4.2 32.9 299
500 242 8.8 4.1 33.3 300
1000 240 8.8 4.1 33.0 296




Table 2—13. Changes in major components content of green tea by signal

transfer material treatments under grown field conditions in

2006.
Green tea of first harvest
Treatment (ppm) 'Total Total amino Tannin  Caffeine
nitrogen acid (%) (%)
(%) (mg-100g™1)
Control 5.1 1,990 13.0 2.9
Chitosan 50 5.2 1,915 13.0 3.0
250 5.1 1,922 13.4 3.0
500 5.1 1,920 13.1 3.2
Salicylic acid 1,000 5.0 2,124 13.0 3.3
2,000 5.2 1,940 13.5 2.9
3,000 5.0 1,991 13.3 3.1
Methyl jasmonate 500 5.2 1,980 13.1 3.1
1000 5.3 1,982 13.5 3.1
1500 5.1 1,950 13.8 3.1




Table 2—14. Changes in major components content of green tea by signal

transfer material treatments under grown field conditions in

2006.
Green tea of second harvest
Treatment (ppm) .Total Total amino Tanmin  Caffeine
nitrogen acid (%) (%)
(%) (mg-100g™") v 7
Control 4.5 1,695 13.5 2.4
Chitosan 50 4.6 1,712 13.6 2.5
250 4.7 1,723 13.8 2.5
500 4.7 1,727 13.5 2.7
Salicylic acid 1,000 4.7 1,723 13.6 2.7
2,000 4.8 1,740 13.8 2.4
3,000 4.5 1,691 13.9 2.6
Methyl jasmonate 500 4.6 1,709 13.8 2.6
1000 4.8 1,742 14.1 2.6
1500 4.5 1,700 14.5 2.8




Table 2—15. Changes in major components content of green tea by signal

transfer material treatments under grown field conditions in

2006.
Green tea of third harvest
Treatment (ppm) .Total Total aMino e
nitrogen acid (%) (%)
(%) (mg-100g™")
Control 3.7 1,030 14.6 1.9
Chitosan 50 3.7 1,034 14.6 1.9
250 3.6 999 14.8 2.1
500 3.8 1,045 14.5 2.0
Salicylic acid 1,000 3.8 1,047 14.4 2.1
2,000 3.8 1,041 14.8 2.2
3,000 3.9 1,053 14.9 2.2
Methyl jasmonate 500 3.8 1,045 14.9 2.1
1000 3.9 1,056 15.3 2.2
1500 3.6 1,001 15.1 1.9




Table 2—16. Changes in GDC activity and gaba content in green tea by
signal transfer material treatments under grown field

conditions in 2006.

Green tea of first harvest

Treatment (ppm) GDC activity Gaba Total phenolic

(unit-mL™") (mg -100g™")  compound (%)

Control 1.45 b* 22.2 b 12.30 a
Chitosan 50 1.40 b 23.80 b 12.70 a
250 1.43 b 24.40 b 12.90 a

500 1.40 b 25.20 b 13.30 a

Salicylic acid 1,000 1.54 b 25.00 b 12.60 a
2,000 1.48 b 26.80 b 13.50 a

3,000 141 b 27.48 ab 12.90 a

Methyl jasmonate 500 1.50 b 28.63 b 13.40 a
1000 2.18 a 33.38 a 13.85 a

1500 1.98 a 32.00 a 13.70 a




Table 2—17. Changes in GDC activity and gaba content in green tea by
signal transfer material treatments under grown field

conditions in 2006.

Green tea of second harvest

Treatment (ppm) GDC activity Gaba Total phenolic

(unit-mL™!) (mg100g™")  compound (%)

Control 1.42 b 23.42 b 12.34 a
Chitosan 50 1.44 b 23.84 b 12.36 a
250 1.46 b 25.26 b 12.42 a

500 1.44 b 26.24 b 12.47 a

Salicylic acid 1,000 1.53 b 25.08 b 12.42 a
2,000 1.52 b 26.82 b 12.49 a

3,000 1.48 b 27.44 ab 12.48 a

Methyl jasmonate 500 1.60 b 27.63 b 12.78 a
1000 2.08 a 33.32 a 12.85 a

1500 1.93 a 31.02 a 12.73 a

"Mean separation within columns by Duncan's multiple range test at 5%
level.



Table 2—18. Changes in GDC activity and gaba content in green tea by
signal transfer material treatments under grown field

conditions in 2006.

Green tea of third harvest

Treatment

GDC activity GABA Total phenolic

(unitmL™")  (mgl100g™")  compound (%)
Control 1.20 b* 16.22 b 13.16 a
Chitosan 50 1.24 b 17.44 b 13.14 a
250 1.26 b 17.26 b 13.21 a
500 1.24 b 18.86 b 13.29 a
Salicylic acid 1,000 1.23 b 17.24 b 13.28 a
2,000 1.32 b 17.90 b 13.35 a
3,000 1.31 b 20.14 ab 13.41 a
Methyl jasmonate 500 1.40 b 20.63 b 13.52 a
1000 1.85 a 23.32 a 13.69 a
1500 1.61 ab 21.02 a 13.61 a

"Mean separation within columns by Duncan's multiple range test at 5%

level.



Table 2—19. Growth and yield of green tea between conventional species

and 'Yabukita' cultivar under grown field conditions in 2006.

Shoot of first harvest

Cultivar Number Length Leaf Weight -1 Y1eld_1
(HO'O 18m2*l) (CH]) (glOObud (kgloa
' F wt) F wt)
Conventional 220 6.2 3.4 25.4 197
Yabukita 207 7.0 3.9 26.3 209

Table 2—20. Major components contents of different species of green tea

under grown field conditions in 2006.

Green tea of first harvest

Tea cultivar GDC activity Gaba Catechin  Total phenolic
(unitmL™")  (mg100g™") (%) compound (%)

Conventional 1.42 25.12 11.80 11.32
Yabukita 1.38 23.46 11.62 11.06
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Table 2—21. Response of shoot growth in tea trees by ultraviolet plus methyl

jasmonate treatments under grown field conditions in 2007.

Shoot of second harvest

Treatment” Number Leaf Weight Yield
(No- Lf?f)th no  (g100bud ' (kel0a !

0.18m 1) F wt) F wt)

Control 222 6.2 3.2 33.5 276

UV 2hrs+MJ 234 6.2 3.2 35.6 281

4hrs+MJ 236 6.0 3.4 36.2 287

"Ultraviolet 656W treatment plus 1,000ppm methyl jasmonate foliar spray.

Table 2—22. Response of shoot growth in tea trees by ultraviolet plus methyl

jasmonate treatments under grown field conditions in 2007.

Shoot of third harvest

z Number Weight Yield
Treatment _
(No- Lfgf)th Leaf o joobud ! (ke-10a™!
0.18m'™ ") F wt) F wt)
Control 246 8.8 4.1 34.2 312
UV 2hrs+MJ 260 9.2 4.1 36.4 332
4hrs+MJ 254 9.0 4.2 35.8 337

"Ultraviolet 656W treatment plus 1,000ppm methyl jasmonate foliar spray.
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Table 2—23. Changes in Hunter values of tea leaves by ultraviolet plus

methyl jasmonate treatments grown under field conditions

in 2007.
Hunter value of second harvest
Treatment”
L a b
Control 52.14 —-13.14 25.57
UV 2hrs+MJ 48.18 —10.16 22.91
4hrs+MJ 49.43 —10.80 20.80

“Ultraviolet 656W treatment plus 1,000ppm methyl jasmonate foliar spray.

Table 2—24. Changes in Hunter values of tea leaves by ultraviolet plus

methyl jasmonate treatments grown under field conditions in

2007.
Hunter value of third harvest
Treatment”
L a b
Control 54.15 —-14.10 23.57
UV 2hrs+MJ 50.18 —-12.26 20.31
4hrs+MJ 51.43 —-12.20 21.30

"Ultraviolet 656W treatment plus 1,000ppm methyl jasmonate foliar spray.
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Table 2—25. Changes in major component contents of green tea by
ultraviolet plus methyl jasmonate treatments grown under

field conditions in 2007.

Green tea of second harvest

Treatment”  Total nitrogen Total amino acid Tannin Caffeine

(%) (mg-100g™'D wt) (%) (%)

Control 4.4 1,695 13.5 2.4
UV 2hrs+MJ 4.1 1,673 13.6 2.4
4hrs+M]J 4.3 1,679 13.7 2.6

“Ultraviolet 65W treatment plus 1,000ppm methyl jasmonate foliar spray.

Table 2—26. Changes in major component contents of green tea by ultraviolet

plus methyl jasmonate treatments grown under field conditions

in 2007.
Green tea of third harvest
Treatment”  Total nitrogen Total amino acid Tannin Caffeine
(%) (mg100g™'D wt) (%) (%)
Control 4.0 1,295 15.5 2.0
UV 2hrs+MJ 3.8 1,173 14.6 2.1
4hrs+MJ 3.8 1,179 14.7 2.2

"Ultraviolet 65W treatment plus 1,000ppm methyl jasmonate foliar spray.

GDCe} 7HikgteE Z2AF (Table 27~28)A], F&2tel Al GDC &S ojz=+
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Table 2—27. Change in GDC activity and gaba content of green tea by

ultraviolet plus methyl jasmonate treatments grown under

field conditions in 2007.

Green tea of second harvest

Treatment”

GDC activity Gaba Total phenolic
(unit-mL) (mg-100g™'D wt) acid (%)
Control 1.40 b¥ 20.25 b 11.64 a
UV 2hrs+MJ 1.86 a 26.54 a 11.39 a
4dhrs+MJ 2.22 a 24.22 a 12.50 a

“Ultraviolet 656W treatment plus 1,000ppm methyl jasmonate foliar spray.

YMean separation within columns by Duncan's multiple range test at
5% level.

Table 2—28. Change in GDC activity and gaba content of green tea by

ultraviolet plus methyl jasmonate treatments grown under

field conditions in 2007.

Green tea of third harvest

Treatment’ GDC activity Gaba Total phenolic
(unit-mL) (mg100g™'D wt) acid (%)
Control 1.34 b¥ 18.16 b 12.16 a
UV 2hrs+MJ 1.90 a 22.20 a 12.29 a
4hrs+MJ 2.02 a 24.64 a 12.46 a

“Ultraviolet 656W treatment plus 1,000ppm methyl jasmonate foliar spray.

YMean separation within columns by Duncan's multiple range test at
5% level.
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Fig. 3—1. Representation of anaerobic treatment with Ny gas (left) and immerged

with cold water (right) in green tea leaves before processing.
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Table 3—1. Changes in major components content of green tea as influenced

by water soaking treatment before processing.

Green tea of second harvest

Treatment Total Total amino acid Tannin Caffeine Chlorophyll

mitrogen - o100g) (%) (%) (mgl00g D)
(%)
Control 4.97 2,485 13.09 2.91 438
0C 1hr 4.99 2,493 13.09 2.94 452
2hrs 4.96 2,483 12.97 2.89 445
4hrs 4.92 2,465 13.18 2.85 440
6hrs 4.89 2,451 12.92 2.80 426
20C 1hr 5.00 2,498 13.07 2.96 458
2hrs 4.91 2,461 12.95 2.84 446
4hrs 4.83 2,432 13.15 2.81 437
6hrs 4.75 2,408 12.88 2.73 403




Table 3—2. Changes of major components content of green tea as influenced

by water soaking treatment before processing.

Green tea of second harvest

Treatment  GpC activity Gaba Catechin Total phenolic
(unitmL™")  (mg100g™") (%) compound (%)

Control 1.30 b” 24.40 b 11.80 a 11.32 a
0C 1hr 1.34 b 25.24 b 11.84 a 11.54 a
2hrs 1.90 a 30.34 a 11.62 a 11.58 a
4hrs 1.88 a 30.68 a 11.36 a 11.3 a
6hrs 2.02 a 31.47 a 11.24 a 11.2 a
20C 1hr 1.85 a 32.24 a 11.72 a 11.4 a
2hrs 2.10 a 31.68 a 11.50 a 11.2 a
4hrs 2.14 a 31.46 a 11.14 a 11.1 a
6hrs 2.00 a 31.94 a 11.06 a 10.8 a

"Mean separation within columns by Duncan's multiple range test at 5% level.

Table 3—3. Change in Hunter value of green tea as influenced by water soaking

treatment before processing.

Hunter value of second harvest

Treatment
L a b b/a

Control 52.31 —-12.04 23.92 —-1.99
0C 1hr 52.30 —12.02 23.90 —-1.99
2hrs 52.21 —11.97 23.85 —-1.99
4hrs 52.03 —11.85 23.79 —2.01
6hrs 51.95 -11.73 23.74 —2.02
20C 1hr 52.27 —-12.00 23.87 —-1.99
2hrs 52.14 —-11.91 23.81 —2.00
4hrs 51.96 -11.79 23.73 —2.01
6hrs 51.88 —-11.62 23.65 —2.04
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Table 3—4. Changes in gaba content in Lactovacillus spp. with different

glutamic acid treatment according to incubation duration.

Gaba content
(mg100g™")

Treatment

3 7 11 15

days days days days

Lactovacillus brevis 1%+ Glutamic acid 209 386 397 405
2% +Glutamic acid 312 761 713 642

3% +Glutamic acid 337 628 572 523

Lactovacillus plantarum 1% +Glutamic acid 178 302 312 320
2% + Glutamic acid 230 515 477 499

3%+ Glutamic acid 246 428 398 387

Leuconostoc mensenterodies  1%+Glutamic acid 102 278 289 304
2%+Glutamic acid 150 403 388 354

3%+Glutamic acid 178 329 301 287

Werssella paramensenterodies 1% +Glutamic acid 126 310 321 325
2% ~+Glutamic acid 195 425 400 370

3% +Glutamic acid 210 301 287 279

Pediococcus dextrinicus 1%+ Glutamic acid 145 361 369 372
2%+ Glutamic acid 200 505 501 476

3%+Glutamic acid 240 376 359 351

* Cultural medium composition : glucose 1.2%, pepton 1.3%, yeast extracter
0.6%, water 91.9~93.9% (pH 6.1%0.1), Lactovacillus spp concentration 1.9%£0.1%.



Table 3—5. Changes in gaba content in Lactovacillus spp. with different

amino acid powder treatment according to incubation duration.

Gaba content
(mg-100g ™)

Treatment 2 TR

days days days days

Lactovacillus brevis  12.5%+amino acid powder 206 301 406 342
15.0%+amino acid powder 215 338 483 423

17.5%+amino acid powder 223 346 457 407

Lactovacillus plantarum 12.5%~+amino acid powder 126 179 254 237
15.0%+amino acid powder 148 201 318 300

17.5%+amino acid powder 152 199 302 287

Leuconostoc mensenterodies 12.5%+amino acid powder 115 163 239 230
15.0%+amino acid powder 137 189 275 268

17.5%+amino acid powder 139 195 263 251

Weissella paramensenterodies 12.5%+amino acid powder 172 259 316 289
15.0%+amino acid powder 184 278 359 332

17.5%+amino acid powder 192 285 341 322

Pediococcus dextrinicus  12.5%+amino acid powder 131 183 297 288
15.0%+amino acid powder 148 199 341 323

17.5%+amino acid powder 157 210 330 315

* Cultural medium composition : glucose 1.2%, pepton 1.3%, yeast extracter
0.6%, water 91.9~93.9% (pH 6.1%0.1), Lactovacillus spp concentration 1.9£0.1%
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Table 3—6. Changes in major components content in green tea by anaerobic

treatment with 100% nitrogen gas before processing.

Green tea of second harvest

Ny gas
treatment T—N? TAAY Tannin Caffein Chlorophyll Vitamin C
(%) (mgl100g™) (%) (%) (mgl00g™ ') (mgl00g™")

10C 1 hr  4.70 2,731 13.09 3.27 327.1 382.4
3 hrs 4.90 3,003 12.87 3.23 318.9 390.4

5 hrs 4.97 3,065 12.97 3.03 303.9 373.2
20C 1 hr 4.73 2,788 12.98 3.08 324.3 360.6
3 hrs 4.88 3,022 12.63 3.18 329.5 347.9

5 hrs 4.65 2,667 13.17  3.00 310.8 320.1
30C 1 hr 4.55 2,608 13.26 2.98 327.6 356.7
3 hrs 4.84 2,911 12.97 3.16 305.1 330.5

5 hrs 4.28 2,425 12.80 3.05 284.3 289.1
Control 4.85 2,926 13.34 3.09 330.3 365.7

“Total nitrogen

YTotal amino acid



Table 3—7. Changes in free sugars content in green tea by anaerobic
treatment with 100% nitrogen gas before processing. Tea

leaves used on second harvest season.

N, gas Free sugars (mg100g™ ')
treatment Sucrose Glucose Fructose Total
10C 1 hr 701 1,102 281 2,084
3 hrs 693 1,083 277 2,053
5 hrs 686 1,004 172 1,862
20C 1 hr 717 1,106 246 2,079
3 hrs 685 1,300 273 2,258
5 hrs 587 1,059 184 1,830
30C 1 hr 665 1,109 229 2,003
3 hrs 603 1,197 239 2,039
5 hrs 467 1,088 164 1,719
Control 678 993 191 1,862




Table 3—8. Changes in amino acids content in green tea by anaerobic
treatment with 100% nitrogen gas before processing. Tea

leaves used on second harvest season.

Free amino acids” (mg-100g™ ")

N, gas
treatment Asp  Thea  Ser Glu Ala  Gaba  Arg
10C 1 hr 84 1,212 130 270 225 51 425

3 hrs 50 1,351 123 201 320 190 429
5 hrs 42 1,397 115 182 317 205 438
20C 1 hr 95 1,246 140 258 203 85 401
3 hrs 42 1,394 155 172 270 225 388
5 hrs 40 1,328 97 165 285 210 375
30C 1 hr 62 1,096 85 160 300 115 421
3 hrs 35 1,343 88 152 295 217 441
5 hrs 42 1,161 59 135 227 200 343
Control 141 1,381 121 342 119 35 406

“Asp : Aspartic acid, Thea : Theanine, Ser : Serine, Glu : Glutamic acid, Pro : Proline,
Gly : Glycine, Ala : Alanine, Val : Valine, lie : Isoleucine, Leu : Leucine, Tyr :
Tyrosine, Pho : Phenylalanine, GABA : y—Aminobutyric acid, Lys : Lysione, His :
Histidine, Arg : Arginine.



Table 3—9. Changes in sensory evaluation in green tea by anaerobic
treatment with 100% nitrogen gas before processing. Tea

leaves used on second harvest season.

Sensory evaluation (100 score)

N External factor Internal factor
2 gas
(40 score) (60 score)
treatment
; Total
Appearance Lea Flavor Extract Tasty
colour colour
10C 1 hr 14.9 15.2 16.1 15.9 16.4 78.5
3 hrs 15.7 15.8 16.5 16.0 16.6 80.6
5 hrs 15.4 15.6 16.0 15.6 15.7 78.3
20C 1 hr 15.8 15.5 15.6 15.4 15.3 77.6
3 hrs 15.8 15.5 15.6 15.6 15.6 78.1
5 hrs 14.9 15.1 15.7 15.3 15.3 76.3
30C 1 hr 15.5 15.7 15.3 15.2 15.3 77.0
3 hrs 15.0 15.1 16.0 15.4 15.9 77.2
5 hrs 14.1 14.7 15.2 15.2 15.1 74.3
Control 15.8 15.7 16.5 16.2 16.2 80.4




Table 3—10. Changes in major components content in green tea by
anaerobic treatment with 100% nitrogen gas and conditioning
duration before processing. Tea leaves used on second

harvest season.

Green tea of second harvest

Ny gas treatment with conditioning T—N* AN Tannin Caffein Chlorophyll
(mg (mg-l
(%) e @) (%) 1
100g™) 00g )

5C 1 hr conditioning— 3 hrs N, treatment 4.88 2,955 14.64 3.15 342.4
5C 10 hrs conditioning— 3 hrs N treatment 4.80 2,880 14.32 3.17 320.1
5°C 20 hr conditioning— 3 hrs N, treatment 4.71 2,740 13.76 3.12 292.6
20°C 1 hr conditioning— 3 hrs N, treatment 4.83 2,915 14.32 3.17 332.3
20C 10 hrs conditioning— 3 hrs N; treatment 4. 66 2,665 14.09 3.02 305.8
20C 20 hr conditioning— 3 hrs Ny treatment 4.40 2,537 13.58 2.89 265.9

Control 485 2,926 13.34 3.09  330.3

“Total nitrogen
YTotal amino acid

Table 3—11. Changes in major components content in green tea by
anaerobic treatment with 100% nitrogen gas and conditioning

duration before processing.

Free sugars (mg100g ')

N. gas treatment with conditioning
Sucrose Glucose Fructose Total

5C 1 hr conditioning— 3 hrs N, treatment 557 946 264 1,767
5T 10 hrs conditioning— 3 hrs Ny treatment 603 894 231 1,728
5T 20 hr conditioning— 3 hrs N, treatment 673 791 182 1,616
20C 1 hr conditioning— 3 hrs N treatment 589 913 243 1,745
20C 10 hrs conditioning— 3 hrs N treatment 610 799 221 1,630
20C 20 hr conditioning— 3 hrs Ny treatment 614 757 182 1,553

Control 678 993 191 1,862




Table 3—12. Changes in major components content in green tea by
anaerobic treatment with 100% nitrogen gas and conditioning
duration before processing. Tea leaves used on second

harvest season.

Free amino acids” (mg/100g)

N, gas treatment with conditioning
Asp Thea Ser Glu Ala Gaba Arg

5C 1 hr conditioning— 3 hrs Ns treatment 97 1,324 115 214 219 180 414
5T 10 hrs conditioning— 3 hrs Ny treatment 69 1,308 108 198 221 223 400
5C 20 hr conditioning— 3 hrs N treatment 58 1,256 112 184 214 208 397
20C 1 hr conditioning— 3 hrs Ny treatment 65 1,345 115 230 211 185 425
20°C 10 hrs conditioning— 3 hrs Ny treatment 51 1,263 91 198 203 215 384
20C 20 hr conditioning— 3 hrs Ny treatment 47 1,191 90 210 198 164 357

Control 141 1,381 121 342 119 35 406

“Asp : Aspartic acid Thea : Theanine Ser : Serine Glu : Glutamic acid Pro :
Proline Gly : Glycine Ala : Alanine Val : Valine Iie : Isoleucine Leu : Leucine
Tyr @ Tyrosine Pho : Phenylalanine

GABA : y—Aminobutyric acid Lys : Lysine His : Histidine Arg : Arginine



Table 3—13. Changes in major components content in green tea by
anaerobic treatment with 100% nitrogen gas and conditioning
duration before processing. Tea leaves used on second

harvest season.

Sensory evaluation (100 score)

N, gas treatment External factor Internal factor
with conditioning (40 score) (60 score)
Total
Appearance Leaf Flavor Extract Tasty
colour colour
5C 1 hr conditioning 15.8 16.1 15.7 15.5 15.3 78.4
— 3 hrs Ny treatment
5C 10 hrs conditioning 15.5 15.8 15.4 15.7 15.2 77.6
— 3 hrs Ny treatment
5T 20 hr conditioning 15.7 15.1 15.6 15.5 15.4 77.3
— 3 hrs Ny treatment
20C 1 hr conditioning 15.8 15.8 15.3 15.5 15.6 78.0
— 3 hrs Ny treatment
20°C 10 hrs conditioning 15.8 15.9 14.8 14.6 15.0 76.1
— 3 hrs Ny treatment
20C 20 hr conditioning 15.0 15.5 14.5 14.4 14.2 73.6
— 3 hrs Ny treatment
Control 15.8 15.7 16.5 16.2 16.2 80.4

A @A we sk 30 9lal, Adm AR FHelA 25TelA
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Table 3—14. Changes in major components content in green tea by
anaerobic and aerobic treatments with 100% nitrogen gas

or air before processing.

Green tea leaves

N2 gas X . )
TAA . . Chlorophyll Vitamin C
7 _N\TY

treatment T('?‘I\)I (mg100g"" T(a;n)m C?ge)m (mg100g~ (mg100g "

7 D wt) v 7 D wt) D wt)

A 4.22 2,924 10.63 2.78 339.5 317.5

B 4.25 2,761 11.17 2.80 340.8 326.4

C 4.15 2,658 10.26  2.98 323.6 319.3

Control 4.20 2,821 10.34 2.49 334.3 335.5

“A=3hrs under 100% N at 20T

B=3hrs under 100% Ny— 3hrs aerobic condition at 20°C

C=3hrs under 100% N;— 3hrs aerobic condition—> 3hrs under 100% N at 20C
"Total nitrogen

*Total amino acid
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Table 3—15. Changes in free amino acids content in green tea by
anaerobic and aerobic treatments with 100% nitrogen gas

or air before processing.

N, gas Free amino acids’ (mg100g™'D wt)
treatment” Asp Thea Ser Glu Ala Gaba Arg
A 42 b 1,394 a 135a 172b 270 a 225b 388 a
B 36 b 1,328 a 127 a 125 ¢ 285 a 270 a 375 a
C 32b 1,196 a 115a 120 ¢ 300a 275 a 421 a

Control 141 a 1,381 a 121 a 342 a 119 b 35 ¢ 406 a

*A=3hrs under 100% N at 20C
B=3 hrs under 100% Ny;— 3hrs aerobic condition at 20C
C=3 hrs under 100% Ny;— 3hrs aerobic condition— 3 hrs under 100% N at
20C
YAsp 1 Aspartic acid, Thea : Theanine, Ser : Serine, Glu : Glutamic acid, Pro : Proline,
Gly : Glycine, Ala : Alanine, Val : Valine, Iie : Isoleucine, Leu : Leucine, Tyr :

Tyrosine, Pho : Phenylalanine, GABA : y—Aminobutyric acid, Lys : Lysione, His :
Histidine, Arg : Arginine.

*Mean separation within columns by Duncan's multiple range test at 5%

level.
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Table 3—16. Changes in sensory evaluation in green tea extracts by
anaerobic and aerobic treatments with 100% nitrogen gas or

air before processing.

Sensory evaluation (100 score)

N, gas External factor Internal factor
treatment® (40 score) (60 score) Total
Appearance cile(ifr Flavor Ecitlf)icrt Tasty
A 17.8 15.5 15.8 15.4 15.6 80.1
B 14.9 15.1 15.7 15.2 154 76.3
C 15.0 15.0 15.3 15.2 15.3 75.8
Control 17.8 15.7 16.5 16.2 16.2 82.4

’A=3hrs under 100% N, at 20T
B=3 hrs under 100% N,— 3hrs aerobic condition at 20°C
C=3 hrs under 100% N,— 3hrs aerobic condition— 3 hrs under 100% N, at 20C
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A FEERE 45799 Sprague—Dawley & F7 3FHE Eontol &
ARG (AW % 2242C, AU55%E 55+5%, 12 hour light—dark cycle)ol 4]
15797 A-SA T 1A Ao Hnks fFxs8t7] 918 Gy} nA Yo"
Lol A9 2] 383t} Diet—induced obesity(DIO)E f=8}7] $1%
A2 o] (AIN=93G diet, $HaF R&D, A7]1%, diavl=)e] 242 1 14
UERTE 67 ot HivRS fiee Az, Ao AFeo] Aol wlE)
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YRS 18181t} o]of H|gte] f =¥ HES dlxa(Control), SFAHH(GT)
3 7huks 2kt (GRGT) &&= 7242y guhe] ) o] XA o| & ad—/ibitum
02 HHAEF 332 AT (Normal) S AlS AdA oS FF8t. gt
=27 ThebEabeS e E9FEES 19 AT 0.3 g/kg body weight
o ARF At 4F F AT Folsher)
AHETIE S A EEY A AHoldATS A4 F 13% dA Ak
ST
Table 4—1. Compositions of the experimental diets
Component Diets (g/kg diet)
P Normal High—fat
Casein 200 239
L—Cystine 3 3
Corn starch 398 198
Sucrose 100 88
Dextrose 132 116
Cellulose 50 60
Soybean oil 70 84
Lard 0 155
AIN—-93G mineral mix* 35 42
AIN—93G vitamin mix+ 10 12
Choline bitartarate 2 3
Total 1000 1000
* AIN—93G mineral mix containing (g/kg): calcium phosphate dibasic 500, sodium
chloride 74, potassium citrate 220, potassium sulfate 52, magnesium oxide 24,
manganous carbonate 3.5, ferric citrate 6, zinc carbonate 1.6, cupric carbonate 0.3,
potassium iodate 0.01, sodium selenite 0.01, chrominium potassium sulfate 0.55.
+ AIN=93G vitamin mix containing (g/kg): thiamin 0.6, pyridoxine HCIl 0.7, niacin 3,
calcium panththenate 1.6, folic acid 0.2, biotin 0.02, vitamin B12 (0.1% trituration

in mannitol) 1, dry vitamin A palmitate (500,000 U/g) 0.8, dry vitamin E acetate
(500 U/g) 10, vitamin D3 trituration (40,000 U/g) 0.25, manadione sodium

bisulfite complex 0.15.
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Fig. 4—1. Changes of body weights of rats fed normal and HFD (high fat
diet) for 6 weeks.
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g3 gd#¢ % cholesterol (CHOL), triglyceride (TG), 1¥]3a1 HDL
cholesterol (HDL-C)®] &2 @A 7](VITROS DT60 II system,
Johnson & Johnson company, USA)E o] &3l enzymatic methodol]l <3
7439tk =8 LDL cholesterol (LDL—C) $%F-& Friedwald &4 (CHOL
— HDL = 0.2 X TG)ell ¢} A= At



2E A¥d4A3= SPSS(Statistical package for social sciences) 12.0
package programs ©o|-&sto] Wy FTEAAE Fepglen, 453 AT
Wehs eSS ZAREA Y A, Y sampled} HREANES A
EAFE2A (one—way ANOVA) 5 Scheffe's testE ©]&3Fo] p<0.05 =Fl A

YT e FelH AolE AEHA
A3d A% H 1F
1 49FES AZY ¥ L Yol HAF

=
ofste] AT WstE AbedtH(Fig. 4-2).
o AVE 77k whEl Z7)Ekg o

O

550 go 2 7% A YERd vEAE, ARl
480 go & $hhek A|FT7HE UERon fizde HE fejHos U
YEFGTH(p<0.05). 7kt o dubsapathe] f-o]4 Aol glole
Ak atol] wlE] shulbsaiate] AFo] 15 g E Sl

Ak zatel Zpnpsal A5FEEe] AT 5o 4F A § 7 Aol
Aol dHEFS £ 23 (Fig. 4-3), LAY Hols ¥5F 3 1HS 15
E3F °F 100 golleow AgAelwe] 150 g ool Mgt fojHow
vkokth, Zhubmabat, Ank Sk, g2 19 A<l 2ol 7 glith.
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Fig. 4—2. Changes of body weights in rats administered greeen teas with high
fat diets for four weeks.
GRGT: A rat group fed high fat diet and administerd with water extracts of
GABA-rich green tea every day,
GT: A rat fed high fat diet and administered with water extracts of green tea,
Control: A rat group fed high fat diet,
Normal: rat fed normal diet Values are expressed as mean£SD (n= 8).

*Different letters are significant difference among experimental groups at p<0.05.
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Fig. 4—3. Food intake in rats administered green teas with high fat diets

for four weeks.

GRGT: A rat group fed high fat diet and administerd with water extracts
of GABA-rich green tea every day,

GT: A rat group fed high fat diet and administerd with water extracts of
green tea every day,

Control: A rat group fed high fat diet,

Normal: A rat group fed normal diet Values are expressed as mean*SD (n= 8).

*Different letters above the bar indicate significant difference among experimental

groups at p<0.05 by Scheffe's test.
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administered with water extracts of GABA tea for 4 weeks.

A rat fed high fat diet and administerd with water extracts of
GABA-rich green tea every day, Right; A rat fed high fat diet)

Fig. 4—4. Photographs of abdominal fats of rats fed high fat diet and
(Left;
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Fig. 4-5. Total—abdominal fats of rats fed experimental diets and
administered with water extracts of GABA tea and green tea

for 4 weeks.
GRGT: A rat group fed high fat diet and administerd with water extracts of
GABA-rich green tea every day,
GT: A rat group fed high fat diet and administerd with water extracts of
green tea every day,
Control: A rat group fed high fat diet,
Normal: A rat group fed normal diet Values are expressed as mean£SD (n= 8).
x Different letters above the bar indicate significant difference among experimental

groups at p<0.05 by Scheffe's test.
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39|28 =, HDL—cholesterol, LDL—cholesterol, VLDL—cholesterol®] &
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WA (p<0.05). T3 7hal==2e} AdE =2}29] LDL—cholesterols9]
AT UE fFoHow vol A FEHE0 Forl % LDL FES
st w2t les o 7 AT (Fig. 4-9).
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Fig. 4—6. Triglyceride concentrations in plasma of rats fed experimental
diets and administered with water extracts of GABA tea and
green tea for 4 weeks.

GRGT: A rat group fed high fat diet and administerd with water extracts
of GABA-rich green tea every day,

GT: A rat group fed high fat diet and administerd with water extracts
of green tea every day,

Control: A rat group fed high fat diet,

Normal: A rat group fed normal diet Values are expressed as mean®*SD (n= 8).

*Different letters above the bar indicate significant difference among experimental

groups at p<0.05 by Scheffe's test.
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Fig. 4—7. Total cholesterol concentrations in plasma of rats fed
experimental diets and administered with water extracts of

GABA tea and green tea for 4 weeks.
GRGT: A rat group fed high fat diet and administerd with water extracts
of GABA-rich green tea every day,
GT: A rat group fed high fat diet and administerd with water extracts of
green tea every day,
Control: A rat group fed high fat diet,
Normal: A rat group fed normal diet Values are expressed as mean®*SD (n= 8).
* Different letters above the bar indicate significant difference among experimental

groups at p<0.05 by Scheffe's test.
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Fig. 4—8. HDL concentrations in plasma of rats fed experimental diets
and administered with water extracts of GABA tea and green

tea for 4 weeks.

GRGT: A rat group fed high fat diet and administerd with water extracts of
GABA-rich green tea every day,

GT: A rat group fed high fat diet and administerd with water extracts of
green tea every day,

Control: A rat group fed high fat diet,

Normal: A rat group fed normal diet Values are expressed as mean®*SD (n= 8).

* Different letters above the bar indicate significant difference among experimental

groups at p<0.05 by Scheffe's test.
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Fig. 4—9. LDL concentrations in plasma of rats fed experimental diets
and administered with water extracts of GABA tea and

green tea for 4 weeks.
GRGT: A rat group fed high fat diet and administerd with water extracts of
GABA-—rich green tea every day,
GT: A rat group fed high fat diet and administerd with water extracts of
green tea every day,
Control: A rat group fed high fat diet,
Normal: A rat group fed normal diet Values are expressed as meantSD (n= 8).
* Different letters above the bar indicate significant difference among experimental

groups at p<0.05 by Scheffe's test.
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Fig. 4—10. VLDL concentrations in plasma of rats fed experimental diets
and administered with water extracts of GABA tea and green
tea for 4 weeks.

GRGT: A rat group fed high fat diet and administerd with water extracts of
GABA-rich green tea every day,

GT: A rat group fed high fat diet and administerd with water extracts of
green tea every day,

Control: A rat group fed high fat diet,

Normal: A rat group fed normal diet Values are expressed as mean£SD (n= 8).

x Different letters above the bar indicate significant difference among experimental

groups at p<0.05 by Scheffe's test.
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A1d A

d71A el os) Alzw TbmArE ax Aol s Aol izl
HlE] 45s =2 FHt mah des FAslt & o AAsHA AW

sk, At 65 ¢ wAAolr HvEE fEF FHE AR
ThabEal AFEFEES 1Y 0.3gks §FOR F 45 S AT FoE 4T
A3 7k Ak (GRGT) O AF o]tz (controD ol B3 Fol 4 o2 v
YEFSTH(p<0.05). 5 triglyceride, total cholesterol, LDL—cholesterol,
VLDL—cholesterol &%= HE3F 7halsabato]l thzel] Hla] A Fashe

o] tFet AP S ztevia g8 9lom, 2o FAEQ catechin©]
F2 olE AgAd Zlogdta FEE vk Ak ZFo] tiE A 559
catechin® catechin (C), epicatechin (EC), epigallocatechin (EGC),
epigallocatechin gallate (EGCG), 18] 3 epicatechin gallate (ECG)Co &
oA 9tH(Fig. 5—1). 7MlsAte} dukszto] a3 Fds4 9@ 7HE 20
Fegs Abetalzt shglom DPPH At bz &7 A7l ogk aitks)

24 4 lipase A& HAAWN 23 vwAA aHE FAHse] wlustarzt
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Fig. 5—1. The structures of catechins
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1}, HPLCOl ¢]3 catechin®] ¥4

52ke] catechinf el gk #41& HPLCE o] &3lglom, 4
Table 5-17 Zt} =, CHsCN/EtOAc/0.05% HsPO,9] °]&7 &A=
Waters Atlantis column (4.6%250 mm, ODS, 5 um, Waters, USA)S AF-&35}
Fom 1.0 mL/min (Model 515 HPLC pump, Waters, USA)9 &0 =,
280 nm9] &3 (Model 486 tunable absorbance Detector, Waters, USA)

oA HE3FT 7 AREL] AAAEAL L EFE2 9 retention time( ) 22
Hluste] FAS dgspglon, JHFEAe xF-EH] JF3AE Fdsd

R e

=2} 5 gol FFF 100 mLE 7}8te] 5 &3F @52 F53 U5 Whatman
No. 1 A= ofifate] ofdlg AQrh. dojzl Aol FREEXFOR
gk b g ol o HolAHo|ER 33| Eu|-FE3Fth(Fig. 5-2).
o] oHotAEo|E &HE e sFHate] & 7

AR gL,

Table 5—1. HPLC conditions for analysis of catechins in green tea

(A) Operation condition

Instrument Water 510

Detector Waters 86 tunable absorbance Detector
Wave length 280 nm

Mobile phase Solvent A: CH3CN/EtOAc/0.05% HiPO,

= 6:2:86 (v/v)
Solvent B : CH3CN/EtOAc/0.05% H3PO,
= 44:1:43 (v/v)
Column Waters Atlantis column
(4.6x<250 mm, ODS, 5 um, Waters, USA)

Flow rate 1.0 mL/min




(B) Mobile phase

Time (min) Solvent A (%)  Solvent B (%) Gradient curve

0 100 6
10 100 6
12 80 20 6
20 80 20 6
25 0 100 6
30 0 100 6
31 100 0 1

Greentea(5q)
— extracted with hot water (100 mL) at 90°C for 5 min
—filtrated by WWhatrman No 1
Water extract solution
— partitioned with chloroform (100 L)
Chloroform layer Ageouos layer

— partitioned with ethyl acetate (100 mL X 3
times)

Ethyl acetate soluble fraction Ageouos layer
(Crude Catechins)

Fig. 5—2. Extraction procedure of crude catechins from green tea
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1) DPPH radical 249 W3 43 &4 =4

{0

=2} FEE9 ksl &4-& DPPH free—radical scavenging ¥l o] &
ZAHAh A= 2 goll 80% vIEhE 20 mlE H7bete] A2eA 12475 <
AgG-F=g T 8,000 rpmollAl 405 dAFEste] AT ds AU
AR A5 N 100 mlel| Tris—HCI buffer (pH 7.4)2] 400 mi¥ 300 mM
DPPH &2 500 mlE 7}3}9] vortex mixer® &3t 08 oFAho]A 20%
WEAA 517 nmollA FRE=E SASAY. HuT 2 84 ks

troloxE AF&-33A .

2) Lipase inhibitory activity &3

A& 5 goll FH 100 mLE 90T, 587 94553l0] dojd &804S
Azt A B 0.67 mgol EsteE FELN (100 pl)dl lipase
£ (lipase 10,000 unit/mL, 10 mM MOPS & 1 mM EDTA, pH 6.8)

?01‘

9] 30 uLe ¥F28M (100 mM Tris—HCI/5 mM CaCls, pH 7.0) 850 uL=
Egt3to] 37Co A 1583F ¥ A H T o] &do| p—nitrophenyl butyrate
(10 mM, dimethyl formide) 20 uLE 7}&ted 37CollA 30%3 WH-5-A17 o}
+ 400 nmoll A FHEE SAHIATH25).
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Fig. 5—3. Total phenolic compound contents of GT and GRGT.
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=2ke] 8 QI catechinfre &¢h, st 39w, F9T 7o B<d
Aegdds zte 2oz d4dA dvh. 53] A" dHnE e A
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o] 718 catechin®] e ARSI 7hHabeAk Bl dibsal deFEae
HPLC ZEwEII&GIdAE FQ 529 catechin AAE<¢l catechin (C),
epicatechin (EC), epigallocatechin (EGC), epigallocatechin gallate (EGCG),
123 epicatechin gallate (ECG)7F A&EHJPoH, oL ZFEFY
retention time(z) 2] BlULE E3lo] 574 = At
T3 e gl o) Thabsa R dnksate] dhrE 559
7HIR e At 7k akel & JHE7] 2 20.76% 2 e
AukE2H(14.83%)l B3] oF 5.8% %] H& FFS BTt o5 %
ME FHEZ] %2 C < EG < ECG < EGC < EGCG o2 =7
vrebskth. 7kl ks EGCSF EGE Al9d C, ECG, EGCGe] FaFo] Udnt
2R =4 S7bekT 59 kel e NE A F P =S
e e o= I EGCGe A 7habsak(11.58%)7F dnk=4t
(7.35%) 5t} oF 4.25%°] 22 & Aol & BIlow, 7P v e 2t
catechin (C)2] 7% 7l 0.49%0.2 Auk521(0.26%)l HI8) 2F 1.8%<]
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Fig. 5—4. HPLC Chromatograms of catechin in GT and GRGT.
Column: Waters Atlantis (4.6250 mm, ODS, 5 m, Waters)
Wavelength: 280 nm
Flow rate: 1.0 mL/min
Mobile phase: gradient system
A solvent, CH3CN/EtOAc¢/0.05% HsPO, = 6:2:86(v/v)
B solvent, CH3CN/EtOAc/0.05% H3PO, = 44:1:43(v/v)
catechin (C), epicatechin (EC), epigallocatechin (EGC), epigallocatechin gallate
(EGCG), epicatechin gallate (ECG)



Table 5—2. Catechin contents of GRGT and GT

Sample (%)

Compounds
GRGT GT
EGC 3.76£0.98 3.75%£0.34
C 0.49£0.06 0.26%0.07
EC 2.04£0.18 1.73£0.46
EGCG 11.58+1.56 7.35+2.21
ECG 2.89£+0.41 1.74£0.52

Data is presented as MeantSD (n=5).
Catechin (C), epicatechin (EC), epigallocatechin (EGC), epigallocatechin gallate

(EGCG), epicatechin gallate (ECG)
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7}. DPPH radical &A g 3343t &4

Aotz 7Halsae Ao 2 DPPH free—radical scavenging HHH ol

o3 3AEl XS =AU AlE 0.45 g AEE Y TR Id5EEE
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Fig. 5—5. Lipase Inhibition activities of GRGT and GT
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o el & FF AolE mlth B/1H AY HA= D Hxuc A A

ool ddE lipase oAl &d= Holutth whebr, Zhupsiabe] Az
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o AAAS

A E 21741 ¢] Inbody 3.0 (Bioimpedence method, Biospace, Korea)<
o] 8-3}o] AT (Body weight), @5 %(Sofe lean mass), A A W& (Fat mass),
A A ¥E (Percentage of body mass), %A #-& (Abdominal fat distribution),
3@ - dgo] E# ¥ (Waist—hip ratio: WHR), A thA=(Relative body
weight: RAW%), 72 #4(Body mass index: BMI kg/m’) 5& 54
stlth AT SAHAS THEGHE o, AWEs 2 5 2dd AAsl
AAASH AL 05, 25 L 450 13]¥ A7 S50 BF=AT
(Ideal or desirable body weight: IBW)2 A& o] &3t RFATS
T3 Broca®loll oj&] AAtet & AT WEEE Pkt AL
A(BMD = AT (kg)e A& (m)e Aoz v gho=z Axg=zrat d5eh

vedo] Slof HintE=el LA E=S HIbeqlth

2. 97 A}
7 A gAY AFH S RS 3,000 rpmolA] 1587 A EFsle] A&
gAS B A 22 AFEET. BEd g9 E cholesterol(CHOL),

triglyceride (TG), Z1#]aZ HDL cholesterol (HDL—C)%] &S ol 2]y
(VITROS DT60 II system, Johnson & Johnson company, USA)E o] &3k
enzymatic methodel] &3l =43}tk &3k LDL cholesterol (LDL-C) =&
Friedwald®] ®-2lel mpe} {F& 8 28 & — (HDL—cholesterol + Triglyceride/5) }
o] ¥Ao & (Friedwald & 1972)78k3lth. /dxItell A Ao} A
At 24291 5274 3} %] 4=(Atherogenic index)2} 4179 ¥ A 4=(Cardiac risk

factor, C.R.F)&= W<l A-=4H (Haglund 5 1991: Rosenfeld 5 1989)&

Atherogenic index = [{(total cholesterol)—(HDL—cholesterol) }/HDL—cholesterol]
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ot SAAE

E ZAbe] 2B = SPSS (Statistical package for social sciences) 12.0
package programs ©]-§3te] W HFHAE FASIATE 470 AT
Hehs WS Sl ofsiM, Do sampled} HFAYEFE AEfA

AHEA (one—way ANOVA) & SR 7 T—testE o83} p<0.0
=

(@]
+
iy

A3d Ay E 1

1. 5AAF5 FFE catechin FF

UG Ael AREsH] flE AlxzE Thabsad 2 dnkmate] AEgol e
catechin $Fg-S ODS—HPLColl ¢J3l #41gt A7, HPLC A=rtE1gtd o &
T2 5%9] catechin A4 591 catechin (C), epicatechin (EC), epigallocatechin
(EGC), epigallocatechin gallate (EGCG), epicatechin gallate (ECG)7} A=
HAow, oA 5 At ZhubsA B Ak deEFEEo]
BA Aafel FAFs L T o] g RulE ety Ao A retention time 24.5%-0l
A ZE mA] peak7} #EEI o, o= HaF M FRAZE A Fol AHFA
ARE RAow Bzherc),

ERE 7P AE R (GRGT) B Aub=a35(GT)ol &+re 552 7HH R

A At 7hebsake s F MR 2 100 mLE 219.2 mg

¢

AEe Fe S nA o5 wALRol G Y AU FFL
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EGC

i Catechins M L
e ]

wi GRGT beverage

o GT beverage

T T T T T T T T T T T T T T T T T
000 ' 200 'abo ' ebo ' 'sbo ' 1000 ' 120 1400 | 160 1800 2000 =~ 2200 = 2400 2600 2800 3000 3200 3400
Minutes.

Fig. 6—1. HPLC Chromatograms of catechins in beverages of GT and

GRGT.

Column: Waters Atlantis (4.6250 mm, ODS, 5 m, Waters)

Wavelength: 280 nm

Flow rate: 1.0 mL/min

Mobile phase: gradient system
A solvent, CH3CN/EtOAc/0.05% HsPO. = 6:2:86(v/v)
B solvent, CH3CN/EtOAc/0.05% H;PO, = 44:1:43(v/v)

catechin (C), epicatechin (EC), epigallocatechin (EGC), epigallocatechin gallate

(EGCG), epicatechin gallate (ECG)
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Table 6—1. Catechin contents in the beverages of GRGT and GT

Sample (mg%)

Compounds
GRGT GT
EGC 31.0£1.7 39.0£5.0
C 19.9£6.9 11.4+1.2
EC 21.3£3.5 24.9+12.1
EGCG 114.0£3.5 95.7+£7.4
ECG 33.0£1.5 28.6x£2.5

Data is presented as Mean+SD (n=3).
Catechin (C), epicatechin (EC), epigallocatechin (EGC), epigallocatechin gallate
(EGCG), epicatechin gallate (ECG)

2. A3 2 3} (Intervention studies)

7. QA

ZA e A A A EAZS Table 6—20] YERAATE AL tidzte] Bt
Ay = (Group GT)o] 51.1+9.641, A&+ (Group GRGT)2 vo]+=
48.3£8.041 . th2=(Group GT2] 21747 A5 174.0 cm, 75.3 kg, A"
(Group GRGT)9] A1&3 AFL 173.3 cm, 70.9 kgl &2 Fu+ Itol| v s}

e W A AFL FelHol olrk YAk (Table 5). $4 Hlwke] Hri
Ngow REAFS TR F WRgz WA REAF NEE(%)L

Z7(Group GT)®] 117.4£17.1%, A" (Group GRGT) 2] Hol= 114.7£10.8
Ak F AT EF 111-120 %9 Abele] #o=z pAFol &kl on,
o oA Aol AT

AAZFAF(BMD = AT (kg)S 214 (m)e] AFoz Y o=z AR L=
I odsk #ee] glo] vkl AAYIEE Hrisked AME ST
& (Group 0)3 A (Group G) o] A& ZFA+= 247f 25.643.7, 24.942.1
S YeR k. 23224 52{Body mass index: BMI(kg/m?) }7} 717 m]x]=
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BMI 5%

lo

A W wp thEA vERE, ofajelld A9 oFt
deie Ao mAe &3yt Aol vlgte] Avka B8k vH(Banerii
T 1999). °ol& MAXZAZIF(WHO) ‘ofAlo} AgRlel A A A=A G &
AFH7Vol 7152 & 1 @A HWH25.0 BMI 29.9)°l &8l o) F Hetato)

FolAQ Aol golrh AT AFS 0§ wMBAPHAA EAhA

&

H] FX1, A A e o] 28 FZ s (Tonychou 5 1
1981; Goldsteine 5 1965). 7}#|219] H}AH = AAAFS Gubsla F7]12
o] Azl A Q)ujA S o713ttt B EX ¢JtH(Fenster 5 1991; Lecos = 1987).

992; Regestein &

FE S0 ARWAE JEIAT. ot AHTE FAREE O 4%

- 104 —



Table 6—2. General characteristics of the subjects

Group GT (n=7) Group GRGT (n=7)
Age(yr) 51.1+9.6"% 48.3%8.0
Weight(kg) 75.3+12.5 70.944.1
Hight(cm) 174.043.9 173.346.3
RBW (kg)? 64.0+4.3 63.346.2
RBW %" 117.4417.1 114.7410.8
BMI (kg/m*)” 25.643.7 24.942.1

1) Mean£SD

2) NS : Not significant at p <0.05

3) RBW(kg) : IBW(kg) = (Hight-100)x0.9

4) RBW(%) : Relactive body weight =(body weight/ideal body weight)x100
5) BMI: Body mass index(kg/m2)

U 333 H R s

Aol WE Fol omakA] okl A Fol Ske o FUIEIAS A
AADFoI AAIH ] 2o 2t ZAFNAA R AAF ATtas
UEHA] 9kt (Table 6—3). &2 1242 7Hal=Ab2-&< (group GRGT) 2
A= 21-2-8-5 (group GT) ¥} Zpol= gl

A= A ddAre] 57.1%0°10 AL 7k k=8t (group GRGT)
Iuti=ztS 8 (group GT)ZFe] Zol:= it 2001d =+l o kA4 3}

A A FAELE 61202 2 AFNAY FAES ST (Table 7).
=
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=

ZAFH ARG S ek T

FAZF Jdebar B aE A Lee
A BATHP<0.05). o)== 9%

}
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y oA
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o

[e]
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Table 6—3. The habits of exercise, drinking and smoking in the subjects.

N(%)

Group GT Group GRGT

Frequency of exercise per week

More than 5 days 1(14.3)V% 0(0)

More than 3 days 2(28.6) 2(28.6)

1-2 days 3(42.9) 1(14.3)

Less than 1 day 1(14.3) 4(57.1)
Smoking

Smoker 4(57.1) 4(57.1)

Nonsmoker 3(42.9) 3(42.9)

Smoking amount(pack/day)

Less than 1/4pack 0(0) 1(14.3)

More than 1/4 pack—less than 1 pack 2(18.6) 1(14.3)

More than lpack 2(28.6) 2(28.6)
Drinking

Yes 7(100) 7(100)

No 0(0) 0(0)

Frequency of drinking

No 1(14.3) 0(0)
Less than 1 time/week 1(14.3) 1(14.3)
2—4 times/week 4(57.1) 5(71.4)
More than 2—4 times/week 1(14.3) 1(14.3)
1) Mean*SD

2) NS : Not significant at p <0.05
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Table 6—4. Fat composition in the subjects

Group(wk)

Group GT

Group GRGT

0 week 2 weeks 4 weeks

0 week 2 weeks 4 weeks

Visceral fat (kg)

Hypodermic fat (kg)

Visceral fat/

Hypodermic fat
Visceral fat level

Visceral fat area

(VFA[cm?])

3.48+1.70"? 3.37+1.64 3.37+1.64

17.2345.94 15.87£2.00 16.97+6.09

0.185%0.02 0.183%0.03 0.138%0.01

14.0+ 2.4 13.0% 2.5 13.0+ 2.9

150.0£46.7 147.0+46.3 144.0+44.9

waist/hip ratio (WHR) 0.97£ 0.0 0.97£ 0.1 0.96% 0.1

3.00£0.70 2.93+0.56 2.93%+0.62

16.024+2.48 15.87£2.00 15.86%+2.33

0.193%0.03 0.189£0.03 0.189£0.03

13.0+ 1.4 130+ 14 13.0+ 1.4

135.0+£19.5 133.0£184 117.0+22.4

0.95+ 0.0 0.95% 0.0 0.95% 0.0

1) Mean£SD

2) NS : Not significant at p <0.05
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2t AP EENEH

A& (Fat%) S AA o] ATl At HES 2
ES AAHASE dto]l =, FH2HE FAUL =S AE¢S Helh ®
ANAZFA G AFo] Gdolate AAEEo] oW AHAALR P agle]
7 AAEEo] 20—-250] 8k HAMY, 2530+ HIRE 30%0]7dE L= R
oz gusith, JHbs S8 7 (Group GRGT) Y dwksxb&-8 -+ (Group
GT)2 7+7} 26.846.03} 26.3+3.00.2 x]Hol] %38}t (Table 6
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Table 6—5. Body composition in the subjects.

Group(wk) Group GT Group GRGT
(0) ) ) (0) ) )
weight (kg) 7215207 721+ 5.1 721454 7524125 748+120  75.1+12.1
BMI (kg/m’) 249+ 2.1 246+ 17 24617 256+ 37 255 36 256+ 3.6
Fat(%) 263+ 3.0 246+ 48 259427 268+ 6.0 265t 7.6 263+ 6.6
Fat(kg) 19.0+ 32 188+ 2.6 188+29 207+ 7.6 204+ 7.6 203 7.7

Smooth muscle (kg) 49.0+ 2.7 49.2+ 32 49.243.1 50.1+ 4.6 50.1+ 43 504+ 43

Cell(kg) 358 1.9 367+ 2.3 36.0£2.2 36.6+ 3.5 36.6= 3.3 36.8+ 3.2

1) Mean *SD
2) NS : Not significant at p <0.05
3) BMI: Body mass index(kg/m?)
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o AREEA A%
714 5.8—6%, 1A 16-18%2]

A 4=(BMI) 9} A #] k=

Ar

Sero s AAe] #3

FtH(p €0.05).

o

7}

=

7t 3

=
-

A
0.30—0.362.2 7M=& (Group GRGT) 3}

1

R

=

o

[ e EA
ks8-8 (Group GT)& 25 0.34

}

(fat®)7} Z71a42 B
Bl

FTH Table 6-6).

S

Ar

I 718 %ke] =7 Yebd e (P<0.01).

&
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Table 6—6. Body composition analysis in the subjects.

Gruop (wk) Group GT Group GRGT
0 2 4 0 2 4

week weeks weeks week weeks weeks
weight(kg) 7214522 791+ 5.1 72.145.4 75.2+12.5 74.8412.0 75.1£12.1
lean body 737+ 3.0 74.0% 2.5 741+ 2.7 73.2+ 6.0 73.5+ 6.2 735+ 6.6
masss(%)
Muscle 59.0£23.1 68.2%+ 2.4 683+ 2.7 67.4% 4.2 67.7+ 6.1 68.0% 2.4
mass(%)
Body fluid(%)  53.1% 2.2 53.3% 1.8 53.3+ 2.0 52.74 4.3 52.9+ 4.4 531+ 4.7
ECF(kg)® 251+ 1.4 252+ 1.6 252+ 1.6 2524 1.6 25.7+ 2.5 258+ 2.5
ICF(kg)" 13.1+ 0.9 13.1+ 1.0 132+ 0.9 13.5+ 1.1 13.5+ 1.0 13.6%+ 1.1
edema Index 0.3+ 0.0 0.34% 0.0 0.34% 0.0 0.34% 0.0 0.34% 0.0 0.35+ 0.0
Mineral (%) 57+ 0.1 5.7+ 0.1 57+ 0.1 57+ 0.1 57+ 0.1 57+ 0.1
Protein(%) 14.9% 0.8 14.9+ 0.7 150+ 0.7 14.8+ 1.6 14.9% 0.7 149+ 1.8
1) Mean £SD

2) NS : Not significant at p <0.05
3) ECF : Extrecellular Fluid
4) ICF : Intracellular Fluid

- 112 -



vt @3 AG gt

AgAge] Aol 9P aclon HDL-Zd2dZo] e 2y S9
& (C.R.F: Total ZFdl~eHE/HDLZH ~EE)7 HDLFe 2 E] st
LDLE#H 28 =9 8 & (LDL-F¢ ~H Z/HDLZ 8 28 Z)o] o] &5 =1
Total—##| 28l &/HDL-Zel =8 &2 A4 9=2 5.00158 dAAstaL Atk
(Lee % 2004). °] a7uidate] dF Adsmet 59743190t
Tableoll YERHSATE. Total —F 8l 2 H &/HDL— & 28 = H| &2 3.14+0.983%
3.22%1.790 % RF Ao Hefe] £33tk (Table 6-7).

AIP(atherogenic index of plasma)2 WA sZFo adedxtel AHAE

o], 1A dsE 9 dael o AudATE de Aom vgd %
A o] x5 W k= A o] th(Ftrohlich 5 2003). AIP7F 0.210]%3<1
A = AsZ 9 =o] m=rtu B ¥ dH(Dobiasova = 2004), A3 3}
iz e] AIPE 27 0.48+0.13% 0.44+0.2802 T3l o A3k
AEFo] o Ao R vpebytH(Table 6-7). o83k A3Fe HL AFo] S7}
shs A4S Hole A U AE A Adtel gidt Ty o] TUksE
8-S HERAAT(p €0.05).
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Table 6—7. Levels of plasma lipids in the control and experimental

groups.

Group(wk) Group GT Group GRGT

0 week 2 weeks 4 weeks 0 week 2 weeks 4 weeks

Total-cholesterol(mg/dl)  135.14%38.15"” 118.43£36.92 122.71x31.97  153.14443.79  138.14£10.64 1374322421
VLDL-cholesterol(mg/dl)  22.00£20.98  19.43+18.02 21.29+20.98  29.86+20.61  25.71£21.39  27.14+12.43
LDL-cholesterol(mg/dl) ~ 69.46£24.57  45.77+22.64 31.20:28.11  65.66+48.11  45.82£23.50  59.11+38.65

HDL-cholesterol(mg/dl) 44.29+8.03 53.57£83  67.29£21.57 57.71£27.08  66.71£29.56  51.00£23.92

Triglyceride(mg/dl) 109.86+104.33  95.43£96.26 121.14£99.95  148.86+103.67 128.00£106.49 136.57462.34
HTR 035:0.10  049£0.16  0.58£0.23 044028  048:020  0.38:0.16
Al 2145098 1242069  097:0.72 2204179 147:106 2.09+1.23
T-Chol/HDL-Chol ratio”  3.14098 2242069  1.97+0.73 3204179 247:117 3104123
AIP? 048£0.13  033£0.14  0.27:0.17 0442028 0358020  0.46£0.18
1) Mean £SD

2) NS : Not significant at p <0.05

3) HTR: [HDL-cholesterol]/[Total cholesterol]

4) Al (atherogenic index) : {[Total cholesterol]—[HDL— choresterol]}/ [HDL—choresterol]
5) Total—cholesterol/HDL—cholesterol

6) AIP(atherogenic indes of plasma) : AIP=1logl0(TG/HDL-C)

A

AL EARe] t 2] Aare] %7 92 A2 Wt 135.6£17.9 mmHg
©} 127.6+£12.5 mmHgo|laL o] $+7] &9t 95.0+£16.6 mmHg$} 87.4£5.9
mmHg= YeEGth o7& WHO (World Health Organization)? 8¢t
Aole] me 57] It 140 mmHgR Y Wk, o]¢k7] d9F 90 mmHgH ok
wola] AR gle] oo, tlxate A9 40-49A19] AgRldAte] it
$%7] "ol 120 mmHg®E Hi1dH(Lee 5 2000)°] H]3}e] =9kl )z
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oj¢t7] d2 89 mmHgH T} =ko; Aggte] o]gkr|dete 89 mmHg
Bt} Ykth(Table 6-8).

Table 6—8. The change of blood pressure in the control and experimental

groups
roup(wk) Group GT Group GRGT
0 week 2 weeks 4 weeks 0 week 2 weeks 4 weeks
sBp” 12)
127.6+12.577 121.3£104 127.1£1 135.6%17.9 128.1£17.9 128.6%£10.7
(mmHg)
DBPY
87.4%+5.9 74.3£5.3 78.6x£6.9 95.0£16.6 81.0+13.6 74.3+11.3
(mmHg)
1) Mean £SD

2) NS : Not significant at p <0.05
3) SBP : Systolic blood pressure
4) DBP : Diastolic blood pressure

of. BFAAF=S AAA T FAHA

% AdsEe ATy Aol ok deA ded 2 A7 A
A& AT AAFEAFBMD, AAEE(%), THAL(TGC) B 2AEE
=22~ (VLDL) 2= r=0.907, p<0.001, r=0.850, p<0.001, r=0.736, p<0.001 %
r=0.657, p<0.052 FA< ¥ FHAAE HENANL, AAFATE
Ao 2o 43S BTt (Table 6—9). AWAYEL FAA LI %o
FBBAE JERAA AL (r=0.564, p<0.05), HDL—Z-&] 28| =/Total — =& 2~ E &
o] M &2 &9 AHAAE HERN AT (r=-0.549, p<0.05). A1 Hofel A
Ao T7h= Addste] &S /M7, dF £ 2 ¥ E, LDL-
1

13 TH(Seidell 5 2001).

O

(<3

of
1

«
>
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Table 6—9. Pearson correlation coefficient in each variable in the subjects.

Body VLDL-

Weight BMI fat(%) TG  Total-C C LDL-C HDL-C HTR

weight 1

BMIY  0.907" 1

Body
fat(%e) 0.850" 0.941 1
TG 0.736™ 0.736" 0.564° 1

Total-C  0.421 0.526 0.496 0.514 1

VLDL-C 0.657" 0.612° 0.462 0.947" 0.436 1

LDL-C 0.112 0.112 0.159 0.362 —0.085 0.600" 1
HDL-C —0.167 —0.111 —0.338 0.063 —0.057 0.112 -0734" 1

HTR”  —0.361 —0.357 —0.549" —0.218 —0.480 —0.139 —0.869™ 0.887" 1

1) = : Significant at p <0.05 by Pearson's correlation
2) =% @ Significant at p <0.01 by Pearson's correlation
3) BMI : Body mass index(kg/m?”)

4) HTR: [HDL—cholesterol]/[Total cholesterol]

A 52AFE] AF7IPE 4AEAe] Esd R AYE Wk

bl w2 7 AEatgte] folA Apol= HolA &drh 25 EF HAkY
AH e gAY dEy WAATHEAS AAAA Asagsd a3E veEd
Aoz Heltlh 7MlEatS-87-(Group GRGT)o] Yutrsx}2-8(Group GT)ol

M) AT GAFS wYot fo1e ol wolA Bk,

il
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Table 6—10. The change of body composition in the subjects.

Group(wk) Group GRGT Group GT
05725  25~4F 0F~4F 0525 2545 05~4F
Weight(kg) —0.0420.80" 0.03+0.57 —0.01£1.00 —0.36+0.76 0.24+070 —0.110.59
BMI(kg/m’)” —0.31+0.65 —0.14£0.45 —0.46£0.81 —0.11£024 0.06+0.25 —0.06+0.18
Fat(%) —0.25%1.03 —0.08£0.95 —0.33+£1.27 —0.29£1.00 —0.21£0.86 —0.50£0.96
Fat(kg) —0.23+0.72 —0.01£0.80 —0.24£0.92 —0.33£0.79 —0.07%0.76 —0.40£0.63
Muscle(kg) 0.19+1.08 0.06%£0.47 0.24£1.24  0.00£0.80 0.37£0.52 0.37£0.66
Cell(kg) 0.19+0.84 0.03%£0.17 0.21£0.90  0.01£0.55 0.17£0.33 0.19£0.55
Visceral fat(kg) —0.29+0.49 0.00+0.56 —0.29£0.76 —043%£0.78 0.14£0.90 —0.29£0.76
VFA® —2.71%8.05 0.71x7.65 —2.00+10.34 —2.71£9.16 —314£1098 —5.86+7.80
WHR” 0.04+£0.12 —0.01£0.04 0.03%£0.13 —0.00+0.03 0.00£0.02 0.00£0.03
Lean body mass (%) 0.24%£1.02 0.09£0.95 0.33£1.27 0.29£1.00 0.21£0.86 0.50£0.96
Muscle(%) 0.31+£0.95 0.06%£0.96 0.37£1.26 0.31%0.93 0.25+0.94 0.56%0.87
Body fluid(%) 0.14+0.72 0.06%0.66 0.20%£0.89 0.21£0.71 0.1940.64 0.40=£0.70
ECF(kg)" 0.13+£0.58 —0.06£0.13 0.07£0.62 0.00£0.38 0.10£0.20 0.10%0.40
EIF(kg)” —0.0140.28 0.06%0.31 0.04%£0.39 0.01£0.28 0.1440.24 0.13%0.17
Edema Index —0.0040.01 0.00£0.06 0.00£0.00 0.00£0.01 0.1440.24 0.00£0.01
Mineral (%) —0.0140.07 0.00£0.06 —0.01+£0.07 0.01£0.13 —0.03£0.08 —0.01+0.13
Protein (%) 0.06+0.30 0.03%0.28 0.09£0.37 0.09£0.24 0.06%0.31 0.14£0.26

1) Mean *SD

2) NS : Not significant at p <0.05
3) BMI : Body mass index(kg/m?)

4) VFA :Visceral fat area(cm?)
6) ECF : Extrecellular Fluid

5) WHR: Waist—hip ratio
7) ICF : Intracellular Fluid
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H7& 7R =2 §4

A1d A B
toA Aol HARsmdlolE 23, AL A W79 5714

F R AnEPor MRS Avagn. A Fasde vl
o}

slel Thubbsh FEBIA FaA R Ae BAeg

A2A Qg D udy

B Ao AFE3E 2 BAAXAIE Fo] AAE AE EFA 07d 5Y

100% N 7H2 300mL-& 'S
587 T B2l e A AR st 2 Zepagulas 20T oA
gt o Adl =3k Alcket e WHoR shhpats 7hEst
CHHE g 2R AR Sake A g o 1A Al 34
o}

2
BEY 24 A2A A FAE @ e 80T Sahol o BeA 24417

i

AZAIZ o5 FAE @itk AxF FAA Axd FAE W o 100
ol HAER vERALh vlE CE 22 A8 1g% 6% HPO; €9 100mL

S Zgagol Yol 80C FZxoA 2417 &3+ & millipore filter (0.45um)
o3+ t}S HPLC (Waters, USA)E =43} th. HPLCAA Z#E-<& 30cm

X4.6mm, Cigol A3, €+ tridecylammoniume] ¥ ¥ methanol

- 119 -



(220mg/600mL MeoH+%7F< 400mL+Formic acid 0.05mL) % #& &%+
1.5mL-E"!, P 5= UV 254nm< o).

Adae Ao r SHs =, Algdte EAeF (alkaline phenolate

n°"

50mL+Na nitroprusside 100mL+4% EDTA 5mL) 3mLo] #4A & 1g&
Qi 37C g3l 527 Wol & v EAAF (1atekEE) 200mL+Na
hypochlorite 50mL) 5mLE 7Fell 2 EFAIZTE Lol A 2087 EH A A
BF 2 X 7] (Hewlett Packard, Model 8452A, Rockvile, USA)Z ©]€ 665nm

Aopulieite B AR 1go] SHF 100mLE Y3 80T F2oA 3083

1.0mLE Zt7} go] z Esiqlv;. &l 1583 A=A A &

€ 700nmellA FFEE SA3ATH Gallic acidg o] &3

2 Zgekglt}. Caffein

= 45um ZEZE o3-S HPLCOA

78ttt e Cig 93zl &rfje WEE3 S/ (30%:70%)
=

w9 1.0mL FEARY. ZEH2EE 35CE FAAIA FHA

=3
M
5|3
r>~
o
t
2
K
It
QL
ofi
filo
il
o2l
(R
SR
o
i
o

< 100mLE 7}3l 80 Zo| A 2417F
Z389th o] F 50mLE ¥ Eadd ¥ o 4 20mLE 7t
el et AgFo] AAR AT BEal FS wol rotary
evaporatorol Al Z-sSHA AT % 0.2mLol 3.5-Dinitrosalicylic acid
&gl (3.5—Dinitrosalicylic acid 0.5g+2N NaOH 20mL+=4<% 30g/1,000mL)
0.4mLE 7}38] 100C FZFoA 553 E2 v 43 S/H 1.8mLE 7}3)
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Meter CR—400, Konica Minolta, Japan)< o|& =3A3 t}2 Hunter 'L
(+L=3814 —L=7g2oA) 9 39" (+a="7 —a==A)go =z el
FHEI 1S B3 52 < 1go] 80C E7FF 100mLE 21 &4 30l A

308-7F 323 & millipore filter® (0.45um)] a4 HPLC (Watres, USA) &

e
o2l
Ot
_H
L

. HPLCol A Z+H & WatersAt9] 30cm X4.6mm 749 CisolaL,
v = acetonitrile, ethyl acetate, 0.05% phosphoric &< (120:20:860,

VIVIV)LE f& £5= BY 1.2ml, ZHLEE 40C, &3 EE UV 254nm

0CelA 30%7F 10,0008 £5x2 U4
v‘i‘ﬂfﬂ Q’% }?D]—Zo] QF,% 71:}%1' %:%}\]Zi]jr 0:1 .‘g:_ qu,]_ (O 45um)5P 5OUL work

2 of 20uLE WF ARG AxA7 ARl
WS & TEA, phenylisothiocyanateE 7:1:1:12 Z33F &N 20uL=E
gol A2olA FEASE v g AxARG. dxd ARl ARE3AE
AleF 250uLE Wol o7t thd 10uLE HPLC (Waters, USA)ol F<)3kalth.
HPLCell A Z+§1& Pico—Tag column (3.9X150mm, 4um)o] il &% 50T
Atk fulE 20g9 sodium acetate trihydrate®t 500ulm TEA, 65mLe]

CHsCNe| ¥ & (A)¥ 60% CH:CN e &4 (B)ol L f=A

=

AGNE 1183 HZ 100%04 0%2 SESF A 100% AENE 1023
FEA171HA Uv 250nmoll A 4 3F3l T

a3 E2AE Y& Trolox (6—hydroxy—2, 5, 7, 8—tetramethyl
chroman—2—carboxylic acid), 2—2—azonobis (3—ethylbenzothiazolin—6—sulphonic

acid (ABTS), potassium persulfate (KyS:0s) A2k Sigma A} (St. Louis, MO,
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USA)olA 43kt ABTS A+71& 250mM ABTS, 40mM K,S.0s <}
[e)

MnO, A& zHg o7 wAFETE 990mM ABTS Z3g 9o phosphate buffer

mE

salin®] 3¢ Trolox Z%+&9 (0-20mM)S £33 & 133} gio] A3

al., 2006).

Angiotensin—converting &4 A= ZAES 93] rabbit lung acetone
powder, hippuryl—histidin—leucine peptide =ML sigma Aol A T+ 8191t}
10mL =539 rabbit lung acetone powder 36mge =2 TS 4Tl A
10#7F 12,000g 2 AAEe A 4A A4S Fgaain. &
100mM sodium borate ¥ZF-89 100ul, 50ul SHFHF (WET) & AR
FE%, 5mM hippuryl—histidin—leucine &9 50uLE <3383t 5mM
hippuryl—histidin—leucine £NZFA+= 100mM sodium borate <=8l

(pH=8.3) 1mLell Al¢F 2.15mgS 3|48} T}, vk-g-& ol njg] Fr]3 100ul

sa

rabbit lung oM ET$EHE @i 37ColA 1Az ¥4 7 T IN G4t
200uLE Yol W55 FAIAAT 2mL ethylacetates ¥o] 5%3F &A1
& 2,000gelA 523t AAEE el A 1.5mLE FxolA 2023t
b2t A Cle 7H2E AAAZE. IN NaCls H7bel A £33 vhs =%

75 o4 ¥4 228mmolM FHEE S
AAF %5 5mL Dipenyl —B—pycryl hydrazyl (0.26mgml”', DPPH)
} 5% 0.5mLE 33 U2 3,500g 22 383 94E sk

AN el 103 FARIE LFEAVIE o8 525nmelM FEEE

275 (nitrite scavenging activity)< 0.1N HCI 10mL®] 0.1mM

NaNO; 2mL¢} 2 &% 1mLE g3 S 37C FxoA 60=3F vk
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A7tk B8 ImLol 0.4mL Griess reagent [sulfanilamide®} N-—

(1—naphtyl)ethylenediamine] ¢} 2% acetic acid 2mLE E&3d|A A9

1583 FAE FFEA 715 o8& 3 520nmol A F3=E SA 5
ZWekA #EHE 7S 98 70, 80, 90, 100TC & 1

A 3¢ 747 9a 3R%0

NGt bole %

o

=
=
oA FEE2 3 WA FE8ta

s
al

Mz & 100mLE ¥ ths 325 A2 o &3tk Al i F5282
ey

B2 ofe AN 3.0mLE HsHth 2 A A 0.016M KsFe(CN)g
1.0mL, 0.02M FeCl; 1.0mLE Z}Zt €31 2 &3telqit). 158-37F A= A

)
REFAoR AdEdds A4 vy Bdos H3sqlth

TN 18RS 2} 2EE-S Whatman No. 4 ZEHE o33k tfS v /75
= 843} 3 = Sepak Cis 7FE A &8 ByWlth 2} F=2ES FEAIAY
7FEg]Ale] HPLC &7 3mLE A &9 HUiA 59 A8+ vlo|a2 ZE
(0.45um) = AF&RGlc). of AL 7] Agsk W} Zo] HPLCAA SA &3

32

A3d A 239 2 17

1. 7haRtel A F 2574

7hakaE o EA AR A (Table 7—1), ¥, BlEp

C 9%
o] Wls) FhubRel A o8 Rgtort, SR, Ada, B, el
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AL Aot 2ozt gl

7hapz} opm| =4t W3} (Table 7—2)9l A, aspartic acid®} glutamic acid=
=2pell wlal Zhupatel A @A 8] FAdhe AFS UE S gaba®t alanine
e FYstAl kel S YERWYE. ®BEH, theanine, threonine,
phenylalanine, tryptophan, lysine, methionine, isoleucine, leucine, valine
e AERE Aoz AT wEbA, & APl M = ThukgkEke] S
A glutamic acid FFol FAdte AMEE H Zhubabe] AFEAS
glutamic acid® AR5 HETE F A=A F8 o}lu| A theaninelZ A A
ot := it EFo] 50U E A SkaL AT

Fhe 718 W3 (Table 7—3)0ll 4], 7}l epicatechin(EC) ¥} epigallocatechin
(EGC) g=Fo] =akel wla] dAA3s] Hade AFS BHIAv. ¥,
epigallocatechin gallate (EGCG), < 71y v+ 43S WU} gallocatechin
(GC), catechin (C), epicatechin gallate (ECG), catechin gallate (CG)&
AF3E Zpol7b ATk ARl A FHE SRS Wg el A Traete BEs
Ueti=l 2 Ao, Zhhkake @71A e oA o= Fx dart
8ol Fmoiatel FEFES M= AoR FAHH

e Wk (Table 7—4)olA, 7hababs makell Bls] Mg ko]l <]
skl Akl ou Fe, Mn3t Cue #bol7F IATh. 7hakxtell Al Mg 9o

FaREATE LS Bg old 9 AdE Wobm QEd ol Eh

HH

G Hgel A o] E-ol AAAY V5SSt
= U AP Zastn

e84 W3l (Table 7—5)°1A, 7}ulxl= ACE Ad)A &4o] =x}o] H]
el A8 Ekou FAkstE, AAEols, obAiAAI TS E HE AlE

LR A Sk

r1r

or FYsEd %o
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Table 7—1. Physicochemical properties of gaba tea and green tea.

Content (g100g” ' D wt)

Properties
Green tea Gaba tea
Moisture 5.64+0.55 a’ 5.52£0.50 a
Ascorbic acid 0.58+0.08 a 0.32+0.08 b
Total free amino acids 2.76+0.34 a 2.60+0.32 a
Total nitrogen 5.15+0.87 a 5.20%x0.65 a
Tannin 13.40%£0.24 a 13.00%£0.40 a
Caffein 1.90£0.24 a 1.80£0.30 a
Total phenolic 4.50%£1.00 a 3.80%£0.80 b
Reducing sugar 1.65+£0.38 a 1.50£0.30 a
Chlorophyll 0.36£0.06 a 0.21£0.06 b

“Mean separation within columns by Duncan's multiple range test at 5% level.

Table 7—2. Comparison of gaba and free amino acids contents between

gaba and green tea extracts.

Content (mg100g™ ' D wt)

Amino acids

Green tea Gaba tea
Aspartic acid 110.44422.55 a* 54.20%+16.80 b
Glutamic acid 148.80+£44.36 a 74.20+21.24 b
Gaba 8.16£0.24 b 120.40+£30.50 a
Alanine 218.24+44.67 b 240.20%£40.80 a
Theanine 968.25+240.38 a 912.60+184.80 a
Threonine 11.20+3.20 a 15.40+3.60 a
Phenylalanine 15. 56%x4.00 a 11.78+3.40 a
Trytophan 13.23£4.10 a 10.12£2.60 a
Lysine 8.80£2.60 a 14.20+4.40 a
Methionine 0.14+0.04 a 0.20%+0.03 a
Isoleucine 8.10+3.36 a 11.40%+3.20 a
Leucine 10.30+3.10 a 14.80%+4.20 a
Valine 52.20+8.4 a 48.601+8.00 a

* Mean separation within columns by Duncan's multiple range test at 5% level.
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Table 7—3. Comparison of catechins contents between gaba and green tea

extracts.
Content (g100g™" D wt)
Compounds”

Green tea Gaba tea

GC 0.59%0.18 a' 0.88%+0.46 a
C 0.16£0.04 a 0.14%0.04 a
EC 0.76%£0.20 a 0.40£0.12 b
ECG 0.95£0.27 a 0.80%0.15 a
EGC 1.65+£0.28 a 1.18£0.26 b
EGCG 0.84%£0.03 b 0.98%+0.08 a
GCG 0.12£0.02 a 0.11£0.02 a
CG 0.03£0.01 a 0.03£0.01 a

GC=gallocatechin, C=catechin, EC=epicatechin, ECG=epicatechin gallate,
EGC=epigallocatechin, EGCG=epigallocatechin gallate, GCG=gallocatechin gallate,
CG=catechin gallate.

"Mean separation within columns by Duncan's multiple range test at 5% level.

Table 7—4. Changes in mineral contents between gaba tea and green tea

extracts.
Content (g100g™! D wt)
Mineral”

Green tea Gaba tea
Fe 0.59+0.18 a¥ 0.88+0.46 a
Mn 0.16%£0.04 a 0.14+0.04 a
Mg 0.76+0.20 a 0.40£0.12 b
Cu 0.95+£0.27 a 0.80£0.15 a

"Mean separation within columns by Duncan's multiple range test at 5% level.
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Table 7—5. Changes in bioactive compounds activities between gaba and

green tea extracts.

Bioactive substance activity Green tea Gaba tea

Antioxidant activity(mM TE-g™' F wt)  40.42+5.12 a* 35.424+4.88 a

ACE inhibition activity (%) 25.79+4.28 b 33.79%+4.14 a
Electron donating ability (%) 72.32%£11.42 a 82.32£10.24 a
Nitrite scavenging activity (%) 40.30x5.62 a 44.30£5.20 a

“Mean separation within columns by Duncan's multiple range test at 5% level.

2 #3597 o A (Table 7-6), Sx}k¢} 37
= Houty &yl ZUkE Au|r) AstE s A4S Hol AT
o oty g AR Awrt AstEE FIdS YERITH
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e
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e
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i
2
)

F2ewE 90T etk w29 EFAu el A% doke Aolde v
WA ol @A G e qemdu Fedchd EAAsE BaEa

==
s S7kE A%E veblth 28y, 70CH 80ToAE =2 o
Zhabzh SREY o] BolA HA FEEE Ao AlndEth A dAsdEs
FEE7F SESE AA SkeklsE 53] 100ToAA AA 8] E3d
7hupate} ol Al A HlE e 2Fol vk gl
g3} Fhe 718 ko] A (Table 7-8~9), §hd e #2257} =852 97
T7hehe AFE dERTh Ak A ols FHe AtolE: YERA o}

F71A = gl Eue dFE vAA = Aoz yEwth 7
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FESE ANNGFE 2 B TS ek el A shEa
FHe maol vs) i AolE Uehion FEBAIAL ¥ BE AolE

Table 7—6. Sensory evaluation of tea extracts in green and gaba teas by

extracting temperature and its times.

Treatment Sensory evaluation”

Mean
Bitterness Astringency Sweetness  Flavour

Extracting Extracting
temp (C) times Green Gaba Green Gaba Green Gaba Green Gaba Green Gaba
tea tea tea tea tea tea tea tea tea tea

First 4.36 3.37 3.40 3.75 2.20 3.50 2.50 4.39 3.24 3.75
70 Second 4.20 3.63 3.54 3.00 2.10 3.25 2.60 3.63 3.39 3.37
Third 470 3.13 3.52 2.87 2.40 3.13 2.65 3.12 3.46 3.21

First 4.10 3.75 3.30 3.87 3.54 3.88 3.80 4.00 3.84 3.87
80 Second 3.92 3.13 3.48 3.50 3.70 3.23 3.80 3.37 3.82 3.28
Third 4.00 3.38 4.10 3.38 3.50 3.12 3.20 3.50 3.83 3.37

First 4.16 4.00 4.24 3.87 4.20 3.62 3.60 4.25 4.05 3.94
90 Second 4.22 4.38 3.90 4.0 4.30 3.75 3.30 4.25 3.95 4.07
Third 440 3.13 3.80 3.25 3.80 3.81 3.14 3.63 3.90 3.34

First 3.40 3.75 3.40 4.00 3.82 3.87 3.34 4.25 3.47 3.97
100 Second 3.80 3.75 3.40 3.50 3.62 3.13 3.30 3.75 3.55 3.47
Third 3.30 3.37 3.30 3.00 3.58 3.00 3.20 2.88 3.57 3.03

“1=severely bad, 2= bad, 3= moderate, 4= good, 5= excellent
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Table 7—7. Changes in gaba and total phenolic compound contents of tea
extracts in green and gaba teas by extracting temperature

and its times.

Gaba Total phenolic compound

Treatment (mg-100mL™") (mg-100mL™")

Extracting Extracting

o . Green tea  Gaba tea Green tea Gaba tea
temp (C times

First 2.06£0.32 8.19%£1.84 71.52+8.40 73.32%+10.40
70 Second 2.28%0.34 7.85%1.04 60.30£8.22 65.35%+8.82
Third 1.07£0.14 7.05%£0.92 50.52%+6.60 45.32%5.20
First 1.84£0.20 9.95%+1.64 80.30+10.04 82.35+10.84
80 Second 1.19£0.24 8.92%£1.78 63.61+7.24 68.68%£8.14
Third 2.11£0.32 6.13£0.80 41.25%5.10 46.35%£5.60
First 2.39%£0.24 8.96%+1.80 105.31+21.60 110.31%£22.60
90 Second 2.89%£0.26 7.25%1.20 86.68+14.83 80.68+16.23
Third 1.564+0.18 5.54%£0.88 66.45+12.06 58.45%£14.02
First 1.94£0.20 10.42%£2.00 100.53%£15.42 110.53£14.45
100 Second 2.20%£0.30 9.86%x1.84 85.68+11.40 81.68+10.40
Third 1.27+£0.18 6.27£1.40 70.65%£8.40 72.45%+9.80
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Table 7—8. Changes in tannin content of tea extracts in green and gaba

teas by extracting temperature and its times.

Treatment Tannm_l
(mg:100mL ™)
Extracting Extracting
] ) Green tea Gaba tea
temp (C times
First 80.15%£9.20 90.17+8.42
70 Second 88.95+10.14 84.70%£11.40
Third 65.57%5.44 60.05£6.62
First 112.71£10.20 103.12+16.40
80 Second 103.75+8.34 91.02+7.88
Third 70.19£7.20 68.13+8.80
First 120.15+19.64 113.96+18.40
90 Second 88.64+11.86 77.65%+12.40
Third 74.87+£10.88 70.44+8.88
First 130.54+22.20 145.42+20.00
100 Second 94.60+13.00 94.86+16.84
Third 82.30+10.88 79.27+14.40
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Table 7—9. Changes in catechins content of tea extracts in green tea by extracting temperature and its times.

Treatment Catechins content (mg 'g”' D wt)
Textract ) Extract GC EGC c EC EGCG GCG ECG CG Total
Green tea

First nd* 3.3410.27 nd 1.30%0.09 0.64+0.04 2.13+0.17 7.0840.42 nd 14.49+0.20

70 Second 0.22+0.01 11.34%0.68 nd nd nd 1.47+0.09  0.08+0.01 nd 13.111£0.92
Third  0.60+0.04 0.60+0.04 nd nd nd nd nd nd 1.20+0.08
First ~ 4.17+0.33 47.86+2.87 nd 5.30£0.48  0.08+0.01 5.40+0.43  2.08+0.15 nd 64.89+0.71

80 Second 0.41+0.03 12.4310.75 nd 1.0310.08 nd 0.7840.05  0.05+0.06 nd 13.93+0.98
Third  0.1720.01  4.69+0.33 nd 0.16+0.01 0.77+0.05 nd 0.84+0.08 nd 5.83+0.10
First ~ 2.0740.12 28.60+1.72 9.68+0.68 10.88+0.65 8.30+0.49  0.60+0.05  5.54+0.39 nd 65.67+0.59

90 Second 3.35+0.23 12.01#0.96  1.30+0.08 1.8410.13 nd 4.77+0.29  4.70+0.33 7.9410.64 35.91+0.38
Third  3.324¢0.23  1.23%0.10 nd 0.58+0.05 nd 3.10£0.25  2.74%0.17 nd 10.97+0.16
First ~ 6.15+0.37 22.93+1.61 7.67+0.53  7.20+0.58 10.97+0.77 5.75+0.40 12.44+0.99 1.62+0.11 73.15+0.67

100 Second 2.40+0.17 20.77+1.66  0.45+0.03  1.81+0.11 14.68+1.17  4.51+0.36  0.27+0.02 nd 44.51+0.50
Third  0.661+0.05 0.33+0.02 nd 0.74+0.07 nd 5.20+0.36 1.1710.08 nd 8.1010.49
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Treatment Catechins content (mg 'g”' D wt)
Temtract, Biract GC EGC C EC EGCG GCG ECG CG Total
GABA tea

First nd 4.65+0.32 nd nd nd nd 0.29+0.02 nd 4.94+0.17

70 Second nd 2.48+0.17 nd nd nd nd nd nd 2.48+0.17
Third  0.44+0.04 1.25+0.10 nd nd nd nd nd nd 1.67+0.07
First ~ 0.56+0.04 7.35+0.51 1.35+0.11 1.89+0.13 nd nd 2.35+0.16 nd 13.50+0.19

80 Second 2.55+0.18 6.05+0.36  0.34+0.03 nd 0.09+0.01 nd 6.03+0.42 nd 15.06+0.20
Third  0.52#0.05 7.51+0.52 1.37+0.11 nd nd nd 4.1310.29 nd 13.53+0.97
First  1.1740.09 11.70+0.94 14.94+1.05 4.05+0.52  4.37+0.35 3.59+0.29 17.23x1.21 3.16+0.22 62.21+0.59

90 Second 1.66+0.12 12.21+0.85 6.35+0.44  4.20+0.29  2.32#0.16  3.68+0.27 10.93+0.76 nd 41.03+0.41
Third  1.01£0.07 10.14#0.81 3.59+0.25  0.87+0.05  0.60+0.04 nd 7.610.61 nd 23.82+0.31
First ~ 5.0640.46 21.46+1.50 21.55+1.51 9.34+0.75  2.99+0.24  9.51#0.71  20.51+1.61 0.29#0.02 90.71+0.85

100 Second nd 5.26+0.37 nd nd nd nd 4.11£0.33 nd 9.37+0.35
Third nd 3.2240.19 nd nd nd nd 3.99+0.28 nd 7.21+0.24

GC=gallocatechin, EGC=epigallocatechin, C=catechin, EC=epicatechin, EGCG= epigallocatechin—
3—gallate, GCG=gallocatechingallate, ECG=epicatechingallate, CG=catechin gallate.

"Not detected

- 132 —



=2

At 3}

L

R

]_

A14d A

X 8 & JHEX}

o}

<0

14 FRegel Jugon Wl fie Fz

7

[e)

=

7hakat 50g

Atz goz Akt 7hnpakg o

A AL e kA FE7]

3

_L_H

)
=

=

oA A
1o}, o)
3t

9
y8A

[¢]

sl
.El
B
w

%

=Rl R

Z] ol

=

=

o]

boae.

st

7}, 8d 3t 7bE7), Jbub, PPO &4 2o A7" 2A

o

(e}
7}(Table 8—1)

A 674E, AR AF+A A AT A 47HL A

]

Rz

2 7

50T £e 2
4% 225 B%
- 133 —

A&

o

A3d Ad 23

VAR:153



i
A
)
o
i
[
o,
o
4z
An)
2
o)
N
L
o,
&
o
oot
=X
2
o,
jubal
ol
X

Zheababs RS E ol A2t A2 AEA] AZTIE 42 6, 87d=
247 4, 670 E = gopA=

FEFAW Ae7HAA e 5y e Adow dddn

Table 8—1. Changes in sensory qualities in gaba tea extract as influenced

by storage conditions.

Storage condition

Months in storage

2 4 6 8 10 12

Temp (C) Packing status 0
Sealed
Ambient Close with clip
temp Clip+silica gel
4.80+0.20
Sealed
0cC Close with clip

Clip+silica gel

4.60£0.30 4.80£0.20 4.60£0.30 3.50£0.30 3.90£0.20 3.40%0.30
4.80£0.24 4.80+0.24 3.80£0.24 3.60£0.26 3.00£0.22 3.20%0.24

4.80£0.20 4.80£0.24 3.80£0.20 3.10£0.20 2.80£0.20 3.10%0.20

4.60£0.30 4.70£0.33 4.80£0.20 4.40£0.30 3.80£0.30 3.60%0.20
4.80£0.24 4.70£0.24 4.00£0.24 3.60£0.24 3.80£0.20 3.40%0.20

4.80£0.20 4.70£0.20 4.20£0.20 3.80£0.20 3.40£0.20 3.40%0.20

1=severly bad, 2=bad, 3=

bkt AR BT

il

glout Ag7]3ke]

moderate, 4=good, 5=excellent.

3}(Table 8—2)A, A&%7] 186.7mg100mL "}
gl upgl A

e deblled A=A
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EgPRelN, Y9 AR+AelbA A AR Ao wa) e aol
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A 12709 % el Ao 134-150.0mg, A =#] A
153.4—178.6mg100mL™" o2 AFLwo} &4 x4A 4 7] Fxo uet
M= & 2polE YERAL

FhelZ] =k M3} (Table 8—-3)l A, A4 124.8mg100mL ", o]l oL}
A7IZEo]l Aol wheh sk AeERs, AR Hoe g
Al A, BE Wrle T4, TE+A7HA AelA A8 gaste AT
ekt A} FE2E e A7zl Aastel] me sk o= #84
sty ek 9 JhEl7l SR frash WA #EAol Sl Ae®
At

Table 8—2. Changes in tannin content of gaba tea extracts as influenced by

storage conditions. Tannin content is expressed as mg‘1OOmL'1.

Storage condition Months in storage
Temp (C) Packing status 0 2 4 6 8 10 12
Sealed 190.7420.3 199.8+£22.0 184.4+19.3 170.0£12.0 162.4+16.2 150.0£18.0
Ambient Close with clip 193.9426.4 186.0£19.0 178.6+18.8 162.0£17.8 1454+17.2 130.2+17.4
temp Clip+silica gel 198.4£22.0 190.3£19.4 180.0+14.2 155.8+17.2 148.0+£16.0 134.0+16.6
186.7+16.2
Sealed 192.7421.0 190.3£23.3 188.0+£10.8 184.0+12.6 180.8+18.3 178.6+17.4
0C Close with clip 187.0+£19.4 191.4£18.8 184.0+£19.6 171.6+16.2 168.0+19.4 154.0£16.5
Clip+silica gel 189.7423.2 187.7£19.2 182.4%+19.2 170.8+£9.8 164.0+£17.0 153.4£18.0
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Table 8—3. Changes in catechins content of gaba tea extracts as influenced

by storage conditions. Catechins content is expressed as

mg 100mL ™",
Storage condition Months in storage
Temp (C) Packing status 0 2 4 6 8 10 12
Sealed 118.7£10.3 109.8+12.6 104.4+10.3 98.0+12.0 92.4+10.2 90.0£10.6
Ambient Close with clip 113.9£16.4 100.0£19.4 90.6£8.1 86.0%£9.8 84.4+10.2 80.2+9.4
temp Clip+silica gel 110.4£12.0 99.3+£19.0 92.0£9.2 82.8%£8.2 80.0£9.8 84.0£8.8
124.8+14.4
Sealed 120.7£14.0 115.3+13.0 110.0+10.8 109.0£12.1 110.8£10.8 108.6+10.4
0C Close with clip 117.0£13.6 106.4£+11.2 100.0+£10.0 96.6+10.2 98.0+11.4 91.0£9.5
Clip+silica gel 111.7£13.4 107.7£9.6 102.4+10.2 98.8+9.4 94.0+£10.6 90.1£8.0

7Hiber(Table 8—4)0ll A, =23t A4 ol A 7inpghes2 A47]7E 73}t
ol

A st e A 125 Aol UE Ay, AH+AE A A gl A
7haf st 7z} 5.6, 5.2, 5.0mg100mL " o2 WEA A thh =S A

Haouy A7 FoxtE gl A2A A= AedE spuidse
6.6, 6.0, 6.1mg100mL "o & PE-A2A] T =& A3 Yeplth A%

oM, 2 Hup= A2l Zhpekake] @A w2 dFe vEkilh
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Table 8—4. Changes in gaba content of gaba tea extract as influenced by
storage conditions. Gaba contents are expressed as

mg100mL '.mg.

Storage condition Months in storage
Temp (C) Packing status 0 2 4 6 8 10 12
Sealed 7.7£10.3 7.3£12.6 6.9.4%£10.3 6.0£12.0 5.9£10.2 5.6+10.6
Ambient Close with clip 7.9£16.4 7.0£19.4 6.6.6+8.1 5.8.0+£9.8 5.4.£10.2 5.24+9.4
temp Clip+silica gel 7.4%£12.0 7.1£19.0 6.849.2 6.0+£8.2 5.6%£9.8 5.0£8.8
7.4£0.8
Sealed 7.5£14.0 7.3£13.0 7.0+£10.8 6.6£12.1 6.5£10.8 6.6+10.4
0C Close with clip 7.4%£13.6 7.4%£11.2 6.8+£10.0 6.1£10.2 6.0+11.4 6.0£9.5
Clip+silica gel 7.6+£13.4 7.7£9.6 6.4+10.2 6.5+9.4 6.2+10.6 6.1£8.0

e
ol
[0
ic]

X,
rlo

7hakak A5 PPO 2A] (Table 8—5)0lA, Aol A g

A 670l HAAAE vERA vhg AG7Ike]l Akl wheh 3RAshs

S UEhit. A2 E 34 FAe A 8/ g A

U5 Ashe A4S vEhllth A4S 3o MAEAY 08 JSFaTTH

o] Zrash= A2 PPO Ao ot 2tsl Av= deA d=d A%
g|4

=z

5

L E Uy U8 ¥ZS PPO A4 AR Y AAHAEE o] =
o}
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Table 8—5. Changes in PPO activity of gaba tea extracts as influenced

by storage conditions. PPO activities are expressed as unit

per minute.
Storage condition Months in storage
Temp (C) Packing status 0 2 4 6 8 10 12
. Sealed : ;
Ambient eale 0.9340.13 1.030.13 1.1240.14 1.00+0.10 0.88%0.09 0.68%0.06
Close with clip 0.81£0.08 0.9020.09 1.4040.10 1.30+0.16 1.04.0.09 0.7240.06
temp .
Clip+silica gel 0.96£0.09 0.8740.09 1.4840.12 1.32+0.12 1.06%0.08 0.88%0.08
0.86£0.09
Sealed 0.61£0.07 0.730.08 0.8040.08 0.90+0.10 0.80%0.08 0.5620.04
Close with clip 0.56£0.06 0.6520.08 0.9440.09 1.22+0.11 0.90%0.08 0.8620.05
0C Clip+silica gel 0.7620.08 0.80£0.06 0.88+0.8 1.25+0.14 1.1240.06 0.91£0.08
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Fig. 9—1. Representation of various kind of gaba tea products such as
gaba tea, tea bag, gaba tea powder and drink from left to

right.
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Table 9—1. Nutrition facts of gaba tea and gaba drink.

Gaba tea Gaba drink

Nutrition facts - ]
Content (mgg D wt) Content (mg:100mL™ ")

Calorie 0 0

Na 0 0

Fat 0 0
Total phenolics 38.0 45.2
Gaba 8.6 12.1

A 3d AL EA

71578 7hkakE AAksl7] AEiA e thdellA 3 A Al §A Al
F71A 27 dag o7l AlRZE Fatgh sl BERI7E AR
FESE Sl E ol AW Al E X FAAd A el Fasi).

chdol A Eakel ek A) e 7b7h 5889 576kg 10a'® Aol &
e A ottt (Table 9-2). A4 dAvjol] ©E %% (Tabale 9-3)2
1,47034¢), 2,30479/10a &2 =2} BHrbs bt A 64% ©] %9t} o=

(

Ak 3k AYgrrAel 2500€/kg FEdd BlE] 7lsAel ZhwlE hukat
AA7EA 0] 4,0009/kge 2 E9k7] wioltt. 7 GH](Table9—4) oA =3k
7401 9/10a oot ThukakE F A AlA R AsHGEAAE, W57t
F7I2 H3Eo] 1,400 0/10a02 =9k},

ZFYolA AuE M A5 a7 7301 9/10a%1dl Bl TpekabE
904 /10a o= 7Mapxp7F Sapell w8l 24% =A Wbt whEkA, 3k
Aok HYor BRE A Estal Aart vipd F o FANI e
GHIIHA FIHA 7L #E TS AR A

qow
Huj Al 57 S Sl AA sk Lo
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Table 9—2. Comparison of leaves production amount between green tea

and gaba tea.

Item Green tea Gaba tea

Leaves production

588 576
(kg/10a)

Index 100 98

Table 9—3. Comparison of total farmer income between green tea and

gaba tea.
Item Green tea Gaba tea Reference
Total income . .
(1,000won/10a) 1,470 2,304 Retail price
Index 100 164

Table 9—4. Comparison of input expense between green tea and gaba tea

farm.

[tem Green tea Gaba tea

Labor cost 300 300
Input Material cost 440 490
expense Instrument cost 0 550
(1,000won/10a) Electric expense 0 60

Total 740 1,400
Index 100 190
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Fig. 9—2. Presentation of gaba tea seminar held in Mokpo National University

and panel test of those teas by consumer.
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Table. 9—5. Favorite score of different gaba tea commodities by consumer.

Kind of Product

Consumer favorite (%)

Gaba tea
Tea bag
Powder tea

Gaba drink

36

32

12

20

Table 9—6. Expectation of retail prices of gaba tea by consumer.

Price range (won)/50g

Consumer favorite(%)

25,000—-30,000
30,000—-35,000
35,000—40,000
40,000—45,000

45,000—50,000

10

18

44

22

147 —



Faxg # AL EF

Banerji, M.A., N. Faridi, R. Atluri, R.L. Chailken, and H.E. Lebovitz.
(1999). Body composition, visceral fat, leptin, and insulin resistance
in Asian men. J Clin Endocrinol Metab. 84:137—144.

Bronneer, W.E., and G.R. Beecher. (1998). Method for determining the
content of catechins in tea infusions by high—performance liquid
chromatography. J Chromatog. 805:137—142.

Choo, J.J. (2000). Anti—obesity of Kochujang in rats fed on a high—fat
diet. Korean Nutrition Society 33:787—793

Daniel, G. R., F. Manfred, V.L. Schlachter, and P. Weber. (2003). Effect
of EGCG on lipid absorption and plasma lipid levels in rat.
Nutritional Biochemistry. 14:326—332.

Despres, J.P. (1993). Abdominal obesity as important component of
insulin— resistant syndrome. Nutrition. 19:452—459.

Dobiasova, M. (2004). Atherogenic index of plasma [log(triglycerides
/HDL— cholesterol)]: theoretical and practical implications. Clin
Chem. 50:11113—11115.

Fenster, L., B. Eskenazi, G.C. Windham, and S.H Swan. (1991). Caffein
consumption during pregnancy and fetal growth. Am. J. Pub.
Health. 81:458—-461

Friedewald W.T., R.I. Levy, D.S. Fredrickson. (1972). Estimation of the
concentration of low—density lipoprotein cholesterol in plasma, without
use of the preparative ultracentrifuge. Clin Chem. 18:499—-502.

Frohlich J., and M. Dobiasov .(2004). Fractional esterification rate of
cholesterol and ratio of triglycerides to HDL-—cholesterol are

powerful predictors of positive findings on coronary angiography. Cln.

— 148 —



Chem. 50:1113—1115.

Goldsteine, A., R. Warren, and S. Kaizer. (1965). Psychotropic effects of

caffee 1. Individual difference in sensitivity of caffeine—induced

wakefulness. J. Pharmacol. Exp. Ther. 419: 156—159.

Graham, H.N. (1992). Green tea composition, consumption and polyphenol

chemistry. Preventive Medic. 21:334.

Haglund O., R. Loustarinen, R. Wallin, I. Wibell, and T. Saldeen (1991).

Jin,

John,

The effect of fish oil on triglycerides, cholesterol,fibrinogen and
malondialdehyde in humans supplemented with vitamin. Eur J
Nutr. 121:165-172.

HH., JL. Yang, JH. Chung, and Y.H. Kim. (2004).
Hypocholesterolemic effects of green tea in cholesterol—fad rats.
Korean Soc Food Sci Nutr. 33:47—51.

G.S. and J. F. Thompson. (1972a). Anaerobic accumulation of
aminobutric acid and alanine in radish leaves. Plant Physiol.

49:572—-578.

John, G.S. and J. F. Thompson. (1972b). In vivo and in vitro studies on

Choo.

aminobutyric acid metabolism with the radish plant. Plant Physiol.
49:579—-584.

J.J. (2003). Green tea reduces body fat accretion caused by
high—fat diet in rats through [(—adrenoceptor activation of
thermogenesis in brown adipose. Nutritional Biochemistry.

11:671—-676

Jeon. J.R., J.Y. Kim, K.M. Lee, and D.H. Cho. (2005). Anti—obese effects

of mixture contained pine needle, black tea and green tea extracts.

Korean Appl. Biol. Chem. 48:375—381.

Khokhar, S., D. Venema, P.C.H. Hollman, M. Deker, and W. Jongen.

— 149 -



(1997). A RP—HPLC method for the determination of tea catechins.
Cancer Letters. 114:171-172.

Khokhar, S., and S.G.M. Magnusdottir. (2002). Total phenol, catechin, and
caffeine contents of teas commonly consumed in the United
Kingdom. J. Agric. Food Chem. 50: 565-570.

A2, i, 2. (2004). BAA HaRe] A JA 7]l whE SpEA R
gk, gk %], 36:542—-546.

Lee E.H, 1.S. Kim. (2000). The study of associations among serum lipids,
anthropometric measurements, food intake frequency and nutrient
intake in healthy adults. Kor J. Com. Nutr. 5:642—653.

Lee, M.K. and Y.S. Park. (2007a). Changes in taste quality and catechins
content in tea extracts according to elapsed time an ambient
temperature. Kor. Soc. for Hort. Sci. 48:298—-302.

Lee, M.K. and Y.S. Park. (2007b). Changes in sensory quality and
catechins content as influenced by infusion temperatures and
times. Kor. Soc. for Hort. Sci. 48:422—-428.

Lee, S.C., H.G. Kim., G.S. Kim, S.P. Lyu, G.U. Jeong, and D.S. Jo.,
Effect of green—tea polyphenol and vitamin complex on
antioxidative enzyme activity during exercise in rats. The Korea
Journal of Exercise Nutrition. 16:285—289.

Lee, S.E, JJH. Kim. (2004). Comparison of dietary intakes and plasma
lipids levels in diabetes and cholesterol elderly, Kor J. Community
Nutr. 9:98—112

Lin, J. K., C.L. Lin, Y.C. Liang, S.Y. Lin—Shiau., and [.M. Juan. 1998.
Survey of catechins, gallic acid, and methyl xanthines in green,
oolong, and black teas. J. Agric. Food Chem. 46:3635-3642.

Narayan, V.S., and P.M. Nair. (1990). Metabolism, enzymology and

- 150 —



possible role of 4—aminobutyrate in higher plant. Phytochemistry.
29:367—-375.

Noriko, K., K. Tsukahara, H. Toyoshima, T. Suzuki, N. Shimizu, and T.
Kimura. (2007). Effect of soaking and gaseous treatment on gaba
content in germinated brown rice. J. Food Engineering. 78:556—560.

Nakagawa, M. (1975). Contribution of green tea constituents to the
intensity of taste element of brew. Japan Shokuhin Kogyo
Gakkaishi Rep. 22: 59—64.

Pasha, C. and G. Reddy. (2005). Nutritional and medicinal improvement of
black tea by yeast fermentation. Food Chemistry. 89:449—453.

Park, Y.S. (1999). Carbon dioxide—induced flesh browning development as
related to phenolic metabolism in ‘Niitaka’ pear during storage. J.

Kor. Soc. Hort. Sci. 40:567—570.

o] FaAdE W3l sFekzhx], 9:275-2709.

g, 3], A, Bhd, a2 E. (2002). 715 Gaba 2F ard st A

Price, K.R., M.J.C. Rhodes and K.A. Barnes. (1988). Flavonol glycoside
content and composition of tea infusions made from commercially
available teas and tea products. J. Agric. Food Chem. 46: 2547—2522.

Price, M.L., and L.G. Butler. (1997). Rapid visual estimation and
spectrophotometric determination of tannin content of sorghum
grain. Food Chem.. 25:1268—-1277.

Regestine, Q,R (1981). Pathological sleepiness induced by caffein. Am.
Med. 588:425—249.

Rosenfeld, L. (1989). Lipoprotein analysis. Arch Pathol. Lab. Med. 113:1101—1110.

Seidell, J.C., L. Perusse, J.P. Despres, C. Bouchard. (2001). Waist and hip

- 151 -



circumferences have independent and opposite effects on cardiovascular
disease risk factors: the Quebec Family Study. Am J Clinl Nutr.
74:315—321.

Sharma, V., A. Gulati, S.D. Ravindranath. (2005). Extractability of tea
catechins as a function of manufacture procedure and temperature
of infusion. Food Chem. 93:141—148.

Sok, S.R.(2007). An analytic study on influencing factor for the number
of smoking cigarette per day in adult me. J Koren Acad Mental
Health Nurs. 6:113—120.

Song N.B., L.Y. Jeong, H.J. Hyun, and Y.H. Kim. (2002). Effects of green
tea consumption on serum lipid profiles, The korea Nutrition
Society. 35:854—862.

Suematsu, S., Y. Hisanobu, H. Saigo, R. Matsuda, and Y. Komatsu.
(1995). A new extraction procedure for determination of caffeine
and catechins in green tea. Japan Shokuhin Kagaku Kaishi. Rep.
42:419—424.

Terada, S., Y. Maeda, T. Masui, Y. Suzuki, and K. Ina. (1987).
Comparison of caffeine and catechin components in infusion of
various tea (green, oolong, and black teas) and tea drinks. Japan
Shokuhin Kogyo Gakaishi. Rep. 34:20—27.

Tonychou, M.D. (1981). Wake up and smell the coffee—caffeine, coffee
and the medical consequences. West J. Med. 157:533—544.
Xinguo, S., J. Duan, Y. Jiang, J. Shi, and Y. Kakuda. (2006). Effects of

soaking conditions on antioxidant potentials of ollong tea. J. Food
Composition and Analysis. 19:348—353.
Wang H.F. and K. Helliwell. (2000). Determination of flavonols in green

tea and black tea leaves and green tea infusions by liquid

— 152 -



chromatography. Inter. Food Res. 34:223—227.

Wang, H.F., Y.S. Tsai, M.L. Lin, A.S. Ou. (2006). Comparison of
bioactive omponents in GABA tea and green tea produced in
Taiwan. Food Chem.. 96:648—-653.

Wang, L.F., D.M. Kim, and C.Y. Lee. (2000). Effect of heat processing
and storage on flavonols and sensory qualities of green tea
beverage. J. Agric. Food Chem. 48:4227—4232.

Yuanyuan, H., J. Sheng, F. Yang, and Q. Hu. (2007). Effect of enzyme
inactivation by micriwave and oven heating on preservation
quality of green tea. J. Food engineering. 78:687—692.

Yu, Z., K. Chen, S. Zang, and I Ferguson. (2003). The role of salicylic
acid in  postharvest ripening of  kiwifruit.  Postharvest

Biolog&Technol. 28:67—74.

- 153 —



	녹차에서 가바 증진 및 이를 이용한기능성 제품 개발
	요 약 문
	목 차
	제 1 장 서 론
	제 1 절 연구개발과제의 개요
	1. 연구의 목적
	2. 연구 내용과 범위

	제 2 절 국내외 기술개발 현황
	1. 국내에서 기능성 차 개발
	2. 해외에서 기능성 차 개발


	제 2 장 다원에서 광 파장 및 신호전달물질 살포에의한 가바 증진
	제 1 절 서 론
	제 2 절 재료 및 방법
	제 3 절 실험 결과 및 고찰
	1. 광파장 처리 효과
	2. 신호전달물질 처리 효과
	3. 자외선과 신호전달물질 살포 효과


	제 3 장 제다전 혐기처리에 의한 가바증진
	제 1 절 서 론
	제 2 절 재료 및 방법
	제 3 절 실험 결과 및 고찰
	1. 냉수침지 처리 효과
	2. 유산균주를 이용한 가바증진
	3. 질소 혐기처리 효과


	제 4 장 고지방 식이를 섭취한 흰쥐에서 가바녹차의 항비만 효과
	제 1 절 서 론
	제 2 절 실험재료 및 방법
	제 3 절 결과 및 고찰

	제 5 장 혐기 처리에 의해 제조된 가바녹차의기능 성분 증대 및 생리활성
	제 1 절 서 론
	제 2 절 재료 및 방법
	제 3 절 결과 및 고찰

	제 6 장 성인남자에서 가바녹차 섭취가비만 억제 및 콜레스테롤 감소 효과
	제 1 절 서 론
	제 2 절 실험재료 및 방법
	제 3 절 결과 및 고찰

	제 7 장 가바차 주요 특성
	제 1 절 서 론
	제 2 절 재료 및 방법
	제 3 절 실험 결과 및 고찰

	제 8 장 가바차 유통중 품질 변화
	제 1 절 서 론
	제 2 절 재료 및 방법
	제 3 절 실험 결과

	제 9 장 가바차 시제품 생산 및 유통
	제 1 절 시제품 생산 공정 개발
	제 2 절 시제품 생산
	제 3 절 경제성분석
	제 4 절 시제품 개발 설명회 및 소비자기호도

	참고자료 및 인용 문헌



