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SUMMARY

[. Title
Production of high quality matcha (powered green tea) for substitution of

Japanese matcha and developing a new product

I. Purpose and necessity of study

O Currently, Korea's green tea industry is temporarily at a standstill, but it
has been determined that the demand for green-tea-related products will
increase largely with the growth in national income and the influence of

public interest in better health.

O In Korea, powdered green tea is not produced much, and its quality is
considerably low. Therefore, domestic food companies have imported most
powdered tea from Japan for use in ice cream, green tea lattes, bread, and
other products. And the demand for high—quality powdered tea is continually

increasing.

O Therefore, we need to seek an alternative to the importing of Japanese
powdered green tea and develope a new demand for domestic green tea. To
do so, we must produce green tea leaves capable of making high—quality
powder, improve the manufacturing process of powdered green tea, and

develop various products that use powdered green tea as an ingredient.

M. Scope and content of the study
1. Evaluation of the quality of powdered green teas produced in Korea and

Japan, and the establishment of quality standards for matcha



2. Establishment of the cultivation and processing conditions for green tea leaves
for developing high—quality powdered green tea

3. The technology for stabilizing the color of powered green tea

4. Quality maintenance during the distribution of powdered green tea and the
technology for reducing its bitterness

5. Test for making ice cream with high—quality powdered green tea, and the
development of beverages using green tea leaves cultivated in shaded areas

6. Development of products with high—quality powdered green tea

IV. Result and Recommendation

1. Evaluation of the quality of powdered green teas produced in Korea and
Japan, and the establishment of its quality standards.

We analyzed the physicochemical properties of Korean and Japanese powdered
green tea. The analysis shows that the content of total catechin in Korean
powdered green tea is 14.679-20.128 g/100 g; the content of caffeine is
1.496-3.237 g/100 g; the content of theanine is 0.926-1.977 g/100 g; the content
of total chlorophyll is 339-592 mg/100 g; and its average particle size is
14.63-25.39 um. Based on the above results, domestic powdered green teas
cultivated under shaded conditions had a similar quality to that of
medium—quality powdered green teas produced in Japan and the overall quality
of Korean powdered green tea was poorer than that of Japanese powdered green
tea. Also, based on the above results, we derived a standard for the quality of

powdered green tea.

2. Establishment of the cultivation and processing conditions for green tea leaves
for developing high—quality powdered green tea.

The optimum conditions for producing high—quality powdered green tea is
cultivating for 15days under 95% shade-cultivated condition of Daecha-12 or

Yabukita varieties with 60-8.8-15(N-P-K) ratio for spraying 7 times. The



processing conditions for producing optimum green tea leaves for high—quality
powdered tea is to minimize the contact of the green tea leaves with heat,

which maintains the green color of the leaves.

3. The technology for stabilizing the color of powered green tea.

To stabilize the color of powdered tea, the green tea leaves are treated with a
water solution of copper sulfate; the Mg ions in the chlorophyll of the leaves
are then replaced with Cu ions; and the copper sulfate on the surface of the
leaves is washed away. Through these processes, the content of copper from
the final product can be dramatically reduced, and its green color can be

maintained for a long period of time.

4. Quality maintenance during the distribution of powdered green tea and the
development of a technology for reducing its bitterness.

To maintain the freshness of powdered green tea during its distribution, it is
vacuum packed with PET/AL/PE packing material, which blocks off gas, or
from a deoxygenating materials. Using these packaging materials, the main
components, catechin, caffeine, and chlorophyll, have no change, and the tea
maintains its good quality. When green tea leaves treated with the first
processing are ripened for one year at —20 T to reduce bitterness, the content
of non-gallated catechin is not reduced, but the content of gallated catechin,
which has a bitter and astringent taste, is reduced by 24%. The contents of

theanine and caffeine are almost the same as before ripening.

5. Development of products with high—quality green tea leaves and powdered
green tea

Compared to ice cream made from Japanese powdered green tea, Korean ice
cream made from the powdered green tea of Yabukita grown for 15 days in
95% shade showed no difference in a sensory test on its color and appearance.

The best beverage made with green tea leaves is one that has been extracted



from green tea leaves for 10 minutes at 50C, with 3% green tea leaves added.
We developed some beverages by adding lemon juice, vitamin C,
isomaltooligosaccharide, silk peptide, and other ingredients. Using powered green
tea, we developed foods with a highly sweet taste, including chocolate, biscuits,
and sweet jelly made of red beans to reduce the bitter taste of the green tea
and improve its sensory quality. When 1.5% chocolate, 1% biscuits, and 1%

sweet jelly of red beans are added to matcha, a good taste is produced.
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A1 a e e] ol

ZUH-(Camellia sinensis O. Kuntze)i= ot A 5252 x| A 5-H
X"t o] 27| 7K FH A FXE o Jon AAle] Aztyt A Q7R A
gy WA ARG Pojsir) AUF EFS T A29F < Camellia sinensis var.

sinensis®t A% WAES Camellia sinensis var. assamicaZ w5 5™ 2
M T A9FY 4dFd AAFEH oFFIIY WA sol AwiHal vk A= A
el EF, AR A AW, @4, S ol wEl FERS olFo] dow X9

= gAY o] x| ke Agoln B4 WEAST = polyphenol oxidased] 2] 3%
b el whgt MEEVF 0% BUEA(EA), 20-60%9) WL EA(H AL, 3t
EEA, B 9 80% ©]e WEAHEAHE A BRI A

=2 polyphenol oxidase® E&4 3 AlA SEE AAA 7= o w3

Bk A AZ BREEE BHeAE neolx AN 7] e 7
e g SEG Wzgor Pt FF Agel Folstn AdE AY A

AAN, A%E, AED Sol WA 2o FEE Wwom o]g} ge 270 9
A o] B RE] Wt Ao Fulh Gebanh A9 ge opulwAl, 7}

I, 7], o, 7713 vidlE e 2L Ao 23l ofste] 5=

, AHAE-9), A5 sl wEl dEbAu Aol 10~-18% Fi T o] sivh
ZHEZL el o3k @ats)k, dbAdel, A A, HIVAALE S oA, Zd2H 2

AEga oA, s, &+, SAAE " FHAAA A4S T o JHA o
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M2z IFuel 7= s

e @R e of4 BAR A o} Aitge] e FEolvh Ed §E
Hio] AAE WolA Fu) HEAANAE YR BB QBN Feiste] of
olszgl (su), Wbl WaEl, A=) oy wakebu (e, A,
els ), WelAY (Helaey, FAFE 5) 5o Agsa Ak A w2
W oge aM k2 1 2ot ASHOR Bolual i Adeld AEAEE
Aapol Ze 1F Aol I LTI} A5E wopNIL Ytk FuldlAe) A} B

W ATE A gt Agels A AAN W @ S8 YREY 2 4
1=25
)5

4 ol dger o AR, AvEd, vlexd 24 5 AAA] A7

= [
&
g FESE D 2 For Fokstw g Agelt dud TABA ATE B
A+ ke @98 ggos ) sl A9slel £, A, AslEE B
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A3 & Algrd Us X 24

o Age ARgE ZAke s, AP, BA, AF 5 Sulidh 2 2 gk &
AE A B2 ARG o dE

o pEshel WA Ao FAL Wolshdl ol HAYE BAS 9

2

T A e VlEe R Ak 35w

=

3t =% catechin(C) epicatechin(EC), epicatechin gallate(ECG), epigallocatechin
(EGC), epigallocatecnin gallate(EGCG), gallocatechin(GC), gallocatechin gallate
(GC@), catechin gallate(CG), theanine, caffeine, chlorophyll a % chlorophyll b+
Sigma—-Aldrich(St. Louis, MO, USA) A&, methanol, ethyl acetate 5 &1l
HPLC #° % Mallinckrodt Baker(Phillipsburg, NJ, USA) A|3%%, acetone % L

el Ae A ERe Agag.

2)

8

wato] xAv| 9 EEAEE dolr 7] 93lo] Particle size analyzer (CILAS,

CILAS 1064, Orleans, France)E o] &3] A m X SHFo| Yo] 115 E4HA]
21 3 JdnEAS AAEYY. olul carrierE FHFE AREEow 60% Fob

ARA ARy o] o wA 16F 9 MR FRdE FehsE dF5871(36x10
mm)ell Fo} &3 A(Minolta, CM-2500D, Tokyo, Japan)ZE A}g3le] CIE A7
¢l L*, a*, b*x & 7}z 37)14 Ev)sle] 33 whE =A3519 oW 3 2] (mean) 2}

FE=AZHSD)E e ST
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HPLC ¥4 2239 A#E chlorophyll a 2 chlorophyll S #5542 319
F-EFEHe  olfste ARH A F AZs e HPLC EAXHE
multiwavelength detector(MD-2010 Plus)E ##3 HPLC system(JASCO Co.,
Tokyo, Japan)& ©|83te] XTerra RPI8 column(3.5 um, 4.6x150 mm, Waters,
Milford, Massachusetts, USA)& A&3lo] FE3tAtk o|d o] 53 75%
methanol(°] 54 A)3 100% ethyl acetate(©]57% B)E AFg3lon olE A AV
158 &< 60%°1A 10%7F &% 3 5 F<4 0.8 mL/min®2 3}o] 430 nmelA

dEsavh 2E 2AZ = 338 wEste] 4 W A (mean)9t EFHAHSD) =
o}

5 71, 7hE9l R OElobd A=
FHE 7], ZFE Q] F Hold A 9@ EA} 1 goll 50% ethanol 100 mLE &%
gkal 30CelA 60%-3F wyk & § ofysle] #48 Alm= ARESelow HPLC
A 2 AR AR C, EC, ECG, EGC, EGCG, GC, GCG, CG, theanine ¥
ETEHe ol&ste] = A & FEFEA
o}, HPLC #4x72 Hu 59 WHA7)E WIs9 multiwavelength detector
(MD-2010 Plus)E &3 HPLC system(JASCO Co. Tokyo, Japan)g ©]-&3}<]
XTerra RP18 column(3.5 um, 4.6x150 mm, Waters, Milford, Massachusetts, USA)
S ALgste] BTl o)W o] A 0.29% ortho phosphoric acid(¢] &4 A)et
100% methanol(e] &% B)E AF&3H o8 o]F4d A7l 1538 &<k 82%¢°lA 40%7}
HEE 3 5 <4 1.0 mL/mine 2 3¢9 210 nmollA HAEIALH ZE B A=

33] whEste] A4 ot A (mean)$t EFAAHSD)E HERA AT
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L2 2 B =Ly
D Alg 2o Awzd 2 EQ 59
1€ S w Al wale] ZARIE 9 AnE g, AMd, BA, AF B
SUAF 132 (A T 5%, T w2 8F)¥ YA 3F (B Au] =
2} 2%, FAPEAE E2E 1F) T & 16F9] Ad ARE AMESR o 4 AR

gk A ¥ FEe s & 1-10] YERSlH

E -1 AR wae) A 2 Ay

Product” Cultivation method and product grade
BS-1 not shaded green tea

BS-2 not shaded green tea

BS-3 not shaded green tea

BS-4 shaded green tea

BS-5 shaded green tea

BS-6 not shaded green tea

BS-7 not shaded green tea

SS-1 shaded green tea

SS-2 not shaded green tea

HN-1 shaded green tea

HN-2 not shaded green tea

JJ-1 shaded green tea

JJ-2 not shaded green tea

JA-1 shaded green tea, high grade
JA-2 shaded green tea, middle grade
JA-3 not shaded green tea, low grade

1>Regioni BS, Bosung; SS, Sachon; HN, Haenam; JJ, Jeju; JA, Japanese

2)
A g A s dElste] Alxd Uil Al wake] e EA A=
10, 50, 90%clA el Axbz7Ieh At A7l wis] & 1-2¢] YERHAT
Cumulative particle size &2 X FHo| AA dxa271E Vel Aoz A
of AZjd=E FxE FFE & 5 Ao AA 10%, 50%, 90% Aol PAR=Z7] H

Fat sz 2778 7P 2k Ak BAAE AR Al Ak}l BS-2 o] lew, ol

8

)
s

i



Hkel 55-29] ¢ dAl 0%l M e dAA 7= 1821 um o] Aot 9021 A 9]
o A 277 G =

A
T PAEY) EE 8452 imE 167 AE T 7Y F& 4§ Ak w31 =

o

Ax=27]E= 321.12 ym=z AA oz vk

AR xS gl s BS-29F SS-25 Al9lshd 14.63-2539 umel WE o
A6-21.02 nmo= fFARFR 2 Youn(18)o] Al &&=53) 158 o4

o7 BA3 PiErdE 53.83 ume= i xolrt ol ddv).

- =
jon!
i~

Cumulati ticle si i
umulative particle size (um) Mean diameter

Product” Diameter Diameter Diameter (1m)
at 1029 at 502% at 902o
BS-1 2.18 11.06 36.40 15.63
BS-2 247 745 19.35 9.45
BS-3 3.96 16.01 36.82 18.64
BS-4 2.86 11.53 38.55 16.58
BS-5 2.84 10.39 33.19 14.63
BS-6 463 20.00 o4.05 25.39
BS-7 3.63 15.88 48.82 21.81
S5-1 3.63 13.28 32.36 15.96
SS5-2 421 18.21 321.12 84.52
HN-1 3.60 12.63 34.46 16.15
HN-2 3.97 13.20 33.63 16.25
JJ-1 3.97 19.03 50.04 23.77
JJ-2 3.93 17.61 o4.59 24.38
JA-1 3.06 10.98 30.23 15.46
JA-2 3.15 11.95 37.74 16.62
JA-3 4.07 17.94 42.08 21.02

1>Regioni BS, Bosung; SS, Sachon; HN, Haenam; JJ, Jeju; JA, Japanese
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Wb e A2 e wE HURA vl SR IAEA HAge AR fA
7t dAolvk. MAAE ol &3t L(¥7]), a(AM—=54) b(FH-HA) e 43
Ay 3 1-3o] yEbd npep Zo] L3k 61.28-76.582] WMLl ow HAAL Fx13
A2kl BS-27F 7658% 7Fd Eokal AlFAF 2@ Age mxpel JJ-1¢] 61.28%
7 e e YERATE a9 &9 e 548 YEided 24 dE JA-19]
-12942 7P Eokom HAAE AR A A9l BS-7o] -372% b we g
S YEAT aztd bt e 25 dojxl AEE YERE chroma #6& YEAF AE
JA-10] 40472 7} =kom adalh A@Ags) X<l HN-1 39.859

= fle ASE yEtuth wuidl wxke A ARE Wrlelr] ffs R4 AR
JA-19] L, a, bgts 7]|F2 & total color difference(TCD) s 73 Ay = A
I 22k F HN-19) gte] 3712 dE24F 3 @3 78 fARSE Ao 2 vepsdoh
Az ow Ul wake] M kAl mpEla= e FIFol gle Wb &g Ay
rirole ZA 43S e Ao® yverwth AdAE suiAh 2o Ay mAE

R TCD #2 89 T35 3 53 A= gs 7= Aoz destth
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T 13 A% B A% 24 2o

Color value?

Product”

L= ax* b * Chroma TCD
BS-1 64.91£0.01Y -4.77+0.02  36.21+0.01 36.52 8.89
BS-2 76.58+0.00  -561+0.01  34.73£0.01 35.17 16.62
BS-3 64.31+0.01  -3.33+0.01  32.92+0.01 33.08 11.25
BS-4 62.40+£0.00  -6.05+0.02  35.45+0.01 359.96 7.48
BS-5 66.08+0.01  -6.61+0.03  36.35+0.00 36.95 173
BS-6 68.86+0.00  -3.81+0.01  33.21+0.01 33.95 12.46
BS-7 69.30£0.00  -3.72+0.01  32.48+0.01 32.69 13.08
SS5-1 64.46+0.01  -6.13+0.01  38.71+0.01 39.19 7.21
SS-2 64.58+0.00  -5.99+0.01  38.51+0.03 38.97 137
HN-1 63.48+0.01  -9.51+0.01  38.70+0.01 39.85 3.71
HN-2 67.45+0.00  -6.52+0.00  37.10+0.02 37.66 8.44
JI-1 61.28+0.00  -8.63+0.01  34.72+0.00 35.78 2.69
JJ-2 65.33+0.00  -6.07+£0.01  36.46+0.02 36.96 7.82
JA-1 62.12+0.01  -12.94+0.02  38.35+0.00 40.47 0
JA-2 63.62+0.50 -11.70+0.05  36.99+0.01 38.79 2.39
JA-3 64.24+0.01  -6.31+0.01  36.43+0.01 36.97 7.22

1)Regioni BS, Bosung; 5SS, Sachon; HN, Haenam; JJ, Jeju; JA, Japanese

P1.* = lightness; a * = redness; b * = yellowness; Chroma =V (a" )+ (")?;

TCD = \/(L*— L)+ (a —ay)*+ (B —by)*, where Lo, ao and by are color value of JA-1

“Values represent the meantstandard deviation(n=3).
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4) 2229
=R P e B lo] Az wxle Frz=a39 = BAAn T 1-49

@7
U vleh o] Ul A A% v 2Ae] FFeew $ehe 339-592 me/100

go = F33 Afw] wxbeo] 170-340 mg/100 g Bk 1.5 WA 28] A= o @e] 3
Feol vk FlAE Al EA F AT AR AN S5A J]-19] FEEEE
FhaFol 592.049 mg/100 go. 2 7hd A FiEo] gldlem o= diEik wA F
Fael slgshe JA-29] 598.113 mg/ g¥ A9 W]=d FEelvh. FEREE dY
S AMuy FEF229 gako] 500 mg/100 g o FHiEol gl JraAk 23
Al JA-1, JA-29F Stuldb A TAQl JI-1, HN-19] 4= F223 o) 32

29 b urt o wol 5ol AQon 1 ue Ae F2ED ash bl FHl
Adl mzsAL 2R28 bel @l o B/ Uehdrh wae) A% agd 2=
248 a b2 $2R2d duve) FRlE 7+ A%E 19 1-10] Gehglvk
e AR agte 2B a b 9 F2ZRR FE9 2F o049 o 4w

HAMOD7F Y& ACE vehgow 53 B9 =42 FRRZ ao) JFo

Mg 2 AR UBHTHR=0906). w3 F FRED G w3 ou 54

\jOl

d 7tEEd F 2REE A5E dove, Fodd Sor R Zrzy
o] gebdvta sk, 19). Park¥} Lim(12)o] 2J3tH F2=23 ko]
o 8 mg/100 g, Yyt T3 JJellE= 187-302 mg/100 g T
o] glttal Bisk up 9l

e
o)
—
T
(o))
)
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E 14 A e 2R 24 2

Content (mg/100 g)

Product”
Chlorophyll a Chlorophyll b Total chlorophyll
BS-1 94.433+0.164” 139.426£1.535 233.859+1.699
BS-2 127.519+£1.127 127.025£2.625 264.544+3.752
BS-3 71.446+0.510 99.342+3.018 170.788+3.528
BS-4 157.941+1.163 192.560+3.303 350.501+4.466
BS-5 151.201+0.208 199.204+1.572 350.405+1.780
BS-6 77.378+0.310 93.059+1.591 170.437+1.901
BS-7 83.592+0.341 101.276£0.154 184.868+0.495
SS-1 168.587+1.023 170.114+2.192 338.701£3.216
SS-2 119.989+0.466 139.883+0.173 259.872+0.639
HN-1 261.005+0.917 245.379+0.957 506.384+1.874
HN-2 101.199+0.096 127.093£1.285 228.292+1.381
JJ-1 317.021+1.241 275.028+0.832 592.049+2.074
JJ-2 160.650+2.007 179.743+1.300 340.393+3.307
............. JA_l401144i1776309291i0480710435i2257
JA-2 333.496+0.659 264.617+£13.721 598.113+14.380
JA-3 125.143£0.017 137.308+0.770 262.451 £0.786

1>Regioni BS, Bosung; SS, Sachon; HN, Haenam; JJ, Jeju; JA, Japanese

IValues represent the meantstandard deviation(n=3).
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1 800

—=—total chloraphyll

y=-58.27x-45.26 —&—chlorophylla 1 o0

RI=0.897 =t chlarophyll b {
1 s00

| =00

1 400

¥=-3537x-66.13
R*=0.906

1 300

1 200
¥=-22.90x+ 20.86 1
R?=0.850

Chlorophyll content {mg,/100g)

{ 100

-14 -12 -10 -B -6 -4 -2 a

g 1-L B SaRd 2R FEe) B

5) 7FElzl, 7tElql 2 ol

=2kl FeAEd Itz JHHd 9@ Hold ¥AAx ¥ 1-59 e nlo}
7ol EIMH7) dreke 14.679-20.128 g/100 ¢ U S dHials Aoz eyt o
A= Fueat w2 2% e 2 Axe] wEla= E Aev flE vkd 23
Agel doiME e A 1 248 B 1-69 vERd vpep ol
2E AgA EGCG, EGC, ECG, EC, GCG, GC ¥ C9 «oz2 FfHo]
o FHEZIF F Ak, dY § oFeEld &%l 9% EGCG ¥ EGCe AA )
Bl 719 50% o]/%-& AAsFAT wlAb ko] FHE 71 4o uigh Arh §lof W]
walk7] o E -9 Goto 5 (200l ot dEAF wAfoll= 9.48-12.39 g/100 g 3
o} vial Hadte] E dtolN YA BAE tgor A3 Ayl xolr) gl
= Aoz vewt ol J1EIzl & EC, EGC, ECG, EGCG 4% ol 3t £44
Fpolw B Ao A= o] & C, GC, GCGel sl E Ea4asto] BEAure] u}
2 Aolet A IS FE] wel HI 20% A=A Zol7h 1A HTE WAL
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mlo] wo} FHZL g Aol o] e olfe @A Urka AnHrk,
-3.237 g/100 g, YA ©=
0 g irEol Ao Aol g A A% AWF DA o
@ol Ffuol gglom duate] % el ¥T4F AN FFL o e
& 5 Q9T Parkdt Lim(12)e] elstel wAM @8 Aol el Fae
297-3.67 g/100 g T Eo] ATk Bl o, Goto (2002 A4k @xjo]=
353-3.87 g/100 g H&5o] ki waskgch
Holde Aold Hzz 4Af ofnwmiton Aol Uhg Ao w2 Sge)
1ok Ui ARolth Hobd e wae] F frEohr)mibe] 50% o] & A s
Aoz delA gor] AGAVE wE FAY AA5EF Hobd FFol ¥ AL
2 o] guk(l), WAk Fo] Hebd FY FARI Fjat wael = 0926-1.977
g/100 g, ¥4 whxfol = 1.119-4.295 ¢/100 g =l e ®Hold E3 7}

_H
=2
iy

Eas

it

o] A-¢ok ol A Fe] @a A A A wARe] ¥ wWel g U
AL dEah wape] A e shaEel s of 3881 Ak v wol gl UM
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3 1550 Al ko] FobEI], Aheel 8 Hopd ghek

Content (g/100 g)

Product”
Total catechin Caffeine Theanine
BS-1 15.569+0.334" 2.144£0.055 1.076+0.015
BS-2 20.128+0.584 2.814£0.062 1.445+0.277
BS-3 19.400+0.444 2.175%0.058 0.926+0.025
BS-4 14.867+0.172 3.237+0.002 1.831+0.159
BS-5 18.504+0.093 2.715£0.041 1.764+0.090
BS-6 16.199+0.073 1.760£0.018 1.119+0.283
BS-7 19.462+0.232 2.535+0.023 1.552+0.026
SS-1 15.323+0.122 2.201£0.012 1.458+0.015
SS-2 14.679+0.112 1.496+0.043 1.193+0.031
HN-1 16.237+0.802 2.802+0.071 1.387£0.058
HN-2 15.440+0.311 1.859+0.005 0.991+0.016
JJ-1 16.557+0.281 2.794£0.005 1.977+0.274
JJ-2 16.194+0.058 1.819+0.013 1113£0.094
e JA_l ...................... 1 373510902367010212 .................. 4295i0023

JA-2 15.462+0.485 3.661+0.101 2.972+0.061
JA-3 15.054+0.163 1.890+0.026 1.119£0.069

1>Regioni BS, Bosung; SS, Sachon; HN, Haenam; JJ, Jeju; JA, Japanese

IValues represent the meantstandard deviation(n=3).
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E 1-6. Al Exke] FHEIZL A
Catechin content (g/100 g)

Product”’ GC EGC C EC EGCG GCG ECG
BS-1 0.281+0.015° 3.034+0.066 0.1220.001 1.004+0.017 8.059+0.132 0.419+0.004 2.650=0.099
BS-2 0.318+0.004 4.049+0.071 0.217£0.004 1.610+0.022 9.830+0.413 0.530+0.002 3.524+0.068
BS-3 0.337+0.008 3.766+0.092 0.148+0.003 1.277x0.024 10.177+0.161 0.497+0.078 3.197+0.078
BS-4 0.243+0.001  2.730£0.038 0.1170.001 0.789+0.015 8.443+0.091 0.431+0.014 2.114+0.012
BS-5 0.231£0.005 3.241+0.048 0.146=0.001 0.928+0.001 10.957+0.012 0.485+0.009 2.517+0.017
BS-6 0.289+0.005  4.440+0.006 0.140+0.004 1.528+0.008 7.141+0.019 0.424+0.006 2.237+0.025
BS-7 0.315+0.001  3.961+0.028 0.179£0.002 1.401+0.014 9.882+0.157 0.505+0.007 3.220+0.023
S5-1 0.271£0.004 3.860+0.028 0.1250.001 1.005+0.002 7.846+0.051 0.413+0.016 1.803+0.024
S55-2 0.235£0.006  4.829+0.056 0.106£0.004 1.083+0.009 6.550+0.035 0.398+0.002 1.476+0.007
HN-1 0.267+0.004 4.137+0.158 0.129£0.003 1.062+0.043 8.257+x0.476 0.455+0.012 1.930+0.106
HN-2  0.251+0.001 4.256+0.066 0.111+0.001 1.111+0.021 7.401+£0.164 0.423+0.008 1.887+0.050
JJ-1 0.252+0.001  4.255+0.040 0.146=0.002 1.037x0.014 8.415+0.182 0.429+0.005 2.022+0.039
JJ-2 0.315+0.003  5.490+0.003 0.152£0.002 1.326+0.005 6.979+0.043 0.411+0.001 1.521+0.001

CJA-1 0219+0007 270320152 0.147:0.003 0707:0036 7.758:0574 0A463+0.002 1734+0.128
JA-2 0.231£0.006  2.959+0.085 0.144=0.002 0.801+0.017 8&8.802+0.321 0.471+0.002 2.055+0.052
JA-3 0.323£0.004 4.984+0.070 0.123£0.001 1.238+0.016 6.371+x0.049 0.434+0.004 1.581+0.019

1>Regioni BS, Bosung; SS, Sachon; HN, Haenam; JJ, Jeju; JA, Japanese

IValues represent the meantstandard deviation(n=3).
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L&A T Aol vhuctel A Aatd sidt 2k %2 oSl 2919 AR A

Q1 BhEAl EAE ez Hake] FoAE H dE, Ax Tl wal AllE s

A

3%¢ dyoz wae) ¥4
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fo
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rlo
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o
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=
rol

A 72 e EGCg>EGC>ECg>EC>GC>GCg>Ce o2 yes ol 3
FAb @A EGCg>EGC>ECg>GCg>EC>GC>Cel o2 vehgon F71H27)
§haf mok QA=A 11.609 g/100 g, sldAb @Ak 12017 g/100go 2 w3 gt
S Belon) et WA 14.228 g/100 g2 vha BA YEwt SEYHE ¢
T2 dEAr wA7E 14851 g/100g o2 7P w2 gs vERlen shedt Ak
18.879¢/100 g & 714 %A ey},
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L)
A

Content (g/100 g)

QR A St A At o
Gaallocatechin 0.188+0.004"" 0.174+0.004° 0.224+0.003"
Epigallocatechin 4.711+0.402"™ 3.148+0.016 3.125+0.043
Catechin 0.133+0.001° 0.153+0.003" 0.182+0.001"
Epicatechin 0.655+0.055 0.746+0.212 1.003£0.033
Epigallocatechingallate 4.711+0.401" 6.382+0.163" 6.849+0.134"
Gaallocatechingallate 0.123+0.014" 0.138+0.001* 1.047+0.043"
Epicatechingallate 1.088+0.074° 1.276+0.035" 1.798+0.053"
Total catechin 11.609 12.017 14.228
Total polyphenol 14.851£0.122 16.162+0.510 18.879+1.044

UMean+SD. * “different letters in the same row indicate significant differences at

p<0.05

2) 7HH¢), "oz 2 gold

FhEQl A4 B 1-8e yEbd mke} o] JdE4F 9
2779 g/100 g, 2.754 g/100g o= #94 Zol7t ginont sfidat wak= 3148
g/100 g2 fodoz A eyt o theobromine a2 3ld4ty &4t &
27k Zb7F 0012 g/100g, 0.008 g/100g 2 YEbs . G4k Lxprh v vepyh
Hobd Fare sdak wabvl 3765 g/100 g o2 7HA
2} B3k 3558 g/100 go= wlwA A FfEe Jdon A TR 3236
g/100 go. = 71 A Tl YATGE 1-8).

R

&

14
B
=
=
Bu)
3L
o
)
o
off
2
iz

E 1-8. G4 oA EAke] F1HQl, theobromine ¥ Hlold 3
Content (g/100 g)
DR aak 2 sl gk wA
Caffeine 2.779=0.009"" 3.148+0.037° 2.754+0.045"
Theobromine 0.004+0.001" 0.012+0.002°* 0.008+0.001%
Theanine 3.236+0.136" 3.765+0.166" 3.558+0.004%

UMean+SD. *Pdifferent letters in the same row indicate significant differences at p<0.05
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¥ 179 &4 9 SUiah Ewxke] Y
Cumulative particle size (1m) _
Mean diameter
Sample ) ) .
Diameter Diameter Diameter (um)
at 109 at 509 at 909
A H A w2} 3.17+0.01 11.33+0.02 34.95+0.04 15.60+0.04
sl gAE 2 3.49+0.02 10.36+0.05 22.06+0.14 11.75+0.14
3l W) 3.37+0.03 15.09+0.50 81.05+3.88 30.62+1.26
SUNSN L. — S {1 S|
b3 kS §
A~ ~ A
: 2 G [ 8 B B
i Il bl [ i K i
: i H i : i .
: [ |: - ; : _f;’._ e §
Em Jr ggﬁ .‘JHJ L ‘E E‘“ ‘ E'i
0 N, Fl| 19, Bl :
; Pl J"f ; 4 ;r Mtk 0: 1 JHI
‘ | i -_/.’/“[.,,. L : { RTTT "%Hm; I l-'-u-- Ll : gl g .......J'Ti;»r/:nm. QRSN | |
[ 1% [ [T 0 18 L 0o [ 10 100 00
" +(Dietz) m g ((Dinet | P x(Diarez) -
U= A 2R} Sff A 2R} ShE A A
2% 1-3. dEAF 2 Ak A o] =84 Histogram.
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AQE AL A4, WA 5 o A ATFEE AE

stol 13} by @ 2ush adh

AEEAE

7L Z1(9%)
71| 21(%)

o} (%)
FF2 29 (mg%)

3 = (um)

8.0-14.0% 10.0-18.0% 18.0% ©°]%
3.0-4.0% 2.5-3.5% 2.5% W Rk
4.0% o] 2.0-3.9% 2.0% W%t
700 mg% ©°|% 200-699 mgo 300-499 mg2
10-15 pm 16-25 nm 26-35 mm

5

ma afe] A, S kA ojv] o] @ olEo] glofo}
A AWzl wek 5RAR Wb & Fw F o4 ofo
o B},

3) A}

wake] BEPAE AL 0008 FAE BEael o8 E 1-119 w5
b A7) EA wek Pohstelch
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A2d aFA EAE 2y A

L 1Apd s A Auidd o

iV

7 AdA s
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of Ah&
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Wi obgst o] Azstel AT AbRi

= A d
2 thelel A BiA2E | ok g E ez 20099 5 18YFH 64
7HA 85% A SIS ARG 1 A S o 15-20 43t A

FA
vl & @x}E A xdto] A 82 AFEETH

i
=T

[}

2

dake] FHEIRL, Elobd, FHEQ), FHQ, 2

T 1,

22
Azxd EA5 ez Al

BE BAZA3E SPSS program(SPSS version 17.0, SPSS Inc., Chicago, IL,
USA)E

3l 33 whesle] SAY Hurgyt xR JERel o™, Student's
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_— o xP EH PR MY - HA S
A s i
= [D SR 8 ol X ED CRE A, OH0 et BF— T, S| A4
JHHIZI 2t - 28t 204
oot |- ---b=ams |

(HEI21)

—_—

2% 2-2, dobd o e FEl7) A4 2L ABe] 9@ ez A4 oAl

) JHEIZl 24 3 g

Feutetel Al AR s = HA FEoEE BT, BA, shs TolA Ansa
iz FElvEl ARFA AYE, dEolAe] A W&ol 80% oldelH AlFk, A
A, sigxdel s F= Aujsar gl= ofF-7ith 8/ 7)) ke %-Fak Az

Asratd FEldgelE S 4En7t ¢ A WA o] vk & el

S
rir
&
il
iz
)
=3
2
o
)
:Oé
i
ol
o
o
i)

Az s dido® ez FHe FAEAh L Ay B 2-1¢ e npe)

ZAe FF #AG ]l EGCG, EGC, ECG, EC, GCG, GC ¥ C¢
o= FfrEo] A CGol &A= FAstA HFow FlEzl FES A2E
16.171 g/100 g, °F5-7]t} 16498 g/100 go 2 F FE7te| 92 zo)E Ve
erokt}l. v gallate® 7HEZ12 GC(p<0.01), EGC(p<0.01) ¥ EC(p<0.01)¢] 7-¢ o
212z fFdoz2 o A veEbson gallated 7HEIZ1S GCG(p<0.05)¥ke] oF
Frctel el oz o EA FHiEo] ik 25 Hente] AnE YEhiE A
E9l gallate® 7 EIZI¥ Y] gallate® FHEIZIO] o8] gallated 71EIZ1S EGCG,
ECG, GCGSY o=z migla ] gallated 7HHIZ1S EGC, EC, GC 2 C9 o=z
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velon 29 2-39] yER npe} o] H] gallate® JFEI T (p<0.01)S 123
NA ooz ¥ =58 ¢ F drh oy A= B AFFeA Hu)E
TUlal Al kel JEA W] JHE R A B At 2 A4S BT
T AFAN ARl FARSE ghe HolsaL

o S FFF FES AR A

e & 7 AT EY gallated FHHIZL W& o239 A AR, AF, SiE
B

ECG>EGCG>GCG>EC>EGC=GC>C o2 Yebdtla ¥ st 3 Zhang
@23 93tH FHEZly wWeutahe] AaAdA A A FILEIZ] 3hEke
Correlation coefficient (r) ¥ 0.867= 74 A4 Jelyon

2095 BolFUth Yamanishi(24) B3 =ake) ghell theh 7 FHe[R1e] G &l
el ECG, EGCGE F& 223 W2ty #do] glal EGC, EC ¥ C& duks 2t

= 2ok Jloj @ty

3 2-1L AU EFol wE 23 JHERl S

Content (g/100 g)

Daecha-12 Yabukita
Gallocatechin (GC) 0.209=0.006"" 0.256+0.007
Epigallocatechin (EGC) 3.572+0.031™ 4.055+0.064
Catechin (C) 0.114+0.001 0.121£0.005
Epicatechin (EC) 0.865+0.008™ 1.135+0.028
Epigallocatechingallate (EGCG) 9.389+0.195 8.858+0.200
Gallocatechingallate (GCG) 0.308+0.002" 0.320+0.005
Epicatechingallate (ECG) 1.715£0.036 1.754+0.126
Total catechins 16.171£0.272 16.498+0.833

UMean+SD. Significant differences between Daecha—12 and Yabukita group
measured by Student’s t-test ("p<0.05, “p<0.01).
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S

B Daecha-12
B Yabukita

— —
= (g
Il Il

Content (g/100g)
(7]

non-gallated catechin  gallated catechin

=

LY 2-3 A EFel whE ZEelEd JhERl 9 v ddelEY ezl gk

A

Significant differences between Daecha-12 and Yabukita group measured by
Student’s t-test (7p<0.01). Gallated catechin: sum of EGCG, ECG and GCG;
non-gallated catechin: sum of EGC, EC, GC and C.

) dopd ek

Theanine(L-y-glutamylethylamide)2 #}¢] Bh& 93} 5 f9 ofnx
Aho gz Ffrgobr] At 50% ol AR e FHAIQl Y A dEuE A E,
B8 29 FH¥cl9 side effectol] ™3t antagonist@A] Z-&3cta B o] glt}
(25-27). Anan¥ Nakagawa(28)o &J3pH dE =xlo] sHwd dHold gk
05-2.8%= w2l 2 FFo we} Zpolrh b 2pFabel = 1.2-2.8% & o
Arhar Basldch B ATFoA 25 © ofRItE Alxd @3t F9 Hold

a st Ast § 2-20] JeRd mRel o] thAHI2E 2.990 g/100 g, oFF-7|t}
2270 g/100 go. = WaH2E ol oF 320 A% o] %A @slo] Qgict oa Ast
= o] F@Lo| Hag ik Al Apgage) = 1.387-1.977 g/100g Btk =&
Szolglon] B8 dAH2EE #ul AW BART 51-116% © %A FEol 9l
A

R

KeN
=

M
i

=
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22, AU EFEe] wE "Hold vhEel € HeH=zv ghEk

Content (g/100 g)

Daecha-12 Yabukita
Theanine 2.990+0.035" 2.270£0.066
Caffeine 3.342+0.032" 2.917£0.065
Theobromine 0.006+0.001" 0.018+0.001

UMean+SD. Significant differences between Daecha—12 and Yabukita group
measured by Student’s t-test (“p<0.01,

sk

p<0.001).

b 7t el ¢ e H=Hl st

FhH 9l 2 Bl H 2L xanthine® methyl FEA 24 A& 7134 2
&

ot

i)

A

wAg Fo Ves ztom kel AuAR FolA o3
e = A B0 tH(29,302). Takeda(31)ell ¢ &} 2t caffeine 32 FEol
2} 1.64-546%% ztol7} = obAl Al 4.09%, F=A 3.11% i 9B AQPEe
2.66% 5ol il Bl o, Goto (2002 dRAaF A= 3.53-3.87%
gso] ki Badtduh Lee 5@ & Al Al 2@ wxjel =
2.201-3.237 g/100 g¢] F}#¢le] aslo] Jutm W st o Parkd}t Lim(12)°]
oat| A4 AR APolE 297-367 g/100 g FHEel Juka HaE v
Kim 5(30)o] 23td Al# 2Fel i HoHz9 g3 53 Jdes F5%
o 0.036 g/100 g, = FZE°& 0010 g/ 100g TFHof o T4 des
ZZE 0.086 g/100 g, T3 E5FEF 2= 0068 g/100 g 5o Jdvbar i
Al o) tixH2E 9 ofRUIgR Alx® wWx Fo FiHdd ¥ Hoer=vwl #4
At # 2-20] e nkel o] FhHQ) ke UxH123 3.337 g/100 g, oFF-7Ith
2.922 g/100 go.= wAH2Z 7} ofF-7|vtel w8l oF 14%7F B A Frsel AN
o goHzv ghaEd tlx23 0.006 g/100 g, oFF-7]th 0018 g/100 go. 2 of%-
Z)tkell frejdom v EA o] At

o Sz, olxzt n}

N

g
o

.

=

lid
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b FEH 2 FRed

Lutein<- zeaxanthin®] o] A= Qk-9] FAA e} Fute] dhubo] Ex)3}a HgH
A Ee] FEYolur ofy JEA S| v EAiskH AlE RS Wefgy, Fekd
g, HE-EFEA], AERALAS AW So S VP AdE AR Hi(32,33)
Hol Avk thAk2E B ofRr|vuRE Alxd 2ak 9 lutein FE B4 2% &
2-3°] ERH v} o]l 23 86.913 mg/100 g, oFF-71t 75.904 mg/100 g2
2 Ak 1236 oF 15% Ax © A ol Ak oy Aie E A9
AP Ao 2 ey wdl Al A 5FF A ZA) 2F ] diE)] lutein
staks B4 Ay sk wAE 70.325-87.417 mg/100 g, EEAE wxbe =
86.006-95.905 mg/100 g -] Qo F=mwd dgfo] F&4E lutein T

e

K

319 wgm Bysol 9o A4 EEA F TRy J¥E deun, Ho
29 Foz Raslel 222D PP vl ALY, XA FE 0

chlorophyll 3t& #2443} chlorophyll a, b =F 1230 FoH oz v 7
StA-Eo] Qe FFE=EHE e U125 631513 mg/100 g, °oFF-7]
492.479 mg/100 go.= w235 oF 28% U] = &S] AU Lee 5(21)2
Sl Ab Al 2P e whxte] FEE2=9 3heFe 339-592 mg/100 g, il g
A EAlE 710 mg/100 g FHrEo] Ss Halgk v 9l e Parkd Lim(7)
2 g zEde FE=2=29 FFe 519-608 mg/100 g T

ATk 3 Lee 5(21)& HExke] A3 S22 shaFge] AHdA 4404 22
23 a(r=0906) > FF22AT=0897) > FZZY b(r=0.850) oz FTFo] 3

=

2

o

& Bargk B gl
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=

® 2-3 AU EFEe wE FHQ 9 2229

R

&

Content (mg/100 g)

Daecha-12 Yabukita
Lutein 86.913+0.297"*V 75.904+0.201
Chlorophyll a 343.985+0.264"" 260.712+1.780
Chlorophyll b 287.528+0.764™ 231.767+2.024
Total chlorophyll 631.513+1.028"" 492.479+3.804

UMean+SD. Significant differences between Daecha—12 and Yabukita group

sk

measured by Student’s t-test (© p<0.001).

Hh A

we Ao Ao FA WA

off
rO
_|>i
hu
>
M
o
B
=
)
(ld
)
ofo
ol
L

ke

el o o] -$- 523
of LW, a(AA-54) h(FA-H ) gbe S48 A 19 2-40] ebd vpo}
2ol Lt (p<0.05)e okF-7Ithell A Fojd oz o A Yewon S45%
T a9 59 F(E<0.0DF bi(p<0.0D)S UIA2T A FHoz ¢ =5g &
2= 919t} Lee S5(20)0] 98w Zujab Al xpAw] w@xpe] Mm zre zhzk Lz
61.28-66.08, a2l &%t 6.05-9.51 & bzt 34.72-38.71% K3k n} Qu}.

4

O
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- B Daecha-12

60 - B Yabukita
= 40
-~
-
3
= 20, =
@]

0 i
*%
-20

29 24 AU FEo] wE Bae) AR
Significant differences between Daecha-12 and Yabukita group measured by
Student’s t-test ('p<0.05, “p<0.01). L*= lightness; a*= redness; b*=

yvellowness.

FFI|HE tFoR 85% &4 ST EAS o ga 16-2097 AF AW @
Aol FH g B4 Ak E 2-40] UERd npel o] FAEIR el A 16

ulk

g, AHF 209 15447 g/100 gl 2 AFdF7t B

o
N
A

ol
N
o,
)

0
FFe i gasts 2L ugh
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& 2-4. ARl w2 =wake] A AhE ] g

Content (g/100 g)

A% 169 A% 189 243 209

Gallocatechin 0.218+0.009"" 0.255+0.014° 0.223+0.005"
Epigallocatechin 3.7960.163" 3.630+0.134 3.765+0.081
Catechin 0.126+0.006 0.130+0.005 0.116+0.002
Epicatechin 1.067+0.075 1.20420.074 1.02420.037
Epigallocatechingallate 8.787+1.312 8.634+0.002 8.343+0.537
Gallocatechingallate 0.311£0.007 0.315+0.008 0.305+0.001
Epicatechingallate 2.023+0.292 2.451%0.321 1.6712£0.285
Total catechins 16.328 16.619 15.447

UMean+SD. *Pdifferent letters in the same row indicate significant differences at p<0.05

2) C
"not significant.

W) Eokd 2 A9l

Aol e dold @ A FF B4 A3 E 2-50] ekl wksh ol
Hobd #ape 43 209 H ol 2718 g/100 g0 JbF Egron] A%t
FAA4E Fhsks 43 vtk A5 BE AN FF 24ES 3
57t Fohbel weh gashs AWe wHou MRkl  f94 Aol gl

E 2-5. AH7Ibe] wE @ate] vopd 2 Au) e
Content (g/100 g)
A% 169 A4 189 243 209
Theanine 2.300£0.149"" 2.647+0.034 2.718+0.15"
Caffeine 3.535+0.065" 3.572+0.002° 3.416+0.030

Mean+SD. *Pdifferent letters in the same row indicate significant differences at p<0.05

_50_



Content (mg/100 g)

23 169 2 184 23 20
Lutein 78.005£2.001™" 77.413+2.186 76.933+0.182
Chlorophyll a 292.466+10.381 302.287+6.734 307.002+4.234
Chlorophyll b 253.204£13.845 262.156+1.581 264.976+7.729

1ins

not significant

) A7)kl whE WA A
AgAgol wE wae 4 24 Ad F 2
FAE5E 54 dehE adl Pkl FelA

258 Ao} AEE JEUE chroma 3 E3 AN AFE wadd,

N

rlr

Color value

23713k
Lx % h* Chroma
16¥ 67.85 -10.64 40.13 41.52
184 66.73 -11.17 40.63 42.14
20¢ 66.12 -11.18 40.32 41.84
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NP:K v &

27-13.7-13.7 43-7-5

Color L 63.48 68.05

ax -9.51 -9.98

b 38.70 38.94

Chroma value 39.85 40.20
Total catechins 16.237+0.802 16.424+1.164
Caffeine 2.802+0.071 2.922+0.098
Theanine 1.387+0.058 2.264+0.567

3E2-10. AEd ke shebA A

Z18H4d ok o] 2(cmol /kg)

pH 7% a1 ANAEL
(1:5) (g/kg) (mg/kg) K Ca Mg (ds/m)
4.2 26 1,063 0.74 4.0 0.9 0.5

_53_



2. 229 % A AwAdE 2 FHEA
7h AEA R

B A& T ofgfeb o] Alxde] ARG AN AW §
Gt A thdel A ofF-vthel WAk FEA 5AS mEste] 209 2%e] 50%
ol MAEE A V|FoR ofFr|th= 20109 5¥ 12¢5-H 5¢¥ 31¥7HA], Ul
Az 20109 52 15¥5-H 6¥€ 39744 9% 4 setu B A E o]&3] 15-209 3¢

47 AR F bed 2As AFA4E2 e

AT EF L APl e wte) sheiz), ok, sbiel, FH9l, FRE
4 AF L A% 242 A9 AFANE F Axd TAE GYOE AL T

Ald #EARe] ol Bkery B Wlel wel FA skl

AP E AW xd F N-P-K 43-7-52 Adob, ofvmibel, fajdh, o &
Ay, AfgAu 2 ondRte R pAdE NEE 43 BAEE AE 2AdE
A= N-P-K 54-8.6-11%2 diazdgobw, A4, of &, swpxiey, AFfut 5w
AR A WEE 68 wAlste] AlMY & Axd "AE dFoE AlA

S Alg wAke] o) gehq SR W] wel S3selv)

BE BAZA3E SPSS program(SPSS version 17.0, SPSS Inc., Chicago, IL,
USA)E B3] 33 utisle =43 Hazd 3292 Jepdgon, Student's

t-test = ANOVAE AA 3l #2948 AA3 .

t
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o AMHE ARG VEe® ofryIthE 20109 549 1245 59 31474,
A= 20109 59 1595 69 397k 95% 54 s E o] g3 A3 A%

A F AR 159, A9 182 2 A% 09 F 43 1IEe] DA Fuy

oz kg F EAYY.

Aol iAok et A=Y 24 AdGE & 2-110 YERlSlT
50%, 90%°l A1 9] ¥x-=27] Bl Hit e AF7|7E B FEel dAgle] nl=diile

] 85% x}H-e A =xpebw eAalabgdh

=

i 2-11 FF ® ATl whE 23e g

A

Cumulative particle size (um) Mean diameter

Sample” Diameter Diameter Diameter (um)
at 109 at 50% at 90%

95-Y-15 3.50+0.01 10.30+0.08 21.77+0.27 11.65+0.11
95-Y-18 3.49+0.12 10.32+0.33 22.33£0.33 11.80+0.27
95-Y-20 3.43+0.02 10.31+0.04 22.38%0.21 11.79+0.07
95-D-15 3.40+0.02 10.11£0.06 21.91£0.06 11.57+0.05
95-D-18 3.35+0.01 9.91+0.03 22.15%0.09 11.52+0.03
95-D-20 3.31+£0.03 9.83+0.08 22.95%0.21 11.56£0.08
85-Y-16 3.20£0.07 9.95+0.22 19.36+0.44 11.22+0.23
85-D-16 3.15+0.02 9.82+0.35 21.17£0.13 11.19+0.16

Uy: okRo)th D tiak 123, 95-Y-150 95% =F@-&o o8 169 @A of Rt
85-Y-16: 85% =#F@&ol 3t 16Y ApdAfn) ofH-7|th
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) A=

ko] FH FIRA e Fadt ARl WA W] A& MAAE o] &3
L7, a(A -5 b(FA-H ) gbe SAS Av & 4o vepdideh. 7 A3

B EFY AFLdgol wE Like 6449914 6585, aite -11.699014 -12.05
18] 3 bFe 45650014 46922 2 15U FH 2# 208 A AgAGe] o
g A gl Aoz vtk dix 1236 gt AFAge wE L
655591 4 66.20, azte -11.970 4 -12.07 8|3l b3S 47.82¢ 4 483207 o}1-7]
vkl mpRIIA R A4 15U o] % xpBA el 3 e A9 gle Aow e
toagkdt betomF Y fojXl AEE YEhlE chroma #68 47.21-48400.2 #F
2 oapgdaed i dFge gle AR vEhth 1A R(20099) 85% AF3-&-ol
ofs] Aatel AG wlaA] 95% AFol|l oF aol &9 FHA mAE 9 FAETL
S7Fst o HAEel FAn Frbe] wel Lghe tha HadteE A4S HAvh
Chromagk 3k aghks} bgk Z7bol whel 95% =}3el o8] A=gko]l F71akch 4

HA 0w 05 AGAMTO A AR/ Je Ao WA oW

t

(

o
[e)

O

20
2
= A5 2 ARt 8 49 F HAE 24 498 9 5 Ao

A Eol wE G2 A9 gle Aow YR

#2-120 FF 9 ARV wE wxe) Am

n Color value”
Sample
L= a* b * Chroma
95-Y-15 65.46 -11.69 46.18 47.64
95-Y-18 65.85 -12.05 45.65 47.21
95-Y-20 64.49 -11.87 46.92 48.40
95-D-15 66.20 -12.07 46.69 48.23
95-D-18 65.55 -12.00 46.81 48.32
95-D-20 65.94 -11.97 46.30 47.82
85-Y-16 68.05 -9.98 38.94 40.20
85-D-16 66.70 -11.64 41.48 43.08

Vy: ofy7)t} D: W2} 123, 95% 230 o8k 159 x}ZFAju] ofx7) ),
85-Y-16: 859% AFF-&of 2|3 16 x}qAn] ofF-7|t}

YL * = lightness; a* = redness; b * = vellowness; Chroma =V (a )2+ (b )?
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mg/100 g2 FF % 2373k wE J3Fo] A9 gle Ao yEyoy 2
23 b e 2321-252.0 mg/100 gl 2 F EFF BT 23 209 71 wo] 3
FEo] ATk 85% AF&ol o AulE 13 AP A} vwde o 95% 3
AejE kR The] A9 FEEH azte u|E=s ALY Rt =

9 b gt = ok FUheis AFE ugen A 1250 A% 1R el 2
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28d)el A HAAEte] EFFELe FolAE Holi= Aoz ALEEo] 23d ko] A
= T FEY A BEAS a3ty A ARS 243t AFANE FoEA
)7 Aolg HolA e Aoz ek
A2 95% @A A] FZ2H a be] FEFe] FUIEHE AR e

Lutein zeaxanthin®] o)A A= <t A A 9t wete] Zulo] &x43faL W35
A=e] FELdolu ofy ThA x&ol v S48t AHED, "gay, e,

HFEGEA, ALdAAAS o T Ses 7HAAL = Aew Harso] Ut

ofF-7|t; & iz} 1252 AZxd T2 T lutein &4 Z3 ¥ 5ol vERH nhs}
ofRIt} EFE2e xFYFo] Wt 65.8-666 me/l00 g, WA 125E 61.1-64.7

mg/100 g0 F EE BF ARA5e] o7 Jwe gl AR ERron 85%
AgAMA 1} ADATG} wBS W o Aass Ao e,
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Content (mg/100 g)

Sample
Chlorophyll a Chlorophyll b Lutein
95-Y-15 264.2+£1.19 249.7+6.10 65.8+0.94
95-Y-18 265.4+6.03 248.0+£3.42 66.6+£1.86
95-Y-20 262.8+0.34 252.0+2.01 66.3+0.26
95-D-15 243.8+6.47 232.1+£8.17 61.1+2.09
95-D-18 262.5+11.36 243.2+2.22 64.7+3.36
95-D-20 266.4+11.93 245.3+1.99 64.4+0.30
........... 85_Y_162608i2502319i283758i025
85-D-16 343.9+£0.36 287.6%1.08 785%1.14

Vy: ofy7)t} D: W2} 123, 95% 230 o8k 159 x}ZFAju] ofx7) ),
85-Y-16: 859% AFF-&of 2|3 16 x}qAn] ofF-7|t}

2}) T = 9 FHE R

Ao A AA AupFel Hf vlg9 80% oS A el HE A
Fh, AR, g A el A F2 ALl Qe Au FEQ oFg-7Ite 77T H
ofuf FEAA A A FeEudelME BAFASEEI FEF AuF FEQ
WAE AFAue F Axd 2xe] FEYHAE 9 7zl 24 A3 1 2-1400
Rt 2ZY9E TS 164-17.2 g/100 g2 FE 9 235 A
Fol gl Ao R yetg o x#YFTE Frshel wel A FbshE AEE W
ATk EIbElzl Sk I 11.2-123 g/100 go 7 EFF 2 %
gle Zom Ugwou ARdsrt Fretduet ta Sobske s BT
85% k@&l o3 Aeie 12 Al@Aet vwgs o opF-rvh, Ak =5 95%
pgel ola] FFLEI e 1Y 2-5ol4 Wi nkel o] mE FlER
alo] oF 30% A% #AadtE AoE el o Ed WA FtE|ZIe) oF 79%E A}
25t EGCo EGCgol #ael o)dk Aol & A o= ey

0¥~
14
i
=2
lo
e
of
%
rlo
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B7)2ke] o wAbe] %9

% F7HEIR

Content (g/100 g)

Sample :
Total polyphenol Total catechin
95-Y-15 16.529+0.057 11.487+0.375
95-Y-18 16.571+0.255 11.166+0.215
95-Y-20 17.191+0.086 11.883+0.268
95-D-15 16.398+0.022 11.739+0.177
95-D-18 16.761+0.249 11.904+0.296
95-D-20 16.728+0.327 12.268+0.493
8 5 . Y . 16 ........................ 2215110145 ............................ 1642410178 ..............

85-D-16 22.072+0.258 16.149+0.381

Vy: op¥7th D ulx) 1235, 95% A E&

of o3k 15¢ Z}FAjuf oky-7|c}

85-Y-16: 85% AtF&ol o3 169 ApgAH) oFF-7]vt

20

N W 95-Y-15
& 85-Y-16
= 16
(—]
3 14
12
5
£ 10
3
l: 8
=
2
E o4

2

0

GC EGC EC EGCg GCg ECg Total

o9 2-5 A&

95-Y-15; 95% #}&&

of & wake] JHH
of 213 159 A3Ajul oFF-7|t}, 85-Y-16: 85% AH3d&

o) g 162 A Au] o5t}

Z/d Wl

59 -
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uh) 7hE 91 2 Hopd
Caffeine<- purin 2,6-diol®] trimethyl F=2 = YolA] AIAHAEH =242 A
AR FolA ofgk ks e =xkel s FhElZloly theanineol] ¢ E

caffeine 57} A&l a ABald Zgo] AAH 7] wF-of caffeines #Yd A3 IS
o UelE AAEeH B9 o Fg8S doy|x &3 o 2FFgo] F=A

Uebd e &E A 9tk :5319] caffeine S FFo whEl 1.64-546%= x}o] 7}

A JE4F dapell= 353-3.87% rEo] vy Haxo] gt
obF-7Ith & A} 1252 AZXE HA T caffeine ¥4 A3 ¥ 2-159] YERI

Hkol ko] 36-39 g/100 g2 94 Aol gAAT AFAFE} F

Wl ko] FrhslE ATFS HAUTE 85% AFEol o Awid 13 AlE A ae}

L gls wf oYt Ak B 959 2kl o] JhHl e FUlskE Ao®

bk E 7

-

Theanine2 2] Bh& Z-¢3te 53 E7F9 ofn|wito =z AoA Hx= 2
Hern F frelopreite] 50% od& AA D okF-vIt B UlA 1258 Al
W A e "Heobd £ At i 2-1500] vhebdl wheh o] 386-4.1 /100 go2
o4 Apol7h glglom 85% A@&= Awiw 14 A@dateh vags W 95%
Apgel elsl obF-7ITh oF 40%, TiAb= oF 25% FIShE Ao® uEuith

¥ 2-15. FF 2 (2700 e Bae] A5 2 oElobd FF

Saroe! Content (g/100 g)
ample
b Caffeine Theanine
95-Y-15 3.584+0.048 3.773+0.041
95-Y-18 3.733+£0.003 3.952+0.112
95-Y-20 3.815+0.087 3.906+0.224
95-D-15 3.715+0.039 3.933+0.037
95-D-18 3.767+£0.107 4.059+0.068
95-D-20 3.887+£0.175 4.098+0.199
85-Y-16 2.922+0.091 2.264+0.093
85-D-16 3.338+£0.044 2.983+0.046

Vy: ofR7nl, D ti#} 123, 85-Y-15: 95% =}3&o 98 159 =padAu] opir|}
85-Y-16: 85% @80l o)a 169 AqAul o7},
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I IR

A4

e R Aol whE wAe YEE A Ay i 2-160] el
b A5 1008 71Ee = she] #Hopsk Ay o s 2FYFrt e 159,
1890] A Hrig whd thal 1233 2FF 189, 20¢o] Bl A L Aow
HFrE et EF e 7)5% HrkE R 125 vl o vl A A
o ¥ Fgkow 23 H star gHAsty 53 54 gl ¥ F& o=
B A AR Frbd e ws = ow A} =2 2AdE ATt 9
& A F4 T 715 ET) Aoz vEbT)

|2kl mWE wxpe] NE % HA

A ()/7hExA

95-Y-15" 95-Y-18 95-Y-20 95-D-15 95-D-18 95-D-20

) 17 18 16 15 16 16
Q405

R 17 17 17 17 17 17
o 5 16 17 16 15 16 16

A 2t XE
> 17 18 17 16 17 16

(607)
ot 17 18 17 17 18 17
A

84 83 83 80 84 82

1APd = 2F3E 85%

80-Y-16 85-Y-18 85-Y-20 &5-D-16 &-D-18 85-D-20

e 15 16 17 16 16 17

B0
H4 16 16 16 16 16 17
o G 15 16 17 16 17 18

A 2t XE
o 7] 15 15 16 14 17 15
(607)
ot 14 15 17 14 15 16
Ay

75 78 83 76 81 83

7] T 5 (100%)

Dy ofF-7Ith, D dlz} 123, 85-Y-15: 95% &g &3 15 2pFAn) o7t}
85-Y-16: 85% ztF&ol <3 169 2pFAu) oF7| v,

YE A wAE 100 oR 7|2
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st ot SAH G 30% A% gastdh Hobd FFE 35%, 79

o 229 AR ZU)elE Aoz e

r
p
1

Ccontent (mg/100g)
[y — (28] (%)
[=} h = L
[==} [=] [=] [==}

h
[=]}

GI

B N-P-K(43-7-5)
N-P-K(54-8.6-14)

Chlorophyll a

Chlorophyllb

—
8]

Content (g/100g)
—
[=]

m N-P-K(43-7-5)
N-P-K(54-8.6-14)

Catechin Caffeine Theanine

18 2-6. AlH| %

Ao mE A
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B oAgel A WA Aw AgE 24 telelA] okRoite WAt EEA
=g n#ste] ool 2¢e] 50% olF AAHE ARE VFOR ofn

2011 5¢¥ 18¥4H-¥H 6¥ 6¥71A], dak= 20119 59 20¥95-H 69 8Y7HA 95%

¥
A wake] o) sera EAEA Wl uheh 243k

2) Az wE g

o A]= N-P-K 54-86-14 v &= Fd € HEE 63 FAsAW

A& 23kd
AL 3ad Eol M= N-P-K 60-88-15 H]&= 73] #A3ith

A= SPSS program(SPSS version 17.0, SPSS Inc., Chicago, IL,
USA)E &3l 33 wriste] 48 Hogkyd A2 verdiglen, #3730

AR Fo4d AAL ANOVA(Duncan's multiple range test ), oF5-

)
it
_1\1

1okl Ak o)A AL Student's t-testE A3

=

D 7 =4 R ek
wake] I Rl SR ARde, FF % Aol @Aslel 1014-11.19
™

g/100 go.2 4 Aol gller, 7/ ezl 245 EGCg>EGC>ECg>EC
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>GCeg>GC>C w22 FFHo dATHE 2-17). 23 geute AEE veds
A1 3£¢] gallate® 7FeZ13 W] gallate® 7HEIZIo] 3l gallate® 7HE1Z1S EGCG,
ECG, GCG2] ez z1g]a ¥ gallated 7HH1Z12 EGC, EC, GC ¥ C9 jo=
el o Zigl 2-7¢] vhER wheb 7o) ofRT|vhE ) ibel whEl gallate® 7t
ooz #Aadts A4S HYow vlgalated FHHIZIS foF o

2 Z7tetE AT Bt gxH25E 28 2-84 VER vEe} o] gallated )
oAl 2ol AR HAadteE A4S HY oW Hlgallated 71|

212 F9AoR FUhshE A Mt Wang S(13)el 9J3tH =xpe] ¢uhy
Wonte I 713 gallated 7}EI719] ko E}E} FFS o Yamanishi %
719 4o i3] ECG, EGCGE F2 231 B2t

¥ #ee] 9l EGC, EC ¥ Cx& wubg z2ke &ubo] 79 dtrar 351319 th(15).

E2-17. A9 EF L AR/l wE FAH TP

Total catechins (g/100 g)V
Shade period(day)

Yabukita Daecha 12
15 11.19+0.78™% 10.20+0.18™
18 10.250.15 10.25+0.47
20 10.14+0.66 10.44+0.27
Not shaded 10.22+0.14

YTotal catechin: sum of GC, EGC, C, EC, EGCg, GCg and ECg

“Not significant.
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18- Yabukita
8 by 15 18 020
CP Eq
o
iy .
: I | ﬂ
s 2
]
0=t : o,
gallate Non-gallate

9 2-7. oFR7the] A37)7he] whE gallated FVEIZ] % Wgallated FHEIZIY 3ek
Gallate® 7}6]71: EGCG, ECG, GCG®] &; vlgallate® 7}H1%1: EGC, EC, GC, C9l &

Mean=SD. *Pdifferent letters in the same column indicate significant differences at
p<0.05

10 Daecha 12
87 s mis 18 020
==
26
5
0 + :
gallate Non-gallate

218 2-8. UlA) 1289 2377 whE gallated F}EHIZI 2 Wlgallated F}E171Y 8hak
UGallate® 7}#171: EGCG, ECG, GCGS &; Plgallated 718170 BGC, EC, GC, €9 &
Mean=SD. *Pdifferent letters in the same column indicate significant differences at
p<0.05

Significant differences between Yabukita and Daecha group measured by Student’s

t-test ("p<0.01).
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8ol UHERL mbs} o] of|uh wiat BF Al
gow, okrltte] A4S ABAM 159 71E
H w0 @5uel Atk AuA 180 AT
el Al froHow o A FHEel UATHp<005),

F7t TS

_[Qr
o FABA v} o oA
7]

lo
)
o
b H
s
B H
_0|L

E2-18 A FF L AW/ 0 Hobd FF

L =

Theanine (g/100 g)

Shade period(day)

Yabukita Daecha 12
15 4.93+0.19V 3.85+0.03*
18 3.81+0.08"% 3.58+0.07
20 3.29+0.09° 3.34+0.09°
Not shaded 1.95£0.07

UMean+SD. *“different letters in the same column indicate significant differences
at p<0.05

2>Signiﬁcant differences between Yabukita and Daecha  group measured by
Student’s t-test ("p<0.05).

el

3 7Hl gk
7HQ g ok, AR5 ARt SUMESE foldor gas)
QoH, A 159 VIEen FAFAE Rt Huh of 26lA® o
il

FAE 158 AldTel s A28 vl ofF-7) kel A
13% A% i oz o A4 Fisol AATHP<0.00).
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22 9 el BE Ael g

o
Do
iR
©
2
hins
il

Caffeine (g/100 g)

Shade period(day)

Yabukita Daecha 12
15 3.99+0.13%"Y 3.54+0.04"
18 3.55+0.10b" 3.44+0.10"
20 3.18%0.14° 3.21+0.10
Not shaded 2.01+0.04

UMean+SD. *“different letters in the same column indicate significant differences

at p<0.05
Significant differences between Yabukita and Daecha group measured by

Student’s t-test (“p<0.01).

TEEEY T a9 2-90 yE vy Zo] o F-7|t} 477.4-539.2 mg/100
} 506.1-532.1 mg/100 g &l ARoW, ABAdF7E SIS E Fo 40
Z AT T2 Ae ofRr|vhe] A% FEFE2E2 1749 mg/100 g 5
Row Fred AL F 2-200 "}E}‘ﬂi‘ﬂ}gr 2ol AFAA F FEF T
chlorophyll a7} © =4 3HF¥o] Aoy FxF3A4n] 2ol = chlorophyll b $F

#Fol ¥ =wa & T dv
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600 al

a
ab § a I b
5 500 - | T
= T
=1 _
E 400 H mis
=
_E' 300 4 18
-
i
=200 4 020
£
100 +
Yabukita Daecha 12

9 2-9. A9EE @ ARz wE 222 T

UMean+SD. *Pdifferent letters in the same column indicate significant differences
at p<0.05

2>Signiﬁcant differences between Yabukita and Daecha  group measured by

Student’s t-test ("p<0.05).

E2-20. A FF H ARV wE E S2REZ T
Shade Chlorophyll a (g/100 g) Chlorophyll b (g/100 g)
period(day) Yabukita Daecha 12 Yabukita Daecha 12
15 334.82+14.06 325.49+4.35 204.40+9.42 206.07+2.82
18 312.01£5.60 330.25+5.22 198.78+4.56 213.38+£3.31
20 286.65+£14.93 305.67+10.15 190.73+6.67 200.44£1.80
Not shaded 74.56+1.78 100.42+1.55
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5) A=

FE Y ARzl wpE wAke] A A%}
b #oZBH 549 chroma #& T8k 483y, 1 At &
nhek o] chroma#te 25.2-258% A37|zte] wE 44 AL YeuA ek
o} AF 159 (p<0.01) H 2F 209(p<0.001)] tHAF2T oA ofF-7]the] 1 F

chroma 3to] 9gdo=z f =88 o 4 9

¥ 2-21. Y EE 9 23377k chroma value

Chroma value”

15 18 20
Yabukita 25.47+0.08%% 25.31+0.05" 95.50+0.03%
Daecha 12 25.81+0.02* 95.21+0.05" 95.77+0.03*

YChroma = v (a)? + ()
“Mean+SD. *"different letters in the same column indicate significant differences

at p<0.05

Significant differences between Yabukita and Daecha group measured by

Student’s t-test ("p<0.05)

6) WAt w5}

h AR A

PRAE A 2AE fon FEATIRe vhere 5908 TR A
27} aFo] AAE e E 2-220] ek QR TRE 1008 71F0E
stol WrbE Ax okusvh: AFAL/E A 159, 1890 B FAHAT o
A l25E A% 189 ALTIE HF S5 AoR FAHAL FF BE A5
= grbe Ok 1250 v oppolnh uia Fdecel Pl 9 FEelA o
e Aoz PrHA
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A7)3kel e wate] VEE AL

AFAde (A)/7haA
95-Y-15" 95-Y-18 95-Y-20 95-D-15 95-D-18 95-D-20

24 el 18 18 18 18 18 17

B0
A 20 20 20 20 20 20
- S 18 18 18 18 18 17

yaE4d
k7] 18 18 17 17 17 17

(607)
ok 18 18 16 17 18 17
Ak

_ 9 92 92 89 90 91 38

7] T % (100%)

Uy: ofR7|t) D WA} 123, 85-Y-15 95% b8 23k 15 x}aAu] o3|}

TaE 1008 o2 VEAEA

) 735 ZA}

AR7} 7ol A %*6}741 U of R}
2 A9 5090l o &l
2-10¢ ‘«}EHH npe}l o] ofF-7iv} 159 A}
Green image’} Z5-313 Taste’} 5% #

ke oF7F "ol x|}t volume A3 Green image’} U ¥ olwt

OS2 e o

7|‘E‘(%E} Balance |:|.|]|cl}_|-(10} galance
8
Color &, - Volume Color ¢__- ...Volume
. Jreentea Taste.' .Gr.eentea
Taste 5 image
image
Y-15 Balance Y-18 Balance
1 B
Color-:.. # 5 Volume Colore . Volume
—J|E g '
—_]
\ e /
\ Greentea /Greentea
Taste 3 =
image ghsis image
— ol % 2~ == o 5 =
9 2-100 ¥2F d FEEY V3R FAKN=0).
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gotd 2 2ke] she &H-ekE w2k alf o] ofnrjwmtoz FhHQl Y HAHA U
Ehu= A8 382 5o 719919 side effecto] ™3F antagonist®ZA] Z-g3kthar u
aE o] 9Irh(16,17,18). F 3x T gk Hopbd s EAZ43 17 2-139] e
Wowpel Zo] e AEFolA Hdw dEit wxbEd o AA FdREHo deE
& Aoy 3Ad R 16Y AFAE] A el A dEAE kel A e frAbekAl g
o

=
[e] oK) A=
e Jd&s & 4 U

18day

19 2-13. "Hopd FaF £
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B Aol AEF WA= ok el AlEste] gtk e A 4
G oA oA tx12E W obF-V|YE o= 2009 518U F-H 6H€027)
A 8% E4 HOERAE SR 19 A4S o AA T 159 4%

Aejst Ao =dAe 245 100TCAA 202-402% 2AS 5 w2 7133k

whomAe olshehd A5
D A9 FAAY Aol BE g
Aol FAAY Aol e TR olged FASY B AL T A

F
I 2Ake) ofstehd SAEAY W wek SA

BE BAZA3E SPSS program(SPSS version 17.0, SPSS Inc., Chicago, IL,
USA)E Eaf 33] wkigste] S48 Jogtad 2TAAE Vel e, Sz
ez AR f94 HAALS ANOVA(Duncan's multiple range test ), ¢F5-7]t}

o that7rel FolAd AALS Student's t-testE A A 3F T

=

Uz 125 9 oFRV|ItE A e & Az Zwape] ezl 24 B4 A
& 3-1e yERd wpel o] =z Fo] FhH R

EGC, ECg, EC, GCg, GC % C9 w22 Ffdo] ol Z7telzl e gt
1235 16149 g/100 g, °F5-7|t} 16424 g/100 go =

=

ZdxgE 23 AxY A HA FAHORE Ao EA3E polyphenol oxidase
49 EAE A& =A2 A/ 54 FAA7A, g o A T AEY
F4o AFE VAT TR AxFTAHoT 53 TEATS AEFY e 2 5
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)
(

7 DG DAY 9don TG Je FRFF] 80-85% AER o] v R

=7 wid thke] F71E o] &8 WA Fdajok vt FdAzto] @A) )

Bzl A 8ol vbebdl mpek o] 20% %

Ax e Y-209} 402 =LA Y

EC, GCg, GC % C¢] w22 Fh3o] Addx %ﬂzﬂa
T

4 2ol glAA]

—_—

+ EGCg, EGC, ECg,

| e AR o)

2,
>
2
=
kn)
L

<
;1
3T

o

i 3-1L EFF H ATl whiE 2xke i JHHz] SR

Content (g/100 g)

D-20" Y-207 Y-40"
Gallocatechin 0.212+0.002% 0.2550.010" 0.234+0.001°
Epigallocatechin 3.56520.042° 4.074%0.078" 3.864+0.025"
Catechin 0.113%0.002 0.12120.007 0.12220.001
Epicatechin 0.8650.011° 1.135+0.040 1.015%0.010
Epigallocatechingallate 9.371%0.272 8.7630.845 9.399+0.261
Gallocatechingallate 0.308+0.002 0.31920.006 0.31220.001
Epicatechingallate 1.715+0.051 1.757+0.178 1.873+0.285
Total catechins 16.149+0.382 16.424+1.164 16.819%0.584

YD-20: dlzb123, =

-

7k 100°C, 20x

=N
PY-20: oF§-7)t}, =4 A7 100C, 20%
=N

IY-40: oFy-7T}, =

17F 100°C, 40%

YData presented as means of three replicateststandard deviations. Means with

the same superscript in each row were not significantly different(p<0.05).

2) dobd B IhaQl SEF

dobd & o uhe

3@

S8 =4 Bfo) opulwitom AdA Hzm WA

Ao F frEloprmate] 50% ol s AT Al A 125 " opR-7
Oz Axd 2A 59 theanine & 43 23 1 3-2¢] vERH npe} 3ol

Ak 125 2983 g/100 g 2 oFF-71t} 2.264 g/100 g2 divhit FE<
ol § ol Ssol At

S AAIZF] WE theanine -2 TAAIS 402=E
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0olA 2804 g/100 g2 FTEAHS Ao A theanine ¥HS =<
2k 125 %@ ofR7|vt= AlxH A F9 caffeine ¥4 A3} F 99 e
npel ol thxk 123 3.337 g/100 g, °oFF-7Ith 2922 g/100 g 5o Aoy =

g,
QA be] WE caffeine FHE AR 7 Ho14 Aol gloltt,

# 32, FF 2 SR wE Ak depd B Fh|Ql g

Content (g/100 g)

D-20" Y-20% Y-407
Theanine 2.983+0.046" 2.264+0.567" 2.804+0.155°
Caffeine 3.337+0.044° 2.922+0.098" 2.996+0.030"

YD-20: thAH23, FAAZE 100°C, 20%
IY-20: oFF-7]th FAAIZE 100C, 20%
IY-40: oFF-7)th FAAZE 100T, 40%
YData presented as means of three replicateststandard deviations. Means with

the same superscript in each row were not significantly different(p<0.05).

Qo] A W] Fubo] EAFT =G N FEAo} ofy AH ¥

.
Lo vher EASE AYRE, WS, TIBA, NFELUA, ALBALE o

% 86.925 mg/100 g, °FF-7|th 75.848 mg/100 g FHr=o] AANeH FAA ol uf
£ lutein $HE2 Y-40 79980 g/100 g2 FAA ko] A= lutein FHEFS o =
obAl= o= e

FREHS AL

|

At E7]o e FEstE A9 MAE FAe] oui

A ol PGS FE w$ F23 240 w3 FEo uE Fray
g FAAY FEEE a, b BF Ak 1230 © ®@ol FHel dRew 2
EE2Y 49 0% 49 AYTFoNA chlorophyll a 297.814 mg/100 g, chlorophyll b
256.623 mg/100 g2 20% A7 Bt FFo] =kt

A&
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¥ 3-3. FF 9 FAANTTel wE dxle FHQ W Fz2a2d ek
Content (mg/100 g)
D-20" Y-20 Y-40”
Lutein 86.925+0.418* 75.848+0.249° 79.980+0.433"
Chlorophyll a 343.938+0.356" 260.839+2.497° 297.814£10.173"
Chlorophyll b 287.563+1.077° 231.945+2.828° 256.623+5.269"

YD-20: thAH23, FAAZE 100°C, 20%
IY-20: oFF-7]th FAAIZE 100C, 20%
IY-40: oFF-7IT}, SH A 100C, 40%
YData presented as means of three replicateststandard deviations. Means with

the same  superscript in each row were not significantly different(p<0.05).

4 A%

9 125 @ opI|thE 1597 ARAT ¥ Az wae) 4 23 Ay ¥

340l e el 2ol HAe mag yeul ad FORES R 1237

SIL29E 71 Bgrem Eol: ARg naow pe

P mae o e HE AoR et £ aghd boRT e ozl
2 Uel chroma @ E3 a0 F-()gke] ALLE Folels 4TS nelow

=} 12359 chroma 3ol 421212 71% & & & )

=5
olo
N
2
hins
il
ofN
NE
o|\
ne
>
=
=2
=2
s
iz
2
lo
1z

Color value

L= ax b* Chroma

D-20" 65.77 -11.29 40.58 42.121

Y-20% 68.05 -9.98 38.94 40.199

Y-40° 66.82 -10.55 38.90 40.305
VD-20: 1241235, 29 A7 100C, 20%
Y-20: oF5-7)T}, =4 A7 100°C, 20%
IY-40: oF5-7)T}, =D A7 100°C, 40%
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PY-20: oF§-7)t}, =4 A7 100C, 20%
IY-40: oFF-7)T}, =4 A7 100°C, 40%
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A%l Abg3 WA= ofulep o] Alxd ARSI AP A sd
A vhel A opRTIvhel thAle] FEA A4S aEste] zkele] 2% 50%
ol AMEHE AHE VFo® ofHY|thE 20109 5¥ 12¢FH 5¥€ 314744,
A= 20109 5 1595 69 3U7HA 95% FA Eetul B A E o] &8 15-20¢ 7t

A4 AR F AQsel gk A9 ATrae FAAIEA AP

BE BAZA3E SPSS program(SPSS version 17.0, SPSS Inc., Chicago, IL,
USA)E &3l 33 wriste] 48 Hogkyd A2 verdiglen, #3730
A4S ANOVA(Duncan’s multiple range test ), 7}&

Z4do & fFoA HAAL Student's t-testE A A5 T}

=
a
It
N
Y
o,
M
O
do
[o:0¥)

8 3-19) A AXTAEE J)Ho

7VEx7 B2 3E 3-63 o] 7

e
o

s
}3L micro air jet mill2 #3§3te] 10-12 t1me] FAUYEE 2tE LAE Ax &
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e

7] & 70%, 20
AlZE 80T, 15

=

AF=5(T) 100—95—90—85—80

F (%) 95—95—90—90—90

344 36 pm

344 38 rpm
A

0 kg
100°C ol 4]
T 9.5%

=z
=)

LN

71 % 115%, 20
A7k 90C, 17

[e)

=

AF=%2(T): 106—105—100—90—90

F (%) 95—90—85—85—80

344 35 rpm

F#k 95%
3Ad4: 30 rpm

100°C ol A

AEL7]

i
Lo

R

iz
Lo

<

LN

)=]

A7 80°C, 15

)=]

LN

A7k 80°C, 17

Ho

X
N
do
Ho

A7k 80T, 15%

24rpm

R

A|Zk 80°C, 17+

15rpm

RS

Ho

X
N
do
Ho

A7k 100°C, 30+

18 mpm

R

LN

18 rpm
AlZF 120°C, 348

RS

A

F 3.0%
R

X
N
do
Ho

LN

)=]

AlZE: 80C, 20

22 rpm

)=]

LN

A7k 80°C, 30

3Ad4: 20 rpm

T 9.5%

X

o
Hro
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TE2YdE T (g/100g) 7tz o (g/100g)

Sample1>

e A tEEA B 7bEEz A 7bexz B
95-Y-15 16.59+0.24 16.47+0.01 11.49+0.27 11.23£0.21
95-Y-18 16.57+0.18 16.50£0.33 11.17+0.15 11.64+0.30
95-Y-20 17.19+0.06™ 16.32+0.36 11.88+0.19 11.54+0.37
95-D-15 16.40+0.02" 16.84+0.23 11.74%0.13 11.90+0.22
95-D-18 16.76+0.18 16.62+0.02 11.90+0.21 11.27+0.47
95-D-20 16.73+0.23 16.82+0.08 12.27£0.35 11.95+0.06

Vyr opE7|uh D oA 12%
2>Signiﬁcant differences between manufacturing process group measured by

Student’s t-test ("p<0.05)

2) "Hiobd B 7o Ql EF

st
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glopd 3 (g/100g) 7 Q1 gHF (g/100g)
Sample 7bExA A 7bEx7 B 7 A 787 B
95-Y-15 3.77+0.03 3.77+0.06 3.58+0.03 3.62+0.00
95-Y-18 3.95+0.08 3.93+0.10 3.73+0.00 3.78+0.05
95-Y-20 3.91+0.16 3.68+0.12 3.8220.06™ 3.56+0.08
95-D-15 3.93+0.03 3.76x0.12 3.71+0.03 3.75+0.08
95-D-18 4.060.05 4.00£0.04 3.77+0.08 3.74+0.02
95-D-20 4.10£0.14 4.17+0.09 3.89+0.13 3.96+0.08

Vyr opE7|uh D oA 12%
2>Signiﬁcant differences between manufacturing process group measured by

Student’s t-test ("p<0.05)

Wl vhEEAd wE FEEE g B4 Ay § 3-99 e Bred go) &
2} 7rEEARAA FEA S W d5 FIHFS UEF3 100ToANA 1587 2+,
3087 AA = 80ToA 20
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E3-9. wA sbExze uE F22d 9

Sample! Chlorophyll a (mg/100g) Chlorophyll b (mg/100g)
TtExd A 7tex7 B TtEEd A tExE B
95-Y-15 264.2+0.8" 278.71+6.3 249.7£4.3" 258.9+0.3
95-Y-18 265.4+4.3™ 288.7£0.4 248.1+0.5" 270.1£11.1
95-Y-20 262.8+0.2 265.5+2.68 252.0+14 252.1+2.2
95-D-15 243.8+4.6" 202.2+2.1 232.1+5.8" 243.9+29
95-D-18 262.5+8.0 274517 243.2+1.6™ 253.8+0.2
95-D-20 266.4+£8.4 206.3£4.2 245.1+0.4 245314

Vy: okR.7)t} D: A 1235

2>Signiﬁcant differences between manufacturing process group measured by

shskk

Student’s t-test ("p<0.05, “p<0.001)
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15Y7F 96% AFE= AY AFAN F 229 % Jhy el wRp FHo] 455t
A vebd =24 5 $9X S71"F 2 I8 FYEFS EFAL 100TolA 168 =
1, 80ColA 153F T4, 80TCoA 1562 F7, 100TA 307 A7 2 80T
A 2087 AZX ¥ micro air jet mill(Hankook Crusher Co., Ltd., Seoul, Korea)¥}
Y Ed2 B3 7] (Tkeda seichakikaiten, Kyoto, Japan.) = 4 & A3 A5 =2 AL&3}
At

Aol el wE gAY i 9 AEEHS Ald S Al Akl

2) FAAE
BE BAZA3E SPSS program(SPSS version 17.0, SPSS Inc., Chicago, IL,
USA)E F3l 33 whgste] SAs Fogtyt xFHAE e At
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0,
a
s

e}
H -

1

Cumulative particle size (um) _
Mean diameter
Diameter Diameter Diameter (um)
at 109 at 509 at 909
Micro air jet mill 3.06+0.01 10.41£0.13 32.37£0.35 14.18+0.14
W= type 3.14+0.06 10.90+£0.05 30.06+£0.27 13.96+0.03
Micro air jet mill O = type

100 in volume ! undersize 100 in volume / undersize

: 2

3 F

004 i I{D:arl:':;er;n.".'ﬂ i 0w ow Il:DiaI'I'IIcE;EI'].".Iﬂ o o
19 3-2. B4k e & whxle] 9l =F4 Histogram.

2) A%

2] B mE AMEE BFS4AE ol &3l L¥Y]), a(dM-=4) b
(B -H ) ks SHS A 19 3-39] YERH e} 2ol Lk 71E B3 W
¢l Micro air jet millZ #43 LA oA o A velgoer A4S el &
o 2 @3} bt EF U ELe 4+ Yotk
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mMicro airjet mill

0= type

Color value

L* b"
-10 - )

2 33 49 Bl hE Ax

L * = lightness; a * = redness; b * = yellowness.

_89_



=

Hr

B

A

—
o

Ho
_

ojy

nheh g A9 AHEA b

e
=

A e Aol e TtE A E £E Ao

o

K

2
bz

H

R

!

LN

)=]

e

7] & 70%, 20
AlZE 80T, 15

=

AF=5(T) 100—95—90—85—80

F (%) 95—95—90—90—90

344 36 pm

344 38 rpm
A

T 9.5%

100°C ol 4]

A
A7)

3-11.

-
it

i

=

LN

)=]

AlZE 80T, 15

X
N
o
Ho

A7k 80T, 15%

24rpm

R

X
N
o
Ho

LN

)=]

LN

)=]

A1z 100°C, 30
AlZE: 80C, 20

18 mpm
o= 4
=% 3.0%
22 rpm
—_ 90 —_

SRS
F 95%

R
o= ]
=

Micro air jet mill

A




ojy
g
ﬂr I
T - P T ho® A
~ 0 ; = - s
5o " E %ﬂsgmma%gy
ol 0 1 ~o eyl X = ﬁ ~ ToH 5
= = X ~ - {dr | — T Ko 0| ToH
< M Lf — 1 - e on \;b OC Ine —) =
= ™ K oW & ™ T O W W VL
—— —
T M 3 o T & T P b =
T & o B ~ o ME HoOX ™
= = X A AR w Mox ,M
X o T M w w s B
X < ~o 1K i T N D Jl T o IS 3
: X w = 8
BT e W i pCA R
= ~ wEOw o= B < B° S
T nM = K H_WW % =T ~ @W X ® =
5 38 de ol kwﬂig% g N s
= _ B S " o W ol = T oy £
XT = N T = 0 L aliTiy
= \ﬁl_c.#l ‘_uwwﬁ fi%e) ML =K ~ o K ﬂ_OI t&; <0 TR w ‘ul
) %° L azel ‘OI elj
o WAl : o e W EEl =
o 7 = 7 ) ® g A M Toaox T X o
%o X = WA = o}/ o= o B ™ 45
i S B —~ = M T g . Mo T a
Y K o= ) o T e "o ! o B
Mum 1,oﬂ % . T x e o = w0 ol g w ~ Mo« =
= o ST m%md@@mmEL;
X wr T T g w T "
o~ LU ol 3 _ _ X S o R A
e G g ! EOA e SEOET S 4 ®
oF N Eo NH © _ Nd s ﬂa gl ~ %0 o~
- o Mo o T T 5 o
W X T X T M w g = o G
= o ol rali L SN KO T8 T JJ o} —
By 5o GRS PR ﬂﬂma@@aA
%H%% o R R Gl ﬂcurGGﬁ@
HXUAMO s @ 7 m@ﬂwﬂmﬂﬂ_deElg
\_ﬂm 0 faax —_— I
< B ox Mﬂ@% gamfo@ @&ﬂ%gmo
0 —— ) | o —_—
W w2 GU Wm ;va,_ SN 3 - &rm_v = E]W 52 Wﬁ S X
= D = - N9 xe T T - B R o B
_ Y w0 W on W o= ® o % T - 4
o ~ =3 o o = R —/ N ~
i L u 2w o = ™ ™~ Ir N
g T = U R 5 .
G <~ T g & b Il Bwow 2
[ o oﬂﬂ = m o = &K <
~ Q wE H_W ,ﬂq
S & o T o}/
W o

- 91 -



18 4

16

14 4

12 +

10 4

Total catechin content (g/100g)
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I A1 A7 bE FIERl
i 4-1 S0 wE TR 24
Content (g/100 g)
%24 A -20C %4 g A
Gallocatechin 0.223+0.005 0.239+£0.012 0.219+0.000
Epigallocatechin 3.766+0.081 3.762+0.106 3.534+0.007
Catechin 0.116+0.002 0.142+0.003 0.142+0.001
Epicatechin 1.024+0.037 0.955+0.067 0.845+0.008
Epigallocatechingallate 8.344+0.537 6.422+0.426 5.716+0.042
Gallocatechingallate 0.306+0.001 0.158+0.004 0.150+0.001
Epicatechingallate 1.671+0.285 1.253+0.071 1.125+0.008
Total catechins 15.45£0.948 12.931+0.689 11.731+0.067
2) Hlopbd & JtaQl g
S ATl W2 dobd ¥ ssel @ 24 Ak & 4-20] vhebdl ket 2ol
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4-2. s u}
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Content (g/100 g)

"0

o
ol

AO

20T <A

1.956£0.163
2.975£0.014

2.175%0.145

3.026+0.137

2.300+0.150
3.154+0.095
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Caffeine
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2. &xpo] A7 98}
b AgAgw 2 W

wate] FhQl dEks Zolv] el A, e 24, 4, T, AR Ax %
o2 A= Ay 7t AA F AH, FdE 2 $9 Aol methylene chloride

5 LA Aed

k=3
methylene chlorideE A% A A

. mae] ol seld EAEA

AFssh wael olsetd FASA BAe Ald Hul A% Bae] ofshel

TAE A 2539l methylene chlorideE A 2o A 108 (MC-1) ¥ 308-(MC-2) A
21283kl methylene chlorode® AA3SIATE o1 f4, S, &
f, Az 59 FAES AH A 525 AxdP oy 53 FoA4E FA4A9

= ¥ 4-3% Zu 71" 7] &3-S methylene chloride X @l &3] °F3F A48

i)
o
K
2
it
o
rjg

= A%S How, Heopd gEe FAPF 3912 g/100 g, 108  methylene
chloride ##](MC-1) 3.315 g/100 g ¥ 30+ methylene chloride X #(MC-2) 3.228
g/100 g©.2 methylene chloride A 2lol ofsf °F 15% A& Faskvt. 7hu &
%2 methylene chloride X &lol 23] oF 25% #Aslo] FFu| <l Al Ao &34l 1t

o7 AEEHgey 99 A#E E3te] E o] methylene chloride™ 108 223}
T Aol M Eedd Ao AlRHAY. w3 A by @A F methylene
chloride® A elata WAl SAA e, 4, 54, A, A 59 24S A=A

270 i i &4 Aol FFH methylene chlorideE ¢A 3] A AT 4=

ot
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E 4-3. AZINQ kel FAEIR), Hlobd 2 e g

Content (g/100g)

Sadn: kil djebd HE N
-2 2] 12.108+0.217 3.912+0.119 3.627+0.031
MC-1" 12.113+0.318 3.315+0.204 1.099+0.106
MC-27 11.854+0.256 3.228+0.177 0.948+0.141

UMC-1: methylene chloride 10% 2]

“MC-2: methylene chloride 30% =&
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Content (g/100g)

Content (g/100g)
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# Control B Vacuum 4 Oxygen absorber
14
BT i o e i ——————— —
W n » 0 " » T
10 I~~~ —eea———— R e e
g - Total catechins
6 -
= = =
2 Caffeine
0 T T T T T 1
0 30 60 90 120 150 180
Storage period (day)
AU 8 AT el el B Fhe)l ShE
400 -
300 -
=4—Control
200 -
=B-\acuum
100 - —+—0xygen absorber
0 T T T T T 1
0 30 60 90 120 150 180
Storage period (day)
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=
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3 4-40 A A AR E Y 2R FEE S EA AR s

Ykl (%)

o] = Powder 1 Powder 2
2l ( )% ( )% ( )96
=S EE ( )% ( )% ( )96
B-cyclodextrin ( )% ( )% ( )%
HlERY C ( )% ( )% ( )96
TA} YEF ( )% ( )% ( )96
Vap gobEel wgnge EAA Sk
¥ 45 22 FEE T € AEY N A A3
Color value
* ak h*
Control 61.59+0.18 -11.13£0.01 35.93+0.04
Powder 1 59.26+0.06 -12.91+0.04 35.28+0.03
Powder 2 59.07+0.04 -13.23+£0.06 37.66+0.77

L * = lightness; a * = redness; b * = yellowness
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23

V*m Powder 2 !

Powé:ier il

___________________________________________________

-.‘.i&

400 500 600
Wavelength(nm)

2% 4-50 E2 FEE R 22 AlE Y spectrum YA

i 4-6. EAF FEw S @A A SR, Hobd R vHHISl =4 At

Content (g/100g)

Total catechins Theanine Caffeine
Control 12.690+0.420 3.978+0.232 3.872+0.137
Powder 1 13.243+0.429 4.061+0.129 3.950+0.026
Powder 2 13.126+0.200 3.981+0.174 4.057+0.115

2) BR A7t A A
ERE olgste] WA AF Ax AW K S5 oJFH7 BAste] A @
om AmEY s F 479 hebd nhsh go] HAALTIL FAYT BT

Hsle] 8l HAET AAS WolAi Ao e} o]F Aol wAIsHY

5
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Color value
L ax b
Control 61.28+0.21 -10.20+0.15 36.13+£0.10
Zn-powder 62.00+0.01 -3.64+0.01 30.77+0.01
Mg-powder 63.61+0.03 -2.50+0.01 31.42+0.07

L * = lightness; a * = redness; b * = yellowness

3) AT A7 W A

o) Abe 1y 4-gel LR vhe} ol

[
&
Aol FA dEstey dxe & ARy s ZAFe] lof o5 FhE Aol
[e) A

AEe W] Az

ok
iz
24
2,
il
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T2 A8 W} A A pHol| wE G s dolry] {3 pH 3, 5 7, 9 buffer
solution 400 mLel| %2} 15g5 23 CuSO.E Cu 7] 01% H7} % 8TelA 15

il C
w3 wee A7 AR & sd skl Y ASE wAE AT

A2 Favel ws) =ak Aol Al ThEAEel HAE HE7 AlEol vt
of =2} AGAEe] Mgt gk Ayp SlsiA A Tk 2 el A

rir
e
e
o
)
do
offt
3
iy

Z}2] chlorophyll & Mg ©]<S& CuZ %3} 2A-S
OFAEAIZ] TAE FAEe] Fade] Wwloz Axd AR Y ik dapel
ST FYFEFE vastdon 70T 39 A F M) ArA WEE B}

b 3 4-80l vERd miel o] FIbHZl ke 10.1-116 g/100 go =
Alzmgbel 794 Aol gidoy FHEIZIY AL e 22e A 23-cis

7y = epicatechin¥ 7} 2,3-trans configurations 2%t catechinir &

o
N
Ir

configuration

epimerization®] doju FHEIZIFE  AA FAo] GCg>GC>EGC>EGCg>Cg>
ECg>C>EC o2 Al ZAjo A HEH A &%d Cgr/l A=A v <

- 102 -



L

epi®d ZHEIZIR7E @Ol sl AU
Alg3bel el Aol
o o] FE|x % =X 164 g/100 g,
g/100 go.= A Lafel A YA yEen Jhullel Fs e A
g/100 g, @&k T2k 3.2 g/100 g, =4k 2A} 35 g/100 g o= FHoQ) e &
b WA vEb T el @ vhelek 553 ppm, €4t 24 6.16 ppmell Y]
al T A Ak 2308 o]/l 1,395 ppmel H=H

B

s

4-8. Ak WA T W] 7}

Q) B X}

E=Anun

71

LA

=1

N

X2
nt

e
iy
R

FZ 2

shaat @l FHH 7] A SEGCG>EGC>ECg>EC>GC>GCg>C 0.7
. Z2Z2Y9E e 148-162 g/100 go &
g Aoz vl "Held e i 4-99] dhERd np
w2} 2.7 g/100 g, A

Content (g/100 g)

QR W

S

T A e}

2= 3.1
w2k 14

Gallocatechin 0.191+0.000 0.173+0.001 1.973+0.030
Epigallocatechin 3.076+0.012 3.148+0.016 1.491+0.000
Catechin 0.132+0.000 0.144+0.000 0.444+0.006
Epicatechin 0.612+0.003 0.729+0.010 0.360+0.007
Epigallocatechingallate 4.955+0.068 6.286+0.082 1.436+0.054
Gallocatechingallate 0.164+0.001 0.150+0.000 3.505+0.140
Epicatechingallate 0.954+0.011 1.179+0.020 0.500+0.011
Catechin gallate - - 0.630+0.011
Total catechin 10.084+0.096 11.809+0.131 10.339+0.259
Total polyphenol 14.851+0.122 16.162+0.510 14.930+0.003

B

4-9. Lk Zhapel ] X8 walo] H ol theobromine, 7§l 2 ] gk

Content (g/100 g)

Ayt Wi

St 2R

T A e}

Theanine
Theobromine

Caffeine

T2 (ppm)

2.736%0.011

0.004+0.000

3.225+0.024
6.16

3.135+0.035

0.008+0.000

3.5628+0.014
0.03

1.686+0.072

0.004=0.000

1.357+0.033
1395.3
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b AW T AR e A% F A% W

T0CAA 397 AEAE F wAe] Ay WMEHs 249 AT E 4-10 9 L
4-7 o UpERA wie} 2ol FEAS wAsF Aol )@ A WEs 4L Aow
by,

F 4-10. AR Aol FY A g EAke] A T A W)

Color value

AxzA
L a b
] N ity 59.40 -11.04 43.11
Al o
70C 3H 56.35 -6.97 42.31
N ity 54.69 -11.15 41.22
Ayt
70C 3H 52.91 -7.43 41.03
o ity 36.12 -9.75 24.81
T x| g EA;
70C 3H 34.66 -8.44 23.08
Dh=t 4k 2K} A=A EA} 2| X = ZHAL
Le T 70°C,3B Ls % 70°C,3B L8 %} 70°C,38
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o
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gl
2
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ot}
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e
R
1o
2
BN
WE,
I
oX,
M
1%

Frbrel e &4 pHel whE 2zke] Fhelzl &4 Ay 4-80) vhE]
npeb o] A §ofe] pHF wobd = EGCg, GCg, ECg 2 Cgel fo= yE
H gallated 7HE[Z] $EF2 pH 50l8tell A @A3 Zo1&0er GC, EGC, C ¥
ECe] o= et vYgallated 7}HIZI9 3haF W8k pH 90X 7 WA e
o

? i —+—gallated-catechin
! =a—non-gallated catechin
=
S 5
g,
S <
= [
1 M L

=
0
s

=
e,
£n

=
i
|

pH9

¥ 4-8. CuSOs &9 pHell w& 7HeZl 24,
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) A

kel A &4 o] pHel wE ko] An 24 At i 4-110l vERd w)
S} #o] pHol wt& dAT A2 veluA @k oy pH 9olA a-value®] =2 3t
o2 Yeh}E HA% Fho] -1398%2 Mg %A vErgon thEe pH 52 A A
-12072 W2d EA JElwt 28 4-9% @2brE P eHD) 9 v A T

Aol A 12087 A AR Apd o= skl Al A A s glgle

uoH A e A Bl ARiEY as & vk TR 2 A 24
Axs F¢e B pH 52 A 7L dEFe woldA =R T =4

¥ 4-12. CuSOs €94 9] pHel w& A% A At

Color value
* ak h*
pH 3 58.14+0.01 -11.17+0.02 25.45+0.16
pH 5 59.17+0.04 -12.07+0.02 25.33+0.05
pH 7 60.37+0.01 -10.92+0.02 27.28+0.02
pH 9 58.70+0.12 -13.98+0.02 26.10+0.05

L * = lightness; a * = redness; b * = yellowness

0 day 120 day 120 day

CusSO, (pH 5) Control

2% 4-9. CuSO: A Az A2elA 120¢ A% = ARz
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S} o] FELTF YaFE Lol EhoH af
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kel
T

—_—

[e]

i

£
T

3|

)
=
i

"

K

o}

o] 0.1, 03, 0.5,

2%
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0.7, 1.0% == Hrlsto 1083 5 § 7|85 ZAME AAskt ® 5-30
Bl wbsh o] 03% REEIE A, B el A b £ vhebsth meba B 2

A= HE FE2% 50T, HF4 F=A3 108, 44 =2 H7bE 03%= 24

E 51 53 5290 FFemd BE A% 2 JEE A4

Color value"

FZL2E(0) 7155 AAY
L* ax* b*
45 91.25 -5.12 11.08 5.95+0.46"
50 91.45 -5.47 12.47 6.00+0.53%
55 90.08 -5.65 14.01 6.13+0.35"
60 89.21 -5H.87 15.68 4.62+0.52°

UCIE L*, a*, bx value

“Means with the same superscript in each column were not significantly

different(p<0.05).

E 52 w4 FEAY FEAM BE AR

%
o
o
el

Color value

%2 A 7H(min) o - - 5% A
5 93.75 -5.24 10.01 5.38+0.52
10 91.19 -5.56 12.85 6.00+£0.53"
15 89.08 -5.69 16.01 4.75+0.46°
20 87.21 =571 20.21 5.00£0.53™

VCIE L*, a*, bx value

“Means with the same superscript in each column were not significantly

different(p<0.05).
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4.38+0.52°
6.25+0.47
5.25+0.89"
4.88+0.35"

4.750.46°
6.50+0.53"
5.50+0.53"
4.95+0.46°

¢] Mario G. Ferruzzi W<

1.

ke
o/

5.00£0.53
6.38+0.52°
5.25+0.46"
4.75+0.71°
vl= 5 ol

A7 ke wE

!
0.196
0.3%
0.5%
1.0%

=

o-3. =
A2 vl
oyt 230l
o) F

"Means with the same superscript in each column were not significantly

different(p<0.05).

=

=

A A A4 )

o
s -

R4

Aok Aeh34). WA

Aotz ya

_EH

1

=

[o]
e

]

2

33} 7)

o

0.45 1me]

kel
T

il

EERER

o]
I
=
=

=]
T1

Fol 10831

<]

1o 7t

A

shaiel.

&)
LH]

0.
H

stol Abg

5

shalut.

[}
50C el ol 0.3%

filter2 o3}
W == #4

o] 1L A}

[e)

L

o}

~

=
N

—_—

A
1l

nheh el vl

A B

il

ojn

17] $15te] 7]

al
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Gulsh & xohee

7o)
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=

A7k

npel o]

5-59 A1 K

P

A3,

Ao et}

= 2
NEE PAA?

]_H] 1

0.
H

L

6.75+0.71°
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0

\@
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olp

Gl

<4

\@
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<

B4

Nz
,ﬂl

E

of

6.13+0.64"

\@
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Go
=
0

\@
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o
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olp

Gl

<4

\@
ON

<

B4

Nz
,ﬂl

E

of
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\@
ON

o
™
olp

Gl

<4

%m
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=

oi

5.0+0.53°
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™
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Gl
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]

H

3FH

B
“Means with the same superscript in each column were not significantly

A7 =

s

different(p<0.05).

1)7_}_



W5 A7 E oY 7 5% A
] olAwEEZ Y % vEW C, 74 T 7.13+0.64"
ALt olAwEEZ Y % vEW C, 74 T 5.25+0.46°
S @] olawEEYuT %, HEW C, FHA 5 6.25+0.46"
A5 olawEEYuT %, HEW C, FHA 5 5.75+0.47™

1 > = 37 =

7 ApEe] wign &S HAIEHA ks

2 . . . . .
'Means with the same superscript in each column were not significantly

different(p<0.05).

3 5H BE &8
=429 J1AS A9 A6 AE Ak ASRE JJROE sto] £
sERs AafHelE B 714 AAF A7bsle] §nE AxsdTh X 569

e vk o] B 7 7S %7 £ Ao Z YEyT

i 5-6. 75 A3k w29 HUbEel wE YRR A4

>
vs)
@
)

Eple A~ E 2 % % % %
BEE [SHES % % % %
7] i % % % %
ol At Sy % % % %
Tk % % % %
vl ERY C % % % %
234 75 w? 6.38£0.52"  7.38+0.52° 5.63+0.51¢ 6.19+0.93°

1 > = 37 =

7 ApEe] wign &S HAIEHA ks

2 . . . . e
'Means with the same superscript in each row were not significantly

different(p<0.05).
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4) A% 5 FAWME 4
HAERE & 569 B WiPWE AxH & #F § SIS #Fs] 4
g 30ColA 67143 AxslHA AAHoz FAMIE #43 AaE ¥ 5-73%
arh AA7|zke] Aol uwel FATE UER = b ghol FUbste] thA AWy
T AES Hoy 9 g EFAANEE A WEUt flo fF T dAS Ao
= g
& 57 =52 59 A7IzEe whE pH 2 AR st
Storage day pH AFE(9%) Color value
L a b
0 3.21+0.05 0.25+0.09 91.85 -2.52 15.30
30 3.18+0.09 0.24+0.08 91.80 -2.52 15.31
60 3.20+0.07 0.25+0.09 91.82 -2.53 15.52
90 3.22+0.04 0.25+0.07 91.79 -2.61 15.50
120 3.19+0.09 0.24+0.05 91.80 -2.50 15.71
150 3.15+0.02 0.23£0.08 91.83 -2.50 15.77
180 3.17x0.05 0.24+0.04 91.82 -2.48 15.78
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F5-11 =uiRh B SRR ko] )R
RT MdEY Uz D1 D2 D3
5.03 dimethyl sulfide 1.35 0.41
5.29 propanal 0.25 0.44
5.35 octane 0.73 0.2
6.36 ethyl acetate 0.5
6.847 Methylbutylaldehyde 2.61 1.01 1.86 0.65
6.91 3-Methylbutylaldehyde 1.39 0.53 0.93 0.37
7.43 benzene 0.56
7.596 ethyl furan 1.41 1.41 1.39 1.74
8.488 2,2,11,11-tetramethyldodecane 2.46 2.83 1.13 3.42
8.711 decane 0.41 0.72 1.34
8.773 2,2,8-trimethyldecane 1.35 1.68 0.54 2.05
9.053 2,3,8-trimethyldecane 1.38 1.67 1.21 1.72
9.1 2,5-dimethylundecane 0.76 0.77 0.96
9.362 ethyl vinyl ketone 1.38 1.91 1.43 0.9
9.562 3,7-dimethylnonane 0.83 1.11 0.43 1.13
9.779 3-methyl-5-propylnonane 1.8 2.43 1.71 2.2
10.06 methylbenzene 16.22 8.18 18.92 7.76
10.619  2,3,8-trimethyldecane 2.02 2.79 1.17 2.34
10.722  5-ethyl-2,2,3-trimethyl-heptane 1.04 1.45 0.65 1.19
11.357  3,3-dimethylhexane 0.61 1.1 0.33 0.75
11.5 hexanal 4.25 5.25 5.11 3.09
11.625  5-butylnonane 0.92 1.73 0.57 1.19
13.448  2-pentenal 1.87 212 1.87 2.58
13.75 1,4-dimethylbenzene 0.58 3.56
14.05 1,3-dimethylbenzene 1.09 0.84 0.68 7.13
14.774  1-Penten-3-ol 4.78 8.32 6.4 5.28
16.112  heptanal 2.25 2.05 1.83 4.42
16.83 dodecane 0.05 0.31
16.895  d-limonene 2.02 1.36
17.844  trans-2-hexenal 1.03 1.51 1.87 1.04
18.512  2-pentylfuran 1.18 2.04 0.64 272
19.049  cis-4-heptenal 0.56 1.11 1.07 0.32
19.598  1-pentanol 0.49 0.52 0.46 0.49
19.75 cyclohexanone, 3-ethenyl- 0.71 1.09 1.41 0.45
21.36 1,3,5-trimethylbenzene 0.72 1.34
22.45 cyclohexene, butenyl- 0.6 0.75
23.599  (2)-2-Penten-1-ol 2.32 3.78 242 2.27
24.588 methylheptenone 0.82 1.75 1.44 2.21
27.325  cis-3-hexenol 0.78 0.77 0.72 0.46
27.76 nonanal 1.2 0.66 0.84 0.62
30.55 menthyl valerate 0.6 0.6 0.52
31.149 trans, trans-2,4-heptadienal 1.38 0.67 21 0.65
32.446 trans, trans-2,4-heptadienal 2.99 3.05 3.4 2.16
33.555  3,5-octadien-2-one 2.57 3.71 3.41 1.64
33.669 benzaldehyde 3.71 2.59 2.37 2.79
35.584  3,5-octadien-2-one 0.44 0.67 0.46 0.36
36.876  2,6-dimethylcyclohexanol 1.29 1.52 248 0.52
37.567  cyclocitra 0.9 0.38 1.51 0.79
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AR AR D1 D2 D3 Description
Strong, breathtaking odor; cocoa-like, weak fruity
Methylbutylaldehyde — 2.61 1.01 1.86 0.65 e
on dilution
1-Penten3-ol 478 43 64 598 Pu#gent, grassy, alliaceous-like; green vegetable,
fruity" taste
Fatty; in dilution sweet, fruity, nutty, fatty-co
heptanal 205 205 183 442 o ° fy, utty, fatty-cognac
like
Strong, leafy- , fruity, t, table-liki
trans-2-hexenal 1.03 1.51 1.87 1.04 rong, eafy-green, fruity, pungent, vegetable-tike
odor
Ethereal rum; earthy beany with vegetable & fruity
2-pentylfuran 1.18 2.04 0.64 272
notes
methylheptenone 0.82 1.75 1.44 221 Oily-green, herbaceous odor; green fruity taste
cis-3-hexenol 0.78 0.77 0.72 046  Strong, fresh, green, grassy odor
nonanal 1.2 0.66 0.84 0.62  Fatty-floral-rose, waxy odor; citrus taste in dilution
Odor of bitter almond oil; characteristic sweet
benzaldehyde 3.71 259 2.37 2.79

cherry taste
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2R D1 D2 D3
=g Benzaldehyde 1-penten-3-ol methylbenzene Heptanal
N Nonanal cis-3-hexenol trans-2-hexenal 2-pentylfuran

Methylbutyladehyde 3,5-octadiene-2-one  E,E-24-heptadienal methylheptenone

. fruity, nutty,
Fatty-floral-rose, green vegetable, leafy-green, fruity, ]
Oily-green,
.. waxy odor fruity" taste pungent,
Description herbaceous odor;

characteristic sweet  fresh, green, grassy  vegetable-like odor

green fruity taste
cherry taste odor
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a8 70%C 1H 70C 5H
i Ul_nami Umami
Sweet Sweet - n —
Green Green Asting Green
flavor flavor i i
o Bt Bitler
7\
-,
0T 20 70°c 208
Hmami Umami
Sweet
4 Sweet e Sweet
Green
g Sreen Asting Green flavor
ent flavor ent laver
" Biter O70c 58 O3F
<\ 7

a9 5-9, wAbe] speo] wE AP A,
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T 5-14, Tx19] 7pLo wE AR

RT F7) 4 70C-204 WA
1 485  ethyl acetate 2.31 0.15
2 523  ethanol 2.59 18.62
3 152 acetic acid 1.64
4 1557 furfural 2.27 0.69
5 1718  3-methyl-2-butanol 31.14
6 184  5-methylfurfural 074
7 1969  2-(2-ethoxyvethoxy)-ethanol 0.5 1.89
8 20.01  benzaldehyde 0.38 041
9 25.16  benzyl alcohol 0.29 0.29
10 2524 butyl butyrate 0.4 0.23
11 26.05  butylated hydroxytoluene 0.72 36.98
12 26.64  bicyclo[3.1.1]heptane, 2,6,6-trimethyl 7.93 0.69
13 2726  1-ethynyl-cyclohexanol 2
14 2784  3,7,11,15-tetramethyl-2-hexadecen-1-ol  3.03 0.25
15 3462  diethyl phthalte 0.37 0.56
16 40.32  phytol 513 845

Fo 2 A4S total color difference value df T3k =7}sk9ivh 18 5-11 #%
Brle] ek Ao w JdB wxaiel oAl whxpE 7hElgkal oo A Zpo] vt %l o

T v go] FABFE ko] vha FsE AFE ATk
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® 5-15. YEAF K = Sy e
ARy
2 80 70 60 50 40 30 10 0

Ent R e=asl Iy 20 30 40 50 60 70 90 100
E 57160 34 Ao Al whaf Y] Sl g wE e

N 5.8hn Color value e g

0 (gm:thuleh 3 - S b value

1 100:0 61.87 -12.97 42.05 0

2 90:10 62.84 -12.99 42.38 1.02

3 80:20 63.13 -12.85 42.00 1.27

4 70:30 63.59 -12.77 42.12 1.73

5 60:40 64.00 -12.93 42.29 2.14

6 50:50 64.65 -12.66 42.99 2.95

7 40:60 64.89 -12.66 43.72 3.46

8 30:70 65.03 -12.39 42.8 3.30

9 20:80 65.45 -12.32 43.68 3.99

10 10:90 65.78 -12.44 44.19 4.49

11 0:100 66.35 -12.26 44.13 4.99
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KOREAN J FOOD SCI TECHNOL Vol 42, No. 1, pp. 33-38 (2010)

KOREAN JOURNAL OF

SIS AEUHRIX

FOOD SCIENCE AND TECHNOLOGY

I AT JtRsRlel Olatety BESY
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FFAEATY, T FoolTa

Physicochemical Properties of Powdered Green Teas in Korea

Lan-Svok Lee, Jong-Dae Park, Hwan-Soo Cha, You-Min Lee', Jae-Woong Park', and Sang-Hee Kim#
Karea Food Research Institute
"Latte R&D Center

Abstract  This study was conducted to compare the physicochemical properties of powdered green teas produced in Korea
and Japan including particle size, color, chlorophyll, caffeine and theanine. The average particle size of Korcan powered
green tea (14.63-25.39 um) was similar to that of Japancse powdered green tea (15.46-21.02 um). The surface color of
shade-cultivated Haenam Green Tea (HN-1) had the highest negative ‘a’ value, which represents ‘green’ color. When the
TCD (total color difference value) was measured in the samples, HN-1 was most similar to the premium powdered green
tea of Japan (JA-1). Domestic shade-cultivated powdered green teas had 1.5 2 times greater chlorophyll content than
powdered green teas produced from plants that were not cultivated in the shade. The presence of chlorophyll a resulted in
a higher intensity of green color than the presence of chlorophyll b. A significant negative correlation was also observed
between the color and the chlorophyll a, chlorophyll b and total chlorophyll contents. Specifically, chlorophyll a had the
greatest impact on the green color of powdered green tea. The content of catechins, caffeine and theanine in Korean
powdered green teas ranged from 14.679-200128, 1496-3.237 and 0.926-1.977 g/100 g, respectively. The caffeine and
theanine contents were high in shade-cultivated powdered green teas. Based on the above results, domestic powdered green
teas cultivated under shaded conditions had a quality similar to that of medium-quality green teas produced in Japan, and
the overall quality of Korean powdered green tea was poorer than that of Japanese powdered green tea.

Key words: powdered green tea, physicochemical properties, shade, chlorophyll
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KOREAN J. FOOD SCI. TECHNOL. Vol. 43, No. 6, pp. 719~722 (2011)
KOREAN JOURNAL OF
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FOOD SCIENCE AND TECHNOLOGY

The Korean Society of Food Science and Technology
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Physicochemical Properties of Shade-cultivated Powdered Green Teas

Lan-Sook Lee, Jong-Dae Park, Hwan-Soo Cha, Jong-Tae Kim', and Sang-Hee Kim*
Korea Food Research Institute, ' Damian

Abstract The Daecha-12 and Yabukita varieties of powdered green teas were grown under 83% shade-cultivated
condition, and their physicochemical properties were analyzed. Total catechin content was not significantly different but,
non-gallated catechin content in Daecha-12 was significantly higher than that in Yabukita. Theanine (32%), caffeine (14%),
lutein (15%) and total chlorophyll (28%) levels were significantly higher in Daecha-12 than those in Yabukita. The results
of a color analysis showed that the lightness L-value of Yabukita was higher than that of Daecha-12 but, that the greenness
negative a-value and b-values of Daecha-12 were higher than those of Yebukita. The Daecha-12 cultivar had lower
catechin content but higher content of theanine, caffeine, theobromine, lutein, chlorophyll, and a negative a-value than
those of the Yabukita cultivar. Thus, the Daecha-12 cultivar is suitable to prepare a high-quality powdered green tea product.

Keywords: powdered green tea, cultivar, Daecha-12, Yabukita
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