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Summary

In an effort to evaluate the effects of extracting water characteristics on the
quality of green tea, 14 spring (bottled mineral) water products (designated A
to N) commercialized in 4 different countries were analyzed for
physicochemical characteristics and used to produce green tea by using green
tea leaves grown in Jeju island, Korea. The extracted green tea was then
analyzed for physicochemical characteristics, amounts of effective ingredients
and antioxidant activities. Furthermore, the correlation analysis between water
characteristics and extracted green tea properties was performed.

As a result, the pH of tested extracting water products ranged from 7.11
(product H) to 7.78 (A), the hardness from 18 (A) to 274 (N) mg/L, electric
conductivity from 70.30 (A) to 568.33 (N) uS/cm, amount of Ca from 2.5 (A) to
(N) mg/L and that of Mg from 1.0 (B, C) to 26.3 (N) mg/L.36.9

Regarding physicochemical characteristics of green tea extracts, first, the pH
of the green tea ranged from 6.50 (A) to 742 (N) which was significantly
lower than the commercial water products used for extraction. Especially, pH
drop using natural mineral water (A) was from 7.78 to 6.50. In addition, pH
values were further lowered after one week incubation which were dependent
on the incubation temperatures (4C, 25C and 55TC). For example, at 55 the
pH of green tea were between 5.80 (A) and 7.06 (M). Second, no significant
difference in amounts of soluble solid of green tea was observed among the
14 water products either right after extraction (0.33 - 0.36 °Bx) or after one
week storage at various temperatures (0.31 - 0.37 °Bx). Third, depending on
the tested water products, the brownness of green tea ranged from 0.39 (B) to
0.93 (N) after extraction and significant increase was observed after 1 week
incubation at 55C ranging from 0.47 (A) to 1.15 (N).

With respect to the amounts of effective ingredients, first, as the storage



temperature and the ion contents increased, the contents of tannin, total
catechin and EGCg, EGC, EC of Epi catechin were decreased, while the Cg
contents of Non-epi catechin were increased. Second, the tannin content
(650.05 mg/L) of A extracted water was remarkably higher than others, and
the lowest content was found in N extracted water, 368.58 mg/L. The highest
total catechin contents was found in A, B and E extracted green tea, 851.37
mg/L, 808.05 mg/L, 791.96 mg/L respectively, whereas N(256.98 mg/L)
extracts presented the lowest total catechin contents. In case of EGCg contents
which were known to possess the antioxidant capacity, A extracted water had
the most significant EGCg contents value of 243.05 mg/L, while the content
of N extracted green tea (15.89 mg/L) was 16 times lower. Third, right after
extraction of the green tea or after one week period of storage at 4C, 25T
and 55T, caffeine contents showed no significant changes with the range of
200420 mg/L, indicating that they were not easily influenced by the heat
freatment.

In terms of total polyphenol contents, they varied from 488.41 mg/L (IN) to
613.38 mg/L (A) after one week period of storage at 55C. Likewise, FRAP
showed that the antioxidant activities of the green tea extracts varied from
3.07 mM (N) to 7.82 mM (A). In addition, antioxidant activities got lowered,
as the storage temperature and ion contents got higher.

Finally, just after extraction, correlation coefficients of pH and brownness in
green tea with hardness, electric conductivity and Ca of extracting water were
0.850 ~ 0.975. However in terms of Mg contents were 0.755 ~ 0.860. The
soluble solids didn't have any correlative tendency with all water
characteristic features showing the range of -0.012 ~ -0.121. Tannin, total
catechin and Epi catechin (EGCg, EGC, EC, ECg) had negative correlation
coefficient with hardness, electric conductivity and Ca, showing -0.813 ~ -0.928.
Mg showed lower negative correlation of -0.627 ~ -0.775 than the hardness,

electric conductivity and Ca.



On the other hand, non-Epi catechin(C, Cg) had positive correlation
coefficient of 0.723 ~ 0.907 with the quality characteristic features of extracting
water.

Total polyphenol, FRAP and ABTS of antioxidant activity had negative
correlation coefficient with hardness, electric conductivity and Ca, showing
-0.768 ~ -0.969.

In conclusion, physicochemical characteristics, amounts of effective
ingredients  and antioxidant activities of green tea extracts were more
significantly affected by hardness, electric conductivity and Ca of the extracting

water than Mg contents.
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Table 1. The variety of extraction water

Extraction water Company Origin

A Jocheon, Cheju, Korea
* BC place glacier, Canada
Sangju, Gyeongbuk, Korea
Namyangju, Gyeonggi, Korea

Yangju, Gyeongbuk, Korea

Goesan, Chungbuk, Korea

B
C
D
E Pyeongchang, Gangwon, Korea
F
Internal and external G
H

natural mineral water * Oberon, France

I Wanju, Jeonbuk, Korea

] Cheongwon, Chungbuk, Korea
K Goesan, Chungbuk, Korea

It Viti Levu Yakaraga, Fiji

M Cheonan, Chungnam, Korea
N

Evian, France

* External natural mineral water

=228 AL Fig 1o Yehide. =319 #23tE 98 7HAE AA7
= E—i—iﬂ(Chunggye Co., Korea)E ©|-&3}o], 7~1dmesh=7]1¢] 3L ALE-3)

Atk Z39F 25gL FEF 250mLE 55T A 1587 53+ & 250meshe] &
FAE o] &ty 59 5(F2EL 2t EHE S53F2EL glass
filter (GC-50, Adventec Co., Japan)Z oJF}sla HFElHd Y& ZF  water

bath(WB-11, Daihan Co., Korea)oll A 95C, 103t 7tgd4dd & 20Co|st2 W=zt
A=
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stHA TESHY. 3 Az
(25PT045WA, Whatman Co., England)2 o33l & EBEMAgg Al&3sl9oH,
217} 33) W RS EEBAES UE

S5um  syringe filter

Preparation of green tea - Sprig exclusion

- Leaf assorting
J' : Standard testing sieve 7~14 mesh

- Leaves : water ratio = 1 : 100
- 55+17C, 15min

Extracting

!

Separation of leaf

!

- Standard testing sieve 250 mesh

Filtering - Filtering : 0.5um
}
Pasteurization - 95£1C, 10min
}
Cooling - Cooling at 20C
}
Storage - Storage at 4, 25, 55T for 7days

Fig. 1. Flow diagram of preparation of green tea beverage.
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2Z&49 pH ¥ A7|AEE=E multimeter (Orion #119001, Thermo Co., USA)E
ol-g3te] =AY om, X (hardness)E HEE A|FH(15)] F3te] EDTA HHH

o7 A9t = AR 100mL(CaCOs 25mg ©]8t2 F-HEHEE AR B Yo

100mLE 3t Z)E AdZek=3ed ¥ KON, Mgh-8< 1mL % ¢FEUop5
2mLE Y F EBTRYS ko= slo] EDTALNO0.0IM)CE A 871 HApHo

2RE o] 2 w7tz ZHA o] wo] 0.01M EDTA {99 AH|ZFHmL)S az 5}
ATE ALksIAT

o

=(mg/L) = (a-1) X 1000/ A<=(mL)

=S| QE-S [CP/OES (Varian 720-ES, Australia)S o]§8te] 245191 Ca, Mgl
EFEL2 Merck chemical(Darmstadt, Germany) A|&& AlE3lon, B4 4L

Table 2¢] YER}SAT

Table 2. ICP/OES conditions for mineral determination

Parameters Conditions
Replicates 3-5
Rinse time(s) 10 - 15
RF power(kw) 1.0 - 1.5
Pump rate(rpm) 15 - 25
Plasma flow(L/min) 12 - 15
Auxiliary flow(L/min) 1.2 - 15
Nebulizer flow(L/min) 05 -1.0
Replicate read time(s) 5-10
Sample uptake delay(s) 30 - 45
Stabilization delay(s) 15 - 30
-9 -
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Thermo Co., USA), 7}8-4 1P E-L AT A|(#RX-50000, ATAGO Co., Japan)E
Ag3hed =5k

=250 AWslE A7 9ske] ZdMTE UV-Visble Spectrophotometer
(Cary 100 Cone, Varian Co., Australia)E ©]-8-35}] 540nmollA] S431F o, M=
S A A (#SA 4000, Nippon Denshoku Co., Japan)E ©]-83}o] L*(light), a*(redness),

b*(yelloweness) & 7433 Th

5. 2o F8 48 24

1) gd o

wagEel W BEe Ao A BAMA60 Easlch SAE 2mLo)
ferrous tartarate-89 (FeSO; 7H0 100mge} Rochelle salt 500mg2 100mLe] =57
TE 94 7E) 2mLe 42 & Sorensen’s phosphate $%-8<(1/15M
disodium hydrogen phosphate 8913} 1/15M potassium dihydrogen phosphate
LHG 841622 £, pH 75L 6mL FA7IstY HF HIS 10mLz 9HE UL
540nmol| 4] UV-Visible Spectrophotometer(Cary 100 Cone, Varian Co., Australia)

2 olg3tel FRES A

_10_



2) 74 B 7R

21859 7HZIE FHEQ] AHEHLE (H)-catechin(C), (-)-epicatechin(EC), (-)-epi
catechin gallate(ECg), (-)-epigallocatechin(EGC), (-)-epigallocatechin gallate(EGCg),
(-)-gallocatechin gallate(GCg), (+)-gallocatechin(GC), (-)-catechin gallate(Cg), caffein
S ¥ FEZ(Sigma Chemical Co., USA)Z 3}l HPLC (SPD-M20A, Shimadzu
Co., Japan)2 EA5}3 2™ (17), EEE
=2 3 4dske] ALk

Auz 8 A EAe

ity

L metanol2 £33} 1~200ug/mL &

2285 syringe filter(045pm)2 A 73k &

HPLCel| 10uLE Fstgen, £A427AL Table 3¢ LFeERA ATt
E3t o] 34t fuli= 60% acetonitrile¥} water/phosphoric acid(1000/10, v/v)
S ALE3IRN e, gradient 272 Table 40 UYEWy FFEEH A2rtETHY

< Fig. 2o YRl At

Table 3. Operation conditions of HPLC for catechin and caffein determination

Parameters Conditions
Column Shim-pack VP-ODS 4.6>x250 mm, C;s (Shimadzu)
Mobile phase A : 60% acetonitrile
B : water/phosphoric acid(1000/10, v/v)
Detector 280nm
Flow rate 1mL/min
Injection volume 10uL
Colum temp 40°C

_11_
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Table 4. Mobile phase conditions of HPLC for catechin and caffein determination

A(%) B(%)
Time(min water/phosphoric acid
(min) 60% acetonitrile (1050/15 )
, V/V

0 15 85
5 20 80
10 25 75
13 45 55
13.01 22 78
20 22 78
22 15 85
30 15 85
- 00 | 1P Byl 4

- g

P
| :

201
j B
] @

150

Fig. 2. HPLC chromatogram of catecchin and caffein. Retention time of GC
is 6.476, EGC 9.825, C 11.749, Caffein 12.339, EC 15.549, EGCG 15.881,
GCG 17.194, ECG 19.859 and CG 21.601 minutes respectively.

_12_
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=21859 & Z8#H %L Folin-Ciocalteu reagent’} F&&¢ Zdd#H &4 3¢
Ed o FdE Ay EgEd Hyoz LAsie dElE ol &3t SAHA

Z ZdE FFES syringe filter(045im)2 AFH =S8 200uLo] 2%
Na,CO3&9 4mLg 7}3F & 38 whx|sle] 50% Folin-Ciocalteu reagent(Sigma,
USA)Alekg 200ul  7hstsith. B3] 308 F wEde FEE 720nmol A
UV-Visible Spectrophotometer(Cary 100 Cone, Varian Co., Australia)E ©]-83}<]

FREE SR g0

2) FRAP(Ferric ion reducing antioxidant power)

521859 FRAP= ARSI E-Ao)| o3 ferric 2, 4, 6-tripyridyl-s-triazine [Fe
(IM)-TPTZ]°| ferrous 2, 4, 6-ripyridyl-s-triazine [Fe(Il)- TPTZ] TFEZ L FH
= 98E ol&stATH19).

FRAPE syringe filter(0.45um)2 o Z¥ SxpA|E 100uLe] FRAP-regent(25mL
acetate buffer, 300mM/L, pH3.6 + 25mL 10mM/L TPTZ in 40mM/HCl + 2.5mL
20mM/L TFeCl; - 6H0 = 10:1:1) 5mLE Azlsta ASs] 308 T w=x =
UV-Visble Spectrophotometer(Cary 100 Cone, Varian Co., Australia)E ©]-8-3}

5Bnmo 4] TF TS =A5Y)

3) ABTS(2,2'-Azino-bis-3-ethlbenzothiazoline-6-sulfonic acid) radical £~H%
21852 ABTS gtz AA%F 3L potassium persulfates}] HH2-of <] 3
A E ABTS - (2,2'-Azino-bis-3- ethylbenzoline-6-sulfonic acid) free radicalo] =}
%o] gse B4 o8] AAH radical S M FEAo] BAHE 2
22 o) §35rH20).
Syringe filter(045pm)2 o #}¥ =288 50uLo]l ABTS-reagent(7mM ABTS

oo

5mL¢} 140mM K;S,0s 88uLE EF3te] AEs| 1417 W8k £ 1ule} ethanol

_13_



88mLE E3F) 10mLE Hrislm  AHIE 208 T wkgAS  UV-Visible
Spectrophotometer (Cary 100 Cone, Varian Co., Australia)E ©]|-8-35}e] 734nmol

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

Asample . E]__%;Lg 'E—%E
Acontrol : ﬂ]—z—:ﬁcﬂ 'E—%E

o
I-
l"‘]

A= MinitabS ©]-835}¢] Pearson A%

o

L
n
7
il
-
olr
L
ki
S
ah
|
s
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2444

R (F 3-5),

24z} 7.78, 7.72 2 7.650|H,

T
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11ol4hez FEAD pH/F & AXL KAF 2 GAY

7115 VERf ST
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1 e HAY
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=
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Table 5. The physicochemical components contents of extraction water

Electric
Extraction water Company pH HardnEss conductivity
me/D)  (us/em)
A 7.78 18 70.30
B 7.27 22 76.00
C 749 37 112.10
D 741 42 106.40
E 7.14 48 128.43
F 7.31 52 133.30
Internal and external G 7.65 54 146.03
natural mineral water H 711 62 201.60
I 7.64 65 181.37
] 743 70 186.24
K 7.72 95 220.90
L 7.39 101 264.80
M 748 168 365.00
N 7.51 274 568.33

o] & AA}L BAF 2 CAM= Z4Z}; 18mg/L, 2mg/L & 37mg/Lo] HAEE eh] o
F2 FoEgen, NAL MAF 2 LANE xbd|2 274mg/L, 168mg/L 2 10Img/L
#e Vel 47 Ay, S5 A, B A dgds o ¢ s A

ﬁ

AFSR HE AR olBEEe AR AlE TIAY A5 Th

=
A4 9 B 5 AARFA 54 Aol e Ao YAwk

A5z AT B 4B 748 e TR 3 viny o g Ho)
SlE EA 2717 o] (Ca, M) 41510} Table 6ol JERITE Ca(Z4)9] 3
* NAbel Aol 369mg/LeE b =S WS U v, AL AES
25mg/Le 7P v FHS Urhigen, B $% o Jdsid NAPM
APBPKABFARSTAIAIGAB LA EAISHARDAB-CABBAAAL R LFERT

Mg(rt2ul49) 3l A9 NAL A|Eo] 263mg/Loz 718 =& ke ElY

_16_
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T the-o] LALR 14.7mg/LE UEeERd ¥, BALS} CAY] AEL YAl 1.0mg/L
o= 7P ¥ e JERiH
U] He ME 27FA|(Ca, Mg) F714E S 248 27 dwtdez Cagt
Zo] Mg B @ten, NAF AlEL 271A|(Ca, Mg) 5
e = &9 Zgol 2mg/L FREW SASEZE W 2ol Asia
dmg/Lo|H Bto] 2tk a}em, rl1vlES 2mg/L Al gho]l Fasiditta s}

A TH21).

Table 6. The mineral contents of extraction water

Extraction water Company Ca Mg
(mg/L) (mg/T)

A 25 24

B 7.7 1.0

C 9.0 1.0

D 97 1.5

E 13.2 2.6

F 20.5 3.9

Internal and external G 16.5 1.3
natural mineral water H 10.2 8.3
I 18.2 2.0

J 20.2 2.6

K 27.0 47

L 14.6 14.7

M 31.9 6.2

N 36.9 26.3

2. =apegel olslaty 48 84

27te] Y25E ol§ste] A2F =R pHE Table 78] Uehhgch 325
2 AEE HE 4B pHE 32 7178 Ao}, 234% 53289 pHE

_17_
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Avbror YolHy =AFEHEE pH 2pol& UERH. FE53 5l 7 & |
32 Uehd =388+ AALEA] pH 7.78¢14 pH6.50+0.028 ol ubE, NAL,
Ab, MARE 751, 7.11, 7484014 742+0.02, 6.89+0.02, 727+0.06°.2 o}

F =227 pH Aol

—_

3}

=

AgetAE o pHE

Table 7. Changes in pH of green tea after 7 days storage period

'T'%j\] —

=2 pHE 1}

Hasivta B

Company ~ Extraction  Just after Storage temperature (C)
water extraction 4 25 55
A 7.78 6.50+0.02 6.49+0.05 6.32+0.01 5.80+0.08
B 7.27 6.54+0.05 6.55+0.01 6.42+0.04 5.92+0.06
C 7.49 6.73+0.02 6.73+0.05 6.53+0.05 6.24+0.03
D 741 6.72+0.05 6.61+0.04 6.60+0.06 6.15+0.07
E 714 6.78+0.03 6.79+0.06 6.74+0.04 6.40+0.05
F 7.31 6.89+0.03 6.82+0.06 6.78+0.03 6.44+0.09
G 7.65 6.90+0.03 6.77+0.02 6.71+0.04 6.46+0.09
H 7.11 6.89+0.02 6.85+0.06 6.72+0.03 6.57+0.04
I 7.64 6.91+0.04 6.88+0.05 6.65+0.05 6.51+0.05
J 743 6.89+0.02 6.79+0.05 6.68+0.06 6.45+0.06
K 7.72 7.02+0.03 6.94+0.02 6.96+0.02 6.73+0.02
L 7.39 7.08+0.01 7.02+0.03 6.81+0.07 6.77+0.05
M 7.48 7.27+0.06 7.11+0.05 7.05+0.05 7.06+0.06
N 751 7.42+0.02 7.28+0.02 7.26+0.02 7.02+0.05

_18_
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AR FARR 032£0.02 °BxE WEhlen, A {2 53559 7184
TFPE TS 0354005 °Bx HAW ] zES ERY O] & Aolrt gt

Y2 FHe B2 A 3NHE4E gasE ATl Jvw
e

Table 8. Changes in soluble soild of green tea after 7 days storage period (°Bx)

= Just after Storage temperature ()
ompany extraction 4 75 55
A 0.33+0.01 0.33+0.04 0.32+0.02 0.33+0.03
B 0.33+0.02 0.33+0.03 0.32£0.02 0.33+0.03
C 0.34+0.02 0.35+0.02 0.33+0.03 0.32+0.02
D 0.35+0.01 0.35+0.02 0.32+0.03 0.34+0.02
E 0.33+0.03 0.33+0.01 0.32+0.03 0.32+0.01
F 0.32+0.02 0.32+0.01 0.32+0.02 0.31+0.02
G 0.33+0.02 0.33£0.02 0.33+0.02 0.33+0.03
H 0.33+0.03 0.32+0.01 0.34+0.01 0.32+0.03
I 0.34+0.01 0.33+0.02 0.32+0.01 0.32+0.02
J 0.34+0.01 0.32+0.03 0.33+0.03 0.32+0.01
K 0.34+0.02 0.33+0.03 0.32+0.02 0.32+0.02
L 0.33+0.02 0.35+0.01 0.34+0.01 0.35+0.03
M 0.35+0.02 0.37+0.02 0.35+0.03 0.35+0.02
N 0.36+0.03 0.37+0.02 0.36+0.02 0.35+0.02
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Table 9. Changes in browning of green tea after 7 days storage period

~ Just after Storage temperature (C)
e 1YY extraction 4 25 55
A 0.40+0.02 0.38+0.02 0.39+0.01 0.47+0.01
B 0.39+0.01 0.39+0.01 0.44+0.01 0.50+0.02
C 0.45+0.03 0.44+0.02 0.45+0.02 0.48+0.01
D 0.45+0.02 0.43+0.02 0.44+0.02 0.51+0.02
E 0.52+0.02 0.50+0.01 0.52+0.03 0.60+0.01
F 0.49+0.01 0.50+0.01 0.52+0.01 0.61+0.04
G 0.49+0.02 0.51+0.02 0.53+0.01 0.55+0.01
H 0.52+0.02 0.52+0.02 0.53+0.02 0.59+0.02
I 0.58+0.03 0.52+0.02 0.55+0.01 0.66+0.02
J 0.53+0.02 0.52+0.01 0.54+0.04 0.61+0.05
K 0.59+0.01 0.58+0.01 0.64+0.01 0.74+0.02
L 0.70+0.02 0.69+0.04 0.80+0.03 1.00+0.04
M 0.76+0.04 0.72+0.02 0.76+0.03 0.91+0.03
N 0.93+0.03 0.89+0.03 0.92+0.02 1.15+0.05

AT =& NAL LA 2 MAL=
< Yehd wh, e U AAL
0.50+0.02]

e Uehilol TAET} b e

z¥z} 1.15+0.05, 1.00£0.04 2 0.91+0.03¢] 7t
CA} & BAR= z}z} 047+0.01, 0.48+0.01 &
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Table 10. Changes in lightness(L) of green tea after 7 days storage period

Company e])g;; C?iféir - Storage ter;Sperature (C) —

A 98.63+0.02 98.41+0.03 97.87+0.05 94.62+1.17

B 98.44+0.04 98.19+0.30 97.21+0.59 94.47+0.91

C 98.35+£0.17 98.25+0.15 97.51+0.56 94.29+0.41

D 98.54+0.13 98.21+0.21 97.86+0.37 93.20+1.90

E 98.17+0.12 98.04+0.25 97.54+0.19 93.92+0.48

F 98.42+0.02 97.77+0.45 96.92+0.71 93.82+1.06

G 98.49+0.06 97.97+0.16 97.29+0.58 93.71+0.62

H 98.17+0.10 97.84+041 97.50+0.24 93.55+0.60

I 97.89+0.10 97.08+0.84 95.80+0.08 92.01+0.73

J 98.14+0.11 97.26+0.72 96.86+0.51 93.42+0.51

K 97.60+0.02 97.02+0.14 96.59+0.34 92.81+0.44

L 96.71+0.17 95.59+0.18 93.48+1.22 88.95+1.12

M 97.21+0.27 96.13+0.73 95.14+0.67 89.85£1.01

N 96.11+0.45 94.93+0.86 94.88+0.58 85.49+0.42
FgEE 833:011¢ UEhle 7 1% =42 HA 4Csh 5TAN A%
B W AwHeR =TI} oy FasFor), SSCAME Sas FH3 g
& Shn 9% HRAgEE AAEE YBIIE gtk 58, 5C A% F A%
S84 NAL MA 2 LAY BEiBe 229 =488 A% AN57) 2z 7.58

+0.70, 4.09+1.19 2 251+0442 e} Zlo =z o] Zsjo| 713 whalsr AAL BA}
735 Z}7z}; -3.02+0.15, -3.04+0.28 B -244+1.022 Atjyoz o
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Table 11. Changes in redness(a)

of green tea after 7 days storage period

c Just after Storage temperature (C)
ompany extraction 4 25 55
A -5.88+0.12 -5.77+0.29 -5.44+0.22 -3.02£0.15
B -5.77+0.13 -5.75+0.21 -5.43+0.06 -3.04£0.28
C -6.59+0.19 -6.41+0.17 -5.65+0.48 -242+0.21
D -6.59+0.09 -6.23+0.19 -5.98+0.12 -244+1.02
E -7.07+0.12 -6.90+0.10 -6.53+0.18 -2.24+0.39
F -6.99+0.08 -6.65+0.25 -5.58+0.43 -1.95+1.01
G -6.95+0.23 -6.82+0.29 -5.80+0.94 -1.82+0.65
H -7.16+0.32 -6.90+0.27 -6.37+0.48 -1.47+0.83
I -7.68+0.18 -6.97+0.93 -4.95+0.10 -0.42+0.33
J -7.17+016 -6.55+0.55 -5.69+0.79 -1.23£0.48
K -7.20+0.29 -6.46+0.18 -6.23+0.38 -0.10+0.12
L -7.61+0.30 -6.48+0.38 -4.46+1.01 2514044
M -8.02+0.27 -6.81+0.57 -4.85+0.87 4.09+1.19
N -8.33+0.11 -7.00+0.41 -6.35+0.28 7.58+0.70

Table 12. Changes in yellowness(b)

of green tea after 7 days storage period

Contpany Just after Storage temperature ()
extraction 4 25 55
A 15.34+0.61 15.06+0.87 16.06+0.82 31.33+£0.76
B 14.78+0.44 15.61+0.38 16.82+1.05 29.75+2.24
C 16.78+0.75 17.08+0.63 18.35+0.84 32.04+1.13
D 16.64+0.24 16.65+0.38 17.45+0.49 34.73£3.66
E 18.25+0.42 18.80+0.28 19.86+0.28 34.86+0.58
F 17.71+0.27 19.17+0.86 19.41+0.59 32.16+1.53
G 17.55+0.59 18.34+0.99 19.12+0.84 33.18+1.44
H 18.21+0.72 18.85+1.00 19.79+0.44 34.20+1.47
I 20.43+0.71 22.06+1.31 23.00+0.50 39.13£1.66
J 18.72+0.75 20.32+1.12 21.13+0.72 34.09+0.82
K 20.75+0.12 21.25+0.42 23.14+1.21 33.68+1.40
L 24.39+0.35 25.23+0.81 30.63+1.15 42.04+0.74
M 24.77+1.11 24.66+0.72 26.61+0.65 34.41+0.63
N 28.37+0.78 28.14+0.93 28.80+0.99 35.63+0.47
— 23 —
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Fig. 6. Changes in EGCg of green tea after 7 days storage period.
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Fig. 8. Changes in EC of green tea after 7 days storage period.
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Fig. 9. Changes in ECg of green tea after 7 days storage period.
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Fig. 10. Changes in C of green tea after 7 days storage period.
Fig. 11. Changes in Cg of green tea after 7 days storage period.



L
A A

(=] [==] =] =) =]
=3} 5] ~ frs) b5

{(1/3w) sjusiuod 355

= (=] =2 = = (=]
'] sl =

N4°C E25C B55C

L1 Just after extraction

Fig. 12. Changes in GCg of green tea after 7 days storage period.

{(1/3w) sjuaiuco oo

N4:c B25C B55C

[1Just after extraction

Fig. 13. Changes in GC of green tea after 7 days storage period.

_32_

@ jeju



=2 Az FANA FEAEAA wet Adstel o] kg e g A

W7t AT skglen, ojo A9 Qe £FE FEF =

ZH 719 ()-EGCG, (1)-EGC, (-)-EC, (-)-ECg7} F7}3+ wid, o] &o] wo| Ffd

TEER F&3 A<= non-Epi¥ 7Y ()-GC, (-)-C, (-)-GCG, (-)-CC7F F

7hetAW WSkl Ae gl =3 =

g % 20C, 40C, 80C, 100C=E 20%& < 7HE3 2% Fx5< 40C, ©F<
C

i
)
N
l
i
2
e
)
off
k1
o
N
o)
N
o
b
N

3) 7} (caffein) =

7HAS 44 B ol=zg T Al e AR deld vk HPLCR £
A3k Zx25 9] 7hdd S Fig. 140] Ve AT

Antroer RE S2ERS] 79l FFL 200420mg/L H L] & e
11 FE2HF =2 FF2 Ve S35 EAL LA B AAF ol #Z
03.02mg/1, 201.63mg/L 2 201.03mg/L2 <2l e T3S vehd wid,
e s Ul =328E KAL FAF 2 CAF €02 7H7h 186.42mg/L,
184.24mg/L, 183mg/LZ =S4 = AT

)

20

55CAY T =2 %2 uUekd 5aALs= EAL 1A 8 LA ojz 7
204.84mg/L, 198.95mg/L 2 19821mg/LZ el uid, to ke Ui =
8- 5= FAL GAF 2 Caleld, Z+z; 183.26mg/L, 184.57mg/L 2 184.98mg/L
2 AT AAFHeR 74T AR V1% T AT 2=V wokAHEE g

T SAEES FHEd FEee & Wilvb glol o s HHsite e d
T UATH
E=31S 858 Alzsle] LA 577 HAstHA FlEQ wWaE BRs Ay, 1%



2ol e 8.25mg/100g, 55t & 822mg/100go.2 7)<l FHeke] wsle A ¢l
ohe BaRleh 2 AF 2= fAHoh

Asd 22e A=A g8 B2 3le 23 Hikb=e] shuis ok T+
=3] °] % phenolic hydroxyl7]7} @94 5l 7|g} A= 23s
= 4Zo] Aot @it 5o A 7leS UEhITH1Y).

=x1eme] 2 ZEds IS Fig 159 JeIYh Awrgoz AZ77 &
BTt 225, JEFY oYl Bers F ITvs IS Aadie
Fe U FE2AF F F2ldlE 992 DAPAAPEARBARGARIAEIARH
ABFABCAPTARPKARPMARNAL =02 £ UElsL & ZFde o & =

2

o

ae8E DAL AA} 2 EAMR 742} 75246mg/l, 74347mg/L 2 72869mg/LE 1}E}
, HEol ¥ SAFEE NAL MAF 2 KAREA Zbz} 504.07mg/L,
543.51mg/L % 563.98mg/LE JERAITE

S5CAE = & e Tl =AW BAL AAL S22Ew 7247} 618.34mg/L,
61338 mg/L.o] ZES e e gEkel NAL MALe]l =x185= Zhzh 48841
mg/L, 49746 mg/L2A HI Tkl BARE HA kel Nl w)s] oF 21% =&

e etk

FE259 AITke] dojd4E F EEE Adeol At Ao dQle Ad
o o8] AAMEE FHEZ ] reductone FolA catechol, hydroruinone T3} Z

L aromatic acid-reductonefi7} AAE 7] WEolH, & =3 F& A SxF Zd=E
Z7le) Ca, Mg 22 o|25°] Adstr] m&iEo|th24, 25). & AFoAE Ca, Mgs
7E Bt

olegFol e =AFRA F Felvls gupel e A

=

_34_



{1/3w) sauauod jousydijod [eioL

N

Ng°c H25°C B55¢C

O Just after extraction

Fig. 15. Changes in total polyphenol of green tea after 7 days storage period.
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Fig. 16. Changes in FRAP assay of green tea after 7 days storage period.
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Table 13. Analysis of correlation coefficient (Just after extraction)

Functional consituents of i i
Quality of extracting water
green tea beverage
hardness electr.lc : Ca Mg
conductivity
H 0.918 0.933 0.913 0.755
Physicochemical P
Browning 0.965 0.975 0.850 0.860
components )
Soluble soild -0.012 -0.054 0121  -0.115
Tannin -0.918 -0.923 -0902 -0.775
Total catechin -0.912 -0.926 -0914 -0.744
EGCg -0.914 -0.928 0924 -0.734
EGC -0.889 -0.911 -0902  -0.726
EC -0.849 -0.824 -0.928  -0.627
Effective
ECg -0.813 -0.831 -0.858  -0.635
components
GC 0.184 0.254 0.399 0.050
C 0.907 0.882 0.743 0.723
Cg 0.881 0.889 0.863 0.755
GCg 0.146 0.116 0.302 0.102
Caffein -0.116 -0.204 -0.323  0.035
Total
-0.768 -0.790 -0.791  -0.650
Antioxidant | Polyphenol
. FRAP -0.904 -0.923 -0.893  -0.788
activity
ABTS -0.964 -0.969 -0.888  -0.820

FastE S JERE £ Z8 9 E, FRAP, ABTSS! A9E A%, AVAEE &
Caste] A#AAFTE -0782~-09692 vElHoH, Mg#e HAAFE -0.665
~08472 AWMAo 7T AT, AV|HAEE ¥ Caktt @2 29 ABBAAS JER)
At
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Table 14. Analysis of correlation coefficient (4C)

Functional consituents of i i
Quality of extracting water
green tea beverage
hardness electr.lc : Ca Mg
conductivity
H 0.903 0.925 0.879 0.781
Physicochemical P
Browning 0.964 0.976 0.857 0.875
components )
Soluble soild -0.012 -0.054 0121  -0.115
Tannin -0.891 -0.909 -0.879  -0.765
Total catechin -0.907 -0.920 -0922 -0.744
EGCg -0.885 -0.904 -0916 -0.710
EGC -0.838 -0.865 -0.899  -0.682
EC -0.746 -0.806 -0.822  -0.655
Effective
ECg -0.788 -0.836 -0.806  -0.684
components
GC 0.035 0.103 0.286  -0.022
C 0.843 0.813 0.627 0.727
Cg 0.947 0.949 0.847 0.781
GCg -0.236 -0.176 0.019 -0.311
Caffein -0.259 -0.273 -0459 0127
Total
-0.782 -0.810 -0.815  -0.681
Antioxidant | Polyphenol
. FRAP -0.912 -0.930 -0.874  -0.802
activity
ABTS -0.886 -0.902 -0.869  -0.748

_40_

@ jeju



Table 15. Analysis of correlation coefficient (257C)

Functional consituents of i i
Quality of extracting water
green tea beverage
hardness electr.lc . Ca Mg
conductivity
. . pH 0.899 0.897 0.932 0.730
Physicochemical
Browning 0.923 0.940 0.821 0.862
components .
Soluble soild -0.060 -0.212 -0.212  0.064
Tannin -0.894 -0.912 -0.859  -0.791
Total catechin -0.863 -0.894 -0.895  -0.708
EGCg -0.854 -0.876 -0.894  -0.684
EGC -0.818 -0.844 -0.876  -0.664
EC -0.669 -0.786 -0.769  -0.563
Effective
ECg -0.771 -0.811 -0.807  -0.650
components
GC -0.109 -0.041 0142  -0.148
C 0.748 0.720 0.572 0.647
Cg 0.902 0.908 0.812 0.730
GCg -0.233 -0.163 0.044 -0.254
Caffein -0.222 -0.229 -0404  -0.086
Total
-0.838 -0.854 -0.857  -0.665
Antioxidant |  Polyphenol
. ) FRAP -0.921 -0.937 -0.864  -0.826
activity
ABTS -0.949 -0.951 -0.878  -0.817
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Table 16. Analysis of correlation coefficient (55C)

Functional consituents of

green tea beverage

Quality of extracting water

hardness electr.lc . Mg
conductivity
. . pH 0.827 0.854 0.872 0.656
Physicochemical
Browning 0.912 0.926 0.785 0.880
components .
Soluble soild -0175 -0.259 -0.469  -0.058
Tannin -0.945 -0.946 -0.907  -0.780
Total catechin -0.949 -0.958 -0.893  -0.832
EGCg -0.863 -0.885 -0873  -0.729
EGC -0.799 -0.829 -0.860  -0.657
EC -0.732 -0.481 -0.822  -0.630
Effective
ECg -0.451 -0.508 -0.668  -0.300
components
GC -0.814 -0.781 -0.536  -0.797
C 0.832 0.857 0.847 0.662
Cg 0.679 0.731 0.650 0.670
GCg -0.966 -0.957 -0.835  -0.864
Caffein -0.043 -0.043 -0167  0.013
Total
-0.852 -0.863 -0.865  -0.722
Antioxidant | Polyphenol
. ) FRAP -0.961 -0.968 -0.883  -0.847
activity
ABTS -0.969 -0.956 -0.875  -0.782
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