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Quality Properties of Green Tea Prepared with Alkaline Ionized Water
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Abstract

The physicochemical characteristics of green tea prepared by four kinds of alkaline ionized water (AIW;
pH 857, 8.85, 9.23, and 10.06, respectively) were evaluated. Green tea was made by soaking commercial green
tea leaves in AIW at 75°C for 10 min (1.0 g/100 mL). Total phenol contents, total flavonol contents, and ascorbic
acid contents of green tea decreased with increasing pH of AIW. Increasing pH of AIW tended to decrease
lightness (L) and redness (a) of green tea but increase yellowness (b) in Hunter color values. The amount
of epicatechins and radical scavenging activity of green tea also decreased with increasing pH of AIW, while
caffeine was not significantly affected. Tyrosinase inhibition activity was the highest in AIW of pH 8.85.
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Zah= &} gloka BaElvh(10). i o] o] 24
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gl o] 320 dAste S Rolu(1l), T
3 &4 39| 344l hexokinase?] A& 14314 S7HAI
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gallate(EGCQ), (+)-catechin(C), (-)-catechin gallate(CG),
(-)-gallocatechin(GC) = (-)-gallocatechin gallate(GCG)+=
Sigma Chemical Co.(St. Louis, MO, USA)el|4] T3}t
w3k 719 <l 1,1-diphenyl-2-picrylhydrazyl(DPPH), =&
<-(analytical grade), 85% orthophosphoric acid, tyrosin—
ase, L-tyrosine, vanillin®} gallic acid® Sigma Chemical
Co.dl A F-913t v} Folin-Ciocalteu A2k Wako Pure
Chemical Industries, Ltd.(Osaka, Japan)ellA] F<]sted A}
gaholth. 7 99 AFEE BF $AE ol4E TYshe]

o) g-shalck.

0|24 ORPEHN 4 =4t FEE M=

3} Az SR o] 43 ] o] g o] AT
(KYK9040 Gold, A9 AZAF, HL&)E5E AzxH = 47}
2 d7e] o) &pE Algdlgon, WETFR FHT A2
(2d, 2A)E ol 43l Ax3 SF/FTF ol 83k A
o A3 2E &2 pH meter(F istek pH-200L, Seoul,
Korea)9} 4Fa}8Ed A 2] &3] 7] (Themo orion model 9204,
Beverly, MA, USA)2 pHe} Arstsk1 A 9] 8 23319l o)
=319 A= 1 g2 100 mLe] oZ2E o242 & £
(75°C)ol A 10387t &3l A5 Axstdct 7 525
Whatman No. 1 32| & o #}3lo] zpzhe] o 3o F4 o)
Abgslgon, & AP 9 93] vbE- AgS AAE

Z oz gtE
% & =2 Gutfinger(13)9] #h-& W3 st 233}
Aok 24 2 A2 1 mLE A3t 2%(w/v) Nax:COz8-%

mLE 7}et3 387 Wb & & 50% Folin-Ciocalteu A 2F
02 mLE 7}sbe] wh-5-AA 30482k Aol A WAkl et o]
E3ES 1087 13400x gollA] QA= T 3 AAY 1
mLE #3}o] 750 nmel A FJ=E A8 & =
ke gallic acidE o] &3te] AT TFFALE me/g

92 el

£ Zopmbs gt
% Zojubs ¥ERE Price $(14)9] W& w3 ste] 24
steich 2+ Ba A8 1 mLE #3be] 2.0% vanillin(8.0%
methanolic HCD)-&9} 5.0 mLE 7}3le] 20 r‘% Ab-g-oll 2] ub
2A1Z F 500 nmel M FFEE FAsAC (H)-7H S
EEEAR slo] FegaS sl & Fehuls s

N

ofATEEAM B2t

olAz 2Bl ek Sikic 5(15) W& Wi ste &
Aetglch. 3 AR 1 mLE 1027 10000 goll 4] 9%
2]3F & Ak} 05 mLE 3} trichloroacetic acid(5%)-4-
of 2 mLo} &3l 1087k 15000 % goll A 14122 stsdct
AFA e 1 mLel] 0.1 mLe} 8% orthophosphoric acid, 0.1
mL¥ 8% a,a-dipyridyl chloride, 22l 0.1 mL¢] 3%

aqueous ferric chloride 0.1 mL8} &33}o] A2 4] 147k

A7l F 525 nmell A R EE S48 ofaze s

Ab §Feke [-olAF B HARS o] &-3)o] 2FARE HETA] 0
Z L-olAzmEHAO 2 FHAFsle] mg/g @92 viehiiglch
Mo EX

o] 247} Hate] A% Wzl v]X = QAgE BAE] ¢
ste] Y A}A|(Spectrometer CM-3500d, Minolta Co., Ltd.
Osaka, Japan)Z& °]-8-3le] Z3A3}5]t}(16). Hunter color
L(lightness), alredness), b(yellowness) Zt-& 33| HH& &3
stod FA A3t

HPLC 24
7}e) 717-2] £4] ol &= HPLC(Shimadzu, Kyoto, Japan)&
ARE3lH 21 (17,18), o]+ CTO 10AVP column oven,
LC-6AD pump, SIL-10ADVP auto sample injector 22| 2L
SPD-10AVP UV/VIS detector® 4 5 21 2.5, 210 nmol|
A FHEE SAsledrt. 43S Shim-pack CLC guard
column(10x4 mm)e] ZA ¥ Shimadzu Shim-VP ODS
column 5 pm(250 X 4.6 mm)-& A}&-3}gl o, 248 2=+
40°CRE. A3kt o] 548 4= A+ 0.1% orthophos-
phoric acid(v/v, in H:0)e]®, BE 0.1% orthophosphoric
acid(v/v, in methanol) & A48t} o] FAF &2 1.0
mL/mine] ¢ 7, &1 FHlE 0~58 BEul] 409%, 5~12%
B4 40~50%, 12~27% B&9 50% & A1, 27~30% B
L 50~20%, 2] 3. 30~35% BEtf 20~0%=2 vk
2oz 215 &3
=3} Al 0.1 mLel 0.041 mM DPPHAI2FE 09 mL #7}
b 10% Fok Al F 517 nmell M FREE FA 3}

L, ohe] Al s BHdZ 2% T 09).

% DPPH radical _ Acontrol_Asa.mple

. = x 100
scavenging activity

Acontrol

Tyrosinase 9A| gt

=2} Al B 75 uLd 0.05 M sodium phosphate buffer 105
uL, tyrosinase 15 puL(1500 U/mL), 1.5 mM L-tyrosine 30

WS A7HeE 3 37°Cel A 1582k WFS-AIZ] 3 490 nmell Al
228} vh20). APT WA tyrosinase WAl bufferg:
A7 skl
activity(%) =[N 2T FF = — AI L FL=z A3+
BA/ A= F3=
EAIXz|

dlole| o] EAA = 2 A 8E 03] HEE-2.2 Pz
o), SAS(Statistical Analysis System)& o]-&3}o] 73}
X323 Newman-Keul's multiple range tests2 3%k

Eoll Al feAdEe AAsATC.
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Table 1. pH and oxidation reduction potential (ORP) of
alkaline ionized water and distilled water used for pre-
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Table 2. Total phenolic contents (TPC), total flavonol
contents (TFC), and ascorbic acid contents (AAC) of green

paration of green tea tea prepared by alkaline ionized water' (mg/g)
pH pH
Expected  Practical ORP (mV) 750 857 8.85 9.23 10.06
Distilled water 7.0 7.50 264.5 TPC 204122 196.16°  18236™  18047™ 17599
Alkaline stage 1 85 857 -205.7 TFC 26.97° 26.04° 25.66" 23.95" 23.09°
Alkaline stage 2 9.0 885 -243.7 AAC 2492 24.12°  2326™ 1669 11.99°
Alkal{ne stage 3 95 9.23 3246 DGreen tea was made by soaking the leaves in water at 75°C
Alkaline stage 4 100 10.06 ~340.2 for 10 min (1.0 g/100 mL). ZDifferent letters within a row in-

All values are mean of three repetition measurements.

A o 0y

otziz] ojsel pH 3 hsteeid el

2 Aol o] 40 el o] 259 pHst AbskaAAS
(oxidation reduction potential, ORP)Z 23A 3}¢] Table 1¢]
vt} o2 Al 379 dte|g 1A, 29HA], 394,
417 2] pHE 22} 85, 9.0, 95 23 2 10022 A A =]
glalent AR A3 Axe 7zt 857, 885,923 18]
1006015t} =3k, £ Aol HE2FE o] & FHTE
AA pHE 7502 S =it &4, Absskd A9l o™
EAo] A dz A E AV £ AxE vy 245
E % A Jedls AR 1 gle]l g 3
Ho] =oh(22). ¥ Aol o841l o] 24 pHIt e
ORPzte] Fdi= v, pH7} ¥&55 ORP7} Ftaste 7
& He dEge] FHo] S FAF 4 Ut

£ diE =2t £ Zeils g2 olazm=gat Btat

HEE AT AL A ol 2AA G2 o
v tlekilt #3125 7] &), o] ol phenolic hydroxyl”]
7 @A g sle AR RS Agshs 4ol Jet,
FWE B s Folo AE w2l Frel T WYt
o) Hakat S A2l B dehiich HabelE Eehubs
Zepetice] =, dlm4l 52 A7 /-2 FelvlE seel
F-RElel ol olzdt Feldlw AP EEL FA Fo4
AEEA 0 F 71 o] Q= AH-eln, FepulEe I3t
o F5 Za|HE 33 Eolth(23). de] o] 24E o]-&3)
of BAE Azt of dE g, Fehbs 3, olazm
Zuabe] e 245 Table 201 thehile).

% E 9ot & Sehaly 9%, 291 olamena
ek pH 75098 B2 2|23 HxjbellA 27 204.12, 26,97,
2492 mg/g % FVAF Eokew, pllrt Z/VRSE Ztaste
7A8E ¥ pH 10069 ] o] 242 A|Zq Fa}ol|A
L 71 o} 247} 17599, 23.09, 11.99 mg/e) ke 14l
o} o] ake] AR %A Al zAlo o] 85 &9 pHiE 3}

nL>

i

=

M

ol T $5 2o} FEel 2| Slofst, pHA 3
ALrS 2% AR 3o ¢ 4 Aotk

ME &

wa}e] AEE B3 Prhe] FoF F FFOEH 715A

dicate significant difference (p<0.05), n=9. TPC, total phenolic
contents; TFC, total flavanol contents; and AAC, ascorbic acid
contents. All values are on a dry green tea leaf basis (mg/g).

Table 3. Hunter color L, a, and b values of green tea pre-
pared by alkaline ionized water®

pH
750 857 8.85 9.23 10.06
L 94782  94.03° 94,12 9483  93.45°
a -2.83° -517° -549° -5.324 -5.29¢
b 12.92° 19.84° 21.05 2059°  23.06°
AE 0 7.34 858 8.06 1052

YGreen tea was made by soaking the leaves in water at 75°C
for 10 min (1.0 g/100 mL). ?Different letters within a row in-
dicate significant difference (p<0.05), n=9. L, degree of light-
ness; a, degree of redness; b, degree of yellowness; and 4E,
overall color difference. AE=[(AL)%+(da)’+(4b)41"2,

ol ZA #AG} £ AFAAM AxF o]25 FaY
Hunter A% W3}E Table 3¢ vebligic}, WS el
£ L3 pH7E Bl % ot Alasts S Bied,
pH 7509 -2 Al23F =3+ 94.780]91 1 pH 10.069] 424
2] o] 242 A2 7Sl H = 93452 ST 4=
A= ZrAaste 78S 1o pH 750904+ 28301912 pH
10.0691 4= -5.2901¢1 2}, A% pgk2 pH7} 715
oz} Z7}ste] pH 750904 12,9201 2 pH 10.06°1 4=
23.069] k& ¥ %t} National Bureau of Standards(NBS)
o] A ool mlel AA|AH Q] MAxf(total color difference, 4E)E
vims] B, AEES] M-S NBSY 7|$2= & o pH 750
o 22 Az FA AL /|FeE ¥ u 2E e

o] 242 AT HA A= tE&2F FAte vl F3] dA
g o] (6.0~12.0)F R TH24).

0|2 =Ate| FHIZIF Y FtH/el

Eate] gzl R E e FASAR 5219 g4t
I, A dulas), dgas 5 ol rl A S 9eEl
= 751 Ao, sl -?—’?“4178‘ TE 3F I ok,
Y235 aHo] girh o] 25 53t sHe| A2} st <l
4 #43}o] Table 4¢ll »}EM sith pH 7509 & A|z3}
932 1 epicatechin®-4l| 4]+ EC 647, ECG 2.70, EGC 24.40,
EGCG 19.00 mg/g®] 3, epicatechin epimerf-oll4]+&= GC
092, GCG 1.33 mg/gel 1, GAE 045 mg/g2.2 ZAH =S
o}, E3 Az o] 43t e o] &4 pr}t SRS

bole
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Table 4. Catechin components and caffeine of green tea

prepared by alkaline ionized water” (mg/g)
pH

7.50 857 8.85 9.23 10.06
EC 6472 669 579 5.80° 5407
ECG 2.70° 2.80° 134° 1.91® 1.76™
EGC 24.40°  1966° 1479 11.48% 8.31°
EGCG  19.00*°  16.06° 8.00° 8.16 7.94°
C - - 0.40° 0.64° 0.81%
CG - - - - -
GC 0.92%° 1.17° 0.93® 1.04° 094
GCG 1.33* 0.94° 0.71% 0.56° 0.53°
GA 0.45° 057 0.56% 0.60™ 0.73*
Caffeine 1590°  1592°  1550° 14.97° 1487

Total 71.17 63.81 48.02 45.16 41.29

UGreen tea was made by soaking the leaves in water at 75°C
for 10 min (1.0 g/100 mL). “Different letters within a row in-
dicate significant difference (p<0.05), n=9. EC, (-)-epicatechin;
ECG, (-)-epicatechin gallate; EGC, (-)-epigallocatechin;
EGCG, (-)-epigallocatechin gallate; C, (+)-catechin; CG,
(=)-catechin gallate; GC, (-)-gallocatechin; and GCG, (-)-gal-
locatechin gallate. All values are on a dry green tea leaf basis
(mg/g).

epicatechinf& #r438le A3 Mo pH 10.069 2]
o]-24 Falo| A&+ EC 540, ECG 1.76, EGC 8.31, EGCG
7.94 mg/go)gtt. 2=, epicatechin epimerf-oll A= #laF
olg} & WiE & 4 gl thuk C7F pH 885 o AellA=
7335]"4 pH7} 3713 Zrlete A% Bolch &4,
7}#)8l& pH7} S5 g Hashe B3-S BN
o} fol3HE HolA ehopth A, =AM FA AR F
gekg 2 pH 7509 7129 mg/gs 7102 4R ol
9] pH7} 857, 885, 9.23 4 10,0622 F71%4% 6381,
4801, 45.16 2 4129 mg/g o2 7Hashslth

2ic|zh &AM =1t tyrosinase A BHS

gzt 4% A2 AF f2 =]zl DPPHE ©|
2-3ted Hxpobe] ub-g-of 9sled DPPH eft]o] ZHast=
A2 2339 cH25). Table 56 Vel AAH, o] &4
=2}e] DPPH Ht)Z 47%-& pH 750014 75.93% % 714

Eored plvl £718 5% Haste 4%S 2oloh 534
4719 #E57] 44719 d# ke pKae EC, EGC, ECG,
EGCGelA 7+ 868, 7.87, 7.74, 7599 k& A=, e

Table 5. DPPH radical scavenging (RSA) and tyrosinase
inhibition activities (TIA) of green tea prepared by alkaline

ionized water” (%)
pH
7.50 857 .85 923  10.06
DPPH RSA 75937 6332* 6323*  6158° 57.20°
TIA 2077°  2904° 3385 2351 21697

UGreen tea was made by soaking the leaves in water at 75°C
for 10 min (1.0 g/100 mL). DDifferent letters within a row in—
dicate significant difference (p<0.05), n=9. DPPH RSA, 1,1-di-
phenyl-2-picrylhydrazyl radical scavenging activity; TIA, ty-
rosinase inhibition activities.

elAdrae JHASE 2 GakstE S Helrka By
ArH26). 7HelZ1 8] FAkstE S F-tete = o8 dAke
& phenoxyl #6243} semiquinoid 2e]e] ABAde|t},
ol21&t vl A & =itz wkd 5 gle,
phenoxyl tt}zte] EC, EGC, ECG, EGCGY a4+
7}z 46, 55, 4.3, 4.4°1vH27). wetA, o] & 7hElZ1E pH
SR} ¥ dYeM F4 ?’E}"Pi}@, e}, e o]
F-2] SOD -FAF 842 Eo M= gk 3}H, 121°Ce]
B LxdAE 3L o T;LL 215 YcH10). ® AT
ol A9l o] o] 255 o] 43 ¥AY Alze T5°CAA 10
E7r F&3te] Alzslg e, ol ¥y o2 AHA Y
SOD A Aol &= & mlAA] e 7o) ARE & A
F-ol o] &% obE] ol 24 T pH 5 o] Ahe 74
i) 27522 Akt & SA gl enR T Aol
F2 553 7719 Fel T2 & ALor A4t
oy Mie A3 AZQY tyrosined AR ty-
rosinase®] &.A2Hg-¢) 2|8l A E = dopaquinone F %=
AL Afrato] opvlical W gkl wto] F3k-g-o 2 AJA
Hid =319 gallocatechin¢} epicatechinfF7} ty-
rosinased] &k A s)%o] Foba RuEcH28). B Ay
~9] k2] o] &= pH 75001412 20.77%] A &llgell Bl
pH 8.859] 4] 33.85% & 71 otk dubd e g =19 7}
€7l & EGC%} EGCG7} 714 %2 tyrosinase A 85= X
o] A wk(28), Table 4|4 A& pH 7.5014 2} EGC, EGCG
o) 7 T2 o2 Mol pHY 3% e tE AAE

o ojgel Qg & 4 geh

A5l 2 9l 31U 75°ColA LdE] o] g 108
Zslo] A5 A 23 ), Eejdhy 545 4519
o] 2 AT HAbe F dw P, & Eohul
Feka) oyxzm e vl Fekd pHyt S aE st
4 wgltl Hunter % L, a, b3t pH 7}l tﬂra}
e, A, SV AR % "}5}‘41314 xape]

2l epicatechin9] 3%2 pH7t 71245 7“\3]—9\1
L, 7l fo3HE ebA] skt DPPH 2iefzt A71
%% pH7} 7182 314819 2, tyrosinase 9 A5

pH 8.852] a7z o] &5 FatdA 713 A é"éﬂﬁ‘%
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