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Study on the Physicochemical Properties, Antioxidant Properties and
Aroma Components of Cold Brewing Green Tea in Negative
Oxidation-reduction Potential Electrolyzed Water

XIA Rui, ZHONG Geng', LI Tian, YANG Wanfu, GAO Yuge
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Abstract: The effects of electrolyzing water-cooled green tea with negative redox potential on the quality of tea soup was
studied by comparing the bottled natural water-cooled green tea and conventional hot bubble green tea, in order to provide a
new choice for the processing water of cold bubble green tea with high content of active ingredient and strong antioxidant
activity. Electrolyzing drinking water by adjusting the electrolysis time to generate electrolytic water samples 1 and 2 with
different negative redox potentials. The basic physicochemical indexes, main active ingredient, antioxidant activity, sensory
quality and aroma components of electrolyzed water with negative redox potential, bottled natural water-cooled green tea
and conventional hot bubble green tea were determined and compared by UV spectrophotometry, high performance liquid
chromatography, headspace solid-phase microextraction and gas chromatography-mass spectrometry. The results showed
that the pH of electrolytic water-cooled green tea soup was weak alkaline, the redox potential was negative, the content of
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soluble solids and the extraction rate of tea soup were significantly higher than those of bottled natural water-cooled green
tea (P<0.05), and were equivalent to standard hot tea. The color of tea soup prepared by electrolyzing water with negative
redox potential was yellow green and bright, and the color quality of tea soup was high. The polyphenol content of tea
infusion was significantly higher than that of bottled drinking natural water cold soaking, and electrolyzed water sample 2
was significantly higher than conventional hot soaking (P<0.05), and the total amount of free amino acids was significantly
higher than bottled drinking natural water cold soaking and conventional hot soaking (P<0.05), the content of caffeine was
lower than the conventional hot brew, and the content of catechins was higher than that of bottled drinking natural water
cold brew, except for EGCG and EGC, all higher than the conventional hot brew. The antioxidant activity of tea soup was
significantly higher than that of the other two kinds of green tea soup (P<0.05). The sensory score of tea soup was the
highest, and the aroma components of tea soup were the most abundant and mellow. The experiment preliminarily verified
the feasibility of using the electrolyzed water with negative redox potential as the water for cold brewing green tea
processing, and screened out the electrolyzed water sample 2 cold brewing green tea soup had high biochemical
components, strong antioxidant activity, high sensory evaluation and lasting aroma, which was more suitable for cold
brewing green tea processing.

Key words: clectrolytic water with negative redox potential; cold brew green tea; active ingredient; antioxidant activity;
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Sensory evaluation of green tea soup

Table 1
WiH PESRAE(4))
A s CELIRUAS N A W, TR 2, JeiR e ) (21~30)
; IS CELIRZR N A W, 1, RIR, AT TT3E) (10~20)
ARG W1 LA AT, T8 (5-9)
AVESE, IR, A DTE(0~4)
2E (LR AR A 4577 ) (21~30)
M 4EIE(10~20)
REGIE, FiA S0k (5~9)
SR (0~4)
BRI (B AE, A TR A A KU (31~40)
Sk, 14 B IE (SE A B2 R XU ) (20~30)
REEIE, FA 50k (15~19)

BRI, AN, A HA SR AU (8~14)
PEREEA HADA R 50K (0~8)

W (4055)

1.2.9 FGESSTIE 55307

1.2.9.1 FRBSTME S RGBSR Bk, e
k. B 3 mL 259 10 mL FEHBUH, INA 20 ng/mL
ZEMR LR 10 pL VEN AR, inEssEEt. FH DVB/CAR/
PDMS 30~50 pm #HX3k, 60 °C /K 155 [F1 AH ik 45 B
W RFF 50 min, TS0 €435 - BT 35 K X (gas chroma-
tography-mass spectrometry, GC-MS) fi# % 5 min 43
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Hro FHEART: 40 C LREF 2 min, FFTFHE 5 °C/min
% 70 °C, 4 C/min & 130°C, 2.5 °C/min % 180 °C
JG LA 5 °C/min Z 230 °C £AFF 5 min; 23 (He) it id
1.0 mL/min; JE /7 49.7 kPa; #EAE )72 RO HBERE .
SR S5 F: B T-HEE: 70 eV; 8 TR 230 C;
HOREE 230 °C; 2R, FH5ERT 35~400 amu.
20 i BT ST (NIST 05, NIST 05s)
TR ER . S22 SCRRET e PR30 AR5 i
Bosatan e,

Fr W JFARFT & (pg/mL) =135 0 5% 45 g
< PIBRY) B e B )/ PR 04 T AR
1.3 HUEIE

K Excel 2016 Geit4347, 455 DL “SPEEAR
HE2E” 278 (n=3); SPSS 26.0 #AFGe 24404, i it
Duncan {E5rHTZ4H M 2, SR Origin 2019 1EE],
2 HBRESH
2.1 ZFEFRIFELIERR

2 2 AT, K R TER SN AN pH B & T
TR R SR AR UL LA L S H B A% (P<0.05),
TDS {H A 2K 1712423 b 35 (P<0.05) i TR R
PRI HILRSS, S MBI ATC B 2= 5 (P>0.05)
TDS B8 Al B 4 & i, 7T I RS 7 ) o
R RS, HARME S5 A5 R — 3. /KR iusst
25451 pH 5588, ORP {84 {8, SHIRAHATA
SEBYN ST &I, =t ORP {HY o S8 HH bt A Ak
YEF, X H ORP {8 b FfE R A RAT 25 . H
fiE KA 2 LUK AR FH RAR KR LA I i e R
SRR 25.77% . 24.50%, =T EFEMEAER ISR K
B SLBRGAMIR IR (23.18%), MBS E N
JIT 55 I i FPOAS [ K HaL i i HL AR /K AT 1 ORP (.
PN /NG TR SRR DT, Has @ e, HAT Uy
VEFHAENS 1, X LR HfRIKAE 1 (pH=8.55+0.02, ORP=
—266+4.00 mV) . HLf#/KAE 2(pH=9.01+0.03, ORP=
—372+1.00 mV) &8, H /K AER T f b H pH %
W R REEJFCA B K, 7 ORP {EARZEHIREMR, Xl
HE S DR A HAE R A A P DG L R A 58 4 2 2652 it
P, HoA ORP {H AWk S AL i B, 1 it ORP {H A%
153 pH BEE FREN, x50l X s gk fae
PERFFEAS IR —EK

2 GARKHIIER

Table 2 Physical and chemical indexes of green tea soup

K5 pH ORP(mV)  TDS(%) (%)
LA KRR L 7.03£0.06° —11.67+0.47° 0.46£0.05° 25.44+0.01°
Ha A KRR 7.2240.03" —45.33+1.25° 0.53+0.05° 25.77+0.13°

AR FRIRK  6.07£0.08°  29.33:0.47°  0.37£0.05° 24.50+0.02°
HRLAA 5.96+£0.04° 34.50£1.22° 0.48+0.01° 25.63+0.10°

T B /NG S 37 B 5025 5 (P<0.05), #23~7550).
22 ZEFHCEE

5% 3 A0, KIS ISR A 2R e (L") B3
T T SE (P<0.05), HLfi#t /KRR 2 BVSEss 257

SRR TS A R IR KA MR AS . HL R KA TS
A LTLLE)E (~a”) FNHE W (") 25 i TSR
RARIKVZ UL LS B H IR FRAL LR S (P<0.05) H FLfRKAE
2 e o X ATREREP A7 TG iR ENE], B
AR AR SR TS SRR K B i s i 25 b &
Yy, BT R HPATEHZR M SR & ER/D B AT
o, BHIA A B R 4 Y, 35X 5 CARLONI 451
XPAS [F) TR I SR SR S e b ot — 28 257 I,
FELAAR KV ML S 55 RREAR FH AR /K VA 1 L R B R
A HZ (OB ek B 5, B0 T . PSS RN
S I v, B SR A B S (T 2 AT ]

K3 BARBOENE

Table 3  Color value of green tea

KI5 L a b
R KRR 95.34+0.13¢ —3.04+0.02¢ 9.52+0.11°
R K FE2 95.80+0.04° ~3.2140.03¢ 10.56+0.07
TR AR 95.58+0.13" ~1.50+0.03" 5.23+0.07°
H AL 94.08+0.01¢ ~1.26£0.01° 5.04+0.08¢

23 ZRERDEERNEBE

2.3.1 ZKEW FREWHRPE SRR Y EE L 57,
JEAE AR A AR | WS | I TR AT /1y
FEAR PR, R 1 AT, ASEIKEER St 5 As
LW SRR LR K AR 2(1.350+0.002 g GAE/L)>
FL R K RE 1(1.190+0.006 g GAE/L) > 24k F R4k
7K (1.160£0.004 g GAE/L), FEfEKEE 2 = TR fFEK
B 1 AT RESR K S FL R K AR 2 1 ORP (B R T HLfi 7K
FE 1, 71 ORP (HAR/INS A g i HAT AHOCHE, BF5R
KL ORP H 5 /N FRES H HAT — @ AH M A
IEHIBFERE a0, Hoh, L ff /KRR 2 YRl ak s
IR T2 (1.190+0.008 g GAE/L, P<0.05).
TR H RERK R ULES A 2 Wy & Bt I 25 IR T8 A
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I c b
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Fig.1 Content of tea polyphenols in green tea soup
TE: ARRVNG FRFRIR 225 3, P<0.05; €] 2~I141 4 [l
232 UFESESEIRGEE A IEMR IR WS R 1Y
BB, X PERAN A A S TTHR, IR
VIR A SUCY NI N 0= NG S I ] S VRS EN 1 i

[ —
S N
T T

I 55 (g GAE/L)
o o
(=)} o0

P
N
=4
~
T

Y02+
0.0




%43 15 B i, A AR A K R AR T R R | TR ERE R Ul T - 93 -

ISR B X 1A B8 S AR B e . 35 (P<0.05) = Tl s
IR R SR IRV UL L3 55 LA B AR 2 255, L /KR
1. HfFIK 2 Z [ Jo i k22 5 (P>0.05), X ULBH
it 7K 1 ORP {H K/IN5 5517 UF 25 2 FL iR 12 H i Je W]
SAEICHE, XN HER P S IR K P AR 5%
182, KA TR AL /K 1 ORP {H EL W S AL R 171,
ARSI UG, LR KV M SR AU B 2 LR s HH i iy
FIRCRERH RAR AR UIERIS, 3X n] BB A L ff K555
R 1R, REFE ST AT 2 R R . SR AV ULIF
B S R S W R TR ML (P<0.05), iX A B S
K] A ¥4 Y 2 Y I ) e A ) A R e s U, 3
55 LIN &P XAS [R] g 20T SR 255 it o s nial it 5
LER 3, BTN S IR & i R M R IE R B
e, FUEH W, AN BB R AR R, TS

A ),
a
I I c

FLAR LIV TN 13V 01 5 )
KEEL UKFR2 Bk

2 SRR R Tt
Fig.2 Total free amino acids in green tea soup
2.3.3 WmMESR & 3 TR, R AN ERR S
T B R T R 2 2517 (P<0.05), BT FE N R A4
BRI 5T 25 s T 0K, BRI RETERLA [B] A PR 7
R WIHERR, TI7EV K AR S i o1, X 5 LIN 452
XPASE) s Ty AR Z8 ih BUZ i i oe 48 2R — 2. W
Figt I IR DR 5 e i 3 TR IR T RAR 7K (P<0.05),
{EHIfFZKAE 1, ifRITK 2 Z Do H2E 5(P>0.05),
X A] RE SR PR A i a] 2 90 L i 2K 5 ORP B # 4
ABREARIA S SRy 3 7K 7 M ERR AR SR 2 — R R

e

[9%)

(=]
T

025
0.20 -
0.15
0.10 -

WHERR S i (mg/mL)

0.05

a
b I
I I
FL CEN T 123 01 5 )
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Fig.3 Caffeine content in green tea soup
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TR R SR BV AAT — 2 A A2, (B S = 2
FEGTR R, BT ARE NS i B ik
JRAR AR GEAFFE M . Pk, & AL REARE 7 M ETR 2
5, MY BB TR R T RER, IR AEZR Y A3
Yige A T A RIARER
2.3.4 JLEFRIE  JLEFRIYBRSEZW F 2T,
2Rl A E 60%~80%!, FEAFL R E T ILAE
Z(EGO) . JLAFE(C) . B ETFILARHE TFIRNS
(EGCG) P MR REE TIRIE(ECG) . £ILAE
(EC)M, 3 4 vl 50, H /KIS HLLR A A 7 I LAS R
BB RTMUEBIR R AR S, X 5K 1 H
KR UL LR AT A 22 W B i v TS IR FH R AR /K2 1l
WFFEal R —3 . 5 MAAET L, RS ECG &
RS THAS(P<0.05), C LI N EC IR #H
M2 7 (P>0.05), ¥ 155 EGC. EGCG & & i Z Ik
FHULES (P<0.05), 7] RS K Sy FOK it 55 5 %5
EGC 5 EGCG, X 7J f8 I3 PR HAw K4 F LA R HSE
W EEA AR E T RR G A, X
5 WANG 2590 o7 R Xt e A5 ) LAS R B i i
MG IR —3K .
24 FEFRZEIMIELESE

& 5 I, FEARK S SR TR S M S A i e

K4 BARUIRRETE

Table 4 Content of catechins in green tea soup

KI5 EGC(mg/L) C(mg/L) EGCG(mg/L) ECG(mg/L) EC(mg/L)
LK RE L 166.49+0.86° 78.28+0.87° 229.78+4.96" 68.15+0.36° 155.12+1.12°
LA KRR 183.76+2.17° 89.32+0.74° 247.26+0.50° 70.16+£0.43" 169.1143.21°

TR R AR K 101.08+2.19¢ 73.11+2.98° 218.6245.83¢ 65.10+0.15¢ 152.06+1.41°
HRLAA 191.93+4.32° 72.2242.64° 235.4244.27° 59.29:0.40° 151.38+1.36"
RS GAEIFBIRIMNUATE
Table 5 Antioxidant activity of green tea soup in vitro
K5 ABTSH &5 R % (pg VermL™) 2 B AR (ug VemL™) A BT A R BR 3 (pg VermL™)
LR KRR L 1337.46+37.46° 3.37+£0.10" 131.43+0.12°
LA RE2 1378.75437.46° 8.59+0.17* 134.24+0.15"
R FHRAR K 1330.58+56.19° 3.12+0.20° 129.68+0.20°
HRAA 1332.23+36.22° 3.60+0.20° 129.83+0.71¢
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Fig.4 Sensory evaluation score of green tea soup
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Table 6 Main aroma components and relative content of green tea soup

S R (min) fLapath U Ayl
HUKRR2 R SRK WL

1 5.865 PR itVIES 0.008 0.006 0.045
2 7.830 AR FRRR Ak 0.096 0.089 0.109
3 8.441 1-2FJ5-3-Ji MK BOIL, TR - 0.039 0.017
4 9.185 TEFRE SR SN 0.059 0.042 0.191
5 9.455 (E,E)-2,4- B _JasTE HEF RE 0.063 0.044 0.014
6 9.970 (+)-Frigesis G A | AP 0.024 0.018 0.017
7 10.060 2-2.F R R B AR G 0.018 - -

8 10.370 WL L FONE S - 0.024 0.012
9 10.970 SRR - 0.025 0.013 -
10 11.210 E A RS 0.030 - -
11 11.305 3,53 -2 Whih 0.225 0.211 0.099
12 11.545 B HE 0.182 0.171 0.152
13 12.445 Ty Wh . REAREMERES 0.896 0.855 0.861
14 12.640 3,7- 1 H-1,5,7- = Hi-3-F AT R 0.197 - -
15 12.975 R it BURIEE 0.075 - -
16 13.840 2,6,6-=H1 HL2-FR M- 1-F B B - 0.504 -
17 14.600 ey RAAERIAT 0.069 0.062 -
18 15.500 (Z)-2-F B R-3-C i T A WA 0.008 0.007 -
19 15.625 KA Tk AT 0.025 0.023 -
20 15.835 2,3-T&-2,2,6- = RLZE S i 0.047 0.037 -
21 16.225 B4 A AT 0.025 0.022 -
22 16.505 B-AFTRERE i R AR 0.092 0.084 0.090
23 18.185 2-+ = LEEEERUS - 0.008 -
24 18.365 Pl FrE & 0.025 0.017 -




43 % 15 ) B i, A AR A K R AR T R R | TR ERE R Ul T 95 -

Hk6
5 R (min) et R HATE R pgmt)
HL kR 2 Y PR BRI
25 18.790 - Pl 0.004 - -
26 19.030 [EE B AR 0.005 0.003 -
27 19.230 LG LS PR 0.084 0.066 0.041
28 21.030 a-EEVE il KA R H 0.017 0.015 0.014
29 21.735 2- Il ISR - - 0.014
30 21.770 2-FHE B - - 0.005 -
31 22250 CL R R B 0.025 0.024 -
32 22.785 CRRIFC IR - - 0.015 -
33 23.180 -3 i N N L 0.141 0.131 0.102
34 23.540 o- 2% il et 0.041 0.035 -
35 24.455 Frit EE R WA B R 0.076 - 0.005
36 25515 -2 R EP - 0.026 -
37 26.842 = - - - 0.003
38 27.130 ZEURRIpRk P i HE. MG 0.080 0.033 -
39 28.655 SR A A WEAT RS AL FNRITOR 0.023 0.019 -
40 29.950 FARERR C TR AR - 0.008 -
41 30.655 b AR 0.062 - 0.005
Iy} 31.036 R TR BHRAFIR - - 0.020
43 33.240 TR 5 Pt L=V iaiUN 0.013 0.012 0.011
44 37.044 KRR LS - - 0.011
45 38.010 IR TR AT 0.180 0.176 0.169
46 38.760 7S - 0.016 0.011 0.006
47 39.130 wieE R - 0.211 0.202 0.236
48 39.735 FET i 0.033 - -
49 40.160 AR R 5 TR i 0.212 0.201 0.221
50 41315 T IukemE - 0.031 - 0.006
51 43.100 Fhel IR P i R 0.026 0.025 0.011
52 43.990 AR R T i - 0.303 0.247 0.438
53 44.635 MR - - - 0.066
54 45.440 KA £ Tk L SN SN L HTH 0.011 0.004 -
55 46.390 BRI S N TR - 0.012 - 0.065
56 48.340 5- e R A -2 (3H) - IR IR - - 0.005 -
57 48.445 TR T e - 0.014 - 0.004
58 49.141 REOA WAL Rk - - 0.003
59 50.149 AR TR N TSI S - - 0.117
60 50.592 I LERTHIZ - - 0.147
61 53.195 Xof FR AU B P R R 2 TR - 0.008 - 0.130
62 57.645 MGE-9- 75 Js T - - - 0.002

FELAR KIS MU SR AS R BN HH 4l E A SR, Holofs
FRIEF SN 2-Z 36Ol 2R TR, 3, 7- 1 3&-
1,5,7-—J-3-1 . AL 2, ARLER DL R |- —P8, HoH, 2-
RO A MRS TR . 2K ST A | AR L
FAEE . R LI I — s BAT BORAE AP 5
FRIAUSS 52 IRASH BN 0 T PRI SR LA A AN PR R IR,
HoEr B Z WRRIEF SRS BRI . S 155
i 2-— A . RN SRR 2, AR P AL
AR ZUAN PR TR . IE 2 RERS AT 3R L 2-+—
AT ELAA MU RS, JeAh, Shfuean i 40 2 v
RARWTTR (REAGTE . WANR ) , IZISW) I & 1845
R VAR LR R AR M Sf S5 2R B AE SR
T, HARMEAR U8 A R IR AR S . AER IR

2,6,6- = W 2 L J5-1-FF i | g Ay 2-+ =
JETEE . S8 2RI B-58 B W . RAF R R &
RO RSk, A L S AR I R
WS WS A AR, Horh, Hff KT aRk s, TELRASAS
DR ER SR U AE AE S B o5 Al . A A
AR | HA SR I LR . AT
Rl Y e W | Y A WL =R N S Sl N S
P03 1330 e HORE X B e v HHOFRRE IR AR /K 1R T 4ot
25 0.041. 0.007. 0.076. 0.047. 0.062 pg/mL. % I,
LA /K P VL SR S BB T BB B HH A < i i
WA BRI E A RFAT
3 it

AR SC 2R BEAIF ST HL AR KV T S A N A 1 BRI AR
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