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Functional Components and Sensory Quality of Extracted Green Tea Prepared by

Ultrasound-stirring-assisted Cold Brewing
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Abstract: [Objective] This study aimed to prepare cold extracted green tea with good sensory quality and health
functions. [Method] The physicochemical and flavor characteristics of cold extracted green tea prepared through
ultrasound-stirring-assisted cold brewing were compared with those of green tea prepared through conventional
hot brewing and conventional cold brewing. [Result] Ultrasound-stirring-assisted cold brewing promoted the
dissolution of polyphenols and free amino acids (especially theanine), and the tea infusion had a phenol-ammonia
ratio (1.33) comparable to that of conventional cold brewed tea. In addition, this process significantly enhanced the
antioxidant capacity of cold extracted green tea, which showed the ABTS" and DPPH radical scavenging rate of
(72.07£3.04)% and (49.54+1.59)% , respectively. Determination of volatile components revealed that the
ultrasound-stirring-assisted cold brewing process improved the dissolution of aldehydes, ketones, and esters in the tea
infusion, which showed a strong aroma. The OPLS-DA model analysis showed significant differences in volatile
components between tea infusions brewed with the three methods, and 35 differential compounds with VIP>1
were screened out. Ultrasound-stirring-assisted cold brewing better retained the original freshness and aroma of

green tea than conventional hot brewing and endowed the tea infusion with richer aroma compounds than
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conventional cold brewing. The OAV analysis showed that ultrasound-stirring-assisted cold brewing retained the
characteristic aroma attributes of the tea infusion prepared through conventional cold brewing and enhanced the
aroma perception of 1-octen-3-ol, nonanal, and 1-octanol, which showed the OAV values of 5.51, 3.76, and 1.52,
respectively. The results of sensory evaluation showed that the tea infusion prepared through
ultrasound-stirring-assisted cold brewing had the green tea aroma characteristics such as grassy, floral, fruity, and
baking aromas, with a degree of acceptability. [Conclusion] Ultrasonic-stirring-assisted cold brewing has the
potential to prepare high-quality cold extracted green tea, which can provide process guidance for the quality
improvement of cold extracted tea.

Keywords: cold extracted green tea; ultrasound-stirring-assisted cold brewing; volatile compound; free radical

scavenging capacity; sensory evaluation
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Table 1 Descriptive sensory evaluation criteria
—%
e Z AR bR i puy e A= RR i i 5315y
JUF A Z AR 0~3
T AT REWE IR Z & R 4~6
RE WL I W K IR 2 3 % A IR 7~10
JUF A % 28 S 0~3
K8 A fil 5 18 1% & S 4~6
REE IO R 2 B % H S 7~10
JUTF A Bz K E A 0~3
H#ROWAE REWE R ANZ & R 4~6
REME IO R 2 B % H S 7~10
JUF A % E S 0~3
RE G2 IR 4~6
RES IO R 2 B A S 7~10
JUF%A B F A 0~3
FRSHEBEE AR EMNES 4~6
BRI 7~10
SR 0~3
ELS Bl 4~6
EL UL RS 7~10
el SR 0~3
b R 4~6
BRI T, 46 B4 Ab 7~10
PR ECRTIUN 0~3
vk ETBR itk 4~6
FH WA E 8 B 4 Ak 7~10
84 A B IR 0~3
Bk i R 5 4~6
R e A B 4 Ak 7~10
WAR , H 2 FEA i 0~3
VKRB W R B B T 4~6
e, BERT TR R 7~10

T2 WA, E B E B e, R R
-0 P A B 4L T B R A RN R AR
L3I R, Wy & L BIC, R SR, [ R

R2 TREFFHPERNERFHR

Table 2 Comparison of basic functional factors in different tea infusions

2H 5 Sy B R % /(mg/mL) S P SRR R R VK /(mg/mL) AR AR =K% /(mg/mL)
e 7 40 Al B 2 1.29+0.01° 0.97+0.00° 0.54+0.01°
R A 1.67+0.03° 0.86+0.01* 0.44+0.01°
WA A 1.17+0.01° 0.92+0.00° 0.49+0.01°

R B [ 2 BE R OR 22 7 3%, P<0.05.



Vol. 45 No. 3

(IR oS Wl K (390 T P 2 O v P e 1
P B T2 % VA R g % R A, AT K
2 5 25 BN ] o
212 EHFILEEELBWRASH

PP LRI AR A R LA R R R &
WEmETHENABA, 58 2m o d R —3
Hod, JEFE A )L %% R (C.EC.EGO) A 4 (e H
F2 B P — 40 R A B 2E ) o I Jo A A R T v, 17 IR AL
%% (EGCG~GCG)TE #2078 iy, 3R A g 2
JLZR R R S50 5 4 i K PR o, R AR IR TV 28 88
iKY, SR vk oE 5 AR T g R - B
- FE A B A5 R VA Y A I LT R AL R L
H B8 75 — ¢ 5 4 B 41 0 EGCG il ik R T+ &
502.72 pg/mL, B H A AT T 10.98% , 1X 7]
RE A2 FHBE 7 25 4k 5] RS 1 J) 30 I % B K AV
TEF LR M. DR b, 8 75 -3 B 4 Bh v Y BE AR B3
T A M E KA, IR T T OB L R R R
JOR BRI 5 TR LA AR B B, AR T LA
TR 5> BT

1000 -
Col A B |
= e 1
800 |- AL =
% 600 |- =
S =
2 b =
& =
& 400 =

HEC b b = b

=
200 =

a g b a a

=)

: =

EC EGCG GCG ECG
JLARE IR

[F] — W J5i A [F) 7 RESR R 722 7t 0 35 (P<0.05) 6
Bl REAZEHPILEEEXYR AT RA

Fig. 1 Mass concentrations of catechins in different tea infusions
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Table 3 Mass concentrations and odor thresholds of volatile compounds in different tea infusions

ER/EES EFE LIV VR ks SN R Pk
RELFEELLL

& K ot 47 CAS RI MBI/ (pg/mL) kR
MBI AL WAL E A AL (ug/mL)
LT T 141-78-6 N/A 7.82+0.99 N.D. 19.89+5.42 10
ZETR T I 110-42-9 1579 5.04+0.64 N.D. N.D. N.F.
K A% R FY I 119-36-8 1735 2.21+0.13 1.01£0.14  1.16+0.50 60
KRR 112-39-0 N/A 6.87+0.89 4.34+1.34 N.D. 4000 000
2R I T 3681-71-8 1295 7.86+0.70 N.D. 4.73+1.58 750
ERIR-(2D-3-C )R 35852-46-1 1454 8.37£3.05 17.9245.26  8.29+1.32 60
[LEES -3 - O A 55 T T 16491-36-4 1 444 9.41£2.93 13.04£6.37  1.68+0.10 500
4-CJ%-1-C R R 88552-98-1 1 640 3.22+0.26 N.D. 1.05+0.21 N.F.
IEC R 25 3050-69-9 1303 33.40+17.51 15.01+1.80  10.79+1.16 N.F.
O R M I I 31501-11-8 1 640 N.D. 13.67+1.30  5.84+1.80 195
21 g 79-20-9 N/A N.D. N.D. 2.21+0.50 5
LR T W 123-86-4 1050 N.D. N.D. 0.46+0.21 200
2% 1 R 2177-77-7 1681 N.D. N.D. 1.44+0.17 N.F.
5 2 KN 100-42-5 1224 0.58+0.27 N.D. 0.60+0.16 120
1R02.4]5F-4,6-)f 765-46-8 1009 0.55+0.05 N.D. 0.30+0.10 N.F.
BT A 79-77-6 1907 5.90+0.56 8.82+0.78 N.D. N.F.
GBS 1-3F ##i -3 - 1 4312-99-6 1278 4.33+0.56 N.D. N.D. 10
3,5-3 — I -2-fiH 30086-02-3 1491 3.80+0.35 3.39+0.26 N.D. N.F.
05 78-70-6 1531 78.64+5.48 58.77+4.18  88.25+5.36 10
S -8 A AU 40716-66-3 N/A 3.36+1.27 1.06£0.14  1.25+0.13 N.F.
BE Vit Il I 29837-12-5 1754 0.520.07 0.29+0.05 N.D. N.F.
[ Fr kg I 5989-27-5 1154 3.01£0.21 2.13+0.33 N.D. 34
K W 19912-67-5 N/A 0.24+0.01 0.13+0.00 N.D. N.F.
o-3 % I 127-41-3 1821 1.02+0.16 1.37+0.13 N.D. N.F.
-5 W) 13877-91-3 1230 N.D. N.D. 0.86+0.11 34 000
2-F AL TR 96-17-3 N/A 3.1240.76 4.06£0.39  12.36+2.29 16
U 66-25-1 1054 25.45+1.80 22114135  22.92+11.38 20
I & 124-19-6 1371 15.98+2.52 10.22+£2.39  6.72+1.35 4.25
7 g 100-52-7 1481 6.49+0.56 7.37£0.67  3.35+1.31 50
B-FE K7 15 432-25-7 1587 1.33+0.11 0.94+0.07  0.36+0.13 3000
T 590-86-3 N/A 2.39+0.35 2.57+0.23  2.02+0.80 8
3-FEmE 498-60-2 1428 0.38+0.04 0.37£0.09  0.32+0.06 N.F.
Jie 2% (Z)-2-PEJfi i 57266-86-1 1293 8.44+0.65 N.D. N.D. 150
CE)-2-2F J 2548-87-0 1399 4.84+0.92 6.63£0.97 N.D. 61
2,2- T F L R 14250-88-5 1039 0.09+0.01 N.D. 0.02+0.01 N.E.
2, 4- B O P 15764-16-6 1691 N.D. 0.20+0.02 N.D. N.E.
1E Tk 110-62-3 944 22.68+3.27 7.87+0.80  20.07+1.46 8
R 111-71-7 1149 N.D. 9.04+0.70 N.D. 33
(E,E)-2,4-R Il 4313-03-5 1434 N.D. 13.45+1.24 N.D. 3.2
T 78-84-2 N/A N.D. N.D. 1.27+0.37 0.7
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& K ot 47 CAS RI PEA L/ pg/ml) kR
TR WAL R AL (ug/mL)
AT 29957-43-5 1589 N.D. N.D. 5.43+0.80 110
A 5 AR CIEE g ) 39028-58-5 1740 1.10£0.06 1.06+0.03 0.86+0.15 N.F.
AL 5 R 5989-33-3 1422 1.01+0.11 N.D. 0.83+0.08 100
AR 2- Rk 3777-69-3 1205 1.43+0.20 5.34+0.56 1.22+0.14 1000
2- L KL 3208-16-0 920 N.D. 1.04+0.10 0.53+0.16 N.F.
2- 7T FE R I 4466-24-4 1100 N.D. 0.24+0.02 N.D. N.F.
2-(2-JR M 5D 1k 1 70424-14-5 1277 N.D. 0.29+0.02 N.D. N.F.
REES R 75-18-3 N/A 0.09+0.01 N.D. N.D. 0.3
2-Z5E-5-F BL L R 13360-64-0 1364 1.90+0.08 2.72+0.05 N.D. 10
P 3-4.4-2,5-HERIEIE  13360-65-1 1420 8.09+1.04 26.24+8.50 7.18+0.52 25
AR s 2167-14-8 1571 4.25+0.56 4.27+0.35 4.43+0.69 6 500
] 1 120-72-9 N/A N.D. 2.23+0.08 4.93+0.48 500
ENU) 108-95-2 1960 N.D. N.D. 0.14+0.01 5500
FEAAE 483-77-2 1801 1.44+0.13 1.37+0.02 N.D. N.F.
75 ZRAEWHR 21391-99-1 1881 0.27+0.03 0.28+0.03 N.D. N.F.
1-F 26 90-12-0 1804 N.D. 0.67+0.07 N.D. N.F.
% 91-20-3 1694 N.D. N.D. 4.65+0.18 50
1E R 71-41-0 1241 2.47+0.40 2.23+0.22 3.56+0.28 400
2- 5 COFE 104-76-7 1475 9.70+2.96 N.D. 8.28+3.20 N.F.
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