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Study on brewing technology of black tea with suitable taste
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Abstract: Objective: This study aimed to explore the upper limit
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and technical parameters of black tea brewing with suitable taste
and establish the relative brewing method system of daily
drinking. Methods: The black tea soup was prepared by sensory
evaluation method and diluted in a gradient with one bud and two
leaves and then was tasted and scored by 50 volunteers to

determine the appropriate taste consistency. On the basis of
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determining the suitable taste concentration, the quality
concentrations of water extract, theaflavin and theaflavin under
the suitable taste were used as the indexes to optimize and screen
the technical parameters of black tea brewing each time and the
brewing times under the appropriate taste. Results: When the
mass concentrations of aqueous extract, theaflavin and thearubin
in black tea soup were 1.40, 0.04 and 0.60 mg/mL respectively,
and it had a suitable taste. The first brewing was made with a tea-
water ratio (ma * Viaer) of 13 100 (g/mL) and pure water at
82 °C for 4.5 min, and the second brewing was made with a tea-
water ratio (ma * Vaer) of 1 3 50 (g/mL) and pure water at
86.0 C for 3.5 min. The tea broth obtained in both times had a
suitable taste and reached the mass concentration of water
extract, theaflavin and theaflavin of suitable taste. However,
after the third brewing with tea-water ratio (m s * Vater) of 13
50 (g/mL) and 97.3 °C pure water for 6.4 min, the resulting tea
broth was too light in taste, and the water extracts and

theaflavins also failed to reach the quality concentration
requirement under suitable taste. Conclusion: It is appropriate to
brew black tea for two times with appropriate taste kept.

Keywords: black tea; drinking; brewing technology; suitable

taste; response surface methodology
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Table 1 Quality concentration of aqueous extract, theaflavin and thearubigin and tasting results in tea soup
BRI R /K?éuﬂ%}ﬁﬁ;mﬁ/ %ﬁ%ﬁﬁff&ﬁ/ %'*:éi%lﬂiﬁ%ﬁ/
(mg » mL~1) (mg» mL~1) (mg» mL~1)
XK R 90 2.96+0.00° 0.11£0.01¢ 0.97£0.04%
1.00 91 1.44+0.02" 0.05+0.00" 0.75+0.10"
1.25 95 1.40+£0.00°¢ 0.04+0.00¢ 0.60+0.05¢
1.50 92 1.36£0.004 0.0340.004 0.3840.05¢
1.75 89 1.3240.02¢ 0.0440.00¢ 0.3340.074
2.00 86 1.0440.00f 0.0340.014 0.3740.06¢

T NG FERRE R 257 83 (P<0.05),
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Y, =1.31+0.145 3A +0.165 0B — 0.358 2C —
0.060 2AB—0.026 7AC — 0.043 2BC + 0. 040 3A* +
0.068 3B*40.135 6C?, (D

Y, =0.026 5—0.004 0A +0.018 7B +0.002 4C —
0.034 0AB—0.016 7AC + 0.046 6BC + 0.010 1A* +
0.031 2B*4-0.006 7C*, (2)

Y;=0.423 6+ 0.045 0A +0.021 8B —0.052 5C —
0.101 2AB+0.037 6AC — 0.060 9BC + 0. 119 0A* +
0.008 8B*—10.035 4C*, (3

HT 4 T, 25 B2 KR S D5 i U B R AR IR
Jg C>B>A## P=0.000 1<C0.01, #% % 2, A S it
SR SR P =0.125 1>>0.05, K & 3, 3601 R A A
FXHRI 1 THRE N . 25 B3R 0 4% B 30T VR 9 5 )
W R B>A>Ci BB P<C0.01, #8380 P>
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LT E TR W E B AR RN C> A B 8 P<C0.05, B
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Table 2 Table of factor levels for the first brewing test /A T O3 BT A A 21 5 T e JE 4 W L9 214 3
KA I T /min B WL/ C O CHROK L Gng = Vi HAZHMILLL. -
PUIE B R T AR S IR R KR Y S R R
' - ° b 7 3 R E A (R 78 0 5 1t 0 £ A O
’ 0 v b ol i ] 4451 min. oM 3 JE 82,289 C L % K I
’ Lo 10 L Gmg # VOl 99.512 (g/mL) . % 15 bRk A 19 Iy 4
X3 E 1)kl Box-Behnken iXEiZit RER
Table 3 Box-Behnken experimental design scheme and results under first brewing
N A s YiKEEY R/ Y. R REKE/ Y ALK i ik B/
(mg+ mL™1) (mg+* mL™1) (mg+* mL™1)

1 1 1 1 1.46+0.00 0.04+0.01 0.48+0.03

2 1 2 2 1.2840.02 0.02+0.00 0.44-+0.12

3 1 3 3 1.24+0.00 0.05+0.00 0.40+0.16

4 1 1 2 1.02+0.02 0.0240.01 0.3940.17

5 2 2 2 1.30£0.00 0.0340.01 0.51+0.06

6 2 2 2 1.20+0.00 0.014+0.01 0.36+0.03

7 2 1 2 1.32+0.02 0.03+0.00 0.474+0.01

8 2 1 3 1.000.00 0.024+0.01 0.37+0.12

9 2 3 1 2.104+0.00 0.014+0.01 0.44-+0.24

10 2 2 3 1.16+0.00 0.02+0.01 0.40+0.03

11 2 2 2 1.284+0.02 0.04-0.00 0.350.06

12 2 2 2 1.3040.00 0.04-£0.00 0.460.05

13 2 2 2 1.340.00 0.04-£0.00 0.42-0.01

14 3 2 1 1.2440.00 0.02-+0.03 0.74-+0.06

15 3 2 3 1.2640.02 0.03%0.00 0.46+0.09

16 3 1 3 1.242+0.00 0.05%0.00 0.57+0.07

17 3 3 2 1.68+£0.02 0.05%0.01 0.547+0.03
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Table 4 Response surface optimization model ANOVA under the first brewing

5 7 A ¥J7 F i P i

eI Y, Y, Y; B Y, Y, Ys Y, Y, Y Y, Y, Y,
iR 14300 0.0284 0.1218 9  0.158 6 0.003 2 0.0135 28.130 0 24.670 0 3.860 0  0.000 1** 0.000 2 * 0.044 4*
A 0.100 8 0.0001 0.0096 1 0.1008 0.000 1 0.009 6 17.870 0 0.607 3 2.750 0  0.003 9* * 0.461 3 0.141 2
B 0.148 4 0.001 9 0.0026 1 0.1484 0.001 9 0.002 6 26.320 0 14.950 0 0.739 9  0.001 4** 0.006 2* * 0.418 2
C 0.6727 0.0000 0.0145 1 0.6727 0.0000 0.014 5119.310 0 0.232 2 4,120 0 <C0.000 1* * 0.644 6 0.081 8
S 0.028 7 0.0005 0.018 8 3 0.009 6 0.000 2 0.006 3 3.5800 1.9300 4.3300 0.1251  0.2658  0.095 2

toox REFE(P<T0.05); * * N EHE(P<0.0D),
Wi P W X B IE N R K (my 2 Vi) 1 B R 6,

100 (g/mL) ,Wrifd /K i 82 °C L wiifd s} ] 4.5 min, #1731
IR ARG KBERY RERE RO ENTY
B EE 43 3 24 1.39,0.04,0.60 mg/mL, 5 HUIM (E AH —
0, B8 105 O R T AR A P BE B

2.3 82 xminikn
2.3.1 BREFRXE KBRS ERKE g : VR

1:75 (g/mLOB KB B W& & 4 1.38 mg/mL, fix
He T HRHE RIS G K B W R MR K b Gy
Vi)l 1+ 50 (g/mL) B, K2 ¥ B &= ik &R
2.10 mg/mL, 5HRHE &K A% % KR TR B A 22 8
I PEFE S K CGmye = V) B 15 50,1 ¢ 62.5,1 ¢
75 (g/mL)#F A7 i) i T A Ak i 5 .

2 IR O 80~ 90 CHE L A5 h kB H ) IR
T I IR ) T i T R 2 i YR > 90 C R, KR
HH ) 5 e R AR R L T REJE R TR G S A Akt
28 PN 139 7KV T 0 I s B T A 9T LA B b L VR B SR 85,
90,95 “CHEAT M o7 AL Ak 15

FV 7K ) B e VAR R B o 3L B O ) O K O T 4
KLFE 4.5 min B35 i KIE Z 5 MR FR R, BAIA SR 2 b
WA A Gmy = V)1 2 75 (g/mL) . oh i i
90 °C wfria it ] 4.5 min B L0 A5 HROKR YRR B EEB
KV L5 A % R e B P i ) R 3.5,4.0,4.5 min
HEAT e o7 1 AR Ak
2.3.2 R PR AR Rk R el e b ) L e IR BE L AE K
SRR, UK B Y AR RO E T RIRE N
Wi N7 {H , AR #% Box-Behnken % 11 Ji 3 3 17 = A R = /K F
IPAITREN SR I VR QUIN RSN S I G e R

x5 F2oxrmaRBERKESR
Table 5 Table of factor levels for the second brewing test
KT A WA/ min B iR EE/C CROK K Gnx * Vi)
1 3.5 85 1:50.0
2 4.0 90 1:62.5
3 4.5 95 1:75.0

XF 22 6 g B HE AT 40T L A5 A LA O AR
Y,=1.44 —0.005 0A -+ 0.055 0B — 0.165 0C —
0.015 0AB-+0.005 0AC — 0.025 0BC — 0. 064 5A% —
0.084 5B*—0.044 5C*, 4)
Y;=0.044 04 0.000 4A 40.002 5B —0.008 5C —
0.000 6AB—0.000 8AC — 0.005 7BC — 0.000 6A% —
0.005 2B%*4-0.003 6C?, 5
Y;=0.752 6+0.062 7A +0.046 0B —0.194 2C +
0.020 2AB—0. 111 6AC — 0.092 1BC + 0. 006 5A% —
0.074 3B*—0.012 1C?, 6)
M2 7 ATAN, 25 B R X L0505 2 WK vh i 14 2% 97 K 7
W I R B S IRARK O C>B> AL 558 1 kb i
Wi 2 A — 0, U BT 0 5% o vt 5k AR v 45K L x5 KR
Wy JO R S ) e K 5 1 L IR B R I 21 4 K U M R Y
Vs R T HL s A B T R W K R g T v Y L
M 2 A YK T AS K E 5 T I A IR 32 5 S S e AT A% vk
KA I i B ) T R ) K IR R B AR A P <<
0.01, M @35 LT P>>0.05, K i 25, Ui W1 00 & 72 5 8
TR o A TR B A BB R e S R B AR UK C>B> AL
HP 45K He A R B 2 (P<C0.01) 5 B P =10.025 2<<
0.05, BF ;L BT P>>0.05, K 83, 15 B 3% 88 % 0] .
25 PR X A L0 R R S AR C> A> B, Ko ook
Lb 5% i A% 3 (P <<0.01) 3 # P =0.004 1<C0.01, 1% &
F 5 RBI P>>0.05, A i 3, WIS B St 2E
VLG H R T AR HE IR 2R KR ) A B R L5
LLF T B S S ([ 05 A58 A gk A7 R Ak L IR S 4T 4%
552 Wb i B T2 S 80 vh iR 8] 3.5 min, #h LR
B 86 °C ZEKH Gny + V)1t 50 (g/mL), A F AL
BARSHIAT 3 WIRIE S5, M AF 245 7 h K I2 ) A
R IRARFTREWKES 5K 1.41,0.04,0.62 mg/mL, 51l
15 75 A% RO (B 80 BEER 0
2.4 83 miaidig

2.4.1 NS KRV BEE KK RN 2K

JK B T ) Tk e BE AN T AR L 2R OK Gy = VO R
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Table 6 Box-Behnken experimental design scheme and results under second brewing

N A s Y 7K ) B Y5 A5 B T vk Yo 2R 4L R LR
(mg+* mL™1) (mg+* mL™1) (mg+* mL™1)
1 1 2 1 1.54+0.00 0.06+0.00 0.76+0.02
2 1 2 3 1.12+0.00 0.05+0.01 0.527+0.15
3 1 1 2 1.26+0.02 0.04-+0.00 0.627+0.02
4 1 3 2 1.36+0.00 0.04-+0.00 0.717+0.03
5 2 2 2 1.56+0.02 0.05-£0.00 0.800.03
6 2 3 3 1.24+0.00 0.04+0.00 4540.19
7 2 1 3 1.14+0.00 0.04-+0.00 0.58+0.07
8 2 2 2 1.4240.00 0.04-+0.00 0.7170.03
9 2 2 2 1.4440.02 0.04-0.01 0.760.03
10 2 2 2 1.4040.00 0.04-£0.00 0.7120.05
11 2 1 1 1.34+0.04 0.04-0.01 0.7070.03
12 2 3 1 1.5440.02 0.06-0.00 0.94=+0.11
13 2 2 2 1.4040.00 0.050.00 0.78£0.07
14 3 2 1 1.54+0.00 0.06-£0.00 1.2040.02
15 3 1 2 1.2640.04 0.05+0.00 0.62+0.18
16 3 2 3 1.14=+0.02 0.04=+0.00 0.51+0.06
17 3 3 2 1.30£0.00 0.06+0.01 0.797+0.04
R7T F2xrMBMMEEALERGESF
Table 7 Response surface optimization model ANOVA under the second brewing
g - J5 A ¥575 F{H P1{H
kI Y, Y, Ys i Y, Y, Ys Yy Y, Ys Y Yy Y
pikill 0.307 6 0.000 9 0.459 6 9 0.034 2 0.000 1 0.0511 6.8900 4.8100 9.080 0 0.009 3** 0.0252* 0.004 1~
A 0.000 2 1.445E—06 0.031 5 1 0.000 2 1.445E—06 0.031 5 0.040 3 0.067 8 5.590 0 0.846 6 0.802 0 0.050 0*
B 0.024 2 0.000 0 0.016 9 1 0.024 2 0.000 0 0.016 9 4.880 0 2.300 0 3.010 0 0.062 9 0.173 1 0.126 4
C 0.217 8 0.000 6 0.301 6 1 0.217 8 0.000 6 0.301 6 43.910 0 26.970 0 53.610 0 0.000 3** 0.001 3** 0.000 2" *
KA 0.016 8 0.000 1 0.032 5 3 0.005 6 0.000 0 0.010 8 1.250 0 1.480 0  6.300 0 0.402 8 0.346 9 0.053 8

T R EP<0.05); * * Jik i (P<C0.0D),

: 50 (g/mL) Ay 7K = 1 9y 5 2 9 0.88 mg/mlLL, 1%
Hi AR R AR AR 1 K IR ) B B R BE (W) 62,86 %0 5 [R] B, B
{5 7E B A WL IR BE (90 °C) L W B 1] (6 min) K, ZE % P

JKE W BV B e O 1.02 mg/ mL (G BR fE IR 2R
TR Y R R B 72.86 %) . B TG I I8 B AR o S AR 4%

VKR s B, R, A3 S BE B KR S P O A R
IR Lmy + Ve /238 15 50,1 ¢ 62.5,1
75 (g/mL) ], il iR (90, 95,100 “C) ., e il i /] (5.5,
6.0,6.5 A M o7 T A AL 35

2.4.2  WRE TG AC IR B R ECh M A () L b R R L ARk
AR E R, KR HY AEHE RARTERER
Wi 7 {F » AR 9% Box-Behnken % 3 JF B F 17 = K % = /K F
PRI SR A PR QUIN IR W S O G e S

min) 3k

®8 E3xMiaiBmEHKER
Table 8 Table of factor levels for the third brewing test

K A WOEE ) /min B R EE/C C ARGy 2 Vi)
1 5.5 90 1:50.0
2 6.0 95 1:62.5
3 6.5 100 1:75.0

Bt MAR IR 9.
X229 B B K HEAT 70 M A 22 00 Il RS T AR
Y;=0.864 0+ 0.000 0A +0.035 0B —0.160 0C +
0.035 0AB—0. 035 0AC + 0.085 0BC + 0.045 5A* —
0.014 5B”+0.055 5C*, D
Y5=0.033 2—0.001 2A +0.002 6B —0.006 3C +
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0.001 3AB+0.005 0AC — 0.025 0BC — 0.064 5A* —
0.084 5B*—0.044 5C?, ®

Y,=1.44 — 0.005 0A + 0.055 0B — 0.165 0C —
0.015 0AB—0.001 7AC + 0.003 6BC + 0.004 1A* +
0.000 8B*+40.001 4C*, (9

FHZR 10 L & R0 2850 3 ik s /K= Hh )
FER R R AR I C>B> A 8 P<<0.01, # 8 3%
KA P>0.05, 4 35, GLHT BT B ) J ., &% PR X AL

BE s # | 2023 F 2 B | RSN

(P<<0.05) 8R! P =0.049 0<C0.05, 8 3 ; 10 P>
0.05, Al 3, UL AR B S ih 24 1 X

H1 2 9 RN KR S W BR HER a k E © JC Ik GA B AR
TE M IRAS 17 H AR Y BT ¥ BE L BT LASE 3 iR i AL R
YR Ay I {E HEAT i SR AL AR LU EE 3 IRy
e AE T2 400 o it a] 6.4 min, MR E 97.3 °CL 25K 1L
: V1250 (g/ml), 23 WIRIESLE MG A4 R R
HYRE R 0.62 mg/mL, 55 [ AR SO0 (S 4005 R AT, U6 5

(7'}’[ F'3

ZRHE 3 Y il Y 2 B A DA R

=7
2

MR N C>B>A;
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Table 9 Box-Behnken experimental design scheme and results under third brewing
i YoORBEMY B /Y R R/ Yo ARLLR T W BE/
A A B
(mg+ mL™ 1) (mg+mL™ 1) (mg+*mL™1)

1 1 3 2 0.9240.00 0.04+0.00 0.8840.11
2 1 1 2 0.88+0.00 0.0440.00 0.6940.03
3 1 2 3 0.86+0.00 0.04+0.00 0.65+0.03
4 1 2 1 1.06+£0.02 0.044+0.00 0.71£0.08
5 2 2 2 0.80+0.00 0.03£0.00 0.557+0.04
6 2 2 2 0.8640.04 0.030.00 0.56+0.07
7 2 2 2 0.92+0.02 0.04=+0.00 0.647+0.04
8 2 1 1 1.1640.00 0.04-£0.00 0.77-0.03
9 2 3 3 0.82+0.00 0.03+0.00 0.63+0.03
10 2 1 3 0.62+0.06 0.02-£0.00 0.500.01
11 2 2 2 0.88+0.00 0.03£0.00 0.6740.03
12 2 2 2 0.86+0.00 0.03£0.00 0.66+0.02
13 2 3 1 1.0240.00 0.04-0.00 0.65-0.04
14 3 1 2 0.80+0.02 0.03+0.00 0.6340.00
15 3 2 3 0.80+0.00 0.03+0.00 0.537+0.01
16 3 3 2 0.98+0.00 0.04%0.00 0.6840.02
17 3 2 1 1.1440.00 0.04+0.00 0.71+0.04

10 F3RMAmMEEALERTENSFT
Table 10 Response surface optimization model ANOVA under the third brewing

AR S5 R F1 e ¥5 F 4 P14

K Y, Y, Y; BE Y, Y Y; Y, Y, Ys Y, Y Y;
BBl 0.276 5 0.0005 01098 9 0.0307 00001 00122 135100 3.7600 3.710 0 0.001 2" *  0.047 2* 0.049 0
A 0.000 0 0.000 0 0.0174 1 0.0000 0.0000  0.0174 0.0000 0.7293 5.290 0 1.000 0 0.4214  0.055 0
B 0.009 8 0.0001 00087 1 0.0098 0.0001 0.0087 43100 3.3300 2.640 0 0.076 6 01110  0.148 5
C 0.204 8 0.0003 0.0346 1 0.2048 0.0003  0.0346 90.050 0 19.860 0 10.520 0 <C0.000 1* *  0.002 9** 0.014 2"
AU 0.008 4 0.0000 0.0104 3 0.0028 7.004E—06 0.0035 1.4900 0.3128 1.1100 0.345 2 0.816 5  0.444 7

T REFEP<0.05); « x A EFE(P<C0.0D),
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