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Response Surface-optimized Tea Charcoal Baking
GAO Yusen, REN Jinbo, LIN Ting, WU Chuanyu
(College of Mechanical and Electrical Engineering, Fujian Agriculture and Forestry University,
Fuzhou, Fujian 350002, China)

Abstract: [ Objective] Charcoal baking in processing tea was optimized. [ Methods] Fuzzy sensory evaluation score was
used as the criterion in a 3-factors-3-levels response surface experiment to optimize the temperature (4), leaves spreading
thickness (B), and time (C) of the tea baking with burning charcoal. A linear regression model was established for the process.
Actual and theoretical sensory evaluations on the resulting tea were compared to determine the effect of the baking on tea
quality and reliability of the quadratic regression model in predicting the result. [ Results] The optimized charcoal baking
spread tea leaves 3 cm thick and held at 82 °‘C for 126 min. The main aromatics in the baked tea included trans-nerol, farnesene,
plant alcohol, and indole in contents corresponded to the rated grade. The major biochemicals were tea polyphenols, soluble
sugars, amino acids, and caffeine in contents reflected the color and taste of the brewed tea. The sensory panel and the fuzzy
evaluation on the tea yielded agreeable results. [ Conclusion] The fuzzy sensory evaluation model appeared to be applicable
for determining the process conditions of tea charcoal baking.
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Table 1 Experimental factor levels

H#E K HRT RS PP 5 L5 B [R]
Factor level Baking temperature/’C Thickness of spread/cm Baking time/h
-1 30 2 1
0 85 4 2
1 90 6 3

BIPEE AT 4, PR ES R E WS . W atr
W 2,

x2 FEMBRETNIRE

Table 2 Sensory evaluation criteria on tea
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Table 3 Statistics of weight distribution of various factors in tea baking

LA G 5 biviZ R R B REN i
Selector number ~ Appearance (u;) Brewed tea leaves (u,) Taste (u3) Aroma (uy) Color of the tea liquids (us) Color of tea leaves (ug)

1 1 2 3 2 2 0

2 1 0 2 2 3 2

3 2 1 3 1 2 1

4 0 1 4 3 1 1

5 1 1 3 3 1 1

6 1 0 3 4 1 1

7 0 1 3 3 2 1

8 1 0 4 1 2 2

9 2 1 3 2 1 1

10 1 1 2 3 1 2

11 2 1 2 2 2 1

12 0 1 4 4 1 0

13 1 2 3 2 1 1

14 1 2 2 3 0 2

15 1 1 2 3 2 1

16 2 1 3 3 1 0

17 1 1 3 2 1 2

18 1 1 4 2 2 0

19 0 1 4 3 1 1

20 1 1 3 2 3 0
1543 Total score 20 20 60 50 30 20

U E Weights 0.10 0.10 0.30 0.25 0.15 0.10

FE WA 1 mLemin |, B R AR (99.999% ),
HIRTHERT . W EE 50 C 4+ 3 min, L)
3 Comin | FHEE 90 C, 4E3% Smin, LS °C-min ' F+
ZF 150 C, 44 5 min; 10 C'min | FFF 220 C, F
¥ 5 min,
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TR 220 G5 2 LR E 240 °C; W] 1~
60 min; L 40~400 m/z,
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Table 4 Sensory evaluation scores on tea samples
HME i Wk R wt LGNz
FEn S Appearance Brewed tea leaves Taste Aroma Color of the tea liquids Color of the tea leaves
Sample No.
fo R o o= R R O E MR P oE MR P OE M R o 7 e R i 7
1 0 4 6 0 12 4 2 2 8 8 4 0 8 6 6 0 12 4 2 2 10 6 2 2
2 0 2 2 2 10 8 2 0 106 4 0 108 0 2 12 6 2 0 10 6 4 0
3 0 6 4 0 10 4 4 2 8 6 4 2 8 6 6 0 12 6 2 0 10 6 2 2
4 12 6 0 2 14 4 2 0 8 8 4 0 106 4 0 12 4 2 2 8 8 4 0
5 0 4 4 2 12 4 4 0 126 2 0 108 2 0 12 2 6 0 10 6 4 0
6 0 6 4 0 10 6 4 0 8 6 6 0 106 4 0 10 4 6 0 8 6 4 2
7 12 4 4 0 12 6 2 0 8 6 4 2 106 4 0 12 4 4 0 10 6 2 2
8 12 6 2 2 12 4 4 0 6 6 6 2 8 6 4 2 8 8 4 0 8 6 4 2
9 0 6 2 2 12 4 4 0 6 6 6 2 6 8 4 2 8 8 2 2 10 6 2 2
10 0 4 6 0 10 4 4 2 8 6 4 2 8 6 6 0 12 4 2 2 10 6 4 0
11 0 4 6 0 10 6 4 0 8 8 2 2 8 6 6 0 12 4 2 2 10 6 2 2
12 0 4 6 0 10 6 4 0 106 2 2 106 4 0 12 6 2 0 0 8 2 0
13 0 4 6 0 10 6 4 0 108 2 0 106 2 2 8 8 2 2 10 6 2 2
14 0 4 4 2 10 6 2 2 6 4 6 4 6 8 2 4 6 0 2 2 10 4 4 2
15 0 6 2 2 10 4 6 0 8 6 4 2 6 8 4 2 6 8 4 2 8 6 4 2
16 6 4 8 2 8 8 2 2 4 4 8 4 4 8 4 4 6 8 4 2 6 6 6 2
17 8 6 4 2 8 4 6 2 6 4 6 4 6 8 2 4 4 8 6 2 6 6 6 2
F5 FHHEFEHRITEAE
Table 5 Combinations of tea baking conditions ERe 8, SRS g E R s A0 L, HER R
E R ROV T 2R BE , SF R AR RS, BAUTRLRS IR
C em time/h  sensory evaluation th L IR I T e AL B, S T e R R ) 0 (L
1 ; - - - TS BT E, kR I 0 0 T I 2B, 6 o e
) . . . raas B, AR A 1 2 RV 6 0 B B K
3 0 1 -1 70.20 Kl (e). (f) aJLAEH, T BEET B ] ) (6 58 5
4 -1 -1 0 73.95 55U T 5 BE 1) DA RS Bl AR L, LR I ] 2500 T
3 0 0 0 75.70 RARE, S5 B, U0 TR B )X 2 ek
o ! 0 - 72 BT AR . T LA H 2 R VR4 B
’ " ’ ’ 1230 KON HERERE (A ) > HRERIE (C) >
. R, o HEPIERE (B). WIS 48 OKTT 4 3D i 0
0 ; . 1 o R R T, AR TR , I I 1 i I
11 0 -1 1 70.50 '[)%%, Epi’%%TWﬁfﬁE%ﬁﬁjﬂ%ﬁﬁ@fiﬂ
12 0 0 0 75.55 YERT, RIS a] LA Y, 2% PR 22 BAE S 2 i i
13 0 0 0 73.85 IO T R BE Y S . AC>BC>AB, 45 i 2 5 BU
14 : - 0 62:30 B 1 B SR FRBE IR . AC>BC>AB, (I [H %
e o ) ’ or0 22 18 38 AR % 2 R B B 0 /N I
’ : X i o AC>BC>AB. /MWL A2 1 A A 5 Uy

T5 2253 I R—2
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Table 6 Variance analysis on response surface quadratic model

Ji ZERR S5 A H B 5 Fla Pla REN
Source of variance Sum of square Degree of freedom Mean square F value P value Significance
o 429.67 9 47.74 16.11 0.0007 ok
Model ’ ' ' ’
HAEIR A
PG 52.28 1 52.28 17.64 0.0040 o
Baking temperature
TR IEB
£
Thickness of spread 25.92 1 25.92 8.75 0.0212
Bl (] C
n 66.99 1 66.99 22.61 0.0021 *
Baking time
AB 27.56 1 27.56 9.30 0.0186 *
AC 55.88 1 55.88 18.86 0.0034 ok
BC 23.04 1 23.04 7.78 0.0270 *
A 70.91 1 70.91 23.93 0.0018 ok
B 30.50 1 30.50 10.29 0.0149 *
c 58.54 1 58.54 19.76 0.0030 ok
o 20.74 7 2.96
Residual ’ ’
ES 8
Lack of fit 13.02 3 4.34 2.25 0.2251
aliR 7
7.72 4 1.93
Pure error
&it
Cor total 45041 16
R=0.9540 R 54708948 CV=2.48%

R ERREE (P<0.01); *AXEREFH (0.01<P<0.05).

** means extremely significant difference (P<<0.01); * means significant difference (0.01 <<P<<0.05).
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W, BEPEBOERE RN RS KRB, A BT E et
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BN LS 82,50, 5 fe A 5L bR ECE IE A B S
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18 Fi b ks S A BEAS TR I 2 T AH [ 11 23 Fof
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AR R A A > v B A > A > | A
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T R AR T 2 o 0 7 SRR AL T, I 2
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Ve, Wl A T LB L M
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262 %ot ALK DA

P 8 T, 18 Fh LA S L & RE A% b BT A
(4 Fh E B AR T, KL AR Ak
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Table 7 Main aroma components of different tea samples baked in different conditions

R7T TRMELEFHEEESHISE

Y s R -PEAE I TS FJes g R SEBRE R E VAN 2 (F)
Sample No. Trans-nerolidol/% Phytosterol/% Farnesene/% Indole/% Actual fuzzy sensory evaluation score

1 13.281+0.29 efg 6.201£0.32 ef 8.24+0.38 bede 4.6610.15 ef 70.80

2 14.29+0.25 cd 7.37£0.33 cde 7.23+£0.34 f 4.3240.17 efg 78.15

3 12.99+0.27 ¢ 6.19+0.25f 8.26£0.28 bede 5.16+£0.26d 74.75

4 13.92£0.39 cde 7.031£0.32d 7.89+£0.25¢ 3.52+0.14h 77.45

5 15.34+0.49b 5.92+0.26 ef 7.92+£0.37 de 3.12£0.13 h 81.95

6 13.58£0.30 defg 6.15+0.27 ef 8.61£0.23 bede 3.34+0.15h 76.50

7 14.10£0.24 cde 6.05+£0.31 ef 8.08£0.16 cde 3.82+0.18 gh 76.10

8 12.07£0.23 hi 7.70£0.29 abed 8.47£0.39 bede 5.881£0.29 ¢ 70.95

9 11.8610.15 hij 7.8610.30 abed 8.31£0.30 bede 6.22+0.29 be 71.70

10 13.10£0.23 efg 6.001£0.29 ef 8.41£0.35 bede 5.23+0.20d 72.10

11 13.19£0.37 efg 7.88£0.12 abed 8.05+0.36 cde 5.28+0.39d 74.55

12 16.09£0.25 ab 6.091£0.27 ef 7.37£0.14 f 3.99+0.19 fg 83.15

13 14.06+0.54 cde 7.6410.34 abed 7.25+0.29 f 3.331£0.18h 79.90

14 11.35+£0.31 ) 7.70£0.35 abed 8.36+0.31 bede 7.33+0.36a 73.20

15 12.18£0.52 hi 8.111+0.43 abed 8.20£0.35 bede 6.49+0.31b 74.35

16 10.36£0.49 k 7.92£0.35 abed 9.66+0.39 a 7491030 a 67.65

17 11.19+0.41 j 7.52£0.38 bed 8.30£0.36 bede 7.58+£0.29 a 67.40

18 15.78+0.67 ab 5.9040.27 ef 6.90+0.19 f 4441022 ef 82.50

KPR E AR NS FRERERTE (P<0.05) . K8[[.
Data with different lowercase letters on same column indicate significant differences in content (P<<0.05). Same for Table 8.
RS TEMBELEFHETEEURSEE
Table 8 Main biochemicals in sampled teas

RGP KL AV PR BIER WA ik

Sample No. Tea polyphenol/% Soluble sugar/% Amino acid/% Caffeine/%
1 23.59+0.82 ¢ 5.831£0.25 defgh 1.73£0.12 hijj 1.98+0.08 ij
2 24.87+0.51 b 6.231+0.30 bed 2.04£0.07 f 1.53+0.07 k
3 23.611£0.44c 5.71£0.15 defg 1.80%0.03 gh 2.35+0.12h
4 24.82+0.31b 5.631£0.28 defg 2.38+0.12¢ 1.97£0.09 jj
5 26221036 a 5.60£0.26 defg 3.18%£0.13 ¢ 1.2440.06 1
6 23.511£0.46 ¢ 5.77£0.17 defg 1.74£0.07 ghi 2.03£0.07 ij
7 24.01£0.38 ¢ 5.77£0.31 defg 226%0.11¢ 1.97£0.09 jj
8 21.24+0.48d 6.21£0.22 bede 1.5940.03 ijk 3.0410.13 fg
9 21.81+0.49d 5.52+0.25 efgh 1.45+0.07 ijk 3.36+0.12¢
10 23241044 ¢ 5.8410.25 cdefg 1.76 +0.09 gh 3.15£0.10 fg
11 23.61+041c¢ 6.001+0.22 bede 1.83£0.09 gh 2.95+0.10 g
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I KR VAR RIERR IR
Sample No. Tea polyphenol/% Soluble sugar/% Amino acid/% Caffeine/%
12 26.57+0.86 a 6.641+0.26a 3.55+0.10a 1.0940.051
13 24.83+042b 5.9040.14 cdefg 2.57+0.09d 1.80+0.07
14 20.0340.55 ef 5.1940.16 hi 1.36%+0.11k 420+021¢
15 21.65+0.34d 5.4710.09 efgh 1.60+0.04 hijk 3.84+0.09d
16 18.844+0.41 f 4.644+0.10k 1.06%0.06 1 4.78+0.17 a
17 19.314+0.35 ef 5.05+0.151 1.2140.041 4.524+0.15b
18 26.00+0.37a 6.221+0.32 bed 3.3940.13b 1.4440.06 k
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