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Abstract: Baojing Huangjincha 1 was used as the raw material to produce congou black tea, and the effects of fermentation at variable
temperatures (40 “C in the first stage and 30 ‘C in the second stage) on the quality of congou black tea were investigated. The results showed
that the color of congou black tea fermented at variable temperatures was dark brown and moist, the taste was sweet, mellow, and fresh, the
sweetness was long-lasting, the soup was red and bright, and the leaf bottom was red and even. Compared to fermentation at a constant
temperature, the color of the tea soup changed significantly from bright red to dull red, the taste developed from sweet alcohol to pure and sweet,
and the leaf bottom gradually became dark and tarnished (turned from bright red to reddish brown); these effects became more prominent as the
fermentation time in the first stage (40 ‘C) was extended. Compared to variable-temperature fermentation, the content of amino acids and tea
polyphenols showed the greatest decrease after 3 h of constant-temperature fermentation at 40 “C, and changes in the tea polyphenol, amino
acid, and soluble sugar contents were generally the same as that observed after fermentation for 4 h at 30 °C and a constant temperature. The
final content of theaflavins (0.39%) after variable-temperature fermentation was higher than that obtained after fermentation at constant
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temperatures (30 ‘C and 40 C). Based on the results of sensory evaluation and content of quality components in each treatment,

variable-temperature fermentation (40 °C, 1 h+30 °C, 2 h) is optimal for processing congou black tea with a sweet, mellow, and fresh taste.
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Table 1 Variable temperature fermentation test parameters
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Table 2 Sensory evaluation results of 30 and 40 C constant temperature fermentation of congou black tea
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Table 3 Sensory evaluation results of change-temperature fermentation treatment of congou black tea
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JLA5% EGCG. GCG M ECG TEHLISM BT Mg REEEMAT L, KEEL AR 3 S 28%
Ko AN 71.69%. 87.45%F0 25.17%, RN &1 (30 ‘C).30%(40 THF22%(30 ‘C)I.15%(40 C),
R (GA) EERERm, WHlN 86.67%, XEHT EGCG. GCG M{rEH AR, HARBE R )L
A 58 A B A LR KRBT R [ A FHT L R R e, R 1) 44.8% 2 KBS AT
EGC. DL-C Ml EC &&= tHig%r Tk, HA EGC. EC 80.3% (30 ‘C) #182.7% (40 C).
& 4 TRIRBERENEEE WIS (%)
Table 4 Effects of different fermentation temperature on main biochemical components

HE ;ﬁ%c P I 918 1 : 3@#5&:%4 5 :
PN 30 31.36+0.55 29.64+0.62 28.21+0.50 24.77+0.56 23.42+0.53 22.24+0.30 21.38+0.22 19.43+0.39 18.48+0.22
40 31.36+0.55 29.644+0.62 28.21+0.50 24.06+0.40 23.44+0.41 19.30+0.28 19.33+0.29 17.94+0.30 17.46+0.26
. " 30 5.85+0.20 5.86+0.24 5.90+0.22 591+0.18 5.89+0.10 5.78+0.17 5.60+0.20 5.56+0.13 5.53+0.16
e 40 5.85+0.20 5.86+0.24 5.90+0.22 5.77+0.14 5.22+0.19 5.06+0.14 4.62+0.17 4.19+0.18 3.46+0.22
et g 30 1.60+0.00 1.56+0.04 1.55+0.02 1.56+0.01 1.57+0.01 1.55+0.03 1.58+0.06 1.55+0.05 1.57+0.02
TR 40 1.60+£0.00 1.56+0.04 1.55+0.02 1.57+0.01 1.57+0.01 1.55+0.05 1.57£0.02 1.54+0.01 1.54+0.03
_ 30 4.51+0.02 4.52+0.04 4.45+0.07 4.41+0.10 4.40+0.09 4.22+0.02 4.20+0.08 4.17+0.10 4.16+0.04
o, 40 4.51+0.02 4.52+0.04 4.45+0.07 4.44+0.12 4.32+0.07 4.21+0.03 4.20+:0.06 4.14+0.10 4.13+0.05
P 30 0.00£0.00 0.02+0.01 0.15£0.05 0.29+0.06 0.35+£0.09 0.41+0.10 0.36+0.02 0.344+0.07 0.30+0.06

40 0.00£0.00  0.02+0.01 0.15£0.05 0.284+0.05 0.20+£0.05 0.22+0.08 0.19+0.04 0.17£0.02 0.17+0.03
7E: FM20~22h, #4470 min, ZLEAEK6h, FERI0 C/1.5h.
%5 TRIABERERXTILEZRSEMM (%)
Table 5 Effects of different fermentation temperatures on catechins

= E EY 1 : f“ﬁm’% ; . -
AT 30 0.10£0.00  0.11+£0.00 0.75+£0.14 0.72+£0.08 0.73+£0.12 0.67+0.12 0.65+£0.06 0.62+0.10 0.60+0.11
40 0.10£0.00  0.11£0.00 0.75+0.14 0.72+£0.06 0.74+0.14 0.59+0.10 0.61+0.08 0.58+0.07 0.57+0.10
EGC 30 8.47+0.38  7.09+0.30 3.24+0.26 3.21+0.22 3.13+0.24 3.09+0.25 3.04+0.22 3.19+0.25 2.55+£0.20
40 8.47+0.38  7.09+0.30 3.2440.26 3.19+0.28 3.02+0.22 2.13+£0.25 2.86+0.28 3.03+0.29 2.44+0.27
DL.C 30 1.20£0.08  1.15£0.06 0.19+£0.02 0.24+0.01 0.19+£0.04 0.15£0.02 0.11£0.03 0.20£0.01 0.11£0.02
40 1.20+0.08 1.15£0.06 0.19+0.02 0.10£0.00 0.08+0.02 0.13+0.01 0.12+0.04 0.12+0.03 0.15+0.02
EGCG 30 6.04+0.10 4.66+0.12 1.71+0.08 1.38+0.05 1.13+0.05 1.01£0.05 0.75+0.05 0.69+0.02 0.44+0.08
40 6.04+0.10 4.66+£0.12 1.71+£0.08 1.17+£0.04 0.81+0.03 0.64+0.02 0.444+0.07 0.37£0.03 0.34+0.05
BC 30 0.53+0.14  0.38+0.02 0.51+£0.06 0.49+0.09 0.40+£0.09 0.27£0.06 0.19+£0.05 0.19+0.01 0.12+0.04
40 0.53+£0.14  0.3840.02 0.51+£0.06 0.35+0.10 0.25+0.08 0.10+£0.03 0.10+£0.03 0.11£0.01 0.08+0.01
. 30 5.42+0.20 4.53+0.22 0.68+0.15 0.44+0.08 0.35+£0.07 0.16+0.05 0.13£0.05 0.11+£0.03 0.06+0.02
40 5.424+0.20 4.53+0.22 0.68+0.15 0.33+0.10 0.21+0.07 0.12+0.03 0.09+0.02 0.06=0.02 0.05+0.02
ECG 30 1.51£0.10  1.35+0.12 1.13+£0.09 0.68+0.05 0.58+0.12 0.47+0.12 0.40£0.09 0.38+0.10 0.20+0.09
40 1.51+0.10 1.35+£0.12 1.13£0.09 0.68+0.09 0.45+0.17 0.37+£0.12 0.25+0.05 0.20+£0.08 0.18+0.07
WIS 30 10.21+£0.39 8.62+0.34 3.944+0.24 3.93+0.22 3.71+0.24 3.50+0.19 3.34+0.14 3.58+0.20 2.83+0.14
40 10.21+£0.39 8.62+0.34 3.94+0.24 3.64+0.22 3.35+£0.26 2.36+0.20 3.08+0.16 3.25+0.17 2.67+0.12
A UL 30 12.57£0.35 10.53+£0.30 3.52+0.38 2.50+0.22 2.06+0.30 1.64+0.10 1.28+0.12 1.18+0.15 0.70+0.10

40 12.57+£0.35 10.53+£0.30 3.52+0.38 2.17+0.20 1.47+0.19 1.13£0.10 0.77£0.10 0.63+£0.08 0.56+0.09
30 22784022 19.15£0.39 7.46+0.36 6.44+0.30 5.77£0.35 5.1540.16 4.62+0.19 4.76+£0.33 3.52+0.20
40 22784022 19.15£0.39 7.46+0.36 5.82+0.29 4.82+0.28 3.49+0.22 3.85+0.22 3.88+0.26 3.23+0.23

JE: EH20~22h, #4470 min, ZEBETK6h, FIHE0 C/1.5h,
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Fig.2 Effects of different variable temperature fermentation

processes on main biochemical components

E:oar REE b BB o MY d REE X
#et, W: ZEAet; R: #Ebet.
TR VPSS SR R AR BT A S AN 4 R A

161



MK EmBHL

Modern Food Science and Technology

2022, Vol.38, No.2

fry GREHIRARR KA (40 'C 1h+30 C 2h)
NRFRE SR N FURIN T ) T R 40 4% 5 i I e
CHEERD RFAES SRR T2,

A T X R AR B, THRA
B R LA, N TR 2125 R I 4 v 22 T 2R ot 1)
AR AFEM RN A E EEUr & FARE LS 3
ORI, FERBEAL], WEHEEHE, SO
SR TRATFRAETEA R, PR R AT T
Rt BT V) 398 0 A 45 08 S DA A B P () RS 12, S
53 2 By S AE A0 I 1) Y AL, AR AR = S PR
IR 2300 P LAV 28 % e S I3 S 2 A o s ),
AT T 45 SR 2R B A 4 T e R A AR R IR
(HIRAIRE) ARIT WS A = I R

AL, WE X 5~8 H SR, &
Al 40 °C, [FIEE, 8RR RN AT DR R AR
TFHAT AL R e, BV R R AT R A 0T S
el b e, DUESAM BB RS, dimiErt
WA LRATRIIBIR R & .

3 #ip

31 RTEERTRAFKRBE LR ULAE
RPN T . . REENE. BEE%SS
Hpteat, BLOCIER T — & R 5 RS 5,
B R BT R FRAHRE AL, AW FE 45 SRR W,
AR5 R BN T 3 4 2% TR 4 (0 B SR A 19, 3%
WREHEE . BEEE, BE MK, BERaR, IR
&), AR FAL TR REE: F, BERBERE
MR, HRimBih A L ARG 5 AR 8, JErk
FHRE R S0 AN R T R, RGBT AR IS 2k 2ok
(LL5EHENLIAE) , JEREE REEE—F B (40 T)
oy e A A R T K LA 6 98 o i R B 5 R B S
AR KA 30 C. 40 ClEIR K EFAFALL,
KL, WEELRAE. AR S ELEE
S, FEENERSH RN THEIRE KRB,
FIEE HUPEE RS SRR S RIS R, SR AN
SEASE R TR (40 °C 1 h+30 °C 2h) ZLliE4
FENJERHIN T T2 41 5 B S RRAE b 5 1) e A T
o

3.2 AWFFAR IR RS 5 B W R X AR
ARG, RSB AR E, TR
G BRI M TR <R, BRErRsR, SRR
I T AL G R B KR ARG, TR 3 T 3 S AR = AL
FHA R (BEAEENZ, bR RN
P LA R s R A 8, DRI s B2 7T
FRERN B R BRI A BT k25 Rz AR 1

162

& T
BH I K

(1]

R, KR TR T, S B AR 5 A AR (RO
T FUI].25HRE2,2019,39(3):309-317

CHEN Yuhong, HUANG Feiyi, LEI Yu, et al. Study on the
quality of five Huangjincha related cultivars [J]. Journal of
Tea Science, 2019, 39(3): 309-317

SRS AR 2N TGS M. B R A AE,2017

SU Benwen. Introduction to High Quality Black Tea
Processing [M]. Central South University Press, 2017
G, 2 KRR SR IEAT, S 25 AR L 220t FE Rt R (0] e
A}2,2019,35(1):1-10

WAN Xiaochun, LI Daxiang, ZHANG Zhengzhu, et al.
Research advance on tea biochemistry [J]. Journal of Tea
Science, 2019, 35(1): 1-10

B, T, /D08, 5 LRI R A et 114
R [T AR A, 2015,37(5):11-14

LI Xinlei, WANG Tingting, YU Shaojuan, et al. Effect of
fermentation technology on quality of congou black tea [J].
Fujian Tea, 2015, 37(5): 11-14

Bhuyan L P, Borah P, Sabhapondit S, et al. Spatial variability
of theaflavins and thearubigins fractions and their impact on
black tea quality [J]. Journal of Food Science and Technology,
2015, 52(12): 7984-7993

THEIN 0 T, R, AR R LR AR R AR S
mm JFAH PRI [J] AR 45 ,2010,11:21-25

HUANG Xianzhou, PAN Yuhua, TIAN Yanyji, et al. Study on
correlation between main biochemical components and
quality of Tanyang congou black tea [J]. Fujian Tea, 2010, 11:
21-25

Wang K, Chen Q, Lin Y, et al. Comparison of phenolic
compounds and taste of Chinese black tea [J]. Food Science
and Technology Research, 2014, 20(3): 639-646

RSO, SR 2128 R IR T T R [0] AR i 2,201,
33(3):8-11

ZHAO Wenxia, HUANG Yahui. Research progress of black
tea fermentation technology [J]. Fujian Tea, 2011, 33(3): 8-11
T/HNTI 052018, WIFLL 2% T RLRIN LHAAIES]
T/HNTI 05-2018, Hunan Black Tea Technical Specifications
for Processing of Congou Black Tea [S]

R, B /INIBE 2R 3 7. 2% ) L R ) i RO v D e T
VAT AHRE,1991,51:93-99

WANG Zengsheng, TONG Xiaolin, ZHU Shangtong.
Quantitative analysis of catechins with HPLC [J]. Journal of



MK EmBHL

Modern Food Science and Technology

2022, Vol.38, No.2

(11]

[13]

[14]

[15]

Tea Science, 1991, S1: 93-99

g, R b, B 2 AR v RO A DI E £ R
ZEER[I](21,2004,22(2):151-153

WANG Kunbo, LIU Zhonghua, HUANG Jian'an, et al.
Determination of theaflavins in black tea by highperformance
liquid Chinese  Journal  of
Chromatography, 2004, 22(2): 151-153

B B 850 57 LN L s A 5 i U BRI R AR 0],
HEEEAT,2004,2:13-14

DUAN Hongxing, SHAO Wanfang. Relationship between

chromatography  [J].

substance change and quality formation in black tea
processing [J]. Fujian Tea, 2004, 2: 13-14

TR JA R, v e A RO S e AR LR R T FE ). e
Al AFE,2016,1:77-80

TAN Ting, ZHOU Ying, GAO lJing, et al. Research on
fermentation technology of Baojing golden black tea [J].
Hunan Agricultural Sciences, 2016, 1: 77-80

7 R, S B T A AN TR R Il AR B X TR AL 2%
i o KRR [T]. R R AN T, 2004,2:19-21

FANG Shihui, WANG Xianfeng, WANG Xisheng. Effect of
different fermentation temperature and degree on quality of
congou black tea [J]. Chinese Tea Processing, 2004, 2: 19-21
BB A TR LR R I P 5 T3 At 7T [D]. A B A A

[19]

#i,2013

QIAN Yuanfeng. Study on the method of determining the
yeast suitability of gongfu red tea [D]. Chinese Academy of
Agricultural Sciences, 2013

AT RIS, R, E AR, 55 LR R W R A B AR A AR K
R TR R[] H R 2381, 2015,31(22):263-269
YU Luting, YUAN Haibo, WANG Weiweli, et al. Research
progress of physiological and biochemical changes and new
techniques in fermentation of black tea [J]. Chinese
Agricultural Science Bulletin, 2015, 31(22): 263-269

WREA ST R A2 A B ). oh [ 26, 1993,4:6-7
CHEN Yiyi, FANG Chen. Experiment on fermentation of
black tea at varying temperature [J]. Chinese Tea, 1993, 4:
6-7

HALLM AR TR R B L 28 E[D]ARM AR R
2012

HE Hongzhou. Study on innovative processing technology of
Fujian congou black tea [D]. Fujian Agriculture and Forestry
University, 2102

S T e 2L AR S B S LA (P R R ()] AR 5
I,1996,4:15-18

XIA Tao. An analysis of the principle and black tea regulation
of tea red color formation [J]. Fujian Tea, 1996, 4: 15-18

(EFEE 196 TD)

[26]

[27]

[29]

Chen X, Guo L, Du X, et al. Investigation of glycerol
concentration on corn starch morphologies and gelatinization
behaviours during heat treatment [J]. Carbohydrate Polymers,
2017, 176: 56-64

TR, BN 25, DO . 22 FLUE R A TR il A il 25 B
HATAANED] fr iRl #,2013,34(12):95-98

JIANG Huijuan, LYU Xiaolan, HUANG Ganhui. Preparation
and antioxidant activity of porous starch perilla seed oil [J].
Food Science, 2013, 34(12): 95-98

Choisnard L, Wouessidjewe D, Putaux J-L. Polymorphism of
crystalline complexes of V-amylose with fatty acids [J].
International Journal of Biological Macromolecules, 2018,
119: 555-564

Qin Y, Liu C, Jiang S, et al. Characterization of starch
nanoparticles prepared by nanoprecipitation: Influence of
amylose content and starch type [J]. Industrial Crops and
Products, 2016, 87: 182-190

[31]

[32]

[33]

[34]

Fu Y, Yang J, Jiang L, et al. Encapsulation of lutein into
starch nanoparticles to improve its dispersity in water and
enhance stability of chemical oxidation [J]. Starch-Stérke,
2019, 71(5-6): 1800248

Miao M, Zhang T, Mu W, et al. Effect of controlled
gelatinization in excess water on digestibility of waxy maize
starch [J]. Food Chemistry, 2010, 119(1): 41-48

Chen L, McClements D J, Zhang H, et al. Impact of amylose
content on structural changes and oil absorption of fried
maize starches [J]. Food Chemistry, 2019, 287: 28-37

Wang S, Li C, Copeland L, et al. Starch retrogradation: a
comprehensive review [J]. Comprehensive Reviews in Food
Science and Food Safety, 2015, 14(5): 568-585

34. Tan W, Li Q, Wang H, et al. Synthesis, characterization,
and antibacterial property of novel starch derivatives with

1,2,3-triazole [J]. Carbohydrate Polymers, 2016, 142: 1-7

163



