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Abstract: Changes in the color difference and main chemical composition of yellow tea, along with piling time, were studied at different

temperatures and different water content. The key chemical components causing the yellowing of yellow tea are chlorophyll a, epigallocatechin

gallate (EGCG), and epicatechin gallate (ECG), and kinetic models for the relationship of chlorophyll a, EGCG, and ECG with piling time and
<,

temperature were established, so as to predict the degree.of ye ing’ during the piling process. The results showed that a zero-order kinetic

equation could provide a good fit for chlorophyll a, EGC CG. The relative error of the model predicted value and actual value was less
than 5%, indicating that the model was-effective. The reaction rate constant K (reaction rate) values for the prediction model were calculated
under various conditions, and the results indicated that with increasing temperature and moisture content, the K values of chlorophyll a, EGCG,
ECG increased gradually. Nonlinear fitting of reaction,rate constant and temperature were carried out using the Arrhenius equation, and the Ea
(activation energy) and A (frequency factor) of chlorophyll a, EGCG, and ECG were obtained. Under the same conditions, the reaction of

followed by those of ECG and EGCG.

chlorophyll a was most likely to
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Table 1 Changes in chemical composition and color during piling of yellow tea with water content of 30 % and temperature of 45 C

Bt1E)/h 0 4 8 12 16 20
58 /% 19.75£020°  22.14+1.00° 19.50:£0.09" 18.9240.03°  18.75£0.00°  18.70::0.20"
"4 E al% 1.18+0.11° 1.10+0.10° 1.07+0.01% 0.97+0.0 0.9240.08 9120.00°
=+ 4kZ& b/% 0.46+0.01° 0.46+0.10° 0.44+0.00° 0.44+0.00% 0.4440.01° 0.4240.02°
Bt &Y% 1.64+0.12° 1.55+0.00% 1.50+0.01° 1.40%0.00°" /' 1135+0.00° 1.3440.03°
7B RIS % 2.65+0.11° 2.73+0.01° 2.91+0.20° 2.77£0.02> 3.13+0.03° 3.03+0.01*
&% 0.08::0.00" 0.09:£0.00* 0:08+0.00° 0.112:0.00° 0.08+0.01° 0.08+0.00°
e /Y% 2.32:+0.02% 2.49+0.03° 2312013 2.1540.20° 2.18+0.02° 1.90+£0.05°
FABEY% 1.08+0.03¢ 1.3240.12° 1.00£0.07° &io.oob 1.140.04 1.16£0.01%
EGCG/% 5.91+0.07° 5.94+0.00" 5.85+0.12% 67031 5.54+0.01° 5.37+0.03¢
EC/% 0.42::0.00° 0.45+0.08" 0.43+0.06" 0.39+0.05° 0.44+0.02° 0.40+0.01°
GCG/% 0.07+0.00" 0.09::0.00° 0.08+0.00" 0.09+0.00° 0.09+0.03* 0.10+0.00°
ECG/% 1.34+0.11° 1.29+0.06™ 1.18+0.01% 1.14£0.00° 1.12+0.04°
L* 24.41+0.33" 25.12+0.14° 25.62+0.07"  26.15£0.03"  26.48+5.68"
a* -0.65+0.02° 20.31£0.01° 0.11£0.00>  -0.10+0.00°  -0.07+0.01*
b* 22:56+0.03" 23.26+0.02° 2425£0.01°  24.63+0.00°  23.15+0.03°
E: B RR FERTEPO0SKTPH 27T
2 BRAZKEEHTRERIETHER T SEEZENE ECG/% 0.742 -0.837*

n X R

IRt (Pea

total factor level

a* b*
RE8 % 0:544 -0.634
ot & al% 0.765 -0.836*
ot E b/% 0.691 -0.708
Bt /% 0.796 -0.859*
B R % 0.063 -0.344
REF% 0.734 0.757
Bt E/Y% 0.660 -0.625
FABEY% -0.487 0.546
EGCG/% 0.868* -0.923%*
EC/% 0.406 -0.526
GCG/% -0.713 0.789

E: *%p<0.01, *p<0.05.
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Fig.2 Changes in ECG content during piling of yellow tea under
different water contents and temperatures
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Table 3 Reaction rate constant and determination coefficient for zero and first order regressions of EGCG, ECG, and chlorophyll a

. SKE TR L Zero-order — B
A R4 ®E/C — - — - 5
1% HEFHK P &L 4 JBEFHK  ARERHKR
35 0.0186 0.9247 0.0032 0.9229
30 45 0.0390 0.9180 0.0070 0.9155
EGCG
60 0.1069 0.9828 0.0198 0.9780

BT
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HEER
35 0.0218 0.9603 0.0039 0.9575
45 45 0.0499 0.9310 0.0089 0.9286
60 0.1108 0.9755 0.0208 0.9842
35 0.0332 0.9560 0.0060 0.9592
60 45 0.0544 0.9946 0.0098 0.9946
60 0.1413 0.9559 0.0217 0.7854
35 0.0062 0.9334 0.0470 0.9451
30 45 0.0150 09115 0.0124 0.9120"
60 0.0340 0.9059 0.0288 0.8885
35 0.0081 0.9786 0.9792
ECG 45 45 0.0219 0.9519 9492

60 0.0442 09715 611

35 0.0087 0.9630 0.

60 45 0.0182 0.9007 0.
60 0.0432 0.9646 0.9403
35 0.0076 0.9634 0.0071 0.9578
30 45 0.0188 0.9515 0,0183 0.9545
60 0.0341 0.9620 0.0345 0.9520
35 0.0087 09687 0.0083 0.9640
HES X 45 45 0.0191 0.9317 0.0195 0.9071
60 0.0341 0.9332 0.0353 0.9096
35 0:0110 0.9842 0.0112 0.9767
60 45 0.9338 0.0201 0.9120
0.8988 0.0239 0.8819
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Table 4 Active energy and frequency coefficient for zero order

change of EGCG, ECG, and chlorophyll a

e 4AKE  EALAL Ealkl/mol)  FIEBEF A
30 59.674 2.436x10°
EGCG 45 54.968 4.797x107
60 49.909 9.166x10°
30 57.476 3.665x107
ECG 45 56.893 3.982x10’
60 54.466 1.526x10’
30 50.236 2.772x10°
"t E a 45 45.851 5.596x10°
60 40.962 1.038x10°
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Table 5 Prediction and verification of the kinetic models of EGCG, ECG, and chlorophyll a
WERS AKEY% /T BF 18] /h FURUA/ Yo eI HaxtiRE %
30 60 45 543 5.40
EGCG
60 45 6.5 5.60 5.
G 30 60 45 1.20 1.26
60 45 6.5 126 128
30 60 45 1.03 030
HET
60 45 6.5 0.98 1.01 3.19%

AR, T RLE R ) O R R K R S TR

3 4t N | e
e RSEELTE R [ PRI FEI BT, LA DRI Hh B B el 5

3.0 AEFEZRMIN T RE A, T B A e I I A] 1)
I E R KEE R PR AR, R
(R R AR g el B rp e BT (R A AL R A8 E ), A
SR AR AN F ) S /K BRI 25 R ox  k fe) Bad
ﬁ*%%ﬁ“%é?ﬁﬁT%E,%ﬁﬁﬂ%f
KMo, SEREREZH H%?a\éﬂ
MUFERAER. RO R, KR, EGCG, B
a* il b*7E p<0.05 7KF - BAT Rt 2 5, 15 ;/mgzvf
FEEEAHSCHERR ML E TN 565 av B4R
EGCG. ECG. TERTNBIBEFA RN 2R R [ 3 1)
TR R B S S A B BRI 4 2 S I A S B
NEVEANFE BT GRS 2 EGCG 1 ECG
g4 Ak CA SRR R
7 N LA ER, RN AT 35y
PR AR R, AT T30 BT
(6824251 “AHIF o7ty B N 25 540 2 R 43 HROAH S
L T 3X— M
32 XH4EEa.EGCG Ml ECG =R idkTah 12
BRI, RIS T )15 R G R T 5 —
BN 1T RERIRLA R, o LT BT ST (R A A T
T2 5, PG Seie i 2 AR 2ZRBN, T
A 2 R 27 Rt = i s A e e R rp AR
ARFHEAT T o [t R AR T30 Sk (1) 8 ) 2 A 2,
ST H R A B e B A ] o ST =R R RN ]
RS KR NIRRT R AN, EE
KRR, =3 MR SR AR, MR

IR A REEAR S RS R, skt
BAL R R HIE S .

3.3 MR ORISR AS R 26T BiE AL RE
Ea i LA, [Fl—Ms Sk B, R SR
TR Z AT o 3 AN T SRR AR 2 I A
PRELIONIPIEANIEY o8 BT S A er /e (i
AN TARERE AR R 2h 722 AR (R T34 75 Bk 2D (XAt
FEWE.

Bt bk

[1]  RES, O, . bo) 350 B 4% b S R RIS A T 2],
H3E11,2012,39(2):8-16
CHEN Ling, ZHOU Yue-bin, WANG Zhun. Research on the

P

effect of yellowing with piling process on the quality of
yellow tea [J]. Tea Communication, 2012, 39(2): 8-16

2] WAL, 55 i SO A TP R AR A O R
B HCFEMa R Rt R (0] 45 RL,2015,3:203-208
HUA Jin-jie, JIANG Yong-wen, YUAN Hai-bo, et al.
Review on the changes of biochemical components and the
influencing factors in piling process of yellow tea [J]. Journal
of Tea Science, 2015, 3: 203-208

3] XU, FHAESE, . Bk bl U O LB FUaE e [T A A %
I1,2009,4:2-4
LIU Xiao, QI Gui-nian, XU Wei. Research progress on the
formation mechanism of the quality of yellow tea [J]. Fujian

Tea, 2009, 4: 2-4

113



MK EmBHL

Modern Food Science and Technology

2017, Vol.33, No.2

(4]

114

R, 7 2, TR T 5 Ry HE MO 38 2% ot 5 S AR A R 14
SR L PG AL AE7,2015,43(7):823-869

LIU Xiao, WANG Yun, ZHANG Ting, et al. Effects of piling [14]
and spreading on quality and biochemical compontent of
yellow tea [J]. Journal of Shanxi Agrcultural Science, 2015,
43(7): 823-869

FEIKHT, R B S S0 55 R HEXT B R AR S O E TE D).
ZemRE22,2000,20(2):110-113

GONG Yong-xin, CAI Lie-wei, CAI Shi-wen, et al. Study on

[15]

the effect of stack-cover process on the taste of yellow tea [J].
Journal of Tea Science, 2000, 20(2): 110-113

JEVAR SR AT R T 30, A8 SR I e R o AR A AT
[]-eR L RA2,2004,1:93-95

ZHOU Ji-rong, NI De-jiang, CHEN Yu-qiong, et al. Study on

[16]

quality variation during the yellow tea processing [J]. Hubei
Agricultural Sciences, 2004, 1: 93-95

HoieA R, RO, 4, 5 ol 3 o A (R SR B2 W O
FEMRI] A7 N L (24 T1),2014,11:15-21

YANG Han-yu, ZHOU Yue-bin, WANG Zhun, et al

[17]

[18]

Influence on oxygen content for quality of yellow tea in the
yellowing process [J]. Academic Periodical of Farm Products 19]
Processing, 2014, 11: 15-21

JEVR R I T B8, AN, 55 JEB 5 255 ol 3 L ZIRE 8 0] £ ek
£%,2005,26(11):87-91

ZHOU lJi-rong, CHEN Yu-qiong, SUN Ya, et al.

[20]

the piling technological efectson Luyuan yellow
Journal of Food, 2005, 26(11): 8§7-91 .
FBEL R SRS, T, 5 Ry R e | it P 6T FE [ . 2%
IHEH,2011,4:26-28

ZHENG Hong-fa, SU B

[21]

wen, WANG Zhun,.et al: Studies

[22]

toxicity "induced by carbon tetrachloride in rats [J].

Phytotherapy Research, 2007, 21(7): 668-670

Giannakourou M C, Taoukis P S. Kinetic modelling of
vitamin C loss in frozen green vegetables under variable
storage conditions [J]. Food Chemistry, 2003, 83(1): 33-41
Nisha P, Singhal R S, Pandit A B. A study on the degradation [23]
kinetics of visual green colour in spinach (Spinacea oleracea

L) and the effect of salt therein [J].
Engineering, 2004, 64(1): 135-142
Oliveira F, Sousa-Gallagher M J, Mahajan P V, et al

Journal of Food

[24]

Development of shelf-life kinetic model for modified

atmosphere packaging of fresh sliced mushrooms [J]. Journal
of Food Engineering, 2012, 111(2): 466-473

Maskan M. Kinetics of colour change of kiwifruits during hot
air and microwave drying [J]. Journal of Food Engineering,
2001, 48(2): 169-175

Fortea M 1, Lopez-Miranda S, Serrano-Martinez A, et al.
Kinetic characterisation and thermal inactivation study of
polyphenol oxidase and peroxidase from table grape
(Crimson Seedless) [J]. Food Chemistry, 2009, 113(4): 1008-
1014

Cardelli C, Labuza T P.<Application of Weibull hazard

analysis to the determination of the shelf Ii roasted and
ground coffee [J].EWT-Food Science and Technology, 2001,
34(5): 273-278

Dadali G, Démirhan E, HB Effect ing conditions
on rehydration Kifietics of

and Bioproducts Processing, 2008, 86(4): 235-241

icrowave dried spinach [J]. Food

Labuza T P, Shapero M, Kamman J. Prediction of nutrient
losses [J]. Journal of Food Processing and Preservation, 1978,
2(2): 91-
TengS S, C H. Formation of pyrochlorophylls and their
derivatives, in spinach leaves during heating [J]. Food
Chemistry, 1999, 65(3): 367-373

Corradini M G, Peleg M. Prediction of vitamins loss during
non-isothermal heat processes and storage with non-linear
kinetic models [J]. Trends in Food Science & Technology,
2006, 17(1): 24-34

T B, R, 5 A B R R T LR R
TR ARSI F R T[] 6 5 A% 01k,2010,11:34-
39

WU Ping, XIA Tao, GAO Li-ping, et al. Kinetics study on
egcg changes during thermal processing [J]. Food and
Fermentation Industries, 2010, 11: 34-39

AV B, A A R 4R R C BREE )
BERI] AL TRE4%,2010,26(3):353-357

WANG Meng-ze, XUE Shao-ping, WANG lJia, et al. Thermal
degradation dynamic model of vitamin C in cloudy
strawberry juice during storage [J]. Transactions of the CSAE,
2010, 26(3): 353-357

Burdurlu H S, Koca N, Karadeniz F. Degradation of vitamin
C in citrus juice concentrates during storage [J]. Journal of
Food Engineering, 2006, 74(2): 211-216

TRIRAE, AR, LR, 55 S 25 1 B & B A N
[T & W RH#,2014,35(12):108-114

SU Xiao-juan, ZHENG Xiao-juan, DU Xiao, et al. Analysis



MR EmRHY Modern Food Science and Technology 2017, Vol.33, No.2

of main chemical components of mengding yellow bud [J]. CHEN Chang-hui, DENG Xiao-li, ZHANG Yue-hua, et al.
Journal of Food, 2014, 35(12): 108-114 Study on suitability of tea cultivars for manufacturing
Bk B, RN, T SR, S S THUBE 2300 S i o P mengding huangya under new processing technology [J].
FEIAER ML ARNE,2013,52(18):4403-4426 Hubei Agricultural Sciences, 2013, 52(18): 4403-4426

X

1N

/\>

115



