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Table 1 The condition of HPLC gradient elution on catechin

i} 8] /min Time 0 2 5 10 15 20 25

WA A/ %
Mobile phase A

80 80 75 75 65 65 80

AR B/ %
Mobile phase B
3 WeBs AL TR A 73 o3 M. & BRSCHR (17 107 %
HA A% H 57 1-8800 4= [ 2h 8 518 43 AT 43, 43 25
#: 4 Ton exchange column 2622sc. pH, 4. 6 mm X
60 mm, HIE B 57 C L RMAH 135 C, MR
17 10.0 MPa, % 2 5 1. 07 MPa, BRZ#:lon
exchange column 2622sc. pH, 4. 6 mm X 60 mm,
WiH .2 1M 0.40 mL/min,Z 2 5 0. 35 mL/min,
O F I M. BRIl IBOCR T SDE 12,
AK HEA B TS XTI 20 mL KL A R F &2
50 g+ 1 50 mL JooK Z BEAE 9 A BGH] L A 5 2 £ i
AR 0.5 mL(& & 4 /100 mL) , # W ]
1 h FEICWH JC /K B R 84 W WL K 43 o R 4
GC-MS(TraceGM-PolarisQ MS) 43 #1 % fF: b He

20 20 25 25 35 35 20

PEEA WA 1.0 mL/min; 27 THiE (DB-5MS E41
F:30 m X 0. 25 mmX0.22 pm),40 C, {# B4 i} [a]
2 min, L 3.0 °C/min ¥ AR 2 85 °C, {& F i [A]
2 min, FFLA 2.0 °C/min F2JF FHEZE 110 C, f B B
]2 min, ZJ5 LA 5 °C/min BFFHRZE 160 °C {48
BFE] 1 min, # 25 °C/minf ¥ THE = 220 °C £ 8
AFES min #EAEE N 1 oL, FE 7 EL 16
TR 70 eV AR R 50~650 amu, F S E
PRI B 43 AT < o) oL i 45 7 45 S R AT O 3 L PN 4%
W 7 B AR AT A P L R 2% B 43 06 T AR 5 PR b 0 ) T
U W R SN AR 5 5.
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BT, LA 43 & 09 808 76 JEAT T 22 43 B i 564 G
S ARG HEAT R R M 22 2 H L8R, o M 2=
S EE,

2 HERESMH

EXZAMOEBRERRNZMNE
WSS IR (R 2) R W], 8O BURHAL X 20 25 1
VNI AR I AT N T/ T = A
A 1R A SR VR o5 JOT o A A0 I DA 3 A 1 £ A
JE B
22 EXAFAWMAFZETERRAS N
KW RILRR A R I 3, BOLLIR
KR ZHmEsmESMMEFARE HILKEER
BE, BACLHEMILERZLSER E S T X HE
21. 6% , HPREEFILEAREE TRE (EGCG)
MFEILEREE TR (ECG) SR B Ee, %

2.1



10 L K R —
2 BEFREFELER
Table 2 Organoleptic appreciation for black tea
Qb US| AERES tVREN S Wk s By
Treatment Appearance Liquid color Aroma Taste Infused leaf Total score
HOL T AN il il Eani 017
Yellow light Brown 89 Red and clear 92 Fresh and sweet 92 Fresh and sweet 92 Red and clear 92 ’
b 1 a0 4l A A
Xt CK Fi¥ g . o R r _ 4 84.7
Brown 89 Red and clear 91.5 Sweet and pure 82 Pure and mild 82 Red and clear 92

: Note:/ME@PEE 10% Appearance 10% 5 HR 35% Aroma 35%; % 10% Liquid color 10% 5 # M 35% Taste 35% ; MK 10% In-
fused leafl 10%.

X3 EBMRILFZSE
Table 3 Contents of polyphenols and catechins of black tea mg/g
hEEH AR E W KRN
i3 REH GC EGC C EGCG EC ECG IR B
Treatment Polyphenol Total content
#% Yellow light 9.0540.71a 8.18%+1.29a 4.812£0.39a 0.7640.18a 2.2140.27Aa 0.36+0. 14a 1.37+0.08Aa 17.70+1.75a

X CK
I :GC: BB FILEZ Gallocatechin; EGC: £ & T LK ZE Epigallocatechol; C:JLZEZE Catechin; EGCG: #EE T ILKZRE TR
fi5 Epigallocatechin gallate; EC: & JLZEZE Epicatechin; ECG: £ JLAA R W & T HAER Epicatechin gallate; 32 H [f] — 5 A [i] = b Fom 4
Duncan’s R IETE 0. 01 5% 0. 05 K F 2 R AN EFH, Flal. Note: The different letter in the same list indicated that there is no signifi-

8.8140.58a 6.4741.29b 4.90£0.47a 0.6340.02a 1.36+£0.02Bb 0.1640.01b 1.0340. 05Bb 14.55+1. 70b

cant difference between the treats through Duncan’s test. a,b:P<C0.05;A,B:P<C0.01. Following the same.

BFILER (GO MEILE R (EC B EFHm, M £
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RE RN 45 (R 4) KW, 2500 13 72 864
P ERES TAOXPRERERNE &, BRI F
17.6% , b 28 8 2 (TFD) FI % i £ -3- 1% 1 T W g
(TF2A) B Wi {8 TF3 (X # £ R TR
M FIRHEE (TF2B) 34 in A &,

SR & R RE B 32 B O b B 5
(D) HEAI R FRE T RLAMR . A E R .
AR T AR MAE ARG AREAR. = ET
MR R & A T e, A, O B RE G T
VAR S RO R L R A
23 EXRBZRANARZESKD WM

HH 2 6 AI 1, B R AL B FH AR ik, —
D7 Tl et B A H S, — 26 R EF S 2-F
FEIR P L OO o B Bk-o[4-H 63 00 1 46 K H i
MiE 2,2, 6- = HI FE-6-2 4 i DU -2 H-1k i -3-18% | 7K
W R Wl A7 B R R L (E) -4-(2. 6, 6-— H1 -
2-IN O ) -3-T Mi-2-T | I S P | o AR A B L 5 R

A -3~ O M T 48 H TR TR RS A BT A X B i AT
AT N R S A L R F W
BAE s U R B B e 1Y A L 6 BRI S 3
690, 1K LEAE A A3 I 3G MR R M $RE o T LA Y A
o H— . G ERA G, — R H A
REUR RABR B B A & R R SRR,
E.E,Z-1,3,12-F JUBk =4-5,14- " F% . 2,2,6-=H
B[4 1. 0] - 1-B-H BE [ 1S-(Tas 205 5a) J-4,
6,6- = F - MER[3. 1. 1153 #-2 B .[1S-(1a, 2as
S5a) ]-4,6,6-— H FEWIA[3. 1. 1] BE-3-45-2 i, 7,
11-ZH 2,6, 10-=4-1-F2 . 1,5, 8- = B BT 5
ZE -2 T (13, 14-FF A HO-11-T W R . K 5+
B L 2-F 3-4-(2, 2, 6-= F 3-1-3F & M 3)-2- T J
P 8o F JE- 7N & -1, 8 (2H L, 5H) 25 il . 4-(2, 6,
6- = HI BE-FR & -1-4 K -2-T B, (32,52, 7E)-9, 10-
FFALES-5,7,10(19)- = Hi-3b, 25-Z 2 55 B 47 76 1%
JEAL RIS N BEAT I Y o 32 B A3 A A R T
LIRMAE S B 1 B AL BRI S iR A
GC/MS 53 #r Kl .

x4 FKERAHEE
Table 4 Content of theaflavins of black tea %
AL Treatment TF1 TF2A TF3 TF2B HHE Total content
#Ht Yellow light 0.035%0.001a 0.099=+0.002a 0.089=+0.004a 0.02440.001a 0.247=+0.007a
Xf R CK 0.03040.002b 0.08440.002b 0.071£0.012a 0.02140.002a 0.21040.016b
1 Note: TF1:25# & Theaflavin; TF2A; 2K 5 £-3-1% 2 T M ME Theaflavin-3-gallate; TF2B; & T2 & Theaflavin-3'-gallate; TF3;

K E WA T RN Theaflavin-3, 3'-digallate.
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Table 5 Amino acids composition of black tea mg/g
2143 Composition #Ht Yellow light Xt CK 2443 Composition #Ht Yellow light Xt CK
RAEZMR Aspartic acid 1.43Aa 1. 29Bb fi% & iz Tyrosine 0.51Bb 0.63Aa
22 /2 Serine 0.92a 0.91a KN R Phenylalanine 0.74 0.74
A& Glutamic acid 2.04Aa 1.58Bb Y-Z TR v-Aminobutyric acid 0. 15Bb 0. 20Aa
H& M Glycine 0.02 0.02 5% Ornithine 0.01 0.01
W& MR Alanine 0.28 0. 30 #i %2 Lysine 0.46Ab 0.47Aa
k&R Cystine 0.16 0.16 i & 2 Proline 0.152 0.146
% BR Valine 0.54Aa 0.51Bb H % R Histidine 0.08 0.10
& Methionine 0.02 0.02 % 2 Tryptophan 0.15 0.16
AR R Isoleucine 0.38Aa 0. 34Bb AR Arginine 0.26 0.26
AR Leucine 0.42Aa 0.41Ab 45 %8 Theanine 6.13Aa 63Bb
J 4 Total content 16. 22Aa 15. 20Bb
6 BEHALEWAIEZEFESHSHFM
Table 6 Effect of yellow light treatment on aroma components of black tea %
A3 B2 B A /min Time FH N4> Aroma components X CK # % Yellow light
5.35 2-H R IR 2-Methyleyclopentanol 0. 20 0.61
5. 36 O % Hexanal 0. 39 0.57
a-F 3k -a[ 4-F 3E-3 0 140 /K H i e
16.63 1.73 2.14
a-Methyl-a-[ 4-methyl-3-pentenyl J-oxiranemethanol
2,26 = T -6~ 2 I Jk U & -2 H -1k I - 3- 52
21.97 1.12 1. 34
2H-Pyran-3-ol, 6-ethenyltetrahydro-2,2,6-trimethyl-
23.39 K% W g Methyl salicylate 0. 69 0. 82
25. 65 HAEEE Nero 0.09 0.12
27.39 M i Geraniol 2.65 4.48
(E)-4-(2,6,6-=H 3-2-38 & f5 #)-3- T #&-2-fild 3-Buten-2-one,
37.52 0.09 0.13
4-(2,6,6-trimethyl-2-cyclohexen-1-yD-, (E)-
42.52 AL AL EE 3-Hydroxy-3,7,11-trimethyl-1,6,10-dodecatriene 0. 96 1. 32
42.69 5 -3~ O M B HBR T cis-3-Hexenyl benzoate 0.05 0.12
43.52 L HARE Cedrol 0.23 0. 36
45, 20 o kA EE «-Cadinol 0.18 0.24
55. 77 %44 Phytol 0.36 0.59
y@_ﬁ;@gu (EDKB ARBOEEENE 57 REHEHGEXESHSEHSEOLN
Table 7 Effect of yellow light treatment on relative
Umﬁ%ﬁiﬁﬁlﬂﬂﬁ»,\ﬁkmﬁa% St Wi He 25 R Y 8
% %;& ;fé }F & ;’s | st ﬁfj'ﬁ content of aroma components of black tea %
u A 7 \/\0 (X‘\ /\‘
B @%ﬂﬁ‘ ﬁ&m s FR W Aroma type Xf B CK #t Yellow light
ﬁfi}ﬁ‘,ﬁ/—:ﬁﬂ@‘%\ﬁ‘iﬁgﬂﬂ 21. 7%,/\|T'ﬁ5(& "@1:7% Wi 228 Alkanes and alkenes 1.294+0. 05a 1.27+0.11a
22 Alcohols 8.2040.26a 11.6041.15b
0 2 S 0 b Sjt 0
B4 58. 500, WEIEHIIN 41, 200, FEEIEM 25. 400+ ook Earers 2.8440.01A  3.57+0.068B
FEF RGN 18. 66 o T 95 75 W26 RGeS 25 Ap Al g PUMEK Amides 0.5540.01A  0.28%0,01B
2% Aldehydes and ketones 5.6740. 35a 5.8040. 20a
J {Xﬁjﬂjiit”] 2. l/ﬂ:ﬂ‘FF& 1. 6/Q é'?& Ej‘f}ifﬂ 2 X MR IF 25 Acid and anhydride 0.4140. 04a 0.65%0.08b
. 0 5 % % Aromatic compounds 1.1340. 06a 1.34%£0.05a
E,Mﬂkiﬂ;‘ﬁ%T 127. 3/° w1 Total content 20.1040.59a 24.5141.50b
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Effects of yellow light irradiation during withering

of tea leaves on the qualities of black tea

ZHANG Beibei Al Zeyi QU Fengfeng YU Zhi CHEN Yugiong NI Dejiang

College of Horticulture and Forestry Sciences , Huazhong Agricultural University/
Key Laboratory of Horticultural Plant Biology »Ministry of Education ;Wuhan 430070,China

Abstract Yellow light was used to irradiate plucked leaves during its withering. The withered leav-
es were subjected to cutting and drying. The qualities of black tea were analyzed. The results showed that
yellow light significantly improved the aroma and taste. The sweet flavor and fresh and mellow taste of
black tea was less affected. The concentrates of catchins,theaflavins,amino acids and aroma components
except polyphenols and soluble sugars were significantly increased as well. After irradiation of yellow
light,the total content of catechins in black tea increased by 21. 6% ,among which EGCG,ECG,GC and
EC were increased remarkably with no significant difference in EGC and C. The total content of theafla-
vins in black tea withered with yellow light had an increase of 17. 6 %. But cach theaflavin showed differ-
ent variation with a significant increment in TF1 and TF2A, but there was no significant difference in
TF3 and TF2B. It is indicated that the amimo acids of black tea withered with yellow light increased by
6.8% with a significant increment in aspartic acid,glutamic acid,yaline,isoleucine and theanine. The re-
sult of GC/MS analysis showed that there was 21. 7% increase of total content of aroma components.
The predominant types of acids and anhydrides, alcohols, esters and aromatic compounds increased by
58.5%,41. 2% ,25. 4% and 18. 6%, respectively. Amides decreased by 127. 3%. It is indicated that
yellow light irradiation during tea leaves withering can improve the qualities of black tea.

Keywords black tea; withering; withering treatment with yellow light; catechin; theaflavins; aro-

ma components; sensory quality
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