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Abstract: [Objective] Shading treatment is widely used to improve the quality of teas in tea yielding. However, the effects of
dark shading on the quality of teas remain unclear. This study focused on the effects of dark shading on the main quality components
in teas to understand the relationship between shading and tea quality in detail. [ Method IModerate (65.0%) and dark (99.7%) shading
treatments were applied to tea plants by using black shading net, with non-shading as control. Ultraviolet spectrophotometry was
employed to determine the contents of total polyphenols, total amino acids and total flavonoids, and ultra-high performance liquid
chromatography-quadrupole-time-of-flight mass spectrometry (UHPLC-Q-TOF/MS) was employed to investigate the quality

components in tea leaves. [Result] Compared with the control group, moderate shading treatment significantly reduced the contents
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of total amino acids and total flavonoids (P<<0.05), and slightly reduced the content of total polyphenols, and therefore increased the
ratio of polyphenols to amino acids. Dark shading treatment significantly reduced the contents of total amino acids and total
flavonoids, while significantly increased the contents of total polyphenols and the ratio of phenol to ammonia (P<<0.05). Principal
component analysis showed that the two shading treatments significantly changed the metabolite pattern in tea leaves. A total of 87
compounds were identified, including 2 alkaloids, 18 amino acids, 12 catechins, 8 dimeric catechins, 19 flavone glycosides and
flavonol glycosides, 5 glycosidically bound volatiles (GBVs), 6 nucleosides and nucleotides, 9 phenolic acids, and 8 other
compounds. The contents of 82 compounds in two shading groups showed significant differences comparing with the control (P<<
0.05). After shading, the contents of alkaloids significantly increased; amino acids showed various change trends, with the contents of
more than half of amino acids significantly decreased. The contents of several catechins and dimeric catechins significantly
decreased in moderate shading group, while the contents of most catechins and their dimers significantly increased in dark shading
group. The content of most flavone glycosides and flavonol glycosides showed decreased trend along with the increase of shading
degree. The contents of most GBVs significantly increased. The contents of most of nucleosides and nucleotides significantly
decreased; the content of most phenolic acids significantly increased. [ Conclusion] After dark shading treatment, the contents of
alkaloids, catechins and dimeric catechins significantly increased, while the contents of amino acids significantly decreased, and
therefore the ratio of phenol to ammonia significantly increased, which indicated that dark shading might not contribute to improve
the tea quality.
Key words: tea; shading; metabolomics; LC-MS; secondary metabolism

WHRUIA ST HATIIRESE 3 2R AR 30%—95% (1

0 3% 1K 0P 5 0 AR S, T SRR ]

CAF 7 SRR ERE N AR PR Kt €8 (1 D 2 2k
1115 H 2252 BINATTFR R o BRRAT N oM 2R R 51—
ANEENE, AR EYE T 2 B0 RIE#E
M BRI 2R 22 1) s EmG . ZREMR . B (1)
FeHORRER . T PER A SR YoEt, TS SR
I IR Rl B B8 A 52 25k el A A AR B it 14
SR o e AT S HE A Ay A S 25 R R L (1
TR, DRI, A bR AR Ak B R i A
BT, PR dh it PEAIITTUIE H -5 2% A AT i 5t
JII IR AR » T LASE G A A i B R R H oK e
Mt CHTATSERERE ] H AT CAT 7 2 St ok
PeIPRSE AR5 i R AOARIE - BRI, R
W AR SR ITIELE « i, B s U R A,
WA R e, $ e K s D), W
AR TR S (0 AR o el L UL PSE H L2 AR O S
Pl S 2R, 5 H 3L 2 1) 1 BB,
SRR T, YR PR LR TR Y
A, g e U B () RO
RN, g RN AT R,
AIVAERE S RN, RBEERAE TR T R ™. b
b, BEFIR Ze A U A R st H
i, AV O N R A BARHS . i L
R AVGEH RTIY O T R 2R A 4 2
BT 6, IF BT MRSk et 2%
AR FARIATS, e TSR T e . O

X 2 AR 55 it IR 43 TR R e T i G T 4 PR AT AR
o, AN, SZRINBRIIRS, LR AR A
WA (LRSS e R BE TR
&) b, B2 0 EEAER ISP N ,
WILZREREY & () S, gLk
AR AR A SO0 5, B Rk, At e
MR e LM PR DG B (] R ] ASBIF SR A8 AT o
FERER] (65.0%) FIRENEHER (99.7%) AbEE, [HI K
F UHPLC-Q-TOF/MS 388 8 i A% H-rp =5 22 5 Jo i 4313k
AT AT, AT IniEdn b 1 AR B S5 A48 ORI DG R

PRSI

1.1 E5RF

AU M B s R A 3 (Infinity 1290,
Agilent Tech, S£[E) FRERPUZAT ©ATI A BT (Q-TOF
6540, Agilent Tech, ZE[E) ; JLAAZE. WE TS5
MERRAS I : i AT 2% R4 (Acquity H-Class,
Waters, 26 [ ; 2430614 UV-3600(Shimadzu,
HAO , J6& 74 LI-190SA (Lincoln, ) .

LC-MS ¢ A 136 [ Merck 24 75 4R AR I T
FrRadl: BETER—KEGEWE AR T A
Sy HTalei =T Kermel A7) 5 AICL W H _Fig3E M
LB ARAR: A TMHHEREAR: ILEREE
INEBRARAE S ) Sigma-Aldrich 23 & s FIR(>99.0%)
T HA TIC A#]; 5 K Milli-Q #4atiK.



1068 eE VSO S 52 %

1.2 HmaE

WERHALEE . R A5G (dbZh 30°10'52", KR4
120°526") , @hfich ek 437, HEPINIHA 2018
5 A 19—28 H, 210K, FZAPIW. £ KA.
HERHALERANEE 1-A B, R EAEERH R, W%
H65.0% CHEREEERILL, M 41) Al 99.7% (5L
4, D 4l AR, ANEBIEE (CK 41) .
WA RS, R — 2 =, BNRAR AR, AR5
-50°CHRT 36 h, BEREJEIN-20C KA H DR A7 25 H o

AP 2 P83 L GLUE 0] R v i S5k
gy CRIZSmprba] FHZK Pt R R oy 0 320 1sEm, [
INf Sy 7 1 22 W 2R ) B A vl i BB R e e oK B4
TS HI% 5 1 YANG 25075 g F 3 T RSV esh -
VERIFRIN 0.1 g ZSFRETON EP 450, M\ 15 mL B4tk
TN 100°C /K 19242 10 min, 8 000 r/min &5 10 min,
B3 T IR 828 30 s R (i R G40 AT
0, EIEWAH 0.22 pm JERKILJE.
1.3 ®NAE
1.3.1 XZ8B. a&BR. LEHFENE L2HEE
S M ER (GB/T 8313—2013) #H47: 46 ik %
Fii® 20 1, RJ5 T 10 mL ZIEERE I 1.0 mL F
BT 2 5.0 mL 10% AR RIS, #5505 OV
5min, ZRJEIIA 4.0 mL 7.5%[%) NaCO; ¥, /K&
KA 10mL, #EAJEIE 60 min. )i 10 mm
L7 765 nm 3 9w OB

MRS mIE S M ER (GB/T 8314—2013)
HEAT: WL 1 mL A5 25 mL LR R, A 0.5
mL pH 8.0 TR Eh 22 A 0.5 mL 2% 1 &5 — B Vi ik »
SRIGAER K TN 15 min, FRA IR =G C R E 25
mL, JE 10 min 5 M 5 mm LA ILTF 570 nm P
AL S E

ST I R AR TR 1 mL &%
PEN 25 mL LA, I 1 mL 10% AICL %,
4 mL pH 5.5 [¥] ZFREAH, 224542 25 mL, <V 30 min,
SR)ET 415 nm WK 10 mm  BY €6 I 52 W 6 P
1.3.2 LEFEX TR, wdsmllE S
YANG 25U vk 7. ik ) BEH C18 column

(100 mmX2.1 mm, 1.7 um, Waters, Manchester,

UKD , Filih 35°C. Wshtl: A AR 0.1%00 R %
W, B AH A SRS . GRS 4 2 0 min, 3% B Afl; 3 min,
8% B #H: 7.5 min, 20% B #H; 11 min, 20% B #H; 13 min,
60% B #1; 14.5 min, 60% B #{{; 15 min, 3% B #H; 19
min, 3% B #.

WHh 0.35 mLomin™, HEAEE A 5 L.
1.3.3 fRi#te ¥4 KA UHPLC-Q-TOF/MS #E47
Mg, ikl Zorbax Eclipse Plus C18 #£ (150 mm
X3.0 mm, 1.8 um, ZHERAF, KED . FESH
R SRS A AN 0.1%HTR-/K, B AHN
Y WEREEEN 3 pLs BN 0.4 mLomin; KRR
40°C; YL s AHZ MRS EEDEME 4 : 0 min, 10% B #f; 4 min,
15% B #; 7 min, 25% B #; 9 min, 32% B #; 16 min,
40% B AH; 22 min, 55% B #H; 28 min, 95% B #il;
30 min, 95% B Afl; ALJE-FHIIN A4 5 min. 5l R
R %5 29 A0 (ESD A, F4l 77 200 I 2 5
BAME A 3 500 Vi RN 430 R
300°CHI 8 L/min; Z5Ab sk 35 psis UL EM
PS> B4 300°CHT 11 Leomin™s G0, FihT
tk (m/z) 24 100—1 000,
1.4 HiEgE
UHPLC-Q-TOF/MS 73 #7 3545 1) J5 46 P& % 43 1) K

H DA Reprocessor software ( Agilent Tech., Santa
Clara, CA) F1 Mass Profiler Professional 13.0 #f}

(Agilent Tech., Santa Clara, JE[E) BT PTACAIFN
5o FE RT3 (PCA) A Simea-P 11.5 . Tukey
s-b (KD K548 H PASWstat software (JiRA 18.0, 3
EEDRE7CLER

2 4R

2.1 EFAMZFAIIIRRE R BKEHEN

WA (B 1-A) , 2R ANRR AR 1-B
—D Jizn. LA IRAHLE,  PRIEEEEF AR BR ) e B B
R S, KL DN O T B R DA R o - Ak
A, DR g AT P RRE 2100
T BEOCE R ORI, L R AR BRI 2 e
CARRAR LA, FEIE L R A0 P ) 2% ok £ ] S A 7
% b5 CHEN 45U & AN — 8. dubnl 0, 18]
AL AR A i, (H RIS R R S 8o
LREMOIME AN, B, AR KR L
BN GGR 1), IR 2k bl R R,
ACRRBERE N, AU
2.2 ERAMFEHEZEH, SEER. ARDIEMNEM

BN, BRI 2 S A L, '
Mo BIE, AN fe ey bl R, ST A i
RS BRT, ABFTCI A REAR R —FE. Wk 1
Jis, B2 Wy A P R P TS BT AR,
SRTIAE R[5 A B8 D T A 25 M 5 ) JREAH L



6 ] MR AU AL AT I 0 2% o B i B2y PR S 1069

1 FERLIERA) R EIMNFRE T (B—D)
Fig. 1 Shading treatment (A) and appearance changes of tea leaves (B-D)
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Table 1 The effects of shading on main biochemical compositions and moisture content of tea leaves

L CK HHEEIERH (M) Moderate shading HEFER] (D) Dark shading

M ZW Total polyphenols (%) 9.99+0.4a 9.77+0.71a 12.75+0.57b
MR Total amino acids (%) 4.63+0.14a 4.20+0.05b 4.33+0.06b
SEW Total flavonoids (%) 3.28+0.17a 2.17+0.06b 1.46+0.14¢
% Lt Ratio of polyphenols to amino acids 2.16+0.05a 2.33+0.17a 2.95+0.17b
WA TR Gallic acid (mg-g™) 3.78+0.22a 4.51+£0.29b 4.63+0.11b
FWETILEE EGC (mgg”) 14.93+0.37a 13.49+0.08b 10.56:£0.34¢
JLZ#E C(mggh) 4.19+0.13a 3.99+0.03b 8.24+0.08¢
RERETILRZE A THRE EGCG (mgg”) 29.12+3.86a 28.35+2.7a 53.38+6.08b
RILKZE EC (mgg™) 6.42+0.05a 5.580.07b 5.64+0.12b
LI ER A TS ECG (mg-g') 2.19+0.63a 1.79+0.37a 5.69+1.12b
WNHER, Caffeine (mg-g™) 26.93+0.87a 28.8840.08b 39.440.19¢

7K Moisture content (%) 78.67+0.13a 80.15+0.28b 80.85+0.25¢

AR T HEARUEZE (n=3); AHFRERRZEREE (P<0.05, Tukey s-b(K) test)
The data are mean value+sd (n=3); different letters mean there is significant difference between two groups (P<<0.05, Tukey s-b (K) test)
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R2 FHABLEFIMLSYREBENEE (EMH, counts)

Table 2 Identified compounds and their relative contents in tea leaves (peak area, counts)

ETRe At X FPREIERH (VD MR (D)
NO. Compound CK Moderate shading Dark shading
EWE Alkaloids
1 A [ f§ Theobromine* 21601922+564017a 23610245+1235150b 31765707£910344¢
2 WG Caffeine* 81927164+669239a 84157969+833682b 92249135+626755¢
ZIEFE Amino acids
3 WA Lysine* 4151024333332 304636+13196b 287939+21857b
4 Y1 Histidine* 1065214233 1a 114046+1501b 115505:£4088b
5 K& R Arginine* 1080777+17439a 411284+30083b 310232+11544¢
6 RHEBEE Glutamine* 11504894+248750a 9510890::228064b 8544787+165748c¢
7 RAWENE Asparagine* 269010+4047a 330815+12527b 386838+12683¢
8 KA Aspartic acid* 2471046654702 3061948+147858b 3511442+163262¢
9 JAE % Threonine* 508856+15011a 541787+29692a 658518+34367b
10 REM Glutamic acid* 12341565+309155a 13270317+611986b 13439150+632674b
11 JZ M Proline* 2645963379642 2440953+213986ab 2108482:£62378b
12 WEBEWR Pipecolic acid 3248531+142042a 2935336+171353b 1764292+38796¢
13 4R Valine* 2339386+101496a 2238141+130139a 1919611£60701b
14 HEBEM Pyroglutamic acid 1062221£57097a 811492+72660b 771975+48705b
15 ZE MR Theanine* 68360338+585955a 66479617+411838b 68385572+731671a
16 KRR Tyrosine* 1786868930782 1549169+153847b 1106611+81550¢
17 FEEMR Leucine* 1443868+81819a 1408718+79026a 1573454£70977b
18 SSLA M Isoleucine* 3262703£121220a 3024099+132531ab 2798292+251013b
19 ZKNZR Phenylalanine* 4853644+269826a 4666955+267358a 2267113+388453b
20 E MR Tryptophan* 5472135+160789a 5984855£345522b 11062018+429397¢
JLZRFEIYT Catechins
21 BETILAE GC* 10739724+248150a 7266229:1746807b 6619543:£177288b
22 FE/ETILHKRFE EGCH 39500597£1284644a 37443505+1664176b 34546359+1417812¢
23 JUK# C* 8415688+210799a 7060237:£384357b 8382320+246267a
24 TBRETIVRRRETIREE EGCG* 29958037+£706088a 30326483+808249a 34639578+1220789b
25 FEETILIRE3,5- KB TR 273480+42970a 283272+48547a 1053013+139393b
EGC 3,5-digallate
26 BETIRRE T TR GCG 972901+112326a 1030902+94020a 1425857+71356b
27 FILA#E EC* 19771924+1020879%a 18019916+667293b 19623903+522374a
28 KR TILAFE-3- 3-0-F i) & TR 120447+4955a 140818+4851b 199237+10846¢
EGCG3"Me*
29 FILHFW B FRREE ECG* 18779724+793807a 17384430+501165a 24909140+1543699b
30 FPTRILAHK Epiafzelechin* 7340214406232 77942644759 632343+30136b
31 RHETILAFE-3-0 (4-0-F IR & TTRER 172678+3694a 186962+6304b 117215+7432¢
EGCG4"Me
32 PR ILAEHKG-3- T HRBR Epiafzelechin 3-gallate 361261+14773a 417017+48019a 872386+74888b




6 R R A QG 2 25 AT ABE I o) 255 32 S 0 5 2 T s ) 1071

#4342  Continued table 2

' [ RELY] Xof R HREEER] (VD FEIEER] (D)

NO. Compound CK Moderate shading Dark shading
LAY R AR5 Dimeric catechins

33 Jii#£7 % B3 Procyanidin B3 1456926+144947a 1318465+164090a 1777328+154439b

34 JR1E7 % BS Procyanidin BS 676231+36224a 607400+27511a 865820+81000b

35 Jf4£75 2 B1 Procyanidin B1 12734590+529138a 11845963+653962a 14682473+1649024b

36 JR4£75 2 B2 Procyanidin B2* 3648511+£97335a 3372480+218490b 4396056+133796¢

37 JRAEH % C1 Procyanidin C1 442411427557a 407848+31717a 576841+29677b

38 G )L A % B Theasinensin B 2686283+501963a 2475063+384834a 2088193+324752a

39 KEEM ) LA % A Theasinensin A 1078878+239782a 1060887+272465a 18530214224828b

40 IR FE-40-8-R LK R B B TR 3126006+328977a 3187820+548213a 3992103+491254b
EC-(4alpha->8)-ECG
T (R B
Flavone glycosides and flavonol glycosides

41 JFRFR 6,8-C- % Bl 1613798+56930a 1630940+131948a 777980+59120b
Apigenin 6,8-C-diglucoside*

42 FFRF 6-C-HIME-8-C-F A Thi 1 1660183+106041a 1503259+97807b 810637+78142¢
Apigenin 6-C-glucosyl-8-C-arabinoside

43 FrRE 6-C-Bl b -8-C- 2 1 1496711+129603a 1518132+151862a 78837665889
Apigenin 6-C-arabinoside-8-C-glucoside

44 Hit )z 2% = A ZHETE 1 Quercetin triglucosidel 1612840+57495a 1363996+78280b 580505+25067¢

45 #it 2 2% A2 B Quercetin diglucoside 67381+3565a 55609+3754b 107029+9284c

46 HitJ5 2% =BT 2 Quercetin triglucoside2 1084804461602 1141132+51278a 638989+30546b

47 Wit 3-F%HE 1 Myricetin 3-glucoside 18182085+616935a 12072654+310669b 3589507+251769¢

48 % Vitexin (Apigenin 8-C-glucoside)* 765594+51330a 782206+55471a 271503+22369b

49 F4LIZE Isovitexin (Apigenin 6-C-glucoside)* 1181313+24234a 979750:147049b 233632+18079¢

50 itz %% 3-2-FLBE 1Y Quercetin 3-O-galactoside® 1099792+11518a 506247+12394b 143146+3610c

51 Wil e 2% 3 ZAETRH T 2 AR 14979656+3750206a 8112166+2330341b 3161317+67104c
Quercetin 3-O-glucosylrutinoside

52 71" Rutin (Quercetin 3-rutinoside)* 2164395+550873a 1090625+197167b 198801+14635¢

53 Sz Isoquercitrin (Quercetin 3-glucoside)* 17026726+301235a 7759338+124311b 1851133+23502¢

54 LM 3-2FFURR 2= AT 7541465+350174a 7835962+171382a 4825756+137690b
Kaempferol 3-galactosylrutinoside

55 2Ry 3-T B =S T 7016794+174776a 5664808+182475b 1898898+51123¢
Kaempferol 3-glucosylrutinoside

56 %5y 3-2 LT Kaempferol 3-O-galactoside* 23176288+330927a 20712077+535708b 7805419+171856¢

57 W25 Wy 3-ZE AT Kaempferol 3-O-rutinoside™ 2816105+37743a 1598996+83538b 483109+13085¢

58 W\LZsWy 3-A7% BT Kaempferol 3-O-glucoside* 5081721+116589a 3529878+58811b 936048+18986¢

59 W2 Wy 3-Fil$4fHE+F Kaempferol 3-O-arabinoside* 1525796+41047a 1362198+34642b 469329+16088c
FSHEE Glycosidically bound volatiles

60 HRHIEMEEREEF Benzyl primeveroside 355943+33789a 418331+21363b 457889+16047¢

61 K CHNEERETT Phenylethyl primeveroside 303228+36908a 670857+67252b 2026015+184020¢

62 JIRi-3- CUIERE OB cis-3-Hexenyl b-primeveroside 115287+8765a 129325+6209b 219121£11667¢
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#4342  Continued table 2

' [ RELY] Xof B FEEIERT (MD HIEEY] (D)

NO. Compound CK Moderate shading Dark shading

63 PR R AR TR Linalool oxide 2152086+267169a 2604541+163205b 972995+35694c
primeveroside

64 FAEILPEERELT Linalyl primeveroside 142195+5721a 232484+9465b 256285+15269¢
K15 (B)  Nucleosides and nucleotides

65 IR i i ADP 289424+11725a 241159+17959b 233107+15448b

66 BRES A R AMP 2320655+155694a 2183139+147428a 1661637+77320b

67 (S)-5"-Mi4-5" - CFRIEERmAMESL) IRty 3129086+882862a 2919162+1223813a 1980296+688545a
(S)-5'-Deoxy-5'-(methylsulfinyl)adenosine

68 ¥ Adenosine* 11518652+412666a 10370580+354834b 8366365+330059¢

69 %4} Guanosine* 2390845+190284a 2035461+70401b 146353548923 1¢

70 S-FER T 5'-Methylthioadenosine 3089992+571947a 3567162+597102a 3150748+579503a
[£3# Phenolic acids

71 R T Theogallin* 25899247+573438a 31559584+533807b 50027889+838726¢

72 AMRFEZE Strictinin* 1774131+£71441a 1958248+182106a 3045129+305136b

73 4-F G EZE TR 4-Coumaroylquinic acid 1490324+342313a 1610962+50961a 1667523+402289a

74 #¢J50% Chlorogenic acid* 951977+26554a 1163181+36488b 1210987+22284¢

75 ZRAPHIARET Digalloylglucose 54447+5062a 65531+4727b 136856+7065¢

76 3-0-p-F 8% T 3-0-p-Coumaroylquinic acid 5148816+226499a 5686498+191820a 4357076+794521b

77 KR Lucuminic acid 393779+42713a 428757+27110a 180194+17712b

78 WIHERE 7 5O#R - Caffeoylshikimic acid 124053+3716a 71765+2542b 0+0c

79 2"-0-R AT T =0 315833+14488a 427880+10136ab 481791+180927b
2"-O-trans-p-Coumaroylastragalin
HAth Others

80 HHBRRR Phosphocholine 996444+32181a 1102106+31318b 2057178+51259¢

81 H MR ARG Glycerophosphocholine 3593165+298005a 1005165+240471b 689645+68058¢

82 N-FLEE 282} N-Lactoyl ethanolamine 1479644+40550a 1231846+44941b 956384+48087¢c

83 REFRZERETT Theanine glucoside 1570632+195849a 1325741+40281b 1732060+143831a

84 1- . HE-5-F2 FE-2- ML e i 2415457+132124a 2761946+73300b 2371416+94210a
1-Ethyl-5-hydroxy-2-pyrrolidinone*

85 VZ1& Pantothenic acid 307404+16208a 262262+7379b 236161+£10922¢

86 AL M IE Dihydroactinidiolide 199672+27481a 226319+14022b 135856+6966¢

87 N, N-"¥ . Jlf N,N'-Dicyclohexylurea 3100145+55344a 3096187+43286a 3041915+59904a

AL TR AR UE S IRAIE s BRI AR UE 2 (n=3); ARIPRIRRZEREE (P<0.05, Tukey s-b(K) test)
* means the compound was verified by standard; the data are mean value+sd (n=3). Different letters mean there is significant difference between two groups
(P<<0.05, Tukey s-b (K) test)

TRRAEIR I E B 5T s ARAS I, AT 5Et—2b
XL WNHER . VBT IREEAT T 400 % =,

ERINFE 1 P,
XA AEE (amino acids) By

2.3.1
PR A 2 o1 i B FROR (W B 2Dk, (HAT IR

RAHRER . BHEAR REAR. REAMIEA &
ke, At B 1R U 2k R P2, ik 2 R
T AT S B AR R B 2 7, (R
WA HAHHEAR. REBHE. RER
M. BER. R CERM S ERE N I
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2 SHEMSBHEMSHENE (RX=0.757, Q*=0.687)
Fig. 2 PCA score plot of 3 sets of samples (R*X=0.757, Q*=0.687)

F LT MR, RER. REBE. WER. Ik
N R I 2 B B B L I R B R A
P2 P 5 S o v B U ) AR S T B, A S JOE [ Ak
i BTt

2.3.2 EHMINEEE (catechins) FILKE B
% (dimeric catechins) YN LA EIY
TN A P R R, i R RLR
JLERFE AT HAE—RIIBAERTT, ol DR AR
JAAEH # . RERELLAR 55 LA R R R. W
T UME2 PR, SxHEAMLL, g LS, E
BRA LR E (RETILEER. REB IR, LE
. RILEF MFIRIILIEE (REETILARE3-
(3-O-HHL) BB TIRIE R BB T LR R-3- (4-0-H1Ik)
WETRED R IeE i, L) LRRES
ML 2 s SRR AR )S, K LA RRY
FCREE TR ZRE TR RN ETILAE3,5-
TWETREE. HETIILRRRE TR, REET
LA E-3-G-O-F R B & FRNE. RILKRZHE TR
g RBTRILAH-3-BETFRED SRAHILEE b
b, WETILFE. REETILERE. RORILERE.
RUBETILHE-3-(4-0-HI) B & FIRRIR I & = L
BERR, LREMRILRZNSREA BEEN,
EHE P R B A B S 2 BT LS 3 IR

FURBE, PRGEPIAAE S, HAEAET # B2 LR
FRAC, HAbRA BB, BIEEYIEE, BRE
BRZYLAR % B Ah, T )Lk 3= SRR el th R il
F LT KR LR =W e R AR G &) B
e T AT A BRI P AR B S R 2 S E s .

JUARFER, JUHERAL) LA F A 2 et d B (1)
EORMYI IEAh, BRI R . RN
JLRZRWRS AR A Rk, L
FEE RAEERE BRELRERD S 2N L
FH T i 2 38 i SR I S B b B2 5 1R R, PR
I it BT B

2.3.3 EWHXEE (8 ) ¥ (flavone glycosides
and flavonol glycosides) By &w WFE 2 i,

PNy el S8 % el ESINEEDNES SN 0578 SNTIE-S 1
W Mg I A R S (D BB . R R AL B S

RAWAr e (R BEH o AL T 0 R
WAL B fS, JUF-Prf sl () B e op
B AL ER 20 Bl b, &I — D R, (E4
R OEART S EEE LT, X5 WANG Y
T I ah R —30. Wl (B M — oA a0
MELZEAY R, AR SRER (B iR
TR, RS, IR Bk P, T DL
SRS I P, LA R R B eV T LR —
SE TR L B AR 1 1R P VR o
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2.3.4 W AEFANEHE (glycosidically bound
volatiles )Wy M P R M e o) ik LATIE 725 (1) T
KAFAESL, LSRR, Q-3 ORI R F L
D RS T DRI BN | 0 28 B S5 B AR A SR
T, VRN T AR T35, o g Y
WIEJE, 5 AMEABEEM S EMBILT 2 BT R
I LI AL B, Bk o e AU AL R e ) 2 R B2
FEARAh, Hofth 4 ASFF ORI A0 D B [ AL )
Befih B —2 B b (% 2) o EBFRERN, &
BTSRRI R A ke
Rk, A S B, TR A TR T
AR, KRR TSR 2 1A, G AR A AU .
DRI, 8 9] A R 58 20 e PR A BB 17 B9 I LA
AR AR, SR AT Al B A A
AT 5T R SR
2.3.5 iEFXEER (phenolicacids) ¥ AW
FUFE 1 TR 6F 24 P TR SR R R R A B B Rg e,
KANEKO %525 PN 5t R A B B T 2 A 5 2k,
{RRAEER ARSI T, R TR A o
HABRZR B gk 1 M3 2 fros, w SR a2
Ji, BT, REETE. SRR ZWKE B
IR S B R ETE, R SR R 1 i W
i, HABEA BE L BENERLEE, e,
W E T RERW MRS & W& ETE, it
FEER . BRKIFIR. 3-O-p-F U ME TR G E L
Fefl. MyRR5 LR 28, sl () BE 745 [H] g T35
BRSBTS A R AR A A TR 0 2K
PA U 3R A5 1) Vi 20 SR 2 e Pk TR
2.3.6 WAMAEMHB (alkaloids) FAZH (B )
(nucleosides and nucleotides )& my  AEMHE
MERE . AT A R B Tk, L R
FE LR P3G 5 B (R 1 A 2D o BT AR
AT (B XA gk — e rgmt, JER
A2 AR, (HIEER 2 PR T IR A%
WERR . MRMEMAZ T WEIR . MY SRt & &
(£ 2), 5 YANG "Rt o8 45 A — 80 415 (D
KT AEREEALNY . RNA A I E L&, LM
FEAIS, BRVFZDUAMER FOGEE S, T B8UE AR
RIS P

UEAk, RHARBEIR . 1- £ 3E-5-F4 -2 s foc i (1)
e BB IR R B, T A R S R
N-FLEE OB e . AR . 2RI EEE 5
IR TR, ARk P IR S B A v R R

Ab B S R B TR, A S I A B S ) R B
(£2) .
3 it
3.1 MEKREFBERERIEFEERTNER

AF 5 I 308 (9 4k B m) DU R A i (R B, ik
Femb TSk, i I I B Ak R 4 B BOR M AR AR T,
X5 TN IT g R — 2N — okl BG4
MR & = BT, (HARDF, R A
BT PRAG T R R O o, BRI B I9 Adk A R 5
REREaEARET . @RS RN B SR
W J N B0 R ER 11 5K AP 384 0 4 4% 4 4% . CHEN 2521
WISt KB, R CERD WFR, WEEAER SR
TR TR R A R A, T Tk
WHEARKM. ERRERR SR Az
A AR, g RS R, AR S E BT,
R &R 5 W H LA R AR EE Y @ — P EoR, fEA
REF I, 5o A B Ak K gk kB A DR R I 3R
ERAEE T, MRS AN CEE N ) R I S
ECHL kAN, AT RWTEENIE, MR
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EAESR AR TS AT, RE2mE D
FH LA, RAFEERMREST IR RZE T TR
(EGCG)  RILZEHEEETRRNE (ECG) T EM L
FHSE (£ 1), LEE 25UVRZR B8 L ol g 5
HREETILHRRZRET TR (EGCG) « RILKHE
BETEE (ECG) &M BN, xued J il
BE, 30 B R 5 I f s AR P A X . e
HREAR TR ZMmMR S, AR T 23R 1
FZ. EEKET, EYMEY S0 il w8k
MIAERT, AT A B AU ) B AR 3 A, B A 2
oo AHERRE . YR B BRI, A
FEPYIW . 22 RKA, S, BEHRA R
ms FTCLERT G, et BEER R, S 380K
PEEEANE, AN ITTAE XS s A B AR, PR AR
W, FEEmEREEET S, AR E D ERIK.
WG, ZWas LI, SRS E NN R4
WA AT
3.3 EHTFLC-MS WKEIEFAEERTRBRIMKE
TEAWIFT, KT LC-MS AR 412 ik
B TR LA K IR IR A b,
% B T e RS> M 7 VR LRSI B T, 0
FAER TR RS . BRER: I (B 5 JLEE
TR AR, XL AR S
HATEEEm, W04 08 o FEA R R A5 [0 ek
HAEEERAM, Hi, SR 2 B A 5T B
XA AT PRSI, n] LAE 04 T M T A A5 0 e e
VAR AR BRI = A A A, DA R IR
Zet b RS o

4 ZEig

ASCWEFE T EGIRE A AR A 3 B0 TR IR 5%
W, ACHLFRRE . PRIEEP]FRC T SRR B,
I RGN T 5 2o ARk, thah, RH
UHPLC-Q-TOF/MS TEAIAIFFT T 3BT 5 A (1) 4
M, BHS R T 87 Mua, TEOAEIR. L
RERRIL Y el () B, &R 5
s, Jorh 82 AMEA WA 5 o I S A .
BPRE s it AR T 42— AN AR A, R
AR EA M, & 2 1B AT LB AT, H
SRS [ DU) T e AN T v A e D
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