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Metabolites Profiling of Green Tea Processed from ‘Huangshanbaicha
No. 1’ Cultivar at Different Albino Stages

ZHOU Hanchen, LIU Yagin, LEI Pandeng”

(Tea research institute, Anhui Academy of Agricultural Sciences, Huangshan 245000, Anhui, China)

Abstract: Tea cultivar ‘Huangshanbaicha No. 1’ (HSBC#1) was bred from natural albino mutants of tea plants.
The green tea processed from HSBC#1 possess umami, mellow taste and fresh odor. For investigating the
metabolite profile of green tea produced from three albino stages (early, middle, and late) of HSBC#1, the main
components in tea, such as volatile compounds, catechins, caffeine, and free amino acids, were analyzed. The
green teas produced from different stages of HSBC#1 showed the different odor and taste via sensory evaluation.
A total of twenty-nine volatiles was identified and quantified. The principal component analysis indicated that the
top five differential volatiles were geraniol, (Z)-hexanoic acid, 3-hexenyl ester, linalool, (Z)-3-hexen-1-ol, and
(2)-butanoic acid, 3-hexenyl ester, approximately contributing to the differences in aroma among green teas.
Catechins were lower concentrated in early-stage green tea, but their concentrations increased significantly in
late-stage green tea. The amount of caffeine had no difference in three types of green tea. The total content of free
amino acids in early-stage green tea accounted for about 4% of dry weight, while that in late-stage green tea only for
1.3% of dry weight. Therefore, the differences in metabolites among tender shoots of HSBC#1 at different albino
stages lead to the difference in the flavor of green tea products.

Key words: Camelia sinensis; Albino tea cultivar; Huangshanbaicha; Volatile compound; Catechin; Free amino acid
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wE ETE. HeAh, Liu SEEURE 2 b A e A
IR FER ], MRS BN UK B A
B, AERERE A 2 2EE 6. B
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FEACI ] AL 2R 5 S T4 B AR . AN 8] A A ot Ao
ZR ok Rl b 22 e o A9 AR IE & AR % 5=+,
e 15 gk RA R MR EKE, FERA
— FRILRR Ik (dimethyl sulfide) Y BTRIY, T IE 22
BRI BRI R A 1105 -3-BE | 1-
FIh-3-BE . 3-FHER TR N 2-HERR TR, REES
) E A sy 18

‘#1175 15 (Camellia sinensis var. sinensis
‘Huangshanbaicha No. 1°, HSBC#1)& 5 LI R H 1A
W) LA AR, S5 2o SRk E TR, 3R
W EZ% 15 200 B BUR A B s i b, 5
IR I A RAE Ry B R (] 1), it B3k
T A, HEIN TR S AR & B %
AOGEAR(4.2%~T7.4%) 5, 15 4.8%~8.0%, HIAKZMH .
WInPERR BRI, AR R BER B I, T TR R

g904, BEEHFFEE T, sl A%k 15 adf
GRS, A - A - - sk BT AR . K
WEFE A 1 sl A o 15 AR AR F AN ek
IRER R S B AR, BAERTUZR AL
Fe it b 2R e AE AN TR AR o R 3 B AR A AR
s LIRS0 7E AR b e 2R it o T F
HLERWFTT S it B St
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1.1 #he

FTFRAFIZSIR COBs MR EY) . LR R
T WNHERRAR HE i 2% BT Sigma A |, I SRR
S HTARAE S A B T4 E SYKAM A #] .

HERZ A SRR N 351 B 45 15 (‘Huangshan-
baicha No. 1°, HSBC#1), #i -5 1L H H&F AR 5
PR B 3 1(29°56'13.44" N, 118°24'17.59" E), #%5%
B AN — B

1.2 REM AR T

T 2020 4F 3 HJEZE 5 HAIEWo 3L E %% 1
SR AR MCEB AT, e S HIRE
Wo AT 4 A7 HOMEAMEE). 4 H 24 H(H
B AR 5 B 6 H(HH A IRER) KA — 2 — 1t
gy, SRWJSEZE N 2 h 5 RE, RAEREN
200 C ~250 C, A7 J5 = WL 3~5 min ZEATHIAE,
HWIHLIE 4 100 °C ~110 °C, £ 10~15 min, B4R
80 C~90 'C, #J30 min. G4k ET-40 C
VKA ek 25 FH -

1.3 BEH

Z: 8 R B R o PPARiE GB/ T 23776—2018
HEAT IR B OF, HERAFREN 3.0 g SRR FEML, A
150 mL /K iy 4 min, JEHZRZ, 3 ZEE
I U BB A1 B R ATRR

1.4 RV RPN 37

FER AL SIS ] Wang SIS 77 7 i
Hikzh. WEFREL 0.2 g G258 KT 20 mL ZEBUH
B, A 5 mL kK, F 70 C/KBF#5 5 min, F)
FH 65 umol/L PDMS/DVB SPME #:Hx 3k (Supelco,
Bellefonte PA)T 70 ‘C FW¢fff 30 min i T~ GC-MS
i e Horp, WRBHEFEAH A 10 bl 0.01% %512 .1
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Z: I Han 28081 79, SR FH AU L 3 1k FHAX
Agilent 7697A-7890A 7 T K YEVI BT, A AH (il i
A DB-5 (30 mx0.25 mm x<0.25 um; Agilent). GC F£
J¥: SAEA I, EA 1.0 mL/min, AR
A FHERE 78 : WIAGIEEE 50 °C, fR%KF 1 min; LA
10 C/min 33 _EFH$] 100 'C, FHRFE Lmin; AR5
PL 4 C/min 32 _FTH5] 200 °C, FEARHF 1 min; LA
16 ‘C/min L7+ 280 'C, FH{REF 7 min.

&4 NIST (National Institute of Standards and
Technology) %4 & A1 0% B ¥5 % (retention index, RI)
AT E WS e . RGBSV
RS WARIEI AR 2 terk 5, BLE 20 80(%) R -

1.5 JLZER. WnHEER KSR B &

SERFET RN, #ERIFREL 1.0 g 2547,
43 3NN 30 mL 7K T 90 ‘C/KHH &% 5 min,
THEZEA R E A A 100 mL. 455 400 £5 )5 H
0.22 pm FFL/K RIEHLLPE, F H A BE /A 7] 2010A
TRAH B RS G 72 LA 2% S mMER & &, ARl 40 °C,
BN A K 1% LRV, IRBIHE B AN, Tl
1.0 mL/min. #HFEGENEAT 4 B #H7E 0~20 min £
10%2k 1251k 2 13%, 20~40 min Hi 13%2k 1254k,
% 30%, 40~41 min 1 30%ZE AR 1L & 10%. LAk
bR e A 2R, THE LA = JmER & = . &
AMFEMER 3 K.

1.6 IWEEERIIM 2
WS ZAERPEOT LR B, W% 200 fi5. S

SYKAM 433D SR 53 BT A 52 it 29 S e 7%
. ik ko LCAKO7/LI, FEiRN 38 'C~74 CHf
FETHE: REIAH A N pH2.9 P RRERVA TR, WiEhAH
B N pH 4.2 FrEREAW, JishAH C 2 pH 8.0 #T
BRI el RmEAN 0.45 mU/min, fiTAR
MIEA 0.25 mL/min, FEFEAAFN 10 Lo DABRAE
R EIE S A AR . B ES 3 K.

17 HaEsE

HIH SPSS 19.0 #fFit4T ANOVA 1+, KH]
Duncan (D)/7 Z 3 HTikhE AN Rl S 2 4 it A A 25
BEF AT M (P<0.05); KH SMICA.P BAF X 55
A b A AL S P E 4T 3 553 43 BT (principal compo-
nent analysis, PCA) .

2 R

2.1 BEALRIEA KR

T A 15 R RUSR (GRS A, 7R
FALRTE, PG E N 18 'C~20 °C, M AfLFe
FERE, BMEAM; EAF, FREEEN
20 C~23 C, M EMEat, HIEAH R
By fEAMEI, WEREEE 23 CULE, FHIlA
X159, RGNS (E L. K
APPSR, 3 AN ISR A B AR N A,
5 A I H R0 o A 3 2 A A B TR R AR i
m T A E I BERPEIT R, L ET RS SR 1 b
RERE, MR EEART IR ER, thohaar
WA RS2 S5 E B, RN

YL Early stage
B 1L A% 15 AN B R

Fig. 1 Phenotype of ‘Huangshanbaicha No. 1” at different albino stages
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T BEME. 2-HIBETRR-IN-3- U EE . AR
W) W DA S BB A R, oAy 16 AME R R £ FELE 3
REEFNE PR3 % 57 (P<0.05), JLH ZJ-3-
CUERE . SAREE. AFHEE. 0-CR-3-C N 4 4
WAEITE 3 KRG T AR & B2 R EUK,

2.3 BRI WERDHT

CLAE R A R 0 & O A2 &, A SIMCA
BAFHEAT T8 0 H, SRR, FEETI sl e
& 1S REER ML 5 575 A AN J A 2 2 2 e (]
2:A), HAteh s afbe A —e 25, m
TEEF RSN SY E R ITREE (Cu)s A
l7(Ca1)~ (2)- 1 12-3- )i i (Cas) -3~ LA % (Ca) -

R 1B SR PER LGS E

Jii- LR -3- U I (Coa) () 2: B)o 5 AR EEALE AT
WIR AR & BN (22.91843.296)%, [ifi % I (0 4447
HAMHXMHERE TR, aibEM TR 7.206+
1.790)%.

I I 22 A B /s — 3 #4531 43 41 (orthogonal  par-
tial least squares discrimination analysis, OPLS-DA)
R E G AT 0 H, LA VIP>1 H P<0.05 ¥
mEFNEY), GREW, BTSSR
ZRWEWAEIN-CR-3- O ER(VIP=2.44) . 75 fRfiE
(1.95). J-3-CUEE(1.75) &M EE(1.38). (2)- T F&-
3-CUMTE (1.28) KL FHE (1.16) A1 2-HH L T /R -
Jiji-3- AR R (1.00) 55 7 MEE Y. BRK R H BEAE
EALH IR L B R AR S B BT A, R 6

Table 1 Identification of volatile compounds in three albino stages of ‘Huangshanbaicha’ green tea

= Eﬁsgfg ﬁfjﬁfﬁ e AA%T £ Relative content /%
No. time index Compound I R JE A
Early stage Middle stage Late stage

C1 3412 796 O Hexanal 1.062+0.162a 1.032 +0.305a 1.162+0.104a
c2 4.886 896 il Heptanal 1.206 +0.055a 1.363+0.654a 1.017 40.002a
C3 5.911 976  ZEHIEE Benzaldehyde 0.001+0.000b 0.674+0.429a 0.727 +0.140a
c4 6.559 1025  Jji-3-B45E cis-3-Hexen-1-ol 7.798+2.818a  1.60240.550b  0.9910.282b
c5 7.128 1048 ¥4 p-Limonene 0.29740.084b  0.28420.090b  0.579+0.081a
C6 7.168 1050  #:HiEs Benzyl alcohol 0.451+0.020b  2.819+1.652a  0.00120.000c
c7 7.389 1059 7, Benzeneacetaldehyde 0.001+0.000b  0.00120.000b  0.75120.105a
cs8 7.893 1080  1-%# 1-Octanol 1.557+0.362a 2.059+1.120a  0.001=0.000b
C9 7.976 1083 Sjmam4fkd | cis-Linalool oxide 0.801+0.327a  1.3380.806a  1.226+0.505a
C10 8.328 1097 FAEREELY T trans-Linalool oxide 1.151+0.020a 1.440+0.711a 1.028 +0.403a
C11 8.584 1108  F4EmE Linalool 22.918+3.296a 15.120+48.031ab  7.206 +1.790b
c12 8.693 1112 g Nonanal 8355+1.390a  9.74043.473a  8.2681.540a
C13 8.906 1121 %78 Phenylethyl alcohol 157340.122a  2.14440.878a  1.432+0.1%4a
C14 10.457 1186 345 MRS Epoxylinalool 0.959+0.189a  1.48440590a  1.104+0.316a
C15 10.696 1195  (2)-TH-3-CH8 (2)-Butanoic acid, 3-hexenyl ester 4.800+1.308a  1.52140.640b  0.8660.210b
C16 10.970 1205  KizmeHISE Methyl salicylate 1.252+0.059b 3.921+3.794a 0.001+0.000c
C17 11.048 1207 G- 5 a-Terpineol 0.001+0.000b 0.001+0.000b 0.499+0.107a
c18 11.148 1211 =% Dodecane 1.058+0.028a 1.33240.603a 0.786+0.121a
c19 11.279 1216 ¢ Decanal 1.13740.385a  1.35240.294a  1.6100.629a
C20 11.939 1240 2 WS THR-I-3-CHME cis-3-Hexenyl-2-methyl butyrate 1.937+0.393a  0.70220.102a  0.9020.001a
c21 12.491 1262  HnFE Geraniol 10.299+3.517a  6.44343.170a  1.336+0.526b
c22 12.997 1279 HufE Citral 0.00120.000a  0.00120.000a  0.00120.000a
C23 13.721 1304 5[4 Indole 0.639+0.107a 1.646 +0.851a 1.153+0.488a
Cc24 16.290 1393 Jiji-CEg-3- %I cis-Hexanoic acid, 3-hexenyl ester 15.937 4+6.852a 3.74942.550b 3.572+1.600b
C25 16.403 1397 (2)-C-3-1l(2)- O -3- 15 2T cis-3-Hexenyl cis-3-hexenoate 1.231+0.818a 0.001 +0.000b 0.001 +0.000b
C26 16.546 1402 j-2-Cf CEIE trans-2-Hexenyl caproate 1.755+0.866a 0.001+0.000c 0.35240.071b
c27 18.293 1462 Fn+EAE Geranylacetone 0.001+0.000b 0.301+0.071a 0.792+0.399a
c28 19.228 1494 j55Rp-%% 4 trans-f-lonone 0.315+0.048b  0.559+0.161b  2.105+1.012a
c29 21613 1578  gstemE Nerolidol 1.01540.269a  0.685+0.288a  0.6650.353a

[FIAT B Je A TRl BRI R 22 57 B 25 (P < 0.05).

Data followed different letters indicate significant difference at 0.05 level.



HE2 8 JEPORSE: AR EAGEAR) 2L a5 R 2= =i 191
ELEA Early stag iddle stag Ui Late stag " o o L s .
o Erysagem A Ml soge M L ses e 3 1 IR & OB, 7 LRI 15
1o} T RAH S IR B8 2 B R AE AL AT & BB . PCA
05 o ST REY, ILREIMR G EAOEIRA H
= R RT3 A), TOHBIE LR & RAE 3 K%
051 ¢ AR ECR (] 3: B).
—1.0t
15 i | ‘ | : i | @ L4 Early stage @ Hil] Middle stage @ J5 1] Late stage
1.5 -1.0 -05 0 0.5 1.0 1.5 A
L] 10
B
041 Cl2*x *Cl6 5 ]
i c235Q9 ciddc *Cl1 T o e _
02 C3 %T“gcz RSl *C21 - e °
= f * %19 C i °
% 0f e C 201 wC20 =
(=% (_28* *C7
_02' CZS'S%%G *C15 -10
*(C4 L
. *C24 20 -10 0 10 20
T 0T 0z 03 od 03 tl
pa[l] 1 B
B 2 AE A sl AR SRR MRS PCA 47T. A PCA; B: 7% o
2 L
SEACH L ©
Fig. 2 Principle component analysis of volatiles in three albino stages of S L
‘HSBC’ green tea. A: PCA; B: Differential metabolites. -1 » ® \
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(2.17). &M EE(1.85). i-3-CAEEE(1.61). (2)- ] Fz-
3-CAlR(1.22).

2.4 FEREAST 53T

TER RO T 45 SR 3R, S EERAR SIS
B ETIRGA)TE A ISR 1) & & s (P<
0.05); JLAEZRFMITEAWENE, 5ARFRE. sk
PEREDG, HE b AR B A M, Horp sy
JLAS R S B TE AL AT A R AR A B
(P>0.05), i AL/G LA =R A& B3 Bt
(P<0.05)(% 2); B )LasR KM EGCG. GCG.
ECG. CG M EaHAERHA LA REIMEAHE
7], 75 B4k Ja AR v ) 2 & 5 25 15 n(P< 0.05); 1
MRS & B AE 3 R IBRILAKR, LREZER.

TE S L R PR R R R R
H(FK 2), HPFRARGETI R ANEE, £ AHE]T
WERIATREN 4.4%, 1% 1.3%. 56
R AH 5% [0 29 2 B B R A R IR A R R AE AL AT
WA ISR 2% R AR AN 25 (P>0.05), TITE L
JE WS B T (P<0.05); 5 ERH LI A

—IIO —I5 0 |5 1lo
t[1]
3 RIA EAGI 8 L A gkt LA 3R 28 I AN S AL BRI PCA
T A JLRERIMIR: B: IR E AR
Fig. 3 Principal component analysis of catechins and free amino acids at

three albino stages of ‘HSBC’ green tea. A: Catechin; B: Free amino acid.
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Table 2 Contents (mg/g) of flavor compounds in ‘HSBC” green tea

k&4 Compound WA Early stage

T Middle stage

Jai Lately stage WERSFAE Character of flavor

B ETH GA 0.946 +0.024b 1.235+0.199a 0.928 +0.016b fifik Umami
BETFILAE GC 2.291+0.120b 3.219+0.476a 3.090 +0.166a R Astringency
FEEFILFE EGC 17.244 42 548b 18.288+3.970b 31.583+1.783a

L% C 14.679+0.862a 19.27543.823a 15.030+0.886a

#ILHE EC 7.2490.775b 6.212+0.782b 12.509 +0.770a

JIFZERE Total 42.412 +4.305b 48.232 +8.986b 63.14243.290a

KEETILFERE AT EGCG 35.881+1.269b 38.596 +7.393b 45.409 +2.361a ek, WeshEsE Strong stringency
BETILRFEER ST TR GCG 4,023 +0.125b 3.923+0.619b 5.218 +0.500a

IR R TN ECG 15.415+0.482b 17.158 +3.344ab 19.673+1.001a

ILRZE TR CG 1.43040.027ab 1.31440.207b 1.680+0.144a

BR)LFRERAE Total 56.750+1.901b 60.993 +11.558ab 71.98043.927a

e, Caffine 22.509 +0.115a 21.04232.977a 22.777 +0.781a IR Bitterness
REEE Asp 2.801+0.115a 2.870+0.081a 1.37920.005b ik Umami
ffZ R Phe 0.243+0.008a 0.244 +0.006a 0.233+0.010a

B4R Glu 3.806+0.114a 4,0010.148a 1.808 20.064b

Z% W Theanine 44,787 +1.770a 26.348 +0.487b 13.516 +0.587¢

HER Thr 0.373+0.004a 0.27140.004c 0.304+0.002b ik Sweetness
LR Ser 0.912+0.015a 0.923+0.026a 0.3850.004b

H& % Gly 0.242+0.005a 0.197+0.011b 0.1010.001c

NZRE Ala 0.408 +0.004b 0.483+0.014a 0.164 0.002¢

iR Val 0.19440.001a 0.17520.003a 0.125+0.003b Tk Bitterness
A E R e 0.130+0.004a 0.1300.004a 0.109 +0.016b

SRR Leu 0.255+0.009a 0.166 +0.010b 0.1690.015b

SRR Tyr 0.360+0.033a 0.2890.009b 0.3010.003b

HZEW His 0.316+0.029 0.112+0.014b 0.126 +0.012b

R Lys 0.219+0.005a 0.1600.001b 0.104 +0.004c¢

RaEmR Arg 3.257+0.144a 2.050+0.377b 0.564 +0.040c

WHEERLE Total 58.311+1.949 38.525+1.198b 19.394 +0.623c

[FAT 2ot 5 AN R 7R on 2 57 85 2% (P < 0.05)

Data followed different letters indicate significant difference at 0.05 level.
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