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H EARRARRRLBREARS R, £BREE. B, T A4 MR OREREEES, KA
BB, BAR S A& A RN, S50k, ERE A (taste activity value, TAV) Fo& X & FAA
(odor activity value, OAV) S M RBE F MK R EF. EREAW: TR FHOKERTZRENARBRARKE
F, ZEFEBEBRETIESRG, HAEHpEm (147%) o KiZFdd (5101%) 22 xdE, ST OEERXSH
(17.28%) L F EZ (10594.58 pg/g) A A AR E=Z (17913.09 ug/g) & T HAERE, sk, R X BT
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Analysis of Flavor and Quality Differences in Broken Black Tea from
Different Geographical Origins

YANG Jingjing, LIU Baogui, WANG Yunxian, ZHAO Yunxiong, LI Jinting,
GAO Siting, QIN Renyuan, FENG Hongyu"

(Guangxi South Subtropical Agricultural Science Research Institute, Chongzuo 532415, China)

Abstract: To investigate the flavor quality characteristics of broken black tea from different regions, representative sam-
ples from four regions, namely, Yunnan, Guangxi, Guizhou, and Hubei, were selected to analyze the quality differences of
broken black tea from different origins employing sensory evaluation, chemical composition and aroma compound detec-
tion, combined with chemometric methodologies, taste activity value (TAV), and odor activity value (OAV). Results
showed that significant disparities existed in the taste and flavor quality components of broken black tea across different re-
gions. For instance, the Yunnan sample had the highest sensory evaluation scores, while the Hubei sample had the highest
contents of caffeine (1.47%) and water extract levels (51.01%). The Guangxi sample exhibited elevated concentrations of
tea polyphenols (17.28%), total catechins (10594.58 pg/g) and free amino acids (17913.09 pg/g) relative to other regions.
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Moreover, 13 substances-caffeine, epigallocatechin (EGC), epigallocatechin gallate (EGCG), epicatechin (EC), epigallocat-

echin gallate (ECQG), catechin gallate (CG), catechin (C), isoleucine, lysine, aspartic acid, glutamic acid, alanine, theanine

(TAV>1) -were identified as the main contributors to the taste substances. A total of 76 aroma components were identified

across the samples, with alcohols and aldehydes emerging as the primary aroma constituents, while the Guizhou sample had

the highest content of aroma components (4898.50 pg/kg). Notable contributors to the sweet and floral aroma of broken

black tea included linalool, hexanal, trans-nerolidol, myrcene, 3,5-octadien-2-one, S-ionone, benzaldehyde, benzyl alcohol,

and p-cyclocitral, 9 components (OAV>10). The Guangxi and Yunnan samples derived their rich floral and sweet aroma

from methyl linalool and 3,5-octadien-2-one (OAV>100), respectively. Characteristic aroma substances were also observed,

with cis-4-heptenal distinguishing the Guizhou sample. Additionally, the combined aroma compositions of the two groups

of broken black tea samples from Hubei and Yunnan were relatively similar. Overall, this study provides a comprehensive

analysis of flavor and quality in broken black tea across different regions, which enhancing the understanding of its quality

components.

Key words: broken black tea; flavor quality; taste activity value (TAV); odor activity value (OAV); headspace solid-phase

microextraction-gas chromatography-mass spectrometry (HS-SPME-GC-MS)
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FREBTRRIE, RS2 RIS B %, B A RiE 2%
Xl AN, ket AR P e AN 2 e YRR
AL PR EAS T RGE P Se i, 2023 AR E S
oA 355 Jy i, Horp 2120 i 49.1 JT i, N 37.9
Jrndi, PR OR TERAS . L1003 T IRETAS . /I
FRELAS . LUK, AT L4 b X 5 2, s R . &
B WL, = BRSO, REHGLIX LA
FELREIESN I, AN FER S HL X A= PP LT %

LIRS EBR T RS 0, FREIM 20 thad
50 AEACTF IR AR 7, DLEAS L RS AR =5
AL R 530 = FE R F ( Camellia sinensis var. assa-
mica) 2 JEUER I TN B i s iR 30 24 45 it (crush, tear
and curl, CTC) £L i A5 Uk B &4, & REAR, A Lr
55, VER R TIR B A, (B AR TR | ST S RS M
LIS %R &2 EJE JE P I 45 Hi #H DT
B PRFLESS S BT R IE R 2, WA LIRS N
NI TE 5 % N GNP S = N L s AR eSO i B
ENGilse=/rY 9 = W O AR LS g N N |
ZEPRI A CTC LIRSS AISEIR | AL 5Ehn T (or-
thodox, OTD) £L % 25 5 CTC L% 25 & 43 L
B 2 H 3 BEAIF S 32 B P S N TS R X LTS
JESENE . ZTRF2S S BT S A SR s YRR OG, XA
S O N P o [ R S AR P Y iR i a
B, R =Pt 12 5 SLBTEA; 22450 SO
1% -5 1% 7% (gas chromatography-mass spectrometry,
GC-MS) W5 37 B 2% R LT 25 S L LT R S i I
ST R G X = A 11 DB Fh i s
PR IILT RS RS, 15 A A7 RS 5 45 bk 1
ARy AP BERAS R G, SR MTIX 2L 5 5T 25 S o T
5 FER DL < F XA RIS S B b, 5 55 47k
LIRS T SO 25 57 LU B AT, LB e 5%
BRI T BT, X 2o LIS AN [R] =l AR AR =
AR F S JEURMIN T 2T R4S W BT 22 (8] 1) 25 S5 i
/b, B S HB P LTRSS T B AT oA DL RS o

EAR LS SR S K e W e I P R e A = A SR A G R

Lt 30%, J&PeE A RURSHME BB ZEE F . AR5
VIR P . S, It 4 MR EEHR X S [ Fp i
) 2= B KRR S e i Sy sl 48 CTC 2082k, SR
FHBCE PP . R0 FH (235 (high performance liquid
chromatography, HPLC) | Tl 25 [& AH it 5 B - AH 14
1% - 57 3% BX F (headspace solid phase microextraction
coupled with gas chromatography-mass spectrometry,
HS-SPME-GC-MS) #RFEAS[A] ) Hi L% 5 BB Al ot
A ST . BRI, IS Gtk
T A | BERTE B {H (taste activity value, TAV) |
05 A (odor activity value, OAV ) 43T AN G P74l
EAR ST e L S i T o 102 N I V2 EA R LS ST AU S
P B AR S S BB R 22 50, LTRSS
dn BT SR AL AR
1 #MR5REE
L1 #RE5NER

ZLREZs DAL SR S A i it Sy JEUORE, —2F 3~5
A BEATELREIN T, Hi s CTC L0, e TE S
nze 1 pras; &1 JLAS 2 (gallocatechin, GC) | 3%
BT JLESE (epigallocatechin, EGC) . JLASZK (cate-
chin, C) . #JLZ5Z (epicatechin, EC) , F_EEFILAK
E B T HRME (epigallocatechin gallate, EGCG) . 7%
BT LB THRE (gallocatechin gallate, GCG) .
22 LA T W& FHLHS (epicatechin gallate, ECG) | JL
KR & TR (catechin gallate, CG) . WINMHEBSAR M
dh (4l =99%) g R AR i BB A BR A F
17 PP IEIRARE S (S5 =99.9%) 4 m Bt
PR RN Al Co~Cy IEF R (Bikal)  SEH

e B WEAR 5N LY

Table 1 Sample information of broken black tea
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TMstandard 2\ &l L&, BB Aigal, RERELTE (R
AR B AR A IER AR . — M. IEC k€.
ToK 2 VKSR . JO/K ZBRAN . 3hlR  4firal, =
242 A 2F R A BR S E 5 5 A0 5508 AR R (2l =
99.9%) ZE[E Sigma-Aldrich 2\ F]

Agilent1 100 {5 5 ¥ A5 14 35 1L . 7890A+5975C
SAHETE- ISP HIY . Compass C,4(2) S AH (A jiHE
(250 mmx4.6 mm, 5 pm) 3E[E Agilent 2\ H]; Supel-
co ZEHLET (50/30 pym DVB/CAR/PDMS)  ZE[H Sig-
ma-Aldrich 23w ; EAHTA AL SPME F45 gL
TSR B By A BR 2 F]; Infinite M200 PRO 21
BEBFFRY  BHBAF Tecan A F].

1.2 KWHE

1.2.1 BOEH P L M I ik I GB/T
23776-201 8K S M ERE i PF- U7 16 ) b I 2T R 255 o 1T
BT PE, BB FEEN S AEBIERR (2 F
3 LOXMAFEMINE | FHta . T ER . PR Tk
B,

1.2.2 ZIRESSFES FEZENSPE LTSRS
WISt 60 HTi, 218 GB/T 8305-2013 (4% /KIEH
PIINAE Y. GB/T 8314-2013(ZK WeES & Ihma s A
Y. GB/T 8312-2013¢ZS WMMERIIMNE Y. GB/T 8313-
2018KAS T A Z Wy A LS R & E IR 7 123 ),
SIS R AT R | KR H A L uHER, . k=
B LSRR & 2. BB S5 2SS GB/T
30987-2020 A H) Hh it B 2 S 1R 1 I s ) b i RO
FE TSR (55 10 I . 2 MR WA FE 5 Ame-
thyst C,g-H(250 mmx4.6 mm, 5 pm), il % & S~
254 nm, & 40 °C . Fi# 1 mL/min, JEEEAFE 10 pL,
B A: FREL 7.6g Jo/K ZLEE4N, FH 925 mL 4liigrk
W, J5 VKBS VRS pH & 6.5, JFINA 70 mL 2,
N, IR, I 0.45 pm VBB UE; i AH B: 80%
;-8

1.2.3 TAV B35S TAV 3K FK R 25 R R X
ARG R M DT, F B

T,
TAV:? = (D

H: Ty GRS 5 (mg/g); T HEERRY)
JEAEIE (mg/g) o
1.2.4 #HERMYEME  FREC 2.00 g 5585 8 3] T
ZEM Y, S AR G0 Ik I E—E PR, A
100 pg/mL 1E T e (CH, )W 10 L E R NAR#,
TE 60 °C 1HIE L5437 5 min, 41 Supelco EH Sk
(50/30 um DVB/CAR/PDMS), HEESFE N 0.5 cm 15
FEARCHL, ZEHURE 60 °C, XHL 40 min, SRAERTACHL
SAES AR OGRS 1240 16 min, LIRS 250 °C.

GC %% 1 : HP-5MS 1@ i £ ( 30 mx250 pmx
0.25 um); FTHERE YRR 280 °C; #40.(99.999% );
Vi 3 mL/min; 433 bR 8:1; #EFEEL 1 pL; FIF T

. FURTRE 50 °C £RFFE 5 min, BL 5 °C/min FHEZE
210 °C, 3% 3 min; L. 10 °C/min R = 250 °C,
R4 3 min,

MS A 2 HEMS GC-MS <R B HIY 7894A+
5975C, {LHLRIRE 280 °C, B FURIELEE 230 °C, DUk
FFIREE 150 °C, B EACE EL % 7 L3R B[] 2 min,
FELES L R —70 eV, i, BTE 41 Bl m/z
50~550,

1.2.5 FELVEYIFREME A OAV 7308 GC-MS
BRI 45 Ham i NIST14 3SR AT LU, fbT
% 5 i e DU IR T 80% R BT, AR 44 4 1 il
SRR R] | JR0E | TR LEAS XS B A
FIFNZ BRI AR N, B Ce~C, IEA B S FR i HERE,
R S A4 510 SR I 25 44— 3, =% Yang 51 1Y
T T E AR B 5 %X (retention index, R1), #7470 (2)
T, 25 5 5 808 2 T Ak G n AR BE FE BGHEA T LEXT,
S G AR I SCRR AN B X 25 B oA T e v, B
R M) BT BEAR TR PN AR A i i AR = (3) AR,
YRR OAV HFZ AN (4) 1.

100 (t, —t,)

RI +100n 2 (2

bt S A DU BR B I TED 5 ¢, A I RO
n FIEAGLER I PR BRI ¢, AR T2 (n+ 1) A TE
Faylelae ity a BE s 1a]

. - B T AR
AR 5 ik
A (3
OAV = S x4
= OT s

K C NEFEIWFEMIUSE (ng/kg); OT I3
WA K EI(E (pg/kg) o
1.3 #IEAIE

SIS EE R IR ST B R 3 PTG
SE{H . >R JH SPSS Statistics 26.0 # Duncan 6 5
BEAT 25 57 WS BT (P<0.05), % SIMCA 14.1,
Origin 2025 F1 TBtools A THHRGEI T4 HT AL
2 RS9
2.1 AEIFHLIERRERITER

LIRS R HPTEE SR UL 3R 2, AN[R] = H LT AR e
B TESS RAEIE 2S5, GXMY 5 HBDR Z5FEIG4ME
FRIEAHIT, GXMY SMERFCRIAR B8 | Al . 55015,
HBDR Brds S5 ALrild | 251, GZZS JMEA]
B R 2, OB B A A . /AR R L,
YMHY 5 HBDR ZKEEX R A LT, GXMY 5 GZ-
ZS FFEAN B MEH A . GZZS KRR MR 2L, B
Werss, 2RO, YMHY 70205, i T H
fhASFE . GXMY BEMR e SR fEf 3¢, 1 fd; YMHY
5% R Tk SR e A8 (s RL 1 Bk =, X nT B Sl T
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Table 2 Sensory evaluation results of broken black tea from different geographical origins

HME(20%) F5(30%) 1 (10%) R (30%) M (10%)
B - - - - - MYy HE4

P 45y By %5y VMY A5 W 45y W 35
GXMY RIS, @il B 88 i, & 90 45 90 e 92 L1505 90 902 2
GZZS WURIEEEHML, @E. WMoNE 85 T, e 90 HL5E 86 VRIS 88  ZLNJMISE 88 878 4
HBDR MUK, (LT, Mong 88 BHE, WALHE, B&m 88 LIk 88 IR 90 AR L 90 888 3
YMHY  BURLESC, AL, A 92 EMEALE, BEEfTA 92 AW o2 WGREIIGEIE 90 MW 91 913 1

YMHY FWAEER X 2 =55, A K EE18, Zomff
R S A BB . GXIMY 5 HBDR IS
FRIEAHT, 205055 HE2%, YMHY M4 5
FEER . FEPUADN AR, YMHY Z5RE15 00 s, Hak
& GXMY, MANESHELR 1535348 90 43-L) I, GZ-
ZS JBE PP, X AT RE S FORMBURE AT ¢, GZZS 7%
FEAE Z2 5 2%, MRS AR, sl i/p L I 0 T 2T
AR ZE M F RN 2R, CAT HAEUERA S R e ]
A FEMERAF WE AR EIN THIVEILAIZAME . <. &
{0, PERAI IR BAT B B 2= R0

2.2 AREIFFHLIHRARILLE

W ERR AT ) LS AR LT RS I SR S LR Y R, 45
W3 3, RIFF= LT 5 7e/KIZ 4 . B2 K
Bl A b HAFAE g 22 5 (P<0.05) . HBDR(51.01%)
FFEKIZ MY A B Eom, YMHY (49.14%) IR 2=,
H IR & GXMY (46.37%) Fll GZZS(40.29%) , iX 1
fiEJ& HBDR ZSFEPEMR B N 2 — o AKX
SRR B 2 N TTEE BOy, HR e B R R
YRz —, BT B A S, SR A
{RPE 3 B T IR AR R, IR AR o2
— eV SR AR 2RI R, GXMY ZSEE RIS 2 &
B (17.28%) , HiYRk & HBDR(15.23%) . YMHY
(14.12%) . GZZS(11.66%), iX A] BEf&: GXMY A5HE
ARSI T SRR . WA ASAUE A
) SR ZE A, AT e A BRI P, X AR A
5T A& B0, T T T 22 69 A BEXFWHERR & 2 AR /N,
HoEr B R EORIE TR A B, 4007 A
Z, MZEFF. 6. Brh &g, BaITIESE, 2HLrs
wERR & B T 0.2%, 55 5 JLETE L AN E L AL
RGN S EUKVERSS S TE R LE = A, 6
B HIEFE TR, BB R0, 4 LTRSS i
HERR 2 = W T 0.2%, & & A= 2R KR A HB-
3 ORFEFHLIWER BN S0

Table 3  Analysis of chemical components of broken black tea
from different geographical origins

B Frm (%)
Ei=7n
GXMY GZZS HBDR YMHY
IKIZIY 46374028 40.29+0.15¢  51.01+0.18"  49.14+0.19°
KZLZW 17.28+0.11°  11.66+0.11¢  15.23+031°  14.12+0.16°
IR 1.38+0.00°  1.01%0.00¢ 1.47+0.00° 1.23+0.00°

TE: RN R 5 BERR 22 53 .35 (P<0.05) , 24~ 5[]

DR(1.47%). GXMY (1.38%). YMHY (1.23%) . GZ-
ZS(1.01%) .

2 4 o, R 8 AL E YR, Hipiii=t
JLZEZEA 4 Fh: EGC. EGCG. EC. ECG; R LA
5 4 Fl: GC. C. GCG. CG., FZWHEZ PR
SRR, LULZE R 3, HA S FNEXSCE R E M, J228
At FEZE I RETE ST, [R5 S IR R
MEZY Rz —, JIAESE SRR, 55—
I e R B R, TR N, LA RIS WL
EAZEE R L E . FEED, WL E BRI
M8 S AT

K4 AFPHLISLAE RIS R
Table 4 Analysis of catechins content of broken black tea from
different geographical origins

B i (pg/g)
iz
GXMY GZZS8 HBDR YMHY
GC 46.65+1.29"  14.19+0.05° 18.58+0.17°  15.67+0.36°
EGC 459.47+0.74° 805.34+1.03° 1281.46+4.18" 382.64+2.49¢
C 646.24+0.29°  3.75£0.20°  12.7240.14° 962.15+0.05°
EGCG  2642.10+4.66" 526.55+0.17° 500.85+0.50" 1638.27+1.37°
EC 1342.79+1.06° 141.50+0.12¢ 231.51£0.20° 2243.53+3.65"
GCG 36.52£1.19°  35.64+0.04* 15.81+0.05°  16.06£0.73°
ECG 5225.57+1.87° 302.53£0.43° 296.36+0.63¢ 4978.70+0.07°
CG 196.24+0.31¢  296.95+0.49° 355.80+0.08" 246.060.16°
B LZSE 8100.43+5.04° 1134.66+1.051168.81+0.11° 6879.09+2.19"

AEEER LA 2077.2241.04° 964.78+1.67¢ 1544.26+3.68° 3603.98+6.45
JLAEZ MR 10594.58+4.36°2099.45+2.7292713.07+3.79° 10483.07+8.63°

el LR/

SRS SR

1.18 0.76 1.91

EAMIER, JLAS R AR R 2 R R AL
ZeF PR, ARBY LA R 5AEMEAY LA R0 LB R &
A BE RS T BE AN [ H P ) 2 S >), EGCG.
GCG. ECG. CG MNEER LA, NIAIY LA g
A4 AR B PR IR AR 6], EGCG ¥ IR i 3 2 T VAL R i
&, ECG. EGC 5 EGCG FHAH &, MR E I H .
GXMY MIBRHRY) LA ZE & 50(8100.43 pg/g) ey, Hik
J& YMHY (6879.09 ng/eg), 5 GZZS(1134.66 ng/g) .
HBDR( 1168.81 pg/g) & & /7 78 b 3 TE 22 5 (P<
0.05) . AFHLIX[RIERAY LA R EGCG & 22 548
K, GXMY & = (2642.10 pg/g) fix &, 29& HBDR
(500.85 pg/g) Y 51%; GCG & &, GXMY & &
(36.52 ng/g) i, 5 GZZS & H(35.64 ng/g) Jt i
FME2E % (P>0.05), HBDR & H:(15.81 ng/g) &1%;
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GXMY W ECG# 5 (5225.57 ng/g) fixisi; HBDR 1
CG & (355.80 pg/g) o &b, LR LS E
ME BMERAK K GXMY (10594.58 ng/g) . YMHY
( 10483.07 pg/g) . HBDR( 2713.07 pg/g) . GZZS
(2099.45 pg/g), Horp GXMY ZERErh LS E mE i
Z7 T HBDR Il GZZS, & &35 TE109 3 5124
I, XS ECE HPEEE R T T GXMY FSRE 7 7%
Wt am T AL X A 25 0 —30 . 1 TUAgAEReT 4351
XTLLREER 2 5(39.87 mg/g) . £LFEZK 3 5 (96.93 mg/
g) . LTSS 5 5 (27.36 mg/g) LA K AR E5(24.76 mg/g)
LA R A EHATIE, ForP 2Tk 3 S LGRS
H R, IO TAFST 4 4UASERE, 3X nT BE 2 ORI
285 Y, BT AT DR — 2 0 =R, IR
B R By, i o LB, LSRR S S . Ak
BREER PAEERT | Z5UF . BRUT . KR, ASh S LIRS
TadAEh &, EC, EGCG. GCG. ECG & EIER
Wik, ARAYLZSE S5IERRRY LIS 2 Bk A 1
A RE MR, YR IA W, GXMY 4H 55 A % =, HB-
DR H1H.

AR RS T FEE R R —, T
ZEPEH R . B Y R, LR Tk B R A T
Heng Ry B SR B D P B R . HER 5 T

%5 RIFP LR PRI i

Table 5 Content of free amino acids in broken black tea from

different geographical origins

i (pg/g)
GXMY GZZS HBDR

E=LaN

YMHY

KA 1666.15+0.05*  645.2046.26°  1667.79+£0.36°  1300.20+£5.98"
HHR  1896.16+1.38* 1085.57+4.25¢ 1596.50+0.23° 1232.03£1.95°

225 398.22+£1.31°  106.18+2.93¢  257.60+2.33°  332.00+0.96°
HERR  19.05+0.03°  31.90+£1.34*  21.28+0.38° 8.82+0.14¢
HEMR  33.37+021°  52.08+1.58  49.10£0.62°  50.92+1.79%
FEER  215.75£0.17°  187.05£1.57°  390.38+0.75"  267.71+5.54°
TERR  94.65:1.53°  10.03£0.38°  130.08+0.66°  80.50+1.05°
AR 4043.76£2.22° 2794.65+0.94° 3898.22+9.60° 3863.69+1.88°
JHZR  125.31£0.77°  54.35£0.63°  167.90+0.38"  94.92+0.59°
BREBE  110.84+0.53°  40.43+1.27°  151.21+1.41°  125.13+0.63
HiaR  138.08+1.01°  45.07£3.81¢  220.93+1.08"  115.81+1.08°
EER  36.59+£0.10°  16.09+0.43°  126.61£3.31°  39.02+0.40"
SrRERE 1222.2541.37° 553.8941.420  821.82+7.15°  1363.10+1.13°
AR 126.99+128  66.65t1.11¢  141.57+0.29°  104.85+0.08°
RNER 241.62+1.17°  35.19£2.36°  180.96+1.77°  142.34+0.68°

HERR  1483.74+0.21° 1318.01+1.55% 1373.73+2.18" 1345.58+1.52°
KA 6060.56+26.57° 2431.45£25.67° 3494.74+0.19° 3646.73+24.62°
F IR
SR
JERLIUS
B
F LR
M FERR 17913.09424.41° 9473.79+4.21¢ 14698.43+18.63°14113.33+18.30°

9622.87+£25.25° 4162.22+6.54 6759.03+0.32° 6178.95£16.69°

4681.00+1.63" 2997.12+0.41¢ 4483.09+6.60° 4379.94+2.42°

2014.64+2.15*  956.02+2.22¢ 1931.37+11.57° 2083.74+4.91°

3343.90+0.45" 2044.93+1.02* 3003.69+£12.96° 3191.19+4.99

LIFE 1, GXMY . GZZS. HBDR, YMHY4 45441
Kl 17 P ZEIR2H 43, G Sk . Bk . 5k G
Bk 4 PP, F R AN E R 220 3L 08 nT DL 55 0 e
TR, PRSI R P, GXMY A5 R
SIS & B E, N 17913.09 ng/g, Hi¥k i HBDR
(14698.43 pg/g) . YMHY (14113.33 pg/g) 5 GZZS
(9473.79 pg/g), ASEIHLIX 2 [0 2 FE 1L &7 EA7 7
E 27 (P<0.05) . ATFE P DR G LR & > HH IR e
FPR>DT R IR >TOR Z( IR, SRR & i
5, FEI B g XU 1R, AF 4 RIS iy a2 LR
F1, GXMY ZSFEH SR | B A JCR 2 508 S 21y
B B4y, H P R R S B0 5 b =ik 53.72%, Bk
ZHEMR 5 LY 26.13%, PPRZE IR % 51 (2014.64 pg/g)
B, 7 EE 11.25%, SumMER LR 2 3R, X 58
PREERE TR GXMY ZRETT IR R | ICSerEse FHAth
HL X, EBRMER | BEIE—E . GZZS ZFE R s HEmR &
ERFNEER S I | PTG AL | RS IR N T I
fhdh X, 58 E S PESSA AR BIRAETT o
2.3 [EFFHbET RS R HRIAR AL /7 EE AR

TAV JZL756 25 FEIE W 4319 & 5 2 R (L,
EGAN ARG 53 i S GG R STmk iR X, 38
T TAV BN A 2H - X g vk TE M ook . 24
TAV>1 B, NI B 17108 W BT AT Sl 5% ook,
A SRR Sy, B TAV {EMOR, P28 FUR 4y
XAV REFR TR E O . 2 0.1<TAV<1 I, R &ifi
PERUR ALS3s 24 TAV<0.1 B, S XU 5301

R 6 Al 5, A 13 Falisr TAV>1, ETFMRLES
TRERE A 5T ) B i 4y, A unMESK . EGC. EGCG.,
EC. ECG. CG. C. R52%I% . #i2l% 9 ™24
Vi IRR FEETTRRY) 0T ; R R . 2R A2 IR
Shy i R 35 B BT R R 435 B R A R R A A TR A R
TAV {HAT 4.66~6.74, JZGHR EZLSTERY) T, &1
PSS 8 A, Hidh GCG. &AL . K &R . BRA
R . AR . AR TN 2R S 4517 v IR I U BT kA Jo 5
TREMR . 22 IR ET TR IR ZEDTER Y R . W 7E
WAy AH &R . WA, BER. o2& R 4 R,
GXMY Hl YMHY Fah b SCHEIR T BUE 2,
13 i Hiyk 2 HBDR A 11 #; GZZS FE 5 AR5 R
ST D, A 9 Bl EC. RAENR . Hoc &R
FHGXMY 1 YMHY i A ) S 4355 1 2 30k
PP AR A, T ST U SURR Y C W 2 B WA
KRBT o YU ZEBY Ay, L, T8, 6 Bl BRoMLI A
e B, Hoh PR R i LA RS el
SR, AR R ) LASER L WM EGRR D e AR e SR S B,
BHIR FH AT P EABEFIEH R 2 IR 2 B, PRI AL R 5T
A E R . WIHERR TAV (KX F 100, HAE 4 4055
FEPRA BRI, 2R fE R M A4S HI%
FIELLT H o & BRMNEERR Y TAV {E5 =, SARFIT4S
SR—3; SCHARBERT 450" 3l 5 V34 R Bl < SIC 06 2 3,
IR 5 R Y S, GBS TR B4R TR
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Table 6 TAV analysis of flavor compounds in broken black tea
f from different geographical origins

JREEEW), ARSIz WL, $2 58 955 . EGCG
1E GXMY FESL R TAV (HRBKOE B30 T HA =
ZH, B P B AP ER ; GXMY T YMHY ££ 4G H

W TAV S ECG 4 TAV #%iE T GZZS. HBDR 19 17 4%, bk
s ® (uge)? GXMY GZZS HBDR YMHY ST R T P B3
WIHERL 100 137.94 100.70 146.93 12328 % hﬁﬂﬁ%w( 2.4 EIFEHLTRESE & MR LR
BN S T
EGC 165 278 488 777 232 '1",;& ﬁiﬂ; AE=HLAILTESS AT GC-MS HedsE Y 76 Fi
sk gy FERVELE W, RIEL A W REH AR SR 8 24,
EGCG 180 1468 293 278 9.10 g N . L N
stk ALAEEEE 8 Bl BEZS 10 Fh . FRE 3 B, BRZE 13 Fh
o s TR Sk s s
KO0 s oe 0n s WEEVESE WS 4Bk AR 10 B ke 20 B JEAL 8 B L
ECG 200 2613 151 148 2480 EWH; IREE R IFE 7, UL SR & eSS 101k
;’f CG 110 178 245 323 224 k. BUR FARN S B R R R Oy A, 22 A AR A
LR e Venn E|FPEE
C 290 223 <00 <01 332 e o .
B ‘“‘ﬁ‘ﬁ & 1a, & 16 AT, AS[E] - £ LR TP AUk
XEIR 1000 1.67 065 167 130 fif N - - \
P X SRS S E A R R 2 R, Hith GXMY A
LR 300 632 3.62 532 4.1l B IR i e i F K 1
AR 600 674 466 650 644 Hivk 64 . GZZS mn 66 . HBDR #1 YMHY STa
WEM 500 297 264 275 2.69 LS SRR M = BRI GZZS(4898.50 ng/ke) .
AR 1050 577 232 333 347  GEIGEHE! HBDR( 4808.40 pg/kg) . YMHY (4649.86 ng/kg) .
GCG 180 020 020 <00 <0 %&Eﬂﬁf GXMY (4569.40 pg/kg) . HIE 1c ATLIFE Y, 4 413k
&, T P o o ,
HAER 200 017 026 025 025 LS ATFSURIY 55 A1 (i L 80.07 A’%g(‘)':’f” GXMY 47
WHEBR 500 043 037 078 054 iR %4 GZZS. HBDR fil YMHY ZEFEILAT 2 it 8 Fif
.

%@? BEM 2600 <01 <01 <0.1 <0.1 IS 7 FP, GZZS ¢H 5 HBDR 201 YMHY #£H 43 51 3%
B 910 012 <01 0.17 0.14 LS A 8 Fh AN 7 FF, HBDR I YMHY ZXAEILA 14 Fh .
WEMR 400 035 011 055 029 bR 2 ANFEIMATANAE GZZS BESEK H, 1 DB

HZZ‘]—EL@& 900 027 <01 020 0.16 ;w”ﬂi 1 YMHY EES R
ZE MR 1500 027 <01 017 022 ﬂ s . . —
J TSR R RSN A& = o e g R an sl 2 ir
HEMR 1300 <01 <01 <01 <0.1 IS o W RIS 4 BT s 5 rh S e o KA
wete WA 3000 <01 <01 <01 <0.1 Hiuk 7> i i . o
WA EEW 3000 <01 <011 <01 <01 g GXMY I YMHY i o = HUAL, Lo e, eSS
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FEERE LR RAERY, X GRS SR
T AR HLERF T ST &
Table 7 Aroma components of broken black tea from different geographical origins
ER Frim(ug/kg)
F i HFR cas GBI
(min) GXMY GZZS HBDR YMHY
1 1-2F -3l CeH, O 3391-86-4 970 12444  17.25£0.31° 39.47x0.10° 19.04£0.06° 28.01=1.01°
2 3-SR C,HNO  1877-77-6 1405 15549  19.72+0.14° - 11.38+0.45°  27.41+0.08"
3 AR CHO  100-51-6 1035  16.941  88.12+0.33° 212.41+0.34° 102.38+0.33" 85.96+0.72¢
4 Dy R CHO  78-70-6 1098  17.942  877.11£2.94* 59.70£0.43% 293.05+3.82° 491.21+7.25"
5 SRR AL CsHyO  40716-66-3 1562 18.198  179.04+1.82¢ 233.47+0.16° 286.64-0.88" 422.20:£0.38°
B - = 3E-6-2, K L DU S -2H-
(3R.68)-2.2,6 ]Eﬁ_3%;% HE-2H CioH 0, 39028-58-5 1685  21.445  43.55£0.03° 47.16£0.54" 24.05£0.21°  20.73+0.33¢
7 4TI CoHIgO  562-74-3 1117 21496  40.65£0.21°  10.69+0.09° 29.54+0.48°  24.49+0.07°
8 3-(N-"RAEE-N-FJE) -1,2-75 % C,;H;;NO, 60278-98-0 1801 28303  32.21+0.17° 15.21+0.08" 62.41£0.20° 88.83+1.80°
25 (8FH)
9 U CH,0  66-25-1 800 5708  437.75+0.18° 907.61+15.51" 483.50+2.24" 355.44+3.57°
10 S -2-C IR CeHjgO  6728-26-3 850 7389  146.29+1.05° 64.30+0.48° 165.00+4.11° 112.43+1.99°
11 IR -4- A T C,H,0  18829-55-5 893 11.405 - 149.85+0.12 - -
12 R CHO  100-52-7 960 11514 - 32.79+0.30°  68.89+0.27° 35.25+1.04°
13 J2X-2- B CH,,0 18829-55-5 1050  13.862  75.10£0.25° 176.52+0.16" 74.44+0.16° 100.59+0.73"
14 HORE CgHgO  122-78-1 1045 15273 - - 25.17+0.11°  17.60+0.14°
15 S -4- B8R CoHgO  65405-70-1 1260  15.934  193.47+0.44° 252.51+0.94" 220.82+0.06° 166.19+1.47
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g3k 7
75 et HTR cas PRI ihehe)
(min) GXMY GZZS HBDR YMHY
16 2,6,6- = H13-1,3-38 2 —4-1-FH s CoH, O  116-26-7 1200  22.529 - - 7.35£0.25°  14.47+0.11°
17 P-ERFrAE CioH,O  432-25-7 1237 23497  27.44+0.10° 32.99+0.02° 50.58+0.25° 90.35+0.38"
18 e CoH, O 5392-40-5 1256 25974  7.61x0.01° 18.48+0.21° 15.55£0.82° 14.20£0.25°
RS (10FH)
19 A7 CeH,0,  142-62-1 990 13.124 - 529.94+6.90" - 86.74+0.61°
20 WEJRRAR CisH;00,  463-40-1 1680  16.537  38.69+0.16" 617.13+8.28" 27.95+0.25°  8.35+0.01°
21 PRt Ci¢H;,0,  57-10-3 1960  31.074  38.01£0.28"  15.06+0.03° 27.13+0.22° 22.47+0.07°
225 (3Fh)
22 3-( PR 5L ) TR R CoH;sO  24070-70-0 1150  9.076  75.45£0.70° 129.61+0.49" 112.55+£0.24° 91.72+2.75°
23 FR ik B TR CH 0  110-93-0 980 12.771  83.64+£0.38% 275.61+£0.91° 161.13£0.90° 89.92:+1.77¢
24 2,2,6-=HILIRC CoH,; O 2408-37-9 1080  14.766  31.21£2.48 21.25+0.07° 26.70£0.17° 31.21+0.22°
25 3,5-F ZJfi-2-Ti CgH ;0 30086-02-3 1100 16.652  124.98+1.34° - 127.45+3.15° 230.77+0.09°
26 BER CHO,  91-64-5 1430  17.672  40.06£0.16" 122.24+0.31° 63.82+0.48°  71.03+1.49"
27 1-ZHEMENEdE-2,5- CHNO,  314-78-5 1100 19.597  7.23£0.04°  4.60£0.04°  33.69+0.24° 43.35+0.11°
28 2,6,6-=F L 2- IR M- 1,4- i CH,0, 112521-9 1350  19.969 - 15.82+0.10°  11.05£0.28°  13.19£0.21°
29 4-FNEIR O -2-4- 1 CH,0  500-02-7 1233 21.958  20.69+0.10°  4.89+0.05°  17.48+0.01° 14.59+0.15°
30 (=) - Ih B e T CioH O  1196-01-6 1210  23.01 10.08+0° 3.20+£0.02¢  8.96+0.01"  4.75+0.03°
31 a- 25T Ci3HygO  127-41-3 1425 32,601 13.21£0.09°  18.54+£0.07° 26.58+0.19°  43.53+0.57°
kv B FE P C;5H,,0  3796-70-1 1450  33.672 - 24.3240.7° 12244022 10.04+0.39¢
33 -5 CsH)O  79-77-6 1480  34.981  15.61£0.15¢  46.55+0.08° 81.74+2.15° 113.24£1.98"
34 1,6,6- = FU IR . 45-3 - CH,,0  17299-41-1 1250  39.696  9.16£0.14*  3.10£0.01°  4.73+0.01"®  3.75+0.11°
FiZ (1350)
35 TKA% IR T i CHgO;  119-36-8 1190  22.368  9.72£0.02°  22.93+0.05°  7.14+0.10°  18.65+0.22°
36 L77-ZHE-UOR2.2.118-2-BE LB C,H,0, 92618-89-8 1285  26.487  26.07+0.22*  7.08+0.06"  19.09£0.47°  17.40+0.27°
37 AR P TR C1H (02 17092-92-1 1470  36.604 - 14.92+0.06° 45.22+0.24°  78.18+1.15"
38 224-ZHR- 3N FATE TR C\Hy0, 6846-50-0 1660 39362  3.76+0.01° 3.160° 7.16+0.06° -
fifiZk (4Fh)
39 2,4-Z W3- 1-PEls CoHg  19549-87-2 800 6.875  113.08£0.26° 29.46+0.03' 79.37+0.14° 91.78+0.95"
40 -2 Wi CioH;s 13877-91-3 1045  12.136 - 5.97+0.01°  59.41+0.11° -
41 AR CiHjg  123-35-3 985 12.867  113.92+029° 76.68+0.41° 217.31£2.96" 130.88+1.23"
2 (R)-(+)-Fridas CioHje  5989-27-5 1020  14.484  285.03+5.22° 44.25+1.85¢ 243.84+4.59" 142.73+0.33°
43 1-F LR I CHg  3100-04-7 890 15.17 4.54+0.02¢ - 27.46£0.05°  37.49+1.29°
44 3-F3E-6-(1-H 3L 2 3 ) 3R U s CiHyg  586-63-0 1015  17.313 - 76.94+0.34 - -
45 1T s CpH,,  112-41-4 1190 22234 13.65+0.25 - 11.81+0.09"  8.56+0.05°
46 (+)-FE el CisHy,,  489-39-4 1440  31.863  8.48+020°  3.38+0.01° 7.93+0° 6.68+0.01°
47 L-fi P CsHy, 87-44-5 1420  32.158  52.32+0.09°  9.54+£0.08°  17.39+0.07° 15.39£0.21°
48 a-A T CisHyy  6753-98-6 1450  33.563  68.87+2.00° 20.08£0.17% 45.61£0.42°  38.94+0.46°
R (Fh10%)
49 4- W - CoH,y  2216-34-4 860 7.6 120.69+0.31° - 96.36+0.18"  80.70+0.06°
50 &4 CiHy,,  124-18-5 1000 13.259  68.79+0.05° - 88.9+0.66"  65.24+0.18°
51 R iR CioHyy  527-84-4 1020 14311  119.41+0.49° 19.50£0.23° 98.11+4.64° 68.56+0.46°
52 4-FRE-3% 05t C,\H,, 2847-72-5 909 16.062  38.23+£0.74" 22.69+0.14° 28.38+0.57°  9.05+0.02¢
53 R C,Hye  112-40-3 918 16.178  39.79+0.30° - 81.63+£0.31°  54.04+0.64°
54 2-HHSE CHy,,  6975-98-0 1050 16229  32.39+0.55*  7.49+0.09° - -
55 3,7-—H 35S b C,Hye  17312-54-8 1080  18.044  189.97£0.01° 29.50+0.01¢ 232.1+£1.42° 178.91£0.18°
56 3,3-HIEC b CeH,q 563-16-6 710 18.628  56.89+0.44° 29.50+0.16° 77.56+0.60°  60.23+0.93°
57 4-HHA—p CpHye  2980-69-0 1210  18.705  67.49+1.38" 11.71x0.14° 67.50+0.26" 46.91+0.32°
58 2-F S —h CpoHy  7045-71-8 1220 20.951  14.2440.02° 18.46£0.01° 19.08+0.49°  14.23+0.46"
59 3-H-—ht CpoHye  1002-43-3 1230 21239 35.39+0.03° 51.35£0.03° 33.3320.34°  22.89+0.10¢
60 =k CpHye  112-40-3 1200 22.631  122.09+0.03° 31.70£1.19¢ 127.98+1.06° 93.54+0.01°
61 3,5- ek CioHy  15869-93-9 850 23273 4.55£0.01°  10.31£0.02° 20.26£0.39°  19.40+0.19"
62 10-H13EA-Jube CyHy  56862-62-5 1950  26.641 7.78+0.13°  3.75£0.03'  16.36+0.07° 21.51+£0.28"
63 3,6- —HI 32805 C,H,s 17312-53-7 1070  26.891 7.54+0.11°  5.06+£0.04°  13.79+0.03* 20.87+0.24°
64 4-HEAu g CsHy,  25117-242 1410 28.007  10.48+0.14°  3.80£0.01°  13.86£0.34°  19.60+0.02°

65 2,6,10- = HFE4 =4 Ci¢Hy,  3891-99-4 1450  29.027  10.25+0.15°  5.38+0.02¢ 22.03+0°  28.14+0.17°
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gk
R # it (ng/kg)
5 fea BFRX cas PRI
(min) GXMY GZZS HBDR YMHY
66 =k CpHye  112-40-3 1200 29.124  8.50£0.28°  3.46£0.01°  1836x0°  16.85:0.06°
67 Tk CiHyy  629-59-4 1400 31472 27.37£0.43%  9.53£0.09°  25.85:0.47°  20.89:+0.56°
68 i e CyHy  629-94-7 2100 37.162 6.32%0° 2.86+0.07%  10.62+0°  15.82+0.02°
B ka2 (20F])
69 2-JRM CoHys  80-56-8 975 10269  94.61+0.01° 21.2120.09° 53.97+0.74° 35.42+1.33¢
70 i CoHie  79-92-5 950 10.859  42.82+0.01° 59.11£0.11°  44.14=0.8"  34.57:0.80°
71 2-1F LK G CoH,0  3777-69-3 990 15.004 - 114.94+0.75"  40.89+0.31°  7.86+0.12¢
72 1- 5 b CioHyl  2050-77-3 1470 2555 6.88+0.38°  3.54£0.01°  15.02£0.07° 17.25+0.34°
73 2-H S Fk ke C,HO, 25414-22-6 810 26269  30.34£0.41°  27.50£0°  77.63+0.73° 113.07+2.04°
74 2-(1,3-T Zf3k)-1,3,5- = I JL- ) CiHyg  5732-00-3 1320 29.355 - - - 4.93+0.11
75 1-T kg CgH;sN  589-33-3 1100 30.715  6.98+£0.05°  2.98+0.02¢  6.75+0.01°  10.64+0.07"
76 2,6- AU T HxT R R CsHy O 128-37-0 1450  36.065  6.87£0.08°  3.77£0.01°  6.20£0.01°  8.09+0.15°
HA S (8F)
TE: HE DL XES"FoR, R AR/ING 73R BAT P25 57 (P<0.05); “—"FoRAH
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Fig.1 Distribution and contents of aroma components

in broken black tea from different geographical origins
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Fig.2 Proportion of aroma components in broken black tea
from different geographical origins
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ACFHILLT U S LIRS E R A I e 45 R —3 . &
M R G, 5 3-SR AN, Hody 7 43
I 21 Sy, Ho PR AR | R R A AU
Troam e, b 80% LA L, SRR 3 RN EHAE
F, 1 GXMY S & ESh 877.11 pg/kg, B &
THA =2, FEEERA S L 67.59%, HIR &
YMHY (491.21 png/kg) o = FH BEA £/ K, GZZS
(212.41 pg/kg) & E e, YMHY(85.96 pg/kg)
S RIED s = 852 A= W < d i (LA B 2 Uy S B2 N N
7, 76 YMHY (422 .20 pg/kg) & femn s BR2sib &
Y— R A TR AL, HBDR Fll YMHY J5RE4%
13 FlESSIbG4, S5 688.13. 761.08 ng/kg;
HWR R GZZS A5KE 12 Fh, E18 669.71 pg/kg; e/
)2 GXMY Z54F 11 Fl o BRIGE PG 4503 2 B o 41
SAETTUHRH ST, 7B | Friis | 2R LS 24
RN 2ZE ST L&, R ERAED 15
O | S | BAZERN—ZE i T AIRRT LTS,
SEII TR, WANG 2505 fF5 845 H 21 25 LATH
T AETE R F B, ARSI 5 2 —2 i T
FHEAG00) Xf AR Y K AL 2T T IR LTSS A TAGIN, 2 B 2
MR ALG Py G S o & g v, FOROR RS | 1
e BEE2E, X AT B SR M LS I g AN TR sl
RS SIN T2 56, BRESESSFNPESSST, GXMY .
HBDR #1 YMHY ZF: kel & EE S, M GZ-
7S FFE PRI T T, SR R 5 e I AN
A MEREIE TR/, XA R
HEEZEH . BRI iiress i o thgseb, 1
T 2% LI, Z2KRIEE, /kA% 1% B s 2 B Re
ZELR, FRZEY) 0T SR SRR TR I IR AN 2 ki A R &
By R AL B N A BT BRZETERR GZZS FAELA
S HAL = 203 5 EbA b, BRI AR B AR
A, (B REREfARAE T . BRI Y Ik
AEITE GXMY (659.89 pg/kg) A HBDR(710.13 pg/
ke) WP SRR, H AR AR -(+) A7 S 4 Fhar
WEAS I F IR IS5y, Horh GXMY 19 (R)-(+)-F7
Bk &y 285.03 pg/kg, W T HAEL —4H; HBDR
AR R S R, oA 217.31 pg/kg.

OPLS-DA J&—Fh & iy Z okl s irge it o7
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Fig.3 Multivariate statistical analysis of aroma components

in broken black tea from different geographical origins
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Table 8 OAV and flavor description of characteristic markers of aroma components in broken black tea from
different geographical origins

e et VIPHL ke oAv . FAHA)
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7 AL 1.58 15 7.59 5.11 14.49 8.73 A
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