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 E: BE BT S RLLRAS SULLRE A ORI S B B 22 S, SRR XA P 2145 2 S 1
FEESNSY. FE RASMHEAE- TS (gas chromatography-mass spectrometry, GC-MS)l g 7 L 22 R 41
RS IR LTS AE B B U4y, T8 A4 A i LB B 22 R AT S S5 T AT IR A5 & UL R AiE 22 1k,
HRPESE — E A TTBE /D, Fiik o g KA AT IR R 22 F I R BEEFE ST . BRI LA 3 oy
FrEld Ak G 9 40 B, DIRESS . B2E. BRS. BE2oh 3, &N LS AL, HIA 25, HoEALRE
IR -2-CRTEE(C13) L R ZFE(C19)  FIEE(CY) | T (C26) 8 Ui I & s T3 B 22 RELRE S (st 80% 1A 1),
TLLTRFR N SRR TR (C15) . 15IWR(C1O) B a3 W AR T30 B 22 RATREAR (I S0% A B). e, Ber
PEAS IR BT/ A LU L 2 R AT s IR o B B (B 53.53%), TEALIRAS IR S A LU L 22
LIRS (IR 52.48%). PIZRETREASH, KGR ER(CL) b L e, ZEH 22 RABAE i il ik
26.60%, FEELTERS P A lis 29.79%. Wil 22 RIS, BB SRR S, TR
22 RLLFEAS TR R AT IS 34.38%, TEVZLIRZ T il ik 35.69%, BEISAEHTHL > RLALAEAS P iR mi vl ik 32.48%,
TEFLLTEZE T iR R Tk 34.84% . & U Z 2V BE N TR (C15) . S-IRiR-2- C AR TR (C29) e REA T HL >
RELLRER AL, ool AHBE(C30) . HEAERR(CAO)RBEMURIHA AR B UMM IR . &5 XA US4 77>
Br, AT HH X A3 107 B 22 R AT R A 5 TR LT AR A IR RRALE o
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black tea and Yunnan broken black tea, and explore the main aroma components that distinguish the differences of
broken black tea between 2 places. Methods The aroma components of Sri Lanka broken black tea and Yunnan
broken black tea were determined by gas chromatography-mass spectrometry (GC-MS). The differences of aroma
components between Sri Lanka broken black tea and Yunnan broken black tea were compared by principal component
analysis. According to the contribution value of the first principal component, the main aroma components that
determined the difference between 2 places were selected. Results A total of 40 aroma compounds were identified,
which were mainly aldehydes, ketones, esters and alcohols. The aroma components and contents were similar, but
slightly different. The aroma components of trans-2-hexenal (C13), phenylethanol (C19), geraniol (C9) and nonanal
(C26) in Yunnan black tea were significantly higher than those in Sri Lanka black tea (more than 80%). The aroma
components of dihydroactinidin (C15) and indole (C10) in Yunnan black broken tea were significantly lower than those
in Sri Lanka broken tea (more than 50%), the alkene aroma component of Yunnan broken tea was 53.53% higher than
that of Sri Lanka broken tea, and the indole aroma component of Yunnan broken tea was 52.48% lower than that of Sri
Lanka broken black tea. Among 2 types of broken black tea, methyl salicylate (C1) accounted for the highest proportion,
reaching 26.60% in Sri Lanka broken black tea and 29.79% in Yunnan broken black tea. The content of esters and
alcohols in Sri Lanka broken black tea and Yunnan broken black tea were the highest, which esters reaching 34.38% in
Sri Lanka broken black tea, 35.69% in Yunnan broken black tea, alcohols reaching 32.48% in Sri Lanka broken black
tea and 34.84% in Yunnan broken black tea. Among the aroma components, dihydrokiwifruit lactone (C15) and
trans-valerate-2-hexenyl ester (C29) were the most representative of the aroma characteristics of Sri Lanka broken
black tea, while a-terpineol (C30) and nerol (C40) were the most representative of the aroma characteristics of

Yunnan black tea. Conclusion The analysis of aroma components can clearly distinguish the characteristics of Sri

Lanka broken black tea and Yunnan broken black tea.

KEY WORDS: Sri Lanka broken black tea; Yunnan broken black tea; aroma components
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LUARIEME A — RIRIE, AE R, 22 i T 5 52
Gyikik 85%!", MR KK E R AF L%, 2k I
L ENEE R, P ERLLATE LR | B
T TG FUAS T HL 22 R | R AILLAS R Jrh,
ZUA L VALIREZ R F o X T RRIELL SRR DA, A
R /S A= o LI 1010 v N 3 TR 3 2
S e B T2 R R 4 DRSS T
V. WIETHR SRR, KBUERX T e 2 B 4 AN
FARM I AR, (E2RH R | Ik i
A 25 IR G AT LU A AT A SR 5 JE AR
FRYLLIRZE AT, B2 3 2t -5 1 B It R L)
LI Z W MR IR . KRNI R | K
LR, KMRTRERYARE, HEAWMLANEDERE
MR, AR SRR T LR

FHMNALLZRB AR L ZREah BT L2 BT
ENSF, AN ILIRR SR SRR . b R D)
P2 Hh FR I 21 A v AR BRA SR AR N1 5 [ B v, i
HAFWEYbRE  RAFR B , R mAREA Tt
JInsi . ARAEF GO R B R BRI AT YA A
A PLER Iy It o W JRE R 21 2% op 2L R ST sk Y o, T3

it R 325 P 2 v T S A R v . BT
WT I L ZEXTLA A BB, L0400 T B
FEHNEZ . BIEREEE 5 MERL KT TR
WHTGHE T, KB BUCE Al Fe, V. K. Ni, Cu,
Ba. Na ZEFZMN ¥, 2805 EEREL TN
AR 2270 et AU X EL AR B B SRR
R SRR A3 X A M R A R AT 5

AW 5 i S (A 1% - BT 3% 5 (gas chromat ography-
mass spectrometry, GC-MS){l g 7 B 2% = ZLRE A5 il AR
CLRRASHE R AU, S R I o B A
TR ST LU A, T S B AR R
SRR B S, D3R ik S AT e 4
JIEE TRt — e B AR R .

1 MR5ERZE

L1 #E5RF
SEISFORIRIE: TE 2L RAIMIRFET 5 M R A KUK
BTN 3 0, Wi 2R CTC (crush tear curl)ZLiFA4)
S AR 2 Rm L P ARIER A0 37 45 X (Dimbula
Uva, Nuwara Eliya, Kandy. Ruhuna)4: = pg¥Iae-#id-5 i
2L, fapR CTC ZIMEss, il 22 RASHHISET Mahasen
A B Ranatunga fH+-#24t, 3 CTC AR AR T
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KPR P20 3 ANRAIAY CTC 2IREATRE . 2R AN T
FER CTC FYIHUIN T, WREEERAR T 238 EA A
[l H T L 2 RAR XS 5 S DX PR AR S S A A7
TE—E 225, TEASIAR B PR it L Ar e — e 255, Wi
RLWAS 1~5 SRETAEIE 2 R b IR F
XA CTC A5FF, EWTHL >R CTC ZUMAS R MLRIASHE,
WSRJE T O, ZELRS 1~3 S A amasd X
KRR, RET WM 1~3 FBIRLRESRE, H 35w
BT OSSR, KRR T4, BRI 1 s,

ZEBR LR (LHEE 99%, 2 Sigma-Aldrich 24 ¥]).
1.2 &R E

SPME F 3l A ZEHGHERERF . DVB/CAR/PDMS [ 4
KL (50/30 pum)(3EE Supeclo 23 wl); 7890A <A (i
1. 5975C FRiEAL (£ Agilent 23 H]); HHS U K 45
(9 RS A R /=Y 45T ); Milli-RO PLUS 30 4fi
JKHL(EE E Millipore 23 7)o
1.3 LWHE
1.3.1 Hsara

K T 25 [ A % U (head  space-solid phase
micro-extraction, HS-SPME) & 4 & M 40P HERI AR 1 g
TRRERCAZE UM, A 30 mL /K, fIA 10 uL B9 4R
(90 mg/L ZEIRZTR), RIFK2EA 50/30 pm DVB/CAR/
PDMS #Hik (S256 Hi £E 250 °C£4k 15 min)f SPME F-3)
[ AF A IR RE 2, T8 2 SR AR R SR A B AR UM
1E 50 °CAK I HOFA 10 min, 4 1 £F 483k, W F 50 min )5,
IBCH 37 B4R A S A R HERE T, SR 3 min,
[ s} Ji s AN IS ks
132 BLEH

(O

2 HB-5MS (30 mx0.32 mm, 0.25 pm)#PE A5 E
NAERE; FERECIRAS S 240 °C, HLFHFRAI £8 (electron
capture detector, ECD)iJE N 250 °C; #HA MM aiA R, i
A 1.0 mL/min, HEARF: 50 °C£FE 5 min, LA 3 °C/min
T+ 2 180 °CHEHF 2 min, #RJ5 LA 10 °C/min F+ 2 250 °CLREF
3 min; SLEHRERIESIF, FRIFEENFRTEE, K5

L A T AT

Q)i 4%

i, %% ili % F (electron impact ion, EI)HL & fEfE N
70 eV, JFRERIARMTEE N 50~600 amu, £5F-IHIRE K 230 °C,
VU FEIRLE S 150 °C, JRiE (LRI IE N 280 °C.
1.3.3  FASHE A E

P A €0 33 - T 3 32 43 W A 51 100 I B 28 ML
NIST 98.L FRiEiEMATAGZR, AR ISR, X3t
W | SR BRI o D J3E S HEA T A0, 45 R B i) T 3
SRS VN AN o R P T B — Tk e i, 13 E4%
AR
1.3.4 #HIELE

K FH Excel, R4.0.3 B A 7 58 04

2 HRED

2.1 FRLOABRZBEERPBRUEIR LS
2.1.1 RELBRFIEARSFAEN

g 2 fron, WiE 2L RAMIRFIE LIS 8 MAER, 3k
R 40 FVESASY, &HFSMS SRS AR, HIEE
#Z5, HPEAOHES 16 FFSa S iE T E 2 Rk
WSS, 22 P SR T L 22 RATRER, 2 Fls a5
Wi 22 RETBAAS S AT . AR R -2-CURIE(CL3).
FLWLC19), FIELC), EME(C26)F M m TR H %
RLMZE, /51 H 110.00%. 108.73%., 93.64%. 84.91%,
AR ER(CLS) . ISIR(CL0) A UM L LRE A T4
22 REER(50%LA 1), 0K 56.19% . 52.38%.

MEFESYREFESMAEYEENLERE, K
B HECH SRS e m, W B2 R
(21.35%~26.60%) LU FL 2T 1 5% (18.49%~29.79%) 7 1t 3 [l 15
FENE/N, Wi 22 RABEAE R T 26.60%, LA
Ak 29.79%, ZHWMEAEE . B-OFRREE(C2)  LLAUIL T K
MR ER(CL), 7 %R ATMER(9.63%~15.29%) LU TE 2T i
R (11.80%~13.84%) 7 1t 7o [l 5 FE W& K, Hr B 25 Rar e s
SO REEE(Cy SRR A IE 15.29%, TEATH R o ik ]
ik 13.84%, HIMEAHIT .

®1 CTCUABHFEHBER
Table 1 Sample information of crush tear curl black tea

s 4R P e P 3
1 H¥rCcTC 1% Dimbula, Sri Lanka 2018.6 o L 22 R AS RIS BT R
2 #rcrc2 5 Uva, Sri Lanka 2018.6 M L 22 RS RIS T R
3 Wrcrc3 5 Nuwara Eliya, Sri Lanka 2018.6 L 22 RES SR i AL
4 Wrcrc4 5 Kandy, Sri Lanka 2018.6 L 22 RAS SR i 1L
5 #r CTC 5 % Ruhuna, Sri Lanka 2018.6 B 22 RAS RS R L
6 HCTC1 %5 mE R E 2018.8 KPR = TR A BRITAE Al 4Rt
7 HCTC2 5 AR R 2018.8 KPR = TR0 A BRITAE2 Al 42 4t
8 H CTC3 5 ZEA AR 2018.8 RURE =T 40 AT RTFAE 2wl $ 4t
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Table 2 Aroma components and relative content of different kinds of broken black tea (%)

1 2 3 4 5 6 7 8 2
ETE= FRA 7 #i #; #; 1 WaE oy W g PHE mar
CTC1 CTC2 CTC3 CTC4 CTC5 CTC1 CTC2 CTC3 1%
Cl K% R H i 26.60 23.53  23.74 22.33 21.35 2351 2979 2049 1849 22.92 -2.51
C2 PO 1372 6.81 15.29 10.53 9.63 1120 1384 1275 11.80 12.80 14.29
C3 R -2-J2 -4-FF Wl 624  6.63 2.98 6.53 5.53 558 243 4.27 5.11 3.94 -29.39
C4 B-EEZ T 557  9.15 7.28 9.53 10.80 8.47  4.69 6.88 8.53 6.70 -20.90
C5 P AL AU 435 525 5.61 4.18 4.46 477 474 395 381 417 -12.58
C6 R 3.58 271 2.61 461 5.37 378 291  7.64 668 574 51.85
C7  X,JX-3,5-3 -2 295 3.10 1.63 2.61 2.40 254 095 156 197 149 ~41.34
C8 G- % R -3- M i 2.79  3.08 4.22 2.49 2.19 295 233 2.17 1.77 2.09 -29.15
Cc9 By - 2,67  3.01 6.99 2.87 0.96 330  8.19 5.43 554 639 93.64
C10 ] e 251 198 253 1.40 1.05 189 115 072 083 090  —5238
Cl1 A W i D 245 528 4.43 4.09 3.58 397 249 229 282 2.53 -36.27
Cl12 AT R 231 1.20 1.65 1.13 0.69 140  2.80 1.78 1.65  2.08 48.57
C13 2 -2-C 199 182 052 2.42 1.24 160 178 411 420  3.36 110.00
Cl4 B-AFrAERE 1.89 130 1.16 1.59 2.14 1.62 1.15 1.70 1.81 1.55 —4.32
Cl15 AR N g 1.85  3.68 2.44 3.54 3.42 299 103 1.24 1.65 131 -56.19
Cl16 o- 58 %' T 142 2.61 1.57 2.08 2.76 2.09 1.53 2.46 3.08 2.36 12.92
C17 5,6-F B 55 1.15  2.28 1.52 2.20 2.09 1.85  0.81 1.22 1.58 1.20 -35.14
C18 AT IR 1 1.09  0.62 0.81 0.69 0.63 077 120 089  0.96 1.02 32.47
C19 L 1.03 107 082 0.98 2.40 126 228 273 287  2.63 108.73
C20 o1k e Id .00 1.17 1.42 1.01 1.87 129 196 237 1.63 1.99 54.26
c21 2-1F SR 0k IR 100 089  0.74 0.79 0.92 087 0.67 082  0.62 070 -19.54
22 LR CUC 096 1.1 1.18 0.81 0.87 101 099 094 076 090  -10.89
C23  3,7-"HIEE-2,6-TSFEMERE 091 122 0.93 1.74 1.82 132 148 200 189 179 35.61
C24 3,5-9F s -2-fi 086 1.14 051 0.95 1.11 091 048 066 077  0.64  -29.67
€25 J@-’J‘-E‘I%%@-ﬁa-'fﬁ%THfi 085 078  0.80 0.73 0.52 074 052 047 039 046  -37.84
C26 TR 081 060 031 0.38 0.56 053 0.64 116 114 098 84.91
Cc27 6-H 5E-5- P o -2- i 0.78  0.90 0.50 0.79 0.70 0.73 036  0.63 0.71 0.57 -21.92
28 gLt 075 0.62 023 0.57 0.59 055 072 070 081  0.74 34.55
29 K- R-2- O I g 0.75  1.04 1.03 0.98 1.13 099  0.69 0.6l 0.54 0.6l -38.38
C30 o-ThE it e 0.74  0.55 0.61 0.53 0.57 060 089 0.8 075  0.83 38.33
C31 & -T RR-3-2 4% IR 058 040  0.75 0.39 0.39 050 034 026 023 028 -44.00
32 R -2,4-5% I T 0.52  0.68 0.23 0.59 0.35 047 020 033 039 031 ~34.04
C33 2 -2-TIaiE 052 035 042 0.48 0.53 046 038 052 061 050 8.70
C34 B35 Ty Js il 049 062  0.62 0.81 1.88 088 0.68 053 050 057 -35.23
C35 LT FERE 041 027 033 0.38 0.73 042 08 071 069 073 73.81
C36 -2, 4-F T 041 070 029 0.48 0.57 049 027 052 067 049 0.00
37 3-C -1 040 031 0.41 0.50 0.31 039 035 026 026 029 —25.64
C38 B -p-2E 5 22 038 044 032 0.53 0.94 052 062 043 051 052 0.00
C39 O-HAE-S- 2 A3 038 065 028 0.37 0.60 046 032 045 052 043 -6.52
B -2

C40 Liial 0.34 0.35 0.29 0.39 0.35 0.34 0.55 0.49 0.46 0.50 47.06
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gk 3 PR, 16 40 FESI . HAPEESS 11 Fh,
S 10 Flr, BESE O Fh, RIS 7 R, S 1 Fl, m5I0E 1 i,
R W U S T B S s PRy S AR
AL EZY T IR H SN LR AE L B B
R R LB R, &l 53.53%, BIBEEHEILS
THLTLZ LI B 22 - RETASIR S o B, (IR 52.48%.

BER T, WA e, W22 RaOmAt
(29.87%~34.38%) LUV £1 7 45 (23.83%~35.69% ). [ #5 & AH
P/, BB 22 RELAE A i AT Ik 34.38%, THZLARAS IR =
Ak 35.69% o FLOR O BEZS, M B2 R4 i g%
(19.17%~32.48%) L I £ WE 2% (28.10%~34.84%) AR 2 B A
AR, B2 & AR, AT AR mkmgs,

Wi WIS TR i H AR A
22 HEZROBZRSEIARRIRISNRES

SRS K E
221 M ZFUBRERLERE 8 AR Z RS HAT

Xof i BE 22 R AT RITEEL RS 8 D AREEA T TR 74T,

A& 1AL, FA43 1 (DImDFI RS 2 (Dim2)5351 ALY
37.7%F1 32.5%, ZEBSAHH 2 DR SRR
70.2% HH—FWITK 8 MRS, FEM 6. 7. 8 5 H
—2, FEAN L. 20 3040 5535, DI LS RATIRE S
SIELTHA R RIS . JorpRed, 2 S IReftER
Wi L 22 RLTRRSARAE, FEAD 7 SHRAb SRR AL
222 BHFABRSTHRE

HIEEL 1 BENAR BRI 45 B S0 TORREE T, DASE
—EBADIm) o5, ARG 1. 2, 3. 4. 5 5HA,,
PRI 22 R, HoTlk{E e, A0EESY 6. 7. 8
SRR, RS, HotBME N, i BB &SR
A3 T ESRERE N BR(CL5) . - ER-2- 2R IR(C29) . T
MR (C1 D) R B IR BL 22 R AU B/ SAHE, ol i
BE(C30) . FEAERE(C40) . LT AL (C35) I AR IR A

P =N ==

SRSTRRIE . BSRK R H R (COARXS S B, {HXF 3 L
2ERAAE R T2, R A -B- L% 4
(C3Q)FHHELL R A SAFIECTR M 22 .

HiL5ie

WFFE W, WHBLT REAS /K AR TR R (C ) & B o He e,
KN B-I5RRRE(C2), J-2-J-4-FF —JTE(C3) S-2E B il (C4)
AR S BEHITE 5% F o BRI LR F A AR KR
PO T A B SUFIE . KRR RN -2 ) -4-pE
W | p-R B0 S REmE S AR A IR A
SHFIE, A REFESIL SR A SIS . T T2 A%
KR . G5 A IHIAIEME R N ZEF LTRSS R, BT
HHL 2 RSP AARA SAR AR . WA TRE . RAET Y
)| DA VO Al 0 S ) I 2R LB e 19 o A L
(C15), L -TR-2- TR TG (C29) B B A i THAL 250 <,
LRI T T P2 a2t ik ol ShEE(C30) . BB AE
FE(CA0) A I AR R & it S AmE Ak
SYMACTRESS, — M T CTC 2RSS 1 s 4%
SR T 7 s AT A 0, (RN S R s Ak
A—J Wi GG T2 M, CTC EIRE, KIEAE ) 8,
R R RSP T S A 5 45 SR
Ir—30, AT SRR IR (C15) . J-IR-2-C
I TR(C29) BT REAR AR FE A 0 B 2 R LT B SUARAE
BEAb, AT SR AR = LA B O R R
Y XL Bl A Tk, A 3 A
(D) FEBHF R, M58 &0 B 22 R 204 S AR 2025 A
WL IS A S IATH L, TAHEGE pR T B > Rk 5
THAREAEATXT L Q)T A, ZF R s R EE <
RO DA SR R A, AR AE P D 2 3
eI RAR e A F e S AN P S R R N S U
B2 E R TTBREDR A E 18 8 A U4 ()7 A
A, SRR LD S B RS B A A g X 31

3

R3 FREBSHSNSE%)

Table 3 Content of different aroma components (%)

e Bz g i Tiid i3 LS I UL
1 #r cTC1 3438 26.65 16.43 18.03 2.51 1.00 1.00
2 #r cTC2 33.72 19.17 26.17 16.90 1.98 1.17 0.89
3 #r CTC3 34.16 32.48 18.66 10.01 2.53 1.42 0.74
4 #Hr CTC4 31.27 21.80 23.96 19.77 1.40 1.01 0.79
5 #r CTCS 29.87 20.00 26.86 19.43 1.05 1.87 0.92

Hr-1491H 32.68 24.02 22.42 16.83 1.89 1.29 0.87

6 JH CTC1 35.69 34.84 12.93 12.76 1.15 1.96 0.67
7 H CTC2 26.18 29.14 17.11 23.66 0.72 237 0.82
8 # CTC3 23.83 28.10 20.99 24.0 0.83 1.63 0.62
H-H{H 28.57 30.69 17.01 20.14 0.90 1.99 0.70

it 4 /% ~12.59 27.78 —24.12 19.68 —52.48 53.53 -18.97
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R W BT SV N = i) W/ Y N3
Fig.1 Principal component analysis and contribution of various aroma components

Zr BT, AWEoT a3 A4 3 Ak BT B S X 4 B
il SARUS S MERAR LS i - ¥ R B AR 5/ L € 7]
i R (C ) o edie g, —ABRIERE IR (C1S) . S -1 R -2-
O TR(C29) R BEAC T HL 2 R LT B AR SAFAE, -l 5l
(C30)  FEAERE(CA0) R BE AR R I LT BR 2 B S AFAE, AT R[]
AR X o S B S
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