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Aroma enhancement of exogenous f-carotene in tea extracts
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(1. Shenzhen Shenbao Technology Center Co., Ltd., Shenzhen 510115, China; 2. Wuyuan Jufangyong Tea Industrial
Co., Ltd., Wuyuan 333200, China)

ABSTRACT: Objective To study the aroma enhancement of exogenous f-carotene in tea extracts. Methods
p-carotene was separately added at the leaching stage of green tea, black tea and Oolong tea, and released volatile
aroma through the thermal oxidation or composite oxidation. The total volume and components of volatile aroma in
tea extracts were detected by head space-solid phase micro extraction coupled with gas chromatography-mass
spectrometry (HS-SPME-GC-MS). Results Exogenous fS-carotene could effectively degrade and promote the total
aroma of green tea extracts, black tea extracts and oolong tea extracts through the thermal oxidation or composite
oxidation. In addition, aldehyde type aroma were generated observably by composite oxidation. Conclusion
p-carotene is prospectively applied for aroma enhancement in tea extracts and tea beverage as a natural flavour
enhancer.
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Fig. 1 The structure of f-carotene
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Table 1 Major oxidative degradation products of -carotene and their aroma characteristics.
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T3 SPME #ERERS . 50/30 pm — & BER/BR 20T 05 /5%
— W ¥ B & % (divinylbenzene/carboxen/polydime
thylsiloxane, DVB/CAR/PDMS)Z i3k (35 [ Supelco A ]);
7890B-5977A GC-MS HXFH{X (3 [ Agilent I FRAF);
SHZ-B /KB IR i (R R SE i PR /) BT i &
J7); HH-4 i 15 i 7K o 5 O M AR e A PR |,
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(1) Tl =5 [&] A8 73 %€ BX (head space-solid phase micro
extraction, HS-SPME) /7

Pr ARG 45 b FREH 2537 (4 B 46 brix (8, JREZR A 50
— B ZE brix=0.5%, B 30 mL MR 51T 60 mL THizs
M, A 6 g NaCl, fil A B AR BE /Y2508 2,155 h PO b it
BliE &A1, A BRI IR S F& B 0, SRR
A 50 CHRBHFEE 10 min, RFEHEA 50/30 um
DVB/CAR/PDM #H3k i) SPME T4 44 38 2 i 25 A AR B2
HBIRA BN A, A4S0 40 min JFEUGH, 57
BP 4 A S 35 R O i R 3 min, [RIE S SR IR
SR

(2)S M {2 1%(gas chromatography, GC) 5514

HB-5MS 3P A BE B AN HE (30 mx0.25 mm, 0.25 pm):
HERE PR 240 C; A R4l ik 10 mL/min. T+
A 50 CHAHEF 5 min, L3 C/min FFE 180 CIRF; 2
min 85 2L 10 °C/min F} & 250 CH£HF 3 min.

(3)J5Tii (mass spectrometry, MS) &% 14

T H B RO H THRETE 70 eV; R VS 50~450
u; BETFURIEREE 230 °C; PUAHELE 150 °C; B Lk
JF 280 C,
222 FAFIFFE

P AR I 45 Ab BRLH 2537 04 S brix {H, FIG A5
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Fig. 2 Oxidative degradation products of f-carotene

32 B-HAE MENEFRREMESEAER
MERFARIBYI B TR (3R 2), “GTIPHE TR
FBXF L “GCR7EH AN 4.19%, “GT2 HAE“GT 1 HEE AL 15
Tl B H,0, 7R A4 L, &SR X IRl 3 0
42.13%, FE“GT1I 41FEhh E4& % 36.42%.
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RS, WEE, WEZS, TERE WP LIEE N E . 7E4GT1Y
Hrp, BESSMERASY BTG, XTI “GCK G A5
FIh 40.00%F1 47.46%, BERFESWRERT WA —KEHE
S, Hrh, GERRHEFR R S REEEET 16.43%, a-
it AR EE T 22 22.02% 0 3 ANHTHG o-F AR BEA BERE I FP S
Wiy, AREF TP HFUESGRINIER . 66 ££“GT2”
MMEAREMT T, BERFW TR O 2
FEEYE, HUOEMRIE . IR, X GCK A K 405
K 156.35%. 110.17%. 28.89%. Wi S-FAFyREmE . %
. RO/, SSMEX RASECIG K, Bl 3-F R Tl
CLEE . BREE . T — SRR, AR R 285 =
B HMN SRS, EREHIEhENRICNEE . F
KBTS

T B-EAE R BT A AR AR R 3),
HE T KT GTI" A, BEFM SRR
54.17%) . FIRENEERKZ 27.78%) L) R AL -5
2 RKE 26.56%)F MM P KA R, FeGT2 A
th, H,0, HUREAAE R — 2502 i IR R g, I
SRR ER . 2,2,6-= LR, B-IRF I 4 s B A
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Table 2 The total volume and components of volatile aroma in green tea extracts

GCK GTI GT2
FERWBIFNA
it (ug/L) it (ug/L) vs GCK(%) it (ng/L) vs GCK(%) vs GT1(%)
K 2.95 4.13 40.00 3.1 5.08 -24.94
eyl 1.42 1.65 16.43 1.97 38.56 19.25
Bt 0.73 0.78 6.23 - -
a1t ity 0.18 0.22 22.02 - -
Al - 0.76 + +
5T -3- 2 475 - 1 - - - 0.11 + +
a-EHAEE - 1.37 + - .
B - 0.11 + - -
[iEES 2.52 2.57 1.98 6.46 156.35 151.36
BT ERE 0.72 1.11 53.10 1.42 96.46 28.32
R 0.57 0.66 16.51 2.50 342.37 279.69
JEE 0.13 0.19 4222 0.41 209.68 117.75
K 0.12 0.11 -7.06 0.45 282.51 311.57
VGBS 0.45 0.31 3111 0.58 28.89 87.10
il 3.22 3.11 3.42 3.92 21.74 26.05
fig 2 0.59 0.87 47.46 1.24 110.17 42.53
B 16.71 17.41 4.19 23.75 42.13 36.42

TE: “vs GCK(%)" #7815 GCK A L ANl i) B 43 L “vs GT1(%) R85 GT1AR FLHE sl b /9 B 43 b, < 3om IRz i & R T

RENBR; “+ R BB



4398 B L4 T AR I 2 iR 558k

3.0r 0 GeK 2 PS4k 3R A S TR R 3 e AR
25F [ S GT1 M IR AP & AL A0k & (% 3), “OCK”
= 20} B GT2 HFEEIYIIRBOA I B I, e
&‘ sl PEREFERMBEINETNE, BURE. E°OTI°4H, p-51
E"S 5 N ZAE PR A B A 2 | BRS . BERYR
w101 2 P K, BIEHHN 101.09%, 45.36% . 33.49%, il
05¢ . H@H H@H KPR AREESS | BERZ IR S KRB EEFESY .
0.0 | INE F@ﬂ < w:i LNEL O o F A S AR AR B R B- B L K
A7 8 e® 58.62%, (A AT AR AL A RO AR, R o
a2 d FREINAERE B EOT2 A E A AT, MKy
R RSO K GEK R R 135.72%), X—H KBRS
3 BORSRIBAT p-0120 D3R R4 RIS GT2H ST EE A —5 . 53 4h, “OT2 4] rh—Lt
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Table 3 The total volume and component of volatile aroma in Oolong tea extracts

B _ OCK OTI oT2
& (ug/l) i (pg/L) vs OCK(%) it (ng/L) vs OCK (%) vs OT1(%)
LS 463.97 560.71 20.85 449.17 -3.19 -19.89
Ty B A 199.33 311.14 56.09 185.13 -7.13 -40.50
R AL AN 213.23 167.13 -21.62
o1 i P 21.23 35.79 68.62 23.72 11.76 -33.72
KOTE 11.97 20.51 71.31
Gy 11.26 17.45 54.92
ETL/N 4.08 4.65 13.85
iAo 2.87 4.03 40.26 240.32 8262.73 5862.14
S 61.20 81.70 33.49 144.27 135.72 76.58
KO 24.99 27.27 9.12 35.84 43.43 31.44
L 15.27 20.08 31.52 34.81 128.00 73.36
R 9.88 15.09 52.76 55.34 460.09 266.64
ZEE 5.70 3.71 -35.05 2.64 -53.71 -28.72
B-EFTAEE 5.36 11.99 123.67 11.74 119.00 -2.09
BREE - 3.57 + 3.90 + 9.25
[ES 27.08 21.11 -22.05 - - -
T2 25.24 50.75 101.09 36.00 42.63 -29.07
T -4 21 Pl 434 +
[LiES 16.18 23.52 45.36 8.66 -46.46 -63.17
LR R 2.26 + y . -
5] g 8.79 10.26 14.4 7.97 -10.2 224
peliy 674.93 763.96 13.19 762.28 12.94 -0.22

TE: “vs OCK(%)"# /R OCK AR FLHE AN s/ 19 B 23 L “vs OT1(%) 755 OT1 AR FLHE sl (9 1 23 b - 3os IIZM IS R AR T

KM BR; “+ T BT
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Fig.4 Degradation products of S-carotene in Oolong tea extract
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M EE A, Rl RGO . RO R e
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FURAR AE“BT2 4, HyO, b BFHIE— 2 sk i 254 )5 (6.27
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(-5.47%)EXHIR >, “BT2 A8 E HF 1 A A B R PR B
Je AR o

B 5 AT “BTIH Y p-tHE b RZAEREALET,
REA RUE SR RERL B2 % W CHTIG 1J57), B-58 %' 2 HL A
T2 5 2 F R FA S R FLBEET BR(0.2 pg/L)AR,
FELAT . ARZL. IEILVNR . SRR SR EE S A s
B i), R R R EH R R R R — . 1
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Table 4 The total volume and components of volatile aroma in black tea extracts

B BCK BT BT2
i (ug/L) it (ug/L) vs BCK(%) it (ug/L) vs BCK(%) vs BT1(%)
(&S 206.41 324.61 57.27 162.59 -21.23 -49.91
Jy B M A AL ) 128.61 226.67 76.24 127.84 -0.60 -43.60
a1 it 13.26 28.45 114.56 10.24 -22.74 -63.99
K 7.39 12.82 73.57 6.39 -13.48 -50.15
Eg/N 5.45 8.19 50.41 10.15 86.46 23.97
2t 2.54 15.84 523.63 - -
2 S 17.59 66.58 278.47 127.83 626.67 92.00
HETEE 12.45 20.17 61.92 - -
L 3.43 7.14 107.91 33.58 877.87 370.34
ST 1.70 3.19 87.30 2.67 57.09 -16.13
K - 26.68 29.21 + 9.49
IR - 9.40 47.68 + 407.03
T - - - 9.77 + +
B-IRFTEERE - - - 4.92 + +
VeSS 14.22 14.80 4.09 13.99 -1.63 -5.50
S 10.10 29.87 195.88 30.33 200.40 1.53
MR 24831 435.86 75.53 334.73 34.80 -23.20

T “vs BCK(%)”3/R 5 BCK A ELHE sl /b 1) B 43 HE; “vs BT1(%) 22755 BT 1 AR LRSI al i b 1) B 43 HE; - Fos I i s AR

R B, <+ Rom B M.
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Fig. 5 Degradation products of S-carotene in black tea extract
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