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Effects of Sealed Yellowing on Aroma Characteristic and Key Aroma
Compounds of Yellow Tea

XIA Hongling, MIAO Aiqing, CHEN Wei, HU Die, QIAO Xiaoyan, MA Chengying’

(Guangdong Key Laboratory of Tea Plant Resources Innovation and Utilization, Tea Research Institute, Guangdong

Academy of Agricultural Sciences, Guangzhou 510640, China)

Abstract: To illustrate effects of sealed yellowing on the aroma quality of tea samples, sensory evaluation, headspace solid-
phase microextraction combined with gas chromatography-mass spectrometry and multivariate statistical analysis were used
to study the aroma characteristics and volatile compounds of yellow teas (with sealed yellowing) and control samples
(without sealed yellowing) manufactured from three tea varieties. The result showed that yellow teas had sweet flavor
compared with control samples. Meanwhile, the total content of volatile components in the yellow tea was 1.09~1.44 times
that of the control sample, and the proportion of alcohols and hydrocarbons accounted for 65.88%~76.93%. The result of
principal component analysis and hierarchical cluster analysis of volatile compounds indicated that the composition of
compounds reflected the difference of aroma characteristics, and then 35 characteristic aroma compounds were screened
(P<0.01). Furthermore, orthogonal partial least squares discriminant analysis identified 14 key aroma compounds affected
by sealed yellowing (VIP = 1). Among them, the contents of a-terpineol, linalool, y-terpinene, limonene, terpinene, methyl
phenylacetate, 2,2,6-trimethylcycloheptane, 4-oxoisophorone and o-cymene, with floral, fruity and sweet aroma, were

significantly higher in yellow teas than in control samples. These compounds were considered to be responsible for the
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YS-6CST-901 BUIBR S5 AFHL. YS-6CRT-40
RIS ERABHL  ARERA RN AU A BRN F]; XS-
6CHZ-9B HIFSHHLEHL  #maay @RI LML BR
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1.2 SEFHE

1.2.1 BEESAIRTREAEIN T2 ARIERTIIHRISSHIST
FERITE AN T2, P4 [R]— s iRt feE it-53- 531
HRE A (Y T) FIXT BEFE (CKD o

W T AR P 14 h(FER 57K 67%~
70%)—260 °C FF 6~7 min—MET 30 min—Eie—
80 °C [ujHE 6 h—90 °C HtT 2 h;

X PR S T2 AR #EF 14 h(HEH &Kk &
67%~70%) —260 °C ZXEH 6~7 min—HEHL 30 min—
T —90 °C T 2 h,

TS (%) o] B R FH PR 6 o 22, B R8s myAE i

STEAEEET 80 C HUEHL IIHE 6 h; HEH . AT,
P BRASFIML TN T A S BRI B 44 5 %) RE A
FE . FELLILE | YPX R E N T B4 N
YJ YT.YPX YT #1JX_YT, 54T L5 . YPX Fli&:es
IO THIXTRBRESSSIRE N YT CK. YPX CK Fl1JX CK.
1.2.2 FHFREE &I ZSHEMR GB/T 23776-2018
R EVE WP ) T A B U E P
1.2.3 #HRMYIERI R ATZS B A A I
BIRIAS R T TR, HR Ry 6 Fi
ZEIHRESR R AR, FREX 1.000+0.005 g BE54T 20 mL
TR, MERTIIA 2 pl ¥ JE K 100 pg/mL 1493
iR R TE OB A E I bR . 2B TS S T
In#PRZ AR, F 60 °C T4 5 min; B/ {8 FHZEHL
3LF 60 °C TFAEHL 40 min, SFAERIFEBCELTE GC-MS
PR T AME T 2 min.
1.2.4 ¥ERVEYITREN  SAHCOGES&E: S DR
Sk 250 °C; SRR 205(99.999% ) 1E
AR, WA 1 mL/ming FHEAR R BE ARG AE
# 35 °C, 4#FF 2 min, LA 5 °C/min FHEZE 250 °C, &~
PFF. BTRGSF: R &4 & IR, L FaesE
70 eV; 1L k£ IR B FIRIRE S 230 °C, DU AT
RSN 150 °C; iaA7T B, 3 By thio
m/z 35~450; FFAILER 8 min,
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43453 HT (principle component analysis, PCA) Fl1JZ X
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[GHE S (euclidian distance) PRECHA EFRE M ARG, L4
%32 (complete-linkage ) E M EISAME S . FARIER
77 22 43 ¥ ( one-way analysis of variance, one-way
ANOV A Z G Ey/ NEFEZEE UAAE PAE/INT 0.01 24
FRUE, i 158 22 S i B RFE R AL G . 1EAS it
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Table 1 The aroma sensory quality of yellow tea and control

sample manufactured from different tea varieties

5 TR TR
1 YJ YT igaliETA
2 YPX_YT g R
3 JX YT g
4 YJ_CK TH A
5 YPX_CK TH B
6 JX_CK A

I EXTERETSE TSN
SR HE— 2B W FE o] B X AR A 5352 ), R
JHT0ZS B AR IS & GC-MS $ AR T w25 I
YRR R MG . S5 R R, YI. YPX I
IX 33X 3 A AP AcRE vh ARG I 2 50 B EF A&
(5% 2), O BE2s 13 Fh, B2 11 P, 235 10 Fi, R
25 8 B, WiRE 4 B, LISAHABRRIL S 4 Fio

i Venn E (& 1A) 7] LIE B [E— A T ag 8
ZOFIXT AR, HAA 255 YI_YT 1 YJ_CK
K 38 F1 40 R, WASAFA L5 4 Fh(
SO RENE . (B)- BNk . A 2 R AT REE ), X B
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Table 2 The aroma components contained in yellow tea and control sample manufactured from different tea varieties
{RERFREL AHXT i (ng/g)
' EY e vaT———— e T3
TGRS SR e YI_ YT YPX_YT JIX_YT YI_CK YPX_CK JX_CK
=S

1 1- 1A 765 763 83 49.07+17.86  69.87+16.40  155.20+28.71  79.63+12.65 108.40+14.99  109.37+25.72
2 JREREEAY | 1074 1072 92 31.33£1.27 37.73+£5.05  453.13438.57  27.67+3.52 37.80+2.81  358.47+27.22
3 AT 1086 1088 89 - - 352.55+34.01 - - 246.63+21.77
4 J 1099 1098 97  614.60+18.33 415.17+41.23 818.03+38.27 393.63+36.35 205.10£10.15  341.53+18.46
5 Jit S5 AR 1108 1102 95 7403232 301.87£20.67 1190.93+29.99  55.80+4.33  297.23+13.45 842.93+25.65
6 KL 1121 1112 92 - 63.50£6.68  145.43+14.63 - 65.20+1.44 98.77+2.40
7 iy i 1136 1133 84 2.23+0.12 - - - - -

8 ALY T 1173 1171 93 5.57+0.15 16.07+1.14  139.40+5.80 6.53+0.71 24.70+0.69 135.70+4.03
9 A MHIV 1174 1174 95 16.13+0.76 25.13+1.68  133.33+4.23 19.83+1.57 36.93+1.33 140.40+3.85
10 A- R 1175 1184 88 21.13£0.49 23.63+1.60 - 12.67+1.81 - -
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k2
{RERFREL ) AT i (ng/g)
s aEY NSTT———— i3
TR SIREE YIYT YPX_YT JX YT YJ_CK YPX_CK JX_CK
2,6-—H3E-3,7-
11 Ho.6.— R 1189 1185 96 - - 101.004+2.72 - 32.10£0.44  181.37+0.64
12 o-FNIHEE 1190 1197 89 159.73+4.85  120.83+6.30  141.87+420  34.63+1.63 29.33+2.05 18.63+2.00
13 it 1255 1246 79 37.83+1.88 26.77+0.67 - 8.05:0.64 - 8.97+5.77
ZRAAY) Bkt 1011.67+43.11 1100.57+90.18 3513.37+£66.63 635.77+44.36  800.67+52.56 2482.77+116.85
(2
14 EC 801 799 92 - 39.83+4.83  77.90+30.35  17.85+8.41 52.23+3.48 33.30+0.57
15 3-HE 832 829 85 - - 40.90+25.03  27.33+4.65 37.80+0.26 32.5746.75
16 PR 901 900 80 - 12.50+3.08 25.87+7.26 5.50+1.99 21.17£0.71 12.47+0.47
17 (E)-2-BéiE 964 955 90 11.13+0.81 20.7745.03  39.40+12.42  19.90+8.96  26.83+1.81 23.3742.35
18 5-F LK IR 962 959 81 - - - 4.33+0.35 7.93+0.50 10.27+0.57
19 AR 961 963 97 114.23+5.17  134.90+8.92  156.23+10.10 195.97+20.21  278.43+5.01  194.43+11.32
20 (EE)-24-BiJ&1E 1012 1010 91 28.20+0.46 81.97+5.00  113.40+5.34  52.03+4.55  102.63x1.44  70.33+5.21
21 KL 1044 1044 95 55.47+4.40 65.87+7.50  102.87+3.86  69.97+11.57 9543355  76.70+14.44
22 FECAT A 1201 1201 95 17.40+0.62 17.90£1.85  41.60+3.39 2450£227  20.73+1.20 28.30+1.25
23 B-IFTRERE 1221 1222 94 62.97+4.38 62.43+2.73  103.63+1.12  61.17£6.07 66.33+1.69 64.40+2.41
24 B kTR 1254 1259 81 - 11.50+4.61 13.10+3.29 6.33+1.72 13.00+1.71 11.67+0.59
ZREY R 289.40+6.19  447.67+40.13  701.27+91.24 478.93+73.10 722.53+19.37  546.70+13.49
JEES
25 JVHEW 991 989 90 84.6742.53  60.53+1046  69.93x18.66  54.13+12.33  42.07+3.32 -
26 LT 1018 1019 89 17.37+1.06 14.57+4.55 9.20+0.52 9.73+1.04 10.47+0.76 6.03+0.76
27 AB-F AR 1023 1027 94 33.87+1.19 53.37£10.16  60.97+7.00 23.60+6.01 36.43+2.55 33.67+2.41
28 Tt 1030 1032 82  268.83+20.86 232.07+£55.42 221.87+34.96 165.03£33.34 150.03£17.99  106.97+15.63
29 y-AR I 1061 1060 89 38.90+2.54 40.70+8.91 51.3749.11 2433526  29.03+2.84 24.20+2.40
30 % 1131 1127 90 17.23+1.44 11.80+2.52 13.43+0.98 9.37+1.61 11.33+4.90 11.40+0.36
31 B-U SN 1384 1391 86 5.27+0.12 7.60+0.20 10.40+0.20 4.33+0.15 19.17+3.61 18.23+1.30
32 S-FERMG 1524 1522 93 5.7740.35 63.37+1.55 62.17+0.78 5.03+0.25 64.70+2.65 50.73+2.56
33 (B)-E i 1529 1526 87 1.25+0.07 23.20+1.08 17.50+0.69 - 18.60-+0.70 13.87+0.81
34 - ZEAENR 1542 1548 85 - 10.37+0.57 8.53+0.15 - 4.47+0.15 3.67+0.12
ZREY) S 47277342836 517.57+89.77 525.37+63.58 295.57+59.72 386.30+31.86  268.77+21.27
[{EES

35 2,2,6- =W CER 1035 1037 86 49.60+3.47 35.03£9.58 71.33£10.13 33.93+6.81 27.87+1.36 29.43+3.04
36 3,5-3F ZH-2-1ii] 1073 1067 87 35.43+£3.45 51.07+£5.27 74.73£3.93 42.27+8.06 57.23+3.26 50.70+5.12

37 S RER 1119 1123 83 - - 11.87+0.78 - - -

38 4-EACRAIR 1145 1144 79 4.83+0.25 8.90:£0.57 14.70£1.20 3.95+0.21 - -

39 oKD 1427 1422 78 4.87+0.32 4.63£0.15 - 5.47+0.32 5.70£0.20 4.37+0.32

40 FEAL LTI 1435 1443 93 9.90+0.40 11.63+0.76 14.17+0.50 13.03+0.12 14.93+0.49 14.77+0.74

41 B-EE T 1485 1479 91 15.47+0.98 21.50+1.31 35.87+1.50 20.93+0.70 29.43+1.72 27.80+0.82

42 S5.6-BE-p-EBE 1488 1482 74 5.35+0.07 - 12.60+0.46 9.33+0.32 11.27+0.75 10.83+0.15
iz EY B 123.67+7.40  129.80+17.91 23527+1233 127.60+13.72  146.43£6.40  137.90+8.52

[N

43 R 1178 1174 90 22.63+0.97 11.274£2.35 13.15+0.49 - - -

44 TR iR 1192 1194 89 - 4.20+0.42 22.97+0.74 - 3.37+0.35 13.37+0.45

45 2-WERFERWPRHE 1405 1408 77 1.60+0.10 2.47+0.15 - 1.27+0.12 2.40+0.10 2.35+0.07

46 ZHEBRBEBR AR 1530 1536 97 20.87+0.23 26.30+1.57 57.30+4.60 19.97+4.45 25.57+1.15 28.9742.73
LAY R 45.10+1.11 42.83+2.22 89.03+9.63 21.23+4.45 31.33+1.54 43.90+1.40

HoAth

47 2- PR AR R 993 990 85 - 33.23+5.49 - 34.90+3.26 59.77+5.35 44.23+2 .84

48 2- L TN 1063 1058 92 57.80+1.15 48.43+2.54 72.00+3.83 52.03+4.25 22.83+0.97 56.33+1.89

49 KL 1143 1137 98 35.77+1.21 133.53£5.71  99.70+4.00 14.83+0.78 73.67+2.42 63.43+1.90

50 ARURIE 1302 1305 80 3.63+0.15 3.80+0.57 13.97+0.57 - - 6.23+0.23
ZREY S 97204225  217.73+14.27 185.67+7.88  101.77+7.48  156.27+7.50  170.23%5.36
FRALEY AR 2039.77+65.27 2456.17+243.91 5249.97+123.07 1660.87+201.45 2243.53+86.83 3650.27£165.09

TE: TR A WA PR IR < 173,
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FERFAT 453 6 Fh(IE U . 3-BHEEE . RIS . 5-FF Ly
W p-IR S AP B EE AT 2 Lk ) o YPX YT I
YPX_CK £ S YR 43 Fl 42 Fl, #2506 &
WIS b (A-E T . AT EE . 4-EU R . 2R
IR RIS I8 ), X REAERREA /W 4 FH(2,6-
T 3E-3,7-2E TUE-2,6- I L3RRI . 5-FF Lk mg s
M 5,6-FRE-B-5F L) . IX_YT Al JX_CK £ #
W 43 Fl 44 Fh, AR HFSWE 4 B (A
eI . SRR . 4SS AR SR B AR R FH R , X
REPERE A B/ S P (GBI EE . S-H JE0R RS | a- 52 %
2L 2- PR A RS R FE R AT 2- TG E k) o PR R
PR 3 AR s AR e 590, YI_Y'T
A YPX_ YT A 20 0 ¥4 5% 25 R B, YPX_YT Fi
IX_ YT Frf 59405 4-5A0 S0 2R B, 220 fo) #45
SRS S SO L. [RS8y
FEA 15T MTE B 2532 BT SRR RE )

A YJ YPX IX
4 34 6 5 38 4 439 5
YT @®CK

B 100 1 % % % % % %

80 > >
= 7 4 m HAb
SIS 7 2 % g2k
2 Z %z EES
<3 40 + % % JEAk
f RS2

20t 0O g

'C e S & s
O 4‘5‘”/ *Q‘Jv/ &G
B B HN BRREA A S ) 2 2 JEL IR (A) FIAR N 55
W AHIEE (B)
Fig.1 Venn diagrams (A) and relative content percentage
histogram (B) of aroma compounds in yellow tea
and control sample

BrTHREA S B 2ER, BRAFRRAES B 5
g7 T [F]— S A B X BERE, J2XT BEAEY 1.09~1.44
15 (52 2), Horr IXCYT e & 84 43 B & i iy
(5249.97+123.07 ng/g), /& JX CK #y 1.44 £%. Stk
RIS, e Mg PR R L i S
JIT S A S W R B B T IHAE R — S AP T el B
TP IYERES T g B B 515200 2R S R i &
By A AR, JCHOERES | RIS BTy
(A 1B) . YI YT HPlsds, B S L
535N 49.60%. 14.19% 1 23.18%, YJ_CK Il
38.28%. 28.84% Fl 17.80%; YPX_YT PEEs  mEk
2 4 9 N 44.81%. 18.23% A1 21.07%,
YPX_CK HWI2A 35.69%. 32.21% F1 17.22%;JX_YT
SIS | EES ARSI o LA R 66.92% . 13.36%
1 10.01%, £ JX_CK H 0435120 68.02%. 14.98%

1 7.36%. AT UL 6 FBLSESE A& B LIS R
&, BIE W 5 AR S T TR SRR BEAE,
WEE 0T o PEAE S I TR B RS . JX YT
5 AL PRSI L S AT A 225, nTRe S
WS FA OC . RITAEN B s 302 SN T A5 T0
BEEFAE AR ARESS S 32, L 47.35%~52.13%,
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