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Abstract: To understand changes in the aroma components of Ninghong Jinhao black tea during storage, an analytical technique combining
headspace solid-phase microextraction (HS-SPME) with gas chromatography-mass spectrometry (GC-MS) was used and the aroma components
of Ninghong Jinhao stored for 0, 1, 2, and 3 years were evaluated. A total of 81 aroma components were identified in Ninghong Jinhao stored for
different durations, and significant differences were noted certain aroma components. Principal component analysis (PCA) and partial least
squares-discriminant analysis (PLS-DA) of the relative contents of aroma components could effectively distinguish Ninghong Jinhao stored for
different periods. A total of 14 aroma components, including geraniol, methyl salicylate, benzyl alcohol, phenylacetaldehyde, phenylethyl alcohol,
linalool, 2,4,6-tri-tert-butylphenol, (E)-linalool oxide (furanoid), benzaldehyde, cedrene, (Z)-linalool oxide (pyranoid), geranyl acetate,
(E)-2-hexenal, and methyl geranate, were identified as the key compounds to distinguish Ninghong Jinhao stored for different periods. With the
extension of storage periods, the contents of aroma components, including phenylethyl alcohol, cedrene, (E)-linalool oxide (furanoid), (Z)-linalool
oxide (pyranoid), benzaldehyde, and (E)-2-hexenal, exhibited an increasing trend, whereas the contents of geranyl acetate, geraniol, and methyl
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salicylate showed a decreasing trend. These trends manifested as the honey and fruity aromas were enhanced, and floral aroma were weakened.

These findings can provide theoretical support for the production, processing, and storage of Ninghong Jinhao in the future.
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Table 1 Qualitative analysis of aroma components of Ninghong pekoe in different storage years

i BA B (L) RT Sl RSI Rla RIb Ik 0 45 ek 14 i, 2 4 e, 3 4
1 S Hexanal 666 737 837 808 807 0.1340.01 0.1420.02 0.1740.01 0.1940.02
2 2- O pEE (E)-2-Hexenal 821 85 902 861 861 - - - 0.7740.01
3 3-TH-1-B% 3-Hexen-1-ol 8.2 814 860 861 858 0.94:40.03 0.7440.01 0.7640.02 -

4 ¥ Styrene 927 815 887 897 898 0.0740.01 0.080.02 0.090.01 0.1440.02
5 R Benzaldehyde 1148 910 919 964 966 1.4340.06 1.8340.03 1.7940.06 2.9440.10
6 AR B 5-Hepten-2-one, 6-methyl- 1231 844 900 989 991 - - - 0.4740.03
7 KB Benzyl alcoho 1433 891 919 1037 1035  3.1320.03 3.8640.14 2.9140.10 3.0540.17
8 ENa S Phenylacetaldehyde 1475 874 900 1046 1046 1443007 1.5240.02 1.0440.03 1.7240.07
9 2- LB ok Methyl pyrrol-2-yl ketone 156 81 892 1064 1063 - 0.0520.01 0.0340.01 0.1640.01
10 2-vk vif) ¥ B 2-Furanmethanol 16 928 930 1072 1074  1.1920.04 1.0240.02 1.2940.04 1.6940.08
11 EN Ty LGRS (E)-Linalol oxide (furanoid) 1676 928 937 1089 1085  2.740.08 2.4440.06 3.0840.10 3.940.22
12 SHEEE Linalool 1735 944 944 1102 1104  7.6440.22 7.4330.24 6.940.16 7.2140.25
13 £ Nonanal 1752 830 837 1106 1107  0.4940.03 0.4340.02 0.4530.01 -

14 KB Phenylethyl Alcohol 1813 936 943 1116 1116  2.9640.07 440.08 3.6140.16 4.6140.41
15 N- A 3% 30 5 I 2,5-Pyrrolidinedione, 1-ethyl- 1929 832 89 1138 NA - 0.1320.02 0.1940.01 0.3140.02
16 2-F Rk 2-Methylundecane 2055 868 879 1161 1164  0.0530.00 - - -

17 FFE+—I 3-Methylundecane 2093 845 870 1169 1171 0.0740.01 - - -

18 IR X BN A B (Heh ) (2)-Linalool oxide (pyranoid) 2107 919 925 1171 1173 - - 0.630.03 0.8240.04
19 B X BN AEBE (e £ ) (E)-Linalool oxide (pyranoid) 2134 929 93 1176 1173 1.0240.04 1.2740.03 1.6140.06 2.2310.14
20 T-3-H A T B g (E)-3-Hexenyl butyrate 2195 624 852 1187 1185  0.2240.01 0.1840.01 0.1740.01 -

21 26-—F -3 7-F_}-26-—8  (E)-2,6-Dimethylocta-3,7-diene-2,6-diol 2217 836 945 1191 1191 - - - 0.0440.01
22 oA R a-Terpineol 223 873 895 1194 1192  0.1940.01 0.2440.01 0.3240.01 0.3740.02
23 KApEL T B Methyl salicylate 2253 938 940 1200 1201 11724030 12624006  11.5740.18 9.640.39
24 PSS Decanal 2304 851 864 1207 1207  0.0630.01 0.0940.01 0.0740.01 -

25 B-IATAREE B-Cyclocitral 2403 801 855 1223 1223  0.3530.01 0.4520.01 0.480.01 0.5540.01
26 YartBs Nerol 2442 926 929 1229 1229 1032004 1.0440.01 0.940.03 0.7840.02
27 RBR et B S (2)-3-Hexenyl valerate 2457 854 868 1232 1236 0474001 0.3120.02 0.2840.02 0.340.02
28 B-2- T B S B B (E)-2-Hexenyl isovalerate 2493 723 806 1238 1245  0.2320.00 0.1940.01 0.1340.01 0.1240.00
29 BATAREE p-Citral 2517 848 859 1242 1242 0.240.06 0.1420.01 0.1320.01 -

30 FetBg Geraniol 2611 957 957 1254 1253 36244088 28984020 25274048  15.0740.40
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FP5 RA g (L) RT SI RSI  Rla RIb  E#K04F EKl1F #2245 B#E3HF
31 TR+ Dodecane, 3-methyl- 26.76 832 861 1268 1270 0.0720.00 0.0720.01 0.0320.01 -
32 FEAES o-Citral 27.01 888 896 1272 1269 0.8920.01 0.8140.02 0.6620.02 0.4320.01
33 - LI -RTBE a-Ethylidenbenzeneacetaldehyde 27.2 813 834 1275 1274 0.3440.01 0.3520.00 0.2620.00 0.2320.01
34 BR LB Nonanoic acid, ethyl ester 28.61 842 876 1297 1294 0.0740.00 0.1140.01 - -
35 AR, Theaspirane 28.75 857 867 1300 1302 - 0.1840.01 - -
36 ¥ BR Aot B Geranyl formate 29.01 879 879 1304 1300 0.1530.01 0.0920.01 0.0840.00 -
37 Aot 8L T B Methyl geranate 30.29 866 889 1329 1326 0.460.01 0.51+0.01 0.4140.02 0.4540.02
38 - B Fe i e a-Cubebene 31.63 924 938 1354 1351 0.1340.01 0.1140.00 0.07#0.01 0.0840.02
39 115-ZF 412 =84 1,1,5-Trimethyl-1, 2-dihydronaphthalene 31.83 914 947 1358 NA 0.0640.00 0.0940.01 0.1140.01 0.1740.01
40 AR Geranic acid 32.46 903 923 1370 1372 1.7340.21 1.740.02 1.6540.04 1.1740.05
41 4-F H-2- 52 R B 4-Methyl-2-phenyl-2-pentenal 32.96 825 843 1380 1383 0.16+0.00 0.24#0.01 0.1620.01 0.2340.01
42 TER BB 3-hexenyl ester 33.23 896 903 1385 1386 0.5140.03 0.3#0.03 0.5440.02 0.4940.02
43 LB Aet B Geranyl acetate 33.37 923 926 1387 1385 0.1640.01 0.3140.01 0.4840.01 -
44 B-HEA M S-Elemen 33.74 822 856 1394 1394 - 0.0940.02 - 0.1240.01
45 KA BR 3-methyl-2-pent-2-enylcyclopent-2-enone 34.15 909 909 1403 1400 0.240.01 0.1940.01 0.3440.01 0.3240.02
46 Pa Longifolene 34.37 805 891 1408 1404 0.1740.00 0.18+0.01 0.15#0.01 0.2240.00
47 TANH Cedrene 34.67 807 895 1416 1422 0.0840.01 0.71#0.05 0.2940.02 0.6740.03
48 B-E ke S-Cedrene 35.03 820 865 1424 1424 - 0.2940.01 0.1440.01 0.3320.01
49 % T LA a-lonone 35.37 851 858 1433 1433 0.0940.00 0.1740.00 0.2440.01 0.3320.01
50 At I AR Geranyl acetone 36.37 848 860 1457 1458 0.3520.01 0.740.01 0.7240.02 0.6220.02
51 AR e p-Farnesene 36.5 906 912 1460 1460 0.0320.00 - - -
52 2610- =¥+ =4 2,6,10-Trimethyltridecane 36.62 815 920 1463 1465 0.1440.01 0.1240.00 0.1110.01 -
53 2,5-3R T —H-1-FR 2,5-Cyclohexadien-1-one 37.14 861 925 1475 1478 - - - 0.1620.01
54 AAR-1(6),4-— K Cadina-1(6),4-diene 37.23 848 935 1478 1481 0.0840.01 0.07#0.01 0.1140.01 0.140.00
55 pIR 2 b y-Muurolene 37.35 855 877 1481 1481 - 0.0240.00 0.0240.01 0.0420.00
56 BLA-P-4F LR 3,4-Dehydro-f-ionone 37.64 847 873 1487 1485 0.0240.01 0.08+0.00 0.1240.01 0.2240.01
57 BT 2ER p-lonone 37.75 883 887 1491 1488 0.97240.03 1.5340.03 1.8940.02 2.1840.06
58 T F 2-Phenyl-5-methyl-2-hexenal 37.91 824 852 1493 1488 0.3920.02 0.4240.02 0.340.02 0.3720.02
59 ok b o-Muurolene 38.27 903 918 1504 1504 0.0640.02 0.04#0.00 0.07#0.01 0.1240.00
60 Q- AR a-Farnesene 3849 815 853 1510 1511  0.0940.02 - - -
61 2,6- =4 T Fad § A ORE Butylated Hydroxytoluene 3871 909 913 1515 1517 - - 014001  0.7120.02
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gk
5 RA A (L) RT Sl RSl Rl RIb &0+ i l1F #2245 EE3F
62 O-HEAN MR o-Cadinene 39.13 802 827 1531 1532 0.6820.04 0.6520.02 0.7620.05 1.1430.01
63 ZRHRAEAR A B Dihydroactinidiolide 3944 845 873 1536 1535 - 0.3620.01 0.5340.01 0.8940.05
64 o-— kA G FHFW a-Calacorene 39.85 910 952 1553 1550 0.0920.01 0.1240.01 0.2340.01 0.3620.01
65 o-NE AR ER a-Nerolidol 4046 951 957 1566 1565  0.67#0.03  0.9440.03  1.1940.032  1.2840.04
66 R Bt BE A Benzoic acid cis-3-hexenyl ester ~ 40.77 850 867 1582 1580 0.10.01 0.1240.02 0.09#0.01 0.08+0.01
67 2.24-= % X R — B2 {7 T B Kodaflex txib 41.57 866 891 1600 1588 0.5240.02 0.5720.03 0.7320.02 0.5940.01
68 2,4,6- =4 T AR Ey Phenol, 2,4,6-tri-tert-butyl- 419 845 856 1609 NA 0.83#0.02  1.1540.05 0.5140.01 0.8940.02
69 37 B Di-epi-1,10-cubenol 4271 912 936 1636 1636  0.0520.01  0.0620.00 0.0940.00 0.1640.01
70 R 2B 7-Muurolol 4316 857 863 1651 1651  0.0620.01  0.0820.00 0.1449.00 0.17490.01
71 4-FAHE-16-—FHAR Cadalene 4417 822 846 1685 1684  0.0240.01  0.0420.00 0.0540.01 0.0840.01
72 M & B LB Tetradecanoic acid, ethyl ester 4732 815 842 1795 1795  0.0240.00 0.0440.01 0.0240.02 0.0240.01
73 FAL =M Neophytadiene 4848 898 943 1839 1840 0.03#.01  0.0240.00 0.0240.01 0.0140.01
74 ABLER Perhydrofarnesyl acetone 4869 811 882 1847 1848  0.02#0.01  0.0820.01 0.0940.01 0.1940.02
75 vhoed ) Caffeine 49.05 930 932 1860 1842 0.4420.03 0.4620.13 0.440.02 0.4140.06
76 AEARER F B Hexadecanoic acid, methyl ester 50.75 810 848 1927 1927 0.0840.02 0.0540.00 0.0540.00 0.0340.01
77 AR VB =T B Dibutyl phthalate 5182 894 935 1971 1970 0.0149.01  0.0340.01 0.0240.00 0.0240.01
78 AFARBR LB Hexadecanoic acid, ethyl ester 5242 905 906 1995 1996  0.3840.03  0.5840.07 0.4340.02 0.4340.10
79 A B Phytol 55.24 868 901 2114 2116 0.0420.02 0.0320.01 0.0240.00 0.0240.01
80 I B L Ag Ethyl octadec-9,12-dienoate 56.42 845 863 2162 NA 0.0520.01 0.0920.01 0.0840.01 0.0840.02
81 T RER LB Linolenic acid, ethyl ester 56.6 851 854 2170 2173  0.1240.01 0.249.0 0.1640.02 0.1540.03

E: RTARRGHE; SIAFZASME) MS #E 5 NIST2014 #4647 B AT 2] 90ARMUL; RSI A NIST2014 /it ¥ 40 B 5 it o4 BAR AT 2] a948U%; Rl Aridid it H AT
1R G445 Rlb R=&W 438 % Andriamaharavo, N.R, Retention Data. NIST Mass Spectrometry Data Center., NIST Mass Spectrometry Data Center, 2014 B A&# S gk 491k B 454k, NA R =R & 31K B 45
B R T AMM I ZA Y.
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Fig.2 Heatmap analysis of aroma components of Ninghong pekoe in different storage years
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Fig.3 PCA analysis of aroma components of Ninghong pekoe in
different storage years
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Fig.4 PLS-DA and cross-validation analysis of aroma

components of Ninghong pekoe in different storage years
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Fig.5 VIP score diagram of PLS-DA model of aroma components of Ninghong pekoe in different storage years
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Table 2 Key substances for different aroma components of Ninghong Pekoe in different storage years
Vel BAR AR VIP P14 FAAE
1 Geraniol Z+t8% 51 0.00 BIRA . A
2 Methyl salicylate 7KA%8 F & 39 000 A RS
3 Benzyl alcohol X ¥ 82 24 0.00 BORILA. WA
4 Phenylacetaldehyde X 2B 19 0.00 RN
5 Phenylethyl Alcohol X Z.B3 18 000 %A, BoLRAE. RAE
6 Linalool 4283 1.8 0.02 s
7 2,4,6-tri-tert-butyl-phenol 2,4,6- =4 T 3 K& 1.8 0.00 -
8 (E)-Linalol oxide (furanoid) i X B 741582 (vk7 2k ) 1.7 0.0 bi s
9 Benzaldehyde 3 ¥ & 14 0.0 ThE BES
10 Cedrene EAxY 13 0.00 -
11 (2)-Linalool oxide (pyranoid)i X F k54285 (skvhk) 13 0.00 bidos
12 Geranyl acetate ZER A1 B 12 000 BELE. TREL
13 (E)-2-Hexenal 2- 2.5 8% 1.2 0.00 HA
14 Methyl geranate -+ & F fig 11 0.00 fh . RAE
VE: AR AE hitps://pubchem.ncbi.nlm.nih.gov/. http://www.flavornet.org/ M 3.
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Fig.6 Heatmap analysis of 14 key aroma components of
Ninghong pekoe in different storage years
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Fig.7 Changes of aroma components of Ninghong pekoe
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