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Abstract: The aim of this study was to systematically investigate the volatile flavor profiles of goji berry puree and rehy-
drated products, and to identify key flavor markers of the puree. Using headspace-gas chromatography-ion mobility spec-
trometry (HS-GC-IMS), a total of 90 volatile compounds were detected, corresponding to 111 signal peaks, with some com-

pounds occurring in monomeric, dimeric, or trimeric forms. Based on their chemical structures, these compounds were clas-
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sified into nine categories: Alcohols, aldehydes, ketones, esters, heterocyclic compounds, terpenes, acids, sulfur-containing
compounds, and hydrocarbons. Among these, aldehydes, alcohols, ketones, esters, and acids accounted for 87.11% to
95.51% of the total relative content. Through synergistic interactions, these compounds formed a complex and persistent
aroma system that established the dominant floral, fruity, and sweet notes. Chemometric analysis was conducted on ten
samples using SIMCA 14.1 software. Volatile flavor markers of goji berry puree were screened according to the following
criteria: Variable importance in projection (VIP)>1.0, fold change (FC)>1.2 or <0.83, P<0.05, and coefficient>0. Ulti-
mately, four characteristic volatile markers were identified in goji berry puree: Thiophene, acetone, 2-butanone, and fur-
fural (monomer). Regression coefficient analysis indicated that goji berry puree was primarily characterized by grassy,
fruity, and vegetable-like flavor attributes, while rehydrated puree exhibited more pronounced fruity and fermented notes.
This study not only revealed the key volatile composition and differential flavor features of goji berry puree, but also pro-
vided a theoretical foundation for its quality evaluation and control, thereby offering a scientific reference for the establish-

ment of quality standards in related industries.
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puree and rehydrated products
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Fig.2 Qualitative analysis of volatile compounds spectra in 10 types of goji berry puree and rehydrated products
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Table 1 Information of volatile components of 10 raw pulp samples
g3k 75 x| AR RI Rt(s) Dt(RIPrel)
5 2-Ethyl-1-hexanol 2-ZHEE 1544.0 1377.454 1.41667
11 1-Hexanol-M - -k 1374.2 954.430 133006
14 cis-2-Penten-1-ol -2 M- 1P 1343.2 892.709 0.94192
22 1-Pentanol-M 13 - B 1269.5 763.575 125751
23 1-Pentanol-D 13- B A 1269.5 763.575 151093
27 3-Methyl-1-butanol-M ST g 1225.4 697.968 1.24773
28 3-Methyl-1-butanol-D S R AR 1225.4 697.968 1.49211
32 1-Penten-3-ol 1- 0531 1179.6 624.892 0.93839
33 1-Butanol-M 1-TE- R 1164.5 593.573 1.18432
34 1-Butanol-D 1T B R 1164.5 593.573 1.38075
39 2-Methyl-1-propanol-M S T -k 1113.9 499.003 1.17658
40 2-Methyl-1-propanol-D TR R IR 1113.9 499.003 1.17658
e 52 Ethanol BZ@%A 950.5 318.621 1.12543
(274) 53 2-Propanol S 940.5 311.768 1.23204
67 1-Propanol IEEE 1061.5 425.103 1.25085
70 1-Octanol S 1651.8 1738.722 1.47428
7 1-Octen-3-ol 124531 1489.3 1224.003 1.16511
73 1-Heptanol 1E B 1492.5 1232.436 1.40701
76 1-Hexanol-D I ERAERE JUN 1375.0 956.144 1.63963
77 (Z)-3-Hexenol M -3 - 2 s P 1407.1 1024.725 1.23373
90 Geraniol Ey 1909.6 3035.214 1.22571
95 Linalool Iy 1640.7 1697.794 1.22348
97 (E)-2-Hexenol-M R -2-C - LA 1433.0 1083.814 1.18841
99 (E)-2-Hexenol-D 2 -2- O - — R A 1433.5 1084.996 1.35113
100 3-Methyl-3-buten-1-ol 3-FE-3- T - 1-BE 1267.6 760.748 1.17308
106 (E)-2-Hexenol-T S -2-CU - — R 1433.7 1085.471 1.81335
109 (E)-3-Hexen-1-ol J2-3-C M1 1383.8 974.561 1.24096
(E,E)-2,4-Octadienal (2E,4E)-2,4-3F It 1669.4 1806.366 1.27373
Benzaldehyde T 1553.8 1407.178 1.15776
Furfural-M RS - FA A 1500.1 1252.873 1.09216
10 Nonanal T 1408.7 1028316 1.47685
15 (E)-2-Heptenal R -2-BE T 1335.0 876.896 1.25910
21 Octanal ISR 1303.8 819.797 1.40574
26 (E)-2-Hexenal R -2-C 1235.2 712.092 1.18277
29 3-Methyl-2-butenal-M 3-FI -2 T - e 1218.8 688.757 1.09306
30 3-Methyl-2-butenal-D 3-HHE-2- TR - Rk 1217.1 686.301 1.36528
35 (E)-2-Pentenal -2~ 1154.4 573.308 1.10853
41 Hexanal-M IECU -k 1105.9 485.493 127712
e 42 Hexanal-D EC - R K 1105.9 485.493 1.27712
(25 ,If‘) 49 Pentanal E 1007.7 363.955 1.42174
54 3-Methylbutanal 3-FAETRE 933.5 307.024 1.4092
55 Acetal LA 914.2 294,373 1.03293
61 2-Methylpropanal 5T 831.8 245.876 1.28221
62 Propanal ] 821.9 240.604 1.14738
63 Acetaldehyde L1 767.6 213.720 1.01882
71 (E)-2-Nonenal J-2- T 1579.1 1486.251 1.41321
74 (E)-2-Octenal SR -2-2F N 1445.9 1114.375 1.34000
79 Decanal B 1512.5 1286.803 1.53209
93 Furfural-D e - — R A 1500.7 1254.466 133817
101 (Z)-4-Heptenal (Z)-4-BE)ims 1258.5 746.662 1.15287
105 Heptanal-D BREE- —R A 1200.7 663.784 1.69319
125 Heptanal-M BREE - LA 1201.4 664.718 1.33634
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k1
Faes 75 =L SRR RI Rt(s) Dt(RIPrel)
12 6-Methyl-5-hepten-2-one 6- 1 Jk-6- P -2- 1351.8 909.399 1.17941
13 5-Nonanone 5-T-1i 1337.7 882.167 135314
16 1-Hydroxy-2-propanone-M FRIEP- F A 1318.0 845.272 1.06305
17 1-Hydroxy-2-propanone-D FREEN - — 2R A 1318.4 846.150 1.23041
18 Acetoin-M 3-FR3E-2- T -4 1303.3 818.918 1.06146
19 Acetoin-D 3-FRFE-2-THR- R A 1303.3 818.918 132923
20 Cyclohexanone EZNEAL ] 1299.8 812.769 1.16028
31 2-Heptanone-M 2- - B4 1197.4 659.281 1.2632
45 2,3-Pentanedione 2,3-1% R 1058.5 421.413 1.20225
LIEIR=7] 51 2-Pentanone 2- 13 1004.6 360.792 1.36687
(204) 56 2-Butanone 2- T 919.9 298.063 1.24772
60 Acetone PR 842.5 251.674 1.11759
80 2-Nonanone 2-T- 1403.7 1017.377 1.41396
84 2-Heptanone-D 2- - H A 1197.7 659.776 1.63205
88 2-Hexanone-M 2-CU - LA 1103.6 481.617 1.19408
89 2-Hexanone-D 2-CL- R A 1103.6 481.617 1.19408
96 2-Undecanone FP - L A 1697.2 1918.240 1.55701
103 1-Octen-3-one 1-2745-3 -1 1313.1 836.494 1.28514
104 Cyclopentanone PR IHR 1200.7 663.784 1.10503
114 4-Methyl-2-pentanone 4-FRE-2- R 1029.6 387.729 1.48044
1 Diethyl succinate TR — Ok 1740.6 2106.476 1.2956
25 1-Methoxy-2-propyl acetate 1-F 4R 2- TR i PR BB 1243.2 723.760 1.14101
43 Butyl acetate-M IR T Wg-Hdhk 1093.2 465.842 1.25237
50 Propyl acetate LR 999.0 354.994 1.48132
57 Ethyl acetate 22T 902.6 286.993 1.33708
64 Methyl acetate ZIRTR 857.6 260.109 1.19755
65 Ethyl propanoate W LR 978.4 338.652 1.45310
66 Ethyl isobutyrate S TR 988.3 346.032 1.56284
[EE AN} 69 Isoamyl acetate LRSI 1141.5 548.454 1.30886
(1849 81 Heptyl acetate BT 1389.0 985.536 1.46394
82 Hexyl acetate-M IR Tig-HfAk 1288.9 794.489 1.3867
83 Hexyl acetate-D LIRC Tig- R Ik 1288.9 794.489 1.89104
85 Pentyl acetate-M IR IEIBE-F A 1188.8 645.08 1.31400
86 Pentyl acetate-D IR IEILRR-— R A 1189.4 646.304 1.76231
112 Isoamyl acetate-D LIRS ILBR-— R Ak 1142.0 549.449 1.74183
115 Butyl formate R TR 1058.9 421.886 1.50626
118 Isobutyl isobutyrate ST RS T T 1063.3 427.351 1.80644
123 Butyl acetate-D IR T Tig-— Rk 1094.1 466.973 1.61762
9 2,3-Dimethyl-5-ethylpyrazine ~ 2,3-_HJ&-5-Z KLk 1465.1 1161.602 1.23726
24 2-Pentylfuran 2-1E S RENE 1247.3 729.901 1.25392
46 Thiophene BEW} 1034.7 393.475 1.04077
58 Tetrahydrofuran-D DU S g - — A 883.7 275.396 1.23047
59 Tetrahydrofuran-M UIESIURIEEEEREN 883.7 275.396 1.23047
HIMEE)
(114%) 78 Ethylpyrazine 2-Z KNk 1355.0 915.730 1.10499
92 2-Acetylfuran 2- L B 1543.7 1376.650 1.12176
98 3-Ethylpyridine 3-ZHEnE 1389.5 986.607 1.09584
102 2-Methylpyrazine 2- PRl e 1280.4 780.856 1.09800
111 2,5-Dimethylpyrazine 2,5- " H Skt 1338.2 883.063 1.10104
124 2-Butylfuran 2-1E T HEkmg 1125.8 519.684 1.15875
o 87 beta-Pinene B-IRNG 1138.7 543.261 121327
3 ,I\)” 116 alpha-Phellandrene a- 7K T 1172.1 609.066 1.23675
122 3-Carene 3-EE 11493 563.296 121416
AL S 3 Propanoic acid NTR 1641.4 1700.244 1.11256
(41) 6 Acetic acid-M Z.1- 1Ak 1506.7 1270.797 1.05811
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k1
Faes F5 =L SRR RI Rt(s) Dt(RIPrel)
7 Acetic acid-D LIR-— B K 1506.7 1270.797 1.05811
91 Butanoic acid TR 1697.7 1920.009 1.15800
AL E 94 Methional 3-FH R L 1480.4 1200.580 1.09621
1) 113 Dimethyl sulfide Pk 798.3 228.557 0.95433
BRE N
%@I\? w 36 p-Xylene X ZHIR 1150.0 564.711 1.07759
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Fig.3 Fingerprint spectra of volatile compounds
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Fig.4 PCA plot (A), OPLS-DA plot (B) and HCA plot (C) of 10 types of goji berry puree and rehydrated products
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Fig.5 Multivariate analysis of volatile compounds in different goji berry puree and rehydrated products
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Table 2 Odor sensory evaluation of potential characteristic compounds

£ & 4 i ety PlH FC VIP PUS S 30Hk
1 Thiophene WEW) <005 0747 1191 HAARRUERSER, ARIR. AR R KITSR AR [14]
2 Acetone P <005 0376  4.245 [CEEaUS [15]
3 Furfural-M  HEE-BMA <005 0219 1.743 AFBOR, FOR, AR ARIRE [16]
4 2-Butanone 2-1H <0.05 0217 1601 SR NI IR | KRk [17]
5 3 3 <0.05  0.198 1356
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of relative contents (B) of various volatile compounds
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#3010 FiRESL PRI R AR R PEAL B R A AL S AN 5 R (%)
Table 3 Relative contents of various compound types among the volatile compounds detected in goji berry puree
and rehydrated products (%)

AP 1 2 3 4 5 6 7 8 9 10 CV(%)
ARG 32.53 54.90 45.65 53.47 52.56 48.20 37.10 30.05 42.66 2691 24.17
BRIEY 15.92 10.86 8.37 8.50 8.11 12.99 927 13.09 12.43 1591 25.86
BERAL G 11.81 11.91 18.22 14.77 16.47 6.78 6.74 14.17 5.89 17.93 37.46
ity 21.88 11.30 16.01 14.44 14.00 17.01 27.49 22.89 22.78 20.02 26.82
RRIAE ) 6.49 4.64 453 433 4.02 5.97 9.77 6.91 7.01 6.39 28.93
it 3.03 1.95 2.07 131 1.42 252 251 3.42 3.77 297 32.78
A 7.28 4.02 4.67 2.86 3.10 4.73 6.48 5.69 4.68 6.10 28.90

B Ew 0.47 0.34 0.36 0.28 0.27 1.41 0.41 3.62 0.30 3.63 123.37
RRAEY 0.60 0.08 0.12 0.04 0.06 0.39 0.21 0.16 0.47 0.15 84.16
SEFEZAL AP B 88.63 93.61 92.78 95.51 95.16 90.95 90.37 87.11 90.77 87.16 3.33

Mo 100.00  100.00  100.00  100.00  100.00  100.00  100.00  100.00  100.00  100.00
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