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Abstract: Sensory evaluation, electronic tongue, and non-targeted metabolomics techniques were used to investigate

the effects of different brewing methods (boiling, simmering, and cold brewing) on the flavor and composition of ginseng
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tea, a traditional Chinese medicine compound tea used as a food and medicine. The results of the sensory evaluation showed
that the scores of ginseng tea brewed using different methods were similar; thus, further differentiation was performed using
electronic sensory techniques. The response values of the seven taste sensors of the electronic tongue varied, with significant
differences in sour taste, indicating that the flavor of ginseng tea prepared using different brewing modes varied widely
and had distinct gustatory characteristics. More than 9 000 metabolites were detected using liquid chromatography—mass
spectrometry in the two modes, of which 58 metabolites with significant differences were shared among the three groups in
the positive ion mode, and 42 metabolites with significant differences were shared among the three groups in the negative
ion mode. The classification statistics of the metabolites showed that lipids and lipid-like molecules accounted for the highest
proportion in the positive ion mode (32.6%), followed by heterocycles (15.5%), whereas phenylpropanoids and polyketides
accounted for the highest proportion in the negative ion mode (23.8%), followed by lipids and lipid-like molecules (16.7%).
Twelve metabolic pathways were obtained in the two modes. Differences were observed in both electronic tongue and liquid
chromatography—mass spectrometry identification results of ginseng tea under different brewing modes. Comprehensive
analysis indicated that temperature is an important factor leading to differences in the acidic taste of the electronic tongue and

expression of organic acid compounds. This study serves as a valuable resource for identifying the flavor characteristics of
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ginseng tea and for the further development and utilization of medicinal herbs such as Ganoderma lucidum.
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Table 3 Shared significantly different metabolites and trends in positive ion patterns

xR EZBRT Ak Rt/s  FC TrendB-A FC TrendB-C FC TrendC-A
M503T585 1'(2’6’6'Trig_‘fltetl‘)ytﬁ'ez§1_‘zixen'l'yl)'l’ 58479 5.15 1 2.13 1 241 1
M445T590  1,25-Dihydroxyvitamin D3-26,23-lactone  590.38 037 l 2.71 1 014 !
M439T593 Lucidenicacid L 592.67 0.45 1 3.13 il 0.14 l
M463T647 PA(8:0/8:0) 64721 025 ! 2.19 1 0.12 l
M768T674 2 PEZNOI\gIgSggZ“ﬁé?izlzlle)iz)/ 674.13  0.45 ! 2.90 1 0.16 !
M501T585 Perulactone 584.79 520 l 2.16 1 241 1
MS587T600 Physalin E acetate 599.66 3.79 1 9.22 ) 0.41 !
M447T585 Pristimerin 584.67 6.59 1 2.17 1 3.03 i
M505T613 4'-Apo-beta,psi-caroten-4'-al 612.66 8.38 0 2.89 1 2.90 1
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M459T573 methylpentanoate) 11-(3-hydroxy-3- 573.23  0.24 l 5.56 1 0.04 1
methylbutanoate)
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féi M613T645 Arnicolide A 64537 2.72 1 5.68 1 0.48 1
JEX  M473T585 Lucidenic acid J 58543 0.30 ! 2.35 1 0.13 !
M502T585 LysoPC(P-16:0) 584.79 5.19 i 2.16 1 2.40 1
M592T575  LysoPE(0:0/22:6(42,72,10Z,13Z,162,19Z)) 574.82  2.70 1 10.76 1 0.25 !
M930T648 Notoginsenoside K 648.24 0.43 ! 2.21 1 0.19 l
M441T615 Prednisolone tebutate 614.69 0.34 ! 2.02 1 0.17 l
M285T649 Pregnanediol 648.6  0.48 ! 2.24 1 0.21 l
M475T575 Diterpenoid EF-D 5754 021 ! 2.26 1 0.09 !
------ M443T617 2,3-Secoporrigenin 617.06 048 1 2.32 1 020 l
M331T655 Carteolol 654.66 041 1 3.02 1 0.13 !
M309T579 dehydronifedipine 578.76  0.43 1 7.62 1 0.06 l
M549T820 v1ny}§a§tte}g(l)c§11%rr(())g}}/11yfll dod 820.11 0.44 ! 243 1 0.18 !
A AL M196T301 1-Piperidine carboxylic acid 301.04 025 l 5.18 1 005 l
R 5-Amino-2,3-dihydro-6-(3-hydroxy-4-
M272T384  methoxy-1-oxobutyl)-2,2-dimethyl-4H- ~ 383.74 0.45 ! 4.14 0 0.11 !
1-benzopyran-4-one

M202T520 N-Deschlorobenzoyl indomethacin 520.19 046 l 3.94 T 012 l
M3593T826 Pheophorbide a 82642 0.33 ! 10.83 0 0.03 !
M206T370 7,8-Dihydro-7,8-dihydroxykynurenate 369.55 2.90 i 6.99 1 0.41 l
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Zk3

x5 EBHT 4 AR Rt/s FC Trend B-A FC Trend B-C FC TrendC-A
M374T452 Chondroitin D-glucuronate 452.03 3.49 1 10.31 1 0.34 1
H LA, M426T593 5-Decanoyl-2-nonylpyridine 593.48 0.44 l 2.49 1 0.18 !
M M341T679 Malabaricone C 67935 038 | 436 1 009 |
M698T422 Neocarzinostatin chromophore 4219 294 i 7.39 i 0.40 1
------ M302T90 N-Lauroylglycine 90.3 044 l 491 1 009 !
. M805T602 Nostocyclopeptide A3 601.91 0.22 l 3.02 1 0.07 1
X Mo4asT321 Penicillenic acid 32098 0.28 | 3.73 1 0.08 |
M270T302 Arginylisoleucine 302.1 032 l 3.09 1 0.09 i}
M714T393 Delpg}}ﬁ‘jf;?j;fgngigigﬁgfﬁfgsﬂﬁfm' 393.09 241 1 5.53 T 044 |
M395T611 6’,7’-Dihydroxybergamottin 611.42 270 1 7.15 i 038 1
?;;3 M537T502 Jaceidin 4’-glucuronide 502.17 0.43 1 2.05 i 0.21 1
REAK  M594T827 Pateamine 826.56  0.39 ! 6.47 1 0.06 !
M507T513 Quercetin 3-O-(6"-acetyl-glucoside) 512.86 0.26 ! 6.50 1 0.04 l
M395T660 Sinensetin 660.26 2.84 i 8.28 1 0.34 !
------ M493T642 Oxatomide 641.78 020 l 2.00 1 010 !
o M191T644 1,4-Bis-(1,1-dimethylethyl)-benzene 6437 045 l 2.25 1 0.20 !
. M342T230 Norflurazon 229.83  0.42 l 5.82 1 0.07 !
MS583T584 Procaine hydrochloride 584.08 2.87 1 6.97 1 0.41 l
% - M341T601 (S)-4’,5,7-Trihydroxy-6-prenylflavanone ~ 600.91 043 1 20.70 i 002 l
e M381T327 Calophyllolide 327.03 2.29 1 4.88 1 0.47 l
i gy MS595T827 Codeinone 826.52 036 1 2.45 1 015 !
LSS M619T658 Cryptodorine 657.86 0.24 l 3.46 0 0.07 l
71{;;,;: M3589T564 Anhydrorhodovibrin 563.58 0.44 ! 2.01 0 0.22 !
«( . M603T612 Lanceotoxin A 611.54 030 l 2.66 1 011 l
ﬁ% M481T594 Ajugalactone 593.90 0.49 ! 3.03 1 0.16 !
ﬁjif; M221T303 Echothiophate 303.11 0.46 ! 3.23 i 0.14 !
M205T679 O '(4'meth"x?fg_n;gl'é'methylpent' 67939 037 ! 6.94 1 0.05 !
M261T648 > foggﬁ?ﬁiﬁﬁ;ﬁ ";if‘:zzgzhyl 648.41 028 ! 311 1 009 |
M535T895 Canthiumine 895.15 0.32 ! 13.02 i 0.02 l

3.,4,5-trihydroxy-6-{[3-(4-methoxy-1-
M375T502 benzofuran-5-yl)-3-oxopropanoyl]oxy}  502.17 0.44 l 2.07 1 0.22 !
oxane-2-carboxylic acid

E: RP T ALER, | ATHE. TAR.
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Table 4 Shared significantly different metabolites and trends in negative ion patterns

£ 3 RS AR rt/s FC Trend B-A FC Trend B-C FC  Trend C-A
M724T358 Cyanidin 3-sambubioside 5-glucoside 357.92  2.05 i 5.69 1 0.36 1
M711T40]  Quereetin 3'gg?;[izls‘;geyl'gluc"“de) 400.9  2.38 1 7.87 0 0.34 !
M712T401 bzf;p;fég;? di:?,‘_(gi’l;g:gl‘i‘;‘;gz{e 400.98  2.46 1 7.52 1 0.33 !

£H M3 11T484 3,7-Di-O-methylquercetin 483.59 240 1 3-;8 T 0.07 1

?ﬁ" M284T539 Delphinidin 53871  2.16 i 6.36 0 0.34 l

iR M533T539  Luteolin 7-O-(6”-malonylglucoside) ~ 538.72  2.50 1 5.19 1 0.48 l
M534T539 Cyanidin 3-(6”’-malonylglucoside) 53893  2.53 1 5.06 i 0.50 !
MS597T560 6”-0-Galloylquercimeritrin 559.76  0.44 1 2.15 i 0.20 1
M339T602 Glepidotin B 601.70  0.42 l 3.60 1 0.12 l
M309T636 Artocarbene 635.71  0.39 ! 5.4 1 0.07 !
M28sTeo7  2»>-Dihydroxyeyclopentaneundecano —oo; 1) 49 ! 3.34 1 0.15 !

ic acid

M309T636 Artocarbene 63571  0.39 l 5.40 1 0.07 l
M279T777 Linoleic acid 776.97  46.68 i 2.08 1 22.46 i
Jek oz MATATSTT LysoPE(0:0/16:0) 576.83  0.24 l 3.03 1 0.08 l
AR M599T585 1'Stearoyl'S‘;gylg_ciifs'i:l’h“ph"'ID T 58512 2.80 1 0.35 ! 7.97 1
----- i\/I489T68 Fluocinolone Acetonide 68.36 0.38 ! 284 1 0.13 !
M475T590 Lucidenic acid G 590.22  0.32 l 3.09 1 0.10 l
M339T602 Glycinoeclepin B 601.7 042 l 3.6 1 0.12 l
M337T649 Dodecyl gallate 648.72 037 ! 437 1 0.09 !
M426.T668 Dihydroxyacidissiminol 668.01 043 l 2.4 1 0.18 l
K M339T680 Bisphenol A diglycidyl ether 679.8 0.35 1 7.97 i 0.04 1
M123T448 3-Methylcatechol 44829 0.44 ! 4.72 1 0.09 !
M212T284  4-Hydroxylamino-2,6-dinitrotoluene ~ 284.13  0.26 ! 3.24 1 0.08 1
M176T258 Gabaculine 25825 049 1 208 1 0.23 l
M230T272 Norepinephrine sulfate 2722 0.40 ! 2.55 1 0.16 1
A M243T319 Penicillenic acid 31851  0.30 ! 2.08 1 0.14 !
e M305T450 Cysteinyl-Tyrosine 449.53  0.07 l 0.17 l 0.44 l
M232T477 N-Phenylacetylaspartic acid 476.84 045 l 3.26 1 0.14 l
M310T636 Imazethapyr 63579  0.39 ! 2.7 1 0.15 !
% dp M294T607 Piperolactam D 607.07  0.36 l 215 1 0.17 l
LB M539T659_2 Hodgkinsine 658.77  0.31 ! 2.25 1 0.14 !
ARE#  MB337T683 Otobanone 682.77  0.26 ! 612 1 0.04 !
& B2 MS533T558 Cucurbitacin H 55842  6.12 1 286 1 2.14 1
EZ\L:Z M651T431 Tributyltin chloride 4312 2.16 1 7.52 1 0.29 !
ﬁz‘i M696T431 Neocarzinostatin chromophore 430.72  2.59 1 7.89 1 0.33 l

ZeIRE MI195T632 m-Chlorophenylpiperazine 632.27 0.13 l 3 i-3 i 0.04 l
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gk 4
el EEG T 2 AR rt/s FC Trend B-A FC Trend B-C FC  Trend C-A
AALA M591T657 2 Panaxydol chlorohydrin 656.5 0.46 l 2.07 i 0.22 1
et
7-hydroxy-2-(4-hydroxy-
3-methoxyphenyl)-3,5-
M646T77 bis({[3,4,5-trihydroxy-6- 76.56  0.48 l 2.51 i 0.19 l
(hydroxymethyl)oxan-2-yl]oxy})-11*
chromen-1-ylium
3-(6-hydroxy-7-methoxy-2H-1,3-
M239T266 benzodioxol-5-yl)propanoic acid 265.87  0.37 l 2.77 1 0.13 l
M713T401 Indomethacin 400.98  2.62 1 8.98 1 0.29 l
. 3-(3,5-dihydroxyphenyl)-2-(4-
USRS hydroxyphenyl)-4-[(E)-2-(4-
M491T539 hydroxyphenyl)etheny]-2,3-dihydro- 539 2.23 i 5.62 I 0.40 l
1-benzofuran-5,6-diol
M227T386 2 0X0-3+(2,3.4,5-tetrahydroxyphenyl) 305 56 5 ! 2.71 1 0.07 !

propanoic acid

6-(4-{3-[(6-{[(2-carboxyacetyl)
oxy]methyl}-3,4,5-trihydroxyoxan-
M709T401 2-yl)oxy]-5,7-dihydroxy-4-oxo- 400.9 2.68 1 7.87 1 0.34 !
4H-chromen-2-yl} phenoxy)-3,4,5-
trihydroxyoxane-2-carboxylic acid
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Fig.6 Positive and negative ion patterns share significantly different metabolite thermograms
E: EAEB TN, £AREBFHEX.
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