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Abstract: This study aimed to analyze the variation patterns of volatile metabolites in ginseng after lactic acid bacteria fer-
mentation combined with traditional processing and their influence on flavor. Ginseng was fermented with Lactobacillus
pentosus and further processed. Non-targeted GC-MS metabolomics and electronic nose technology were used to conduct
systematic analysis of the samples before and after treatment. The results showed that fermentation and fermentation-pro-
cessing treatment significantly reduced the total sugar content from 556 mg/g to 335 mg/g and 221 mg/g, while the total
saponin content first decreased from 194 mg/g to 140 mg/g and then rebounded to 221 mg/g. Fermentation and processing
significantly changed the composition of volatile components in ginseng. A total of 77 significantly differentiated metabo-
lites were identified, mainly including 11 major categories such as alcohols, terpenoids, hydrocarbons, ketones, hetero-
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cyclic compounds and esters. The changes in OAV of key aroma active components such as linalool and a-pinene indicated

that the overall flavor of ginseng after treatment had transformed from grassy and pungent to a soft and harmonious fruity

and caramel aroma. The analysis results of electronic nose were consistent with those of GC-MS and OAV. Fermentation

enhanced the sour and fruity aroma characteristics of ginseng, and the processing process generated caramel aroma and

sweet aroma substances. This study reveals the synergistic mechanism of fermentation and processing, providing an

important theoretical basis and technical reference for the deep processing of ginseng and the regulation of its flavor and

quality.

Key words: ginseng; volatile metabolites; non-targeted metabolomics; electronic nose; fermentation; processing
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Fig.1 Flow chart of ginseng fermentation and processing
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Table 2 Analysis of significant metabolic compounds of fermented ginseng and ginseng in the positive and negative ion mode

YIBR— R YIS SCAAFR YIS AR s F CAS log,FC B3
e N,N-dimethyl-1-Tetradecanamine N,N-Z B 1 Db CHyN 112-75-4 3.1291238 1
BenzenAmine, 2,4-dimethyl- 2,2,4— Z ORI CgH N 95-68-1 3.900090679 1
trans-1,4-Cyclohexanedimethanol S2-1,4-F0C e — F C¢H,(0, 3236-48-4 —1.289635495 !
. 1-butyl-Cyclobutanol 1-T - PR T CgH,O 20434-34-8  —1.091390721 !
1-Pentanol 1-J3 CsH,,0 71-41-0 3.116448032 1
Ethanol, 2-phenoxy- QT 2- A - CgH 0, 122-99-6 3.982587382 1
1-Methyl-2-n-hexylbenzene 1-F3E-2-1E OV R C3H,, 1595-10-4 —1.116892055 !
Phenol, 4-(2-propenyl)- AT R CoH,,0 501-92-8 -1.103951609 !
o Benzoic Acid, 4-hydroxy- 4-FRFE-RH M ‘ C,H,0; 99-96-7 3.36600828 1
1-(3-methylbutyl)-Cyclopentene 1-(3-HUET 5 - SR 8dis CoHyg 37689-15-9  —1.190431462 !
Hexadecane, 2-methyl- 2-F -7 hE C,,Hy 1560-92-5 —1.022184467 !
Cetene RVaY ] C 6l 629-73-2 3.744488256 1
1y 3-Methyl-4-(methylamino ) phenol 3-FA3-4- (A3 ) CgH,; NO 74789-37-0  —1.125185975 !
GHRAEY)  4-butyl-N,N-dimethyl-Benzamide ~ 4- 1 5&-N, N-Z HIHLR HI kg C3H,;(NO 1000340-29-8  3.304926098 1
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YIm—Ror 2k LY/ €N Wi SRR FR CAS log,FC eS|
" Pentanoic Acid 4 CsH 0, 109-52-4 3.17152615 1
Butanoic Acid T C,H 0, 107-92-6 3.494253882 1
1H-3a,7-Methanoazulene N
’ > (IR, 28,58, 7R)-2,6,6,8- VU HI FL =Ff
2,3,4,7,8,8a-hexahydro-3,6,8,8- [5.3.1.01 5] -84 CsHy, 65354-33-8  —1.081912521 !
tetramethyl-, (3R,3aS,7S,8aR )- e
Cyclohexanol, 1-methyl-4-(1- ) .
) Y ety 1-F3E-4-(1-H 3630 238 ) A 2L C,oH,50 586-81-2 5.955112303 1
e methylethylidene)-
1,3-Cyclohexadiene-1- N S
carboxaldehyde, 2,6,6-trimethyl- L S CioH140 116-26-7 6.217841383 1
alpha.-Terpineol oA C,oH,50 98-55-5 6.44875145 1
L-.alpha.-Terpineol L-o-#A7HE C,oH,50 10482-56-1 6.44875145 1
2,5-Dimethylcyclohexanone 2,5- AL LR C¢H,,0 932-51-4 —1.135874668 !
. Cyclopentanone, 3,3,4-trimethyl-4- 3,3,4- = H15&-4-(4-F 5L - BRIk
i CH,,0 23- -
il (4-methylphenyl)- il 1sHag 56077-23-7 1.029734692 !
Benzophenone ZRHT C3H,,0 119-61-9 3.193762527 1
Quinazoline, 4-methyl- 4-HY B CyHgN, 700-46-9 —1.247289729 !
Quinoxaline, 2-methyl- FH s b CyoHgN, 7251-61-8 —1.247289729 !
LAY 2-n-Octylfuran 2-n-" FEIK R C,H,,0 4179-38-8  —1.179856283 !
Pyrazine, trimethyl- =P AR C,H N, 14667-55-1 3.347831042 1
1H-Pyrrole-2,5-dione, 1-ethyl- 1-Z FEME g -2,5- 8 C¢H,NO, 128-53-0 4252350269 1
Ethyl {[(ethylthi ; L
y1 {[(ethylthio) (LRI BIERIE ZMZEE  CHL,0.8,  1000461-04-5 1202565489 !
e carbonyl]thio}acetate
" .gamma.-Dodecalactone 7~ INER C,,H,,0, 2305-05-7 —1.080162199 l
6-Nonynoic acid, methyl ester 6-T- iz ik C,oH,60, 20731-17-3 4.991066402 1

3 ERETEEUT KRR A S 5 R SIA B 2R LS Yo

Table 3  Analysis of significant differences in metabolic compounds of fermented-processed ginseng and fermented ginseng

in the positive and negative ion mode

WI—H 52 L/ E S L/ E A S 43 ¥k CAS log,FC JHy

- 3-Cyclohexene-1-ethanol - -1- CgH,,0 18240-10-3  —1.435643926 !

3-Cyclopentyl-1-propanol 3- BRI 1- U B CgH,,O0 767-05-5 —1.429132477 !

(1-butyloctyl)-Benzene (1-T A 5L 2% CysHs 2719-63-3  —1.216556977 !

(1-methylundecyl)-Benzene (1-FRE ek ) -4 CigHs 2719-61-1 —1.216556977 !

(1-pentylheptyl)-Benzene (1AL ) -4 CgHy, 2719-62-2 —-1.216556977 !

1’5’S'tr‘rgyegllgii;’;thylene' 1,5,5-= F3E-3-05 FR 3L 3R U CroHye 16609-28-2  —1.319758033 !

Kk 3-ethenyl-Cyclooctene 3-SR CioHyg 2213-60-7  —1.303178314 1

2-methyl-2-Decene 2-FBE-2- 2% 05 C,H,, 23381-92-2  —1.290248438 !

Cyclooctane B2 CgH g 292-64-8 —1.253988563 !

ethyl-Cyclopentane IR C,H, 1640-89-7 5.484507698 1

3-(2-methylpropyl)-Cyclohexene 3-(2-H L IE) - M CyoHyg 4104-56-7 5.65782758 1

pos tetraethyl-Urea I 2k CyHyoN,O 1187-03-7  —1.494185427 !

4-Cyanocyclohexene LR SINRY C,HoN 100-45-8 -1.315717793 !

5-Hydroxymethylfurfural 5= e CeHO; 67-47-0 —1.264278332 !

Tonalid IR s C,gH,0 21145-77-7  —1.383607466 !

gt Heptadecanal (i3 C,;H;,0 1000376-70-0  4.932174219 1

2,4-Nonadienal 2,4-T- )i C,H,,0 6750-03-4 6.341004162 1

2,4-Nonadienal, (E,E)- (E,E)-2,4-T )it C,H,,0 5910-87-2 6.341004162 1

3-FurAldehyde 3- CsH,0, 498-60-2 11.48442572 1

i 2-Methylheptanoic Acid 2-HI L PR CgH,0, 1188-02-9  —1.188319743 !

beta.-Phellandrene BRI CioHyg 555-10-2 ~1.443177957 !

B‘Sﬁﬁii;ﬁ?ﬁ:ﬂ? 772 T;E%—XX%[Z.Z.I]B% CioHye 471841 —1224217831 !

Tk Linalool Iy RRRE C,oH,50 78-70-6 —1.135417713 !
Naphthalene, decahydro-4a-

methyl-1-methylene-7-(1- BT C,sHy, 17066-67-0  6.276553738 1

methylethenyl)-,[4aR-
(4a.alpha.,7.alpha.,8a.beta.)]-
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YIm—Ror 2k LY/ €N Wi SRR 43 CAS log,FC eS|
2-Nonanone 2-T-HEFR CyH ;O 821-55-6 -1.492186138 !
4-Nonanone 4-T-fi CyH, ;O 4485-09-0 —1.492186138 !
Acetophenone, 4'-hydroxy- AR CH,0, 99-93-4 —1.437007753 !
Ethanone, 1-(3-hydroxyphenyl)- 1-(3-F4E) -2 B C,H 0, 121-71-1 —1.437007753 !
il Cyclohexanone, 2,2,6-trimethyl- 2,2,6- = HIBL- PR C,H,,0 2408-37-9  —1.313851897 !
2-Tridecanone 2- = C;5H,0 593-08-8 4.144735087 1
2,4-dimethyl-3-Pentanone 2,4- R3] C,H,,0 565-80-0 4.802531145 1
2(5H)-Furanone 2(5H) -WK iR C,H,0, 497-23-4 5.499095054 1
4-acetyl-3-Carene 4-ZBEFE-3-IHE MR C,H; 0 1000156-14-1  6.268625699 1
2-methyl-2-Cyclopenten-1-one 2- M B2 R M- 1 - C(H0 1120-73-6 12.38634438 1
. -
azab?;ymcelt)h[zlll.Zi(])r;aIfS--ene Mﬁ%'7%%'85;%%%&%[4'2'”#' CHNO  1000362-10-7 1347814539 |
3-Amino-5-pyrazolol 3 HE-5- ML IR C,H;N,0 6126-22-3 -1.236940166 !
o Indole w5 CgH,N 120-72-9 4.133784066 1
Acetylpyrazine LTI CHN,O 22047-25-2  4.578863699 1
Ethanone, 1-(2-furanyl)- ZBRIK g C.H0, 1192-62-7 7.974593965 1
Acetic acid, pentyl ester LRI C,H,,0, 628-63-7 -1.395842314 !
2-Ethylhexyl 2-ethylhexanoate 2-Z IO 2- L H LR C,¢H3,0, 7425-14-1 ~1.275080266 !
i Ethyl 4-oxo0-2-phenylpentanoate A2 FE R LR Cy3H,05 1000427-11-2 4380966315 1
3—hydroxy—Be:szt<;1rc acid, methyl 3L G T i C4H0; 19438-10-9 4.959674642 1
Butanoic acid, ethyl ester TRZIE C¢H,,0, 105-54-4 5.179177345 1
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Fig.6  Scatter plots of OAV of three groups of ginseng
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Table 4 OAV analysis results of ginseng aroma components in three groups

. iR AT Tk R - - -
2RI CgH (0, HO, IRk 6.90%10? 4.39x107° 1.01x1077 1.13x107
1- R C,H,,0 [ O 3T 5 3.88x107™ 4.75x107 4.05x107
s C,,H;,0 SRR, BRALE, HET 5 2.27x107? 1.28x10°° 1.11x1072
i 5-HEE2-(1-HE 2 36)- A BE C H,,0 AT I, A A 5.00x10™" 9.16x10™* 1.30x1073 1.79x1072
TR CyH,,0 MO, 467, BOIAL 5.30x10° 2.48x10° 3.19x10° 3.19x10?
1-P C,H,,0 LS 3.00x107° 1.58x10* 4.05x10* 2.10x10°

3-(H gL ) - 1- T C,H,,08 B, A, K 3.60x107 5.89x10" 1.74x10" 8.01

. £ C,oHg SRR, AR 5.00x107 2.78x10! 3.34x10' 4.1
ke C,sHs, Li7ULIR 1.30x10* 2.81x10°  1.83x10°  1.32x107
ST HE CoHL0, T, HROE, Tﬁifﬁt’ ABR ) box10” 128 1.82 2.26x10"!

THB CgH 10, TERE, K%T%ﬁ%% AR 00x10+ 7.7 1.05x10' 4.59

[ L] C,H,,0 FIR, WK, FEk, RZGR 3.50x107 1.39x10"' 1.49x10" 2.1
Xof R gy C,H0 PR, AKANAERR 2.40x10™* 9.90x10° 9.38x10* 6.66x10°
(i) FP 7y C,HO FHFEDR, A1 7Hk 3.80x107" 3.95x107 3.74x107 2.66x107!
X R = C,oH,,0 B, UK, %g%fg;, wE, 5.1 1.16x10™* 1.04x107° 8.02x10™
(2)-3-C ol CH, 0O Bk, FEbk, KSR, 2R 4.00x107 3.33x10' 4.18x10? 1.69x10°
B C;H,,0 TR, ARIUTOER, REZ0E, M4 2.80x10° 1.58x10° 1.39x10°* 1.99x10°*
2,4-T- It C,H,,0 NETER, #K 5.00x107° 1.97x10° 5.69%10° 4.97x10°
& (E,E)-2,4-T Ik C,H,,0 JRITUR, BT, #K 1.60x107* 1.92x10° 5.56x10° 4.85x107
U C¢H,,0 TR, 5 0K, FAR 5.00x107 1.05x10° 1.15x10° 1.44x10°*
5-4U e C4H,0; NEITOR, B, BT, Fab 1.00x10° 430107 5.65x107  2.19x107
TR CsH,0, FRWR 1.50x107* 2.47x10° 3.28%10° 2.77%10°
iR TR C, H,y0, AR, AR 2.3 8.99x10°  6.60x10°  7.82x10°*
|2 C H,,0, SR, Wi, WE&, Neivk, #F  1.00x10" 7.85x10*  7.16x107* 1.13x107*

L-o-#ATHIEE CH;s0 TEHEWLE EE 3.30x10" 2.56x107" 3.31x10' 3.48

a- P C,oH,;sO0 AT, SR 3.00x107" 3.09x107" 4.00x10" 421
S B- IR b C,oH,,0 TERER, B, lt[f% JRRL, R 3.00x10° 421x10° 4.54x10* 6.46x10°
P Tl -4-F C,oH,50 PATE, IR 55t 12 9.57x10™* 1.36x107° 1.93x1072
A C,oH,00 HEfT IR 9.00x10™" 2.83x10*  4.02x10*  5.53x107

3’6':54;%';')%3:;@; 1A C,oH,,0 HHIR, KANTER, e 8.00x102 56710 7.70x10! 8.11

ik o-TRM CioHy6 TN, FIOR, AR BT 2.74x107™! 6.34x10' 6.54x10' 5.94
R C,H,,0 i, AL 1.50x107> 9.31x10" 2.26x10? 1.31x10

(2)-B-F I CoHyg T, WA, JEF, fHR 3.40x107 8.14x10° 7.29x10° 7.5
T C,H,,0 AT, H 6.70x107 5.09 7.16 7.40x107!
(+)-F C,H,,0 Fokek, Wifar ik, L, ATk 1.00x107 2.29x10? 3.22x10° 3.32x10

BT CysHyy AR, R, Tkl THAEE 1.54 9.42x107! 1.06 1.68
EEEE CioHy6 Tl Ak 1.50x1072 2.18x10° 2.12x10° 1.69%10°

B-% CoHyg HitYy, KLk 3.40x10°? 8.14x10° 7.29%10° 7.5
IR C,oH,;sO0 A 6.00x107 3.21x10°* 4.61x10* 2.01x10*
(z)afﬁ%z%_zﬁfg)a%ﬂa C,H,0 AR, WA, {;ﬁ‘i R A, 2.60x107* 7.27x10° 7.00x10* 1.36x10°
2(5H)-HE IR C,H,0, plil’s 6.00x10 1.64 234 9.90x10'
Fifd 2,4- WP JE-3- 1R C,H,,0 L 8.00x107* 1.95x107 2.77%1072 7.25x107"
e R C \H,,O BT, SRBk, Ui, Neli, SREAR  6.20x107 1.52x10? 7.05%10? 1.24x10*

2-+ = C,;H,0 BIVTR, S, AL, BT, 500107 4.78x102  6.35x107 1.1
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k4
Yl g B OAV
N ) 4 Sk
PR Wi A AL (ug/mL) " 5 c
I Pain oA =1
LB S C,H, N, BESRIK, T IOR, Wik, .57, 7€ 2.90x10™" 1.06x1072 1.51x107" 1.79x10™"
AL BT
TR HEK: C,H,,0 A, DX 6.00x107 3.53x10? 5.60x10? 2.87x10*
LAY LS C H,N AT, RERAL 4.00x10? 3.33 6.71 1.10x10?
1-FP - TR -2 PV C¢H,NO BEEIR, IRILR 3.70x107 3.46x10? 4.61x10° 4.11x10°
SR A R g C4H;,N,0 S, ISR, ARk 2.00x10° 1.12x10" 1.63x10" 1.81x10"
N C,H,N, FH, B, K, R, KE 1.80x10° 1.53x10°* 1.17x107  3.57x107
y-AE AT C4H (0, B, AT 7.90x107 5.85x10! 8.51x10? 2.35x10°
' UK, BEFR, Whihek, SRR, 3L .
y-T—RE C,,H,,0, WA A5, 15 2.10x107° 3.34x10° 3.30x10* 4.95x10*
TR T g CH, 0, SRR, WA IR 4.00%x1072 3.21 3.14x10' 436
TR C¢H,,0, bk 5.30x10°° 7.85x10° 4.78x10° 1.62x107
=y 7Y A3
A 2 E TS Ct0, AL, B §K¥,Mﬁa, )5 07 543107 4.01%10°2
i Fitt
I BT, BOH, KSR, A, R, _ _ .
LR C),Hy0, Y . 1 6.16x107  2.99x107  6.06x107
IRt £ R 3- 46 -2- I L TP iR C3H,,0, AETT, MR, ZRFET 1.30x1072 5.28x10! 3.61 1.57x10'
FRERR 2 Fg C,,Hy0, I, ST, A6, Tk 5.00x10™" 2.36x107 4.45x1073 3.61x107
MRi-3- O Js /K A% 1 i C3H 40, AETT, 55T, DRk 1.15x10™" 6.85%107" 9.95x10™! 7.19
RN R CoH,,0, BITOR, 67, R, A 3.64x10™" 2.77x107! 4.70x107" 2.69x1072
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Fig.7 Fresh ginseng, fermented ginseng and fermented-

processed ginseng electronic nose radar
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