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Abstract: Objective In response to the traditional belief that the medicinal properties of Shengjiang (Zingiberis Rhizoma Recens,

ZRR) change after processing, this study integrated electronic bionic sensing, gas chromatography-mass spectrometry (GC-MS), and
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molecular dynamics simulation techniques to systematically elucidate the dynamic changes in the volatile components of Sichuan-
origin ZRR and its processed products [Ganjiang (Zingiberis Rhizoma, ZR), Paojiang (Zingiberis Rhizoma Praeparatum, ZRP),
Jiangtan (Zingiberis Rhizoma Carbonisatum, ZRC)]. It also revealed the core molecular basis behind the pungency of ZRR and its
interaction mechanism with the vanillin subtype 1 of the transient receptor potential vanilloid 1 (TRPV1). Methods Electronic tongue
was utilized to establish a numerical evaluation model for the tastes of ZRR and its processed products, thereby clarifying the
differences in odor between different samples. GC-MS was used to analyze the changes in volatile components of ZRR and its various
processed products. Autodock-1.5.7 and Pymol were applied to perform molecular docking and visual analysis of the common
components in these samples in relation to the pungent taste receptor TRPV1. Additionally, molecular dynamics simulations were
conducted using the Gromacs 2022 software. Results Electronic tongue testing revealed significant differences in taste scores
between ginger and its various processed products. GC-MS analysis demonstrated variations in the content and quantity of volatile
components between ginger and its different processed products. A total of 15 chemical compounds were common to all products of
ZRR, while 14 volatile compounds were unique to ZRR, eight to ZR, one to ZRP, and five to ZRC. Most of these compounds were
terpenoids. The content of monoterpenoids decreased and the content of most sesquiterpenoids increased after ZRR was processed. the
components of elemol and zingiberenol were converted into (—)-cis-p-elemene and a-curcumene. Molecular docking and dynamic
simulation studies showed that compounds such as elemol and zingiberenol could form stable hydrogen bond networks with amino
acid residues such as LEU-1383 and ILE-1441 on the 8GFA protein, with the binding mechanism being a combination of van der Waals
forces, electrostatic interactions, and hydrogen bonds. Conclusion The pungency of ZRR significantly enhanced after processing,
with sesquiterpenes likely serving as the primary material basis for this effect. These compounds bind to the TRPV 1 receptor via stable
hydrogen-bonding networks and van der Waals forces, thereby elucidating the scientific mechanism underlying the increased pungency
post-processing.

Key words: Zingiberis Rhizoma Recens; Zingiberis Rhizoma; Zingiberis Rhizoma Praeparatum; Zingiberis Rhizoma Carbonisatum;
volatile components; electronic bionics; TRPV1; pungency; electronic tongue; terpenes; elemol; zingiberenol; (—)-cis-p-elemene; o-

curcumene
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Table 1 Precision results of electronic tongue response

values for seven electrodes (n = 3)
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Fig. 5 Total ion current chromatograms of GC-MS for ZRR, Zingiberis Rhizoma (ZR), Zingiberis Rhizoma Praeparatum
(ZRP) and Zingiberis Rhizoma Carbonisatum (ZRC)
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Table 3 GC-MS total volatile components analysis of ZRR, ZR, ZRP and ZRC
= i e FHXT 5 /%
%5 te/min B 1= E 1% WE R

1 5.141 3-¥f% CioH1s 3.58 0.25 0.67

2 5548  2-FHILIIR[4,3,0] T-1(6)-% CioHis 1002 098 213 0.73

3 6.023 & Ci1oH1s 0.25

4 6.171 5,5-dimethyl-1-vinylbicyclo[2.1.1]hexane CioH1s 0.56

5 6.372 AR CioH1s 1.19 0.36

6 6.858 KT CioHs1s 1.00 0.51

7 7.545  1-3F FPE-4-(1-F 3L 2075 ) ER e CioH16 765 3.87

8 7.590 (2R,5R)-2-H JE-5- N bt 2- B XU [3.1.0] Cu)e-2- B CioH1sO0 1835  4.03

9 9.004 i b JH Ui CioH16 0.46
10 9.370 YRR C10H180 099 0.36
11 10.858 FF s Ci10H1s0 0.21
12 11504  Fefielem CwoH1O  1.86 087 037 049
13 11.647  3,7-dimethyl-3,6-octadienal C10H160 0.30
14 11.722  A-EHsHE C10H180 0.24
15 12,134 o-FATMEE C1oH180 1.37 0.51 0.34
16 12397 IERWE C10H200 0.35
17 12992 FHFEE C10H200 0.46
18  13.667 FAEITHE C10H180 2.71 0.45
19 14.222  FriFE CioH160  15.76 4.83 2.27 1.80
20 14.634 ol OB VK g C12H2002 0.67 0.27 0.33
21 14812 2-+—id Cu1H220 0.44 0.44
22 16.008 S-HRE M CisH24 0.25 0.40
23 16.322 3,7-dimethyloct-6-enyl ethyl carbonate CisH2403 036 0.25
24 16.934 (- ETE M CisHo24 0.53 0.91 0.66
25 17.089 o-JR)E CisH24 2.24
26 17.100 farnesol, acetate C17H280> 2.65 3.12
27 17112 (E)-3,7-dimethylocta-2,6-dienyl ethyl carbonate CisH203  2.98
28 17.449 B-HiEM CisH24 0.66 1.86 1.57 1.87
29 18211 B CisHz4 0.66 0.79
30 18.462  (+)-FWIFKAR & M- CisH24 0.53 1.59 1.60 1.92
31 18.863 (E)-2- A IE-4-(1- Y M AL A ) Ci0oH1202  0.59
32 18.869  2-FHAIE-6-U A ALK C10H1202 0.26
33 19.040 (+)-1,7-=F-B-HIAE CisH2s 1.03
34 19.286 FHHIE CisH24 0.54
35 19292 (+)-FHEH CisH24 0.35 0.46
36 19.647 (2S4R,7R,8R)-3,3,7,11-J F = #£[6.3.0.02.4] +—H%-1(11)-/i  CisHaa 0.18
37 19.658  y-LhiE CisH24 0.52
38 19715  (0)-E KA CisHzs 033 094 382 473
39 19.813  o-FEH CisH22 2.07 5.88 5.09 6.74
40 19.973  o- KRN CisH2a 0.47
41 20.276  7-F-fELMAE CisHo4 12.80 20.91 0.43 0.51
42 203719 y-KJEME CisH24 111 093 047 3.16
43 20.379 MK CisH24 12.08 3356 29.15
44 20.488 &E X CisHa4 2.01 7.00 7.46 6.79
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F5  tr/min L 71X TE TE iz En
45 20.614  B-4L¥% MG CisH24 2.34 6.66 6.63 6.74
46 20.762  (+)-epi-bicyclosesquiphellandrene CasHa4 0.22 0.64
47 20.837  JiE-A % 2£-4(15),5- ) CisHaa 0.64
48 20911  y-HMAE CisH2a 0.74
49 20.928 BEVE R CisH260 0.22 0.44
50  20.986  ¥&-RihEE LS C17H2802 0.44
51 20.997 A-FERA N CisH2a 0.64 0.81
52 21.134 BRI HE CisHz4 466 1601 1299 13.44
53 21197  (2)-y-XLilk CisHzs 0.21 0.41
54 21752 {REHEEE CisH2O  0.36 0.33
55 21.798  1p-FRILARFLIIIL-4(15),7- "M CisH240 0.21
56 21918 MiAHEE CisH260 1.51 0.94 1.07 1.61
57 22.096  trans-sesquisabinene hydrate C1sH260 0.23 0.42
58 22.330  a-BAE AL CisH260 0.50 0.53
59 22.359  REACHEE CisH260 0.62 0.99
60 24.024 o-FFA M CisH24 0.23
61 24.041  (H)-o-KMH IR CisH2a 0.25
62 24762  selin-6-en-4o-ol C15H260 0.39
63 25.168 WA A CisH260 1.30 0.85 1.05
64 25220  a-acorenol C15H260 0.61 0.41
65 26.290 B~z I i CisH260 0.79 0.53 0.49 0.73
66 26433  SHEH T 2R C15H260 0.70
67 27.062 Rl CisH240 0.22
68 27.068  _JIEIE-1-EA) C1sH240 0.31
69 27.961  EIEIHNE CisH260 2.09 1.66 0.52 1.18
70 35.800  (E)-1-(6,10-dimethylundec-5-en-2-yl)-4-methylbenzene CaoHa2 1.47 1.37 1.63
71 36.264 T 3 5% e i C20H340 0.52
72 37.414 El - N i C20H340 0.73 0.35 0.34

8
(11.1%)
6
(8.3%)

14
(19.4%)

5
(6.9%)

4
(5.6%)

Blo HERHMTISFELMERSTFESIE
Fig. 6 Venn diagram of volatile constituents from ZRR

and its processed products

(F2&. M3 ZR) K UL IEA 3 R MR
YENECAR, 4375 TRPV1 SZ2ARTF 4 T X 7%,
iz Hf} Autodock Tools-1.5.7 B4 58 4+ X #5448,

F KM Pymol A Xf 45 & fE /)y T--25.104 kJ/mol
(=6.0 kcal/mol) [PI%f M) QAT AT MUAL 3BT, 45

BN, AR R S R U S SRR
& TRPV1 2ILH REFI & (&5 K 7.

2.3.5 REATERMERY KILE GRS
TR, BT A ZFHRYIR EERNER . 26
Wy ZERSE RS ik — D R N AR 2 SR R )
JRR R, AHI TN AR S R R AR R T
B, SEREIAEZEBEE, HERMMMESEE
BIR AR, A BT R R BN &
Jf s M EERREA S TRPVL EE S
HReTHE I, 2RSS 5 TRPVI
FASEETEERL (R 6), HlhiZRa M4 &35
BEHS, R0 IR MR 2 2 RIS BRI
F Y i B
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F4 EZRFEEHIGEFTELRMRIREE
Table 4 Volatile oil components and contents of ZRR and its different processed products
o . . &Y XS5 /%

75 fr/min R 77 - e - e S
1 5.548 2-FIEXUIN[4,3,0] F-1(6)-15 CioHis BAGE 10.02 0.98 2.13 0.73
2 11.504 12 TE T C1oHi1s0 HiERER 1.86 0.87 0.37 0.49
3 14.222 Frig g CioH160 BAGERE S 15.76 4.83 2.27 1.80
4 17.449 B-HE 2 M CisHa4 (ER S 0.66 1.86 1.57 1.87
5 18.462 (F)-XNOR FKAR F - CisHos (ER S 0.53 1.59 1.60 1.92
6 19.715 ()-B KA CisHos [EESEN 0.33 0.94 3.82 4.73
7 19.813 o-Z W CisHx (R ES 2.07 5.88 5.09 6.74
8 20.276 T-R-AE AN CisHoq (R ES 12.80 20.91 0.43 0.51
9 20.379 Y- ARBIE CisHa4 (R aES 1.11 0.93 0.47 3.16

10 20.488 &G W CisHas (ER S 2.01 7.00 7.46 6.79
11 20.614 B-41 % 250 CisHos (ER S 2.34 6.66 6.63 6.74
12 21.134 B35 2K M CisHoq (RS 4.66 16.01 12.99 13.44
13 21.918 il C15H260 (R ES 1.51 0.94 1.07 1.61
14 26.290 At C15H260 (R ES 0.79 0.53 0.49 0.73
15 27.961 B Ci5sH260 2 Fms 2.09 1.66 0.52 1.18

x5 ‘ME” HEMSS TRPVI ZAMS FIEREEEE
Table 5 Molecular docking binding energies of common
components from ZRR and its three processed products

against TRPV1 protein

B CID 5 %548/ (kcal-mol™)
y-AR B 6432308 -7.55
(H)- XA KAR B - 13894533 -7.53
B-Ha A A 6431151 —-6.43
B-Ag i 6432456 —8.00
o-ZE M 92139 -6.75
SRy y L 13213649 -6.22
B-4LK 2l 10104370 -6.03
()-BERF& 15690920 -6.73
B35 2 7K T 519764 -5.85
ik L 92138 -6.85
2- RN [4,3,0] F-1(6)-4% 578219 -5.62
e T Je 439569 -5.79
T-RAE A A 56927990 -5.75
g 638011 -5.02
& W 5281516 -5.97
1 kcal = 4.184 kJ.
23.6 TEIIFEMGER  FET GC-MS kil

A2, T2, BE. ZRERIERS S, ks
A oIS T a5 G AT g R 7
FR, EHBCEERRIE S B-FH R4y T XHRA S R
BT FE 1AL, 5N 81, J fis. A
I JERR GLN-1013. ARG-892 5% WM/ Ny

TR T &% TLE-908. TYR-846. LEU-850. LEU-
888 /N TR T i gk Calkyl) . m-Jidt (pi-alkyl)
HKMIEAEH; THR-891. LEU-1515. ASN-886 %5
REER G /Ny TR T VGBI EAER . 21 9-
I. J 1, GLU-1438 5 B-#&mt B NI R 1 A,
LEU-2048. LEU-1421. ILE-1437 S5/NyTFHRLT
fe 3k CalkyD B /KA EAEH, ALA-2044. LEU-1415.
SER-1380 S5% LM 5 /Ny IR T VGRS JJHH H.
e 1s Z8MdtAT 7 73 e sidlh, Bt —20
WIEEBA SN T SREN, RINHRES S
IRZE T 54 W44 B8 (Gibbs binding energy, AGpinds
AGyind = AEvaw + AEcie + AEpo1 + AEnonpol — TAS ) 14
o, SR INE T,

T TS 100 ns I [8] P9 & A BLAE F S 0481
MEAER. BlEEE (R ¥ HREKYE (root mean
square fluctuation, RMSF). Mty ) al K 2% 1H
(buried solvent accessible surface area, BSASA). 3
77 MR 22 H ¥ 77 AW Z {6 (root mean square
deviation, RMSD). E#HEEFSH, MKk RIT
SEMEHHTRE Y. WP 8. 9-AL By C. E. G, Hf
N, BERSEHER, BEY4E5KF RMSD. Re. Buried
SASA. FF R EAF H SVerEeA B SR
SEHUE S RILHIRIAS E A H, XRWE ML
K TR R

H1 1 8. 9-D KL S TN, Ny TS R
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Fig. 7 Visualized molecular docking diagrams for common volatile constituents with binding energies lower than —6

kcal-mol™! toward pungent-taste receptor TRPV1

AR DT S E AR R IZEhE T
Fasg, XRUN TRE R ES & T EAL G
s AN T HERARNSSERDEHTRE . XL
AT B A SRBRIUMA R, SR8 8. 9-F B
™ M TRERESREER R, XRWWNM T 5EA
RS A IRES, HEGREMNE. 2T T
XFEHOR, Wl TRPVL A5/ F 2 8 23

AR S ST . AR — DS 7> T3 75
B, 0 = AR B IR T S & Be 4L TT 7
r GRD. SRER, EEYhiamEe ) JHEAEH
e (Van der Waals interaction energy, AEvw) =11 &
Hi#H B E H B8 Celectrostatic interaction energy ,

AEq.), H =¥ e T Hi/KMHEAERH 8 (nonpolar

solvation energy, AEnonpol) o
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*6 AEMEFMEFEELMKSLRES TRPVI EENESHE
Table 6 Unique volatile oil components of ginger with different processed products and their binding energies toward
TRPV1 protein

s k4L 7T Byt CID  #i&fg/(keal'mol™)
e - P CioHis  HR5JE 18818 -4.72
5,5- - 1- 2R FBOR[2.1.1] Tk CioHis  HR5JE 86182191 -5.19
i i Vil A7 CioHis  HR5JE 11463 -4.92
HFA CioH1s0  HRLiE 7794 -3.93
3,7- I 3E-3,6-9F IS CioH1s0  HRLiE 6428928 -3.97
AT 4 T CioHis0  HRLiE 11230 -4.57
I CioH200 BRI 8842 -3.54
(E)-3,7-dimethylocta-2,6-dienyl ethyl carbonate Ci3H20; BrEREEE 11107057 —4.17
(E)-2-F I -4-(1-TH I3 2K 1Y) CioH1202 RAFHK 853433 431
(2S5,4R,7R,8R)-3,3,7,11-TU F X =3£[6.3.0.02.4] +—8-1(11)-F5 CisHas  fi52fii2k 521243 -6.26
o-H AN CisHas  fifmisR 11830551 —6.56
selin-6-en-4.alpha.-ol CisHaO 52 - -
SFH TR CisHaO Pt 11996452 -6.67
Kt s i CisHuO 5P 6432640 —6.48
T2 oM CisHae  f5FsE 12303902 -6.49
2- A BL-6- 1 TR 2R CioH1202 KHEHK 347577 —4.00
y-G W) CisHa  fEFiEE 595370 -6.53
Jifa-A B 2£-4(15),5- ) CisHas P 91747213 —-6.36
- IdEE £ TR s Ci7H202 fE5Fik 14683249 -6.10
1B-Z R 7 30-4(15),7- M CisHuO f5F:i53 527304 -6.37
(H)-a- KM M CisHaa  fPmsd 520957 —6.69
B Ik 5 A CaHO WG 5365872 —-491
M2 ()-1,7-2R-B-HhlE CisHas  fiPmi 16213223 —-6.63
Fok ERE CioH200 BTG 8175 -3.16
E R CisHa  f5Pas 10899740 -6.57
o- AR M CisHa  f5Pas 12306047 —6.88
A-FEFA A CisHa  f5Pas 6432404 -6.39
TR A CisHuO 553 534683 —7.45

FELS G REIA BUR R b, YOAEAE I 3 S AE
I, AR AR AR RN, B /KO B U kS
B AEH o 3R 51 15 -TA R PR 28 2 R AR
4k 4 B¢ (molecular mechanics-Poisson Boltzmann
surface area, AEmwmpssa) 456 BERFAT 0, RIS
RN BAREE S RERI TTRME,  JETIX SR B A
BRERIEHIE . RS H SR TR
HIB A 8. 9-1. T s, AT SR BEEE N
TEE R LR HE ILE-904, LEU-888 %;
5 B-F M EE > 785G B S B IR AL LEU-
1383. ILE-1441 %%,

3 g
WK, RERMEEEED . Z0. W56

MR SIS T o 20301, Horhr, ZBRRAE N RAR
Wy 2RPE, A& E R E B R, BA
TRPV 1 (@8 R E B AR s H 2 HoAR S
TG, RGN 7Y A 2 S B A (T2, A
2. FZR) RS KA, DRHYE
FEWRSZAR TRPVL o FAERMLE], A
Bl ket 7 2 4R . AR SIS SE AR,
A M S HE R AR RO 2 (0.45%) > 3%
w® (0.40%) >T3 (025%) >4 (0.15%), %
R BERIONEZE (46) >T 2 (39) >3
w (37) >MZ (32). A28 R M) ik 2= o 22
S B WL 0T B8 DA v A 1 I A5 B 2K Rl o 5 R 3
B, (RIS ER 0 oy WIS AP I 22 S M I 55 10 1) B-
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ST HEAZEMAET (Buried SASA); F-EHIM R E S G-E&Y. EALE/N TR Ligand ) RMSD; H-Z%#%( (Hbond number);

HEAS MM TEAA A FEAS/DTIELER; B9 .

A-binding energy between the small molecule and the protein (VDW and ELE); B-R, of the complex; C-RMSF of the protein within the complex; D-

distance between the protein and the small molecule binding site (dock site-ligand); E-buried SASA between the small molecule and the protein; F-

superposition of simulated conformations; G-RMSD of the complex, protein, and small molecule ligand; H-number of hydrogen bonds; I-binding sites

between the protein and small molecule; J-interactions between the protein and small molecule; Same as figure 9.
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Fig. 8 Molecular dynamics simulation results of TRPV1-zingiberenol
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Fig. 9 Molecular dynamics simulation results of TRPV1-f-eucalyptol

®7 ER-DTRERSTESRREEER
Table 7 Binding energies and their components of protein-ligand complex under stable equilibrium state
Eé#@ AEvaw AEele AEpol AEnonpol AEMMPBSA —TAS AGhind
TRPVI-ZEEGE —~151.80£222 —-37.61£0.69 107.06£1.60 —17.15£0.05 -99.49+1.54 19.54+2.17 —79.95+3.32
TRPVI1-B-#MtE  —133.75+1.66 —19.20+5.14 87.80+3.64 —18.844+0.09 —83.98+1.12 9.87+0.70 —74.11+1.74

ILE-1441 SE5 B E BUFs 8 M S B 4%, 0 Il
A ILE-904. LEU-888 2554 3 (135 i 46 Alife
HAEH, B 1 R O R SR RIS )
TEREE S5 7 45 G 0L

AR, TRIOHEZISFES, B
W5 B B ARG, T A B UK D233, (EE 1S DGR 1A,
AR S R OR BUAE A RHEH G (T2, B2, %),

HRERSS R, 2HERESEA S, B
fEmE RS TRPV IS & R i T 5 hi 2,
RIPILE TRPVI1 454 A8 1558, W\ T ETHHER T
Az LA 5 S BRI SR R NI, TNIESAE 2
L1 T I 1D 2 XU T AR R AU 5 i 2 R 3 (R R 2
AT B i M SRS A AR S 2 R R K

A FUREN R () J )-8 57 ORERB A, HiF
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