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cold extraction and reflux, and then chemometrics and gray correlation analysis were used to investigate the differences in the
composition of Z. officinale under different treatments. Methods The fingerprints of different treatments of Z. officinale were
established by UPLC, the common peaks were screened, the common peak components were identified by Orbitrap-Exploris mass
spectrometry, and then chemometric analysis was performed by SIMCA and SPSS. Hierarchical Clustering Analysis (HCA), Principal
Component Analysis (PCA), Orthogonal Partial Least Squares-Discriminant Analysis (OPLS-DA) and Grayscale Correlation Analysis
were used to evaluate the compositional differences of Z. officinale under different treatment methods. Result Ten shared peaks were
identified from the Z. officinale fingerprint profile, with similarities between 0.972 and 1.000 for each batch. Nine shared peak
components were identified by Orbitrap-Exploris mass spectrometry. The results of HCA and PCA showed that Z. officinale treated by
cold extraction and reflux methods could be clustered individually, and OPLS-DA confirmed that 6-gingerol, 6-gingerenol, 8-
gingerdione, 8-gingerol, 1,4-desdihydro-8-gingerol, and 1,4-desdihydro-10-gingerol were the key components for the variability of Z.
officinale under different treatments. The results of the gray-scale correlation analysis showed that the treatment of Z. officinale by cold
extraction method could yield more curcumin, gingerolenic components. Conclusion UPLC fingerprinting combined with
chemometrics can assess the quality and flavor content of Z. officinale, which can effectively distinguish between Z. officinale treated
by cold extraction and reflux methods and screen out the differential components, providing a reliable method for the selection of Z.
officinale treatment.
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Table 2 Results of similarity evaluation of fingerprint profiles of Z. officinale samples with different treatments

HALUE

G5

S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 SI1 S12 S13 S14 S15 S16 S17 SI8 R

1.000 0.999 0.999 0.997 0.997 0.997 0.993 0.998 0.990 0.999 0.999 0.998 0.997 0.998 0.999 0.998 0.999 0.998 0.999

S2  0.999 1.000 0.998 0.994 0.994 0.993 0.989 0.997 0.985 0.999 1.000 0.995 0.995 0.999 0.999 0.999 0.997 0.994 0.998
S3 0.999 0.998 1.000 0.999 0.999 0.998 0.997 0.999 0.994 0.998 0.997 0.999 0.999 0.997 0.996 0.996 1.000 0.998 1.000
S4  0.997 0.994 0.999 1.000 1.000 0.999 0.999 0.998 0.998 0.994 0.993 1.000 1.000 0.992 0.993 0.992 0.998 0.998 0.999
S5 0.997 0.994 0.999 1.000 1.000 0.999 0.999 0.998 0.998 0.994 0.993 1.000 1.000 0.992 0.993 0.992 0.998 0.998 0.999
S6  0.997 0.993 0.998 0.999 0.999 1.000 0.998 0.998 0.997 0.994 0.992 0.999 0.998 0.992 0.993 0.992 0.998 1.000 0.998
S7  0.993 0.989 0.997 0.999 0.999 0.998 1.000 0.997 0.999 0.990 0.988 0.998 0.998 0.988 0.988 0.988 0.996 0.997 0.996
S8  0.998 0.997 0.999 0.998 0.998 0.998 0.997 1.000 0.994 0.996 0.996 0.998 0.998 0.997 0.995 0.995 0.998 0.998 0.999
S9  0.990 0.985 0.994 0.998 0.998 0.997 0.999 0.994 1.000 0.985 0.983 0.996 0.996 0.983 0.984 0.983 0.992 0.995 0.994
S10  0.999 0.999 0.998 0.994 0.994 0.994 0.990 0.996 0.985 1.000 1.000 0.996 0.996 0.999 0.999 0.999 0.998 0.995 0.998
S11  0.999 1.000 0.997 0.993 0.993 0.992 0.988 0.996 0.983 1.000 1.000 0.994 0.994 0.999 0.999 0.999 0.997 0.993 0.997
S12 0.998 0.995 0.999 1.000 1.000 0.999 0.998 0.998 0.996 0.996 0.994 1.000 1.000 0.994 0.994 0.994 0.999 0.998 0.999
S13 0.997 0.995 0.999 1.000 1.000 0.998 0.998 0.998 0.996 0.996 0.994 1.000 1.000 0.994 0.994 0.994 0.999 0.998 0.999
S14  0.998 0.999 0.997 0.992 0.992 0.992 0.988 0.997 0.983 0.999 0.999 0.994 0.994 1.000 0.998 0.998 0.997 0.993 0.997
S15  0.999 0.999 0.996 0.993 0.993 0.993 0.988 0.995 0.984 0.999 0.999 0.994 0.994 0.998 1.000 1.000 0.996 0.994 0.997
S16 0.998 0.999 0.996 0.992 0.992 0.992 0.988 0.995 0.983 0.999 0.999 0.994 0.994 0.998 1.000 1.000 0.996 0.993 0.997
S17 0.999 0.997 1.000 0.998 0.998 0.998 0.996 0.998 0.992 0.998 0.997 0.999 0.999 0.997 0.996 0.996 1.000 0.998 1.000
S18 0.998 0.994 0.998 0.998 0.998 1.000 0.997 0.998 0.995 0.995 0.993 0.998 0.998 0.993 0.994 0.993 0.998 1.000 0.999
R 0.999 0.998 1.000 0.999 0.999 0.998 0.996 0.999 0.994 0.998 0.997 0.999 0.999 0.997 0.997 0.997 1.000 0.999 1.000
A 2.2.3 OPLS-DA OPLS-DA A fig#%fit }1 2%
| | R2x 4y 0.985 1 R% Jy 0.937, TiMllAE /154 Q2 Ny
| |
T T P Y 0.637, F/r UiHWIFT M) OPLS-DA MM R 4T, Tl
B‘| .......... S . R ‘{IJ-UHijgE, ﬁéﬁT+MiX OPLS DA E/Jﬁj\ﬂé
| SR 5 PCAGE R —3, 7 HrAE s A AT I 15
‘ 1 AR B AUE M (very important person, VIP)
A ! ! . - = . = K] AN L Fp) N y \\w/\
s w w T w w e CES) L ZESTEE, BLVIPE>1 i
. > e s y N N iy 4
{/min BXREA A BEM TR . A, kS
B2 4£ZF (A fa B) BFHXT UPLC-Orbitrap- 2 6 MoTEtER KK Z Ry, RN 6-%
Exploris B2 ET#RE (TIC) My, 8-ZMy. 8- Wi, 10-ZEWy. 1,4-F ~5-8-
Fig.2 Total ion flow diagram (TIC) of UPLC-Orbitrap-Exploris EWy, 1,4-F5-10-FZW, w{EANAR L
in positive (A) and negative (B) ion modes of Z. officinale R R R EEN AR E R .
% 3 UPLC-Orbitrap-Exploris ¥ E+ ZH X B IEK D
Table 3 Identification of shared peak components of Z. officinale by UPLC-Orbitrap-Exploris
T AW B PR wmin B RRE (nh) WRE () RE (X109) B
1 4 CisH205 18.58 [M+H]"249.148 5 249.148 § 0 179.070 1, 177.090 9, 145.064 8, 137.059 7, 117.069 8
2 6-FE i Ci7H260328.40 [M+H]"279.1955  279.196 1 2149 261.1848,229.158 4,177.090 9, 163.075 3, 137.059 6,
131.049 1, 103.054 1, 95.085 4, 81.069 8
4 Fn 31.95 [M+H]*
5 14-2: 2 5-6-F CiiHn0444.94 [M4H] 291.1591 291,159 1 0 291.159 1, 273.1486,177.0546, 99.0804, 71.085 5
7 i CioH280443.97 [M+H]" 321.2060  321.2059 —0.311  261.184 8,229.158 5,207.137 8, 191.106 4, 177.090 9,
163.075 3, 137.059 7, 81.069 8
9 14-% " 5-8-%0 CioHe0452.83 [M+-H]" 319.1904  319.1903 —0.288  319.1903,177.054 6, 137.059 7, 127.111 7, 57.069 9
10 1,4-% Z5-10-%E) CuHz00459.73 [M+H] 3472216  347.2215 1204 347.2215,329.2109,297.184 8, 177.054 6, 71.085 5
3 6-% ) Ci7H260429.41 [M—H" 293.1758  293.176 5 2388 275.1293,175.040 3, 193.050 9, 135.045 3
6 8- CioH300438.86 [M—H] 3212071  321.208 3 3.736  321.208 3,303.198 1, 135.045 5, 125.097 6
[

10-8) C21H340447.06 [M—H] 349.2384  349.2393 2578 349.239 3,331.228 9,177.056 0, 135.045 5
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different treatments
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Fig. 4 PCA score plot (A) and principal component gravel plot (B)

&4 EporERE
Table 4 Principal component matrix
A 1G5 Ll Sf e S Ll
1 2 3 1 2 3
0.965 0.094 —0.108 4 0.855 —0.401 0.132
0.946 0.184 0.156 3 0.847 0.435 0.226
0.904 0.032 —0.349 5 0.820 —0.400 0.142
10 0.867 —0.252 —0.251 1 0.494 0.799 0.041
9 0.861 —0.066 —0.461 2 0.636 —0.173 0.702
x5 ERSFEERGEREE
Table S Principal component eigenvalues and variance contribution
s HIIRRHIEAE SEMCAT 5 Al
s TTETEFEIY% BB ETTERR% Mt TETREIY% BRI ETTHRE Y%
1 6.905 69.046 69.046 6.905 69.046 69.046
2 1.290 12.905 81.951 1.290 12.905 81.951
3 1.017 10.166 92.116 1.017 10.166 92.116

MBI, Na NIEIEEHE, NoNEE X DNEEREE kA
ebrrBME, Hboi=1, 2, 3-X, X=18; k=
1, 2, 3-n, n=10. KHIBSEIEIEHEHFEN
FEPRIEAT K ORERE 30, LA 18 HEAS[RIAb B 7 72

(AR R AR PN T, R 5 FE ARG AR 1) e K
BERBMMSHEFY, mMENRESHTH, XA
SPSSPRO 7 28 73 #1 % i LA Fig 4 1 1% 06 Th AR R PPAR
fabr, THESIEN TSN T RIL. ESFH TS
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Table 6 Principal component scores and composite scores of Z. officinale samples

Y Y1 Y2 Y3 Y He44
S13 3.07 1.20 1.62 2.44 1
S12 3.07 1.10 1.60 242 2
S10 3.15 0.16 —0.48 2.15 3
S14 2.94 —0.15 -2.05 1.80 4
S18 224 2.01 —0.86 1.72 5
S15 2.54 -2.42 0.75 1.52 6
S16 2.16 -2.18 0.58 1.27 7
S11 1.80 -0.92 —0.64 1.06 8
S17 0.97 1.36 —0.53 0.79 9
S1 -1.20 —0.02 —-0.61 —-0.89 10
S9 —-1.61 —0.34 1.46 —-1.01 11
S6 -1.78 0.78 —0.03 -1.13 12
S8 —-1.66 —0.57 -1.12 -1.33 13
S3 —2.65 0.10 -0.45 -1.86 14
S2 -2.56 —-0.78 —-0.78 —1.94 15
S5 -3.40 0.05 0.67 -2.27 16
S7 -3.50 0.36 0.34 -2.34 17
S4 -3.59 0.25 0.52 -2.39 18
Aol o AL RT NELEFSENE ZAEREXN XKERREMN S H
15 L F&ER
= (1)(5) Table 7 Relative correlation and quality ranking results of
§ 8 S i Z. officinale samples with different treatment methods
a -1.0 UK ARX RALRIRE AN B 2 RIS XS SRIRE HE4
= ~L5 S13 0.940 0.768 0.550 1
20 S12 0.936 0.769 0.549 2
_2'5_3 6 -4 0 2 4 6 . S10 0.928 0.766 0.548 3
1.000 04*[1] S18 0.923 0.781 0.542 4
S14 0.910 0.776 0.540 5
B S15 0.880 0.794 0.526 6
S16 0.874 0.800 0.522 7
S11 0.868 0.804 0.519 8
N S17 0.855 0.813 0.513 9
S S1 0.800 0.872 0.478 10
S6 0.787 0.890 0.469 11
S8 0.783 0.898 0.466 12
S9 0.782 0.906 0.463 13
6 7 9 10 3 4 5 2 1 S3 0.768 0.921 0.455 14
VarlD (Primary) S2 0.766 0.947 0.447 15
S7 0.755 0.938 0.446 16
El 5 OPLS-DA {357 (A) # VIP {H (B) S5 0.753 0.950 0.442 17
Fig.5 OPLS-DA score plot (A) and VIP values (B) 3 0.1 0952 0441 8
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B 100 mL gk S5, BT IR,

242 TR Reference ¥ (FEHEWD : 30
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mmol/L ] KCI ¥3%A1 0.3 mmol/L AR (GEHER:
FAFAEIRAR AR Foe il VRl tHIRmRbi e/
ATITUEHEARD 5 MAEYER: 100 mmol/L #hR+
30% AR 2 F%; IEMEVER: 10 mmol/L E &AL+
100 mmol/L 58 4-30% AR 2. CIE AR e :
FAF X RS NE T
243 WP EMALER KRB EHARN AL
L PRI ZRSEIH T, SRR, 45
DL 6-A. I TIAR M SPSS Shar t K560, KL
ATRANERAL R A 2 R B e 5

A

PR AR
I A Wik 2
Aok i WA 3
10 [l 1
8 [E]37E 2
6 EI i
Ak ] Tk
FEE ELNEIS

fef ik HAZNEILTR

2.4.4  AN[ELCEETTE T I AR AR A 20 R B
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e AR B B FIRR B 7 2 TR DR EG, W AR 22
H 6 AN A5 AR R A B D (BT
JRHh (Pearson) AHIEMErHT. 5K (K 6-
B) , 6-%My. 8- M. 10-EM). 14-F A-8-%
My 1,4-2 Z5-10- 22 W) 5 BR MR AZTE 1235 16 IEAH 5%
PE; G-y SERIE. TEBR. TERR. TERR[EIE. VR
IR AAAE 38 B AR e, Sk, FE M. vk
FFAE 3 I AR

B

[k 0.850%* 0.801 0.824* 0.823* 0.825% 0.833* o

k- 0431% 0563 0267 0391 0224 0270 0

k- 0.515%* 0613 0342 0467 0308 0342 05
TER AR - 0.723%*%  0.725 0.587 0.689 0.585  0.645 -0
TRBRIER- 0.774%% 0.819 0.683 0771 0.662  0.698 —05

{1k —0.837** —0.798 —0.780 —0.807 —0.780 —0.802 -1.0
FF ME—0.804%% —0.797 —0.680 —0.762 —0.677 —0.727

JWk- 0086  0.232 —0.030 0.045 —0.074 -0.056

Hik—0.551%* —0.547 —0.494 —0.529 —0.480 -0.497

6- LW 8- 8L W 10-EW 1454 1454
8- 10-2/)

*P<0.05; "P<0.01.

E6 ARAEFETEZBEFERRESELE A) FRREESEZFEERTHEXESTER (B)
Fig. 6 Radar map of Z. officinale electronic tongue taste information under different processing methods (A) and results of
correlation analysis between taste information and signature components of Z. officinale (B)
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