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Abstract: Objective To establish a rapid qualitative method for evaluating the content of multi-index components quickly and
non-destructively by using near infrared spectroscopy (NIRs), and improve the quality control level of Zingiberis Rhizoma from
different geographical origins. Methods An ultra performance liquid chromatography (UPLC) method was established to
determine the contents of 6-gingerol, 8-gingerol, 10-gingerol and 6-shogaol in Zingiberis Rhizoma, which were adopted as the
reference value. The NIRs of the samples from different geographical origins were collected. The different spectral pretreatment
methods were compared and the best one was selected. Synergy interval-PLS was used to screen the characteristic spectral interval to
obtain the best partial least squares regression (PLSR) model of each index component of Zingiberis Rhizoma. Results The
coefficient of determination for calibration (R?c) for the best PLSR models established for the quantitative determination of
6-gingerol, 8-gingerol, 10-gingerol, and 6-shogaol in Zingiberis Rhizoma was 0.973, 0.980, 0.979, and 0.938, respectively, while the
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coefficient of determination for prediction (R%) was 0.926, 0.920, 0.883, and 0.781, respectively. The values of residual predictive
deviation (RPD) of the four final optimized PLSR models were greater than 2. The results suggested that the predicted values of NIR
models and the measured values showed a good linear relation, indicating a great prediction ability of the models. Conclusion The

established NIRs quantitative model could realize the rapid determination of the contents of 6-gingerol, 8-gingerol, 10-gingerol, and

6-gingerol in Zingiberis Rhizoma. This method is simple and fast, and the results are accurate and reliable, which can serve as a

reference for rapid quality evaluation of Zingiberis Rhizoma.

Key words: Zingiberis Rhizoma; near infrared spectroscopy; 6-gingerol; 8-gingerol; 10-gingerol; 6-shogaol; quantitative model
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Fig. 1 Representative HPLC chromatograms of standard
solution (A) and Zingiberis Rhizoma sample solution (B)
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Fig. 2 Raw NIRs of 55 Zingiberis Rhizoma samples
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Table 3 Content distribution of four components in Zingiberis Rhizoma samples
o JEVETIE S R IESE TR £E
n FESE/mMggY) TWE FE n FESB/(mMmgeY) FHWE FZE n FES>B/(mgg?) FHE FE
6-£M) 55 9.383~36.004 19.064 6.340 37 9.383~36.004 19.563 6.995 18 9.583~24.249 18.037 4.734
8- 55 2.373~9.209 4.848 1.533 37 2.373~9.209 5.020 1.64718 2.607~6.335 4494 1.232
6-Z)%&My 55  0.738~4.449 1.523 0.65637  0.738~4.449 1572 0.76018  0.826~2.150 1.421 0.356
10-#£W) 55 1.166~11.641 5.926 2.31337 1.166~11.641 6.283 2.44418 1.846~8.621 5.194 1.871
T4 AEFCETRAIE G EX R AN
Table 4 Effects of different spectra pretreatments on models

5y THALEE 7 ¥2: 513k R% RMSEC RMSECV R2% RMSEP RPD

6-2 M) RAW 7 0.921 2.690 2.447 0.805 2.740 2.323

MSC 9 0.968 1.720 3.100 0.850 2.880 2.210

SNV 9 0.969 1.720 3.090 0.851 2.890 2.202

1D 6 0.976 1.500 3.220 0.886 2.380 2.674

2D 5 0.970 1.690 2.860 0.841 2.840 2.241

MSC+1D 6 0.976 1.490 2.920 0.903 2.290 2.779

MSC+2D 6 0.992 0.862 2.360 0.879 2.500 2.546

SNV+1D 6 0.977 1.490 2.920 0.903 2.300 2.767

SNV+2D 6 0.992 0.864 2.350 0.883 2.490 2.556

8- RAW 5 0.768 1.040 1.350 0.380 1.390 1.108

MSC 7 0.923 0.624 1.060 0.856 0.646 2.384

SNV 7 0.923 0.625 1.070 0.855 0.650 2.369

1D 5 0.956 0.478 0.892 0.896 0.539 2.857

2D 4 0.950 0.509 0.779 0.895 0.540 2.852

MSC+1D 5 0.942 0.547 0.818 0.883 0.576 2.674

MSC+2D 6 0.988 0.256 0.713 0.889 0.558 2.760

SNV—+1D 5 0.943 0.541 0.810 0.885 0.570 2.702

SNV+2D 4 0.958 0.467 0.714 0.903 0.528 2.917

10-32 1) RAW 9 0.921 0.940 1.580 0.715 1.280 1.824

MSC 8 0.927 0.904 1.500 0.734 1.270 1.839

SNV 8 0.927 0.907 1.500 0.733 1.270 1.839

1D 5 0.950 0.752 1.250 0.824 1.060 2.203

2D 8 0.996 0.209 1.000 0.881 0.877 2.662

MSC+1D 5 0.950 0.752 1.160 0.824 1.070 2.182

MSC+2D 6 0.985 0.418 1.140 0.837 0.998 2.340

SNV—+1D 5 0.952 0.741 1.160 0.833 1.040 2.245

SNV+2D 8 0.996 0.213 1.080 0.848 0.969 2.410

6- 22 I RAW 8 0.918 0.297 0.297 0.289 0.528 1.252

MSC 8 0.937 0.262 0.718 0.346 0.457 1.446

SNV 8 0.937 0.262 0.720 0.342 0.459 1.440

1D 8 0.973 0.173 0.537 0.580 0.384 1.721

2D 6 0.957 0.217 0.542 0.657 0.324 2.040

MSC+1D 7 0.961 0.207 0.536 0.594 0.372 1.777

MSC+2D 5 0.940 0.256 0.494 0.607 0.334 1.979

SNV—+1D 7 0.962 0.206 0.536 0.595 0.371 1.782

SNV+2D 5 0.940 0.256 0.494 0.605 0.335 1.973

AREFH, EE UL S R AahiE X (&
SG 5k 11 fiFE 5N 9 981.74~4 018.92 cm™) 41
B 20 NEERRIX A, IR GG X R ) 2~4 A
FXIEFATHE, DI HBCGRCRE, A d &
Y828 Y IRAFHE, RMSEP s/ NEZH &40 %
A, MR IE W ) Fe s X R AL i PLSR
SE AR, I H ARFAIE X [ 0 R R e A I AR A
Wi 3. 4 Fiose 4 Fpisri PLSR AR S5k 5
Fis, 6-ZM A s k& X Ay [5, 17, 201,
XoF B K Va8 789.95~8 492.97 cmL,

5 206.86~4 913.73 cm 1 1 4 312.05~4 018.92 cm!
(E 3-A); 8- AEN IR & X A [15, 18,

20], XM KE A 5 804.68~5 511.56 cm L,

4 909.88~4 616.75 cm™L F1 4 312.05~4 018.92 cm'?
(K 3-B); 10-ZMy A aik e A X 8]y [13, 207,
X B Y K Ya LA 6 402.51~6 105.53 cm~t Al
4 312.05~4 018.92 cm™ (& 3-C); 6-Z/dMy i fE:
HEREBA X TAI[17, 19], X B F9SE FEL A 5 206.86~
4913.73cm 1 f114 612.89~4 31591 cm? (|& 3-D).

6-2M. 8-l 10-ZMyixX 3 FhEm A /1% E 1



¢EH 2024128 $53% H 238  Chinese Traditional and Herbal Drugs 2022 December Vol. 53 No. 23

* 7521

selected intervals[5,17,20]

AI(X107%)

8000 6000 4000
viemt
c selected intervals[ 17,19]

——

AI(X107%)

10000 8000 6000 o 4000
vicm™

AI(X 107

AI(X107)

g selected intervals[15,18,20]

10 000 8000 6000 4000
viem™t

D selected intervals[15,18,20]

0.5+
; |

705 -

710 -

8000 6000 4000
vlem™

10 000

3 Si-PLS fifk By & K K X8
Fig. 3 Optimal characteristic wavebands selected by Si-PLS

401
] 6-2m B ~
~ 321 - T@
\@ i g
o - or - §
E 24 - £
= 5 on e =
= 161 ol o
S ] %" S
E Z
z 8
0 8 16 24 32 40
UPLC #& i {Ei/(mg g%
10 ] 10-%m
T@ 8 ] r o
£ ° . " =
=, - g5 °° =
= ] e ot §
zZ 2 - s
] Z
0 r T T T T T T v T v
0 2 4 6 8 10

UPLC ¥rill{&/(mg ¢72)

107

8'%% - . ﬁﬂtﬁ
81 - T4

‘ 5 . A 8 10
UPLC #ill{E/(mg g7Y)

UPLC #:iliii/(mg g72)

B4 UPLC #MES I IMER FTUNE R X 1 E
Fig. 4 Correlation of UPLC measured value and NIRs predicted value

S X [ 3L R R AR S H L HE 4 312.05~4 018.92
em ™ FIPAKTER, PR H T RE e TP E R
B 57 R T B BRSO KV Rl . 7 AR R ) i T Ak
VRN, A8 R e X AR Ak )5 1 PLSR
HAY B = R2% 1T RPD ., DA% A1 RMSEP,

Horh 6-22 4 i SR R% R 53R 0.657 #2722
0.781, 32 BRI, RV T KR
I AR, XA AR TR AR S 0 B AT 5
HE AR RPD (KT 2, RIS
SE B RO A TIAS L .



° 7522 «

¢EH 2024128 $53% H 238  Chinese Traditional and Herbal Drugs 2022 December Vol. 53 No. 23

Fz5 BETEEXIEXEEEFIFRLES AR PLSR IR
Table 5 Performance of optimized PLSR models based on selected spectral intervals combinations and pretreated methods

By BUbETRE S X BeAE Hiem LV Rt RMSEC RMSECV R% RMSEP RPD
6-%f  MSC+1D  [5,17,20] 8789.95~8492.97,5206.86~4913.73,4 312.05~4 01892 6 0.973 1580 2640 0926 1960 3.247
8-%WH  SNV+2D [15, 18, 20] 5 804.68~5 511.56, 4 909.88~4 616.75, 4 312.05~4018.92 6 0.980 0.326 0613 0920 0489 3.149
10-%#/ 2D [13,20]  6402.51~6105.53, 4 312.05~4 018.92 7 0979 0493 0891 0883 0.863 2.706
6-%M% 2D [17,19] 5206.86~4913.73, 4 612.89~4 315.91 8 0938 0259 068 0781 0301 219
3 g officinale Rosc.) and its bioactive components are

AHF TR UPLC X AS[R] = 22 24 44 v 6-32
My 8-22M) . 10-Z2 1 Al 6-22 4 Iy (13 =k AT Tl e,
I LR 8 b AN [R] FR AL B 5 v 3 HE AR A
TRALFE 5%, R Si-PLS Dtk A ' i X i)
HE, BT 6-M. 8-, 10-ZMyA 6-Z24% 1)
BN PLSR SRR, 6-Z/y. 8-ZMy. 10-£/
ff) R2 2354 0.926. 0.920. 0.883, FAmAAL
(1) PLSR #5784 BAT R UF il g, s R 5 B
SHEFT, BAR 6- LM AR TN AR 2, H
WAL F] T 0.781. KL LLAHGIELL 4 PLSR A0S
X2 4 MR B AT IR R T, 2 —
Pl BB PR 22347 ok B S PR A I 7V

TENERAEWRZM, BT (hEZH)
2020 4 FRAE 1T Z Fa AR e O AU 6-22 8 1A
gy, IEAETEMEIPEN TZ 0, o R
JEEAEE . AR ETEERE SR X B 7. SR G B,
FEIF A 2207 VA b, LD AN G B BT FE L T
AOFRTRT R, PTG S5 RUHER AT SRS, AT
FURELI) Z M RSy ()T 2 204 B AR, R
T T ZAM R EEH AR BN B —E AL, ATE
Rt — 0 T M R VA SRR, AR S
RAGME R ESTREAESE .,
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