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Abstract: Objective To establish UPLC fingerprint chromatograms and multi-component content determination methods for raw
and steamed by ginger juice Pouzolzia zeylanica, and to explore the differences in chemical components before and after processing
by combining chemical pattern recognition technology, providing experimental basis for the construction of quality standards and
quality evaluation of ginger-processed P. zeylanica. Methods An ACQUITY UPLC HSS T3 column (100 mm x 2.1 mm, 1.8 pm)
was used with a gradient elution of methanol and 0.1% phosphoric acid water solution as the mobile phase. The column temperature

was 30 C, the flow rate was 0.3 mL-min"", and the detection wavelength was 300 nm. Fingerprint chromatograms of raw and ginger-
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processed P. zeylanica were constructed. Similarity evaluation, principal component analysis (PCA), and orthogonal partial least
squares discriminant analysis (OPLS-DA) were used to screen for differential markers, and multi-component quantitative detection
was completed. Results UPLC fingerprint chromatograms of P. zeylanica before and after processing were successfully established,
and 13 common characteristic peaks were identified. By comparing with reference substances, four components were identified, namely
protocatechuic acid (peak 1), chlorogenic acid (peak 2), vitexin (peak 9), and rutin (peak 12). PCA and OPLS-DA models could
effectively distinguish raw and ginger-processed products, and four characteristic index components, namely protocatechuic acid,
chlorogenic acid, rutin, and 6-gingerol, were comprehensively screened. After processing, the contents of chlorogenic acid and rutin
significantly decreased (P < 0.05, 0.01, 0.001), the content of protocatechuic acid showed an upward trend, and 6-gingerol was only
present in ginger-processed products. Conclusion Protocatechuic acid, chlorogenic acid, rutin, and 6-gingerol can be used as potential
marker components for the quality difference of P zeylanica before and after ginger processing. The established fingerprint
chromatogram combined with multi-component quantitative analysis method can clearly explain the changes in the material basis
during the processing, providing a reference for the quality control of P. zeylanica slices.

Key words: Pouzolzia zeylanica (L.) Benn.; steamed by ginger juice; UPLC fingerprint; chemical pattern recognition method;

protocatechuic acid; chlorogenic acid; rutin; 6-gingerol
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Fig. 1 UPLC fingerprints of 15 batches of P. zeylanica samples and reference fingerprint chromatogram (R)
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Table 2 Similarity results of raw P. zeylanica and P.

zeylanica steamed by ginger juice

95 FEABLE %' HREAE
w1 0.996 J1 0.989
W2 0.993 J2 0.993
W3 0.991 J3 0.987
W4 0.997 J4 0.999
W5 0.999 J5 0.996
W6 0.989 J6 0.986
w7 0.999 J7 0.998
W8 0.997 J8 0.993
W9 0.995 J9 0.989
W10 0.997 J10 0.998
wi1 0.999 J11 0.992
W12 0.997 J12 0.988
W13 0.985 J13 0.984
w14 0.999 J14 0.988
W15 0.996 J15 0.997

4 TKEEMR. G CA
Fig. 4 CA diagram of raw P. zeylanica and P. zeylanica

steamed by ginger juice
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Table 3 Component matrix
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A g S AT
Fior 1 T 2
1 —0.841 0.025
2 0.940 —0.096
3 0.927 0.180
4 —0.780 0.303
5 0.978 —0.018
6 0.832 0.290
7 0.916 0.266
8 0.942 0.179
9 0.642 —0.660
10 0.891 0.167
11 0.853 —0.490
12 0.959 0.060
13 0.922 0.195
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Fig. 5 PCA diagram of raw P. zeylanica and P. zeylanica

steamed by ginger juice
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Fig.9 HPLC chromatograms of blank solvent (A), 6-

gingerol reference solution (B) and sample solution of P

zeylanica steamed by ginger juice (J1, C)
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(X0, WEHFNMPALER (V), PMEEEEL (SN =3 it
HRIPE (LOD), SIN=10 iHEEEMR (LOQ).
LR LK 4.

T4 BMXRTEER

Table 4 Linear relationship investigation results

ot B B EppE R R 2R VE Fl/(ug-mL™Y) LOD/(ug'mL™)  LOQ/(ug-mL™?)
JR)LZEME  Y=10511 X+494.57 0.9999 0.1~10.2 0.02 0.08
SRR Y=15 347 X+9 975 0.999 3 0.5~53.3 0.12 0.48
T Y=50970.3 X+1342.8 0.999 7 0.5~50.2 0.12 0.42
6-LHiER  Y=20476 X+5282.1 0.999 7 0.5~52.1 0.08 0.40
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23.6 FEEEEEE LI FEM, %R 2327 TUTF
TiER AR, % “2.3.17 TN B R AE
SEHERE 6 IR & HARE BTN, AR
LA SRIFFR 7T . 6-Z B & I TH F RSD A
93 H 1.27% 0.63%- 0.53%- 0.66%, HI7/NT 2%,
ELNER T LR A R TR

23.7 HEMFER PATHEME 6 i J1 FMIR
AR GE=50), %8 “2.3.27 TR ik &4t
BRI, 1% “2.3.17 U OISR AT, 10
KA HPRA TR, THEAR R LRER . 251
FIT L 6-Z2BRER ()51 55 1) RSD fE 7371 1.00%
0.70%-~ 0.38%- 0.28%, 3J/INT 2%, FRHZITIEE
SR

238 FUEMEES FEWOE SRR =S
i), 4% “2.3.27 WURJ7 ik & gl s, 1%
“23.17 UG FA T =R FE 0. 2. 4.
8+ 12, 24h HFE M, 10T HAR o G AR,
THHEAFLRR. SE]R. 1. 6-ZH R Mg
i RSD 175N 1.44%. 1.05%- 0.16%- 0.62%,
BINT 2%, R\MKSIERE T IR FNE 24 h
AR E T R AT

2.3.9 INFEEIGCESE RS SRR C A& FR bR T
TR ISR 24 1, B 1.0g, FHeh—A

HEATAREG, 20 % 2 ) K B AR AR S AR AR R
I3 TR 53U 100% N NAR B0 IR, 3% “2.3.27
TR i R s, R, Ik & B
FAT VR TAR, THEIINRE R, 25 SRR E L
RIR SRR P9 T 6-Z BRI TN R
3N 102.4%. 103.9%. 101.3%- 99.28%, RSD %>
BN 1.95%. 1.51%- 1.34%. 1.21%, FHiZ5iEHE
HPE R AT
2.3.10 FEAIIGE A3 R ARE 15 55 KE . 15
HEEH K ERES, % “2.3.27 TR 5 ik &4k
VAR, FEE “2.3.17 IR g R T, il
SRUETAL, HHEREG TS B & &, 4R N
5. BEEEYE SN IBM SPSS Statistics 25 3 {4+
BTN R T Z 080, EREW: 265 LRR
SEE TS, SRR, TSRS EEMRK
(P<0.05. 0.01. 0.001); 6-ZFEF K NEZREK
PERCr, ANAE Z5 7K B M) s rh A o
3 e

IARZH A R, 2% “oEM” R EhEd
A PRI, FEEAE S 2 R AR oy RAEAER
BT CRHINRBC MRS FEEE, AR LA
PE R MRl S5 AR Rt ] T2 “ 28957, ]
HRUAMIES KBTI 2, WA E 1R

x5 TkBER ZHRIEBNEER (X £s,n=3)

Table 5 Content determination results of raw P. zeylanica and P. zeylanica steamed by ginger juice ( X +s, n=3)

JR LRI (mg g71)

SHERR(mg g7h)

FiTImgg?) 6-F5 i %/(mg g Y

.j
s T e i Yl o Yl Yl
1 0.016+0.001 0.033+0.003 0.375+0.017 0.105+0.003" 0.364+0.029 0.088+0.003™ 0.301£0.013

2 0.017+0.004 0.032+0.007 0.441+0.022 0.132+0.005™ 0.377+0.017 0.145+0.012" 0.312+0.033

3 0.016+0.003 0.028+0.007 0.403+0.009 0.107+0.006" 0.368+0.030 0.084+0.006™ 0.306+0.022

4 0.016+0.001 0.030+0.005 0.354+0.033 0.102+0.002" 0.474+0.008 0.102+0.010™  0.322+0.005

5 0.016+0.003 0.033+0.003 0.393+0.004 0.125+0.003™ 0415+0.027 0.159+0.012" 0.318+0.010

6 0.022+0.010 0.048+0.008 0.369+0.024 0.082+0.001™ 0.390+0.005 0.080+0.003"  0.306+0.006

7 0.018+0.002 0.039+0.003 0.373+0.006 0.112+0.007"" 0.507+0.025 0.133+0.016™ 0.30040.018

8 0.019+0.003 0.032+0.006 0.378+0.022 0.088+0.005™ 0.404+0.009 0.103+0.010™  0.298+0.008

9 0.015+0.002 0.028+0.003 0.369+0.016 0.156+0.027" 0.433+0.006 0.157+0.020™ 0.311+0.019
10 0.021+0.001 0.038+0.001 0.472+0.016 0.104+0.004" 0.3174+0.022 0.103+0.005™ 0.320+0.020
11 0.019+0.005 0.034+0.005 0.4244+0.008 0.119+0.006™ 0.384+0.008 0.140+0.019™ 0.323+0.005
12 0.021+0.005 0.034+0.001 0.414+0.027 0.166+0.007" 0.351+0.021 0.177+0.022 0.318+0.012
13 0.0144+0.003  0.029+0.004 0.271+.017 0.074+0.004™ 0.259+0.028 0.081+0.004" 0.31340.009
14 0.015+0.003 0.029+0.008 0.221+0.003 0.096+0.009™ 0.331+0.012 0.133+0.019" 0.303+0.008
15 0.018+0.001 0.037+0.005 0.366+0.023 0.105+0.006™ 0.431+0.009 0.139+0.015™ 0.321+0.010

Hra e *P<0.05 **P<0.01 ***P<<0.001.
"P<0.05 "P<0.01 "P<0.001 vsraw products.
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R, FHGEARZNT B I IE rREAE .

AR FFF UPLC HiAR, #7755 7K B M A
JEIFRSUEE, HSTZIEIT T 2R TIEER
E. 45 IR, TS UPLC 8408 5 54 5E
AEE. W4T, T2 H0R K A R E K
BRI SO BEAT I . o, 55K AR S 2
ZIKE TR SUERE 7 mbr e 13 AN EE I, B
RESAEUE KT 0.9, T RRIRZGH I L
W E B R — 8, AR R, B S 24
b 2 B IR R AR T

CA SRR, 30 HUFE PR ] 7 5 A e
TR 5 2 5, IR A AL 5HE 414 2
K. PCA K OPLS-DA it —BEIR, FKE
A SR F KBRS R RESARS, X5
FR 2R B AR R AR AT s HLZE 0 55 K B R R 5
SEFEFEAR FAE 0, HEDIL R v B8 M A &R
an R PR, AR RIS, WE AR — W
Bls A Z I 5 AR AT, SRS Ak 2 o
& Tt .

PLVIP>1 AffiikbnifE, AL S 7 4
S 55 7K 58 J IR I IS 22 S 1k R RFAIE B 4 e B
W E IR ELIRIR  SRIRIR . 7 T 1R NZ &
SEENERER. S2ENE 4R ER, b 3 F
A 5 ML) T J5 S A7 A B I 22 5 AR M D A
AR, SRR KA AR, A BOHT S R
LWy SRR R AE M HERR 5 2 e R TR A I i S
A PUs16], IR TR AR K AR S R R
FLunnl R 43 AT 22 EHERG AN R LASRRU TS, Rt
JE LA R & BT m, nTRES SR R 2 #4511
FEVIEAL B IR o 1K — AT AR A R AR R
PRI, TR Et A 15 Wi frs s e ol
[FIES, A2yt A BAA R EEM D20, &2t
HEE, BKETGINT 6-HHWERRDY, X —45%E
BE— AR T 2T 257 T A IE KR FE I
Z MR E 8.

BT unreEtt. 'R, ZEKREEET
TS, DOV BB 22 A 1 AR
W AR BB AL o A il S5 SRR TR 33— 4K
FE 51 73 #1450 v RS B A E R T R 4
WEIT, ERANSZHE A ik B 7 R A i i 3 AR Ak B
SERBAR R, LAY B 7 BT o] o 55 7K 5 2% 1) 1
AL . 25 b, ARBFFEESL UPLC faa i
A RIFE R, EEMEAEEN, a1k

AR AR ER W] B # 55 7K 5 2 I 251 Jm i AL
FR ML, H 2 B E R HrieiiE 1z
JHEFTH B IEZ K E RN, ROAZEH ZKE K
JR AR L 5 SAR St TSR R IR B S
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