PER 2022498 B53% H17H  Chinese Traditional and Herbal Drugs 2022 September Vol. 53 No. 17 = 5363 *

ETUFITEFMRER-ZRAIKREIRYES B S ER T BIHE XM

BARRYL FHEW, wRML 8 F, KR L R #L THAL F R K O&ES Fue
1 db Ry R E%0b, b 100029

2. RETRTI AR PR AR ERRIEH A TREEART RSO, (1R B 252200

3. bR U RIZA R AA], Jba 101113

7 E: B EFHEITESEIEAR- SRR S H S0 8 AR T /04T, SRR FH B Sk
TR S S B AT . ik WEIHA-ZRAXKINRNYHISE (B5R, FE. pHEMEGEE); RFAESD-mERx:
MW /KER M 2R E . B lEle KRR aEa S, /KR HPLC 184 ElEE, #R A HPLC-MS/MS HA
FALKEOR PR 4B FI A Pearson AH5¢ RE. KEICIREE . AT MIZBD BTESN T E5 7, WRWHSH S
SRR, R S B S BTN 22 B S B BUE R . 5 R pH EEFAR-=HAXTKIRAES . =57
BB AW BAHCERGE, BONIEMIG: MERELAEA. SRS EHCHERE, BNIEMG: BRRESAEA.
THEBERBUESWEERRZEY, SRS, 5EEBIEM; BEA. S s RERBU A EWNE
WRIL S, BWE AR K, WRFESLEATERE EMX. RIS . ZRISEANSESYESHNESY TR
WA RS, WTLMERPUE T IR - SRR RS R S B IKIE . 4518 BT 0, FR-ZZXK
BRI S0 5 HAL S oy SR I B G, L B B )25 3R B AT DL I A7 S 1) P B S 3R AE /K IR R A0 5 A
SR,

FEEE: FAR-=M; MESH, BEA, S8 LSRN MO

hESES: R283 XRRFFERE: A XERE: 0253 -2670(2022)17 - 5363 - 16

DOI: 10.7501/j.issn.0253-2670.2022.17.013

Correlation of physical parameters and chemical components of Curcumae
Rhizoma-Sparganii Rhizoma decoction based on chemometrics

SHAN Dong-jie!, LUO Xiu-ming?, CHANG Yan-li!, LYU Fang', YAO Jian-ling!, WEI Jing!, YU A-xiang',

DONG Ying', ZHANG Yan?, SHE Gai-mei!

1. School of Chinese Materia Medica, Beijing University of Chinese Medicine, Beijing 100029, China

2. National Engineering Technology Research Center for Gelatin-based Traditional Chinese Medicine, Dong’e Ejiao Co., Ltd.,
Liaocheng 252200, China

3. Beijing Sihuan Pharmaceutical Co., Ltd., Beijing 101113, China

Abstract: Objective Based on chemometrics, the correlation analysis between physical parameters and chemical components of
Ezhu (Curcumae Rhizoma)-Sanleng (Sparganii Rhizoma) decoction was conducted to explore the feasibility of using visual physical
parameters to characterize chemical composition content. Methods The physical parameters (conductivity, viscosity, pH value and
chromaticity) of the Curcumae Rhizoma-Sparganii Rhizoma decoction were determined. The phenol-sulfuric acid method was used to
determine the polysaccharide content of the decoction and coomassie bright blue method was used to determine the total protein content
of the decoction. HPLC fingerprint was established and the chemical composition of the decoction was characterized by HPLC-
MS/MS. The correlation between physical parameters and chemical composition was established by Pearson correlation coefficient,

grey correlation degree and forward stepwise regression method. A mathematical model was established to predict chemical
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composition content by physical parameters. Results pH value was positively correlated with the contents of total protein and
diarylheptanoids compounds of Curcumae Rhizoma-Sparganii Rhizoma decoction. The electrical conductivity was positively
correlated with the contents of total protein and polysaccharide contents. The brightness of solution was closely related to the contents
of'total protein and diarylheptanoids compounds, with negative correlation with the former and positive correlation with the latter. The
contents of total protein, sesquiterpenoids and diarylheptanoids compounds had great effect on the red-green and yellow-blue of the
solution. Solution viscosity was positively correlated with the contents of total protein content. The content of organic acids,
polysaccharides and total protein was well fitted to the mathematical equations of physical parameters, which could be used as a basis
for the rapid analysis of the content of chemical components in Curcumae Rhizoma-Sparganii Rhizoma decoction. Conclusion
Through the chemometric analysis, the physical parameters of Curcumae Rhizoma-Sparganii Rhizoma decoction showed a good
correlation with its chemical constituents, and the established mathematical model initially indicated that the chemical components
content of decoction could be characterized by simple physical parameters.
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correlation

I 9 DAL Gt 245 1 3 8 2UR 245 071
M2 —, HAMEREFAARIELYESE, g
B B, pHAA. TR, KRR PrieRss;
WTE AR A AR BLTE H Ak 22 0y, anfE /K piE I
HE N IK )& 2R BT B /N sy (R TR
Pt R0 B L WEIREE) R Koy g (B
FR. 2H%), U THu RS . 1FRILE
RAE 705 =2 P E AL JE e B A e, R
RO R AP AN 2 R A AR
YIESH BN, FnE. s R MR 7EK
B 2 R R R0 5 7 K T A Hp 24 op 1 S0 At o IR
PR R T AR 3 3K s B 3R 1 () B 2R )
JRAE 2575 R T OB AA T R A 4850k 380 Bl ¥ R 3
MVER: MBS AHLRRSE K 2% 7] pH
{ELFEREMA AR R N (1 RBCP-s SIR S LA R E AL
Iy SOKAUR B A SRR ED; ZhE. |ARS RS
TR 2 R M K B R B B S P DL S P A 23,
1E TR 2540038, CL K 0 B RAK 2 8 P 3R AT A DG 1 43
Hri Bt TR 7, RIS SEHR A UPLC-MS/MS
YN T e 2D AN R R =23 % e O
HE5/KAEMYESE (BSR, . W, 3
FE. pH {E) BHATAHME AT, 45 BRI R4
(P RSORN 5 T 2 e M K B 0 B v T . e,
LA = E Rl S 5 B2 MG, ik 5
£ E K,

BB B R A AR I R A BCN E A
A B FALFRIDE I A AT, S F Sz AT
J& T ZBIRTT, JCHARTEERME, T AN IS IE 75 T
TRE AR, H {24 808 H b 22 1 2=
SMTTEEEAMRMES T BRS T FEG

My KESRERREE A AT U-121, 75 2 B FNAL 2 &
PEAH SRS B 7T, KB SR AR . At
FLLRH Pearson AHIC F %0 K (A CHAFE DLACHT M)iE
[ 5SS 2 A St B R TR S M b 25 BRI,
BRI O, FE R A A B AP ) T
DAYEE Z 50T A 2 i oy BB AR A . i AR
S EHFEEIE RN (D) BB UG — AN B RE A
TEARRKMNALE; (2) B IMAR —a4
& (3) MR ARSI SR KR & 1R T 2
S bRE, EEDE (2), HIEN AR EfF
R F AT SDIR (20 HIWTS AR AL AR L FE 1)
Febr AR AE BHEN, ZHE AV B3 A B S A
B (B ORASR), T HLBIN TSI, (RS HUR
alaed, AT LA R T RetE. BLAk, 1T AR
A A BV EAE B 5 N o s EH sl R4 Al gr s A
MERER, XA AR AL AL i, HE
FENEIGUE,  SEE T S P

FAR- =2 A TIER (R R ) =
W, RNGRE I HBZ5%, nliE A, F2H
FAIT MR 2R PRI 2 E3) . 3RAR- =R 250 IR R
WAL D S HAR 2GR A 45 2 . FR- =102
X ) A 2 0 D AR CRRLm o A% el A0 5 7 Ik
T, RS AR, AR5
PAFRAR- A 250 WWE TR R, 8 256 /K BRI
HSHORL AR TEIC 2 B PERIAR O, KRR
FE MY S HERAEA S B & B AT AT . AR
()2 Bl e AR S A, ST AR A f5 , AT A
I SRR IS A, P B I AL
SR R, PR AR R S I E MR, R
H 2R U AR TR R PUR T E AR RS



FED 20226F 98 $53% B 178 Chinese Traditional and Herbal Drugs 2022 September Vol. 53 No. 17

* 5365 »

1 #R
1.1 {45

SHB-III {7k 3 2 H B 25 38 G N KR T 57
BIRATD); RE-52AA ek & RAC (LT RAL
IX#E] s KQ-100DE 8 7 G e as CEL 1L s A AX
WAMRAF]D; DDS-307A HL SR (L H RS
CRABR AT S FE T (R E LS s
22J7); pH it (Mettler Toledo A ]); CM-S (B /Fit
(Konica Minolta A ] ); 1901PC £ 4h 66 i (=
WHCH R AT BT25S L0 P (bt %%
RIS EBR AT ) CP224C Jisyz— RV [H5
W ds CEMD FIRAF]; DZKW4 HF1EIR KB
By AL R E IR A D 1100 2 w8l
FHETEAL (Agilent BHEARAF]D; S6000 2 = 80K

FHEIEAC [HEERM (LD BHEA R A s Agilent
Q-TOF 6520 it (% (ESI &5, Agilent BHA R
UNECIDR

12 %

FARY A AP R K R BIREE N
LRHEYIER A Curcuma phaeocaulis Val. [F)T15
W=, =RNB=REHEY B =W Sparganium
stoloniferum Buch. -Ham. TR, Fra ALY
TRAF T AL B 25 K7 rh 277 g B JE 417 S50 % .
26 HFRAF =LA E B 1.

13 xfRm5itF

HE R IE (HE5 S0816G1, gt
FHCARARD; 55t (b5 EZ2811F373,
FEAEMBREARARD; FMiEaER ('S

*1 BRAM=ZRKAER

Table 1 Information of Curcumae Rhizoma and Sparganii Rhizoma decoction pieces
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Table 2 Results of conductivity, pH and viscosity of Curcumae Rhizoma-Sparganii Rhizoma decoction

- HSZ/(S'm™) pH & Zi B /(mm?-s7!)

172 1/5 1/10 1/20 172 1/5 1/10 1/20 172 1/5 1/10 1/20
S1 7.59 3.60 1.95 1.04 5.10 5.11 4.85 5.14 1.710 1.641 1.663 1.601
S2 8.05 4.01 2.11 1.22 5.01 5.04 5.06 4.92 1.755 1.614 1.640 1.586
S3 3.86 1.70 0.89 0.47 5.05 4.82 4.73 4.70 1.624 1.593 1.627 1.579
S4 542 1.81 1.27 0.70 5.12 5.01 4.98 5.32 1.657 1.569 1.614 1.569
S5 3.67 1.67 0.87 0.49 5.24 5.17 4.94 5.02 1.633 1.578 1.612 1.580
S6 8.18 4.03 2.27 1.22 4.22 4.28 4.43 4.43 1.742 1.621 1.642 1.600
S7 5.66 2.72 1.51 0.80 4.71 4.74 4.74 4.70 1.690 1.591 1.597 1.587
S8 8.43 4.29 2.40 1.26 4.93 4.94 4.84 4.84 1.780 1.632 1.608 1.601
S9 8.32 4.01 2.18 1.15 4.89 4.92 491 4.93 1.710 1.640 1.664 1.746
S10 6.83 3.21 1.77 0.90 5.21 5.26 5.01 5.08 1.715 1.625 1.559 1.591
S11 7.96 3.76 2.08 1.11 5.07 5.01 5.10 5.07 1.750 1.630 1.570 1.561
S12 3.53 1.61 0.85 0.43 5.26 5.09 4.89 4.85 1.631 1.604 1.572 1.708
S13 - 6.70 4.22 2.23 4.71 4.70 4.74 4.73 2.136 1.822 1.657 1.652
S14 9.01 3.88 2.10 1.19 5.27 5.25 5.23 5.23 1.746 1.632 1.627 1.607
S15 8.23 3.97 2.11 1.17 5.20 5.18 5.16 4.80 1.722 1.634 1.585 1.630
S16 - 6.65 3.91 2.01 4.63 4.75 4.74 4.78 2.298 1.709 1.666 1.607
S17 7.72 3.70 1.93 1.06 5.81 5.75 5.66 5.79 1.676 1.643 1.599 1.619
S18 7.83 3.98 2.24 1.20 3.49 3.63 3.71 3.91 1.643 1.593 1.568 1.600
S19 8.78 4.19 2.21 1.04 5.13 5.18 5.12 5.21 1.742 1.591 1.581 1.635
S20 7.23 3.51 1.90 1.20 4.30 4.38 4.41 4.23 1.706 1.615 1.607 1.622
S21 7.35 3.57 1.89 1.00 4.16 4.22 4.31 4.23 1.640 1.604 1.558 1.592
S22 10.77 5.47 3.19 1.70 5.25 5.38 5.23 5.20 2.196 1.793 1.649 1.679
S23 7.24 3.29 1.81 0.95 5.34 543 5.24 5.04 1.691 1.599 1.597 1.624
S24 4.53 2.01 1.10 0.58 5.20 5.13 5.03 522 1.612 1.627 1.577 1.608
S25 7.23 3.26 1.77 0.80 5.44 5.15 5.28 5.06 1.695 1.652 1.574 1.649
S26 7.50 3.46 1.87 1.00 4.98 4.98 5.01 5.01 1.661 1.601 1.572 1.604
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Table 3 Results of chromaticity value of Curcumae Rhizoma-Sparganii Rhizoma decoction
L8 afd b™E
TS
12 1/5 1/10 1/20 1/2 1/5 1/10 1/20 1/2 1/5 1/10 1/20
S1 66.18 83.13 89.24 9475 16.40 448 0.70 -0.32  41.10 38.76  28.17 14.67
S2 62.08 77.79 86.86 92.64  20.71 9.37 2.46 -0.26 34.61 46.47 36.839  24.07
S3 82.65 93.52 96.14  98.22 434  -0.11 -0.56 —0.46  44.68 16.76 11.68 6.77
S4 81.66  93.02 9440 9737 5.29 -0.29  -0.53 -0.47 3743 16.77 14.25 7.75
S5 81.84  91.50 95.12 97.52 4.34 0.54 0.07 -0.10  40.78 20.39 10.16 6.29
S6 76.54 86.01 92.75 96.76 11.10 2.40 —0.58 -0.99 3542 4133 24.59 13.15
S7 80.34  91.56 95.83 98.11 6.39 0.18 -0.54  -0.52 51.01 26.51 13.66 7.67
S8 62.07  78.69 87.97 9384  21.07 5.46 1.12 -0.20  46.71 49.00  30.50 19.51
S9 62.64 81.37 90.24 9538  22.66 6.21 1.06 -0.52 7176  49.04  27.78 17.13
S10 75.85 87.04 9230  96.06 11.55 2.90 0.79 0.04 4325 33.04 18.76 9.76
S11 62.59 80.45 9240  89.43 21.51 7.39 0.28 2.87 52.81 45.69  20.73 37.60
S12 86.08 93.96 96.65 98.27 3.65 0.08 -0.16  -0.18 29.17 18.41 8.91 5.34
S13 64.09  64.16 80.61 88.40  32.87 17.77 6.02 0.84 59.22 67.59 3642 30.73
S14 72.67 87.12 91.60 9523 13.78 3.18 0.56 0.02 34.17 2648  25.62 10.78
S15 77.30 89.41 94.23 97.29 8.47 1.50 —-0.01 -0.28 4995 24.53 15.58 8.39
S16 48.56 83.70 84.03 91.37 31.03 6.21 3.63 0.24 72.26 17.28 4233 2221
S17 72.13 89.19 93.56 96.47 11.53 2.13 0.17 -0.19 4434  21.77 18.85 10.28
S18 81.58 90.76 94.86 96.97 6.91 —-0.33 -1.30  -0.89 51.24 32.87 18.67 9.92
S19 5846  79.03 88.77 9457 2034 5.47 0.44 -0.89  60.09 50.64  28.92 17.71
S20 72.42 86.51 92.75 96.26 13.52 2.40 -0.04  —0.46 59.28 37.93 19.30 10.74
S21 4944  61.64 77.43 8747  23.12 25.42 10.27 2.13 20.30 78.41 57.65 38.87
S22 49.17  72.04 82.96 90.95 26.20 11.65 3.54 0.01 51.20 6032 4154  24.63
S23 65.33 82.46 91.77 95.95 15.81 3.79 —-0.05 -0.79  39.88 4558 2435 14.50
S24 78.86  91.34 95.33 97.76 4.87 -0.02  -0.63 —-0.51 3720 2428 13.61 8.02
S25 74.93 89.41 94.65 97.93 11.19 1.95 0.13 —-0.35 50.66 30.92 16.53 8.84
S26 61.12 84.03 88.57 94.25 19.82 4.39 1.73 0.13 49.14 2498  26.59 15.10
R4 BR-ZRAIPKFKZHE. EARESE
Table 4 Contents of polysaccharide and protein in Curcumae Rhizoma-Sparganii Rhizoma decoction

i Zh(mg-g™") B /(mg-g™) i Zhl(mg-g™) B /(mg-g)

S1 1.786 0.420 S14 1.861 0.146

S2 3.104 0.378 S15 2.359 0.163

S3 1.468 0.211 S16 1.777 0.429

S4 0.536 0.145 S17 0.217 0.572

S5 0.932 0.151 S18 0.473 0.085

S6 1.474 0.142 S19 0916 0.307

S7 1.170 0.205 S20 2.964 0.136

S8 3.063 0.346 S21 1.661 0.274

S9 3.022 0.226 S22 0.490 0.543

S10 0.986 0.260 S23 0.532 0.316

S11 1.057 0.291 S24 0.807 0.311

S12 0.683 0.249 S25 0.651 0.563

S13 1.361 0.553 S26 2.857 0.290
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(3) WiAHZAE: SilGreen Cis HPLC ffifikE: (250
mmX4.6 mm, 5um); FEE 35 C; AARE 1
mL/min; KK 280 nm; BEFEESN 10 ul; sk
HACHE (A -0.05%FER/KEE (B, BTN
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45%~50% A) .

(4) JiikskAr: RSB Ji (Dual ESD, 43
BIFEIE. B PRI, —%. 2B
4, HEE N 300005 B FIEBEAEN 35KV B
Y INHRIRE N 320 °C, ARBIAESN 12 L/min; %
1L 2% 7129 207 kPa, Skimmer A 65 V, WEZLHLE
80V, HBTLEZCREE, AN 1 spectra/s, m/z 50~
1000, FfFEEEE A 25 eV
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Fig. 1 HPLC fingerprint analysis of Curcumae Rhizoma-

Sparganii Rhizoma decoction
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Fig. 2 Total ion current chromatogram of Curcumae Rhizoma-Sparganii Rhizoma decoction
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#*5 ET HPLC-MS/MS [E. AABTFHEATEAR-ZRAINKFIRTHLEMER
Table5 Compounds information of Curcumae Rhizoma-Sparganii Rhizoma decoction based on positive and negative ion mode
of HPLC-MS/MS technology

R (ml2)

F%  t/min AR NH (M—T] MS2 EAR e
1 2861 CarHas06 375.1776 339,298, 251,203, 179, 161, 131, 119, 89 3,5-dihydroxy-1-(4-hydroxy-3,5- B
dimethoxyphenyl)-7-(4-
hydroxyphenyl)-heptane
2 4152 F 230.1022 215,200, 187, 162, 145, 136, 109, 98 PNl ELlN
3 4662 F 441.1978 423, 405, 383, 317, 279, 256, 237, 219, 192, A% P 3
178,159, 132, 113
4 529 C15H2403 253.129°5 236, 220, 204, 191, 166, 150, 122, 108, 96 isozedoarondiol LM [/} i ¥k
5 6.348 KA 163.0598 161.0455 148,133, 119, 109, 93,79 PNl AR
6 6719 CisHa 205.060 9 180, 166, 146, 135, 120, 108, 98, 70 kG Eea
7 8605 CioHiN202 1971279 171, 141, 128, 112, 99, 84, 70, 54 I-(L-i-L-4) — Ik EZ
8 9274 CisHoOs  265.1428 247,229, 214, 173, 159, 143, 121, 105 curcolonol aad
9 10.553 CioH2005 237.1326 244,227,201, 175, 163, 147,125,107, 95,57 1E T 3&-p-D-Mit I SR b Rt
10 12472 C7Hs0: 123.043 5 109, 95, 77, 67 MRA R ANER
11 12.860 CisH140 211.1422 194, 180, 167, 154, 138, 120, 114,98, 86,79 linderazulene 5
12 13447 CoHs03 165.054 1 147,119,91,77 SRR ANER
13 1439 CioH1004 195.108 5 181, 167, 153, 149, 135, 113, 107, 91, 69 [Op HHER
14 16.109 Ci9H2003 297.1472 266, 251,237, 203, 187, 149, 133 1,7-bis(4-hydroxyphenyl)-6-hepten- ~ — 75 5 BHbit
3-one
15 16537 CioHu0s  333.1665 313,295, 209, 193, 179 3, 5-dihydroxy-1-(3 4-dihydroxyphenyl)- ~ — 5Bkt
74-hydroxyphenyl)-heptane
16 16.728 C20H2304 327.1593 294, 277, 248, 217, 177, 163, 149, 137, 123, 1-(4-hydroxy-3-methoxyphenyl)-7- 5Bt
107 (4-hydroxyphenyl)-3-one
17 16.889 Ci5H2002 233.1530 218,209, 200, 187, 175, furanogermacrene/curcumafuranol £
18 17.248 C20H240¢ 359.1517 315,261,236, 191, 165, 150, 136, 119 5-hydroxy-1-(4-hydroxy-3-methoxy- 75 3E Bt
phenyl)-7-(4-hydroxyphenyl)-3-
heptanone
19 17750 CisH2404 315.1617 297, 279, 209, 191, 173, 163, 149, 131, 121, 1,7-bis-(-4-hydroxyphenyl)-3,5- TR
106 dihydroxy-heptane
20 17.927 CioH2002 281.144 1 267,220, 187, 147, 133, 121, 107, 91 1-bis(4-hydroxyphenyl)-7-phenyl-6-  — 753 pke
hepten-3-one
21 18476/  CuHasOs 3731639 356, 339, 315, 277, 247, 203, 185, 163, 149, 3-acetoxy-5-hydroxy-1-(34-dihydr- =353 BEkE
23393 123,103 oxyphenyl)-7-(4-hydroxylphenyl)-
heptane
22 19.489 CisHuoOs  265.1432 229,201, 161, 139, 123, 107 zedoalaetone H aad
23 21.384 CarHae06 373.1673 331,313,295,207, 163,122, 93 3-acetoxy-5-hydroxy-1-(3 4-dihydroxy- —F5 ikt
phenyl)-7-(4-hydroxyphenyl)-heptane
24 21509/  CuHuOs  357.1690 297,203, 187, 163, 149, 133, 123, 107, 91 3-acetoxy-1-(3 4-dihydroxyphenyl)-  ~F Bk
28.025 7-(4-hydroxyphenyl)-6-heptene
25 21.927 CHs07 403.1779 361,343, 328,221, 192, 161, 135, 108 1,5-epoxy-3-hydroxy-1-(3 4-dihydroxy- ~ — 7 3Pk
S-methoxyphenyl)-7-(4-hydroxyphenyl-
3-methoxyphenyl)-heptane
2% 22238 F0 387.180 3 360, 327, 295, 226, 203, 177, 163, 149, 137, F4 ZH B
123,103
27 22978 Ci6H204 277.128 3 248,201, 185, 167, 157, 149, 139, 115,101~ ABXE—HE T Hs AMER
28 24162 CsHasOs 431.1724 389,371,329,311,293,249,207, 189, 163,122 3,5-diacetoxy-1,7-bis(3 4-dihydroxy- 75 Bikz
phenyl)-heptane
29 26.023 C21H260s 357.1711 315,297,209, 191, 163, 149, 133, 106 3-acetoxy-5-hydroxy-1-(3,4-dihydroxy-  — 755 B
phenyl)-7-(4-hydroxyphenyl)-heptane
30 26470 CisHnO2 2351689 217, 199, 189, 177, 169, 147, 133, 105, 93 curcumenol B [ 73 A& ea

31 27.851 CisHis03 2471328 229,211,196, 181, 159, 149, 143,133, 123,107 zedoalactone F {4
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Fig. 3 Structure formulation on chemical components of Curcumae Rhizoma-Sparganii Rhizoma decoction
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F6 FA-ZHRANKRIRE XU SRR IEER
Table 6 Relative peak area of each type of compound in Curcumae Rhizoma-Sparganii Rhizoma decoction
- FET VEE T AR
T RPUR A E (ERR LAY AHREULED HAh
S1 231.83 20.76 24.63 14.66
S2 318.56 35.61 15.68 15.02
S3 18.83 26.73 72.12 28.46
S4 216.40 75.68 32.30 14.95
S5 235.67 18.69 21.12 13.09
S6 205.29 12.25 11.27 7.29
S7 269.80 19.73 20.17 15.40
S8 33.94 32.67 82.75 45.44
S9 18.89 27.20 12.46 39.10
S10 353.87 16.82 27.23 17.97
S11 172.84 43.70 8.11 10.07
S12 226.31 23.84 26.15 6.04
S13 145.43 74.10 32.37 23.23
S14 236.60 20.61 17.54 11.75
S15 271.58 14.53 8.68 9.53
S16 188.14 22.82 22.63 7.52
S17 88.67 57.69 14.32 4.11
S18 174.71 37.62 14.52 8.11
S19 298.34 32.17 24.64 14.97
S20 217.11 21.09 12.90 7.27
S21 142.00 19.73 16.21 10.30
S22 104.87 30.70 22.87 11.79
S23 315.97 40.38 13.58 11.64
S24 276.92 17.81 12.09 11.51
S25 219.13 113.22 29.12 9.52
S26 153.37 21.89 15.16 12.68

BElEeR &Y. C2-fifmti. C3-AHLER. C4-HiAth,
C5-Z . C6-HEH; Pl-pH. P2-HL 53K, P3-L".
P4-a". P5-b*. P6-BhfE.
2.4.2 Pearson fHX FR%E  FIH Origin 2018 F At
HYNIESHAN T B> & B Pearson AHC R,
L AR, SRR 7.

SiREKY, REHSTESHRNYHEZE pH
. HEX, OF LML EFFEEEMK, BS
SCRE L2 MG o (H 2 Fofh s o, =07 FE Pk
FA G5 WU AN FAh 2 %43 235 A0 5 s £ il
K 5 EARSEREMG AIRERD S
FoAh R oy AHOC I s LT 28 S I VR FE ARG B2 1)

SO (U SR 2 (A LA A O .
243 KEKBE  RAESCER VLR, 43 5 BLZG XS
KA S H PL~P6 NS EFEH], 1L
C1~C6 ALRITH], P HRE p HL 0.5, HRHEAX
RIRFERIRAN, 58 S A B3 o DB S T ik 17
KA, EEHRIE 8.

S5 IR R I 07 FE PR AL B AN R AR
(1) pH E 52 MK, 1A HLERZS R 530 pH AH 152
AR, HENREAEIIR S KB TRk R,
S8 pH AR E . (HR RS A R I
pH (MR [ 05 BB e o3 (103 Y, DALk — 35 AH
KM, 454 Pearson MR R AT 51, BEA. £
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R®T YEESHAMUFERS S ER Pearson AXRE

Table 7 Pearson correlation coefficient between physical parameters and chemical composition content

B3 e C2 C3 C4 Cs C6 P1 P2 P3 P4 P5 P6
C1 1.000
2 —0.114  1.000
C3 —0.464"  0.148  1.000
C4 —0.514" —0.006  0.683°  1.000
C5 0203 —0352  0.121 0464  1.000
C6 -0.180  0.515"  0.118  0.005 —0.181  1.000
Pl 0.161  0.155  0.028  0.017 —0.187 0.457°  1.000
P2 —0.182  0.097 -0.083  0.067 0226 0.490" —0.133  1.000
P3 0209 —0.057  0.013 —0205 0232 -0.439" 0.134 —0.653"  1.000
P4 0220  0.052 —0.054  0.109  0.194 0396 —0.176  0.546" —0.962" 1.000
P5 —0.162  0.055 —0.043 0247  0.170 0298 —0220 0.507° —0.924" 0.853" 1.000
P6 0267 0244  0.030 0075 -0.036 0.679"° 0.112 0.776" —0.562" 0.493° 0.422" 1.000

FE 0.05 P N RFEMR HRREL 0.8~ 1.0 FaaiAi R, 0.6~0.8 HIAHIK, 0.4~0.6 R PEERBER, 02~04 WFHHHR, 0~02 K
MR FGAH R ETCAR )
*Significant correlation at 0.05 level (correlation coefficient 0.8 to 1.0 indicates very strong correlation, 0.6 to 0.8 indicates strong correlation, 0.4 to 0.6

indicates moderate correlation, 0.2 to 0.4 indicates weak correlation, 0 to 0.2 indicates very weak correlation or no correlation)

®8 YIESHESUFEMO REKKE

Table 8 Grey correlation degree between physical parameters and chemical components

ezl eI % RIKE izl (=% HRIRE
P1 Cl1 0.895 8 P4 C6 0.813 6
C6 0.864 4 Cs 0.801 1

C4 0.8633 C4 0.782 0

C3 0.862 4 C3 0.770 2

C5 0.8375 C2 0.765 6

C2 0.809 4 Cl 0.763 5

P2 C6 0.862 8 P5 C6 0.860 9
(O3] 0.843 1 C4 0.850 2

Cl1 0.8416 Cl 0.847 6

C4 0.8346 Cs 0.8339

C3 0.8162 C3 0.8272

C2 0.8015 C2 0.796 1

P3 C1 0.8870 P6 Cl 0.884 1
C3 0.849 6 C6 0.861 6

C4 0.8493 C4 0.858 1

C6 0.8457 C3 0.855 1

Cs5 0.826 4 C5 0.834 4

C2 0.805 2 C2 0.8175

BER — 55 HEPH R BN B SRR, H K, 455 Pearson MIXRHATH, SEANESES
TP PR A AR . AR, U7 REDNSOHER, RGeS S EA S EINIE
Pekek. AP, HAMRMEE AR MK, ERARE— P EE; ERhaEA
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R, RO, IR R Y,
VU PR R P

244 ATEZLDEIEE FIH R ESEAE, RARET
AL A, 72 AV S H P1~P6 NINAC &,
2RIy C1~C6 AR MAH RN &, i)
BB AR IR 6 MAZREXIV 63

A4 (Cl. C1C2. C1C2C3 45, M ik 5
R R HEG AT . TR SR
IR, RUIHISIERRSER, R E R (R E
B Ul A T R LA RO, B TR B IR R R
FR R . RIS E] 6 DX P1~P6 RS i
RTTHE, SR IIE 4 F1R 9.

B4 C1~Cé6 *f P1~P6 HIFHK T
Fig. 4 Correlation analysis of C1—C6 to P1—P6

£9 C1~C6 3t P1~P6 HHXMMA ST
Table 9 Correlation fitting equation of C1—C6 to P1—P6

0.007 16 C6C4C2—0.003 66 C6C5C2C3

C1C3C2C6+0.001 91 C1C4C2C6

0.016 5 C1C4C6+1.912 C4C5C6

C3C2C4C6+0.001 37 C3C2C4C6C5

C1C2C5—3.150 C6C2C5+0.001 8 C1C2C4C6

)7 Ragi”

1 Phqz%+0mz4crmjwcm—omz9cuxﬁ?@z6cx3+&mmzsmcxn—owzcmaﬂ+ of;
2 P2=7.722—0.016 2 C1—0.524 C3+0.749 C4—0.244 C2C6+2.204 C3C6—3.560 C4C6—0.000 004 8 0.807
3 P3=27.476+0.3 C1+0.085 1 C2C3—0.024 2 C1C5—0.000 2 C1C2C3—0.002 C2C3C4—0.003 C1C2C6—  0.724
4 P4=46.89—0.161 C1—0.555 C2—1.039 C4C5C6+0.000 003 C1C2C3C4+0.000 688 C1C2C4C6—0.004 03 0.542
5 P5=168.833—0.578 C1—0.144 C2C3—0.058 C4C2+0.000 374 C1C2C3+0.003 34 C3C2C4+0.002 56  0.732
0.662

6 P6=16.784—0.018 2 C3+0.001 08 C2C4—0.2 C4C5-+0.002 42 C2C6—0.241 C6C4—0.000 008 C1C2C4—

0.021 6 C6C4C5+0.000 02 C1C2C4C5

B 4 RO 9 AIKN, GEE ORI 5 R PR AL
SIS EXS pH EFREMECR, 5K ERBRESER —
o M, ZHERAHERSER > 4SS pH E KA
RAUEA 7 W, ERAE 2 or (3R R e I

T pH (E 2257 LIRS 5L S
FMRNE R, BWE WSS BRI
T, SR ERDUZ LA S YIE B2 3
Ry DI RPURR AV SIS R R E Y] . [F
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I, om0 o 2o B A ) A VA e
B, RIEMR, BRI LR & =y, R
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FN 5 BRI A B IR I 4L R
ORIER; WRAE S B EOSRREIEMHK. 57
bb, G RBRGERAA Y L HBLLE T R E D A
ARG R — IR, BB A S B
R K R R E Y]
245 PHZSZHENFHR T T ENEF KR
“2427 ~ “24.4” LiSLIREE KR, YIEESHAL
SRy 2 M B —E AR, (HR BAARRIEE R R
WANEARf . K “2.4.47 BUR AT AZEDENEE, #3720,
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HIREAE 260 HEE, HHALE 6 MTHLE
A AHAE R, IIGESIRERS: KRR
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By Ik EAZE (6 MHLERIEM 63 G
(P1. P1P2. PIP2P3 %) " 5HAFE (C1~C6)
Ktk i m A G AT IS, MY B T A
BRAT R BCER R . RIS B, U
SEIOUEREAY . R VR R AR AH B 5, Rag?
B8 U B T AR BB AR R . A5 31 6 MAH
KITHE, SR WK 5 /% 10.

ZERRH] P1~P6 Xf C3. C5. C6 M EFLRE
iy, RIENIERIE. 2R aEam SRS M 6
MBS B TR A FERLR . P1~P6 X C3
CHNUERZD) AR M 45 R BoR, RIS
FE R 2 05 5 b (A TR A HLER R & B
Wi K, HGR VB 440 o™l . $R78 4 VB
H AN TE WS 8 b SRFECRRT, W B ARZ
A HLER Iy, TS o' K /NEF A P1~
P6 X C5 () [MAHME el &, pH {EFIA R
ZLgkth o IRARNT ZHE S B WECR: P1~P6 X
C6 BB MIFHRMES TR, MEATESH

5 P1~P6 Xt C1~C6 KIHEXIMESH
Fig.5 Correlation analysis of P1—P6 to C1—C6
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# 10 P1~P6 Xf C1~C6 HHXMMETT2
Table 10 Correlation fitting equation of P1—P6 to C1—C6
F Tt Ragi?

1 C1=3127.380—778.218 P3+146.632 P1P3+44.893 P3P6—8.531 P5P6—8.853 PIP6P3+0.102 P3P5P6+  0.634
0.601 P1P2P4P5—0.002 21 P1P2P3P4P5

2 C2=30.374+16 319.583 P4 —190.460 P4P3 —968.406 P4P6—5.086 P1P4P5+ 11.296 P3P4P6-+0.063 2 0.353
P3P4P5—0.014 4 P1P2P3P4P5+0.069 4 P1P2P6P4P5

3 C3=1 006.017—187.777 P4+ 155.983 P5P2—0.065 3 P4P6—1.806 P2P3P5—0.032 2 P2P3P4P5—1.771 0.776
P1P2P5P6+0.020 5 P1P6P3P2P5+0.000 531 P1P6P3P4P5+0.000 357 P1P2P6P4P5P3

4 C4 =455.059 — 5.804 P1P5 —4.807 P1P6 —3.908 P4P6 + 0.477 P1P5P6 —0.008 18 P3P6P5+ 0.005 71 0.638
P2P3P4P5-+0.007 90 P1P3P6P4—0.000 06 P1P2P6P4P5P3

5 C5=35.469+6.352 P1P4—1.236 P2P5—0.411 P2P6—0.004 45 P1P3P6—0.397 P1P4P6+0.073 8 P2P5P6+  0.722
0.000 89 P1P2P3P4+0.000 902 P1P2P3P6

6 C6=76.791—0.305 P2—4.627 P6—0.178 P1P3—0.001 6 P2P3P4+0.108 P1P3P6+0.011 P2P4P6—0.002 73  0.770

P1P2P4P5-+0.000 079 4 P1P2P6P5

TN LN, 2 pH E VAL
LAz, HI R MK, TIRERER, @
E EIRY)EESHL, v AP B WL A
ZHE. BEOSE, WREE .

{HAE P1~P6 Xf Cl. C2. C4 M ESFEFERE
RAEE, B 05 BEBRGERA D). s A At 28 pl
S SPESENMAE TG, H ] Dosd Y2
HT RN K T LA B o3 P B 3 A T 06 B ) T
P1~P6 X C1 (753 Pibe b &4 MAH M5
M2 B 7 FE R LA Se e i A — e i 28R, (H
RMTTRERAT LRI, LYERNHAE R C1, H
RO, RHESE C1 FIMHER, BIERIS
FE 5 05 BB I S R ARG, $ROR A
()5 FE LU Iy, it TR B 0 B PR R B
BIR(E; P1~P6 X C2 (f52Fmi) MM IME T R
B, P4 HIE C2 g R —Ii, HHEMRR
PN L NS EARS SERA R R S Y5 i AL N
THERIEAK. RN U VAL SR o G ORH,
HAREwRR T mE, HBEE B SR, %
WE ST AL, (HRM TR Ra? RN, 15
IR E T BER AL, R RV E N PR PRt
P1~P6 X C4 (HAMZERSY) BIAHIAE 73 Hr vl A,
P1. P5 F1 P63 # B E 414552 HoAth 2o s,
HEAMK, B pH E. HiEE o FEEB/N, H
T2 Ay ) B Bk
3 g

AT FE R FH 1R 2K Iy B R v I o 22 W 5 i I 7t

SLZA KRR HPLC $i8 SIS 6 (015 S8R 25 5o 5
AR R KM -BRERVE 2 T AR E . R, 2R
Ty FIVR B G FH 55, LB R RERW, %7k
FE% s B, FRE THE. HPLC faguElng
TS5 T sl s . AR
AT 5

SEIGIME T FA - = 2555 7K BLBAS [F) e BE A
BRI SH CRSR, FE. pH EMEED,
S5 LRI L AR B A TR ) T PR AR
BRI MR R, T pH {EFEIA R
WA /N s BT /K BIRAE BT R = AR P
X (R REA LUK, &5 SRR I B B R VR 1)k
ERAHERR, TREERNE R EARDUG R
Peog . BT 2R 25h b =95 R Bk SRR i 2%
A R B BOR IR 1, AR TR RE
A ZE IR, IR AT

FAR- WA K ENR 2 b B 25, TRE AL
90.217~3.104 mg/g. FRA Z B2 FA 5 1 557>
2, BAPEN. BRI, MRS R,
HAT, BN =2 b, (HaH
TR 2 BA A /RS SEZR A T BT
TERIRO, $&75 4 5 BRI F A R0 24506 1 22 05 T LA
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