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Multi-index quality evaluation of Polygonatum medicinal materials based on one-
way analysis of variance and an entropy weight-grey relational analysis model
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Abstract: Objective To establish a quality evaluation system for Polygonatum medicinal materials based on multi-index
determination and chemometric methods, and to comprehensively evaluate the quality of Polygonatum medicinal materials from
different species (P, kingianum, P. cyrtonema, P. punctatum, P. altenicirrhosum, and P. odoratum). Methods The contents of moisture,
total ash, extract, Polygonatum polysaccharides, total flavonoids, and diosgenin were determined in 38 batches of Polygonatum
medicinal materials from different species. One-way analysis of variance was used to compare the differences in each index among
different species. The entropy weight method was applied to determine the weight of each index, and a quality evaluation model for
Polygonatum medicinal materials was constructed in combination with grey relational analysis. Results Significant differences were
observed in five indexes among different species of Polygonatum medicinal materials, while no significant difference was found in
extract content. The relative correlation degrees of the 38 batches of samples ranged from 0.435 7 to 0.601 4. Eight batches showed a
relative correlation degree greater than 0.500. Overall, P. cyrtonema and P. kingianum exhibited the highest quality evaluation results.
Conclusion One-way analysis of variance based on multi-index components, together with the entropy weight-grey relational
analysis model, can be used for quality evaluation of Polygonatum medicinal materials from different species. This method can
effectively reflect the quality of Polygonatum medicinal materials and improve the scientific basis of their quality evaluation.
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Table 1 Source of samples
s B P KR e s LA Tl SRR
D-1 RACTRE = M WS-2 TEHORS =AM
D-2 Jeved v = T WS-3 TR R alip
D-3 RAETRS =g M T WS-4 HEH R alipL
D-4 Jeved v = T WS-5 TR REE M
D-5 AT NG = A KM-1 EHFE LA BT
DH-1 Z AN PR RARTIDA| KM-2 EHFE LA BT
DH-2 AN P E=RARTIPA KM-3 TR LA BT
DH-3 EZIN v = M T KM-4 HEHE “rAE R
DH-4 EZIN v = T KM-5 HIEHE “rAE R
DH-5 EZIN v ZrEA R YX-1 HEHE “ME KR
YZ-1 Er PR RARGIDA YX-2 B PR ]
YZ-2 Er PR RARGIDA| YX-3 TR PR
YZ-3 17 PR RARGIDA YX-4 EN Y PR ]
YZ-4 A ZFA LI YX-5 HEHE “ME ERET
YZ-5 A ZFA LI HIJ-1 TR “rA R
LC-1 EERE ZEA IRE T HI-2 TR A R
LC-2 PR PR on] HJ-3 BN PR
LC-3 PR PR on] HI-4 BN PR
WS-1 EBRE =AM HJ-5 TR PR R ]

2.2.3  HHASERIIHIS  REREL 1.0 g T
AR T 50mL 208 H, I 20 mL 70% L EE
M, 60 Ci#EFE (40kHz, 300 W) #2HL 50 min, ¥
HJ5, H 3000 t/min F# &0 10 min, W& HIGWHR
ISP

224 HENE KEWEL 5.0 mL &SRR T A
FEZIERE T, R 2227 WURJ7VELE 510 nm |
W5E A BT FEARIE M 2SR S A B R
T,

23 EFEFRAENE

231 ARSI S RERIEREE I S
mg BN SmL &+, IMAFREEZEL, B 15
min, HAE 1 mg/mL ZFHVEH O RSER. K
F10.22 pm FISEREIERE, BUIEVRAE Jvsx HE VA
RIRLRAE, &H.

232 HEEEIEB PRI KO MO
45 CHEFEfEE i, B, o 40 HIf, REFRE
BRI R 2 ¢ B, I 100 mL 1) 80% 2
B, 760RE5), IFAENA 3h, B4, HiE, BUER 40
mL JET, MK 20 mL, J0iETEEAEEL 2 K, BRI 20
mL, fREIETENET . ZE 10mL FEEER, R5
hn10 g/L FEENEVKEERRIA 100 pL 3R, 0.22 pm Y

JEIEE, BOERIE BRI, RIRORAT

233 ik DL (A K (B) Niahtd,
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FRVLE | mL/min; HEFEE 10 L.

234 BMERVARERZ ] R 1 mg/mL
P H o IR 0.54 1.04 2.04 4.04 6.0+ 8.0, 10.0mL
BT 10mL &, MAFEERZ 10mL, 0.22 um
JEEIEL, F OISR UGN, e EIg Rl LA
B NAANR (X0, IERIFONIR (V) TR
HERNZE, THEAMERATHE, 193 E H S H n et ]
VA7 FE: Y=195862 X+ 132506, r=0.999 4, £ %75
FEl >4 0.05~1.00 mg/mL.
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Table 2 Results for various measured indices of 38 batches of Polygonatum medicinal materials
FE bl IKIY/% KI31% R/ % PG Z W% B % R IT/%
D-1 4.30 4.61 62.34 10.11 0.077 0.027
D-2 4.42 5.89 41.95 12.90 0.059 0.024
D-3 4.65 4.86 55.32 12.54 0.062 0.031
D-4 3.99 5.02 51.23 10.85 0.061 0.030
D-5 4.11 5.66 65.23 10.44 0.094 0.025
DH-1 4.53 1.62 58.73 15.50 0.091 0.041
DH-2 4.06 0.49 74.76 12.15 0.338 0.043
DH-3 5.16 1.18 60.09 23.85 0.518 0.037
DH-4 4.76 1.61 71.41 24.98 0.485 0.035
DH-5 4.48 1.25 70.99 20.56 0.463 0.048
YZ-1 7.15 1.52 59.24 11.54 0.027 0.013
YZ-2 6.55 2.12 60.21 13.65 0.018 0.018
YZ-3 6.12 1.83 59.67 11.98 0.081 0.028
YZ-4 5.45 1.55 61.09 12.45 0.077 0.031
YZ-5 6.85 2.01 60.99 11.96 0.059 0.019
LC-1 4.57 4.76 76.34 9.19 0411 0.035
LC-2 6.49 3.15 74.17 9.64 0.144 0.029
LC-3 6.32 3.34 71.99 8.97 0.052 0.044
WS-1 5.34 8.40 65.37 12.28 0.107 0.015
WS-2 5.02 4.03 57.47 12.64 0.095 0.040
WS-3 4.93 8.90 54.23 11.89 0.050 0.021
WS-4 6.07 8.92 68.04 15.64 0.172 0.031
WS-5 4.49 3.60 60.54 10.44 0.089 0.019
KM-1 4.63 2.46 73.39 12.24 0.217 0.024
KM-2 4.73 3.23 67.78 13.76 0.079 0.042
KM-3 4.47 3.86 73.35 10.15 0.050 0.030
KM-4 5.88 2.79 64.61 11.99 0.024 0.021
KM-5 4.86 4.27 78.30 13.21 0.074 0.025
YX-1 6.55 3.23 65.30 11.67 0.118 0.031
YX-2 6.08 3.80 69.79 9.76 0.194 0.017
YX-3 5.52 3.85 61.40 11.54 0.069 0.031
YX-4 4.73 3.46 73.06 13.68 0.057 0.044
YX-5 5.05 4.48 66.40 13.54 0.069 0.036
HJ-1 4.94 3.48 56.92 8.77 0.085 0.018
HJ-2 4.90 291 53.82 9.23 0.100 0.013
HJ-3 4.27 6.20 65.73 10.08 0.146 0.008
HJ-4 5.12 7.08 69.06 9.55 0.122 0.016
HJ-5 7.15 4.97 60.16 10.12 0.043 0.021
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D-xifE¥0Ks; DH-ZAETNS; YZ-ENT; HI-FAGHKE; DHI-HEH, AWLkE:, P<005 P<0.01,
D-P. punctatum; DH-P. cyrtonema; YZ-P. odoratum; DHI-P. kingianum; YZ-P. altenicirrhosum; Between-group comparisons: P <0.05 P <0.01.
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Fig.1 Analysis of differences in the contents of six constituents among different Polygonatum species
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Table 3 Information of entropy and weights
febr E; Wi
K7y 0.968 5 0.086 5
SRSy 0.98138 0.050 0
gLy 0.979 8 0.055 6
CVE2 0.900 2 02745
Sy 0.844 8 0.426 8
EHRTIC 0.9612 0.106 6

Yi=Xi/X; 6
Xy RIEIEHEE, X ONFER S j MR AME
262 MHESHFH USRRIRMRE (YD 4
RIS EFY], DEBRRIREE (V) HlR
#SHEFA), WRIEAKX (1D ) WHY MY,

Y =010 '} @h)

Y ="{", 2, ym ) (3)
263 HEROFKELRE (&) HRIBEARX (9 1HEKS
FEMSRIRSFEFI BESEFIIZIAN & k4.

T4 BTMETENTHRASEFIINRKRER

Table 4 Correlation coefficients of each evaluation unit with respect to optimal reference sequences

N KELRH
ETE TR - = NP 5 - =
Koy ISV 2 B S =S EHRHEHIT

D-1 0.97 0.65 0.89 0.62 0.36 0.72
D-2 0.96 0.59 0.77 0.67 0.35 0.69
D-3 0.94 0.64 0.84 0.66 0.35 0.76
D-4 1.00 0.63 0.82 0.63 0.35 0.75
D-5 0.99 0.60 0.90 0.62 0.35 0.70
DH-1 0.95 0.87 0.86 0.72 0.37 0.88
DH-2 0.99 1.00 0.97 0.65 0.58 0.92
DH-3 0.89 0.92 0.95 0.94 1.00 0.83
DH-4 0.93 0.87 0.87 1.00 0.89 0.81
DH-5 0.95 0.91 0.94 0.85 0.81 1.00
YZ-1 0.76 0.88 0.87 0.64 0.33 0.61
YZ-2 0.80 0.83 0.87 0.68 0.34 0.64
YZ-3 0.82 0.85 0.87 0.65 0.34 0.73
YZ-4 0.87 0.88 0.88 0.66 0.33 0.76
YZ-5 0.78 0.84 0.88 0.65 0.36 0.65
LC-1 0.94 0.41 0.98 0.60 0.69 0.81
LC-2 0.80 0.75 0.97 0.61 0.40 0.74
LC-3 0.81 0.73 0.95 0.60 0.35 0.93
WS-1 0.88 0.50 0.91 0.65 0.38 0.62
WS-2 0.91 0.69 0.86 0.66 0.37 0.87
WS-3 0.91 0.48 0.84 0.65 0.35 0.67
WS-4 0.83 0.48 0.92 0.72 0.42 0.76
WS-5 0.95 0.71 0.87 0.62 0.37 0.65
KM-1 0.94 0.80 0.96 0.65 0.45 0.69
KM-2 0.93 0.74 0.92 0.68 0.36 0.90
KM-3 0.95 0.70 0.96 0.62 0.35 0.75
KM-4 0.84 0.77 0.90 0.65 0.33 0.67
KM-5 0.92 0.67 1.00 0.67 0.36 0.70
YX-1 0.80 0.74 0.90 0.64 0.38 0.76
YX-2 0.83 0.70 0.94 0.61 0.43 0.63
YX-3 0.87 0.70 0.88 0.64 0.36 0.76
YX-4 0.93 0.72 0.96 0.68 0.35 0.93
YX-5 0.90 0.66 0.91 0.68 0.36 0.82
HJ-1 0.91 0.72 0.85 0.60 0.37 0.64
HI-2 0.92 0.76 0.83 0.60 0.37 0.61
HJ-3 0.97 0.58 0.91 0.62 0.40 0.57
HI-4 0.96 0.54 0.93 0.61 0.38 0.63
HJ-5 0.90 0.63 0.87 0.62 0.34 0.67
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Table 5 Relative correlation and quality ranking of different samples

s rit i ri H7 s rit ri ri R
DH-3 0.9222 0.6113 0.601 4 1 YX-3 0.700 6 0.7750 0.474 8 20
DH-5 0.908 9 0.6059 0.600 0 2 YX-2 0.690 3 0.771 0 0.472 4 21
DH-4 0.895 4 0.620 5 0.590 7 3 D-3 0.698 0 0.781 6 04718 22
DH-2 0.8523 0.647 2 0.568 4 4 WS-5 0.6970 0.782 2 04712 23
DH-1 0.7759 0.714 8 0.520 5 5 YZ-3 0.709 9 0.799 3 0.470 4 24
KM-1 0.750 4 0.708 2 0.5145 6 D-4 0.696 5 0.7913 0.468 2 25
YX-4 0.762 9 0.729 8 05111 7 D-5 0.694 1 0.792 6 0.466 9 26
KM-2 0.756 0 0.726 0 0.5101 8 YZ-5 0.691 9 0.800 1 0.463 7 27
WS-2 0.724 8 0.747 3 0.492 4 9 KM-4 0.693 5 0.8140 0.460 1 28
LC-1 0.740 3 0.769 3 0.490 4 10 HI-1 0.682 5 0.803 2 0.459 4 29
YX-5 0.721 6 0.7505 0.490 2 11 YZ-2 0.692 4 0.8162 0.4590 30
KM-5 0.7203 0.7554 0.488 1 12 HJ-4 0.674 8 0.797 4 0.458 4 31
KM-3 0.7214 0.771 6 0.483 2 13 HJ-2 0.6829 0.808 2 0.458 0 32
LC-2 0.709 8 0.761 0 0.482 6 14 HIJ-3 0.6753 0.800 6 0.4575 33
LC-3 0.728 7 0.7819 0.482 4 15 D-2 0.6719 0.806 8 0.454 4 34
YZ-4 0.730 2 0.786 7 0.481 4 16 HIJ-5 0.6719 0.8190 0.4507 35
YX-1 0.704 7 0.7614 0.480 7 17 WS-1 0.655 8 0.8130 0.446 5 36
D-1 0.701 5 0.774 9 04751 18 YZ-1 0.6816 0.8535 0.444 0 37
WS-4 0.6879 0.760 7 0.4749 19 WS-3 0.648 7 0.8403 04357 38
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