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Content Determination and Principal Component Analysis of 24 Mineral Elements in

Polygonati Rhizoma Produced in Hunan Province

HUANG Li' ,JIN Kai*,CAI Jialuo',DAI Bing' ,YANG Lei' ,MA Jie’,XIAO Wangzhong'
(1. The First Hospital of Hunan University of Chinese Medicine,Changsha,Hunan,China 410007; 2. Hunan Academy of Education Sciences,
Changsha ,Hunan , China  410005; 3. Hunan Institute for Drug Control,Changsha,Hunan,China 410001 )
Abstract: Objective To determine the contents of 24 mineral elements in Polygonati Rhizoma produced in Hunan Province,and to
analyze their principal components. Methods The contents of 24 mineral elements in 14 batches of medicinal materials were
determined by inductively coupled plasma — atomic emission spectrometry (ICP — AES),and the principal component analysis (PCA)
was performed on the data by SPSS 26.0 statistical software. Results Thirteen kinds of mineral elements were detected in fourteen
batches of medicinal materials,and no arsenic (As),beryllium (Be),cobalt (Co),chromium (Cr),nickel (Ni),lead (Pb),antimony
(Sb) , tin (Sn) and vanadium (V) were detected. The cumulative contribution rate of the first three principal components was
94.41%. Aluminum (Al) , boron (B), barium (Ba) , lithium (Li) , strontium (Sr) and zinc (Zn) were the characteristic mineral
elements of Polygonati Rhizoma produced in Hunan Province. Conclusion The method is stable and reliable, and can accurately
evaluate the mineral elements in Polygonati Rhizoma produced in Hunan Province. It provides a reference for the development and
utilization of its resources,quality control and safety evaluation.
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ICPE — 9000 & H S 5 55 25 TR L7 & S5
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FR (AL As BT (B) 81 (Ba) 8% (Be) .4 (Bi) .Cd.
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Tab.1 Information of Polygonati Rhizoma

F5 R NE NG & S AR
SI HahAmTEEE  FHLRE 2020-09-15 SR
2 HAAFMTHEEL  FELR 2020-09-15 A
S3 HaAmEHMNRUAL KLk 2020-09-15 ZuH
S4 Hd KR FHlk 2020-11-10 %4
S5 HaAMmmMEEE KLk 2020-11-10 FH#
S6  Hid A A FELB 2020-11-12 %4
ST BB EATHLE  FELR 2021-05-11 3#%4
S8 WA A ERFHML  FTHLR 2021-05-11 FH#
SO A AMTEE FHLR 2021 -06-14 Si0%4k
S10  #@ AL d kML XElsk  2021-06-15 H#
S11 #HdAWLTAREE THELRE  2021-06-15 $ik4
S12 #@ARBHMALE Kk 2021-06-19 F#
SI13  #aAdmBmMAELE  KELk  2021-06-19 FH#
Sl4  H&AERTRIL  FELK 2021-07-04 A

2 FESER
2.1 ICP- AES &

RN 458. 50 MPa, SHIIHRN 1.2 kW, 255
TR 10. 0 L/ min, 5B 4 0. 60 L/ min, 3%
SR 0. 70 L/ min , XI5 1] Ay ra) , LI A3 A A
O, RS = R BEOGRTE] Dy 45 s (U e
FERF 30 s, BEHNEBE 30 s, FERM TG VE 45 s, AT 3R IE+E
R R B M R SRR AR TR T R
JEE DG L 9 35 4 0 R T R B BT i 2R, & oC A pr ik
LI EAPAL LR 2,
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2.2 HEMmAEERARE

BE LG R RE SR R BB, B 0. 5 g, B BB 31 it B
HIA S mIL HNO,, il 56 25 8F B, HOA SOt T
SO fifp (R Ty L3 3) o T ik o e I K EE R (SO B 1
150 °C, R 2 ~ 3 h, BIFWFIAT2 ~ 3 mLAT, FF£ % 50 mL
R, T 2% HN O A R DR T R , DT
AR, I 2%HNO I WE 25, 7557, RISl i
T o [T A AN 1 2R i () 2 RS IR S v 1o 18,

2.3 HEFEERE

LRE O FR BRI FR 2558 B 1. 2 300 N IR A PR i I
J Ca BTG ZEARMEV TS i, FH 2% HNOS 15 05 R B
% 4 0 2 R W 98 0,01, 0. 02, 0. 05, 0. 10,
0.20,0.50,1.00,2.00,5.00 g/ mL ) 25 A bR ife
PRVE YR 32 2. 1R ICP — AES 2R gEREIN 22 | D45 R3]
TCE IR (X, wg / mL) AR bR, (XEE TR (V)
YN AEFR R EFTR 2 0 B S VA T, 2R A T e Tl
VA S R RS A RGE i, R AR 11K, e SR
AEAE T o B ISR R R 22 , LA 35 1 v 2 X 1 )
ZaSRllpIve Ypinsier dE-R (B V&S TRl AT U

FE % B - B 0. 2 g / mL BYTR A AR & A BOE
L2, 1R ICP — AES S 2L A DN A2 6 Ik, it 5%
ICESAR T 0 B 45 B 45 Rl T 2 NAR A5 5 58 B 19 RSD
F0.31% ~ 2. 64%(n = 6) , KL B R AT

53 R - ARERUR]—HE 2GR S AGE 2 RS AR
Loy #ie 2. 2300 T Jy kil Al I, R 2. 10
T ICP — AES & SE AR DN A2 6 UK, i S ALAR 15 5 ok
BE LR Y i A R T R & W RSD
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SRR E T2 SR AR 5 0 B I R [T iR
FERNFR2,
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RUWF 4K 13 FIEE T RTR & B A — 2
S, H L Ca i f iy, HK W Mg, Al Fe,Mn, Ba.,
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Tab.2 Regression equation,linear range,limit of detection and recoveries of 24 mineral elements

tE K% (nm) =2 75 2 LMIEE (pg/mL) MR (mg/ kg) PR IR %)

EDk A RSD
Al 394.403 V,=2.704x 107X, +3. 118 x107* 0.999 79 0.01~5.00 1.39 100. 30 0. 84
As 193.759 Y,=2.806x 107X, - 1.152%x 1072 0. 999 99 0.01~5.00 1.85 98.43 4. 08
B 249.773  Y,=4.616%x107*X,-9.270x 10~ 0.999 95 0.01~5.00 0.25 93.09 3.25
Ba 233.527 Y,=4.526%x 107X, +5.530%x 107 0.999 93 0.01~5.00 0.07 94. 82 3. 66
Be 234.861 Y;=6.063%x107°X,-7.306%x 107* 0. 999 98 0.01~5.00 0.01 91. 44 4.54
Bi 179.193  Y,=2.066x 10"'X, + 3. 844 x 10? 0.998 93 0.01~5.00 0.38 99. 46 2. 14
Ca 422.673  Y,=1.750x 10"*X, - 1.797 x 10~ 0.999 26 0.01~2.00 2.83 100. 70 0.31
Cd 214.438 Y, =8.533x10"*X,+5.127%x107° 0. 999 98 0.01~5.00 0. 06 95.42 1.87
Co 237.862 Y,=1.587%x107°X,+7.408 x 107 0. 999 98 0.01~5.00 0.15 92.90 4.24
Cr 267.716  Y,,=6.151x 107X, +5.333 x10"* 0.999 95 0.01~5.00 0.13 94.78 2.08
Cu 224.700 Y,,=2.956x107°X,, - 7.060 x 10~* 0. 999 82 0.01~2.00 0. 64 98.73 0. 56
Fe 234.349 Y,,=2.236x107°X,,+2.294 x 107? 0. 999 99 0.01~2.00 0.03 99. 63 0. 68
Ga 287.424  Y,,=7.568 x 107°X,; +2.970 x 10~? 0.999 71 0.01~5.00 2.67 91. 81 3.15
L 670.784 ¥, =2.457x 10X, +1.303x10>  0.99990  0.01~0.50 0.10 93.89  3.52
Mg 280.270 Y, =1.761x107°X,,~ 1.809x 10>  0.999 97 0.01~0. 50 0.15 100.03  0.77
Mn 257.610 Y,,=7.896x107°X,, - 7.674x10°* 0.999 99 0.01~0.50 0.01 100. 71 0.59
Ni 231.604 Y, =1.481x107°X,+5.272x107* 0.999 99 0.01~5.00 0. 30 95.50 3.18
Pb 220.353 Yq=9.427x 107X+ 1.491 x 107? 0. 999 96 0.01~5.00 3.84 96. 83 4. 18
Sh 217.581 Y,,=9.778 x 107X, - 2. 340 x 10~* 0. 999 98 0.01~5.00 0.44 91. 39 2.31
Sn 189.989  Y,,=1.316 x 107°X,, + 1.360 x 10~* 0.999 98 0.01~5.00 0.58 93. 31 4.19
St 421,552 Y, =1.749x 107X, + 1. 174 x 10™*  0.999 97 0.01~0.20 0.01 94.90  2.17
Ti  337.280 ¥, =2.098x 10 “X,,+7.814x10*  0.999 96 0.01~1.00 0.05 98.66  3.30
v 292.402 Y,;=5.723x 107X, +3.831 x107* 0.999 96 0.01~5.00 0.10 96. 64 2.51
Zn 213.856 Y, =4.894x107*X,, +6.972 x 10~* 0.999 97 0.01~2.00 1.27 98. 42 1.77

®3 WKEBER

Tab.3 Microwave digestion procedure

25 R (min)  RFEE (min)  RBE(C) FHE(W)

1 4 3 120 1 600
2 5 8 140 1 600
3 9 25 180 1 600

3 FE R P RHEAE Y KT 1, R TTHR A 94. 41%.
F LA 1(PCL) 7 2 5Tk R i K, 5 57. 89%, Al, B, Ba,
Li,Sr,Zn 78 PC1 AR 2k, SenT Ak iR Te 2 i
FEERG VRIED TR 5 5 2(PC2) R TTHCR N
80. 04%, EE WL T Cu, Mg, Ti 0" it K45 h5 15 B
F L5 3(PC3) RTTHR AR K 94. 41%, EZ ML T Ga,
Mn5ICRFEAME B TE LK 6.

PLPC1 M X #l . PC2 Y %l \PC3 Ny Z 5175 3 3D %
SRR LA HEZG M RE S RECT R 341, WE 158 14
641£(S1.82.57.88.89.811) , 247 [ I W11 X 5 55 240
541(S3.95.810.S12.S13) , 777 [ PG 3 Ll i X 5 7
H WA 2 5 Lk AG 3 4L (S4.S6.,S14) AT IH Ry — 41 A 4

I HEORS R 0 3R e S A OCIR R, T
FRNTC R & i 5 SRR T AR R B G
3 iTig

WG R AE A P2 B B AL A, bR AR S B A
—E MG EAER AN ik g 5 rh 2y rh A A LN B G
BUHT A A Y, BGE I 52 e v 24 24 Pk 5 5 Bk 9 T AL A
AL D ) T2 0GP S S5 R A L LA
{5 5 A 119200 ARWIF 5T b ST I IO T A - 1CP — AES
1% e PR T VA R ] B 0 S RS rh 24 R B ER 1Y
LR T RO R, A R A [l
RAE LT EAS T ER L 144 7 B & 13 Fh g B
JRICE , Ca & A 1 100. 45 ~ 4 740. 02 mg / kg, di 75
JGE E AR 50. 0% ~ 71. 6% #OKE o i  F  Fe,
Mn, Zn 55 V5 AR TR R TR A e 40 g7
ot By 6 S Kok R B AL B VR T 68 A BEORE E FR N
UREETF R AR 21

Pb, Cd, Cr, As S oK 5 Fp AU & 43 & 5 A FH U R AE
NARZE B X il B e 7R G0 R B 28 45 1

81



A BT«

Inspection and Test

¥ %

China Pharmaceuticals

202247 A 20 H 55 31 5455 14 )
Vol. 31, No. 14, July 20,2022

F4 WGV HERDPT RTELSENELE R (ng/ kg,n =3)

Tab.4 Results of content determination of mineral elements in 14 batches of samples (mg/kg,n =3)

B Al B Ba Bi Ca Cd Cu Fe Ga Li Mg Mn Sr Ti Zn
SI 590.42 74.13 114.27 0.14 4740.02 - 3.52 11527 12.10 0.84  895.36 71.81 25.21 6.27 46.6l
$2 24033 18.71 26.80 -  2480.18 0.07 2.57 106.30 8.89 0.47  609.91 17.40 10.26 23.43 22.48
$3  50.81 805 1661 - 3019.95 - 440 43.24 14.60 0.40 1000.05 17.86 8.46 2.62 12.86
S4  119.26  6.25 20.14 1.14 1410.03 0.08 2.15 84.31 14.96 0.43  924.32 118.31 11.90 14.86 17.32
S5 46,74  7.48 1572 2.38 2499.91 - 412 40.30 13.71 0.40  836.87 1462 8.05 2.36 12.20
S6 11319 5.85 19.23 1.65 1110.45 - 175 80.24 1452 0.38 71599 91.19 11.47 13.80 16.22
§7 57722 7173 11101 0.79 3200.17 0.09 3.06 111.38 10.89 0.75  583.92  46.80 23.88 6.15 45.31
S§ 22617 17.42  25.32 0.39 1739.86 - 2.01 99.63 9.03 0.47  420.14 11.52 9.51 21.19 21.09
SO 433.35 49.31 75.14 - 3430.04 - 2.54 107.95 8.95 0.64 70420 43.67 18.03 12.82 35.60
SI0 8572 6.92 1823 1.73 2109.77 0.16 3.09 63.12 13.78 0.47  927.69  62.27 10.12 8.69 14.78
SI1 462.21 53.81 8280 -  3410.36 0.14 2.94 108.48 9.87 0.63  680.88 45.42 19.44 10.96 37.64
SI2 84.53  6.88 17.91 -  2050.10 - 3.09 61.87 14.52 0.44  913.01 63.73 10.19 8.34 14.61
SI3 33.82 555 1153 - 2340.42 - 263 29.28 10.10 0.39  789.10 13.70 5.73 2.0l  8.92
SI4 9440 497 1633 -  1189.03 0.07 1.23  67.41 12.93 0.41  803.72 10297 9.48 11.90 13.66
Ee - A AKE,
Note: — indicates that no mineral element is detected.
R5 BEERIESE B 14 LW B h 4 Fh & m sl Foo R WL T4 A
Tab.5 Eigenvalue and contribution Bﬁ%ﬁ(f’b 71:] 5 mg/ kg, As j’ﬂ 2 mg/ kg, cd ﬂ{] 0.3 mg/
ERy BIHEE FTETHRE(R)  RRIAKE(%) kg, Cu M 20 mg/ kg) , Pi R 22 kil T RS 14 3
! 7.52 57.89 5789 WP BORE A 1 095 Y R AR B L kX kA 6
2 > 88 2216 50.04 T AT 3o A B AR A A
a SLIE— achi U RSG50 07 1 A 2GR S0 i 2 A b
Tab. 6 Loi 6matElI‘?fzoﬁf}j:;:"fii‘::fiiﬁall}!ﬁcomponents &ﬁﬁiﬁﬁfﬁgﬁ?/\ﬁ X %)H‘Eﬁj%%u %zﬁgﬁr{i
EiE PCI PC2 PC3 | A PCI P2 PQ3 FAr B L AR IR & M ES Rty
Al 0.997 -0.046  0.051| Li 0.972 0152 0.102 ERRGY ST, 25 G W P25 LK DB Y A
B 0.98  0.116 0.016| Mg  -0.377 0751 0.4 AR SOR P or Eiﬁﬁ%#’ﬁﬁﬁigﬁﬂﬁﬂé
Ba 0.979 0139 0101 Ma o -0.053 -0.128 0.98 AT E S A5 L 5 29 B R REFOC AR AR Sy M e
Ca 0785 0511 -0.241| S 0.949  0.112 0.280 5 PP BEOR iR A
G 010 088 -0368| T 0.066 -0.88  0.03 S ik
Fe 0.831 -0.460 0180 | Zn 0.994  0.005 0.097 [ ARHRZR 2. PRARSAEGE(F)[M]. LK.
Ga ~0.5%7 0. 480 0.614 & & 25 A kAt ,2020:319.
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Fig.1 PCA plot of 14 batches of samples
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