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Comparison of the Contents of 14 Inorganic Elements in Cyperus rotundus from Different Origins Based
on Stoichiometry
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ABSTRACT OBIJECTIVE: To establish the method for the content determination of inorganic elements in Cyperus rotundus, and
to compare the contents of 14 kinds of inorganic elements in C. rotundus from different producing areas, and to provide theoretical
basis for its quality control and high quality resources development. METHODS: The samples were processed by microwave
digestion, and ICP-MS method was used to determine the contents of Na, Mg, K, Ca, Mn, Fe, Ni, Cu, Zn, As, Se, Sr, Cd
and Pb. SPSS 23.0 software were used for principal component analysis (PCA) and cluster analysis. RESULTS: The average
contents of above 14 kinds of inorganic elements in C. rotundus from different producing areas were 168.62, 753.71, 6
938.33, 24.31, 14.69, 197.77, 0.60, 2.43, 26.89, 0.21, 0.06, 5.64, 0.05, 0.32 mg/kg, respectively. The results of PCA showed
that the cumulative variance contribution rate of the first four principal components was 86.203% , which could reflect most of the
information of the original data. C. rotundus from Shandong, Jiangxi, Shanxi, Hubei and Yunnan ranked the top five places in
terms of comprehensive score of inorganic element contents. The results of cluster analysis showed that the samples from 9
producing areas were clustered into 5 categories, showing the characteristics of clustering by producing area. From the perspective
of inorganic elements, the quality of C. rotundus from East China, Central China, North China and Southwest China was better
than that from South China. CONCLUSIONS: Essential trace elements like Na, Mg, K, Ca, Mn, Fe, Cu, Zn, Sr are rich in C.
rotundus, and there are small amounts of Ni, As, Se, Cd, Pb elements in it. The contents difference of inorganic elements in C.
rotundus from different origins may related to the geographical area it belongs to.

KEYWORDS  Cyperus rotundus; Origins; Microwave digestion method; ICP-MS; Inorganic elements; Contents; Principal
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AHIESE i A T2 B ERAT - TT00X Y H SR A 55 5
TS (ICP-MS) X (&[5 Agilent 23 H] ) . MDS-8G %I
TR T i AN b 0 T AN A0 Ak 7 B A R | ) BP-
211D Y J5 43 2 —Hi - K- (15 [ Sartorius 23 A ) 55 o
12 FEHRBSKFA

ABi 5 BT Y 254G : Na . Mg . K .Ca . Mn Fe .
Ni.Cu.Zn.As.Se.Sr.Cd.Pb FAIC R AR (E S ARME
Py ST ey, BT BE Y S 1000 pg/mL) , Ge . In B,
Y . Sc HLCE AR MR IR (A 64 )8 ST R B
MG, BT R R EE X 1000 pg/mL) , 27 FOCRIR G
PRy (L [ Agilent A F], 7 Ag. Al As.Ba.Be.Ca,
Cd.Co.Cr.Cs,Cu,Fe,Ga.K,Li,Mg,Mn,Na,Ni,Pb,
Rb.Se.Sr.Ti.U.V.Zn % 10 pg/mL) , bR 5 (26 =
Agilent A #) , & Ce.Co.Li .Mg.Ti.Y % 1 000 pg/mL) ,
BiIR (DLl , AR TR e Ak TR ), 581K,

ANTR] P b (PRI AR 1) B B 2561 34 08 B R far A6
H b Tl T, 39 28 R v B2 24 K2 242 e P e W2
PR RV EREYIVIE C. rotundus LI TERARZE

x1 BERAHWTHER

Tab 1 Producing area information of C. rotundus
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2.1 ICP-MS &4

SR AEA 1 550 W5 SRAFTREE N 10 mm; 5555 1%
it 165.0 L/min; 2000 4 0.90 L/min; 2516 % i B2
2 °C s Rl He 82X, He “TUiiit £ 4 4.5 mL/min;
IR B AL 5 T 0.10 v/s; W 1k s R/ 35 B SR AR ABE 2
SykideR A, H AR 3R
2.2 TRHMEEY

K AR P FHR A TR % : 0~ 10 min, N I

- 290 - China Pharmacv 2021 Vol 32 No. 3

F+ 2 120 °C 5 11~15 min, M 120 CFFZE 150 °C;16~20
min, A 150 ‘CTHZ 180 C.
2.3 FREMBREIEIE

3 5 AE %8 5 B Na Mg . K, Ca . Mn,Fe Ni,Cu,Zn,
As.Se.Sr.Cd.PbHLICRIRUERE i, B T°[A)— 50 mL
A, FH 10 % A B v WO R B T B 1 mL 75 A 14 %
JLE 4124 20,200.,500,10,10.50,2.10.,5.0.5.0.5.1,
1.1 png R GAREM T AR . A% S BUZ I A& R
1.2.5.5.10 mL, 43 ‘& T 50 mL 550N, ] 10 % i BR 1%
TR T R SR A AR S T
24 HiIXRBARNETARRNEE

W BB 25 1 60 CT 2 h, W A sORLRS B2 0.5
g NEHFRE , BRIV M (PTFE) S T i sl v, i
P 10 mL, #¢“2.27 T T 1 i 55 1 004 7 105 A 5 1 T A o8 42
JE U VAN E E R R AL A 50 mL SR, MK
FEASFES), BV AE R S W . B2 10 mL B TRl
THARE ¥ bR S W 28 ik R il 28 1
"
25 ZUXRRKHRER

K % R HL“2.37 T 1 R 1 5 b M b 1 L, 4%
“217 IR SRR E SRR . DABRAE S A BT
WREE (o) R AR AR (TR () S A b il A vl it 2k
SRAGERPERNE H R LR 2. MR 245 R AL, S0
1) R*BIA/NT 0.999 0, RE[ZITELNE LR RET .

xR2 BRLEREMZEK TR

Tab 2 Standard curve and detection limits of elements

E [Tl R AHEHER me/kg F i ng/kg
Na y=15175x+6.948 1 09994 0~19.781 4 252142
Mg y=34512x+0.136 1 0.9997 0~201.2312 125874
K y=3.017 6x+0.117 8 0.9992 0~495.203 4 213247
Ca y=1.016 6x+0.084 3 0.9992 0~11.2357 3.6855
Mn y=28.724 3x+0.063 0 0.9995 0~10.368 5 132474
Fe y=47.31 §x+4.5457 0.999 4 0~493574 171317
Ni y=43.819 5x+0.022 4 0.999 6 0~1.9874 152874
Cu y=59.875 1x+0.296 8 0.9995 0~9.9572 26367 4
Zn y=15405 9x+0.4154 0.9993 0~4.9854 193657
As $=9.353 0x+0.008 3 0.999 6 0~0.5012 13.5871
Se y=0.5957x+0.000 1 0.999 6 0~04974 36.365 8
Sr y=6.239 4x10.019 6 0.999 8 0~1.0212 103624
Cd y=2229 5x+0.000 1 0.9990 0~12654 288874
Pb y=18.952 3x+0.028 1 0.9992 0~1.0271 16368 7

3247 TR 28 TR R0 E 10 U, DA i 2
25 VR I AEL ) 3 A5 b oA i 22 (SD) BT g () 4=
JUE TR AR Tk B, 25 R L3 2,

2.6 WBEERLRK

i 25 B B 2.37 WU VRS B HE S IV A U 5 mL, B
T 50 mL i, FH 10 9% WS FR I WA L #5217 T 2%
PRUEREI A2 | 3SR 6 UK, E SR A . 2551, K ou R
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W i FH A RSD K 0.73% ~2.37% (/N F 3% ) , 26 WX
wrk A AT
2.7 BEMIKE

BB BHRE & (FEAR 205 SRR 0.5 g, 4T 6 4y, 23
FE 2,47 BT 7 R AR A S AR, F 2. T T 4%
PRI E 10 W TH AR, SR ARV ih 2 BR R it
o 4R, B IR TR RSD N 1.34% ~3.85% (/)
T5% ,n=7), RIZ I EELEIERL .
2.8 REMIKE

I AR i (FF 25 SRR 0.5 g, $% 42,47
Ty A AR A S 20 T E IR PR 0.1.2.4.8,
16,24 h % “2.17 0 F S50 RN E 0 SR TRIAR . 45
B ITCE ISR RSD H 1.15% ~2.76% (/N T 3% ,
n="T), R SR 20 TS 24 hfvE bk R 4T
2.9 INEEE R

B 0 B i P A B RE it (FE i 5 ST K 0.25 g,
AT 6 03 AEEFRAE , FEAF RN 2.3 I N IR G A i b
W3V W, ¥ “2.47 WUT J5 Wil AR il il W, SR 5 %
“2.17IUT SRR e SRR, R bR E Lt
BT SCR O & PRI RO, 458, &L R
HPEIIIRE IR R 91.26% ~111.57% ,RSD 7 0.65% ~
2.47% (Y/NF 3% ,n="T) , FWIZ I P MERG I R IT.
2.10 HmEEWNE

BT A IR SRR, 23 4 < 2.47 WU Jy kil A
AL AR o B S VARG i, 45 2.1 7 T SRR A
WM i s AR, SR AR E M S rE s b 45 o0 R
P OPAT 340y BUSME) 45 R WK 3 & 1.
x3 AEAFHMEMAM P 4MENTEESENES

B (mg/kg,n=3)
Tab 3 Results of content determination of 14 kinds of
inorganic elements in C. rotundus from diffe-

rent areas(mg/kg,n=3)

Fdh
G
SI 6638 683.15 6756.96 2754 16.61 140.64 070 1.79 16.70 0.08 0.08 2.71 0.05 0.35
§2 23231 86597 617142 2558 10.54 480.79 0.85 3.92 27.28 020 0.10 13.79 0.04 0.33
§3 8178 66885 579357 1822 1418 8450 060 2.73 19.99 0.06 0.06 2.10 0.05 0.26
S4 33403 769.10 671826 2351 622 10138 023 2.77 32.94 0.16 0.03 11.10 0.04 0.17
§5 35758 821.84 710679 2591 655 117.53 024 323 32.02 021 0.04 11.97 0.04 0.20
S6 17896 77570 6991.87 2473 1638 218.89 058 243 2844 0.7 0.05 3.92 0.04 (.34
ST 96.07 72083 742377 2118 1722 366.12 057 1.68 2641 0.12 0.06 440 0.06 0.35
§8170.13 836.16 928170 3222 25.08 190.17 098 2.27 2591 0.12 0.1 3.64 0.05 0.37
S9 6878 682.65 6670.67 1878 1530 99.01 070 2.10 24.64 0.53 0.05 2.34 0.04 0.19
SI0 - 86.04 713.77 634538 2476 1827 21533 0.68 L6l 27.36 0.10 0.05 2.79 0.06 0.37
SIT - 182.67 752.84 706129 25.03 1521 161.06 045 2.20 3412 0.56 0.04 330 0.03 0.55
M 168.62 75371 693833 2431 1469 19777 0.60 243 2689 021 0.06 5.64 0.05 0.3
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Fig 1 Comparison of inorganic elements in C. rotun-
dus from different areas

JLE, B A &4 Bk 168.62, 753.71, 6 938.33,
24.31.,14.69.197.77.0.60.2.43,26.89.0.21,0.06, 5.64 .
0.05.0.32 mg/kg, H:H K Mg .Fe Na 4 FiOC R &m0 5 5
T 4B JCH Cu,Cd Pb,As Hg (1 T Hg 7ERE i rp 3 4
AR AR AN B, SOA SRR AT 204 ) ) &5 B 7
2020 A7 € v 1 24 i ) B 1Y) 5 i 4 Ja o6 3R R S
Z W (Cu<20 mg/kg.Cd<1 mg/kg .Pb<<5 mg/kg As<2
mg/kg . Hg<0.2 mg/kg)"™,
2.11 ER7oH
DA b At B 25 44 Hh B 35 1) 14 FhCHLOC R &5 4
AE SR SPSS 23.0 B AR HEAT T o 0BT, DARHIE(E
KT U ERBARIE, BEFLIHITR &85 iy
KA ARIENRA K 2, 4B 2], i 450 3
JAT I BT 7 25 BT Ry 86.203 % , 13 W BRI AT 4 Ff
TRy AT LA W I 0 A ) R 5 S, BT A
T2 R o
R4 AREFHEMGHMETS 4MENTRAERS
FHEER T ERBE
Tab 4 Principal component eigenvalue and variance
contribution rate of 14 kinds of inorganic ele-

ments in C. rotundus from different areas

Eig HHE(E JTETHE, % FHTETME, %
I 5039 35991 3991
2 3.561 25439 61430
3 2,096 14975 76405
4 1372 9.798 86.203

K FH SPSS 23.0 A4t Bt 4 7 I 143 BT , A9 e i
O HERE PR 5. 125 A1, Sr.Cu . Na Mg ICE 1)
FRTES 1 F AU AT S DX 4T R E B
AR 1 0 St s Se Ni\Fe (CA G E I & HEAESS 2 FAK
Ay H R A (A i, UERH X A AR A B AR 2 o
;s K Ca Mn UG & RAES 3 T R mT (HAL =
ULAAIX 30 FE A B A 3 RS S ; As . Zn Pb L
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Fig 2 Screen plot of 14 kinds of inorganic elements
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Tab 5 Rotation component matrix of 14 kinds of inor-

ganic elements

. EiY)

& 1 2 3 4

St 0979

Cu 0.891 0.222 =0.170

Na 0.882 —0.353 0278 0.130
Mg 0.757 0.308 0.538 0.147
Mn =0.749 0422 0.465

Se 0.847 0.335 —0.288
Ni —0.361 (.84 0.185 —0.148
Fe 0297 0.761

K =0.125 0914

Ca 0.168 0.247 0.867

As —0.114 =0.120 0907
Cd —0429 0.159 —0.759
Zn 0.505 0374 0.292 0.568
Pb —0.39%4 0.394 0353 0484

DA B 43 TR 15 43 3 LA o7 19 SRR AE AL B3 AR Sy i
BRI R 45 A3 50 (FL Fo JFa F) o LAAS E RIS 501
J5 22 DTk 5 BT 25 TR A LI A, T RLLR
E1853 (F) AR K : F=(35.991F+25.439F,+14.975F,+
9.798F,)/86.203, 455 B , AN [R) 7= Hu A i 24 44 B 5% T
MLGER & = NLE A 150 HEF i S2>85>S8>S4>S6>
S11>S87>S1>S10>S3>S9, Bl 11 45 . VL. 74 . 111 75 . 3
At = F A R JCHLOC R & R LRSS 0 HELERT 5
B o Forb, IR BT P B BN AE R0 1 Ay 2 BT
G382 T LA A L A B 3
AR A3 S g T A A A D) A B AR T
o34 BRI 3 T A A L TE LR 6
2.12 BEHH

Ry ik — 2SR S 7 M ) B 24 6 I TELOT R 2
A2 NTER R 5 HLEE, 285 R ] SPSS 23.0 #
XoF AN ) 77 Ml A B 25 468 BT 5 B9 14 Bh JEHLOT 2R & kAT
BB o R b E s B bR HEAL AL ET, SR K-38
R, ' B R RERECH 10 K250 5, 451
W,
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Tab 6 PCA factors and comprehensive evaluation re-

sults of 14 kinds of inorganic elements in C. ro-

tundus from different areas

. AT

[aR7=g=N F 4
Feds A i A A iy
S2 3.99% 4259 =1.017 0.345 2788 1
S5 3407 2339 0.592 —0.247 0.807 2
S8 =820 1.484 3479 —(0.584 0.633 3
4 2689 —299%8 =0.019 —0.406 0.189 4
S6 =0.072 —0.142 0315 0354 0.023 5
S11 —1.141 —0487 0.535 2995 —=0.187 6
§7 =127 0392 =0.091 —(.665 —0.506 1
Sl —-1973 0475 —0.044 —1.057 —0.3811 8
S10 —1.843 —0.149 —0.028 —0.653 —0.893 9
$3 =112 —0.126 2130 —1.028 —0.989 10
9 —1.860 —0.369 —1.592 0.947 —1.054 11

RT AEFHEMAMHRESITER
Tab 7 Cluster analysis results of C. rotundus from dif-

ferent areas

23 MRS o

1 s8 1117

2 ) i

3 51,53,57.99,510 I HR g TG
4 56,511 =g U1

5 $4.85 5 ARINi)

I8 7RI, 9 i B BN 2 M LR 5 26—
R DO PG AR R ) BT P A B 2R — 25 U R
DX (2 R I ) T 7 e B 2R o — 28 s A b ™= X (I L
VLY ) I 7 48 B 3Ry — 28 s AR ™ DX (Ll oY) e 7 48 22
TR —2 A A X (LR e 7™ 7 B B 3Rk — 2
AN TR) 7= 4 7 B 24 64 TR 8 TE ML R R B — i A 7= X R
RS, AT RE SR ™ X F AR B - KT RS
REFIEERA KX,
3 itig
3.1 EHETEHWESHFENHRE

HH Eb B WSO 335 325 R R & 65 % ICP-MS
W EA AT RIS O0 3R R A A A
Pt A 32 50 A TAEE B k. TEAR T ET
Borrh B R TR E f ik (SQ) A MY 245 vh il B T &R
T2 AR ik, G5 R R T 25 25 A 14 Fh
PLCE , HERYEHEIN 0.02~6 031.52 mg/kg., 7EIH LA
ARG R FH R S A I AN [ b A B2 4 v 14 Fifp
THLTTR W& AT TR

AR SCIT R B 2 18043 43 A AN SR 28 43 A 1) Jr ik A
G T 2B IREIE M0, A B T RARRDCR 1 E%
TR S 2 P L X B
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JyEnRELE L ARG B 1) 14 R e E H, CuCa,
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15— &2, AU B S & S HERT 4 A2 R TR K.
Mg .Fe Na ™, Fe & & AR 5238 T abh 77 1,
RV 2 AR FR R R ] gl —Fpoc R, b2k
FEANT AR LR Z —P 7 K Mg .NaJG &R
A B TR M R G, X X A s
RV HA RN S E L,

zg BRIk, FB 254 4 E 5 Na . Mg K .Ca . Mn, Fe
Cu.Zn.Sr% NMALTICR , %A /D i Ni As . Se .Cd . .Pb
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MR R X HA MO . AW ST 2518 0] R it — 2 s A7
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FEAS B TE R A2 IR DI R
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