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Dynamic Changes of Trace Elements in Yu Salvia miltiorrhiza in Different Growth Periods
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[ Abstract] Objective: To establish an atomic absorption spectrometry to determine the content of eight
trace elements of Yu Salvia miltiorrhiza in different growth stages, namely K, Cu, Na, Mg, Fe, Zn, Ca and Mn.
Method: Micro-digestion-atomic absorption spectrometry was used to determine the trace elements in the roots
of Yu S. miltiorrhiza. The HPLC method was used to determine the content of active constituents of Yu S.
miltiorrhiza. Principal component analysis and correlation analysis were used to evaluate the results. Result:

The contents of trace elements in Yu S. miltiorrhiza in different growth periods were significantly different. Cu
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had a significant positive correlation with the growth period, while Zn, Ca and Mn had significant negative
correlations with the growth period. The comprehensive score of Yu S. miltiorrhiza in December was the best.
The content of index components was negatively correlated with Mn, Zn and Ca, and positively correlated with
Cu, Fe and Na. In soil, Mg, Fe, Ca and Mn were correlated with Zn, Ca and Mn, while Mn was negatively
correlated with Cu. The content of K and Mg in the crude drug increased gradually with the change of the growth
period, and the overall score of annual Yu S. miltiorrhiza was the best. Conclusion: The change of trace

elements in Yu S. miltiorrhiza in different periods has certain regularity. Trace elements in soil have impacts on

trace elements in medicinal materials. Trace elements in medicinal materials are closely correlated with index

components and quality of medicinal materials.
[Key words]
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Table 1 Sample information of Salvia miltiorrhiza
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SRS R % = s TR N 7 v DT NS 1| A& s i |
GSB0417202004, GSB0417711079, GSB04173820
04, GSB0417304112, GSB0417011111, GSB0417711
079, GSB0417210073, GSB0417805026) , Jii & ¥ i
B1 1000 mg- L' 2 MR L9 ; O W B 5 40
XIS FHEY R B, PE S T, (R A 2 A E F
5 BE , H 5 4r B o 111562-201716, 110766-201721,
4l 4>98% ) 5 B 4li K M S = A il .
2 Fik
2.1 FEARAL I BRI A FE A AL ORI AR K A
FFSHE R, 50~60 CCHET B i, i H51 (80 H ), %
HEOGIRAE

P2 R A R & R AR U P SR
FR20.5 g, TR 10 mL & 58 VU G 2 45 T ik B e
6 h 5, T A RO T A5 R PR R - R A 2
0.5 g, INAiKAR 6 mL, ¥ F2 % i 3 mL, R 2 mL,
R DY TR L T A T O A R R T
BB B 80 °C L FA MR EE 12 ¥4 A1 30 min, JIT 5% fil§ iR
WU % 25 mL PA S i o R 9 I O U 5% s il iR
10 mL 7 B %8 50 mL 5, % 315 o 25 1 95
w5l b R RO AR i S e MR A BT ik
6] 2015 4 B € 25 B ) B L B T S L
W2,
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Table 3 Operating parameters of atomic adsorption photometer

®2 BKHERUIESH

Table 2 Operating parameters of microwave digestion instrument

50 PR FF] ] /min ik £ /°C JE 71 /kPa
1 2 80 1013
2 2 120 2533
3 2 140 3039
4 10 160 3546
5 30 170 3546

I3 R 300 W

Mg, Fe,Zn, Ca, Mn 8 Ffi 5T 28 X HE VA W, W5 2% LI 0,
0.05,0.10,0.15,0.20,0.25 mL T 25 mL £ i /[ Jf
5% M E MR R 2208, 5% M il R b a5 . %18
2 3 JE T MIBOG AL T AE S 8500 % 4% 70 %A W] it it
e B T BRI U B WO B 4, DA B HREE (C) g A
B, A R DA B 22 1 b 1 1 2, SR AR 81 IH D7 B R AH 56
3 £R

3.1 JriksEE R

30101 ZRMEX R KK MR R 5% 5 il R K K,
Cu,Na,Mg,Fe,Zn, Ca, Mn 8 F} JT 2 %I 18 %5 W 12 2%
i e, 25 1N 5% M B R V3 W, 2 Wl 4% JC R &k 7
TR BT E W I WGE LR ERE 117K, 2 I TUPAC
FE] B s o 2F A7 K B o S 5, 25 SR R 8 BT R
R*{E0.997 8~1 F P KUk M 56 R, 4Rk 7 B G
PR AE R W 4,

JLE WK /mm ede/mm  ATHLR/mA  SGHAERE U TRV i /L min! LHRIE S /MPa B ¥ /mm
Ca 422.7 13 7.5 560/243 22 0.05 7.5
Mg 285.2 1.3 7.5 330/172 2.0 0.05 125
Fe 2483 0.2 125 400/427 18 0.05 7.5
Na 589.0 0.4 10.0 330/235 2.0 0.06 7.5
Zn 213.9 13 5.0 430/317 18 0.05 7.5
Cu 324.8 13 75 330/243 2.0 0.05 7.5
Mn 279.5 0.4 7.5 400/309 2.0 0.06 7.5
K 766.5 13 10.0 380/254 22 0.05 7.5

TE 25U 28 15 Lomin', 230K J1 2925 0.16 MPa,

3.1.2 MEEILK IUK,Cu,Na,Mg,Fe,Zn,Ca,
Mn 8 Fft 7T K 5[] e B X BRI R e I i A AN AR T
YES B M E 6 W, 1HHOLE B RSD (n=6) 73
$70.1%,0.9%,0.3%,0.3%, 0.2%, 0. 4%, 0. 3%,
0. 1% , 3 WU KE % B R AT

3.1.3 EEMEIKE 2. 130 F ik B YN2-1
FE & 6 0y, 152 W8 fe A AU 2% T /E 2 500 %2 K, Cu, Na,

Mg, Fe,Zn,Ca,Mn 8 i oL & , 45 S 15 2 8 Fh T K WL
Jt BE i RSD (n=6) 43 % 4 0.1%, 0. 1%, 1. 1%,
0.7%,0.6%,0.4%,0.3%,0. 1%, % W%y i &=
PER 47

3.1.4  AERCRIKE FRECYN2-1 RS 0.5 g,
% A K,Cu,Na,Mg,Fe,Zn,Ca,Mn 8 FJ0 & X
WA R AT 1N, 4 R AR A B R4, WLk 5
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Table 4 Linear regression equation and detection limit

JLE 2k Ty 28 Bl /mg - L R? K i B /mg - L
K Y=0.070 2X+0.027 3 0~10 0.998 1 0.003 6
Cu Y=0.028 5X-0.000 1 0~0.5 1.000 0 0.009 7
Na Y=2.62x102X+1.38x10* 0~5.0 0.999 7 0.0139
Mg Y=3.13x10"'X+3.83x107 0~0.5 0.999 1 0.001 0
Fe Y=3.58x102X+6.33x1073 0~10 0.999 4 0.006 5
Zn Y=2.41x10"X+2.71x1073 0~1.0 0.999 8 0.000 9
Ca Y=0.048 2X+0.025 1 0~10 0.997 8 0.007 5
Mn Y=0.074 1X-0.000 5 0~0.9 0.999 9 0.083 4
R 5 WAL IFITRMMIREBHKLE (n=6)
Table 5 Label recovery test of 8 elements in Salvia miltiorrhiza(n=6)
TTER FE & o /mg - L JinkE  /mg - L A5 /mg - L S LR /% RSD/%
Ca 3.196 2.0 5.187 99.55 1.1
Mg 0.478 0.4 0.900 105.70 1.4
Fe 1.002 2.0 3.150 107.40 0.9
Na 2.146 2.0 4.109 98.07 1.0
Zn 0.030 0.2 0.201 85.45 1.0
Cu 0.039 0.2 0.211 85.95 2.0
Mn 0.135 0.2 0.230 94.80 1.6
K 10.08 2.0 11.899 90.98 1.9

3.1.5 WIS RilE B2 10T Fik
Jb FRHE P S b 4R B AR AL TAE S 8 Sk A 3
WIS E L 25 R LR 6.

*6 AEMHPBRASHETENREDNE(n=3)

Table 6 Content of trace elements in Yu Salvia miltiorrhiza in

different periods(n=3) mg- g

i K Cu Na Mg Fe Zn Ca  Mn

YMI-1 6.403 0.011 1.036 0.310 0.264 0.039 2.477 0.206

YMI1-2 6.262 0.016 1.001 0.263 0.289 0.041 2.553 0.206

YN2-1 5776 0.016 1.330 0.308 0.683 0.021 1.931. 0.071

YN2-2 5.037 0.020 1.072 0.239 0.501 0.015 1.597 0.067

LN3-1 6.485 0.020 0.600 0.177 0.123 0.012 1.700 0.085

LN3-2 6.290 0.020 0.566 0.230 0.138 0.024 1.736 0.069

3.1.6 TEEMEITTRERME #2100 F )ik ab B
- HERE S e A RS TAE S BT S R 3 kT
FIME BRI T
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Table 7 Content of trace elements in Yu Salvia miltiorrhiza in different periods(n=3) mg-g’!
i K Cu Na Fe Zn Ca Mn

YMI-1 39311 0.001 5 1.338 7 0.098 4 1.742 8 0.060 0 0.006 5 0.207 3
YM1-2 29175 0.001 9 1.002 4 0.1529 1.2890 0.077 9 0.006 8 0.180 4
YN2-1 3.973 6 0.001 9 1.3300 2.1209 3.0273 0.0717 0.078 6 0.1533
YN2-2 42180 0.001 4 1.258 4 1.984 0 29311 0.061 8 0.075 4 0.127 2
LN3-1 4.079 7 0.001 9 1.264 2 2.024 4 2.961 6 0.061 3 0.053 8 0.1390
LN3-2 4.150 4 0.001 0 1.194 9 1.9575 2.860 1 0.0579 0.0515 0.1354

£8 BASENUERSIRESH (=3

F10 METERESEKHABEHNHEXESF

Table 8 Determination results of index components of Yu Salvia Table 10  Correlation analysis of trace elements and growth
miltiorrhiza (n=3) % period
45 BB S MSEI,  BRSAASE AR JLHE A
YMI1-1 27013 0.0334 0.1221 0.0759 0.2314 K 0.045
YMI1-2 2.7407 0.046 4 0.1223 0.0842 0.2529 Cu 0.825"
YN2-1 34565 02654 0.300 5 0.2034 0.788 1 Na -0.658
YN2-2 37377 03210 0.288 9 0.2493 0.8782 Mg -0.731
LN3-1 3.8342 02193 0.2821 0.1798 0.660 5 Fe -0.298
LN3-2 37267 0.196 5 0.269 2 0.1728 0.6179 Zn -0.804"
I BTSN, PSS S R S Ca -0.859"
Mn -0.837"

x99 AREMETEEAERXEST
Table 9 Correlation analysis between different growth periods

and trace elements

JTE K Cu Na Mg Fe Zn Ca  Mn
K 1
Cu -0.305 1

Na -0.531 -0.495 1

Mg -0.119 -0.778 0.799" 1

Fe -0.726 -0.115 0.907" 0.591 1
Zn 0.412 -0.758 0.219 0.601 -0.153 1
Ca  0.454 -0.842Y 0.326 0.606 -0.075 0 1

Mn  0.462 -0.808" 0.178 0.439 -0.245 0.912% 0.959% 1

H:VP<0.05,2P<0.01(F 10~12d] ).

W B TE-T R BRI A AR A ST R B
TS T A, R BGE # 3. 83%; — AR A
FHZ WA, & T AR A R AR R Bk F
0.30%. 3 WL LA 25 B £ 32 AR T A% A1 L4 AR
55,3 AW PSR G0, H£<0. 5 em; —4FE2E
PSS BAEL 6, HAR KN 0. 6~1.3 cm; W 4F 4= # 1
B, RN 1.3~2.1 ecm, [[ B iz il IBM
SPSS Statistics 25 43 B F1F X #8112 48 br o 5
G R AT A OGS, T S AR LR 11, R bR AR
A3 i 5 Mn 20 3 A OC, AH OC R -0, 968

M —-0.956;5 Zn, Ca 12t . 3% A 56, M 56 R ALK B
MMn,Zn,CaJCEA B F 0 ;5 Cu,Fe,Naty & [F
AH G, HfE BT Cu, Fe, Na 45 il 5 0 2 % 46 45 il 4 7 i
FAML T i H A — 2 1Y 52 .

11 ERERSTMETEZ BNEXES R

Table 11  Correlation analysis between index components and

trace elements

JLE P R PR TES
K -0.562 -0.580
Cu 0.678 0.599
Na 0.040 0.109
Mg -0.311 -0.183
Fe 0.443 0.505
Zn -0.912" -0.845"
Ca -0.904" -0.864"
Mn -0.968% -0.956%

3.2.3 HHESFESMETEMCE ST B

IBM SPSS Statistics 25 43 B 1 {4 X A4 4 B 855 + 519

Tt T 2 RAR P+ 2 i o0 2 UEAT A OGR4 B, 25 2R

W12, HIEME TR S A M MR TR A

P, T Mn 5 256 19 4 8 JC F Cu A R 8L

A -0.953, B4 2 A 5 G e, £+ Mg, Fe,
- 181 -
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Table 12 Correlation analysis between trace elements in soil and samples

I H K Cu Na Mg Fe Zn Ca Mn
T-K -0.303 0.344 -0.199 -0.226 0.064 -0.727 -0.781 -0.731
T-Cu 0.133 -0.226 0.406 0.081 0.295 0.04 0.322 0.261
T-Na -0.174 -0.199 0.223 0.230 0.309 -0.427 -0.363 -0.375
T-Mg -0.410 0.773 -0.182 -0.464 0.238 -0.933% -0.949% -0.993%
T-Fe -0.395 0.664 0.158 -0.394 0.237 -0.933% -0.943% -0.973%
T-Zn -0.043 -0.223 0.550 0.351 0.434 0.411 0.524 0.373
T-Ca -0.639 0.647 0.120 -0.244 0.517 -0.881" -0.881" -0.951%
T-Mn 0.481 -0.953% 0.330 0.661 -0.083 0.878" 0.941% 0.923%

T o R 7 RR BRI

3.2.4 RFBHIfER TR E RS 8 H IBM
SPSS Statistics 25 #X 4 XF AN [6] B} HA 48 71 2 8 Bl fill 12
JC & B AT AR AL AL BE AN 32 R4 40 ML AR AR
J5 25 BTk R W0 b DY 2 s AR B WL AR 13,14, REAE
HRF 1R AT 4. 417 F12. 867, X B 7 ik BTk R
H91.051%, ATAC R M FFSHE S h B R 5 B
F13 ERSMBEERTHE

Tablel3 Characteristics of principal component value and contribution

Wk 5 E W F1, F2 3047 50 o 28— 32 B4 R 1iF
M 4. 417, 5THRE K 55.211%, i & JC % Mg, Zn,
Ca, Mn 7555 — 3 UM A B8 307, U W5 — L0
TR T 44T RS B, il T K Na, Fe
FES 32 oA B s, BRI R B R
e 7 2R OT R A B, B A WL 1

y (R IR (e AR MR - J7 A T e S8 75 A
o Bt IR 4 KBU% BRI rEASL 2% MBI FEAESR 2B/%
1 4.417 55.211 55211 4.417 55.211 55211 4.353 54.410 54.410
2 2.867 35.840 91.051  2.867 35.840 91.051  2.931 36.641 91.051
3 0.372 4.656 95.707

4 0.187 2.341 98.048

5 0.156 1.952 100.000

6 3.422x10716 4.277x1071 100.000

7 2.375%10°16 2.969x10°15 100.000

8 -1.495x10°16 -1.869x10°1% 100.000

MR 3R 24> F W 15 40 1 H 5L 45 5 8 iA
2y hF fh R, 25 A AT 4 LA 3 B 1) BTk SR 3
Oy A% 4y HE AT NACE B, B0 F K oy 28 A A =
(55.211% F 8 4 1 48 4> +35. 840x £ WL 4> 2 15 43 )/
91.051, MIEEMIISLZEMMRT —HFEM3H

Z I8N A

ERFIZ LA, B3 HESHRAS S50

HRIBBN AR EER, W15,
4 itit

AN S R T WA O3 D O E ik 23 A AN (]

- 182 -
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0.9%; # &2 M % 2 & & % R 4, RSD 7F 0. 1%~
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T 14 WHEFHETIERE

Table 14 Initial factor loading matrix

TR A1 S5 2
K 0.317 -0.833
Cu -0.935 ~0.040
Na 0.494 0.854
Mg 0.783 0.526
Fe 0.104 0.979
Zn 0.918 ~0.241
Ca 0.963 ~0.197
Mn 0.898 0331

s

4

g 3

2

1

0

1 ERF®HA
Fig. 1 Main factor of gravel

x15 FRERKBASERSBINEARTS
Table 15 Main component score and comprehensive score of

Salvia miltiorrhiza in different growing stages

R it 24 B LS 180y LA 2180y LZa R
YMI-1 2.888 2 -0.604 1 15135
YM1-2 2.020 4 -0.790 2 0.914 1
YN2-1 0.3850 2.308 8 1.1422
YN2-2 -1.5793 1.9327 -0.196 9
LN3-1 -2.1953 -1.716 3 -2.006 7
LN3-2 -1.5190 -1.1310 -1.366 3
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6.403 mg-g' Lk I;Ca,Mg,Zn,Fe L E & B HE .
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