¢ # % Chinese Traditional and Herbal Drugs 38 434 £ 93 201259 A <1835

MTLESSESENTEZHNRESTMERD T
Rtz REE, F&E

LT BE R, 10T KIE 116600

W E: BE SV TFLSS5ESh T EFIE. A RARERMA SR (ICP-MS) AN EM N IhZHlE 2
M NI R R, 2 IR T ISR R 2 LI # A i RS, 18 ] SPSS 15.0 St At & AT G- b B3R R
RO 17 AR EE N T LS RE SR, TRtk 3 AERr, MIEART LSS5 ESIRETTHE N Ca. Na.
Fe. Zn. Cu. Mo. V. Sn. Sr. Al. Ba. Ge. JCEMNAMEHE S NS WAERIREL, 3G r A EKERA R, &g N
SO AERZE I ITERM N ILS 5S4 TP THTR AR5,

KR MRz W2 BT BEST: ThUoR: RBEESSEE 7Y (ICP-MS)

FESES: R286.014 XEkPRERD: A XEHS: 0253 -2670(2012)09 - 1835 - 06

Cluster analysis and principal component analysis of inorganic elements in ginseng
cultivated in forest and garden

ZHANG Jian-kui, KANG Ting-guo, DOU De-qiang
College of Pharmacy, Liaoning University of Traditional Chinese Medicine, Dalian 116600, China

Abstract: Objective To explore the characteristics of inorganic elements in commercial ginseng cultivated in forest and garden.
Methods The contents of inorganic elements in commercial ginseng cultivated in forest and garden were determined by ICP-MS. The
reference diagram for inorganic elements in commercial ginseng cultivated in forest and garden was established. The statistic analysis
was completed by SPSS 15.0 software. Results Cluster analysis showed that 17 samples could be clustered reasonably into two
groups. Three principal components were extracted. The results showed that Ca, Na, Fe, Zn, Cu, Mo, V, Sn, Sr, Al, Ba, and Ge were the
characteristic elements in commercial ginseng cultivated in forest and garden. The element distribution characteristics were related to
the ecological environment, cultivation methods, and growth years. Conclusion The cluster analysis and principal component
analysis are effective methods for inorganic elements analysis.
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Table 1 Source and growth years of samples

RS, Ff ok AR /4 G5 Ff ok AR /4
Y1 SU oS 4 L1 TR B E TRUTIA 8

Y2 U U1 4 L2 TR B A R 12

Y3 Ly A RN 5 L3 SU o X R AN A /A 13

Y4 U TS 6 L4 ST EN e T AN R Y ) 12

Y5 LT IR E 6 L5 LB 2 SuE Ay 12

Y6 MRS LT 4 L6 SUS o X R YL £ DN R N 12

Y7 MR 4 L7 LT R B TR & KRV 14

Y8 MR B 4 L8 IR B T ORBR A 17

Y9 TP T 6
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Table 2 Determination of inorganic elements (n=3)
. FEM (ngg )
Ca Mg K Na Fe Zn Cu Mn Cr Mo Co Se
1 362426 256993 13179.13 59.67 171.33 16.47 49.42 19.44 0.33 0.40 0.10 0.14
L2 373502  2546.61 14 260.99 56.03 159.59 16.30 51.712 19.01 0.30 0.37 0.08 0.15
L3 216974 186931 12017.00 2341 173.58 16.69 43.39 23.70 0.57 0.04 0.14 0.12
L4 503791 248537 11419.27 131.36 181.36 33.74 110.83 19.82 0.40 0.77 0.09 0.16
L5 237967  2719.62 15 637.80 26.20 129.18 16.66 61.19 17.00 0.44 0.28 0.11 0.15
L6 2521.66 1681.11 11 095.29 .19 117.68 20.85 104.23 11.43 0.22 0.22 0.06 0.14
L7 2966.16  2517.79 1517571 57.48 124.16 242 89.67 19.31 0.20 0.41 0.07 0.18
L8 412373 240551 14776.69 80.33 120.28 13.75 41.24 23.37 0.17 0.52 0.08 0.15
Yl 153945 321885 11 545.89 158.91 69.98 16.09 32.19 2239 0.06 0.11 0.06 0.15
Y2 143711 2606.85 15707.92 147.05 50.13 19.05 3342 3342 0.16 0.06 0.09 0.18
Y3 1580.02 221875 14791.65 164.30 114.30 13.78 24.88 67.23 0.18 0.07 0.08 0.15
Y4 152682 234112 16 286.08 150.89 47.50 8.14 12.55 22.73 0.54 0.05 0.05 0.12
YS 247174 328437 1557535 233.63 84.65 12.19 1591 64.33 0.54 0.03 0.12 0.15
Yo 270528 277292 19951.47 258.36 84.54 9.47 1623 4734 0.74 0.03 0.10 0.16
Y7 193490  3178.77 11 056.58 18222 65.65 8.29 1520 20.39 0.52 0.10 0.04 0.15
Y8 194128  2179.69 16 688.24 187.74 4427 9.20 11.92 78.33 0.29 0.01 0.09 0.14
Y9 197979 231534 18 455.63 192.37 60.40 13.09 12.08 20.80 0.40 0.14 0.04 0.15
B 2569.09 252423 14 565.92 126.60 105.80 15.66 43.06 31.18 0.36 0.21 0.08 0.15
FEh RS/ (ngg )
Ni \Y Sn [ St Rb Si B Al Ba Ti Ge
L1 1.12 0.43 0.53 4.28 46.13 9.55 125.20 9.55 266.88 108.73 329 56.01
L2 0.98 0.41 0.37 1.94 47.54 13.58 78.10 1222 193.54 135.82 374 4414
L3 2.30 0.47 0.43 1.20 33.38 4.01 100.14 8.68 143.95 116.83 401 40.06
L4 1.61 0.33 1.65 111 57.10 8.73 87.32 11.08 238.46 114.19 571 47.02
L5 1.77 0.20 0.75 0.99 23.46 15.64 78.19 13.94 287.99 71.39 408  64.59
L6 1.14 0.20 1.71 0.74 40.35 2.35 67.24 740 121.04 131.13 6.05  33.62
L7 1.07 0.21 1.24 0.76 37.94 7.93 82.78 13.11 4592 93.12 414 1828
L8 1.00 0.15 0.52 0.72 51.55 11.34 48.11 11.68 37.80 151.20 289 1615
Y1 2.38 0.07 0.38 0.45 30.44 10.85 30.79 9.45 0.31 31.49 3.85 14.34
Y2 084 0.07 0.50 0.22 28.41 5.35 2273 13.37 1.59 40.11 504 3342
Y3 2.86 0.10 0.08 0.33 19.50 8.40 63.87 13.78 1.42 43.70 286 31.94
Y4 051 0.03 0.28 0.34 24.43 4.07 29.52 11.54 0.49 47.50 153 20.02
YS 1.35 0.07 0.18 0.34 40.63 14.90 12528 12.53 0.25 84.65 339 1185
Yo 0.6l 0.07 0.07 0.41 29.08 10.14 37.20 12.51 0.43 17.25 304 1792
Y7 086 0.05 0.06 0.52 38.01 26.26 55.28 13.48 0.44 86.38 449 1831
Y8 0.41 0.03 0.06 0.32 30.99 7.15 13.28 11.58 0.30 23.16 1.63 11.92
Y9 050 0.06 0.14 0.37 20.80 3.36 100.67 14.09 0.69 50.33 228 2382
B 125 0.17 0.53 0.88 35.28 9.62 67.39 11.76 7891 79.23 365 29.61
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Table 3 Significant difference tests of inorganic elements in commercial ginseng cultivated in forest and garden (x +s)
RES, Ca/(ngg ") Mg/ (ngg ") K/ (ngg" Na/(ugg')  Fe/(ugg')  Zn/(ngg)
MFIZ 3319.774987.927 2349.414£368.72 1344524+1771.91  59.58+34.49" 147.15+26.86" 19.61+6.34"
bl % 1910.82£443.08  2679.63£451.28 15562.09£2882.62 186.16+37.94  69.05+22.51  12.14£3.77
Ha o 777 t K PR t Kr i t Ky t Kr FRRIR 5
RES Cu/(ugg") Mn/ (ngg ) Cr/(ngg ") Mo/(ugg')  Co/(ngg')  Se/(ugg)
KRz 69.71+27.817 19.14+ 3.84" 0.33£0.14 0.38+£0.22"  0.09£0.03 0.15£0.02
% 19.38+ 8.56 41.88£22.99 0.38£0.22 0.07£0.04 0.07£0.03 0.15£0.02
K s 77 RIS 56 R ¢ K t K ¢ K ¢ K
Peg NiJ(ugg) V/(ngg Sn/(ngg ) I/ (ngg " Sr/(ngg ) Rb/(ugg")
HFILz 1372047 0.30£0.13" 0.90£0.55" 147£1.207  42.18+10.727  9.14+4.49
% 1.15£0.89 0.06£0.02 0.19£0.16 037£0.09  29.14% 7.08  10.05£7.08
Ko 75 13 A5G ¢ Kt ¢ K FRA LG ¢ R ¢ K
FEd Si/(ugg ") B/(ugg ") Al/ (ugg Ba/(ngg)  Ti/(ugg) Ge/(ugg ")
HFILZ  83.39+22.69 10.96+2.25 166.95+95.93"  115.30+25.15"  4.24%1.10 39.984+16.94"
bl % 53.18+37.76 12.48+1.46 0.66£0.50 47.17£2432  3.12%121 2039+ 7.96
ol 73 t K KL PRI 56 t KL 1 KL 1 KL
CHRE 005 KTERBE, | R 001 KTEREE
*means significant difference at 0.05 level, **means significant difference at 0.01 level
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