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Determination and Characteristic Analysis of Mineral Elements in Leccinum rugosiceps from Different Geographic Origins
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Abstract: The contents of 10 mineral elements in Leccinum rugosiceps from five regions were determined by microwave
digestion-inductively coupled plasma-atomic emission spectrum (ICP-AES), and the obtained data were analyzed by analysis
of variance (ANOVA) and principal component analysis (PCA) using the SPSS software. The results showed that recovery
rates from tea standard (GBW 07605) ranged from 91% to 101% and the detection limits were 0.000 1-0.616 5 mg/kg.
Mg, Cu, Ca, Na and Zn were more abundant in Leccinum rugosiceps. However, there were significant differences among
mushroom samples collected from different regions. PCA showed that the cumulative contribution rate of the first three
principal components was 87.87%, which could express most information. Principal component comprehensive scores could
reflect the enrichment levels of ten mineral elements in Leccinum rugosiceps from different origins.

Key words: inductively coupled plasma-atomic emission spectrum (ICP-AES); microwave digestion; Leccinum rugosiceps;
mineral elements; principal component analysis (PCA)
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Table2 Microwave digestion conditions
A JHEME/min - JFEERE/C . RIEMNE/min TIE/W
1 5 120 5 1500
2 5 150 5 1500
3 5 170 5 1 500
4 5 180 10 1500
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10% HNO, W I #1 50.0. 0.02. 0.05, 0.1, 0.5,
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Table3 Determined and certified values of mineral elements in tea
standard (GBW 07605) and detection limit of the established method

% g  WEE  WEW @8 BRH  RoW

(mgkg) (mgkg) I % e (mgkg)
Ba 230.424 58£6 56.5+7 97 94 0.0013
Ca 183.801 43004400 4031£386 94 97 0.0140
Cu 247 173£18 16.6+1.6 96 102 00157
Li 670.784 —036 —037 97 96 0.000 1
Mg  383.826 1700£200  1650.1+190 97 98 0.009 5
Na 330232 4416 444473 101 105 06165
Ni 231.604 46£05 42404 91 92 0.0018
Sr 216.59%6 152407 146105 96 94 0.0029
\ 290.882 —0.86 0.94 91 90 0.0013
In 202548 26342 25442 97 102 0.001 4
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Table4 Mineral element contents in caps of Leccinum rugosiceps
collected from different regions
mg/kg
TR ) i) e 744 7 4hs
Ba  430£177° 148£0.55° 3414185° 3804195° 649£8.18°

Ca  3I3I5E14519" 128764117 12601210598  126.58437.15°  241.21+12450°
Cu 1239545820°  7478+3261° 7274444150 2617624553 69.70+46.74°
L 081£051° 040£0.14° 0.12£0.06° 0.63£041° 1394 1.78°
Mg 1193262434.11° 8333145315 809.33£100.89° 88241+117.83° 1236.41+13546°

Na 1558345455 85781190  9338+2946™  10434+3095 709141953
Ni o 1294051™ 0.94+037" 0.63+0.29° 1.94+1.00° 234+2.70°
St 130+0.62° 0.71£0.12° 1.2940.76° 0.90£0.16" 1.09£0.71°
Voo 214£088° 0774022 0714033 1824084° 3.1043.84°

In 2394149587 1480242242 1531645269 264.84+23128" 1348544426
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Table 5 Mineral element contents in stipes of Leccinum rugosiceps
collected from different regions
mg/kg

ik ! 42 43 Pt 745

Ba 414942943 1134055 244£2.00° 0.7540.26° 7204593

Ca 129133£13196" 1206144966  4531£2778"  3411£1323°  251924196.94°
Cu G485E5193 404813094 117811405 319342219 30.10420.54
Li  170£1267 0.28£0.16° 0.0840.13° 0.13£0.04 1324095

Mg 139080448562 65225+197.92°  215.66+28266° 31939+107.34° 82057444235

Na  1273144944" 477642555 1287H1717  1736+1558° 421342678
Ni 13224867 0691037 69LI8+663.79° 0474015 2214143
St 4344205 059+021% 0214067 04240.13 1494118
Voo 2988£19.17 0.5940.28° 0.714£1.07° 042£0.16° 32742.12°
In 1225849362 7929+4632% 165642276 6648+£7739°  64.58455.49"
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Table 6 Eigenvalues and contribution rates of principal components
ERYi RHIEE TUR /% R/ %
PC1 7.25 64.51 64.51
PC2 1.92 13.91 78.42
PC3 1.24 9.45 87.87
RT  BOBEER
Table7 Component-loading matrix

TR Ba Ca Cu Li Mg Na Ni Sr \ In
PCl 0968 0978 0255 0775 0928 0942 —0485 0971 0975 0.716
PC2  —0.167 —0.159 0933 —0218 —0215 0.009 —0516 —0.201 —0.102 0.675
PC3 0175 0128 0.143 —0.529 —0304 027 067 0116 0195 018

R8NERA G MR RZE, R 3o A
(1.2.495) IR 13 53 AH DR R E0RT DAAS I R03 A 1
510 oo w S ENLEHAEN:

F=0.139Z (Ba) +0.141Z (Ca) +0.037Z (Cu) +
0.112Z (Li) +0.134Z (Mg) +0.136Z (Na) —0.07Z
(Ni) +0.14Z (Sr) +0.103Z (V) +0.103Z (Zn)

F,=—0.093Z (Ba) —0.089Z (Ca) +0.521Z
(Cuw) —0.122Z (Li) —0.12Z (Mg) +0.005Z (Na) —
0.288Z (Ni) —0.112Z (Sr) —0.057Z (V) +0377Z (Zn)
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F=0.167Z (Ba) +0.122Z (Ca) +0.137Z (Cu) —

0.506Z (Li) —0.291Z (Mg) +0.258Z (Na) +0.641Z

(Ni) +0.111Z (Sr) +0.187Z (V) +0.173Z (Zn)
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Table8 Component score coefficient matrix

FWn  Ba Ca Cu Li Mg Na Ni Sr \ In

PCI 0039 0141 0037 0112 0134 0136 —007 014 014 0103
PC2 —0.093 —0.08 0521 —0122 =012 0005 —0288 —0.112 —0.057 0377
PC3 0067 0122 0137 —0506 —0.291 0258 0641 0111 0187 0.173

4R F=0.645 1F,+0.139 1F,~+0.094 5F, {15 3 5 25
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Table9 Principal component comprehensive scores

i F Fz By Fe Ay
1 1.688 —0.111 0.565 1.127 1
2 —0.485 0.060 —0.439 —0.346 4
3 —0.896 —0914 1.186 —0.593 5
4 —0.350 1.640 0.125 0.014 2
5 0.043 —0.675 —1.437 —0.202 3
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