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Abstract: The nutritional value and exposure risk of wild Boletaceae are related to consumers’ health and safety, and influence market
stability and trade exports seriously. In this paper, the contents of 12 kind of element contents in eight wild Boletaceae (429 samples in total)
were determined and their corresponding infrared spectra data were collected by inductively coupled plasma atomic emission spectroscopy and
Fourier transform infrared spectrometry. The content characteristics of elements and edible health risk were analyzed. Meanwhile, partial least
squares discriminant analysis and support vector machine (SVM) discriminant models were established using element contents, infrared
spectroscopy, low-level data fusion and mid-level data fusion. The classification results were compared. The results demonstrated that wild
Boletaceae were rich in Ca, Mg, Na, Zn and other mineral elements, and moderate intake can supplement the nutritional needs of human body.
Meanwhile, attention should also be paid to the risk of heavy metal exposure of some Boletaceae. The SVM discriminant model based on
mid-level data fusion has the accuracy of training set and test set of 100%, which could be a promising technique to rapidly and accurately
discriminate the species of Boletaceae. It can effectively avoid the occurrence of poisoning incidents caused by accidental ingestion. Analyzing
the element contents, assessing the health risk and identifying the species of Boletaceae systematically, can provide a reference for the quality
safety assessment and the development and utilization of resources.
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Table 1 Information of boletaceae samples

L mx BT G
A Sem A Boletus magnificus 1-41
B BRABENTE B. griseus 42-93
C Z R B. umbriniporus 94-145
D ERFAH B. edulis 146-244
E KARFITR B. tomentipes 245-291
F NEFIE B. speciosus 292-331
G SEHRARFAE  Leccinum rugosicepes ~ 332-389
H ek Z48FH Xerocomus spadiceus 390-429

1.2 L8 5 A

ICPE-9000 4= i Feied (HAREEAF]);
Mars6 UG v ffd (€& CEM /A]); Frontier &
B AR LT AR (B %% DTGS Frill 2%, 2 Perkin
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s 65%FHIRHN 30%i E A (AR AR T
FRAFD; HaiK (FEFH%E>18.25 MQ-cm); UPT-I-10
FBATKHLARERH A BRA R ; 2 n bl &R (5F
FAAAREHEABR A FD s RAE ORI AR
BHEERAFD . SFIIH 10%HBRARIR IR,
RRAKIEGE, TR

13 TwEEEMNE

FREL 300£0.2 mg F£ 5 THAFES, IO 6 mL i
B2, 3 mL i ACEA | mL Ak, EEEEMT T
SR 2 h, INEEEE, MAERBEEMAOCR, $ER 2
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b, MADEBAUKIREMES ST 3 I, &9
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Table 2 Microwave digestion conditions

FH FHBEE/min BE/C ARBEE/min SHEAW

1 5 120 5 1.8
2 5 150 5 1.8
3 5 170 5 1.8
4 5 180 10 1.8

14 a4kt ExXE

FREX 1.5+0.2 mg 2FAFEFI AT 150.0420.0 mg I8
WERRY A, FELLAMT T TISHSHE o b 78 IR A S,
FG AR RIS Eorh s 1) R BE A S HIB W . (L
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4000~400 cm™', 155 80016 X, PR 4em’, FER
FAIE 3 W, BOFBeRE. SRR 2 (e
FrER CO, A HyO (T3, FFHT RGO, $Emsr
1.5 #4Eaar

JCER B IETE SPSS 21.0 3 HE RV EMEAIbRIE %
ST, SECRBAEIRERE, THEEA
BB, B G2 RS AR AR DS 2 30 R

Q=500 g*10%*C

RNI'=Q/RNI (D

AI'=Q/AI ©))

UL=Q/UL (3)

£¥: CAFNEFRAELFHEE, £12 mgke dw;
FHATEH LT 10%; Q HBITFHABANGFT RAE
=, %% mg; RNI #4E 54N Z( Recommended nutrient intake ),
#43 mg; Al HETHENANE (Adequate intake), £4f mg; UL
A% R 5T (Tolerable upper intake level ), 4% mg.
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Table 3 Results for certified materials analyses

AFE MEERH BB (mgkg) AR/ (mgkgdw)  WEAEL (mgkgdw)  BHCE/%
Ba 0.9999 0.0102 58+6 56.5+7 97
Ca 0.9992 0.1346 4300 =400 4031 +386 94
Cd 0.9999 0.0104 0.057+0.01 0.06 +0.02 105
Co 0.9999 0.0129 0.18 +£0.02 0.185+0.03 103
Cr 0.9999 0.003 0.8+0.03 0.85+0.02 106
Cu 0.9999 0.1243 173+£1.8 16.6 1.6 96
Mg 0.9998 0.0654 1700 £ 200 1650.1 £ 190 97
Na 0.9998 1.1213 44+6 444+73 101
Ni 0.9999 0.016 4.6+0.5 42+04 91
Sr 0.9999 0.0041 152+0.7 14.6+0.5 96
\% 0.9999 0.0215 (0.86) 0.94 91
Zn 0.9997 0.1503 263+2 254+2 97

211 AESEMEFEFHEK

LA FARICER, MR AR HESEY) (GBW
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EHEEN, W—mHEREERE 7R, 2HlERE
MELAMEREE R, WRIE LA G AR AL AR A
HEfRmZ (Relative standard deviation, RSD) fH, %%
P EEHLT7 K E— R g7l e, AR4EH RSD
B, HEREHE; W— M2 ILE 0. 104 20, 30,
40 50 60 min B E LA ERE CRECII 2 76 57 R
FILLAMEIT S, ByibZi), R4EH RSD {H, %%
EME. AN EERE . K. EE ML
Bc 18 2 5N 99.88%~99.95%  99.90%~99.93% #l
98.79%~99.86%, F H RSD {H 437N 0.0220% -
0.0039%- 0.4835%. S5HKH, 1% V2 1
FOE LS SRR, REdE TR, nTH T80
A R HR A

22 HHETEREELMN
K 4 7J%0, 8 MR ) Caw Mg, Na 1 Zn

MV EEBUK, 5 Falandysz®F1 Zhang! VA& [{RF 597 45
AL, Ca. Mg, Na #l Zn &850 55k 323.33 (K
AR D 878.23 (AERNA-FFE D 589.98 (K41 44H
ARFED A1190.39 mg/kg dw UNEAERTED . ASFF
FAFFEH Bas Cu 5 Ni R ZERFEVN, HFES
SN 40.44. 45.05 F128.41 mg/kg dw; Cd & E7E K
AP i (90.11 mg/kg dw), FEHABR & B
%, wESRIKEEMZE 1148 £ Cr S RZERK
K, EWANEFEERS, N 117.23 mgkgdw, 2
WAEAT R AR, N 23.76 mg/kg dwo RELLEEANA-THE
HH Co & mA 13.42 mg/kg dw, ZARA-ATE+ Co &
N 2.35 mg/kg dw, WEMZEILT 6 £ 4-HEET
St §5 v SEEb, HFES A8 1157 A 1552
mg/kg dw. A E ST EK TSRS RIORIRS
SEHHATRARY, Hit, uRSEAEE PO
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Table 4 The element contents of Boletaceae (mg/kg dw, meanSD)

RF5 A B C D
Ba 29.52+8.23 40.61+13.02 29.33+21.77 61.87+46.81
Ca 122.02+75.03 323.33+151.64 135.64+71.96 238.37+124.06
cd 14.08+11.82 90.11+69.05 8.64+5.24 37.2+53.56
Co 5.68+2.03 3.11+0.92 2.7842.13 5.27+4.03
Cr 74.47+13.26 97.93+60.51 40.27+41.75 117.23+123.70
Cu 40.78+9.81 41.55+17.29 55.09+8.98 37.05+12.05
Mg 878.23+90.66 666.33243.18 492.27+197.29 614.15+179.81
Na 107.31£16.98 390.38+261.51 327.85+205.64 314.524243.74
Ni 10.3146.30 29.24+7.12 31.95+16.29 28.53+12.51
Sr 13.76+18.29 12.08+6.35 5.94+4.86 22.8+40.36
\Y% 18.29+16.23 14.7746.97 15.1148.19 20.8+13.58
Zn 146.51+£24.87 138.87+45.21 117.46+37.08 107.06+26.18
(%3 E F G H
Ba 22.62+8.17 39.09+7.01 31.55£14.66 52.29+18.01
Ca 206.88+272.62 102.68+23.96 140.89+67.01 275.97+178.05
Cd 8.7245.95 22.4+8.32 7.85+7.14 16.75+12.09
Co 2.35+0.68 6.55+3.42 2.74+1.12 13.42+13.57
Cr 23.76:+14.89 68.62+47.51 54.51+49.94 103.73+83.54
Cu 56.46+18.25 50.83£14.11 42.62+19.7 44.12+16.71
Mg 454.49+161.29 844.28+82.96 450.63+164.5 652.7+196.07
Na 286.54+121.44 115.09+45.81 223.83+182.34 589.98+438.19
Ni 21.18+23.57 21.58+8.41 34.15+32.06 47.14+47.54
Sr 4.59+537 5.09+0.71 7.03+3.61 10.73+8.23
\% 6.81%3.17 15.60+5.90 9.16+3.12 21.83+6.37
Zn 118.4+£19.97 190.39+61.95 95.85+16.08 116.21£51.17
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Table 5 Correlation coefficient of elements in Boletaceae

TE Ba Ca cd Co Cr Cu Mg Na Ni Sr \Y Zn
Ba 1
Ca 0505 1
cd 0366 0701 1
Co 0569 0235 -0.118 1
Cr  0906™ 0561 0564  0.557 1
Cu  -0.641 -0350 -0432 -0252 -0.827 1
Mg 0212 -0.175 0214 0422 0447 -0339 1
Na 0463 0786 0242 0503 0380 -0.076 -0.363 1
Ni 0465 048 0038 0476 0299 -0.076 -0.458 0.845" 1
St 0.750° 0407 0388  0.193  0.809° -0.825" 0256  0.145  -0.020 1
Vo 0769° 023 0188 07200 0816 -0.546 0571 0327 0231  0.665 1
Zn  -0.105 -0318 0.184  0.136 0022  0.187 0795 -0479 -0.500  -0238  0.144 1
E: A 0.05KF () EREAAK; **E 0.01 KF () LREAK,
& 6 HBTEN RITEREITE
Table 6 Risk assessment of mineral elements in different kinds of Boletaceae
Ca Cu Mg Na Zn
R RNI' UL’ RNI" UL’ RNI" A" RNI" UL’
A 0.008 0.003 2.549 0.255 0.133 0.004 0.586 0.183
B 0.020 0.008 2.597 0.26 0.101 0.013 0.555 0.174
C 0.008 0.003 3.443 0.344 0.075 0.011 0.47 0.147
D 0.015 0.006 2316 0.232 0.093 0.010 0.428 0.134
E 0.013 0.005 3.529 0.353 0.069 0.010 0.474 0.148
F 0.006 0.003 3.177 0318 0.128 0.004 0.762 0.238
G 0.009 0.004 2.664 0.266 0.068 0.007 0.383 0.12
H 0.017 0.007 2.758 0.276 0.099 0.02 0.465 0.145

23 FHHE TR MRS M

TCE A A AR Ao R & B E R IR
Mk & 2 —, & 5 N Pearson fH7= &% (r) %%, r>0
REFITTENIEAR, —Fhesfedt s —FooRn
W r<0 ARERPIMTTER TR, —MPomER s —
FhCER IS AT REAFAEFIRIVE R o 2P B ooz 1A
MM 45 3R 7R Ba-Cr(r=0.906) 5 Na-Ni(r=0.845)
SRR FEIEMX (p<0.01), Ba-Sr (r=0.750). Ba-V

(r=0.769). Ca-Na (r=0.786). Co-V (r=0.720). Cr-Sr
(r=0.809). Cr-V (r=0.816) Jyii.3 IEAHIK (p<0.05),
Cr-Cu (r=-0.827). Cu-Sr (r=-0.825) NEZ MK
(p<0.05). B R EAAAESE B A TAEH R
F, FEONIEARDE, REAAFEE 02 B A AR DL
REER A

24 FATH A

241 HHRAH RAE XL TE

MRYEH E R RS R RS HRAE (2018 O
FHRHE, RNI A1 AL TP O C RN R
R, UL TS R AT &S . E
JE BB HR R (2016 FOHERE B HHEEAE N 300~500
g, BURKME 500 g, RIEAT (1D, (2) F (3D 535
AR IS RNI' AR UL, EG(E/NT 1 e
2edx, KT 1 BRFIEBIEIER XS, HE 6
ALl BEREH 500 g HTEEARE, A Cas Mg
Na fl Zn [EEMET RNI. Al 5 UL, #HH#E
R, BN Cu (ST RNI, KT UL, 7E%4 76
PIN. 4P iocR S EFE, &9t
MNEFTRRE TR SMETTR.
242 FHHAEEE CdREITE

A FAO/WHO HEE RN EREbRE, Cd &
€ B O] 328 N & (Provisionally tolerable weekly
intake, PTWID) ARG 0.007 mg/kg?!, —4 60 kg
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FRAE N R i KRR N: 60 kgx0.007 mg/kg=
042 mg. —AHEENRATEN 300 g B F AT,
e A BB Cd F24: 300 gx10%xCd 7 o
H# 7 T%0, REE N 300 g B, @itk
A= FF B ANSER A TR Cd 432 FAg ] fe vy
RRIRNE) 6.43 15 2.67 15, fAAEM=EHARFE X, /)
FA R AR L9800 R Cd S AN EIE ol 2
2K, A 4 FPAFE Cd N EIMEAE 24 T6
Wo WA Cd EEIAEKRE, o FHEAE
T, EUOHRE SRR
xR7 BENERE CdIBAEME (mg)
Table 7 Weekly Cd average intake for adults (mg)
K5 A B C D
CdHANE 042 270 026 112

K5 E F G H
Cd#ENE 026 067 024 050

2.5 L bIES AT

33.9___8-3325 —A
1.0+ n s B
F 1637-..._ 1081;1029 C
08 2934 b
I~ n : —E
= R\ N N —F
= Y WA o —6
04r XA ] e —H
P : H 530
0.2+ 3

02?000 35|0E): 30|():0 25I00 2000 15(|)0 : 10IO ::5:(|)0
WK /em?
B 1 ARFEELI AN E

Fig.1 The FT-IR average spectra of Boletaceae samples
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GEHREN; 1637 e PR IEIRISCUE I 2 19 SR eI 1
Wi C=0 M4atR . a4 R R AL 1547, 1453,
1402, 1315, 1259, 1081, 1029 cm™ 534 bt A B
SR, E LRI SR AT ZE S . 1547 e LN
B A FREE A C=0 IRz, 1453 cm’
BT U 0 L 25 R Zh; 1402, 1315, 1259 cm
SN ZRE . R AR C-O-H 25 HhHRah ALY A
AR 1081, 1029 em™ M NEE T B
C-O 1 C-C %R . 950~530 cm™ JEH £ /1N59M
YSpile, T BOARES AR ARG R0 Sy Mk
RN, 8 PRI A LIS 1 SARERIERCARL,
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26 RFHEXERE

HItE VIP 754K (| 2a) A4, Cd. Co. Mg
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BURAE, W] DR ARSI A &, bR 2.2
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FT-IR #4T PLS-DA, #2EL Q” F KN LVs /E HHIE
A, RY #oR BT, [HlA, A EEE,
Q* PR B (TR P, QA IAR S AAELINT, Tt
RIPERE 7027, 8] 2b 9 FTHIR [ LVs $EEUEE R, i
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SRhRERE XK FEE R, HE PP EE AR
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G S P

C [

A\

Sr :

Cu ]
4 Ba |
IR Ca ]

Co ]

Na |

cd |

Zn |

Mg |

0.0 0.5 1.0 1.5

VIP/5 5>

CavIP

1.0

on

== R?Y
- ()2

0.8

0.6 -

WG

0.4+

02}

0.0
5 10 15 20 25 30

T
E 2 FHETSRIGERE
Fig.2 The results of feature variable extraction
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HAR 1404 (173) FEaETILE, IIZRetieE T
A BRI SS SRR, TS 2t H T30 e A A e it
MGE 7o BRI SHE XIGEY) 77 % (Root mean squares
error of cross-validation, RMSECV). K IEX R I%Z
(Root mean square error of estimation, RMSEE) 57
A IE A T IR AR B O 1 e, RMSEE 5

RMSECV /N, R [ e MR T Rkt 7,
FIHITGER S &, FTIR, WHRE A it & o

I3 AEE L PLS-DA FIHIEERY, 204 ERE. 45
N 8 R, BALERIBOR A R & >FT-IR> MK
RE>cRE . MA R —TR S 25 S0
HAPR, EESCORAEAE, "R TR TR
RIS R, o, AERKMEE. NRIEEEE
BRI, FT-IR 5oz & 8 AR IE# 707
N 87.14%H1 41.43%, HIEDRERILT)aE, HAMH
®FJ5#, FTIR ) RMSEE 5 RMSECV #/)y, JLAs
AR eI . WIZah & TR IEFAZRACT FT-IR A
e, WBERIEAT AR, SRR
WRE SN BOER B, VNZREEFITNER IR 25 )18

1 98.96%#1 100%.
3 8 PLS-DA M EIHHEERI 3 HKLER
Table 8 The results of PLS-DA on different data matrixes

- NEE L
EE pMSEE  RMspcy VR FUNR

RIR EFHES Y ERAFEY
AFEAE 0269622 0273633 39.45 41.43
FT-IR 0.179002  0.217603 85.12 87.14
MBRRE 0.177525 0211567 74.05 75
W+ Rak4  0.110381  0.154015 98.96 100

2.8 FEFEENA A

SVM & — P B R B A, B 21k
HEMAIE, SRIEHEE. HETSH. Rk
SHCFITRIAE IEf 3PP 7 AP R . 1 3 SR T
JLR G E. FTIR. WG A& EdE ) SVM
) A R AN [ 28 2 R 14D 552 o 43 2R RE T 3 2%
B, 206 44, 4. 5. 0 DMEER O REER, hgmS
HARZ G SVM BRI AR R e dE:, 1k
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Table 9 The results of SVM on different data matrixes

HAEE KRR B A% I AS D e EA /Y% SBIE R E-7)
AELE 181.0193 9.5367x107 58.82 68.57
FT-IR 65536 6.1035x10° 88.93 97.14
AR GRS 524288 2.6974x10° 88.93 96.43
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