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Spectroscopy and Spectral Analysis
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Table 1 The geographical origin information of Boletus edulis

s 95 (FEAB) 7 L4
1 1—26(26) ZHMEERETSITEM % N 102. 035 673, E 24. 711 417
2 27—35(9) PR N4 D K7 N 100. 490 991, E 25. 343 804
3 36—42(7) T A K BN 8 P B A A N 100. 201 799, E 26. 352 992
4 43-—52(10) 2 B T N B R OK R N 102. 393 251, E 24.577 04
5 53—62(10) =M R 2T\ KR N 102. 332 88, E 24. 692 401
6 63—70(8) =W R W% T N S B A N 102. 359 501, E 24. 663 574
7 71—80(10) = BRI A AR B A B AR A LA N 103. 349 983, E 24. 644 052
3 81-—90(10) 2 B AE R R A N A A BT A R A T N 99. 908 318, E 27.902 122
9 91—97(7) A PR JECG B YA N 4E TG B N 99.287 173, E 27. 177 162
10 98-—103(6) ZEE TR E N 104. 278 306, E 23. 398 932
11 104—107(4) 2T A A MRS B IR N AR B VDA B N 101. 145 225, E 25. 238 571
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Table 2 The element determination results of 18.84~887.34 mg *+ kg™'; Ni: 9.66~60.32, 8. 98~76.02
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Table 3 Elements concentrations(Mean=®SD)in Cap and Stipe of Boletus edulis
TE W 1 2 3 | 5 6 7 8 9 10 11 12 13
¢ .04 1750 1832F 26525 LTIIE 15044+ 4L83E 20.08%  35.16%  2L23E  T0.89%  45.22& 43.20%
P g3 .22 199 1.63 18.40 7.55 27.94 10.35 151 2.86 16.69 30.96 23.75
Ba
. 161+ 1572+ 6L63% 3.4 59.00% 18198+ TLT8E 8700+ 15L95%  6L69E  43E3E 69.38% 2354+
alpe
y 31,86 12.31 38.25 20.86 1.1 9.49 63.08 15.21 12.58 8.66 15.99 24.87 5.83
¢ 20623+ 159.94% 126,274 10474 QLT 46172+ 433.34% 2234 1839+ 10557 A0T.33E  305.87+ 15062+
P 930 27.09 13.43 37,02 130. 68 15.75 89.99 145.70 .13 11.23 345,44 110.75 3134
Ca
Gp  DRNE O LEME O MAN0E IR 6.06E GBE STLIE URES: 2003 098k A5E MR 153
P .41 76.36 19.59 106. 31 66. 62 108.16 136.16 13.42 228.30 226.92 2.12 18.16
¢ 19465 1867 2270 14.95% 44580+ 9T.61E 810+ 18.23%  109.97+  1L70% s £ TRME 70.20%
P g L1 2.3 156. 02 320.47 7.42 88.93 5.31 140 2.38 207.58 117.57 44,05
Cr
. .80+ 1009+ 14999+ 43.03%  108.86% 20,82+ 20214+ 3653+ 2017+ 188.72+ 35427+ 203.05% 1849+
Y g g 3.45 194,99 14,80 91.39 0.90 210.97 21,19 348 127.86 165. 68 187.81 7.23
¢ .35+ 4386+ 208 5L15% BRI 2460F  5.81F 4739+ 2L03%  3TE 20.05%  BIE 4585+
& 19.35 15.05 197 23.71 14.81 1.86 13.24 16.82 1.04 0.86 8.6 5.2 18.32
Cu
o, BOE O ZOTE DB Bm0E TR LBE WAF A6 K16 WDE 6 8 006
P 12.13 19.77 29.79 3002 L3t 8.10 1236 132 L70 1,64 5.28 7.00
o, WO LLLEE 12588728 12MLOTE WTLEZE 976 127169 10283 ILISLOTE 906 TL286E 1273.00E 1251311%
D
Pogne0 1saner 250.57 1293.03  2439.61 330.73 153,00 2139.03 86.41 20.12 612.67 2161. 86 549 2
K
G, BB TRIGSIE I120LT8E L2S00.0LE W20AzE BUGIZE WTADE GT00F  TIATE  SASE SEB2E 9HBISE 19U
PPC 9589 2915.28 273342 112060 167L34 28105 152067 411660 32121 136. 44 660.83 204020 1173.34
¢ 60439+  443.82+  869.28%  654.81% 976,09+ 46228+ 49973+ 45231+ LMt 4253 9TL31E R8L21E Th0.00+
P s 101.92 15.87 193.25 128.01 16.40 197.61 59.49 2.65 14.03 98. 14 22.17 94. 06
Mg
G, DWBE VLTSRS TR @U6E 2059% WLUE AIE 6E RNE TUTIE AR T6LT9E
P 3181 159.16 248.93 105.55 135.22 8.52 279.95 137.94 1148 2. 14 179.17 230. 61 181.90
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P g 21491 .63 166. 49 147.30 33.27 301. 96 12231 19.75 13.42 19.22 210.06 16784
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G NLESE IR BN GBNE LN IBBEE SO M0 WE SLUE LLBE MwE 235
PE sy 200,99 165. 60 23831 219.15 8.52 189. 22 179,90 22,40 18.50 113.49 233.71 18.51
) M3TE 3.6TE 066+ 46.25%  ST.G2E  20.23F LS8t 4L99E  15.96%  24.60%  60.32%  30.27+ LIl
P g 13.03 3.73 49.44 10.80 0.84 6.74 15.88 1.76 2.40 14.73 347 3.78
Ni
G WO WD IBME WS GEE R6E WIE T BEIE SN SLeE I g
1
P e 1424 5.90 13.5 17.58 1.50 9.81 .39 5.88 3.8 17.09 5.4 165
G, ULTTE STAOE TSILISE 4SSN6T SEROE 600N SE006E STLEE UKL GO GOBEE  G010E 50280
P01 88353 W63 L8R3 120077 2%0.4 §10.18 186740 5439 217,61 949.12 63111 1732.09
p
G VIBOSE DU ABRG6T 4SBT GARBLE SRG6E  JOME 2ENGBE DIRIBE Q6L SMLUE IENEE 6200432
PO pugn soLsT 17656 1790.68 128092 102.33 738.40 363.42 107.30 180,99 129184 59423 208244
) 15,04t 543t 2104 6,655 1818+ 14360+ ILSSE Tl ILTIE 449t 1 16% S.61E 5,28+
P 0.94 3.89 3.57 8.55 14.58 2.33 L91 0,66 0.58 §.47 2.00 6.49
Sr
G 1BE 4B 7344 5,79+ 0.20%  168TE  15.03F  18.31% 454t 16061 10.03F 1275 .99
1
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P 9908 3,88 1.23 333.57 29.14 1.88 T.46 12.5 0.29 0.95 14.25 10.170 5.83
v
R U L U e X - U U S LT
LA N 1.74 8.89 9.07 13.84 1.23 16. 59 52.45 1.93 8.82 9.37 6.75 5.20
A 8900+ 99.89f 116+ 1IL95E  165.06%  105.06%  119.34+  $6.24%  95.03% 12041+ 93.26%  120.46%  104.74%
Py 19,50 2.23 9.07 50.74 2.85 14.97 2.8 0.63 5.14 8.29 19.53 15.18
In
G BBE O LRE M WM IRSE T EBE SLBE RWE 05 MNE AT W
1
P s 29.36 §2.54 54,66 43.54 158 27.02 27.41 1.23 5.30 23.83 25.50 3.7
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EE Table 4 The 5 data principal components
= extract information
—_—
= i X EWA /A T SISk
§ :ié FTIR-MIR 16 7.19 0. 835
£ N FTIR-NIR 36 2.30 0.102
§ UV-Vis 17 6.52 0. 667
Element(Cap) 4 2.28 0. 207
Element(Stipe) 4 2.43 0.430
0 T — T ]
250 300 350 400 2.5 PLS-DA

Wave number/cm’*
B 1 13 4= E k4 FFE R FTIR-MIR,
FTIR-NIR, UV-Vis 3 4 3 & [&]
(a): 13 77 LR A T ) FTIR-MIR “F-H06E5E ;s (b 13 4>/ 3k
AR JF R Y FTIR-NIR P56 (o« 13 7= SE k4 i@ 1) UV-
Vis - 2561
Fig. 1 The average spectra of FTIR-MIR, FTIR-NIR and

UV-Vis of Boletus edulis from 13 producing areas
(a): Average FTIR-MIR spectra of delicious porcini from 13 produ-
cing areas; (b): Average FTIR-NIR spectra of delicious porcini from
13 producing areas; (c¢): Average UV-Vis spectra of delicious porcini

from 13 producing areas
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17 A E R 1B REEE Hy 6. 52, RIF STk 0. 667, 42
BT BSR4 T 2R A R — A B B B AR B S o
A AT A AR

PLS-DA J& — 4 0 W B 10 2278 B G i a0 M okt 8
0 vh S HORE IE 9 5 AR 1% 2% (RMSEE) | 38 B iE 3 4 A 1% 2%
(RMSECV) | il ¥ J7 #2125 (RMSEP) & 5 £ IE # 5 JE 47y
H:# RMSEE., RMSECV., RMSEP §{H/NF 1 HAS# % 0
BT RR W . £S5 RMSEP /N F RMSECV Y, ] ikt
G b O KU 4 H B . X 124 AN SE R 2E T B8 RE b 00 TR B die
#E47 PLS-DA 4387, 413 5 BiR . Zead B0 gl & )5 09 77 i 26
S AR b B — B M RO B A, 7R B — $R PLS-DA 43 #r
t, FTIR-MIR S 3% 09 Il 25 4 5 B0 46 43 90 Ol 97. 4440 5
92.94% . 7£ 90. 00 % LA 1, & FH A — 5 . Hikh UV-
Vis, E A A ECH 12, 45 B AE S 94.12%
76.92% , FTIR-NIR & ¥ 5 o0 2 5 45 (9 0 0 48 4 %1 A
74.36 %01 58. 97 %0 o Sk H i AR R A o A R L B ROHE L
BB AT AL A TE R Rl A . EERI SR A
YA FIF A5 B T 100. 00 % F1 94. 87% . W EMHR S T
T ) TR 2R . AR R 4 X AR ECHE SR IR R
F R HAT R RS, TR RE A b, ISR AR T 4 2
AT F] 100. 00 % By IE#1 2, RMSEE, RMSECV 1 RMSEP
SEUEIITE 0. 25 LT H RMSEP<<RMSECV, T&it 4l & K%,
R Z T T RALE I PLS DA BB U0RT, MR,

Table 5 The PLS-DA model results of Parameters

RS5 PLS-DAERSHER

Bt 2 F R/ A RMSEE RMSECV RMSEP WHEIERE/ Y% FUELEHR/ %
FTIR-MIR 12 0. 145 024 0.171 340 0.139 717 97. 44 92.94
FTIR-NIR 10 0.135 533 0.204 858 0.182 668 91. 76 74. 36
UV-Vis 12 0.173 271 0.224 311 0.185 054 94.12 76. 92
Element 7 0.217 580 0.239 423 0.208 616 67.06 58.97
Low-level 14 0.082 769 0. 164 385 0. 144 107 100. 00 94. 87
Mid-level 12 0.107 076 0.203 456 0.120 686 100. 00 100. 00

Hottelling T2 75 24 35 B G5 3124 KT 06 2 18 - ZEfr
ARBT R, R—FE LA 2 AR RS R ETT L N I AR B
AR TR . R 25051 40 i Hottelling T2 45 I3 X
WIRAG S P REE AT S HEAR . B 2 F (O PR
B4 R g% A i Hottelling T2 5% {6 # 36 45 58, Hoo
T2Crit(99. 00 %) Jy38. 820 8l 33. 667, T2Crit(95.00%) K
30. 371 1126. 060 8, #&H T2Crit(99. 00 %) B{Z X [8] I ¢

DU g S5 R il P TR T AR B B D R A S R A R B
i T2Crit(99. 00%0) B A5 DX ] . 2 WY E A AL A A7 75 539 (H -
HAWESESEE. B 20 fM D ARG 5 g b
P WIS R S Ao R 13 A4S 7 3 R 2R BT T AR ] 7
WRBERTE—& . PRAAG 0B i KRV BT
WA, IR R 4E H35 %) 100. 004 .
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Fig. 2 Hotelling T2 confidence map and score map for primary and intermediate fusion
(a): Hotelling T2 confidence map with primary fusion; (b): Primary fusion score map;
(¢): Intermediate fusion hottelling T2 confidence map; (d) Intermediate fusion score map
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Table 6 The results of SVM models

WNFBZEX R

WEAN BHRE Cegl RIEEM LK
. /% /%
FTIR-MIR 5.656 85 0.001 381 1 97. 65 100. 00
FTIR-NIR 22.627 40  0.000 122 1 71.77 84.62
UV-Vis 2.828 43 0.044 194 2 70.59 82. 05
Element 5.656 85 0.125 000 0 67. 06 87.18
Low-level 4.000 00 0. 000 345 2 96. 47 94. 87
Mid-level 2.828 43 0.022 097 1 97. 65 100. 00
3 45 ik

KA AT E A AY FTIR-MIR, FTIR-NIR £l UV-
Vis SE 3 fF B A [ 3R AL BT R . MO (5 R A7 Ak B
i /i Kennard-Stone 3 U202 2/3 M GRES 1/3 1
O AR J 6F B — K8 A K 4 R A 2E AT PLS-DA BERS AN SVM
BB, S5, SEOR A AT B A [] 30 A2 ALAS [ 7 3 22 ) 6 R
T EA RS . JRUG T P R AN [ S R A I RGO 3
MEEA 22 5, ALEAT 77 3 X Ao X O A6 )5 B HE i S PLS-
DA F1 SVM, &8 i3t Bl il 7 J 4 A5 00R b B — il e A6
o Rl & PLS-DA KRB I 25 46 A0 BTN Ak 2 T
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Traceability of Boletus Edulis Origin by Multispectral Analysis Combined
With Mineral Elements From Different Parts

CHEN Feng-xia', YANG Tian-wei’, LI Jie-qing', LIU Hong-gao’, FAN Mao-pan'* , WANG Yuan-zhong"*

1. College of Resources and Environmental Sciences, Yunnan Agricultural University, Kunming 650201, China
2. Yunnan Institute for Tropical Crop Research, Jinghong 666100, China

3. College of Agronomy and Biotechnology, Yunnan Agricultural University, Kunming 650201, China

4

. Institute of Medicinal Plants, Yunnan Academy of Agricultural Sciences, Kunming 650200, China

Abstract China is the world’s largest exporter of Boletus, and Yunnan Province is the largest producer of Boletus eduils in
China. The delicious Boletus eduils is fragrant and nutritious, and it is popular among consumers. However, due to different
geographical climates and environmental differences, the quality is uneven. The production of Boletus edulis in different
production areas in Yunnan Province was identified and the quality control was improved. In this study, 124 samples of delicious
Boletus edulis from 13 producing areas around Yunnan were collected, using Fourier to transformed mid-infrared spectroscopy
(FTIR-MIR), Fourier transform near-infrared spectroscopy (FTIR-NIR), and UV-visible spectroscopy (UV-Vis). Inductively
coupled plasma atomic emission spectrometry was used to determine the spectral information and mineral content of different
parts and analyze them. The original spectrum is smoothed (Savitzky-Golay SG) , second derivative SD, standard normal variate
(SNV) and other pre-processing. The data is divided into a training set and prediction set by Kennard-Stone classification. The
classification model is established by partial least square discriminant analysis (PLS-DA) and support vector machine (SVM) ,
and then the comparative analysis is carried out to find the best method of origin identification. The results show that: (1) The
recovery rate of standard tea materials in the element determination method is between 91. 00% and 106. 00% , and the method is
accurate and reliable. (2) Boletus edulis is rich in elements K, P, Mg, Na, Ca and the same place of origin in different parts.
There are differences between the same parts in different places, which may be different from the enrichment ability of different
parts of Boletus eduils. The geographical environment of the place of origin is related. (3) Intermediate fusion extracts impor-
tant information through Principal component analysis (PCA). The cumulative contribution rate of FTIR-MIR and UV-Vis spec-
tral data reaches 83.50% and 66. 70 % , which can represent important information variables. (4) In the PLS-DA and SVM mod-
els, the identification effect of the data after fusion is higher than that of the single data identification, indicating that the data
fusion strategy is effective in the identification of delicious bovine liver. (5) Using the Hoteling T2 to perform the outlier tests on

data fusion. The results show that the model establishment does not exceed the confidence interval, and the model has accuracy
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and credibility. (6) The primary fusion and intermediate fusion results of the PLS-DA model are higher than the SVM, indica-
ting that the PLS-DA models intermediate fusion can be used as the best method for identification. Multi-spectral combined with
mineral elements in different parts can accurately identify the delicious Boletus eduils from different habitats, and provide an

effective analysis method for the regional quality difference evaluation of Yunnan Boletus eduils.

Keywords Boletus eduils ; Multi-spectral analysis; Mineral; Identification of producing areas
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