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Investigation of boletus speciosus from different areas by Fourier
transform infrared spectrometry combined with cluster analysis

ZHOU Zai-jin"* ,LIU Gang' ,REN Xian-pei'
(1. School of Physics and Electronic Information, Yunnan Normal University , Kunming 650092, China;

2. Department of Computing Sciences , Huaiyin Institute of Technology , Huai’an 223001, China)

Abstract : It is hard to differentiate the same species of wild growing mushrooms from different areas by macromorpho-

logical features. In this paper, Fourier transform infrared spectroscopy ( FTIR ) combined with hierarchical cluster analy-

sis was used to identify 63 samples of Boletus speciosus from five different areas. The original characteristic infrared

spectras of the mushrooms are very similar, with small differences in the range of 1800 ~ 1000 c¢m ~'. Hierarchical

cluster analysis was performed using the first derivative and second derivative spectral range 1800 ~ 1000 ¢cm ™. The

first derivative spectra give satisfactory results. All Boletus speciosus samples were divided into 5 classes with a classi-

fication accuracy of 90.5% . It is proved that FTIR spectroscopy combined with hierarchical cluster analysis could be

used to discriminate wild growing mushrooms at species level.
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Fig.1 FTIR original spectra of Boletus speciosus from different areas
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Fig.2 the average FTIR spectra of Boletus speciosus from different areas

(a) Kunyang; (b) Wuding; (¢) Fumin; (d) Lufeng; ( e) Changkou
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Tab.1 correlation coefficients of first derivative
average spectra between 1800 ¢cm ™' and 1000 ¢m ™'
KY WD FM LF CK
KY 1.000 0.947 0.978 0.940 0.964
WD 0.947 1.000 0.971 0.985 0.949
FM 0.978 0.971 1.000 0.969 0.989
LF 0.940 0.985 0.969 1.000 0.953
CK 0.964 0.949 0.989 0.953 1.000
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Tab.2 correlation coefficients of second derivative
average spectra between 1800 ¢m ™' and 1000 c¢m ™'
KY WD M LF CK

KY 1.000 0. 848 0.928 0. 808 0.883
WD 0. 848 1.000 0.897 0.956 0. 860
FM 0.928 0.897 1.000 0. 862 0.974
LF 0. 808 0.956 0. 862 1.000 0. 828
CK 0.883 0. 860 0.974 0. 828 1.000

RGERISOT R R ATk RYE—t
BRI Z AW AR , BARSR ) — Se RS AR AR
Z AR g Tt i, AR e 583t o &) o 26 7
A , FLEEAS 7 S AR R — S A AR L BOR Y
ARG —2, AE T3 Sh— SO A 1t =2 o] R DL JEE A
RIGFEARLREG N —K, RREVREG F—14
INBI IR A, S BRI Y 3R 5 B — N R o 2R B
O, PR ARG 8. XAkt
JrERA TR SO E, AR R BT HLE) 1z 0
WE A R T AR AT T 42
WFFE , BEDRLL 4 B IR AN 2 22 T ELPh A T
ST . X HLBE A AR A — B S A0 — B 2K
JEIEAE 1800 ~ 1000 em ™" i [l fry W52 ' 2 {1, 449 B 45



%6 5 40 4b No.11 2009

JH e HE A

NG L DN AR S i &g 1161

Y ' J5E 48 B, >R R FG S ( Euclidean dis-
tance ) , N 1] 2R 28 0 #r w14 85 22 F J7 ik (Ward' s
method ) XFANR])™ /NS A= T AT RGER o #T
RN, — B S ROGTE A LT B 4% A 7] 7 i 2R 26
BORBLF B 4 Sy — B FHOEIELE 1800 ~ 1000 cm ™!
TWHERRGERIEE . INE AT LA AR 7 H 63
AN NFRAEARBE S 1 5 7 1% ARG 1 —
A, 5 R0 1) M X S B 0 FL AR, 70265 4% 7 i
AREAS LR R IR AR LA — S AR . AR
HEHE AN 43 2K T LA 43 S A Tm) g S 8, (H B
WHUAT LA T 4 JOKPRy E R A
N2, UL A 7= R REASG TS AR T AR B, 3 mT
AE A2 PR by ok A 7 AR BE 0 ) it PR T A1
Z A AR , AR 1T S 73S AR 33K 19 A4 7 bR AR —
B S RF- HOG IS 2 AR 5 2 8O0 B R AEL(0. 989) LI
LB 3(a) H d 5 e BOEIEIETE BRI, t T DI
P M REAS 22500 88/ o T3 ANER T WDI3, LFO3,
LF06,LF13,FM03, FMO8 %56 £ AR 9 48 43 /b ( El4

5 10 15 20 25
Relative distantce +-----=-=somooooomimmeena.

LF15
LF12
LF02
LFO1
LF17
WD13
#E (Lufeng) tFOQ

v (Wuding)< WD03

CK02
K03
J 0 (Changkou) CK05
CKO7

FMO1
o
EE (Fumin) FM04

EFH (Kunyang) KY12

m
Z22gzzgass
oSO ooo
oo OB

B4 1800 ~1000 em =@/ — B FBOGIHE RS RS
Fig.4 hierarchical cluster diagram with first derivative FTIR
spectra of the 63 Boletus speciosus

in the range of 1800 ~ 1000 cm ~!

HBASEARTE ) |, LA A A AR 8 AR U b 422 AN () 7 1
25, 2R IE R B E] T 90. 5% , U5 T W6 & 14
R, X RBLE R EFEW, BT R
P B SR AR, A R IR B ALY
AN I B AL 2 AR AR AL, i A EE A 22 5
AN I B AEAL A B P B B B — e i 2
5, FIH FTIR Sl 45 & R G R A 53H1 (HCA) 1l L,
DX A3 AN TR] 7= i 1) B A /N 95 25 P BT, A Sl 1 12 o
B A B S R AL TR A . AR, A SRR A EL
T A R AR R AR KRB 22 K
(AN b X, SRR I i 3R N 1% 4 B — 2
KA T LU 05
4 % it

SR PR L AR 0 2T AP S B R X 63 4k E 5
ANAS ] 1l 1) B AR /N E A P BRAEAS R AT T F5E . BT
AR LI AL, 268 T B A4 /N 40 T
A=A AR AL, FE R AR 2 A,
FEARTE 1800 ~ 1000 em ™' T ] M4 JE | e i 45 77 46—
BefiINEE S AT RGO AR, B — 54K
JEi%AE 1800 ~ 1000 em ™' 75 [ P R FH K £ B 25 A
Ward J5 32 RBHS , AR 5] 7= i A /N 96 4 BF 1 43
PR T BN RBOR , nRIEM R R T
90.5% o PR, FFH i B AR e 2 AN G i R 25
YT 2R (RGE RIS HT) J7 ik vl ARG
5 {68 b DX A3 AN [ 7= i 1 S A /N S A T, Rtk — 2B
Xof A S TRT ) 7 b S ) R B AR TR Y
i

S 3k

(1] opmeid. shERBYECE [ M. KR - T R Rl R i
#1,2000.

[2] B4k PRI EAREEIM]. Jbat P ER
AL, 1998 :197.

(3] Ui, A0eds BEEL, 45, /NS A TP TR 1~ S8 4K 32 B
SYEIE LT ] B AR ,2005,12(4) 5 - 8.

(4] iz FRA7 I, XUMG. FTIR B E 1 7 fff ke 2 A
— LA R P B I T [T ] D63 2 5606 4
#1,2007,27(1) :38 —42.

(ST ZEs, XUNI, A T, 2. FTIR 455 3203 73 B o ik
S AEAE M0 73 JBEFE [T ] Z0AMAR 2009, 31 (1)
39 -43.

[6] Ayca Dogan, Galip Siyakus, Feride Severcan. FTIR spec-
troscopic characterization of irradiated hazelnut ( Corylus

avellana L.) [ J ]. Food Chemistry, 2007, 100;



1162

ot 5 4 sh

539 &

[10]

[11]

[12]

1106 - 1114.

FERRE AP K R, A TR s BR AR FTIR 32
SRS [ ] D6 2 5063 7, 2007,27 (10)
1989 - 1992.

Stéphanie Bonnin, Francoise Besson, Micaele Gelhausen.
A FTIR spectroscopy evidence of the interactions between
wheat germ agglutinin and N-acetylglucosamine residues
[J]. FEBS Letters,1999,456 :361 - 364.

F Guibeta,C Amiela, P Cadotb, et al. Discrimination and
classification of Enterococci by Fourier transform infrared
(FT-IR ) spectroscopy [ J .
2003,33:133 —142.

N A Ngo-Thi, C Kirschner, D Naumann. Characterization

Vibrational Spectroscopy,

and identification of microorganisms by FT-IR microspec-
trometry [ J ]. Journal of Molecular Structure, 2003,
661 - 662371 -380.

Saravanan Dharmaraj, A Suhaimi Jamaludin, H Moham-
mad Razak, et al. The classification of Phyllanthus niruri
Linn. according to location by infrared spectroscopy[ J].
Vibrational Spectroscopy,2006,41:68 —72.

Sevgi Turker Gorgulu, Musa Dogan, Feride Severcan. The
Characterization and Differentiation of Higher Plants by

Fourier Transform Infrared Spectroscopy [ J]. Applied

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Spectroscopy ,2007 ,61(3) ;300 - 308.

INEREE ALTEIE, R0 =, 5. 36 i 2 27l Ay LA
HALHM G P S 5T [T ], 23 Fr Ak 27 F 5 7 41
2001,29(3) ;309 -312.

INREE, R =, ok, ANERZ M FTIR PR3 TTH
HHNT]. ek 503 4347 ,2002,22(2) 1226 - 228.
XM, X GURT, A St 3, 45 B A= £ )38 B AN [ A6 11
LLAMERERTTE LT ] OEHE = 5061 2 B, 2005,25(7)
1053 - 1056.

XN, X SIT, 47 % B, 45 £ T A0 4 B oA 46 21 4
JEi S B [J]. o6k 2% 5 63k 43 #r, 2004, 24 (8)
941 -945.

I B, 0B, 00 G, S A [s] 7y PR A B 7 il L
AR LT AP O3 S [T ). O 2= 2 4k, 2007, 27 (1) -
129 - 132.

FRTET XM, 2R S i, 5. G TR A e L AR 2T A
JEEAF R [J]. D63 22 5 06 14% 4 #r, 2007, 27 (6)
1086 — 1089.

INEREE, FIBE, 0. 2 A S LT AN e TR 4R
[M]. dbat 42z Toll s kit ,2003.

PEPCLL, B =F 20 Ty FTIR 2R3 Hmik b T2 22
TEREN [ T]. 6= 55635 53 #r,2008,28 (8)
1803 - 1805.





