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R RY G B M SR AT SN IR B 5T

REE, x|

Ao o e

AT, KRB, x\6la®, AMES, XS, e

ZHMRAEYHEE, =8 B 650092
BHEHEM AL, =8 B 650223
FHEIHR RS, S8 BY 650002
FEBERRFEWIN, o8 BY 650204

W B RERZARELAE, HEORHASERS, SESWEABENGRANE. XEAMHRER
AR SMEETAR FTIRO X HA A BB AR B TR, SRR, AR A A A ML L,
A BRI HBITE 1 042 1 1077 em™ MHE AR DU . 7ERR 5> T MR 1 742 em ™' RAFFE R IR KA
X 1200~750 em™", ARIfE. RS HRERLEETHBESR, 55, EWRENELRENAETE
HBER, TERIAEMEREGEEREL L, BoEEREGEE LK ELRY, REFERERTE, HE
HEFEEY RN S B AL T L. FTIR BERE T REMSHEXEFLS, HEFREOR TREH

Fhs, RERM THERENTE.

FEIA RE; BEHEHRLIEE; £5)
FESIS: 0657.3  LWFRIRM: A

51

il

Tk, B THESMEENGANE, SERNBIR
BRBZIAIWENR. HRE SN RXEHYE, BAR
B ARG G AP R A SRR . BT A M.
HETE R B FTE B R F RS, AR
AR F R R EE BN EYRALERS MEE
JuEn, Hit, EAREEBAFEMBFRT, Mk
BUA XLEE BT E A ENRBR T ERES RS
REBTHLE. RIAEFARAERHEX -FENENF
B, B MR 4% (FTIR) R—Fr B8 IR0t 5 F1h 2
ZMEENERTE, A FTIR AT UXERHTEE
MEEME BT, BIBLINRBOE 7 B 7T L%
EZFEVALE Y R B RBE AL, AR i o U3 & AT
DAE R T B 4 Al 2 4 4y AE B B R AR A AR5 B
B, MEHTRAIEERRCEATHRRESHE. HH
B FIFIBIST, T X4 KB B o AP 3h 6 ST A HiUE .

PHBREEANHTHEREEN FRE, £0X¥ L, #R
FFEE T[] (Ascomycotina) , #2749 (Discomycetes) , HE
H (Tuberales) , H: %} (Tuberaceae)™ , rEH EEE WA

Y B : 2005-06-01, #§1iT A}B: 2005-08-28

LSS : 1000-0593(2006)08-1445-04

BHE, BFERSARENEFRMER S . & THHES
®AE, ERBLS, KRR RENHAFREEDN . RENEA
B BAMNEEREERES S BES, HYWRESHET
AT P i S5 Th BB 3R S BLHE R4 AT, BRASR
HAEEABENGRNE. RIPHFRBTFHFEE] (Basid-
iomycotina), 2 @ 4§ (Hymenomycetes), I %h H (Lycoper-
dales) , B#E} (Lycoperdaceae)™ , S0t &, EREHEP
B RAk, HHE SRERmB M. & 3CH RE RN
THRAI K EEARN AR ZEHF AL RBE (HREA
T.magnatum, Bl F R @& T.indicum, B BHEN F H &
T. indicum(KM) . ZEHEEIFEHRE T. indicum(CX) M5 B B
T. excavatum) 4 K 55 Z%h (C. cyathiformis)fE T ¥ M3,
IR E PR T IR R LD E RS EEFE S, #
A A R R EN FBRESX T RE.

1 SEIHERS

L1 {UERe&RARFG

L5t A BIO-RAD A Rl # FTS-40 f§ B M8 41
SR, REBREERTR, MCT 2%, M EWERN 400~
4000 em™, JEENBIRA 4 em™, FHTM A 16 K.

BEMA: BXKBAREEE (30360068), mEITEAERGE S1EE N ABEE R TIXES T

EE®fr: BB, 1975 4, ZHMRAEYRRAM LI RAE

* BB RA
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1.2 HREkH&

HABRHRHEHRIEE. R, ZHEHEnER
H Sigma-aldrich, MBS X TR AR . MBS, PEH
B, RUEEE . R MR DR m R B R
BT AR, AR, BYE R WL .

2 GRS

2.1 BRERNIERGE

ME 1 TTLAE S, AR RIS E B
&AM FEEHE-OH, —NH M4 R 31X 3 800 ~3 200
e RICHMIFE/NEIEH AR T 2 925 cm T HHER
—HPERE MR, FFEREA 2 855 cm M E I TERRE
=0 1 C=C EFEFX 1 800~1 500 cm™ FEXWNH
=AM, 1646, 1560, 1742 cm™'; #E 1 500~1 200 em ' 3§
EEWMYU LI TFILA M, 1460, 1400, 1 378, 1 316, 1 246,
1204 em™ ; B3RS N HILLE 1 200~1 030 cm* [X 1 077 0
1042 em™ MHEA R IE, B AR, BB, FRY A M SIE %
TERERESOLIE TR, WEARBRKE T . Btk
SyAIHBIAE 1 646, 1 560 o' fHE; JE 5 FRIREEN T
1742 em ' BHE; 3 800~3 200 om K EIRFEIE K 1 200~
1 030 cm ' X # B EIEHHA W XY A —OH 453k 3h
BRI . X LR B SRR FTIR i%
(B 2), BB RAFHLERMEHIEEEX 1 200~750 cm™,
ATURBMRE N EEA LR A EHIFIE LS, ERE
(8-1,3-Glucan ), B (Chitin), B Z B7 F 4 (Chitosan)
50 g R BEREOGIEARL, T BB AR SR AR TE 891
em PR B S AK IR O, U4 T R D LR B A 1A
AORFAEWEDS T 7E I P A o S F9 AR A0 4R AE 0% 844 em ! i}
WV, REERES A =R g R S AR AR IR R B B B A
Wi, SRR SRR T ER s BRI LN,

Absorbance
é@@

4000 3 000 2000 1000 400
Wave number/cm™!

Fig. 1 FTIR sprctra of truffles and calvatia cyathiformis
a; Calvatia cyathiformis; &: T, magnatum; c¢; T. excavatum;
d: T, indicum; e; T, indicum(KM); f: T. indicum(CX)

SREfE AL, TieREEEREE, KD (E lo)

MRS EERIA B AF, SRHETE 1 500~700 cm ' X [d].,
LRGN 1636 cm™', HyPig, MREHE
1391036 A1 1079 cm* b i I (4 ik B0 B 3 B A B SR 0
¥3 2925 cm ', {BRFE 1 043 F1 1 076 cm ! F2 I B BRI TR
qﬁlﬂé); %E%}B@H&qﬁcﬁjﬁ Hﬁ Al 636/A1 046 jfl 1. 336, j(zj: 1’
AR B AR LR MR B B /N T LCEREE S 0. 842, Ep
BT D7 0.718, MIPEHRE Ky 0.667, BB FEHRE N
0.981, BBHENEEHE A 0.797); HETE 1 560 cm™ by
JERE, R ERAFRNEE; I RDEE 1 400
em Ab R —BERAE, TIHRBEAEA ML B BRI N 5R A X
HIBIESIE, SRIAFIE, R L REEAHE, TR 2%
IR DB

2.2 EFMBRENXIERS

EIER B A6 (B 16) LA B B U, % 9 B 4%
AERAE 891 o™ A KRB RHE TR %, b PO Fh BB R
7E 891 om™ ! fHE R I B B A HEEE, HIEF 1 370 om ' if
R BRI ZREAAIEE"Y , 7E =FATRE IS PEA R, X
ATRME R AR E R LRSS, o, AREIES FHREE
(1742 em™ ) R—H 1%, THAMBRE DN —RE, HBRA
W,

MR (B 1o 1 740 e~ 085848, 1156 cm ‘I
AR AR, HARBENLE 1 150 om ' HER —8H
BRIE, AL, [MPEHREEE 1 110 o b RILHEAS B
W, AR IR AHE . MEHREH 1 377 em ™ 1§
B 1400 e W3R, TIAEBEEDEERE A 1 401 cm™ ' IS £
1378 cm ‘U85S, HABSFRE ISR,

EPRERE (B 1D 1 745 e R B, ARYGRE
W Aims /Ay MEMREAEBRRKAZN BIHFEKTL
(1.018), MEEE N 0.914, [NIFBIE K 0. 862, FHELIAF
HpEh 0.941, BEAEDE BN 0.931, ¥/ANF 1,

B RAEIEEH B (B le)7E 816 F1 888 com ™' S F B B4
SR E I, REREED HE . NIRRT FIEN S 4 5
T 895, 914 1 891 cm ™' Ab R BN Jy 55 & H fh ' 17E 816 cm ™' [}
IERIERIIFAEAE . 816 e IEITE S o M BEERVIFIE
Wl ) FE = B IR B BEAT R G AL A SR B Ok
HIEREARIN, XERHANFEREMEMRENRE KX
. HeHh, BN ERE S HMARBEMRHMERILE 2 855
em 'IEARES, 1 742 om i,

HHEN SR (B 1) 5K F B X FI7E TR
BELMER: 2925 com AL IERIEE, HARER 2 925
em WA TR IS BEHEENEE B TE 3 010, 2 854, 1 460
em 'EHEBARAHBERKNIEE, AEAE T HMBRER
Ado

sesh, B 1 ATRAE th AR - b Y D FEBR B, KGR
AR BRI A AR N A B B B A X Bl 4
RORTIR, RUETE 816 #1888 cm ' LRI AR BEAE X409 55
1%, TEMENNE 891 cm 'HHEH — 5B A%,
PR A RN R FE 1 079 cm ' HHEM B 1 155 cm™!
AR AR M MR IR L B B EDEE BB 1 077
cm XA 1% 1 150 cm ' RBLAA B s REHEED B
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2 856 cm ™' BHER I — T AH Y38 BE SR04, ENEEERTE L
VRS E AR B, T 7E B 67 B BE SR Y 3 A U RN B
@; lﬂﬁﬂ\v X?ttEﬁED)EEEEE@%W?EEtE AZQZS/AIO%’
Az ons/Assss s Avers [Arssrs Avas/Aras, WHBBHEEHRE
<EV R <R EN B (R B EN R 2 5124 0. 555,
0.670, 0.828, 0.981; EIEE S 4 5l K 0.710, 0.775,
1. 181, 0.998; ZEMHEEIFHRE S H]H 1.100, 1.131, 1.220,
1.012), B, 58 T Chitosan, Chitin F Glucan {8 B it
THRASMEER (LA 2), LUEXH.

Absorbance

2000 1000 400
Wave number/cm™!
Fig. 2 FTIR sprctra of reference substances

as Chitosan; b: Chitin; ¢: Glucan

4000 3000

2.3 ERREHBIITHRE

B 3 IMIBAIR B . R R B R B AR B FTIR
i, FTUES. EXREMETRENAIEFHENA
R, FEFIEEIEREREM L . BTG PR R — L&
TEIE ) R SC5 E EE S T — UK A LR B AN R Bk B AR R
ﬁﬁfé‘ﬂgn&l‘lﬁtgﬁﬁ tt Al GSZ/AZ 923 » A] 556/A2 923 9 Al 035 /A2923 s
A a6/ Az o2 3 B BEBRATAG 1. 152, 0. 937, 1.726, 0.807 1

INAHAEFE ) 1. 253, 1.043, 2.484, 0.928, BHEEDEERE
@Eﬁﬁféﬂgn&l‘lﬁtgﬁg tt Al 644/A2924 4 Al SSS/AZ 924 Al 076/
Azazes Arsis/Azaed 5 51H 0. 899, 0.827, 0.936, 0. 778 3
HAEFIEH 1. 075, 0. 955, 1.325, 0. 898, X KB X R AR
B SR G R SR S Y B i & B9 A BT AR AL . IR XY T
REMEENBER B A vie /A o TNA IEH <BE, ULBARTRRTIG
HEEN B RE I IREM RS BN RAET &,

Absorbance

2 000 1000 400

Wave number/cm”
Fig.3 Comparison of the difference of the FTIR
spretra of the healthy truffles with abnormal
a: Abnormal T, excavatum; #; Healthy T. excavatum;c:
¢: Abnormal T, indicum(CX); d: Healthy T, indicum(CX)

4000 3000
1

3 4 ®

BrERM, MM FTIR S8R, T LAY SRR S AT
REERAEETMR O, HRESHE O MR IRE
HTHMEAER RIBREMT LRG| 2R K
MW LA B R R) BT RUKE SR B M B -5 A L T S g
DX e 5 AR IR AN TR B B il i 4 B AR BEAE 1 800~750
em™ ZIEWESR, ALAK G R RFFRKHRE; TR KR E
0] 38 o 0 R PR R A e I LA
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Fourier Transform Infrared Spectroscopic Study of Truffles

ZHAO De-zhang', LIU Gang'* , SONG Ding-shan®, LIU Jian-hong®, ZHOU Yi-lan*, OU Jia-ming' , SUN Shi-zhong®
1. Department of Physics, Yunnan Normal University, Kunming 650092, China
. Kunming Institute of Edible Fungi, Kunming 650223, China

2
3. Center of Analysis and Testing, Yunnan Normal University, Kunming 650092, China
4

. Kunming Institute of Botany, Chinese Academy of Sciences, Kunming 650204, China

Abstract Truffles, which belong to ascomycetes, are rare wild growing edible mushrooms; their fruit body contains high nutri-

tive value composition, and their polysaccharide constituents have potential medical applications, In the present paper, Fourier

transform infrared (FTIR) spectroscopy was used for obtaining vibrational spectra of mushrooms of truffles growing in

mountains of Yunnan province, southwest China. The results show that the mushrooms exhibit characteristic spectra. The two

strongest absorption bands appear at about 1 077 and 1 042 cm™

!, respectively. The spectra exhibit complicated patterns be-

tween 1200 and 750 cm™!, which may be used as fingerprints to discriminate different species of truffles. Great changes were al-

so found between mold and healthy truffles, showing major differences observed in the bands of protein, In addition, some vibra-

tional-spectrum differences were observed among the same species of truffles from different growing areas. It is showed that

FTIR can provide valuable information about the chemical constituents of intact truffles prior to any extraction method is used.

Keywords Truffles; Fourier transform infrared spectroscopy; Discrimination
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