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ABSTRACT 

Truffles are rare wild growing edible mushrooms belonging to Ascomycetes. In this paper, Fourier transform infrared 
(FTIR) spectroscopy was used to obtain vibrational spectra of truffles. The results show that the mushrooms exhibit 
characteristic spectra. The two strongest absorption bands appear at about 1077cm-1 and 1040 cm-1, which were 
described as C-O stretching in carbohydrate. The vibrational spectra indicate that the main compositions of the truffles 
are polysaccharide and protein. According to the characteristics bands and absorption ratios of spectra, different species 
of truffles can be discriminated. It is also found the great changes between moldy and healthy truffles, which the major 
differences are observed in the bands of protein. In addition, FTIR spectral differences are observed between the same 
species of truffles from different producing areas. It is showed that the FTIR spectroscopic method is valuable tool for 
rapid and nondestructive analysis of truffles prior to any extraction method used. 
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1. INTRODUCTION 

Recently, there has been increase of general interest in fungi because of the possible medical applications of their 
polysaccharide constituents, some of which are reported to have immunomodulatory and antitumor properties 1-4. 
Generally chemical extraction methods were used to analyze chemical constituents of fungi at present 5-7. Since an 
extraction method can change the chemical composition of a substance, especially a delicate one such as fungal thallus, 
it is necessary to know more about the studied matter in advance in order to choose the chemical procedure properly. 
Vibrational spectroscopy is exactly an effective means to fulfill these requirements. Fourier transform infrared 
spectroscopy (FTIR) is a powerful technique that can provide information on molecular structure. Both qualitative and 
quantitative information can be obtained using FTIR spectroscopy. A number of organic compounds and functional 
groups can be identified by their wavenumber of bands, and the absorption intensity can be used for the calculation of 
their relative concentration 8. FT-IR spectroscopy has been successfully used to identify and study bacteria in clinical 
medicine with lots of papers 9-14, while only several reports about macrofungi 15-17. 

Truffles are rare wild growing edible mushrooms belonging to the Tuberaceae of Ascomycetes 18. Because of narrow 
geographical distribution, their output is limited and their commercial value is very high 19. Polysaccharide of Tuber 
sinica (PTS) may have antitumor purpose through promoting the immune function of the host 20, so, truffles still have 
potential pharmic value. 
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In this paper, FTIR spectroscopy was utilized to obtain the vibrational spectra of untreated fruiting bodies of five 
truffles (T.magnatum, T.indicum, T.indicum (KM), T.indicum (CX) and T. excavatum) growing in the mountains of 
Yunnan province, Southwest of China. The goal of this study is to develop a rapid, nondestructive method to supply 
valuable information about chemical constituents of the intact truffles and to distinguish different species of the same 
genus. 

2. EXPERIMENTAL 

2.1. FTIR spectroscopy 

Infrared spectra were measured on a BIO-RAD FTS-40 spectrometer with MCT detector. Sixteen scans were 
accumulated with a resolution of 4 cm-1 in the range 4000-400 cm-1. 

2.2. Materials  

The samples were identified and provided by Kunming Institute of Edible Fungi. The chemical used for comparative 
purposes (protein, starch, chitosan and β-glucan) are purchased from Sigma-Aldrich. The fruiting bodies of truffles were 
cleaned and left to dry in air. For transmission infrared spectroscopy a small piece of a dried fruiting body from section 
plane is milled with KBr into powder and pressed into a pellet. Then the FTIR spectra are measured. 

3. RESULTS AND DISCUSSION 

3.1 The spectral features of truffles 

The FTIR spectra of five truffles (T.magnatum, T.indicum, T.indicum (KM), T.indicum (CX) and T. excavatum) are 
shown in Figure 1. The spectra of all five truffles exhibit characteristic features in three regions. The first region, 
between 4000 and 1800 cm-1, presents a prominent broad band centered at about 3390 cm-1, corresponding to the 
absorption due to the stretching mode of hydroxyl bond 15, 21, 22. The two sharp bands at about 2925 and 2855 cm-1 are 
assigned to out-of-phase CH2 stretching and in-phase CH3 stretching of fatty acids from the cell wall, respectively14, 21. 

The second region, between1800 and 1500 cm-1, is composed of the vibrational mode of carbonyl and the C=C double 
bond. There are two major bands at about 1646 and 1560 cm-1 respectively. The first band arises from the amide I band 
of protein. The second one is assigned to the amide II band of protein 22. The band at about 1742 cm-1, corresponding to 
the carbonyl stretching vibration of alkyl-esters 21 indicates that the truffles contain oil. 

The third region, between 1500 and 750 cm-1, is associated with the vibration of protein, lipid and carbohydrate. The 
sugars of natural products absorb in this region. There are following several main observed absorption bands: 1400, 
1378, 1316, 1246, 1155, 1077, 1042, 890 and 816 cm-1. In this region, the two strongest absorption bands of truffles 
appear at about 1077 and 1042 cm-1, which were described as C-O stretching in carbohydrate 15, 21-27. The vibrational 
spectra indicate that the main compositions of the truffles are polysaccharide and protein. 

The bands, between 950 and 750 cm-1, are very weak, but they are useful for the identification of anomeric 
configuration of polysaccharides. The band at about 890 cm-1 corresponds to β-glycosides, whereas the band at 860-810 
cm-1 corresponds to α-glycosides 15, 21-26. The reference substances β-glucan and chitosan (Fig 2. a, b), whose glycosidic 
linkage are β- type, show a band at about 889 cm-1 and 897 cm-1 respectively. In the case of starch (Fig 2. c), whose 
glycosidic linkage is α- type, the characteristic band is at 858 cm-1. In the spectra truffles, there are two weak bands at 
about 890 and 816 cm-1. The results indicate that both α- and β-glycosidic linkage exist in truffles. 

 

Proc. of SPIE Vol. 6026  60260H-2

Downloaded From: http://proceedings.spiedigitallibrary.org/ on 01/25/2016 Terms of Use: http://spiedigitallibrary.org/ss/TermsOfUse.aspx



C

4000 3000 2000 1000 400
¶ave number/cm—i

3.2. Spectral discrimination of different species Truffles 

According to the characteristics bands and absorbance ratios of spectra, different truffles can be discriminated. The 
obvious differences between T.indicum (CX) (Fig 1.e) and other truffles are observed in the region of C-H stretching 
vibration mode. T.indicum (CX) shows the strongest band at 2925 cm-1and strong bands at 2854, 1645 and 1077cm-1. 
While other truffles show the strongest band at about 1077 and 1042 cm-1 and the band at about 2924 cm-1 is a medium 
absorbance band. Furthermore there is an obvious band at 3010 cm-1 in T.indicum (CX), while others do not like this. 
These spectral differences can be used to discriminate T.indicum (CX) from other truffles. 

 

 

Figure 1.  FTIR spectra of Truffles. a, T.magnatum; b, T.excavatum; c, T.indicum; d, T.indicum(KM); e, T.indicum(CX) 

The spectra of T.magnatum (Fig 1 a) and T.indicum (KM) (Fig 1 d) are very similar. They appear strongest bands at 
about 1077, 1043 cm-1 and 1077,1040 cm-1, and strong bands at about 1646, 3385cm-1 and 1654, 3388 cm-1 respectively. 
The most remarkable difference between the spectra of T.magnatum and T.indicum (KM) is that the band at about 890 
cm-1 is not obvious in T.magnatum. In addition, the absorption ratio of 1077 and 1042 cm-1 of T.magnatum is 0.993, 
while the A1077/A1040 of T.indicum (KM) is 1.007. These evidences can be used to distinguish T.magnatum from 
T.indicum (KM). On the other hand, the absorption intensity of two bands at 1077 and 1042 cm-1 of T.magnatum and 
T.indicum (KM) are very close, while the absorption intensity of the corresponding bands of other truffles has large 
difference. The spectrum of T.indicum (KM) shows two weaker peaks with equivalent intensity at 816 and 888 cm-1 
while the band at about 816 cm-1 of other truffles is not apparent. There has only a weak band at 895 cm-1 in T.indicum 
(CX) (Fig 1.e), a weak band at 914 cm-1 in T.excavatum (Fig 1.b) and a weak band at 891 cm-1 in T.indicum (Fig 1.c). 
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The spectra of T.excavatum (Fig 1 b) and T.indicum (Fig 1 c) show the strongest band at 1035 and 1037 cm-1, and 
strong bands at 1076, 1652, 3397 cm-1 and 1079, 1650, 3397 cm-1 respectively. The absorption ratio of 1076 and 1035 
cm-1 of T.excavatum and the ratio A1079/A1037 of T.indicum are 0.924 and 0.973 respectively; both of them are less than 
1. On the other hand, their differences are very apparent. T.excavatum has a visible peak at 1111 cm-1, while T.indicum 
has not the corresponding band. The band at 1155 cm-1 was not observed in the spectrum of T.excavatum (Fig 1 b), but 
very apparent in the spectrum of T.indicum. In addition, the spectrum of T.indicum has an obvious band at 1746 cm-1, 
while the spectrum of T.excavatum does not show the band. 

 

Figure 2.  FTIR spectra of reference substances. a, β-glucan; b, chitosan; c, starch; d, protein 

In conclusion, the different spices of truffles can be discriminated by FTIR spectroscopy, according to their spectral 
feature and absorption ratios. Furthermore, the same species truffles with different producing areas can be discriminated 
by FTIR spectroscopy. The intensity ratios of A2926/A1041, A2926/A3388, A2926/A1579 and A1264/A1318 are 0.555, 0.670, 0.828 
and 0.981 respectively for T.indicum (KM); and the corresponding ratios of T.indicum (CX) and T.indicum are 0.976, 
1.004, 1.183, 1.012 and 0.710, 0.775, 1.181, 0.994 respectively. It was found that the ratio of T.indicum (KM) is the 
minimum. The ratio of T.indicum is the maximum. 

3.3. Healthy and Mouldy Truffles 

Figure 3 shows the FTIR spectra of healthy and moldy truffles. The significant differences between moldy and healthy 
truffles are mainly observed in the bands of protein. The band center at about 3380 cm-1 of mold truffles becomes 
broader than healthy truffles. The ratios of A1652/A1035 and A1557/A1035 of T.excavatum are decreased from 0.668 and 
0.543 for the healthy to 0.505 and 0.420 for the moldy. And the ratios of A1645/A1077, A1555/A1077 and A1247/A1077 of 
T.indicum (CX) are decreased from 0.960, 0.883 and 0.841 respectively for the healthy to 0.811, 0.721 and 0.703 
respectively for the moldy. The bands at about 1645, 1555 and 1247 cm-1 are mainly assigned to the amide I, amide II 
and amide III of protein 14, 22, 23. The changes indicates that the protein content of the moldy truffles become less 
compared with the healthy truffles. 
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4. CONCLUSION 

In conclusion, FTIR spectra give information about chemical constituents of the intact truffles, which indicate that the 
main compositions of the truffles are polysaccharide and protein. The observed differences in the spectra of truffles in 
1800-750 cm-1 can be utilized for discriminating different species of truffles. In addition, some vibrational spectral 
differences are observed between the same species of truffles from different producing areas. It is also found the great 
changes between moldy and healthy truffles, which the major differences are observed in the bands of protein. This 
study illustrated that the FTIR spectroscopic method is a valuable tool for rapid and nondestructive analysis of truffles. 

 

Figure 3.  FTIR spectra of the healthy Truffles with mold. a, moldy T.excavatum; b, healthy T.excavatum; c, moldy 

T.indicum(CX); d, healthy T.indicum(CX) 
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