
633

 
COMPARATIVE ANALYSIS BETWEEN MUSHROOMS 

LACTARIUS PIPERATUS AND AGARICUS BISPORUS (CHAMPIGNON) 
USING FT-IR SPECTROSCOPY 

 

Andreea BEBU1, Luisa ANDRONIE2*, Alexandru MATIEȘ3*, Svetlana MICLE4, 
Sorina DARJAN3, Ovidiu CULCEAR2 

 
1University of Medicine and Pharmacy “Carol Davila”,6 Traian Vuia Street, Bucharest, Romania 
2University of Agricultural Sciences and Veterinary Medicine of Cluj-Napoca, Faculty of Animal 

Science and Biotechnologies, 3-5 Manastur Street, Cluj-Napoca, Romania 
3University of Agricultural Sciences and Veterinary Medicine of Cluj-Napoca, Faculty of 

Agriculture, 3-5 Manastur Street, Cluj-Napoca, Romania 
4University of Agricultural Sciences and Veterinary Medicine of Cluj-Napoca, Faculty of 

Horticulture, 3-5 Manastur Street, Cluj-Napoca, Romania 
 

*Corresponding authors emails: andronie_luisa@yahoo.com, alexandru.maties@usamvcluuj.ro 
 

Abstract  
 
In the last years the consumers are in favour of edible mushrooms due to the nutritious value and potential medical 
value because that are rich in proteins, vitamins, mineral elements. 
Also, mushrooms contain terpenoids, carbohydrates and very important for organism, antioxidants.  
Lactarius piperatus and Agaricus bisporus are two well-know mushrooms which have a high nutrition and many 
benefits for health. Therefore, a lot of mushroom is a very interesting subject for many studies and analyzes.  
In this sudy, a rapid method using Fourier transform infrared (FT-IR) spectroscopic was established for analysis and 
characterized a principal components of two types of mushrooms. 
Vibrational spectral techniques, FT- IR, offer several advantages in the context of current research and using this 
techniques we can identify molecular components in the samples studied. Following the analysis of the two spectra, we 
can observe an increased intensity of the characteristic absorption peaks belong to proteins (1655 cm-1), 
polysaccharides (1000-400 cm-1) and amino acids. 
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INTRODUCTION 

 
Natural products with antioxidant activity are 
used to aid the endogenous protective system, 
increasing interest in the antioxidative role of 
nutraceutic products (Kanter, 1998). 
Concerning this, the antioxidants in human 
diets are of great interest as possible protective 
agents to help human body reduce oxidative 
damage.  
Oxidation is essential to many living organisms 
for the production of energy to fuel biological 
processes, proceeding in lipids with 
polyunsaturated fatty acids, and generating 
reactive oxygen species (ROS) such as 
hydroxyl radicals (Halliwell and Gutteridge, 
1989). 
A multitude of natural antioxidants have 
already been isolated from different kinds of 
plant materials such as oilseeds, cereal crops, 

vegetables, fruits, leaves, roots, spices, and 
herbs (Ramarathnam et al., 1995). Mushrooms 
become attractive as a functional food and as 
source for the development of drugs and 
nutraceuticals.  
Mushrooms are highly nutritious food sources, 
which can be cultivated on cheap and usually 
readily available raw materials. 
The term "mushroom" describes the reproductive 
structure of fruiting body of a fungus (Berch et al., 
2007). Mushrooms belong to the kingdom of fungi, 
a group very distinct from plants, animals and 
bacteria. In the last years, there has been 
sustaining increase of commercial interest in 
mushrooms in pharmaceutical and food 
industries due to their wide usages as both food 
and medicine in many countries in this world 
(Sanmee et al., 2003).  
The mushrooms have been associated to the life 
of human. Mushrooms are potent source of 
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biologically active substances which have 
beneficial effect on human health. 
For example, most wild-grown mushrooms are 
rich in polysaccharides, proteins, amino acids, 
vitamins, and minerals, which can provide a 
high nutritional value for health (Ulziijargal and 
Mau, 2011; Kalač, 2009). 
Many, if not all, mushroom species contain 
polysaccharides which may boost human 
immune system. In the last years much research 
have been done on biologically active 
substances originated from Basidiomyceteae 
which have beneficial effect of health and help 
in the treatment of many disease (Smith et 
al.,2002; Lindequist et al., 2005; Rajewska et 
al., 2004). Amoung these compounds, 
polysaccharides seem to play the most 
important role due to their anticancer. Agaricus 
bisporus (the white button mushroom, 
champignon) is the most commonly cultivated 
and consumed mushroom in Western Europe 
and North America. Agaricus bisporus is well 
known to mycophagists as the common "button 
mushroom" of commerce. The common 
grocery store form of Agaricus bisporus is 
completely white, but in recent years the 
mushroom industry has developed brown 
strains of the species, which it markets as 
"crimini" and "portobello" mushrooms (the 
distinction is simply that the portobellos have 
been allowed to mature past the button stage).  
It contains high levels of proteins, 
carbohydrates, minerals (potassium, iron and 
phosphorus) and vitamins (vitamin C, niacin 
and thiamine), and is low in fat and calories 
(Clarke, 2007; Wu et al., 2006). 
Analysing L. piperatus for constituents such as 
moisture, fat, proteins, ash and carbohydrates, 
Barros et al. (2007) showed that while protein 
and unsaturated fatty acid levels increased with 
the fruiting body maturity stage, the 
carbohydrate and saturated fatty acid content 
decreased. The maturity of the mushroom stage 
had little effect on individual sugar 
composition. 
Methanol extracts from Lactarius piperatus 
have been investigated for antimicrobial 
activity. Using agar disk diffusion assays, L. 
piperatus revealed antimicrobial activity 
against Escherichia coli, Proteus vulgaris, 
and Mycobacterium smegmatis, but did not 

show any antagonistic effect against the 
yeast Candia albicans (Dulgar et al., 2002). 
Several studies described by us (Barros et al., 
2007; Ferreira et al., 2007; Turkoglu et al., 
2007) report a correlation between the 
mushrooms antioxidant activity and their 
phenolic content. However, none of the existent 
reports on mushrooms antioxidants compo-
sition and antioxidant activity indicated the 
stage of development of the fruiting bodies 
selected for the studies.  
In recent years, FT-IR spectroscopy has been 
introduced as a very efficient and non-
destructive analytical tool for the reliable way 
to determine the functional groups of 
mushrooms compenents. 
Fourier transform infrared (FT-IR) 
spectroscopy is one of the most widely used 
methods to identify chemical compounds and 
elucidate chemical structure. FT-IR technique 
is applied to detect compositional differences 
between samples on the basis of vibrations of 
various chemical groups at specific wave 
lengths of the spectrum (400-4000 cm-1). Thus, 
FT-IR spectroscopy is used as a rapid and 
accurate method to detect natural compounds in 
food industry, and is often approached as a 
simple and fast alternative to other laborious 
methodologies, with minimum sample 
preparation. 
The literature is mentions researches using FT-
IR transform infrared and ultraviolet (UV) 
spectroscopies coupled with data fusion for 
discriminationn of Boletus mushrooms from 
seven different geographical area in Yunnan 
Province (Sen et al., 2019). 
In another study, cultivated Wolfiporia extensa 
colleted from six regions in Yunnan Provice of 
China were analyzed by FT-IR and ultra-fast 
liquid chromatography (UFLC) in order to 
invstigate the differences and similarities in 
different origins and parts (Ly et al., 2016). 
The use of the FT-IR technique has also been 
reported for the analysis of food matrices 
(Andronie et al., 2016), but literature mentions 
lots of works that involve the use of this 
technique and its great potential to be used in a 
large variety of other research fields (Andronie 
et al., 2019; Keseru et al., 2016).  
In the present study it was investigated a 
principal components of two type of 
mushrooms powder using FT-IR technique. 
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The range of 1800-400 cm-1, which exhibited 
major characteristics of mushroom samples was 
selected for analysis. 
 
MATERIALS AND METHODS  
 
In this research, we analyzed different varieties of 
mushrooms according to the analytical information 
obtained from dried mushrooms by means of 
Fourier transform infrared spectroscopy (FT-IR). 
One common varieties of mushrooms species 
Lactarius piperatus were collected   at full maturity 
harvested from one point (1 - 46.6997° N, 23.5650° 
E), located in Făget commune, Cluj County, 
Romania.  
Another species of mushrooms, Agaricus 
bisporus, were purchased from the local 
Romanian market. The mushrooms were 
washed with tap water and then was dried at 
400C for 24 h. The dried mushrooms samples 
were crushed using a commercial blender. 
The sample from the FT-IR spectrum was 
obtained from 0.003 g of mushrooms used 
without further purification. FT-IR spectra 
were performed in the absorbance whit a Jasco 
FT-IR-4100 spectrophotometer using KBr 
pellet technique. The sample was prepared 
using calcinated potassium bromide as a matrix 
material and was mixed at a proportion of 3 mg 
of the sample to 200 mg KBr. Then the mixture 
was condensed in 15 mm die at a pressure 
equal to 10 t till 2 min. Measurements were 
carried out on the infrared scale of 650-4000 
cm-1 and a spectral resolution was set at 4 cm-1 
and all spectra were acquired over 256 scans. 
The spectral data were analyzed using Origin 
6.0 software (Figures 1 and 2). These spectra 
were analyzed by comparing the obtained 
vibrational bands with those of similar 
functional groups from the literature. 
 
RESULTS AND DISCUSSIONS  
 
In this study, FI-IR spectra of two type of 
mushroom species Lactarius piperatus and 
Agaricus bisporus (champignon) were obtained 
and average spectra are presented in Figures 1 
and 2. These spectra can give overall and 
comprehensive metabolic fingerprints of 
Lactarius piperatus and Agaricus bisporus 
mushrooms.  
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Figure 1. FT-IR spectrum for  Agaricus bisporus 
(champignon) 

 
The band at 3284 cm-1 which may be caused by 
strong water absorption mainly represents the 
O–H stretching (Hirri et al., 2016). The region 
of 3100-2800 cm-1 is mainly related to fatty 
acids and the obvious absorption peak at 2920 
cm-1 in this range expresses stretch of 
methylene group of lipid (Zhao et al., 2015). 
The peack present in spectrum characteristic 
from champinion at 2935 cm-1 shows a 
stretching vibration of the –CH3 group. In 
addition, a weak peak around 2851 cm-1 may be 
caused by pyranose ring (Mohaček-Grošev et 
al., 2001).  
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Figure 2. FT-IR spectrum for Lactarius piperatus  

 
According to previous literatures, the band of 
1700-1000 cm-1 is the dominating region which 
is attributed by organic material in macrofungi 
(Nie et al., 2007).  
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Peaks around 1655 cm-1 present C=O, C=N and 
N-H, which may be the result of proteins amide 
II. Also, the peak around 1570 cm−1 and 1590 
cm-1 can be to protein amide II absorption 
(Zervakis et al., 2012; Fischer et al., 2006).  
The O-H bending and =CH2 groups are present 
around 1392 cm-1 and it belongs to 
polysaccharides and proteins. 
The region of 1720-1480 cm-1 is highly 
relevant to protein substances. Both major 
peaks around 1085 and 1024 cm-1 are assigned 
to C–C stretching which is attributed as 
structures of chitin in spectrum of champinion 
(Nie et al., 2007). This bands appear shifters at 
1080 and 1025 cm-1 in the spectrum obtained 
from Lactarius piperatus mushrooms whit a 
lower intensity.   
The chitin is the main structural polysaccharide 
compounds in mushrooms and therefore, the 
region of 1200-1050 cm-1 mainly corresponds 
to the absorptions of carbohydrate (Mellado-
Mojica et al., 2001).  
Peaks in the region of 1000-400 cm-1 mainly 
belong to polysaccharides, such as β-D-glucan 
and pyranose from of glucose. For the above 
reasons, the characteristic absorption peaks 
belong to proteins, polysaccharides and amino 
acids (Sen Yao et al., 2018). 
 
CONCLUSIONS  

 
FT-IR spectroscopy could provide quantitative 
information concerning the functional groups 
of mushroom    components. 
The vibrational analysis allowed differentiation 
of mushrooms species according to the protein 
content.  
Analyzing the spectra obtained from the two 
types of fungi we could notice a decrease in 
intensity of the bands characteristic of proteins 
in the case Lactarius piperatus mushrooms. 
This suggests that the Lactarius piperatus 
mushrooms  have less protein than they do 
Agaricus bisporus 
 
REFERENCES 
 
Andronie, L., Coroian, A., Miresan,V., Pop, I., Raducu, 

C., Rotaru, A.,  OLAR  L. (2016). Results obtained by 
investigating saffron using FT-IR spectroscopy. 
Bulletin UASVM Animal Science and 
Biotechnologies, 73(2), 238-239.  

Andronie, L., Holonec, L., Pop, I., Truta, A. M., Odagiu, 
A., Salagean, T., Sobolu, R., Coroian, A., Balta, I., & 
Șuba, E. E. (2019). Antioxidant Capacity of Several 
Romanian Forest Fruits (Rosa canina L., Prunus 
spinosa L., Vaccium vitis-idaea L. and Cornus mas 
L.). Notulae Botanicae Horti Agrobotanici Cluj-
Napoca, 47(4), 1178-1184.  

Barros, L., Ferreira, M.J., Queirós, B.,  Ferreira,  I.C. F. 
R., Baptista, P. (2007). Total phenols, ascorbic acid, 
β-carotene and lycopene in Portuguese wild edible 
mushrooms and their antioxidant activities. Food 
Chemistry, 100, 413-419. 

Barros, L., Baptista P., Estevinho L.M., Ferreira I.C.F.R. 
(2007). Effect of fruiting body maturity stage on 
chemical composition and antimicrobial activity 
of Lactarius sp. mushrooms. J Agric Food Chem, 
55(21), 8766-8771. 

Berch, S.M, Ka, K.H, Park, H., Winder, R. (2007). 
Development and potential of the cultivated and 
wild-harvested mushroom industries in the Republic 
of Korea and British Columbia. Journal of 
Ecosystems and Management, 8(3), 53-75. 

Clarke, J. (2007). Mushrooms: the new super food . 
Report for the Mushroom Bureau , UK . 1 – 12.  

Dulger, B, Yilmaz, F, Gucin, F. (2002). Antimicrobial 
activity of some Lactarius species Pharm Biol, 40(4), 
304-6. 

Ferreira, I.C.F. R., Baptista, P., Vilas-Boas, M., Barros, 
L. (2007). Free-radical scavenging capacity and 
reducing power of wild edible mushrooms from 
northeast Portugal. Food Chemistry, 100, 1511-1516. 

Fischer, G., Braun, S., Thissen, R., Dott, W.  (2006). FT-
IR Spectroscopy as a Tool for Rapid Identification 
and IntraSpecies Characterization of Airborne 
Filamentous Fungi. Journal of Microbiological 
Methods , 64, 63–77. 

Halliwell, B., Gutteridge, J.M.C. (1984). Oxygen 
toxicity, oxygen radicals, transition metals and 
disease. Biochemical Journal, 219, 1-4. 

 Hirri, A.,  Bassbasi, M.,  Platikanov, S.,  Tauler, R.,  
ssama (2016). A. FTIR Spectroscopy and PLS-DA 
Classification and Prediction of Four Commercial 
Grade Virgin Olive Oils from Morocco. Food 
Analytical Methods, 9, 974-981. 

Kalač, P.  (2009). Chemical Composition and Nutritional 
Value of European Species of Wild Growing 
Mushrooms: A Review. Food Chemistry, 113, 9–16. 

 Kanter, M. (1998). Free radicals, exercise and 
antioxidant supplementation. Proceedings of the 
Nutrition Society. 57, 9-13. 

Kesezu, A., Andronie, L., Maniutiu, D., Pop, I., Rotaru, 
A. (2016). Characterization Momordica charantia 
using FT-IR spectroscopy. Bulletin UASVM 
Holticulture and Forestry, 73(2). 

Lindequist, U., Niedermeyer, T. (2005). The 
Pharmacological Potential of Mushrooms , 2(3), 285-
299. 

Li, Y., Zhang J., Li, T., Liu, H., Wang, Y. (2016). A 
Comprehensive and Comparative Study of 
Wolfiporia extensa Cultivation on Regions by 
Fgourier Transform Infrared Spectroscopy and Ultra-
fast Liquid Chromatography. Plos ONE., 11 (12).  



637

 
Mellado-Mojica, E., López, M.G. (2015).  Identification, 

Classification, and Discrimination of Agave Syrups 
from Natural Sweeteners by Infrared Spectroscopy 
and HPAEC-PAD. Food Chemistry, 167, 349–357. 

Mohaček-Grošev, V.,  Božac, R.,  Puppels, G.J. (2001). 
Vibrational Spectroscopic Characterization of Wild 
Growing Mushrooms and Toadstools. 
Spectrochimica Acta Part A: Molecular and 
Biomolecular Spectroscopy , 57, 2815–2829. 

Nie, M., Luo, J., Xiao, M., Chen, J., Bao, K., Zhang, W., 
Chen, J., Li, B. (2007). Structural Differences 
between Fusarium Strains Investigated by FT-IR 
Spectroscopy. Biochemistry, 72, 61–67. 

O’Gorman, A., Downey, G., Gowen, A.A., Barry-Ryan, 
C., Frias, J.M. (2010). Use of Fourier Transform 
Infrared Spectroscopy and Chemometric Data 
Analysis to Evaluate Damage and Age in Mushrooms 
(Agaricus bisporus) Grown in Ireland. Journal of 
Agricultural and Food Chemistry, 58, 7770–7776.  

Olson, E.J., Standing, J.E., Griego-Harper, N., Hoffman, 
O.A., Limper, A.H. (1996) Fungal Beta-Glucan 
Interacts with Vitronectin and Stimulates Tumor 
Necrosis Factor Alpha Release from Macrophages. 
Infection and Immunity, 64, 3548–3554. 

Rajewska, J., Balasinka B. (2004). Zwiazki biologicznie 
aktywne zawarte w grzybach jadanych I ich 
korzystny wplyw na zdrowie. Postery Hig  Med 
Dosw. 58, 352-357. 

Ramarathnam, N., Osawa, T., Ochi, H., Kawakishi, S. 
(1995). The contribution of plant food antioxidants to 
human health. Trends in Food Science and 
Technology, 6, 75-82. 

 Šandula, J., Kogan, G., Kačuráková, M.. Machová, E. 
(1999). Microbial (1-3)-Β-D-Glucans, Their 
Preparation, Physico-Chemical Characterization and 
Immunomodulatory Activity. Carbohydrate 
Polymers, 38, 247– 253.  

 Sanmee, R., Dell, B., Lumyong, P., Izumori, K., 
Lumyong, S. (2003). Nutritive Value of Popular Wild 

Edible Mushrooms from Northern Thailand. Food 
Chemistry, 82, 527–532.  

Sen Yao, Tao Li, JieQing Li, HongGao Liu, YuanZhong 
Wang. (2018). Geographic identification of Boletus 
mushrooms by data fusion of FT-IR and UV 
spectroscopies combined with multivariate statistical 
analysis, Spectrochimica Acta Part A: Molecular and 
Biomolecular Spectroscopy. 
doi:10.1016/j.saa.2018.03.018 

Smith,J.E., Rowan N. J., Sulivan, R. (2002). Medical 
mushrooms a rapidly developing area of 
biotechnology for cancer therapy and other 
bioactivities. Biotechnol. Lett, 24, 1839-1845. 

Turkoglu, A., Duru, M. E., Mercan, N., Kivrak, I., Gezer 
K. (2007). Antioxidant and antimicrobial activities of 
Laetiporus sulphurous (Bull.) Murrill, Food 
Chemistry, 101, 267-273. 

Ulziijargal, E., Mau, J.L. (2011).  Nutrient Compositions 
of Culinary-Medicinal Mushroom Fruiting Bodies 
and Mycelia. International Journal of Medicinal 
Mushrooms, 13, 343–349. 

Wu , S.L., Sun, X.M., Wang. B., Yang, F., Gu, G.P. 
(2006).  Analysis of main nutrition components in 
Agaricus brunnescens fruitbodies . Chinese Wild 
Plant Resources, 2, 47–52 .  

Zaidman, B.Z., Yassin, M., Mahajna, J., Wasser, S.P. 
(2005). Medicinal Mushroom Modulators of 
Molecular Targets as Cancer Therapeutics. Applied 
Microbiology and Biotechnology, 67, 453–468 

Zervakis, G.I., Bekiaris, G., Tarantilis, P.Α., Pappas, C.S. 
(2012).  Rapid Strain Classification and Taxa 
Delimitation within the Edible Mushroom Genus 
Pleurotus through the Use of Diffuse Reflectance 
Infrared Fourier Transform (DRIFT) Spectroscopy. 
Fungal Biology, 116, 715–728. 

 Zhao, Y., Zhang, J., Jin, H., Zhang, J., Shen, T. (2015). 
Wang, Y. Discrimination of Gentiana rigescens from 
Different Origins by Fourier Transform Infrared 
Spectroscopy Combined with Chemometric Methods. 
Journal of AOAC International, 98, 22–26. 

 
 
 
 
 


