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Abstract. FTIR is a rapid technique based on infrared which has been used to analyze the following 
samples of cheese: traditional buffalo milk cheese, mouldy cheese traditionally produced (in Mesendorf), 
buffalo milk cheese (Napolact) and buffalo mozzarella (Italy). Here were highlighted main wavelengths at 
which the main components were observed in cheese, namely: fat, protein, lactose and water. These 
compounds have been outlined in terms of quality. The presence of water was observed in the region of 
3600-3010 cm-1, showing a high content in water for mozzarella, followed by buffalo milk cheese, 
traditional cheese and the lowest content being observed to mouldy cheese. 
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Introduction. Infrared spectroscopy (IR) technique is the most common tests used to 
analyze organic and inorganic compounds. The objective of this analysis by spectroscopic 
techniques is to determine all major functional groups in the test sample. 

 Each functional group has a characteristic absorbance spectrum infrared radiation 
(Stuart 1996). Fourier Transform Infrared Spectroscopy (FTIR) has many advantages 
compared with conventional methods, is reproducible and accurate, with a capacity of 
handling precise spectral and could be coupled with chemometrics software for calibration 
in quantitative analysis purpose (Van de Voort et al 1994a). Due to these advantages, 
FTIR spectroscopy can provide information on the characteristics, composition and 
chemical changes during the technological process (Van de Voort et al 1994b). From a 
practical perspective, quantitative analysis using FTIR is a rapid (1-2 minutes) test, 
reducing the quantities of solvents and toxic reagents. 

 The FTIR analysis methods are used for different types of accessories, the most 
widely used being Horizontal Attenuated Total Reflectance (HATR). Its simplicity and 
convenience analysis (Sedman 1999) requires only small volumes (<50 ml) of reaction, 
just to cover crystal surface of Attenuated Total Reflectance (ATR). FTIR spectroscopy is 
a Scientific Association Dedicated to Excellence in Analytical Methods (AOAC) official 
method for determination of fat, protein and lactose in milk (AOAC 1995), and can be 
used in monitoring the hydrolysis of lactose in milk, showing that lactose can be 
quantified in the presence of its hydrolysates products, glucose and galactose. Hansen 
(1999) investigated the possibility of commercial use of infrared milk analyzer, but the 
calibration of the instrument has not been set to obtain quantitative results. 

 Meantime there were made quantitative analysis which assays to monitor the 
enzymatic processes that play a role in lactose reduced milk. Regarding Ceddar and 
Mozzarella cheese, there were obtained to IR analysis specific bands for fats and 
proteins. It was found that the intensity of absorbance of these bands increases 
proportionally with fat and protein content. IR technique became a fast analysis 
technique to determine fat and protein in milk (Chen & Joseph 1998; Lefier et al 1996; 
Koca et al 2007). Buffalo milk cheese is one of the cheese aged in brine, alongside sheep 
cheese, cow albumin added cheese and Fetta.  
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Achieving good quality cheese is conditioned by the quality of milk used as staple 
for cheese (including sensorial characteristics, physical-chemical, hygienic and 
microbiological).  

Water content from buffalo milk cheese has an average of 47.62%, 3.28% for 
NaCl and fat on a dry basis is 46.17% (Pece 2008). Cheese production is a complex 
process consisting of protein concentration with a variable fraction of fat and minerals. 
The removal of a considerable quantity of water and lactose is required. 
 
Material and Method. FTIR technique is a fast and simple method compared with other 
laborious and expensive techniques. In our case this technique has been used for the 
analysis of cheese. For the IR spectral analysis was used Nicolet FT-IR spectrophotometer 
equipped with Horizontal Attenuated Total Reflectance (HATR) with ZnSe accessory. IR 
frequencies are expressed by a light number that is directed to the sample. When radiant 
energy is equal to the vibrational frequency of the molecule, it realizes the suction and 
vibrating. Absorption intensity for each frequency of vibration is monitored by a detector. 
Specific footprint is a specific combination between molecular vibration and rotational 
vibration and has a great significance to identify specific molecules. IR absorption 
spectrometry is therefore appropriate for liquid sample analyzing. 

Cheese and other solids should be homogenized before performing the analysis 
(Biggs 1972). 

Measurements were carried out on infrared scale of 650-4000 cm-1, 100 scans per 
sample at 2 cm-1 resolution. After analysis of each sample the accessories were washed 
with acetone. Samples analyzed were: buffalo milk cheese, mouldy cheese traditionally 
produced (in Mesendorf), buffalo milk cheese (Napolact) and buffalo mozzarella (Italy). 
Cheese samples were well homogenized in order to perform proper analysis by infrared 
spectroscopy. 
 
Results and Discussion. FTIR spectral recording was performed to identify the main 
types of structures present in the analyzed samples. There were selected spectral 
intervals between: 2900-2827 and 1782-1705 cm-1, which correspond to fat content in 
cheese. The spectral region between 1701 and 1507 cm-1 corresponded to protein 
content and spectral between 1200 and 967 cm-1 corresponded to carbohydrates (Iñón et 
al 2003). Specific water absorption bands were located in accordance with the literature, 
in the regions between 3650-3000 cm-1 and 1680-1600 cm-1 (Hop et al 1993; Iñón et al 
2003). The spectral circa values of 1800-700 cm-1 are considered to be "fingerprint" 
values (specific fingerprint of each compound). In literature this area has a coverage 
between 800-1200 and 1000-1500 cm-1 (Van de Voort et al 1994b) but in this study we 
extended it to 1800 cm-1. The spectral values of circa 1700-1800 cm-1 are considered 
important because the absorption frequency around 1711 cm-1 corresponds to free fatty 
acids and this absorption is directly proportional to the percentage of free fatty acids 
contained in milk.  In figure 1 are shown spectra of cheese samples analyzed.  

Studies of milk and milk products by FTIR spectroscopic method have been made 
by many researchers: Belton et al (1987), Biggs (1972, 1979), McGann (1978) and 
McQueen et al (1995). IR spectroscopy is designed to identify the molecular vibrations of 
polar bonds in different molecules. IR spectra have the ability to identify signals in length 
frequencies between 400 and 4000 cm-1.  

Using FTIR spectrophotometric technique determined the secondary structure of 
proteins (Boye et al 1995). A similar study of that we had conducted was done by 
(Manxiang & Joseph 1996) on Cheddar and Mozzarella cheese.  

Mendenhall & Brown (1991) described that proteins were observed to 3030, 2500, 
1698, respectively 1656 cm-1 wavelength bands. According to researches conducted by 
(Belton et al 1988) wavelengths for the various chemical groups were as follows: 1477-
1400 and 1195-1129 cm-1 for ester carbonyl C-H and C-O group; 1650 cm-1 for fat and 
1540 cm-1 corresponds to the protein. Using FT-NIR and FT-IR spectroscopy (Cattaneo et 
al 2005) studied some parameters of Crescenza cheese. For our study the presence of 
water was observed in the region of 3600-3010 cm-1.  
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Figure 1. FTIR spectra of analyzed cheese samples.  
 

Table 1 
Representation of band (b) and shoulders (u) frequency of analyzed cheese using  

FTIR-ATR spectroscopy 
 

 
Mozzarella cheese presented the highest water content and the lowest content has been 
registered to mouldy cheese. The highest protein content (compared to the absorbance 
value) was identified in mouldy cheese. According to researches conducted by Luienge et 
al (1993) the corresponding region of proteins and amides I (C=O) was identified 

Frequency 
no. (cm-1) 

Cheese 
sample Band type Vibration mode 

1.  3005 =C-H (cis-) of spread 

2.  2920 -C-H (CH2) of spread (asymmetrical) 

3.  2850 -C-H (CH2) of spread (symmetrical) 

4.  1741 -C=O (ester) of spread 

5.  1415 =C-H (cis-) of deformation (rocking) 

6.  1377 -C-H (CH3) of deformation (symmetrical) 

7.  1240 -C-O, -CH2- of spread 

8.  1161 -C-O, -CH2- 
of deformation 

of spread 

9.  1112 -C-O of deformation 

10.  1097 -C-O of spread, of spread 

11.  964 -HC=CH- (trans-) of deformation outside the plane 

12.  719 -(CH2)n-, 
-HC=CH-(cis-) 

of deformation (rocking) 
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between 1670-1630 cm-1 wavelength. In table 1 are presented the frequencies of bands 
and shoulders of cheese analyzed using FTIR-ATR spectroscopy. 
 
Conclusions. Infrared spectroscopy can be used as a rapid method for cheese and other 
milk products legalization. IR absorption spectroscopy has practicability in liquid samples 
therefore cheese and other solids should be well homogenized before performing 
analysis. FTIR spectra revealed the main compounds from various types of cheese 
analyzed and the wavelengths at which these compounds can be observed in accordance 
with the literature, namely: fat has the appropriate interval range at 2900-2827 cm-1 and 
1782-1705 cm-1, proteins at 1701-1507 cm-1 and for water the appropriate range is 
3650-3000 cm-1 and 1680-1600 cm-1. 
 
Acknowledgements. Financial   support   has   granted   from   Romanian Ministry of 
Education, Research and Innovation, project PN II-RU-TE No 108/2010. 
 
References 
 
AOAC 1995 Official methods of analysis of AOAC International 16th Edition. Arligton, V. 

A. 
Belton P. S., Alfred M. S., Reginald H. W., 1987 Use of Fourier transform infrared 

spectroscopy for quantitative analysis: A comparative study of different detection      
methods. Analyst 112:1117-1120. 

Belton P. S., Alfred M. S., Reginald H. W., 1988 The potential of Fourier transform 
infrared spectroscopy for the analysis of confectionery products. Food Chem 
28:53-61. 

Biggs D. A., 1972 Precision and accuracy of infrared milk analysis. J Assoc Offic Anal 
Chem 55:488-497. 

Biggs D. A., 1979 Applications of infrared instrumentation in cheese analysis. J Dairy Sci 
75:547-553. 

Boye J. I.,  Alli I., Ismail A. A., Gibbs B. F., Konishi Y., 1995 Factors affecting molecular 
characteristics of whey protein gelation. Int Dairy J 5:337-353. 

Cattaneo T. M. P., Giardina C., Sinelli N., Riva M., Giangiacomo R., 2005 Application of 
FT-NIR and FT-IR spectroscopy to study the shelf-life of Crescenza cheese. Int 
Dairy J 15:693–700. 

Chen M., Joseph I. Y., 1998 Sampling technique for cheese analysis by FTIR 
spectroscopy. J Food Sci 63:96-99.  

Hansen P. W., 1999 Screening of dairy cows for ketosis by use of infrared spectroscopy 
and multivariate calibration. J Dairy Sci 82:2005-2010. 

Hop E., Luinge H. J., Van Hemert H., 1993 Quantitative analysis of water in milk by FT-IR 
 Spectrometry. Appl Spectrosc 47(8):1180-1182. 

Iñón F. A., Garrigues J. M., Garrigues S., Molina A., Guardia M., 2003 Selection of 
calibration set samples in determination of olive oil acidity by partial least 
squares-attenuated total reflectance-Fourier transform infrared spectroscopy. Anal 
Chim Acta 48:59-75. 

Koca N, Rodriguez-Saona L. E., Harper W. J., Alvarez V. B., 2007 Application of Fourier 
transform infrared spectroscopy for monitoring short-chain free fatty acids in 
Swiss cheese. J Dairy Sci 90:3596-3603. 

Lefier D., Grappin R., Pochet S., 1996 Determination of fat, protein and lactose in raw 
milk by Fourier transform infrared spectroscopy and by analysis with a 
conventional filter based analyser. J AOAC Int 79:711-717. 

Luienge H. J., Hop E., Lutz E. T. G., van Hemert J. A., de Jong E. A. M., 1993 
Determination of the fat, protein and lactose content of milk using Fourier 
transform infrared spectrometry. Anal Chim Acta 284:419-433. 

Manxiang C., Joseph I. Y., 1996 Sampling technique for cheese analysis by FTIR  
spectroscopy. J Food Sci 63(1):96-99.  

McGann T. C. A., 1978 Automated physico-chemical methods for the analysis of milk-A  
review of major advances. Ir J Food Sci Tech 2:141-152. 



ABAH Bioflux, 2012, Volume 4, Issue 2. 
http://www.abah.bioflux.com.ro 
 
 

70 

McQueen D. H., Wilson R., Kinnunen A., Jensen E. P., 1995 Comparison of two infrared 
spectroscopic methods for cheese analysis. Talanta 7:2007-2012. 

Mendenhall I. V., Brown R. J., 1991 Fourier transform infrared determination of whey  
 powder in nonfat dry milk. J Dairy Sci 74:2896-2900. 
Pece A., 2008 [Researches regarding certain quality indices in buffalo milk for industrial 

processing]. PhD Thesis, Cluj-Napoca, pp. 165-166. [In Romanian]. 
Sedman J., 1999 Attenuated total reflectance spectroscopy: Principles and applications 

in infrared analysis of food. In: Spectral methods in food analysis. Mossoba M. M.  
(ed), pp. 397-425, Marcel Dekker, Inc., New York. 

Stuart B., 1996 Modern infrared spectroscopy. John Wiley & Sons, New York and 
Chichester, pp. 120. 

Van de Voort F. R., Ismail A. A., Sedman J., Dubois J., Nicodemo T., 1994a Rapid 
quantitative determination of free fatty acids in fats and oils by Fourier transform 
infrared spectroscopy. J Am Oil Chem Soc 70:335-341. 

Van de Voort F. R., Ismail A. A., Sedman J., Emo G., 1994b Monitoring the oxidation of 
edible oils by Fourier transform infrared spectroscopy. J Am Oil Chem Soc 71:242-
252. 

 
 
 
 
Received: 31 October, Accepted: 26 November, Published online: 28 November 2012. 
Authors: 
Aurelia Coroian, Faculty of Animal Science and Biotechnology, University of Agricultural Sciences and Veterinary 
Medicine, Romania, Cluj-Napoca, Calea Mănăştur Street, No. 3-5, 400372, coroian.aurelia@gmail.com 
Monica Trif, Centiv GmbH, Bremen, Germany, monicatrif@hotmail.com 
Cristian Ovidiu Coroian, Faculty of Animal Science and Biotechnology, University of Agricultural Sciences and 
Veterinary Medicine, Romania, Cluj-Napoca, Calea Mănăştur Street, No. 3-5, 400372, 
cristian_coroian@yahoo.com 
Vioara Mireşan Faculty of Animal Science and Biotechnology, University of Agricultural Sciences and Veterinary 
Medicine, Romania, Cluj-Napoca, Calea Mănăştur Street, No. 3-5, 400372, vmiresan@usamvcluj.ro 
Camelia Răducu, Faculty of Animal Science and Biotechnology, University of Agricultural Sciences and 
Veterinary Medicine, Romania, Cluj-Napoca, Calea Mănăştur Street, No. 3-5, 400372, craducu2001@yahoo.com 
Stelian Dărăban, Faculty of Animal Science and Biotechnology, University of Agricultural Sciences and 
Veterinary Medicine, Romania, Cluj-Napoca, Calea Mănăştur Street, No. 3-5, 400372, ovineusamv@yahoo.com 
This is an open-access article distributed under the terms of the Creative Commons Attribution License, which 
permits unrestricted use, distribution and reproduction in any medium, provided the original author and source 
are credited. 
How to cite this article: 
Coroian A., Trif M., Coroian C. O., Mireşan V., Răducu C., Dărăban S., 2012 Qualitative evaluation of buffalo 
cheese using FTIR spectroscopy. ABAH Bioflux 4(2):66-70. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


