
 

 

Abstract—Meat is one of the most foodstuff consumed. The 

increasing consumption of meat had led some traders to falsify 

the identity of meat for gaining profit. The meat adulteration 

case that often occurs is substituting the beef with pork. This 

adulteration case is very detrimental to consumers, therefore a 

method to identify the type of meat sold is very necessary. The 

vibration spectroscopy method, Fourier Transform Infra Red 

(FTIR), had been developed to analyze the type of beef and pork. 

The FTIR measurement was carried out with cut raw meat 

samples without further preparation. The Data obtained from 

the measurement are infra-red spectrum from beef and pork 

from 4000-500 cm-1 wavenumber and then the data was 

analyzed with Principle Component Analysis (PCA) statiscticall 

method. Projection result with PCA obtained data reduction 

that can represent all data generated from measurements shown 

through the Principle Component 1 and Principle Component 2 

regions. Based on those projection, beef and pork profile area 

can be classified properly. 

 
Keywords—Halal, Fourier Transform Infra Red, Raw Meat, 

Principle Component Analysis. 

I. INTRODUCTION 

EAT is one of the most consumed foodstuffs, at 2019 

meat consumption in indonesia had reached 2.6 

kg/capita [1]. Increased consumption results in many cases of 

meat counterfeiting. Common cases of meat counterfeiting 

that often occur is replacing and mixing beef with pork for 

economic reasons. This happens because of the high 

differences in price of beef and pork [2]. The case of meat 

counterfeiting is a serious problem for Muslims because pigs 

and their derivatives are haram. Therefore, several analyticals 

methods had been developed to identify pork. 

 Pork detection can be done by several methods and 

instruments such as Polymerize Chain Reaction (PCR) 

method, Liquid Chromatography paired with mass 

spectroscopy and Fourier Transform Infra Red (FTIR) 

spectroscophy. The PCR method is able to analyze meat 

origins at the DNA level by replication of a single into 

millions of DNA through repeated heating and cooling cycles 

of a mixture of DNA templates, DNA polymerases, primers 

and nucleotides. In measurements using PCR, the sample 

needs several stages of preparation such as denaturation, 

primer anealing and DNA extension to obtain sample DNA 

[3]. Based on research conducted by Cheng et al in 2016, PCR 

was able to differentiate processed meat origins from pigs, 

cows, goats, chickens and rabbits based on differences in 

DNA constituents [4]. Identification of meat types can also 

be done by chromatography method paired with a mass-

spectroscopy instrument. This method analyzes samples by 

separating the compounds in the sample based on chemical 

properties through liquid chromatography to be further 

detected by mass spectroscopy [5]. Grundy et al in 2008 

succeeded in identifying the origin of meat from blood 

plasma samples found in meat using the LC-MS method [6]. 

Another method that can be used to identify the type of meat 

is FTIR based on the functional group of compounds 

contained in meat. This method is able to analyze the level of 

pig content in the fingerprint area. pig hair and cow hair can 

be analyze using FTIR in the range of 1215-2007 cm-1 and 

3467-3989 cm-1 [7].  

 In the meat identification for the halal verification 

purpose on food ingredient, fast measurement and simple 

sample preparation is needed to get faster results [8]. FTIR 

spectrophotometry is one method that is widely exploited for 

meat analysis because of the speed to do fast screening due to 

the properties of fingerprint region contained in FTIR spectra, 

where each meat will provide a different spectra profile [9]. 

Till now, measurements using FTIR spectroscopic methods 

require extraction to obtain fatty acid or protein compound in 

meat for further analysis. In this study, measurements by the 

FTIR spectroscopic method will be carried out using raw 

meat samples without further preparation. FTIR spectra data 

obtained from measurements will be processed using the 

Principal Component Analysis (PCA) chemometric method. 

It aims to extract useful information from FTIR spectra data 

representing each functional group of compound components 

in meat. 

II. MATERIALS AND METHOD 

A. Materials 

Materials used in this research are 5 beef and 5 pork. While 

tool used in this reseach is FTIR Spectroscopy(Agilent-Cary 

630 Portable FTIR) which is connected to Microlab Expert 

software to procces the measured data. 

B. Method 

Fresh meat were cutted into small and thin so it can fit the 

sample chamber of the instrument, than the raw meat was 

measured by FTIR Spectroscopy. FTIR Spectra obtained 

from the measurement are then processed using Origin Lab 

8.0 for classification using the PCA method. 

III. RESULT AND DISCUSSION 

Meat consist of 71-75% waters, 21% Nitrogen containing 

compoung including protein, 2,5-5% fat, 1% vitamins and 1% 

minerals [10-11]. Thus, the measured FTIR spectra will 
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represent every functional group of the meat constituent 

compound.  

Figure 1 shows FTIR spectra of raw beef (black) and pork 

(red) obtained from measurement using Agilent-Cary 630 

portable FTIR spectroscopy. The obtained specyta show 

peaks and valleys representing each functional group from 

the molecule as a result of infrared absorption at 4000-400 

cm-1 wavenumber. FTIR spectra shows a view functional 

group profile at each specific wavenumber, i.e. at 3600-2700 

cm-1 region wavenumber is attributed to O-H bending from 

water and carbohydrate molecules and also N-H amide 

stretching functional group originate to protein molecule 

 
Figure 1. FTIR spectra of beef (black) dan pork (red). 

 

 
Figure 2. The score plot of first principal component and second principal component of beef (black) and pork (red). 
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content, peak shows at wavenumber between 3250-3000 cm-

1 region originate to C-H sp3 functional group, at 1600-1700 

cm-1 region C=O functional group from fatty acid and protein 

molecule detected, the other peaks showed at 1500 cm-1 

correspond to N-H bending functional group from protein and 

at 1500 cm-1 wavenumber region the C-O functional group 

from fats and carbohydrate is observed [12-13]. FTIR spectra 

from prok and beef at functional group region are difficult to 

differentiate since providing the same profile. The feature of 

fingerprint region in FTIR spectra however showing a 

differences in wavenumber for both measured FTIR spectra. 

Furtermore raw data obtained from FTIR measurement was 

classified using PCA method. 

The PCA plot score from beef and pork demonstrated in 

Figure 2, representeing the sample projection explained by 

first principal componen (PC1) and second principal 

component (PC2). The PCA ploting result in Figure 2 shows 

well classified beef and pork cluster, from the obtained PCA 

plot beef and pork can be distinguish properly. Every 

measured pork sample will be classified at red cluster area, 

while measured beef sample will be classified at black cluster 

area. 

IV. CONCLUSION AND RECOMMENDATION 

It can be concluded that the FTIR spectroscopy method 

combined with PCA chemometric method can be succesfully 

used to identify the meat sampel origin. The PCA method 

helps in the classification of types of meat samples by 

clustering for each beef and pork. The developed method 

perform a fast measurement time and requires a simple 

preparation. Further measurements can be made for other 

types of animal meat, because there are some animals that 

also appointed as haram meat. 
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