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ABSTRACT 

The research was conducted to identify the presence of protein by indicating amide groups and measuring its level in 

food through specific groups of protein using FTIR (Fourier Transformed Infrared) method.  The scanning process 

was conducted on wavenumber 400—4000 cm
-1

. The determination of functional group was being done by 

comparing wavenumber of amide functional groups of the protein samples to existing standard.  Protein level was 

measured by comparing absorbance of protein specific functional groups to absorbance of fatty acid functional 

groups.  Result showed the FTIR spectrums of all samples were on 557-3381 cm
-1

 wavenumber range.  The amides 

detected were Amide III, IV, and VI with absorbance between trace until 0.032%. The presence of protein can be 

detected in samples animal and vegetable cheese, butter, and milk through functional groups of amide III, IV, and 

VI were on 1240-1265 cm
-1

, 713-721 cm
-1

, and 551-586 cm
-1

 wavenumber respectively  . Urine was detected 

through functional groups of amide III and IV were on 1639 cm
-1

 and 719 cm
-1

 wavenumber. The protein level of 

animal cheese, vegetable cheese, butter, and milk were 1.01%, 1.0%, 0.86%, and 1.55% respectively. 
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1. INTRODUCTION 

Protein is an essential nutrient for human body not only as an energy source but also as a building agent.  The main 

functions of protein are to build and maintain body tissues, produce neurotransmitter for brain and neurofunctions, 

produce amino acids and hormones, maintain immunity system, maintain acid-base balance in cell fluid, also act as 

energy source.  Protein is highly required by human body; therefore adequate intake of protein is important to 

support body growth [1]. 

Considering the importance of protein for human body, daily protein intake needs to be determined by measuring 

protein content in food.  So far, the methods used in measuring protein content in food are conventional 

spectrometry methods, such as UV-VIS spectroscopy or Kjedahl method [2, 3].  Those methods have many 

disadvantages in preparation, working process, and cost.  Based on these factors, a practical method in determining 

protein content in food needs to be developed. 

One method to be considered about is Fourier Transform Infrared (FTIR).  This method works based on absorbance 

spectroscopy according to infrared radiation absorbance difference by molecules of a matter.  FTIR identifies 

specific functional groups that build a compound. 

FTIR has been used as universal instrument to analyse varieties of samples due to its ability to identify functional 

group of chemical compounds, such as carbohydrate and ester, as well as inter atom chemical bonds.  FTIR has high 

accuracy level in identifying process.  It is also safe, fast, and sensitive [4].  FTIR has been used in research to 

analyse chemical components of gallstone [5], blood samples of renal failure patients [6], protein plasma in blood 

[7] and breast cancer diagnosis [8].  FTIR had also been used to detect the presence of reproductive hormones.  The 

reproductive hormones were detected by the presence of specific functional groups, such as ketone (=O), carboxyl 

(COOH), and methyl (CH3) [9]. 

Protein consists of amino acids; each has specific chemical structure such as aliphatic, hydroxyl, amide, etc.  FTIR is 

able to detect those functional groups to indicate protein presence.  Compared to other specific functional groups of 

protein, amide is one of specific functional groups that can be easily detected.  There are 9 amide types based on its 

functional groups: amide I-IX. 

The research was conducted to identify the presence of protein by identifying amide groups and measuring protein 

level in food through specific groups of protein using FTIR method. 

 

2. METHODOLOGY 

Protein-containing foods tested in this research were animal and vegetable cheese, milk, butter, and human and cow 

urine. 
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a. Solid samples preparation 

The research used samples of each 0.5 mg animal cheese, vegetables cheese, and butter.  Those solid samples were 

crushed to fine using mortar and pestle.  Kalium Bromide was then added to each fine sample and mixed evenly.  

Afterwards, the mixture was placed in moulds then pressed by 7-8 tons mechanical press for 3 minutes.  The final 

results as pellets were placed on sample pans, ready to be analysed. 

 

b. Liquid samples preparation 

About 0.5 µl of each cow urine, human urine, and milk were dropped on one part Zinc Selenium ( ZnSe)  window 

using a pipette.  The other part of ZnSe Window was put on top of the first one so that the liquid spread evenly on 

window surface.  The window was then put on holder, ready to be analysed. 

 

c. FTIR analysis 

Analysis has been done through scanning by FTIR type IR Prestige-21 Shimadzu.  The scanning process was 

conducted on wavenumber 400—4000 cm
-1

 with resolution of 4 cm
-1

.  The scanning results were percentage 

absorbance on specific wavenumber for every amide functional group in each sample.  Each amide has specific 

marker group (Table 1). 

The determination of functional group was being done by comparing wavenumber of amide functional groups of the 

samples to existing standard.  Protein level was measured by comparing absorbance of protein specific functional 

groups to absorbance of fatty acid functional groups in every sample.  Fatty acid absorbance of each sample has to 

be compared to fatty acid absorbance in milk.   

 
Table 1. Amide spesific marker groups[10] 

Amida Types Specific marker groups Wavenumber (cm
-1

) 

Amida A N-H 3300 

Amida B N-H 3100 

Amida I C=O 1600-1690 

Amida II C-N, N-H 1480-1575 

Amida III C-N, N-H 1229-1301 

Amida IV O-C-N 625-767 

Amida V C=O 640-800 

Amida VI N-H 537-606 

Amida VII Skeletal torsion 200 

 

3. RESULT 

The FTIR spectrums of all samples were on 557-3381 cm
-1

 wavenumber range (Figure 1).  The amides detected 

were Amide III, IV, and VI with absorbance between trace until 0.032% (Table 2).  Carbonyl groups as fatty acid 

marker were detected on 1746 cm
-1

 wavenumber.  The fatty acid absorbencies in every sample were used as 

comparison to determine relative protein level in samples.  The samples relative protein level range is on 0.36—1.84. 

Table 3 shows the presence of different amide types in every sample.  Amide III and IV were found in every 

samples, while amide VI was found in every samples except urine. The wavenumber of all types of amide functional 

groups throughout samples were at 557—1639 cm
-1

 with absorbance of 0.012—0.032% except for urine. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1. Typical FTIR Spectrum of the sample (milk) 

wavenumber 

% absorbance 
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Table 2.  Amide types and samples protein level 

Sample 
Amide specific groups 

wavenumber (cm-1) 

Tipe of amide 

(Amide-) 
Absorbance (%) 

Relative protein 

level to fatty acid 

Animal cheese 

1240 III 0,014 0,88 

721 IV 0,014 0,87 

557 VI 0,014 0,90 

1746 (Fatty acid carbonyl) 0,016  

Vegetable cheese 

1240 III 0,018 0,55 

721 IV 0,017 0,52 

577 VI 0,012 0,36 

1746 (Fatty acid carbonyl) 0,032  

Butter 

1240 III 0,014 0,69 

721 IV 0,012 0,59 

586 VI 0,010 0,51 

1746 (Fatty acid carbonyl) 0,020  

Milk 

1265 III 0,016 1,14 

713 IV 0,026 1,84 

551 VI 0,024 1,68 

1746 (Fatty acid carbonyl) 0,014  

Cow urine 
1639 III trace - 

719 IV trace - 

Human urine 
1639 III trace - 

719 IV trace - 

 
Table 3. Amide types of samples 

Type of 

amide 

Samples 

Animal cheese Vegetable cheese Milk Butter Cow urine Human urine 

I       

II       

III v v v v v v 

IV v v v v v v 

V       

VI v v v v   

 

The relative protein level in every sample on Table 2 then brought to average to get the protein level in each samples.  

Percentage of samples protein level was determined by comparing the relative protein level to absolute fatty acid in 

milk sample (1746 cm
-1

).  Table 4 shows that samples protein levels were on 0.06—1.55%, with highest level in 

milk sample. 
Table 4. Protein level of samples 

Sample 
Relative protein level 

(protein level/fatty acid level) 
Protein level of samples (%) 

Animal cheese 0,88 1,01 

Vegetable cheese 0,48 1,10 

Butter 0,60 0,86 

Milk 1,55 1,55 

 

4. DISCUSSION 

Table 1 shows types of amide in protein samples.  Amide is the easiest protein group marker to be identified in 

protein samples.  Therefore, to determine protein content of a sample, the easiest way is to detect the amide in it.  

Various types of amide show specific functional groups in different protein samples.  All amides should have been 

identified by FTIR due to its specific functional groups.  However, overlapping or weakening absorbance of same 

functional groups could happen so that only few amides FTIR could detect as shown in Table 3. 

The research used samples that represent protein, such as cheese both animal and vegetable, butter, and milk.  Milk 

was chosen because it was considered as fatty acid, which then act as fatty acid level control to other samples.  The 

urine used in the research was taken from normal and healthy human and animal, so that it contained no protein. 

Protein in urine shows Proteinuria symptoms, which is the excess of protein serum in urine. 

Table 2 shows the results of samples that were analysed by FTIR.  It shows that most samples indicate protein, 

except for urine, both human and animal.    The amides detected were amide III, IV, and VI for all samples, except 
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for urine which only detected amide III and IV (Table 3).  Amide III was detected on wavenumber 1240—1639 cm
-1

 

which is matched to Fen et al.’s (1994) results on wavenumber 1200-1350 cm
-1

.  Amide IV was detected on 

wavenumber 713—721 cm
-1

 which is close to Morgera’s results on wavenumber 610—710 cm
-1

 from bacteria [11].   

The relative protein level that each samples had was determined by comparing each absorbance to fatty acid 

absorbance in each samples.  Relative protein level in each samples were then compared to milk fatty acid to obtain 

the protein level in each samples. 

Table 4 shows that animal cheese (1.01%) had slightly lower protein level compared to vegetable cheese (1.10%).  

Milk had highest protein level out of all samples tested (1.55%), while butter had the lowest protein level (0.86%).  

Some researches showed that milk has the highest protein level after meat and beans among other food such as 

vegetables, fish, eggs, etc. Butter generally has maximum protein level of 1% in every 100 g substance [13].  

Therefore, FTIR showed that butter has lower protein level compared to other samples. 

Generally, protein level in animal cheese is higher than vegetable cheese due to higher protein level in animal [14].  

However, FTIR showed lower protein level in animal cheese compared to vegetable cheese.  This is possibly caused 

by the ingredient used to make the cheese.  According to some researches, milk made of soy beans and saga has 

higher protein level compared to cow milk. 

Temperature can also affect the protein level in cheese.  This is because protein will be denaturised in 60
o
C.  

Another factor is the time used in the making process.  The longer the time needed in cheese making process, the 

more protein is denaturised. Although the protein level given by FTIR was below the protein level given by other 

methods like Kjeldahl, Dumas, FTIR was able to provide appropriate description based on the comparison of protein 

level composition in samples.   

 

5. CONCLUSION 

1. The presence of protein can be detected by FTIR in samples: 

 Animal and vegetable cheese, butter, and milk through functional groups of amide III, IV, and VI were on 

1240-1265 cm
-1

, 713-721 cm
-1

, and 551-586 cm
-1

 wavenumber respectively . 

 Human and cow urine through functional groups of amide III and IV were on 1639 cm
-1

 and 719 cm
-1

 

wavenumber respectively. 

2. The protein level of animal cheese, vegetable cheese, butter, and milk were 1.01%, 1.0%, 0.86%, and 1.55% 

respectively. 
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