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Abstract  

INTRODUCTION: The composition of saliva can change with age, and these changes may be reflected in the 

infrared spectral characteristics. Factors such as hormonal changes, overall health, and diet can contribute to these 

variations.Gender-related differences in saliva composition may also manifest as spectral variations. Hormonal 

differences between males and females, as well as potential variations in the abundance of certain biomolecules, 

could contribute to these differences.Molecular identification: FTIR spectroscopy allows for the identification and 

characterization of different chemical functional groups present in a sample. ATR-FTIR spectroscopy provides 

enhanced sensitivity to surface layers and thin films due to the interaction of infrared light with the sample at the 

crystal-sample interface. It allows for the detection and characterization of surface contaminants, coatings, or 

modifications. 

MATERIALS AND METHODS: The investigated group included 4 healthy female volunteers and 4 healthy male 

volunteers whose salivary samples were freshly collected. Then, about 5 ml of whole saliva into the sterile 

tubes.Subsequently, all materials were frozen at −20 °C until analysis time.Samples are freeze dried in lyophilizer 

(to make it as powder or solid form).The freeze dried samples were dissolved in methanol and samples were 

analyzed in ATR-FTIR.In ATR-FTIR method, the salivary samples were additionally dried on optical slides. 

DISCUSSION: The spectral band pattern of human saliva samples showed major variations among male and female 

samples.Comparing to male samples female samples showed more spectral band variation between 900 to 1750 

cm-1.The peak observed at spectral interval between 2800 to 3500 cm-1.Originate from C-H, O-H and N-H stretching 

modes of proteins while strong banded at 3250 cm-1 is attributed to amide A (N-H) stretching.Nevertheless ,due to 

the fact that most of the salivary proteins are glycosylated , these peaks can be attributed to glycosylated alpha 

amylase, mucin or other sugar residue vibrations.  

CONCLUSION: Study can be further investigated to a broad scale of different age and time intervals among healthy 

and unhealthy people.From this study that has been carried out , we can conclude that saliva can be regarded as a 

first line diagnostic tool in patients who are suspicious of salivary gland tumors.  
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INTRODUCTION: 

Infrared spectroscopy is a technique that analyzes the interaction 

of infrared light with matter, providing information about the 

molecular composition and structure of a sample.While there 

has been significant research on using infrared spectroscopy for 

various applications, including disease diagnosis, drug 

monitoring, and biomarker identification, its application 

specifically for assessing age and gender from saliva spectra is 

relatively limited. Nonetheless, I can provide some insights into 

the general aspects you might consider in such an assessment(1). 

Age-related variations: The composition of saliva can change 

with age, and these changes may be reflected in the infrared 

spectral characteristics. Factors such as hormonal changes, 

overall health, and diet can contribute to these variations. To 

assess age-related spectral variations, you would need to collect 

saliva samples from individuals across a wide range of ages and 

compare the infrared spectra between different age groups. 

Statistical analysis and pattern recognition techniques can be 

employed to identify any consistent spectral differences(2). 

Gender-related variations: In addition to age, gender-related 

differences in saliva composition may also manifest as spectral 

variations. Hormonal differences between males and females, as 

well as potential variations in the abundance of certain 

biomolecules, could contribute to these differences. To 

investigate gender-related spectral variations, you would need to 

collect saliva samples from males and females of different age 

groups and compare their infrared spectra. Machine learning 

algorithms or chemometric techniques can be employed to 

classify the spectra based on gender(1,3).ATR (Attenuated Total 

Reflection) FTIR spectroscopy is a variation of Fourier 

Transform Infrared Spectroscopy (FTIR) that is commonly used 

for analyzing samples that are difficult to study using traditional 

transmission spectroscopy. ATR-FTIR spectroscopy is 

particularly useful for analyzing solid samples, liquids, and even 

semi-solid or gel-like samples(4).The ATR technique involves 

placing the sample in direct contact with a high refractive index 

crystal, such as diamond or germanium, which serves as an 

internal reflection element (IRE). In ATR, the incident infrared 

light is internally reflected multiple times within the crystal and 

interacts with the sample at the crystal-sample interface(5). This 

interaction results in the absorption of infrared light by the 

sample, which can be detected and analyzed to obtain the 

infrared spectrum. 

Here are some key features and advantages of ATR FTIR 

spectroscopy: 

Sample Compatibility: ATR-FTIR spectroscopy allows for the 

analysis of a wide range of samples, including solids, liquids, 

pastes, gels, and powders. It requires minimal sample 

preparation, as the sample is simply placed in direct contact with 

the crystal, eliminating the need for complex sample preparation 

techniques(6).Non-destructive Analysis: ATR-FTIR 

spectroscopy is a non-destructive technique that does not require 

the destruction or alteration of the sample. It allows for the 

analysis of precious or limited samples without the need for 

extensive sample handling(7). 

Surface Sensitivity: ATR-FTIR spectroscopy provides 

information about the molecular composition of the sample in 

close proximity to the crystal surface. It is particularly useful for 

analyzing thin films, coatings, or surface layers, allowing for the 

detection of surface contaminants or the characterization of 

surface modifications(8).Rapid Analysis: ATR-FTIR 

spectroscopy offers fast analysis times, as the measurements can 

typically be performed within seconds to minutes. This enables 

high-throughput analysis and efficient screening of samples(9). 

Quantitative Analysis: ATR-FTIR spectroscopy can be used for 

quantitative analysis by correlating the intensity of absorption 

bands with the concentration of analytes in the sample. 

Calibration curves or chemometric methods can be employed to 

establish the relationship between spectral features and analyte 

concentration(10). 

Simplified Sample Handling: Compared to transmission 

spectroscopy, ATR FTIR spectroscopy simplifies sample 

handling by eliminating the need for sample preparation 

techniques such as grinding, dilution, or pellet 

formation.Salivary diagnostics for oral and systemic diseases are 

thoroughly identified and the role of salivary gland tissue 

engineering for future diagnostics (11). 

 

AIM AND OBJECTIVE: 

To assess the infrared spectral variation of  age and gender of 

normal human saliva.One common aim is to identify the 

presence of unknown compounds in a sample.The objective of 

this research is to assess the infrared spectral variation of normal 

human saliva and investigate any potential correlations or 

differences associated with age and gender, aiming to explore 

the feasibility of using infrared spectroscopy as a non-invasive 

method for age and gender determination. 

 

MATERIALS AND METHODS: 

Saliva sample preparation: 

The investigated group included 4 healthy female volunteers and 

4 healthy male volunteers whose salivary samples were freshly 

collected. Then, about 5 ml of whole saliva into the sterile 

tubes.Subsequently, all materials were frozen at −20 °C until 

analysis time 

Then the saliva samples were kept in a cooling centrifuge 1600 

rpm for 15 mins at 4 degree Celsius(to neglect food particles).0.1 

percent triton X was added to prevent viral contamination. 

200 microliter samples were taken and added in a fresh 

microfuge tube.Then the samples were kept in an ultrasonicator 

box for 1 hr at 50 degree Celsius(for breaking the 

molecules).Samples are freeze dried in lyophilizer (to make it as 

powder or solid form)(11). 

 

ATR-FTIR  Measurements: 

Thermo Scientific Nicolet iS5 spectrometer with an iD5 ZnSe 

ATR attachment was used to capture the ATR-FTIR spectra of 

saliva samples. The regis- ter spectral signal in the range of 4000 

cm-1 to 700 cm-1 was applied to the deuterated triglycine sulfate 

(DTGS) detector. Before a series of measurements, an 

appropriate measurement process was created. The ATR crystal 

was specifically coated with 20 l of fresh saliva and left to air 

dry at ambient temperature. The spectral resolution was 4 cm1 

and there were 64 images total. For each freshly prepared 

sample, the spectra were taken three times, averaged, and then 

one spectrum per patient was produced. The amide I band (1647 

cm1) was optimized for the spectra.No smoothing technique was 

applied to enhance the visual quality of any of the given 

spectra(12). 

 

Data reduction and treatment schemes: 

Using the software program OMNIC 9.0, the captured spectra 

were graphically interpreted and their data reduced. The second 

derivatives (Savitzky-Golay, 7 points) and curve-fitting analysis 

(a Gaussian band shape) were performed using the OMNIC 9.0 

program. 
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Real-time PCR study: 

In saliva samples from both patients and healthy controls, the 

level of Bcl-2 gene expression, an antiapoptotic factor that is 

closely linked to the proliferation process, was assessed. The 

analyses were done at the steps listed below(2). 

 

RNA isolation: 

The RNeasy Mini Kit (Qiagen, Netherlands) was used to extract 

the total RNA from fresh salivary samples in spin columns with 

lysis buffers in accordance with the manufacturer's instructions. 

The Spark 10 M spectrophotometer (Tecan, Switzerland) was 

used to measure the amount (ng/l) and quality (1.8-2.0) of RNA 

at 260 and 280 wavelengths(5,12). 

 

Reverse transcription: 

The next stage was using a Precision nanoScript kit 

(PrimerDesign, UK) with a 50 ng RNA template and additional 

reagents in 0.2 ml PCR tubes. Each sample underwent annealing 

at 65 °C for 5 min in a thermocycler (Bio-rad, USA), followed 

by incubation at 42 °C for 20 min and 75 °C for 10 min for the 

extension stage(12). 

 

Real-time PCR: 

cDNA template (25 ng), forward and reverse primers (per 0.25 

M), Master MIX SYBR Green (10 l), and RNAse/DNAse free 

water (up to 20 l) were used in the final phase of the Precision 

PLUS qPCR technique (PrimerDesign, UK). The reaction's 

temperature-time conditions were established as follows: 

Enzyme activation takes place for 2 min at 95 °C, followed by 

denaturation for 10 s at that temperature and primer annealing 

for 1 min at 60 °C. 

 

Analysis: 

After normalizing to the reference gene, the comparative 

threshold cycle (CT) was used to measure the relative expression 

of the Bcl-2 gene. 

(GAPDH) using the 2-CT Livak technique. There were three 

copies of each experiment run(7). 

 

RESULTS: 

Fig. 1 shows the ATR-FTIR spectra of saliva samples: spectrum 

averaged from 4 healthy male and 4 healthy female volunteers 

samples. 
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The spectral band pattern of human saliva samples revealed 

significant differences between the samples from men and 

women.Female samples displayed more spectral band 

fluctuation between 900 and 1750 cm-1 as compared to male 

ones. 

This might be brought on by changes in hormones like estrogen 

and other metabolic substances.The bands attributed to the 

components of proteins and lipids dominate the high frequency 

range. 
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The peak was measured at a spectral range of 2800 to 3500 

cm-1.origin from the protein's C-H, O-H, and N-H stretching 

modes, while the strong band at 3250 cm-1 is attributed to the 

N-H stretching of the amide A ring.  

Furthermore, the C-O stretching vibrations from 

carbohydrates may possibly be responsible for peaks seen in 

the 1300 to 1400 cm-1 range.  

Consequently, sugar moieties are where the bands at 1480, 

1456, and 1431 cm-1 come from. 

However, as the majority of salivary proteins are 

glycosylated, these peaks can be attributed to vibrations of 

glycosylated mucin, alpha amylase, or other sugar residues.  

The characteristics of saliva from healthy people's infrared 

(IR) spectra were contrasted based on gender and age.  

 

DISCUSSION: 

According to the results of my research,the spectra clearly 

show that the band positions and relative intensities have 

changed significantly.The spectral band pattern of human 

saliva samples showed major variations among male and 

female samples.Comparing to male samples female samples 

showed more spectral band variation between 900 to 1750 

cm-1.This might be due to hormonal variations such as 

estrogen and other metabolic compounds.The high frequency 

range is dominated by bands assigned to proteins and lipids 

constituents.The peak observed at spectral interval between 

2800 to 3500 cm-1.Originate from C-H, O-H and N-H 

stretching modes of proteins while strong banded at 3250 cm-

1 is attributed to amide A (N-H) stretching.Furthermore peaks 

observed within the 1300 to 1400 cm-1 interval may also be 

attributed to the C-O stretching vibrations from 

carbohydrates. Consequently the bands at 1480 ,1456 and 

1431 cm-1 originate from sugar moieties .Nevertheless ,due 

to the fact that most of the salivary proteins are glycosylated 

, these peaks can be attributed to glycosylated alpha amylase, 

mucin or other sugar residue vibrations.  

Based on gender and age, the properties of the infrared (IR) 

spectra of saliva from healthy individuals were compared. 

The absorption bands of proteins and lipids are revealed to 

exhibit statistically significant differences between male and 

female groups. At the same time, males have higher 

absorbance in the bands corresponding to proteins and nucleic 

acids, whereas females have higher absorbance in the bands 

corresponding to lipids(2). 

It was feasible to compare the characteristics of the FTIR 

spectrum (intensity, area of bands of absorption) with the 

biochemical composition of the material using the example of 

human saliva. It has been shown that changes in the 

conformational shape and isoelectric point of salivary 

proteins can be inferred from the substantial correlations 

between the content of -amino acids and chloride ions and the 

absorption band at 1637 cm1(5). 

Saliva from healthy and diseased individuals can be 

distinguished by changes in a number of key metabolic 

components, including fat, proteins, glucose, thiocyanate, and 

carboxylate, as indicated by spectral analysis. Based on 

infrared spectroscopy, the overall accuracy for the diagnosis 

of diabetes was 100% on the training set and 88.2% on the 

validation set. As a result, we have proven that infrared 

spectroscopy may be used to create complicated biochemical 

profiles in saliva and identify a number of possible spectral 

signatures related to diabetes.(13) 

Results showed that psoriatic and diabetic patients have 

different protein secondary structure compositions when 

compared to the control group. In actuality, the lack of the 

amide II band and the presence of several secondary protein-

structure conformations distinguish the saliva spectra of the 

control group and those of the palmoplantar psoriasis patients 

from those of the plaque psoriasis and diabetic patients(14). 

The findings show that spectrum signals ascribed to 

oscillations in inorganic phosphates, carbohydrates, and 

amide I/II (secondary structure of protein) are the most 

sensitive to changes related to the advancement of salivary 

gland cancer. Numerous spectroscopic biomarkers have been 

suggested as potential indicators of the emergence of salivary 

gland tumors(15). 

Additional data from FTIR spectroscopy may help in a 

reliable tumor characterisation, however homogenous tissue 

pretreatment procedures are necessary for measurement 

comparability for potential future diagnostic (routine) 

application(12). 

 

CONCLUSION: 

Based on the research that has been done it is conceivable to 

draw the conclusion that saliva can be used as a primary 

diagnostic tool in patients who are suspicious of salivary 

gland diseases.Examination of proteins, lipids, and DNA 

structural changes by FTIR spectroscopy,  has several 

medical applications.Study can be further investigated to a 

broad scale of different age and time intervals among healthy 

and unhealthy people. 
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