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Abstract 
A spectroscopic method for human sperm evaluation and characterization using Fourier Trans-
form Infra Red (FTIR) is presented. The high sensitivity of FTIR to changes in chemical structure 
and arrangement of molecules and proteins makes it a powerful diagnostic tool. Our experimental 
results show that a simple MIR (400 cm−1 - 4000 cm−1) transmission spectrum of a human sperm is 
very fast and can be used to determine the level of structure, compare to conventional LAB tests. 
No sample preparations are required, the semen has to be put on a special ZnSe substrate and in-
serted into the measurement compartment of the FTIR. Furthermore, this method can distinguish 
between immature sperm cell to white blood cell which by using a microscope is difficult and re-
quires experience. 

 
Keywords 
Human Sperm, FTIR, Spectroscopic Measurements 

 
 

1. Introduction 
Diagnostics and analysis of human sperm are required as part of couples infertility investigation and treatments. 
It is also used to test human donors for sperm donation. The conventional tests done today are not perfect, time 
consuming and very expansive [1]. Furthermore, those tests are inaccurate since it depends on the experience of 
the lab technician [1]. 

Fourier Transform Infra-Red (FTIR) is used when measurements of optical properties of materials is required. 
Materials have unique molecular structures that cause them to absorb or transfer EM radiation as a function of 
radiation frequency [2]. This is due to molecular vibrations, rotations and electron spin flips. Table 1 shows the 
different types of absorption resonances. 
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Table 1. Transition type according to MIR, FIR and MMW spectral bands [2]. 

Type of Radiation Frequency Range (Hz) Wavelength Range Wave Number [cm−1] Type of Transition 

Mid infrared 1013 - 1014 25 µm - 2.5 µm 400 - 4000 Molecular vibrations 

Far infrared Millimeter waves 3 × 1011 - 1013 1 mm - 25 µm 10 - 400 Molecular rotations, 
electron spin flips 

Microwaves Radio waves <3 × 1011 >1 mm <10 Nuclear spin flips 

 
The FTIR can measure transmission and refection in wide band of wave numbers 5 cm−1 - 10,000 cm−1. Opti-

cal properties of solids, liquids, gasses and powders can be measured using the FTIR [2]. Since it has high sensi-
tivity to changes in the chemical structure of the samples, it makes the spectral measurements attractive compare 
to X-ray diagnostics or other chemical conventional diagnostic methods. The principle of operation is based 
upon a Michelson interferometer with one displacement mirror and a fixed mirror. Sophisticated FFT procedure 
is used to obtain the signal as function of wave number [2]. 

Spectral measurements with Fourier Transform Infra Red (FTIR) are used to characterize the structure and 
composition of biomolecules [3]-[6]. Additional feasibility of this application is to diagnose different cancer 
types such as colonic cancer [7], lung cancer [8], malignant cancer fibroblast [9] and breast cancer [10]. FTIRs 
were used to investigate blood components in order to characterize infections disease in humans [11]. No sample 
preparation is required and the time required per sample is in the order of minutes and less. The diagnostic and 
analysis can be carried out for many samples in sequence. 

In this publication we present our recent research in characterizing semen sample using FTIR spectroscopy in 
the Mid Infra Red (MIR) range. The components of the semen liquid include: 
 Approximately 200 to 500 million spermatozoa—(also called sperm or spermatozoans), produced in the 

testes, and released by ejaculation 
 Amino acids, citrate, enzymes, flavins, fructose (the main energy source of sperm cells, which rely entirely 

on sugars from the seminal plasma for energy), phosphorylcholine, prostaglandins, (involved in suppressing 
an immune response by the female against the foreign semen), proteins, vitamin C—produced in the seminal 
vesicle 

 Acid phosphatase, citric acid, fibrinolysin, prostate specific antigen, proteolytic enzymes, zinc (serves to 
help to stabilize the DNA-containing chromatin in the sperm cells. A zinc deficiency may result in lowered 
fertility because of increased sperm fragility. Zinc deficiency can also adversely affect spermatogenesis.)— 
produced by the prostate. 

 Galactose, mucus (serve to increase the motility of sperm cells in the vagina and cervix by creating a less 
viscous channel for the sperm cells to swim through, and preventing their diffusion out of the semen. Con-
tributes to the cohesive jelly-like texture of semen.), pre-ejaculate, sialic acid—produced by bulbourethral 
gland. 

All these components have influence on the semen function. Thus investigations of the optical properties of 
semen liquid can detect changes in the quantities and qualities of the samples. Preliminary measurements of 
optical properties of semen were made [12]. Those measurements show high absorption at 1650 cm−1 which 
corresponds to Amid 1 and 1545 cm−1 which corresponds to Amid 2 (see Figure 1). 

In this research we characterize spectrally 80 semen sample using the FTIR. We also compared those optical 
results to standard semen analysis method [13] in the Male Infertility Center at Barzelai Medical Center, after 
receiving Helsinky approval. 

2. Experimental Results 
The semen samples were applied on a special ZnSe substrate. The ZnSe is transparent in the band 800 cm−1 - 
4000 cm−1 where the semen has absorption lines. The substrates with the semen were installed inside the sample 
compartment of the FTIR system. Figure 1 shows the absorption spectrum of normal human semen in the band 
800 cm−1 - 4000 cm−1. The absorption lines of Amid1 (1650 cm−1) and Amid2 (1545 cm−1) evolving from N-H, 
C=O and C-H connections are shown [14]. In Addition there are some weak absorption lines at 1245 cm−1, 1450 
cm−1, 1310 cm−1 and 1390 cm−1 evolving from α-helical protein. More absorption lines are depicted in Figure 1. 

In order to investigate the absorption lines of semen with different motilities we prepare three set of semen. 
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Figure 1. Absorption spectrum of normal human semen in the band 800 - 4000 cm−1. 
 
Those semen were selected and grouped shortly after performing conventional diagnostic and analysis. The first 
set includes 8 normal semen motility samples the second includes 7 samples of 30% - 50% semen motility and 
the third includes 65 sample of less than 30% semen motility. The samples were put on the top of special ZnSe 
substrate and inserted into the FTIR measurement compartment. In this study, the spectral region between 800 - 
1800 cm−1 was investigated since it has many absorption lines as can be seen in Figure 1. Figure 2 shows the 
average absorption lines and the standard deviation of those three sets where the normal semen motility is in 
blue, the 30% - 50% semen motility in green and lower than 30% semen motility, in red. 

The spectra of Figure 2 are with good agreement with the literature and with Figure 1. Note that the red line 
(less than 30% motility) in less absorbing than the blue and green lines which indicates differences in the mole-
cular concentration and structure. 

3. Discussion 
The FTIR was found to be an efficient diagnostic tool for the structure and the composition of biomolecules [2]. 
Previous researches with FTIR proved feasibility to characterize biological cell with high reliability [6]-[11], 
therefore we evaluated the spectroscopic characteristics in semen of fertile and infertile men. The semen (ejacu-
late) structure is derived from seminal plasma and cells, which determine the absorption spectrum by similarity 
to cells and blood plasma [10] [11]. Different compound of semen samples characterize in different sperm mo-
tility and concentration for example: 
 Additional cells and different compound of seminal plasma can be in the semen sample due to prostate and 

sperm vesicle. 
 Modification in the sperm cell volume in the testis, or obstacles between the testis to urethra cause to differ-

ent sperm mobility and concentration in the ejaculate. 
 Infection in the sperm blister and prostate cause to different in the seminal plasma and sperm cells. 

The absorption spectrum of seminal plasma and blood plasma are different because of the volume of proteins, 
hormones and electrolytes. The sperm cell motility in the ejaculate categorizes the group of the samples (Fertile 
and Infertile). Execute baseline correction and normalization according to Amid1 spectrum absorption allow to 
revaluate the quality and the quantity of the semen sample. There is no direct correlation between specific wave  
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Figure 2. Absorption spectrum and standard deviation of three sets of different semen motility 1) normal blue line 2) 30% - 
50% green line and 3) less than 30% red line. 
 
numbers absorption to motility parameter, however the spectrum absorption is continuous 1700 - 800 cm−1. The 
absorption spectrum can receive from chemical reaction that found in the cells and in the seminal plasma, 
changes in the seminal plasma or in the cells can cause to identify absorption spectrum although that the source 
of the change is different. In the future it is important to measure the absorption spectrum of all the semen com-
ponents individually in order to compare the absorption spectrum of specific component that contain proteins, 
amino acids and chemical connection to references absorption spectrums, the purpose is to notice if we can get 
more remarkable different curves in the absorption spectrum. These curves enable us more accuracy identifica-
tion of substance in the seminal plasma and in sperm cells. The spectroscopy can give additional information on 
sperm quality after treatment of infertile men and can guide to better methods of characterizing and treating pa-
tients. The characterization of DNA, important structure of nucleus and sperm tail can help to select a single 
sperm with better potential for injection in vitro fertilization. This method can help to determine changes in the 
sperm cell as results from freezing and thawing before surgical treatment, or in vitro fertilization. Based on the 
capability of the method to identify specific chemical and molecular connections, we can assist to characterize 
the different compositions of cells inside the testis biopsy in order to understand the testis cells characteristics 
that are a part of the spermatozoa process, for improving the quantity and quality in sperm cells production. 
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