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Abstract: This study was performed in order to bring out a detailed information on growth dynamics and biochemical 

determination of the diatom species Nitzschia palea (Kützing) W. Smith under batch culture conditions in order to pave the 

way for further studies. The study material was isolated from a fresh water sample collected from Ankara, Turkey. The diatoms 

were cultured in Allen medium for 168 hours and the growth dynamics were determined by cell density and dry weight analyses. 

Specific growth rate, duplication time of the culture and biochemical compositions were also investigated. Molecular 

characterization of the N. palea strain was performed by applying Fourier Transform Infrared Spectroscopy. The cell density 

and the dry biomass of the culture at the end of the 168 hours incubation period was determined as 2.0x106±1.0x105cells/mL 

and 0.212±0.041 g L-1, respectively. The algal specific growth rate was found as 0.010 h-1 at 96-h and the doubling time was 

calculated as 68 h-1. The protein content was measured as 41.21%, carbohydrate content as 21.74%, lipid content as 16.84% 

and ash content as 19.88%. These results indicated that N. palea may be used in different fields of industries, especially in 

biodiesel production. 

Key words: Nitzschia palea, batch culture, lipid, carbohydrate, protein, ash, FTIR. 

Özet: Bu çalışma, daha ileri çalışmaların önünü açmak amacıyla yığın kültür koşullarında, Nitzschia palea (Kützing) W. Smith 

diatom türünün biyokimyasal tayini ve büyüme dinamikleri hakkında ayrıntılı bilgi vermek amacıyla yapılmıştır. Çalışma 

materyali, Ankara, Türkiye'den toplanan tatlı su örneğinden izole edilmiştir. Diatom kültürü Allen besi ortamında 168 saat boyunca 

yetiştirilmiş ve büyüme dinamikleri hücre yoğunluğu ile kuru ağırlık analizleriyle belirlenmiştir. Spesifik büyüme hızı, kültürün 

ikilenme süresi ve biyokimyasal bileşimleri de incelenmiştir. Nitzschia palea’nın moleküler karakterizasyonu Fourier Transform 

Infrared Spektroskopisi kullanılarak gerçekleştirilmiştir. Ekimi takip eden 168. saatte, Allen besi kültür ortamında kültürlerin hücre 

yoğunluğu 2,0x106±1,0x105 hücre/mL ve kuru biyokütlesi 0,212±0,041 (g L-1) olarak tespit edilmiştir. Nitzschia palea’nın spesifik 

büyüme oranı 96. saatte (0,010 h-1) ve ikilenme süresi 68 h-1 olarak hesaplanmıştır. Nitzschia palea’nın protein miktarı (%41,21), 

karbonhidrat miktarı (%21,74), lipit miktarı (%16,84) ve kül miktarı (%19,88) olarak belirlenmiştir. Bu sonuçlar, N. palea'nın 

farklı endüstri alanlarında özellikle biyodizel üretimi için kullanılabileceğini göstermiştir. 

Introduction

Diatoms are single-celled, microscopic and 

photosynthetic algae. They are the most prominent 

oxygen synthesizers and play a key role by being one of 

the most important biomass sources in oceans (Bozarth et 

al. 2009). Every diatom is placed in a fine (nano-scale) 

micro shell, and thus is the most substantial organisms 

among microalgae (Belegratis et al. 2014). A distinctive 

feature of diatoms is that they have a frustule composed 

of hydrated silicon dioxide and organic materials. 

Although diatoms have mainly been the field of interest 

academic studies, they are currently been utilized in a 

wide range of other fields. Recently, diatoms have been 

used frequently in nanotechnology due to their nano-

molecular biosilica shells. The applications of different 

materials and technologies inspired by diatoms are 

common and include multiple disciplines (Van den Hoek 

et al. 1995), including environmental indicators of aquatic 

systems, bioremediators of contaminated water, 

pharmaceuticals, molecular sieves, materials relevant to 

nanotechnology, sensors, filters, health foods, resins, 

biomolecules, isolators, electronics and optical coatings 

(Bozart et al. 2009, Lakshmi et al. 2014). Diatoms are also 

defined as an appropriate alternative for the biodiesel 

production because they can be easily converted into 

biodiesel by transesterification reaction of 

triacylglycerols (TAG), which make up 60% of their cells. 

Nitzschia is a freshwater diatom which is was determined 

to have high lipid production (Yu et al. 2009). Therefore, 
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in recent years, most of the studies on Nitzschia species 

focused on increasing the intracellular lipid content and 

related biodiesel production. Vitug & Baldia (2014) 

cultivated Nitzschia palea (Kützing) W. Smith under 

various culture conditions and reported that the diatoms 

increased their lipid contents with changing light 

intensity, pH and temperature conditions. Nitzschia palea 

was grown in different culture media with different 

nutrients and tested as a model diatom to reveal its 

suitability as biodiesel raw material. The results of these 

and similar studies revealed that more intensive and 

comprehensive studies are needed for production of 

biodiesel from N. palea (Abdel-Hamid et al. 2013). In 

recent years, researchers have investigated the ability of 

Bacillariophyceae members to produce biologically 

active compounds and they have reported that they might 

be appropriate for antibiotic production. For instance, 

Binea et al. (2009) tested the extracts obtained from N. 

palea on some pathogenic bacteria and reported that the 

extracts were effective on some gram-positive bacteria. 

However, some of the features of diatom metabolism and 

the production of natural compounds are still unknown. 

Fourier Transform Infrared (FTIR) Spectroscopy has 

been a widely used method through its wavenumbers 

causing vibrations on the functional constituents in 

molecules. Concerning algae, infrared microscopy 

enables spatial resolution and allows the analysis of 

macromolecules (Murdock & Wetzel 2009). Algal 

infrared microscopy research has focused on several 

macromolecular pools, including proteins (amide I and 

II), lipids (methyl and methylene groups, esters), 

carbohydrates (starch, cellulose), nucleic acids and 

phosphorous groups, and silica (in diatoms). FTIR 

spectroscopy is also applied for taxonomic purposes for 

species differentiation and classification (Vardy & Uwins 

2002, Dean et al. 2010). 

Despite the potential role of diatoms in all these issues 

mention above, it is obvious that specific studies on the 

biomass, growth and biochemical composition of diatom 

species are needed in this field. The present study was 

carried as a pilot study of a project aiming to increase the 

intracellular lipid content in N. palea. More specifically, 

this study was performed to determine the effects of 

culture media and conditions on biomass and growth rates 

of N. palea and to determine biochemical composition 

and application of FTIR spectroscopy for molecular 

characterization of the species. 

Materials and Methods 

Isolation and culture conditions  

The diatom species N. palea was isolated from a 

freshwater source (Bilkent University well) in Ankara, 

Turkey. The fresh water sample was brought to the 

laboratory and was transferred to the liquid nutrient 

medium prepared for pre-enrichment of cultures. The 

liquid nutrient medium consisted of MgSO4·7H2O (2.50 

g), KNO3 (5.0 g), KH2PO4 (1.25 g), FeSO4·7H2O (0.009 

g), and distilled water (1000 mL). The micromanipulation 

technique was used for isolation of the diatoms. The 

examined cells were removed by means of a micropipette, 

dropped on a sterile agar plate and then transferred to 

culture tubes. The culture tubes were placed under 

appropriate low temperature conditions (19 - 20° C). 

Control of the growth was performed by microscopic 

investigations approximately 2-3 weeks after the transfer 

of cultures to the medium (Perumal et al. 2012). The 

isolated diatoms were inoculated into fresh medium, and 

were identified by using identification keys (Krammer & 

Lange-Bertalot 1999).  

The Allen medium was used for growth of N. palea 

cultures. The medium contained NaNO3 (1.5 g/L), P-IV 

Metal Solution (1 mL/L): [K2HPO4 (5 mL/L) (1.5 g/200 

mL dH2O)], [MgSO4·7H2O (5 mL/L) (1.5 g/200 mL 

dH2O)], [Na2CO3 (5 mL/L) (0.8 g/200 mL dH2O)], 

[CaCl2·2H2O (10 mL/L) (0.5 g/200 mL dH2O)], 

[Na2SiO3·9H2O (10 mL/L) (1.16 g/200 mL dH2O), [Citric 

Acid·H2O (1 mL/L) (1.2 g/200 mL dH2O)] and distilled 

water was added to 1000 mL of final volume (UTEX 

2018). 

The ambient temperature of the laboratory where the 

experiments were conducted was kept at 23±3 °C. The 

illumination of the laboratory was provided by a cool 

daylight lamp (Philips, 50 μmol photons m−2s−1) at a 

horizontal distance of 22 cm from the cultures. Cultures 

were exposed to the light in a 16:8 light:dark regime. The 

pH of nutrient media was adjusted to 6.5–7. In the 

experiments, 250 mL nutrient media and 50 mL 

suspended culture were inoculated. Sterilized air was 

provided using a disposable syringe filter. Culture flasks 

were placed in a shaker (Stuart SSL1 Shakers) and the 

speed of the shaker was adjusted to 120 rpm. All tests 

were carried out in triplicate. 

Fourier Transform Infrared (FTIR) Spectrometry  

Morphology and surface structures of the diatoms 

were characterized by applying FTIR. Infrared analysis 

was carried out at Bilkent University Institute of Materials 

Science and Nanotechnology, Ankara, Turkey, using a 

Vertex 70 with a Hyperion microscope fitted with a 

Bruker Tensor 37 FTIR spectrometer. FTIR 

measurements were done in the range of 800 and 4000 cm-

1, with 4 cm-1 resolution and a 20×20 µm square aperture. 

128 scans were taken for 1 spectrum (Duygu et al. 2012). 

Analytical methods 

Cell density (cells/mL) was determined by counting 

16 medium squares in a Thoma counting slide. Cell counts 

were performed under a light microscope at 400X 

magnification. Diatom frustules devoid of chloroplasts 

were not included in the counts. After the diatom sample 

was homogenized, it was applied into the counting 

chamber using a Pasteur pipette. The cells were 

homogenously distributed to the entire chamber area and 

the counting process was started. The counting was 

repeated four times and the mean number of cells in mL 

was calculated (Cirik & Gökpınar 1993). The cell counts 

were carried out at the beginning of the showing 
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procedure at ranges of (0, 24, 48, 72, 96, 120, 144 and 

168) hours. The formula N x 10,000 (cells/mL), where 

N=16 is the number of cells counted in the medium 

square, 10,000 is the invariant which is used to obtain a 

standard result and to convert the counting result from 0.1 

mm3 to 1 mL, was used for countings (Gürgün & Halkman 

1990). 

The specific growth rate (μ) was defined as the 

increase in cell density and formulated. Specific growth 

rate and duplication time were calculated using Eq. 1 and 

Eq. 2, respectively (Wong et al. 2017).  

𝜇 =
ln(

X1

X0
)

𝑡1−𝑡0
 (1) (μ: Specific growth rate; x0 and x1 

= Biomass concentration at t0 and t1) 

𝐷𝑇 =
𝑙𝑛2

µ
 (2) (DT: Duplication time)  

Determination of yields of N. palea cultures was 

carried out by measuring the weights at the 168th hour of 

cultivation of the cultures. During the exponential growth 

phase, approximately 10 mL aliquot of the culture was 

taken to determine the dry weight. Algal sample was 

centrifuged, the supernatant was discarded and washed 

with 20 mL of distilled water. The samples were filtered 

through vacuum filtration with glass-fiber filters 

(Whattman, GF/C), as pre-dried and weighed. The filters 

were dried at 105°C for 24 hours, the dry weight was 

determined and finally weighed with a digital balance. 

Biomass was determined by the difference in weights 

(Fimbres-Olivarría et al. 2015).  

Biochemical analyses 

Nitzschia palea samples (300 ml) were centrifuged with 

a high-speed centrifuge (Rotor R10A5) at 10,000 rpm and 

4 °C. Approximately 5 ml samples were transferred to 

Falcon tubes and lyophilized for 48 hours at -85 °C and 

0.002 mbar vacuum. Freeze-dried samples were used for 

nutrient analysis. Nutrients (crude protein, total lipid, and 

total carbohydrate), dry matter and ash of the samples were 

determined according to the AOAC (1990). Nutrient 

analysis was carried out at Ankara University Faculty of 

Veterinary Medicine, Ankara, Turkey. 

Statistical Analysis 

The minimum, maximum, mean and standard 

deviation values of quantitative measurements were 

obtained using the statistical analysis option of Microsoft 

Excel. 

Results 

The diatoms used in the study were isolated from the 

samples collected from the freshwater source described 

above, and they were identified as N. palea. The 

microscopic measurements revealed that the cell weight 

ranged from 2.5 to 3 µm and the cell length from 15 to 30 

µm. In addition, the presence of 28-30 stria at 10 µm was 

determined. The taxonomic classification of N. palea and 

its appearance under the light microscope are shown in 

Fig. 1 (Krammer & Lange-Bertalot 1999; Guiry & Guiry 

2018). 

The first cell counts of the inoculations in the nutrient 

medium were in the range of 8.70x105 - 8.71x105 

cells/mL. The total increase of cell density in the medium 

throughout the 168-h study period is given in Table 1. The 

cell density at the end of the culture period was 

determined as 2.0x106±1.0x105 cells/mL (Fig. 2). Dry 

biomass of the cultures was measured at 168-h and found 

as 0.212±0.041 (g L-1) (Table 1). The algal growth rate 

was found at 96-h (0.010 h-1), and doubling time was 

calculated as 68 h-1 (Table 1 and Fig. 2). 

The biochemical composition of N. palea was 

performed by applying standard methods and the results 

have been shown in Table 2. 

The absorption spectra of the culture had 9 clear bands 

over the wavenumber range of 800 to 4000 cm-1 (Fig. 3). 

Each peak was assigned a functional group (Table 3). The 

bands were tentatively identified on the basis of published 

data for phytoplankton, bacteria, on other biological 

materials and reference standards (Kumar et al. 2018). 

The peak at 1072 cm-1 corresponds to Si-O bonding 

(Table 3). The other peaks have been considered as 

organic structural peaks.

 

Fig. 1. Microscopic images of N. palea (400X right and 1000X left) 
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Table 1. Cell density, dry biomass weight, spesific growth rate (SGR µ) and duplication time (DT) of N. palea. 

Cell Density (0h) 

 (Cells/mL) 

Cell Density (168h) 

 (Cells/mL) 

Dry Biomass 

 (g L-1) 

SGR  

(µ) 

DT 

 

Min.; Max. Avr.±SD Min.; Max. Avr.±SD Min.; Max. Avr.±SD (h-1) (h-1) 

8.70x105; 8.71x105 8.71x105±5.51x103 1.9x106; 2.0x106 2.0x106±1.0x105 0.171; 0.253 0.212±0.041 0.010 68 

 

  
Fig. 2. Cell density and specific growth rate of N. palea. 

Table 2. Total protein, carbohydrate, lipid and ash contents of N. palea. 

Protein (%) Carbohydrate (%) Lipid (%) Ash (%) 

41.21±0.11 21.74±0.10 16.84±0.32 19.88±0.07 

Data are given as mean ± standard deviation of triplicates. Mean values were given, n = 3. 

 
Fig. 3. FTIR spectrum of N. palea.

Discussion 

Biomass and biochemical composition are critical 

parameters in selecting microalgal species for scale-up 

production. Adaptation and tolerance to environmental 

change is another significant factor to consider for 

cultivation and biomass production (Dębowski et al. 

2012). In this study, N. palea, which was collected and 

isolated from its natural environment, was tried to be 

produced by providing optimum conditions in the 

laboratory. The culture conditions have sufficiently 

supported the growth of N. palea and this result is an 

important development in terms of biomass 

productivity. 

The process of making microalgae cultures under 

laboratory conditions is based on the method in which a 

relatively small number of cells are inoculated and then 

exposed to appropriate light, temperature and ventilation 

conditions. The increase in the number of cells in such a 

culture follows a characteristic path in which different 
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Table 3. Tentative assignment of bands found in the FTIR spectra of N. palea1 

Band 

No 

Band 

Wavenumber 

(cm-1) 

Region in (cm-1) Tentative Assignment of Bands 

1 3273 3029-3639 Water v(O-H) stretching 

Protein v(N-H) stretching (amide A) 

2 2915 2809-3012 Lipid – Carbohydrate 

Mainly vas(CH2) and vs(CH2) stretching 

3 1735 1763-1712 Cellulose–Fatty Acids 

v(C=O) stretching of esters 

4 1643 1583-1709 Protein amide I band, mainly v(C=O) stretching 

5 1516 1481-1585 Protein amide II band, mainly δ(N-H) bending and v(C-N) stretching 

6 1432 1425-1477 
Protein δas(CH2) and δas(CH3) bending of methyl 

Lipid δas(CH2) bending of methyl 

7 1381 1357-1423 

Protein δs(CH2) and δs(CH3) bending of methyl 

Carboxylic Acid vs(C-O) of COO- groups of carboxylates 

Lipid δs(N(CH3)3) bending of methyl  

8 1202 1191-1356 
Nucleic Acid (other phosphate-containing compounds) vas(>P=O); stretching of 

phosphodiesters 

9 
1072 

 

1060, 1072, 

1086 

For silica several bands Si-O-Si stretching 

Carbohydrate  

v(C-O-C) of polysaccharides 

Nucleic Acid (and other phosphate-containing compounds) vs(>P=O) stretching 

of phosphodiesters 
1Band assignment based on Kumar et al. (2018)  

growth phases can be recognized (Chaumont 1993, 

Perumal et al. 2012). There are four growth phases for 

microalgae cultures. Cells, which are taken from stock 

cultures and inoculated into a new culture medium should 

be able to accommodate adaptation. Therefore, there is no 

cell division for a few hours and this stage is known as the 

lag or induction phase. Cells, which are adapted to the 

new medium, start to grow and the culture reach a 

maximum concentration in 12-18 hours. This phase is 

known as the exponential phase. At this phase, cells are 

logarithmically increased in successive equal intervals of 

time. When the cells reach their maximum concentration, 

cell growth and reproductions are gradually decreased. 

This phase is known as the declining phase. In stationary 

phase cultures, net reproduction is zero and cells undergo 

biochemical changes within certain hours. In the death 

phase (crash phase), metabolism of vegetative cell has not 

been in a good condition for a long time and this phase 

takes place very quickly. Reduction of nutrients, oxygen 

deficiency, overheating, and pH changes fall into factors 

causing deterioration of the cultures (Michelle et al. 2005, 

Ammar 2016). 

In this study, four growth phases were observed during 

the growth of N. palea in Allen medium (Fig. 2). Nitzschia 

palea culture reached its maximum growth rate at 96-h. 

This phase can be defined as the exponential phase of N. 

palea under present culture conditions. After this phase, 

cell growth and reproduction began to decline gradually.  

Nitzschia palea cell density increased in the following 

hours after inoculation and the cell density was 

determined as (2.0x106±1.0x105 cells/mL) at 168-h. 

Rodríguez-Núñez & Toledo-Agüero (2017) reported that 

the cell density of Nitzschia sp. was 1.3x107 (cells/mL), 

which was higher than our results. Supriya et al. (2012) 

found the cell number as 5.31x104 (cells/mL) when 

Nitzschia sp. was cultured in different media. This value 

is lower than the N. palea cell density value obtained in 

the present study. The maximum growth rate was reached 

at 96-h. The maximum growth rate calculated as 0.010 h-

1 and the duplication time calculated as 68 h-1 are lower 

those found by (Rodríguez-Núñez & Toledo-Agüero 

2017) (0.58 d-1) and (Abdel-Hamid et al. 2013) (0.041 - 

0.66 d-1). In contrast, Supriya et al. (2012) determined the 

specific growth rate at 0.041 h-1, which is higher than in 

this study. 

Biomass amount and production are other evaluation 

features used in the selection of microalgae for 

cultivation. In other words, microalgae must have a short 

life cycle that can be reproduced under controlled 

conditions. The total biomass production (dry weight) of 

N. palea was recorded as 0.212 ± 0.041 g L-1 and reached 

its maximum value at 7th day. Lourduraj & Abraham 

(2016) found the dry weight of N. palea (0.524 ± 0.034 g 

L-1) in the biomass and lipid increase study. A similar 

study by Abdel-Hamid et al. (2013) found the dry weight 

of N. palea as 0.16 - 0.27 g L-1. 

It has been considered that this change in the cell 

density and dry weight are observed due to the culture 

conditions, methods, different nutrient components in 

the media and the fact that the tested strains may be 

different. 

In the production of biomass, the target microalgae 

should have appropriate nutritional contents. This content 

may depend on the microalgae culture and the phase in 

which the culture is harvested. In algal cultures, crude 

protein is produced as the primary organic component 



68 D. Yalçın Duygu 

during the logarithmic growth phase. Since the depletion of 

the components in the medium is in the stationary phase, 

the biochemical content in the cell decreases during this 

phase (Rodríguez-Núñeza & Toledo-Agüeroc 2017). 

Although this is more common in batch cultures, it can be 

removed by adding nutrients in continuous or semi-

continuous cultures. In this study, biochemical analyses of 

N. palea was performed when the culture was in the 

exponential growth phase. In this study, the amount of 

protein was determined as 41.21%, carbohydrate content as 

21.74%, lipid content as 16.84% and ash content as 

19.88%. In a study carried out on the fatty acid profile and 

nutritional composition of diatoms by Rodríguez-Núñez & 

Toledo-Agüero (2017), the total lipid content was 

determined as 18.36%, crude protein content as 43.16%, 

carbohydrate content as18.88% and ash content as 19.60%, 

all in showing similaritiesto the findings of this study. 

Recently, one of the areas where researchers had 

substantial interest was on obtaining lipid from 

microalgae. Microalgal lipids are used in two main fields: 

biofuels and food industry. Some microalgae produce 

large amounts of lipid in the form of triacylglycerides 

(TAGs). Microalgae synthesize very -long-chain 

polyunsaturated fatty acids (PUFA). Physical (pH, 

temperature, light) and chemical (nitrogen, carbon, 

phosphorus, iron, salt concentration) parameters affect the 

lipid composition of microalgae (Minhas et al. 2016). 

Many microalgae species show changes in their lipid 

contents in stress conditions. Examples of studies on the 

effect of stress factors on lipid and bioactive production 

include Chlorella vulgaris and Pseudokirchneriella 

subcapitata (Gonçalves et al. 2013), Haematococcus 

pluvialis (Imamoglu et al. 2009), Scenedesmus sp. 

(Rodolfi et al. 2009), Nitzschia laevis (Wen & Chen 2001) 

and Arthrospira platensis (Markou et al. 2013). Lipids are 

secondary metabolite products of diatoms and play a role 

in responding to changes in the environment and maintain 

specific membrane functions (Hu et al. 2008). In this 

study, total lipid amount was determined as 16.84%. 

However, Lourduraj & Abraham (2016) and Abdel-

Hamid et al. (2013) determined total lipid amount as 40% 

and 20%, respectively, which were higher than the lipid 

obtained in this study. However, these studies have 

pointed out that the amount of intracellular lipid can be 

increased in diatoms. 

Diatoms can rapidly adapt to changing nutrient 

conditions in aquatic environments. Where the water rises 

and the nutrients are deposited on the surface, the diatoms 

are highly effective for the intake of nutrients such as iron, 

nitrogen and silicon that limit growth. Diatoms can use a 

variety of nitrogen sources containing inorganic (NO3
-, 

NH4
+) and organic (urea, amino acids) nitrogen. The type 

of the nitrogen source can affect microalgae growth and 

microalgae adapt the nitrogen metabolism according to 

the nutrients available (Li et al. 2014). Sodium nitrate is 

an appropriate nitrogen source for cell growth and lipid 

production of diatoms. When the nitrogen sources were 

compared, it has been found that sodium nitrate was 

superior to urea. Li et al. (2008) observed that sodium 

nitrate is the best source of nitrogen for Neochloris 

oleoabundane for both cell growth and lipid 

accumulation. Similarly, sodium nitrate in the 

composition of Allen medium was found to be effective 

in the growth of N. palea. Silicon is an important nutrient 

that affects cellular metabolism for diatoms. The silicon 

source of Allen medium used in this study is 

Na2SiO3·9H2O. There are a wide range of freshwater 

nutrient media used for the cultivation of diatoms. The 

most commonly used media are Chu No.10 medium 

(Nichols 1973), WC medium (Guillard & Lorenzen 

1972), DM (Diatom Medium) (CCAP 2018), f/2 Medium 

(Guillard & Ryther 1962). Although Allen nutrient 

medium is frequently applied in the production of blue 

green-algae, it was shown that this medium is also 

effective in the growth of diatom N. palea. 

Diatom species have different types and 

concentrations of organic contents, and FTIR spectra can 

give very reliable information about this content. The 

FTIR study of a bioactive surface such as microorganisms 

and microalgae reveal the presence of many functional 

groups on their surfaces (Kumar et al. 2018). FTIR 

spectroscopy is applied in order to detect specific 

functional groups that help determine the presence of 

some components (Fig. 3). The peak area and intensity 

observed in the FTIR spectra reveal the abundance of a 

particular functional group. FTIR spectra of the diatom 

surface showed strong peaks around ~1049 and ~1070 cm-

1. This is characteristic of the Si-O bond, and the 

interaction of diatom surfaces with inorganic and organic 

materials leads to a change in the absorption band of Si-

O, Si-OH and Si-O-Si (Losic et al. 2009). The FTIR 

spectra of N. palea given in Table 3 indicated the position 

and nature of absorption bands. Nitzschia palea has a 

strong extensive absorption band at 3273 cm-1 in the 

3029–3639 cm-1 range. This absorption band is hydroxyl 

O–H stretching functional group. Nitzschia palea has a 

sharp band in the wavelength region of 2809–3012 cm-1. 

The absorption band at 2915 cm-1 shows the aliphatic 

functional group with the asymmetric stretching CH2 and 

the methyl C–H symmetric stretching/lipid (Swann & 

Patwardhan 2011). The absorption bands of 1643 cm-1 

(amide I) and 1516 cm-1 (amide II) were due primarily to 

C=O stretching vibration and a combination of N-H and 

C-N stretching vibrations in amide complexes (Murdock 

& Wetzel 2009). Lipid spectra were characterized by two 

sets of strong vibrations: C-H at 2915 cm-1 and the C=O 

mode of the side chain from the ester carbonyl group at 

1735 cm-1. In the wave number range of 900-1300 cm-1, 

N. palea showed strong and broader absorption band 

(1072 cm-1). These bands showed the presence of 

polysaccharides (C–O str) and for silica several bands (Si-

O-Si str). 

Conclusion 

In this study, N. palea isolated from fresh water 

resource was examined under culture conditions. The 

isolated and cultured N. palea strain showed rapid 
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reproduction and high biomass production during the 

study. The biochemical composition of the strain can be 

used for biodiesel production and nutritional purposes. 

Diatoms have been one of the most promising organisms 

in recent years, especially in nanotechnological 

applications, in addition to biomass for nutrition. Due to 

the remarkable characteristics of diatoms, it can be stated 

that it is possible to design and produce specific frustule 

morphologies for potential nanotechnology applications. 

FTIR spectra can provide data on the cellular content of 

macromolecular pools, using small amounts of cell 

material. By applying the information contained in the 

FTIR spectrum, the locations of specific biomolecules 

within the cell for algal species can be identified and 

analyzed. Due to this feature, FTIR has recently become 

a technique which have been applied by researchers to 

clarify the molecular structure of biological materials. As 

a result, researches on the use of diatoms' bioactive 

compounds in different areas of the industry especially 

biodiesel research need to be diversified.
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