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Abstract 

The study aims to investigate the antioxidant activities, phenolic compounds, acetylcholinesterase enzyme inhibition and cytotoxic effects of two 

different Artemisia spp. (Artemisia dracunculus L. and Artemisia dracunculoides Pursh) cultivated in Türkiye organically, for the first time. The total 

phenolic and total flavonoid contents of the plants were determined spectrophotometrically while antioxidant activity DPPH•, CUPRAC, and 

FRAP was determined using the colorimetric method. And also, acetylcholinesterase in vitro enzyme inhibition activity and anti-cancer activity 

against human melanoma (VMM917, CRL-3232), lung carcinoma (A549, CCL-185), and normal human fibroblast (hGF, PCS-201-018) cells were 

studied. Total phenolic (225-324 µg GAE/mL extract) and total flavonoid contents (0.066–0.085 µg QE/mL extract), antioxidant activity Color 

Scavenging Concentration 50% (DPPH• (CSC50: 1.371–1.655 mg/mL), CUPRAC (0.246–0.344 µM CTEAC) and FRAP (462.133–726.661 µM 

CTEAC)). A. dracunculus and A. dracunculoides extracts inhibited 40.09 ± 0.65%, and 39.48 ± 3.68% of acetylcholinesterase activity. It was determined 

that demonstrated the selective effect of A. dracunculus and A. dracunculoides on the cytotoxicity of A549 and hGF cells. According to our results, 

both tarragon plant species, it may be said that it is not only consumed as food but also used for therapeutic purposes will be beneficial for health. 

Keywords: Artemisia dracunculus, Artemisia dracunculoides, acetylcholinesterase, lung carcinoma, human melanoma 

1. Introduction

In recent years, there has been a remarkable increase in 

the amount of pharmacological and chemical studies on 

members of Artemisia L. (Asteraceae) because of their 

medicinal properties [1–3]. Among the species, Artemisia 

dracunculus L. which is an important medicinal and 

aromatic plant has been used in the treatment of various 

diseases such as malaria, liver disease, neoplasms, 

inflammatory diseases, and infections.  

Tarragon or dragon's-wort (Artemisia dracunculus and 

Artemisia dracunculoides Pursh), known as "tarhun"in 

Anatolia are plants of the Asteraceae family. Artemisia 

dracunculus (tarragon) is an edible spice plant as both 

fresh (leaves) and dried (herb). Most of these plant 

species are edible and used as a flavoring in food in 

many traditional recipes. It is also used for medicinal 

purposes [4]. The essential fatty acids [5–7] phenolic 

compounds, flavonoids [8] carotenoids [9], tannins [10], 

and mineral compounds [11] in the tarragon plant were 

suitably used for therapeutic purposes. 

Cancer is one of the diseases with the highest 

mortality rate following cardiovascular diseases 

worldwide. Among cancer types, lung cancer having the 

second highest mortality rate in both sexes is the most 

common type behind prostate cancer in men and breast 

cancer in women [12]. In addition, skin cancer is one of 

the most common types of cancer among all cancer 

types. There are many methods in the treatment of 

cancer diseases such as chemotherapy, radiation 

therapy, surgery and immunotherapy including 

utilization [13]. However, these methods are known to 

damage healthy cells during cancer treatment [14]. In 

order to reduce these side effects, researchers are 

increasing their interest in the application of alternative 

medicines and natural and herbal compounds.  It was 

mailto:zehracan61@gmail.com
https://doi.org/10.51435/turkjac.1246389
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https://orcid.org/0000-0001-7188-2176
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determined that the activity of AChE increased in the 

cortex and hippocampus in brains with AD; therefore, 

the amount and activation of ACh decreased. 

Nowadays, acetylcholinesterase inhibitors (AChE) are 

the most widely used AD treatment with drugs. Most of 

the inhibitors are plant origins. In recent years, studies 

on the treatment of AD have been planned according to 

strategies aimed at the discovery and development of 

new AChE's that are more effective and have fewer side 

effects and may also have protective properties as well 

as therapeutic effects.  

In this study, it was investigated whether or not 

tarragon's could be a natural inhibitor of the 

acetylcholinesterase enzyme. While antioxidant activity 

was determined by the colorimetric method with 

dropping on TLC plate in the study and phenolic 

compounds of tarragon plants were analyzed in        

PDA-HPLC. To the best of our knowledge, in this study 

is the first investigation of tarragon on lung carcinoma 

(A549, CCL-185), human melanoma (VMM917, CRL-

3232) and human normal fibroblast (hGF, PCS-201-018) 

cells. 

2. Material and Methods 

2.1. Chemicals and reagents 

HPLC- grade methanol, absolute ethanol, acetonitrile 

solutions, all phenolic compounds standards and all 

chemicals used for antioxidant testing were       

purchased from Sigma-Aldrich (Munich, Germany). 

Electric eel acetylcholinesterase (EC 3.1.1.7, type-VI-S), 

acetylthiocholine iodide, and 5,5′-dithiobis-(2-

nitrobenzoic acid) (DTNB) and donepezil were 

purchased from the Sigma (St. Louis, MO). Dimethyl 

sulfoxide (DMSO, D2650), 3-(4,5-dimethylthiazol-2-yl)-

2,5-diphenyltetrazolium bromide (MTT, M2128) and 

cisplatin (P4394) were purchased from Sigma-Aldrich 

(St. Louis, MO, USA). All chemicals and solutions used 

in the cell culture studies were purchased from 

American Type Culture Collection (ATCC, Manassas, 

VA, USA), Gibco (NY, USA) and Sigma-Aldrich (St. 

Louis, MO, USA). 

2.2. Providing of plant material and extract preparation 

Tarragon is one of the important medicinal and aromatic 

plants which had significant expansions in its usage 

areas recently. The best-known species of tarragon are 

Artemisia dracunculus and Artemisia dracunculoides [15]. 

The species are grown as culture plants in Türkiye. In 

this study, Artemisia dracunculus and Artemisia 

dracunculoides were grown in ecological conditions, and 

organic production conditions in the Bayburt Province 

of Türkiye. Random Blocks Trial Design was used in the 

field experiment, which was prepared in three 

replications with a distance of 40 x 40 cm between rows. 

Since the plants are not flowering plants, they were 

harvested in June 2020 when they reached maturity. 

After plants samples were at dried room temperature 

in a cool place, it was ground to a powder a using 

blender. 3.5 g of the powdered was weighed for each 

plant samples and 35 ml of ethanol was added, and then 

extracted by shaking vigorously Heidolph MR HEI-

Standard, Schwabach, Germany for 24 hours. At the end 

of the time, the extracts were filtered with filter paper 

and then a syringe filter (Whatman, NY 0.45 µm) 

respectively. The extracts were divided into 4 parts 

(cytotoxic activity, antioxidant activity, phenolic 

compounds, and enzyme inhibition). Then, extracts 

were stored in the dark and at room temperature till 

analysis time.  

2.3. Antioxidant Activity 

2.3.1. Spectrophotometric Total Phenolic Content (TPC) and 

Total Flavonoid Content (TFC) 

The total phenolic content of tarragon plant extracts was 

evaluated using the Folin-Ciocalteu reagent [16]. In this 

method, 50 µL of sample solution was diluted with 2.5 

mL of pure water. 250 µL, 0.2 N Folin-Ciocalteu reagent 

was added. Then 750 µL Na2CO3 (7.5%) was added to the 

vortexed. After 2 hours of incubation at room 

temperature, absorbance values were measured at 760 

nm. 

Gallic acid antioxidant standard, which was prepared 

at five different concentrations (500–250–125–62.5–31.25 

µg/mL), was used for the calibration graph. The amount 

of phenolic substance was expressed in microgram gallic 

acid equivalent per milliliter extract (µg GAE /mL 

extract). 

Flavonoids in the tarragon plants were determined 

with the method which was developed by Fukumoto 

and Mazza [17]. The study was carried out in three 

parallels. Initially, an equal volume (250 µL) of the 

sample was pipetted into the tubes and 2.1 mL of 

methanol was added. Finally, 50 µL of 1M ammonium 

acetate (CH3COONH4) and 10% aluminum nitrate 

nonahydrate (Al(NO3)3.9H2O) were added respectively, 

except for the sample blank. The mixtures were mixed 

with a vortex. After 40 minutes, absorbance values were 

read at 415 nm. Quercetin was preferred as standard. It 

was prepared at six different concentrations (0.25 

mg/mL). A graph was drawn with the absorbance values 

corresponding to the concentration. According to the 

drawn graph, the total flavonoid substance amount of 
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the extracts was determined as microgram quercetin 

equivalent per milliliter extract (µg QE /mL). 

2.3.2. Colorimetric DPPH• Radical Scavenging Activity, 

FRAP and CUPRAC Antioxidant Activity Test 

In the study, the DPPH• antioxidant activity            

method [18] which is commonly used in the           

literature was carried as colorimetric [19] instead of 

spectrophotometric. Preliminary tests were applied for 

tarragon plant extracts with 2000 µM freshly prepared 

DPPH• solution. Then initial concentrations of each 

sample were determined. Plant extracts and antioxidant 

standard (Trolox®) were studied at 5 different 

concentrations. Measurements of samples, reagent 

blanks and sample blanks were performed in triplicate. 

DPPH• solution was transferred at equal volumes onto 

the solutions. The mixtures in the tubes were mixed with 

vortex and incubated for 60 minutes at room 

temperature. At the end of the incubation, the mixtures 

were dropped onto a TLC plate (Merck Silica gel 60) as 

triplicates (15 µL). After 5 min incubation, the formed 

colors on TLC plates were scanned via scanner and 

transferred to the computer. Images were shown as Jpeg 

files. The color result of each spot-on TLC plates was 

determined with Image J software. The color values were 

plotted against sample concentrations for the calculation 

of Color Scavenging Concentration 50% (CSC50) values. 

CSC50 is the concentration of the sample which increases 

the color value (intensity of color) to half of its maximum 

at complete DPPH• reduction. When calculating the 

CSC50 values of the samples, their 1st degree derivative 

was taken.  

The FRAP reagent was prepared freshly in the 

colorimetric method [20] as in the spectrophotometric 

method [21]. In the study, the Trolox antioxidant 

standard was studied at 5 different concentrations (1000, 

500, 250, 125, 62.5 µM) to draw the standard calibration 

graph. Samples, reagent blanks and sample blanks were 

measured in triplicate. Pipetting of all samples was 

carried out as in the spectrophotometric method [21]. 

First, 50 µL of the extract was transferred to the test tubes 

and 1.5 mL FRAP reagent was added. The solutions were 

vortexed and kept for 20 minutes. Then the mixtures 

were dripped onto a TLC plate (Merck silica gel 60) as 

triplicates (15 µL). Also, the same amount of reagent 

blank and sample blank was dropped onto the TLC 

plate. It was left to dry at room temperature for 7 

minutes. Then, it was transferred with the scanner 

device to the computer and saved as a JPEG file. The 

color values of the images were analyzed with the Image 

J program. graphs of the color values and concentrations 

were drawn using Microsoft Excel. µM Color TEAC 

(CTEAC)  values were calculated for each sample with 

equality of the standard antioxidant Trolox plot [20]. 

As in the other tests, the CUPRAC antioxidant 

activity test was performed in triplicate. Trolox as a 

standard antioxidant was studied at 6 different 

concentrations (1000–500–250–125–62.5–31.25 µM). In 

this method, the tubes were added equal volume of Cu 

(II) chloride solution, neocuproin solution, ammonium 

acetate buffer (pH=7) and analysis solutions, 

respectively. The final solution volume was completed 

to 1.03 mL with distilled water. The tubes were stored at 

room temperature for 30 minutes [22]. At the end of the 

waiting period, 15 µL of the mixtures in the tubes were 

dropped onto the TLC plate in triplicate for all the 

samples. Because of pure water in the CUPRAC reagent, 

the TLC plates were left for 10 minutes and thus it was 

dried. Then the plates were scanned via a scanner, 

transferred to the computer and saved as JPEG files. 

Image J program was used in the determination of color 

values. Graphs were drawn based on average color 

values. The µM Color TEAC (CTEAC) values of each 

extract were calculated [23]. 

2.4. Phenolic and Flavonoid Compounds Analysis by 

RP-HPLC-PDA 

The phenolic and flavonoid contents of tarragon plants 

were determined by RP-HPLC-PDA. The HPLC 

analyses were conducted on a Shimadzu Liquid 

Corporation LC 20AT HPLC system equipped with a 

PDA detector, C18 column (250 mm × 4.6 mm, 5 µm; GL 

Sciences).  The mobile phases include acetic acid (2%) in 

water (A), acetonitrile (30%) in water (B), and the flow 

rate was selected as 1mL/min, injection volume of 20 µL, 

a column at 30ºC, were used and the detection range 

from 250, 280, 320 and 360 nm. The gradient was as 

follows: 0 min, 95% solvent A; 8 min, 15% solvent A; 10 

min, 21% solvent A; 20 min 52% solvent A; 35 min 67% 

solvent A; 50 min 90% solvent A; 60 min 5% solvent A 

[24]. In order to confirm the phenolic compounds of the 

samples and to determine the concentrations, the 

retention times were compared with the real standards 

and ultraviolet absorption spectrum data. Samples were 

passed through a 0.45 µm filter before were given to the 

device. 

2.5. Acetylcholinesterase Enzyme Inhibition 

The extracts prepared for cell culture and antioxidant 

activity were also used for enzyme inhibition.          

Ellman method was modified with minor modification 

and applied [25,26]. Briefly, 50 µL of plant extract in 

various concentrations, 50 µL acetylcholinesterase      

(0.22 U/mL) enzyme, and 3 mL 0.1M phosphate         

buffer (pH = 8) 30 by mixing after minutes incubated. 

After 100 µL of 0.01 M 5.5'-dithiobis (2-nitrobenzoic acid) 

(DTNB) to the tube, adding 50 µL of 0.75 mM 

acetylthiocholine iodide the reaction was initiated.       
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The absorbance of the yellow compound [5-thio-2-

nitrobenzoate dianion (TNB)] formed as a result of        

the reaction of thiocholine with chromogenic DTNB, 

which is released due to hydrolysis of acetylthiocholine, 

was    measured    in   a   spectrophotometer   at 412 nm.  

Donepezil and ethanol were used as positive control and 

negative control respectively. 

2.6. Cell Culture 

Lung carcinoma (A549, CCL-185), human melanoma 

(VMM917, CRL-3232) and human normal fibroblast 

(hGF, PCS-201-018) cells were purchased from ATCC 

(Manassas, VA, USA). Both cells were cultured in 

Rosewell Park Memorial Institute-1640 Medium (RPMI-

1640) with 10% heat inactivated fetal bovine serum (FBS) 

and 1% penicillin/streptomycin. Cells were incubated at 

37°C supplied with 5% CO2 [27]. 

2.6.1. Drug Preparation and Treatment 

Extracts of A. dracunculus and A. dracunculoides and 

cisplatin were prepared in ethanol.  All of the extracts 

and cisplatin concentrations were diluted with their 

solvents for cytotoxicity studies. Cisplatin was preferred 

as a positive control in this work [28]. Final solvent 

concentrations were adjusted to a maximum of 0.5 % for 

the medium.  

2.6.2. Measurement of Cell Viability  

Cell viability was evaluated using a colorimetric MTT       

[ 3-( 4,5-d i m e t h y l t h i a z o l -2- y l ) - 2,5-d i p h e n 

y l t e t r a z o l i u m b r o m i d e ] assay [29]. Briefly, 

5x103 cells A549, VMM917 and hGF cells were seeded 

into the well of sterile 96-well cell culture plates. After 

overnight incubation, the media on the plates were 

replaced with fresh media for A549, VMM917 and hGF. 

Then the plates were treated with various concentrations 

of the plant extracts (0.9–125 µg/mL) in A549, VMM917 

and hGF for 72 h.  Cisplatin was treated at different 

concentrations (0.25–32 µM) on both A549, VMM917 and 

hGF cell lines for 72h. Subsequently, 10 µL of MTT dye 

(0.25 mg/mL) was added to each well for 2 h. At the end 

of the time, the dye was removed and 200 µL of DMSO 

was added to each well to dissolve the formazan crystals. 

Absorbance values were read at 570 nm in a microplate 

reader (Molecular Devices Versamax, CA, USA) [28]. 

Optical densities were used to evaluate the percentage of 

viabilities in treated cells compared to untreated control 

cells. A logarithmic plot of log concentrations against cell 

viability was drawn to determine the IC50 value. The IC50 

values of A. dracunculus and A. dracunculoides extracts in 

both cell lines were used to calculate the selectivity index 

with the following formula [27]. 

Selectivity Index = hGF cells IC50/ Cancer cells IC50   

2.7. Statistical Analysis  

All experiments were conducted as three repeats and the 

results were given as arithmetic mean and  ± standard 

deviation. Statistical analyzes were carried out using 

SPSS (Statistics Program for Social and Science) software 

(Version13.0.1). One-Way ANOVA test and post-hoc 

Tukey test were used in the study. p value less than 0.05 

was considered as statistically significant. 

3. Results and Discussion 

3.1. Antioxidant Activity 

In our study, total phenolic and total flavonoid were 

determined spectrophotometrically, while antioxidant 

activity was determined colorimetrically. The results of 

the antioxidant activity test were given in Table 1. The 

results showed that the A. dracunculus sample has the 

lower total phenolic and flavonoid contents than A. 

 

Table 1. Colorimetric and Spectrophotometric Antioxidant Activity, Test Results of the Plant Extracts 

 Colorimetric Antioxidant Activity Tests Spectrophotometric Antioxidant Activity Tests 

Samples 

DPPH 

(mg/mL) 

CSC50 

FRAP 

(µM CTEAC) 

CUPRAC 

(µM CTEAC) 

Total Phenolic Substance 

µg GAE /mL extract 

Total Flavonoid Substance 

µg QE /mL extract 

Artemisia dracunculus L. 1.371 ± 0.120 462.133 ± 0.201 0.246 ± 0.060 225 ± 0.090 0.066 ± 0.010 

Artemisia dracunculoides Pursh 1.165 ± 0.100 726.661 ± 0.270 0.304 ± 0.080 324 ± 0.110 0.085 ± 0.020 

      

  Parallels R.B      S.B  

Artemisia dracunculus L 

 

Artemisia dracunculoides Pursh 

Three-parallel, reagent blank (R.B) and sample blank (S.B) images of the samples in the colorimetric FRAP antioxidant activity test 
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dracunculoides. The total phenol and flavonoid content 

values were determined at 324 µg GAE/mL extract and 

0.085 µg QE/mL extract in A. dracunculoides while the 

values were measured at 225 µg GAE/mL extract and 

0.066 µg QE/mL extract in A. dracunculus, respectively. 

In addition, DPPH, FRAP, and CUPRAC antioxidant 

activity assays were performed as colorimetric for the 

plant samples. The highest activity values of DPPH, 

FRAP and CUPRAC tests were founded in A. 

dracunculoides. The extracts of A. dracunculoides exhibited 

inhibition of DPPH activity than the A. dracunculus and 

CSC50 inhibition was measured as 1.371 and 1.162 

mg/mL extract, respectively. Values of FRAP and 

CUPRAC tests in extracts of A. dracunculoides were 

determined as 726.661 and 0.304 respectively. However, 

the values were measured as 462.133 and 0.246 µM 

CTEAC for A. dracunculus. 

Artemisia L. genus having small shrubs and herbs, 

belongs to the family of Asteraceae, is a traditional 

medicinal plant and is used in the treatment of many 

diseases [30]. There are many studies in the literature 

about members of Artemisia. One of the aims of the 

current study is to reveal the phytochemical properties 

of two species (A. dracunculus and A. dracunculoides) of 

the Artemisia genus. The relevance of polyphenols rests 

in their potential properties as an antioxidant, anti-

inflammatory, anti-microbial, and anti-tumoral [31–33]. 

Contents of phenolic and flavonoid of the A. 

dracunculus and A. dracunculoides were compared based 

on spectrophotometric measurements (Table 1).  The 

total phenolic content was evaluated based on the Folin- 

Ciocalteu colorimetric method using gallic acid as 

standard [16]. Mumivand et al. [34] reported the total 

phenolic content of tarragons (A. dracunculus) obtained 

from 12 different parts of Iran as 40.9–96.52 mg GAE/g. 

In another study, Ismail et al. [35] determined that total 

phenol and flavonoids in A. dracunculus as 28.5 and 

1.54mg/g respectively. These results are higher than 

those our present. Because, there are many factors (e.g., 

different developmental stages of plants, genetic 

diversity, differences between different plant parts) that 

affect the chemical composition of plants. One of them is 

environmental factors due to location [36]. 

 There are different methods to determine the 

antioxidant activity of the plants. In this study, the 

colorimetric dropping method was preferred. Because, it 

was cheaper cost due to using reagents and solvents less 

than the spectrophotometric method. In addition, there 

is no need for a costly spectrophotometer device. DPPH, 

FRAP and CUPRAC antioxidant tests were applied to 

plant extracts. The antioxidant activity values in all the 

methods were measured higher for A. Dracunculoides 

than A. dracunculus. Behbahani et al. [37] found that the 

IC50 value of A. dracunculus was 0.065 mg/ml in essential 

oil extracts. In another study was reported that DPPH 

values of A. dracunculus were determined as 94.2 µg/mL 

in essential oil extracts [38]. 

Carvalho et al. [39] reported that total phenolic contents 

of six different Artemisia species varied from 0.22 to 0.39 

mg of GAE g−1. 

3.2. Phenolic Compounds by RP-HPLC-PDA 

HPLC-PDA analysis was performed to determine the 

phenolic profiles in the leaves of A. dracunculus and A. 

dracunculoides. Twenty-five standards (gallic acid, 

protocatechuic acid, chlorogenic acid, p-OH benzoic 

acid, epicatechin, caffeic acid, syringic acid, m-OH 

benzoic acid, rutin, ellagic acid, p-coumaric acid, ferulic 

acid, myricetin, resveratrol, daidzein, luteolin, quercetin, 

t-cinnamc acid, apigenin, hesperidin, rhamnetin, 

chrysin, pinocembrin, caffeic acid phenyl ester (CAPE), 

curcumin) were identified and quantified (Table 2). It 

was identified ferulic acid (407.751g/g sample), 

chlorogenic acid (281.938 g/g sample) and p-OH 

benzoic acid (15.294 g/g sample) in the A. dracunculus 

while chlorogenic acid (365.523g/g), ferulic acid 

(399.833 g/g sample) and caffeic acid (331.381g/g 

sample)  in  the  A. dracunculoides  as  a  major  compound.  

Table 2.  Phenolic Compounds 

Standards 
Artemisia dracunculus L. 

µg phenolic / g sample 

Artemisia 

dracunculoides Pursh 

µg phenolic / g sample 

Gallic Acid n.d. n.d. 

Protocatechuic 

Acid 
n.d. n.d. 

Chlorogenic Acid 281.938 365.523 

p-OH Benzoic Acid 15.294 n.d. 

Epicatechin n.d. n.d. 

Caffeic Acid n.d. 331.381 

Syringic Acid n.d. 40.586 

m-OH Benzoic 

Acid 
n.d. n.d. 

Rutin n.d. n.d. 

Ellagic Acid n.d. n.d. 

p-Coumaric Acid n.d. 44.519 

Ferulic Acid 407.751 399.833 

Myricetin n.d. n.d. 

Resveratrol n.d. n.d. 

Daidzein n.d. n.d. 

Luteolin n.d. n.d. 

Quercetin n.d. n.d. 

t-Cinnamc Acid n.d. n.d. 

Apigenin n.d. n.d. 

Hesperidin n.d. n.d. 

Rhamnetin n.d. n.d. 

Chrysin n.d. n.d. 

Pinocembrin n.d. n.d. 

CAPE n.d. n.d. 

Curcumin n.d. n.d. 

*n.d.: not detected 
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In addition, syringic acid (40.586 g/g) and p-coumaric 

acid (44.519 g/g sample) were also detected in the A. 

dracunculoides. 

Hydroxybenzoic acid, hydroxycinnamic acid and 

flavonols compounds found in plants can be considered 

therapeutic agents because they have protective effects 

against many diseases such as certain cancers, 

cardiovascular diseases and aging [40]. However, 

environmental factors and growing conditions can be 

affecting the chemical composition of plants; especially 

secondary metabolites [41]. In the present study, the 

phenolic composition of the Artemisia species was 

identified using RP-HPLC-PDA analysis.  

The most important classes of bioactive substances of 

the tarragon plant are phenolic acid derivatives, 

flavonoids, essential oil, coumarins and alkamides      

[42–44]. The major phenolic compound in the extract of 

A. dracunculus was ferulic acid with 407.751 µg/g. It was 

followed by chlorogenic acid with 281.938 µg/g sample 

and p-OH benzoic acid with 15.294 µg/g sample. As in A. 

dracunculus, ferulic acid was determined as a major 

compound in the extract of A. dracunculoides with 399.833 

µg/g. Other dominant compounds were chlorogenic acid 

(365. 523 µg/g sample), caffeic acid (331.381 µg/g sample) 

and syringic acid (40.586 µg/g sample). Ferulic acid was 

detected as the predominant component in both species. 

Lee et al. [45] reported that ferulic acid detected a lower 

value of 53.55 µg/g in Artemisia absinthium L. This may 

be associated with the species and environmental 

differences. In another study, it was reported that 

chlorogenic acid (0.44 mg/g) was detected in the 

methanol extract of leaves of A. vulgaris collected from 

Serbia in similar amounts as in the present study [46]. 

Chlorogenic acid, one of the hydroxycinnamic acid 

derivatives, is associated with a reduced risk of 

developing Alzheimer's disease, a common 

neurodegenerative disorder [47].  

3.3. Acetylcholinesterase Enzyme Inhibition 

One of the changes that happen in Alzheimer's disease is 

the rise in the activity of acetylcholinesterase (AChE), the 

enzyme responsible for the hydrolysis of acetylcholine 

from both cholinergic and non-cholinergic neurons of 

the brain [48] The AChE inhibition effects of samples are 

given in Table 3.  Respectively, A. dracunculus and A. 

dracunculoides extracts inhibited 40.09 ± 0.65%, and     

39.48 ± 3.68% of acetylcholinesterase activity at a 

concentration of about 1 mg/mL. The samples showed 

acetylcholinesterase inhibitory activities less than 50% 

although it has been shown to be effective against lung 

and melanoma cells. 

Alzheimer's disease is the most common type of 

dementia. The treatment of Alzheimer's disease, which 

is multifactorial, requires multiple therapeutic 

approaches. By blocking the degradation of ACh using 

acetylcholinesterase inhibitors, it forms the most 

important therapeutic strategy by controlling the level of  

acetylcholine (ACh) as a neurotransmitter in cholinergic 

synapses [49]. To date, some Artemisia species have been 

determined by AChE inhibition effects. However, it has 

not been studied in A. dracunculus and A. dracunculoides. 

The inhibitory activity of these ethanolic samples was 

determined against the AChE enzyme at 1.35 and 1.16 

mg/mL in vitro. As shown in Table 3, the highest      

Table 3.  Acetylcholinesterase Enzyme Inhibition 

Sample Inhibition of AChE activity % 

Artemisia dracunculus L. 1.35 (mg/mL) 40.09 ± 0.65 

Artemisia dracunculoides 

Pursh 

1.16 (mg/mL) 39.48 ± 3.68 

Donepezil 62.5 (µg/mL) 79.50 ± 0.20 
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Figure 1. The cytotoxic effect of A. dracunculus on A549, VMM917, hGF cells for 72h. Cell viabilities (%) are shown in each cell after treatment 

with A. dracunculus, at various concentrations. Error bars are representative of the standard deviation of at least three independent experiments. 

* p < 0.05. 
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AChE inhibition was observed for A. dracucunlus with 

40% inhibition at 1.35mg/mL concentration while it was  

measured for A. dracunculoides with 39.48% inhibition at 

1.16 mg/mL concentration. Ferrante et al. [50] reported  

that among methanol, ethyl acetate, water and essential 

oil extracts of Artemisia santonicum L. was determined 

highest acetylcholinesterase inhibition effect in essential 

oil extract as IC50 2.26 mg/mL. 

3.4. Cytotoxity Effect 

This study revealed the effects of A. dracunculus and A. 

dracunculoides extracts on cell viabilities in A549, 

VMM917 and hGF cells. A. dracunculus and A. 

dracunculoides induced cytotoxicity in all cells in a dose-

dependent manner (Table 4, Fig. 1, Fig. 2) (p < 0.05). In all 

of the cytotoxicity studies, cisplatin, an anticancer drug 

known as a positive control, was used [28,48]. The 

cytotoxicity studies of cisplatin on A549, VMM917 and 

hGF cells and the IC50 values explained by all cells are 

given in Table 4. Demonstrated the selective effect of A. 

drancunculus and A. dracunculoides on the cytotoxicity of 

A549 and hGF cells. The selective index of the plant 

extracts was calculated using Formula 1, (Table 5).  

Skin and lung cancer has increased in the last 20 years.  

The number of these cancers is increasing every year 

[51,52]. New methods and research are being tried in 

order to treat cancer and prevent the rapid increase in 

deaths due to cancer types every year [53–56]. There is a 

range of therapeutic approaches in the treatment of 

melanoma and lung cancer such as chemotherapy, 

photodynamic therapy, immunotherapy, targeted 

therapy and enzyme inhibition therapy. Conventional 

chemotherapy has been frequently used particularly in 

the of improved melanoma and nonsmall cell lung 

cancer (NSCLC), however, increased resistance to 

chemotherapeutic drugs and/or possible mutagenic 

effect of chemotherapeutics on healthy cells may reduce 

the success rate of treatment [53–56]. The side effects of 

chemotherapeutic drugs used in cancer treatment lead 

constantly researchers to the discovery of new drugs. 

Therefore, studies have increased on endemic, rare plant 

species and plants grown in extreme environments in 

recent years. Among them, species belonging to the 

genus Artemisia L. attracted the attention of researchers 

[3]. In a study on A. dracunculus L., it was associated with 

diabetes and was reported that increase insulin secretion 

Table 4.  IC50 values (µM) and selectivity index values calculated for, 

A. dracunculus, A. dracunculoides, cisplatin on A549, VMM917 and hGF 

cell lines (n=3) 

Test compound/Cell 

Lines 
A549 VMM917 hGF 

Artemisia 

drancunculus L. 
53.17 ± 1.09 > 125 > 125 

Artemisia 

dracunculoides Pursh 
46.66 ± 0.49 76.90 ± 1.63 > 125 

Cisplatin 0.77 ± 0.06 6.86 ± 1.02 13.5 ± 0.71 

    

Table 5.  Selectivity index values calculated for A. dracunculus,                

A. dracunculoides and cisplatin on A549, VMM917 and hGF cell lines 

(n=3) 

Cell Lines/Test 

compound 

Artemisia 

dracunculus 

Artemisia 

dracunculoides Pursh 
Cisplatin 

A549 > 2.35 > 2.68 17.50 

VMM917 > 1 > 1.63 1.97 
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Figure 2. The cytotoxic effect of A. dracunculoides on A549, VMM917, hGF cells for 72h. Cell viabilities (%) are shown in each cell after treatment 

with A. dracunculoides at various concentrations. Error bars are representative of the standard deviation of at least three independent experiments. 

* p < 0.05. 



Can et al.  Turk J Anal Chem, 5(1), 2023, 1–10  

8 

 

and protect β cell number. In addition, it suppressed 

LPS/INFy-induced inflammation [57]. In another study 

on the same species of Artemisia, an MTT test was 

performed on cell viability at concentrations between 7–

500 µg/mL on MCF-7, T-47D, MDA-MB-231, MCF-10 

cancer and Hu-02 fibroblast cells. Although IC50 values 

are not calculated, the extract has been shown to cause a 

reduction in cancer cells at a concentration of 500 µg/mL 

compared to control cells [58]. In addition to in vitro 

studies, in vivo studies on Artemisia dracunculus were 

also carried out, it has been shown that Artemisia 

dracunculus causes a decrease in cytokines through IL-17 

and IL-23, which are known as inflammatory parameters 

in an experimental rat model [59]. 

4. Conclusion  

In this study, it was determined that, total phenolic and 

flavonoid contents, antioxidant activity, phenolic 

compounds, acetylcholinesterase enzyme inhibition, 

and cytotoxic effect of two species of Artemisia. Total 

polyphenols, flavonoids, FRAP, CUPRAC and the 

antioxidant activities and polyphenol contents of the 

plants were found to be very close. DPPH antioxidant 

capacities, were investigated in plant extracts. It is 

clearly seen that plant extracts have at a certain level 

efficient inhibition properties on AChE, so these plants 

can be considered for drug design in the treatment of 

Alzheimer's disease. There are a number of drugs 

developed chemically or biotechnologically. It is clearly 

seen that there is no study on VMM917 and A549 cancer 

cells associated with A. dracunculus and A. dracunculoides 

in the literature. In this respect, the results of the study 

suggest that the use of extracts at certain doses will be a 

pioneer in evaluating its potential novel 

chemotherapeutic drug.  
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The use of honey as a green solvent in the extraction of raw propolis 

Sevgi Kolaylı  

Karadeniz Technical University, Faculty of Science, Department of Chemistry, 61080 Trabzon, Türkiye 

Abstract 

Propolis is a resinous natural mixture taken by scraping beehives. It is used as a food supplement due to its high biological active properties. After 

extracting crude propolis with various solvents, it is used as propolis extracts. The best propolis extraction is obtained with 70% ethanol, while 

green solvents are preferred because of some side effects of alcohol. Recently, green solvents have attracted interest in the extraction of propolis. 

In this study, the solubility of raw propolis in honey was investigated. The results were evaluated as total phenolic content and total antioxidant 

activity. In the study carried out with honey:water mixtures in different ratios, it was determined that the most ideal ratio was 1:20 (0.333 ± 0.033 

mg GAE/mL). As a result, the production of such solvents from beehive products further encourages diversification of bee products and the 

discovery of new applications using environmentally friendly solutions. 

Keywords: Solvent, honey-water, propolis, extract 

1. Introduction

Honey is a sweet, viscous food substance produced by 

bees. Bees produce honey by collecting nectar from 

flowers and processing it in their digestive system, 

regurgitating and storing it in honeycombs. The process 

of creating honey involves enzymatic activity, 

evaporation, and the addition of enzymes from the bees. 

Honey has been used as a food, medicine, and sweetener 

for thousands of years. It has a long history of use in 

traditional medicine for its antibacterial and wound-

healing properties. Honey is also rich in antioxidants 

and has been associated with a range of health benefits, 

including reducing inflammation and improving heart 

health [1,2]. Honey can vary in color and flavor 

depending on the type of flower nectar collected by the 

bees. Some common types of honey include clover, 

orange blossom, and manuka honey. Manuka honey, 

which is produced in New Zealand and Australia, has 

gained popularity for its high antibacterial properties 

and is used in wound care and other medical 

applications. While honey is generally considered safe 

for consumption, it should not be given to infants under 

one year of age due to the risk of botulism. Honey may 

also cause allergic reactions in some people [3,4].  

Propolis is a natural resinous substance collected by 

honeybees from various plants and trees. Bees use 

propolis to seal small gaps and cracks in their hives, as 

well as to protect against infections and other threats. 

Propolis is a complex mixture of plant resins, beeswax, 

essential oils, and various organic compounds [5]. 

Propolis has been used in traditional medicine for 

centuries, particularly for its antimicrobial and anti-

inflammatory properties. Research has also shown that 

propolis has antioxidant, immunomodulatory, and 

anticancer effects [6]. There are several types of propolis, 

which can vary in color and chemical composition 

depending on the location and plant sources used by the 

bees. Some of the most common types include Brazilian 

propolis, European propolis, and Chinese propolis. 

Propolis can be taken as a supplement or used topically 

as a natural remedy for various health conditions. Some 

of the most common uses of propolis include treating 

sore throat, colds and flu, dental infections, and skin 

problems. While propolis is generally considered safe, it 

may cause allergic reactions in some people. It may also 

interact with certain medications, so it is important to 

talk to a healthcare provider before using propolis 

supplements [7]. 

The escalating utilization of non-renewable 

substances has prompted researchers to seek alternatives 

that are renewable and pose lesser risks. Green 
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chemistry plays a crucial role in this context. Extensive 

research has been conducted to explore less toxic or bio-

based solvents known as green solvents. Water, solvents 

derived from biological sources, ionic liquids (ILs), deep 

eutectic solvents (DESs), green synthetic organic 

solvents, and supercritical liquids (SCF) stand out as 

prominent classifications within the realm of green 

solvents. 

Propolis is a complex mixture of plant resins, waxes, 

essential oils, and other biologically active compounds. 

The choice of solvent used in propolis extraction can 

have a significant impact on the chemical composition 

and bioactivity of the resulting extract. Here are some of 

the solvents that have been used for propolis extraction 

along with their advantages and disadvantages: 

Ethanol: Ethanol is a commonly used solvent              

for propolis extraction. It is relatively inexpensive           

and readily available and has been shown to extract a 

wide range of bioactive compounds from propolis. 

However, high concentrations of ethanol can cause 

degradation of some of the more sensitive components 

of propolis [8-10]. 

Methanol: Methanol is another solvent that has been 

used for propolis extraction. It has similar advantages 

and disadvantages to ethanol but is generally                   

less effective at extracting certain bioactive compounds 

[11, 14]. 

Water: Water is a safe and environmentally friendly 

solvent for propolis extraction. However, it is generally 

not as effective as organic solvents at extracting 

lipophilic compounds and may require the use of 

additional solvents or extraction techniques to obtain a 

high-quality propolis extract [12]. Freitas et al. compared 

the efficiency of honey brandy and mead in propolis 

extraction with ethanol and water in a study they 

conducted in 2022 with the hypothesis of 

environmentally friendly solvent [13]. When we look at 

the studies on environmentally friendly solvents or 

green solvents, it is seen that there is an open field for 

research. It has been observed that there are almost no 

studies on the effectiveness of the use of honey-water 

mixture as a solvent in propolis extraction under 

different extraction conditions.  

In this context, it is aimed to determine the ratio of 

honey-water mixture as green solvent for propolis 

extraction and the best propolis-solvent ratio with this 

honey-water mixture. In addition, the antioxidant 

efficiencies of propolis evaporated after alcoholic 

extraction in honey, water and honey-water mixture 

were investigated.  

2. Material and methods 

2.1. Sample extraction 

In the study, Anatolian propolis obtained from various 

beekeepers and flower honey obtained from the Black 

Sea region were used. Until the time of analysis, propolis 

was stored at -20 °C and honey was stored under dark 

and room conditions. Honey and propolis samples used 

were extracted in methanol and 70% ethanol at a ratio of 

1:10 (24 hours, 200 rpm, room temperature), respectively 

[10]. Antioxidant properties and phenolic components of 

propolis and honey samples used in the study were 

determined. Propolis:honey-water extraction efficiency 

studies were performed on these two samples. This 

study was planned in three stages.  

-The ratio of the honey-water mixture to be used was 

determined (at a fixed amount of propolis). 

-The ideal propolis-solvent ratio was determined in 

the solvent at the determined honey-water ratio. 

-The effectiveness of the ethanolic propolis residue in 

the honey-water mixture was investigated. 

Firstly, honey-water solutions were prepared at 1:1, 

1:2, 1:3, 1:4, 1:5, 1:10, 1:20 and 1:40 (propolis-solvent) 

ratios to determine the ratio of honey-water mixture to 

be used in propolis extraction (200 rpm, 24 h, rt). 

Secondly, different amounts of propolis (0.25, 0.5, 0.75, 1, 

2, 3 and 4 g in 10 ml solvent) were extracted in the 

determined honey-water ratio solution. Finally, after the 

propolis extract extracted with 70% ethanol was 

evaporated, the residue was dissolved in 2 ml of 70% 

ethanol. The following experiments were carried out 

with this residue (Table 1). In the experiments, 1 g of 

honey, 500 microliters of propolis residue and 10 mL of 

solvent (70% EtOH, HW and water) were used. The total 

phenolic (TP) values of the extracts were analyzed, and 

the results are given as mg GAE/mL extract. Since the 

main theme of our study was honey-water mixture, 

firstly, the extraction efficiency of crude propolis was 

examined. Then, the efficiency of ethanolic propolis 

residue in the honey-water mixture was tried to be 

determined. 

2.2. Antioxidant capacity 

The method described by Slinkard and Singleton (1977) 

was used to determine the total phenolic content [15]. 

Initially, 20 μL of the sample was mixed with 680 μL of 

distilled water. Subsequently, 400 μL of 1:10 diluted 

Folin-Ciocalteu reagent added to the mixture and 

Table 1. The effectiveness of the ethanolic propolis residue in the 

honey-water mixture 

BP1 Honey + 70% EtOH 

BP2 Residue +  70% EtOH 

BP3 Honey + Residue +  70% EtOH 

BP4 Honey-Water Solution 

BP5 Residue + Water 

BP6 Residue + Honey-Water Solution 
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incubated for 4 min. Then, 400 μL of 10% Na2CO3 

solution was added, and the resulting mixture was 

allowed to incubate at room temperature for 120 min. 

Spectrophotometric measurement was performed at 760 

nm, and the total amount of phenolic substance present 

in the sample was determined. The results were 

expressed as mg gallic acid equivalent (mg GAE/g) using 

gallic acid as a standard. 

To determine the total flavonoid substances, the 

method outlined by Fukumoto and Mazza (2000) with 

slight modifications was utilized [16]. First, 2150 μL of 

methanol was added to 250 μL of the sample, followed 

by the addition of 50 μL of 10% Al(NO3)3 and 50 μL of 1 

M NH4CH3COO solution. After incubation for 40 min, 

the absorbance of the resulting colored product formed 

because of the redox reaction between flavonoids and 

aluminum (III) was measured at a wavelength of 415 nm. 

The amount of flavonoid substance present was 

calculated using quercetin as a standard, and the results 

were expressed as mg quercetin equivalent (mg QUE/g). 

2.3. Antioxidant activity 

The antioxidant activity was determined using the 

widely used 2,2-diphenyl-1-picryl hydrazyl (DPPH) test. 

The DPPH• radical, which has a maximum absorbance 

at 517 nm, was used as a synthetic radical for this test. 

The method proposed by Molyneux (2004) was used to 

assess the scavenging of DPPH radicals with 

antioxidants present in the sample [17]. A 100 μM 

methanolic DPPH• solution was employed. In this 

assay, sample solutions of equal volume were added to 

the constant DPPH• radical concentration in the 

medium after being serially diluted. Trolox was utilized 

as a standard, and the results were expressed as the SC50 

value (mg/ml). 

The Ferric reducing/antioxidant power (FRAP) assay 

was used to determine antioxidant activity based on the 

reduction of Fe(III)-TPTZ-2,4,6-tris(2-pyridyl)-S-triazine 

complex in the presence of antioxidants [18]. Fresh FRAP 

reagent was prepared by mixing pH:3.6 acetate buffer, 

TPTZ , and  FeCl3 solution in a ratio of 10:1:1. A volume 

of 50 μL of the sample was added to 1500 μL of FRAP 

reagent, and the absorbance was read at 593 nm after 4 

min. A standard curve was constructed using different 

concentrations of FeSO4.7H2O, and the results were 

reported as μmol FeSO4.7H2O/g [10]. 

2.4. Phenolic component 

The HPLC-PDA analysis of the samples for phenolic 

content specified by Kara et al. involved preparation and 

subsequent injection into the device [19]. The analysis 

was performed using a Shimadzu Corporation LC 20AT 

HPLC system with a mobile phase consisting of a 

gradient of 70-30% acetonitrile-ultrapure water and 2% 

acetic acid-ultrapure water. The sample injection volume 

was 20 μL, the mobile flow rate was 1.0 mL/min, and the 

column oven temperature was maintained at 30 °C. 

Analysis of the phenolic content was done using 25 

standard substances. The results were expressed in μg of 

standard phenolic substance per gram of sample. 

3. Results and discussion 

Antioxidant and phenolic analysis results of propolis 

and honey samples used in the experiment are given in 

Table 2. According to research, the total phenolic content 

in propolis varies depending on the source and solvent 

used. One study by Cottica et al. (2011) found the range 

to be between 31-299 mg of GAE/g of ethanolic extract 

[21]. Another study by Stoia et al. (2015) analyzed 10 

propolis samples and reported an average of 9.71  ±  0.80 

mg GAE/g for extracts [20]. In our study, the TP value of 

the propolis used was 28.847 ± 0.221 mg GAE/g, 

highlighting the variability in obtaining a propolis 

extract rich in polyphenolic components. Research has 

demonstrated a correlation between the antioxidant 

capacity of honey and its polyphenol content [22]. 

Chestnut honey, heather honey, and oak honey possess 
 

Table 2.  Antioxidant and phenolic component analysis results of 

honey and propolis 

Analysis Sample 

 Honey Propolis 

TP (mg GAE/ g sample) 0.141 ± 0.013 28.847 ± 0.221 

TF (mg QE/ g sample) 0.035 ± 0.002 1.119 ± 0.072 

FRAP (µmol Fe2SO4.7H2O/g sample) 3.320 ± 0.041 317.347 ± 2.573 

DPPH SC50 (mg/ml) 20.400 ± 0.085 0.135 ± 0.003 
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Gallic acid ― 47.596 

Protocatechuic acid ― ― 

Chlorogenic acid ― ― 

p-OH benzoic acid 1.726 ― 

Epicatechin ― ― 

Caffeic acid ― 231.544 

Syringic acid ― ― 

m-OH benzoic acid ― ― 

Rutin ― 84.681 

Ellagic acid ― 996.589 

p- coumaric acid 2.162 270.568 

Ferulic acid ― 401.705 

Myricetin ― ― 

Resveratrol ― ― 

Daidzein ― ― 

Luteolin ― 24.957 

Quercetin ― 57.726 

t-cinnamic acid 1.587 41.521 

Apigenin ― 93.093 

Hesperetin 1.964 ― 

Rhamnetin ― ― 

Chrysin 8.548 775.017 

Pinocembrin 5.672 662.761 

CAPE ― ― 

Curcumin ― ― 
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a total polyphenol content of around 1 mg GAE/g. In 

addition, other types of flower honeys have lower values 

and as a result, its antioxidant properties are lower. In 

our study, we determined that the TP value of the flower 

honey sample used was 0.141 ± 0.013 mg GAE/g. 

The TP value of the extracts obtained to determine the 

honey-water mixture to be used in propolis extraction is 

given in Table 3. The TP value of the extract was 

calculated by subtracting the antioxidant value of the 

honey sample. Although there is no clear order in the 

total TP content obtained in the extracts at the ratios of 

1:1 to 1:4, it is seen that the TP value of the extract 

prepared at the ratio of 1:20 is the highest. It can be 

thought that the 1:20 ratio of honey-water mixture has 

the highest ionic and molecular level interactions with 

the phenolic compounds in propolis. In the following 

steps, it was decided to use a 1:20 honey-water mixture. 

To determine the ideal propolis-solvent ratio, the TP 

value of the solvent used in the extractions was also 

calculated. Extraction was performed by adding 

different amounts of propolis to equal solvent volumes 

and the TP values of the obtained extract were calculated 

(Table 4). When we look at the results obtained, it is seen 

that the TP values per unit volume of the extract increase 

with the increasing amount of propolis. However, it is 

also seen that this increase is not directly proportional to 

the increase in the amount of propolis used in extraction. 

As a result, the amount of propolis used in the extraction 

can be increased to obtain higher antioxidant activity, 

but it should not be ignored that the yield to be obtained 

from the gram amount of propolis will decrease. 

The TP values of the samples after processing were 

calculated to look at the agonistic or antagonistic activity 

of ethanolic propolis residue and honey in ethanol and 

HW mixture (Table 5). When the findings were 

examined, it was observed that the extract, in which 

honey and propolis residues were used together        

(1.313 ± 0.013), was higher than the sum of the TP values 

of honey and propolis residue prepared separately in 

ethanol (0.036 ± 0.001 and 1.141 ± 0.006, respectively). 

Nonetheless, in the extracts prepared using HW mixture 

and water, it was noted that the TP value of the extract 

(0.202 ± 0.004), in which the propolis residue was 

prepared in HW mixture, remained lower compared to 

the extract (0.279 ± 0.005) where the propolis residue was 

prepared solely in water. As a result of removing the 

alcohol from the ethanolic propolis extract and re-

dissolving it only in HW mixture, a higher TP value 

could not be obtained as desired in terms of TP value. In 

addition, an upward trend was observed in the TP value 

with the mixing of honey and propolis residue in 

ethanolic solvent. Based on this information, new and 

different extraction conditions can be obtained by 

adding different components or ambient conditions 

(such as temperature) while preparing the honey-water 

mixture. 

Table 3.  The ratio of the honey-water mixture for propolis extraction 

Ratio TP (mg GAE/mL extract)  

1:1 0.228 ± 0.031 

1:2 0.138 ± 0.021 

1:3 0.180 ± 0.020 

1:4 0.216 ± 0.009 

1:5 0.154 ± 0.008 

1:10 0.189 ± 0.010 

1:20 0.333 ± 0.033 

1:40 0.326 ± 0.012 

 

 

Table 4.   The ideal propolis-solvent (1:20 HW mixture) ratio for propolis extraction 

g propolis in 10 ml 1:20 HW 

mixture 
TP (mg GAE/mL extract) 

 

0 0.023 ± 0.005 

0,25 0.163 ± 0.006 

0,5 0.237 ± 0.006 

0,75 0.285 ± 0.013 

1 0.368 ± 0.015 

2 0.532 ± 0.008 

3 0.755 ± 0.019 

4 0.897 ± 0.004 

*HW: Honey-Water 
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In the literature, there are different propolis 

extraction methods in which maceration, ultrasound 

assisted, and microwave assisted extraction, Soxhlet, 

supercritical CO2 extraction, high pressure methods and 

different solvents are applied [8]. Although researchers 

generally agree that the best solvent is ethanol-water 

mixtures, they are trying to obtain high efficiency 

propolis extraction with non-alcoholic and green 

solvents. Researchers studying the effectiveness of 

honey brandy and mead on propolis extraction state that 

extracts prepared with these two solvents have a non-

negligible antioxidant and antibacterial effect (26.6 ± 

2.8% and 6.5 ± 1.0%, respectively)[13]. As an alternative 

to ethanolic solvents used in propolis extraction, Natural 

Deep Eutectic Solvents (NADES) has started to come to 

the fore. In a study conducted to provide equivalent 

antioxidant content and efficacy, it was stated that the 

extracts obtained with NADES solvents made from 

choline chloride-propylene glycol or lactic acid at 50 °C 

could be equivalent to that with 70% EtOH. Again, in 

this study, they stated that NADES, aqueous L-Lysine 

and honey solutions can replace ethanol or water [23]. In 

another study, the antioxidant properties of aqueous 

(AqEP), polyethylene glycol-aqueous (Pg-AqEP) and 

ethanolic (EEP) propolis extracts were compared. As a 

result of the data they obtained, they stated that phenolic 

acids and aldehydes constituted 40-42% of all 

compounds extracted and identified in AqEP and Pg-

AqEP and 16% in EEP. As a result of their cell culture 

study, they reported that they showed similar 

antioxidant activity, but Pg-AqEP and EEP had better 

mitochondrial superoxide effect [24]. Researchers, on the 

other hand, reported that aqueous extracts of propolis 

have stimulatory activity on cell proliferation in vitro  

[25]. Considering all these studies it is seen that green 

solvent studies to replace ethanolic propolis extracts 

have gained importance in recent years. However, in the 

extractions made with only water, the lack of efficiency 

at the level of the ethanolic extract leads to 

experimenting and using aqueous solvent mixtures. It 

has been reported that the use of honey, which is also a 

bee product and its products, has small or large effects 

on the effectiveness of propolis extracts. 

4. Conclusions 

The consumption of propolis, which is a valuable natural 

product with various biological activities among bee 

products, is increasing day by day. This pushes the 

researchers to optimize the extraction of this product. 

Recently, studies have been carried out especially on 

NADES and water-based extract preparation methods. 

For this reason, the effect of honey-water mixture as a 

water-based solvent on the antioxidant efficiency of 

propolis extract was investigated in our study. When we 

look at the first step results of our study, a significant 

increase in antioxidant activity was observed with 

propolis extraction using 1:20 HW mixture. Higher 

antioxidant activity can be obtained by improving the 

extraction conditions. However, the amount of propolis 

to be extracted in the determined HW mixture is also 

important. While the high amount of propolis increases 

the antioxidant activity to a certain extent, there is a 

decrease in the extraction efficiency after a certain point. 

Finally, after evaporation of the ethanolic propolis, after 

the residue was dissolved in HW and EtOH, it was seen 

that there was no significant difference in antioxidant 

activity between these two cases. The extract prepared 

with HW mixture did not provide high antioxidant as 

expected. Of course, more work is needed to find the best 

way to extract bioactive compounds from different types 

of propolis on a green solvent basis. 
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Abstract 

Propolis is a resinous natural mixture taken by scraping beehives. It is used as a food supplement due to its high biological active properties. After 

extracting crude propolis with various solvents, it is used as propolis extracts. The best propolis extraction is obtained with 70% ethanol, while 

green solvents are preferred because of some side effects of alcohol. Recently, green solvents have attracted interest in the extraction of propolis. 

In this study, the solubility of raw propolis in honey was investigated. The results were evaluated as total phenolic content and total antioxidant 

activity. In the study carried out with honey:water mixtures in different ratios, it was determined that the most ideal ratio was 1:20 (0.333 ± 0.033 

mg GAE/mL). As a result, the production of such solvents from beehive products further encourages diversification of bee products and the 

discovery of new applications using environmentally friendly solutions. 

Keywords: Solvent, honey-water, propolis, extract 

1. Introduction

Honey is a sweet, viscous food substance produced by 

bees. Bees produce honey by collecting nectar from 

flowers and processing it in their digestive system, 

regurgitating and storing it in honeycombs. The process 

of creating honey involves enzymatic activity, 

evaporation, and the addition of enzymes from the bees. 

Honey has been used as a food, medicine, and sweetener 

for thousands of years. It has a long history of use in 

traditional medicine for its antibacterial and wound-

healing properties. Honey is also rich in antioxidants 

and has been associated with a range of health benefits, 

including reducing inflammation and improving heart 

health [1,2]. Honey can vary in color and flavor 

depending on the type of flower nectar collected by the 

bees. Some common types of honey include clover, 

orange blossom, and manuka honey. Manuka honey, 

which is produced in New Zealand and Australia, has 

gained popularity for its high antibacterial properties 

and is used in wound care and other medical 

applications. While honey is generally considered safe 

for consumption, it should not be given to infants under 

one year of age due to the risk of botulism. Honey may 

also cause allergic reactions in some people [3,4].  

Propolis is a natural resinous substance collected by 

honeybees from various plants and trees. Bees use 

propolis to seal small gaps and cracks in their hives, as 

well as to protect against infections and other threats. 

Propolis is a complex mixture of plant resins, beeswax, 

essential oils, and various organic compounds [5]. 

Propolis has been used in traditional medicine for 

centuries, particularly for its antimicrobial and anti-

inflammatory properties. Research has also shown that 

propolis has antioxidant, immunomodulatory, and 

anticancer effects [6]. There are several types of propolis, 

which can vary in color and chemical composition 

depending on the location and plant sources used by the 

bees. Some of the most common types include Brazilian 

propolis, European propolis, and Chinese propolis. 

Propolis can be taken as a supplement or used topically 

as a natural remedy for various health conditions. Some 

of the most common uses of propolis include treating 

sore throat, colds and flu, dental infections, and skin 

problems. While propolis is generally considered safe, it 

may cause allergic reactions in some people. It may also 

interact with certain medications, so it is important to 

talk to a healthcare provider before using propolis 

supplements [7]. 

The escalating utilization of non-renewable 

substances has prompted researchers to seek alternatives 

that are renewable and pose lesser risks. Green 
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chemistry plays a crucial role in this context. Extensive 

research has been conducted to explore less toxic or bio-

based solvents known as green solvents. Water, solvents 

derived from biological sources, ionic liquids (ILs), deep 

eutectic solvents (DESs), green synthetic organic 

solvents, and supercritical liquids (SCF) stand out as 

prominent classifications within the realm of green 

solvents. 

Propolis is a complex mixture of plant resins, waxes, 

essential oils, and other biologically active compounds. 

The choice of solvent used in propolis extraction can 

have a significant impact on the chemical composition 

and bioactivity of the resulting extract. Here are some of 

the solvents that have been used for propolis extraction 

along with their advantages and disadvantages: 

Ethanol: Ethanol is a commonly used solvent              

for propolis extraction. It is relatively inexpensive           

and readily available and has been shown to extract a 

wide range of bioactive compounds from propolis. 

However, high concentrations of ethanol can cause 

degradation of some of the more sensitive components 

of propolis [8-10]. 

Methanol: Methanol is another solvent that has been 

used for propolis extraction. It has similar advantages 

and disadvantages to ethanol but is generally                   

less effective at extracting certain bioactive compounds 

[11, 14]. 

Water: Water is a safe and environmentally friendly 

solvent for propolis extraction. However, it is generally 

not as effective as organic solvents at extracting 

lipophilic compounds and may require the use of 

additional solvents or extraction techniques to obtain a 

high-quality propolis extract [12]. Freitas et al. compared 

the efficiency of honey brandy and mead in propolis 

extraction with ethanol and water in a study they 

conducted in 2022 with the hypothesis of 

environmentally friendly solvent [13]. When we look at 

the studies on environmentally friendly solvents or 

green solvents, it is seen that there is an open field for 

research. It has been observed that there are almost no 

studies on the effectiveness of the use of honey-water 

mixture as a solvent in propolis extraction under 

different extraction conditions.  

In this context, it is aimed to determine the ratio of 

honey-water mixture as green solvent for propolis 

extraction and the best propolis-solvent ratio with this 

honey-water mixture. In addition, the antioxidant 

efficiencies of propolis evaporated after alcoholic 

extraction in honey, water and honey-water mixture 

were investigated.  

2. Material and methods 

2.1. Sample extraction 

In the study, Anatolian propolis obtained from various 

beekeepers and flower honey obtained from the Black 

Sea region were used. Until the time of analysis, propolis 

was stored at -20 °C and honey was stored under dark 

and room conditions. Honey and propolis samples used 

were extracted in methanol and 70% ethanol at a ratio of 

1:10 (24 hours, 200 rpm, room temperature), respectively 

[10]. Antioxidant properties and phenolic components of 

propolis and honey samples used in the study were 

determined. Propolis:honey-water extraction efficiency 

studies were performed on these two samples. This 

study was planned in three stages.  

-The ratio of the honey-water mixture to be used was 

determined (at a fixed amount of propolis). 

-The ideal propolis-solvent ratio was determined in 

the solvent at the determined honey-water ratio. 

-The effectiveness of the ethanolic propolis residue in 

the honey-water mixture was investigated. 

Firstly, honey-water solutions were prepared at 1:1, 

1:2, 1:3, 1:4, 1:5, 1:10, 1:20 and 1:40 (propolis-solvent) 

ratios to determine the ratio of honey-water mixture to 

be used in propolis extraction (200 rpm, 24 h, rt). 

Secondly, different amounts of propolis (0.25, 0.5, 0.75, 1, 

2, 3 and 4 g in 10 ml solvent) were extracted in the 

determined honey-water ratio solution. Finally, after the 

propolis extract extracted with 70% ethanol was 

evaporated, the residue was dissolved in 2 ml of 70% 

ethanol. The following experiments were carried out 

with this residue (Table 1). In the experiments, 1 g of 

honey, 500 microliters of propolis residue and 10 mL of 

solvent (70% EtOH, HW and water) were used. The total 

phenolic (TP) values of the extracts were analyzed, and 

the results are given as mg GAE/mL extract. Since the 

main theme of our study was honey-water mixture, 

firstly, the extraction efficiency of crude propolis was 

examined. Then, the efficiency of ethanolic propolis 

residue in the honey-water mixture was tried to be 

determined. 

2.2. Antioxidant capacity 

The method described by Slinkard and Singleton (1977) 

was used to determine the total phenolic content [15]. 

Initially, 20 μL of the sample was mixed with 680 μL of 

distilled water. Subsequently, 400 μL of 1:10 diluted 

Folin-Ciocalteu reagent added to the mixture and 

Table 1. The effectiveness of the ethanolic propolis residue in the 

honey-water mixture 

BP1 Honey + 70% EtOH 

BP2 Residue +  70% EtOH 

BP3 Honey + Residue +  70% EtOH 

BP4 Honey-Water Solution 

BP5 Residue + Water 

BP6 Residue + Honey-Water Solution 
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incubated for 4 min. Then, 400 μL of 10% Na2CO3 

solution was added, and the resulting mixture was 

allowed to incubate at room temperature for 120 min. 

Spectrophotometric measurement was performed at 760 

nm, and the total amount of phenolic substance present 

in the sample was determined. The results were 

expressed as mg gallic acid equivalent (mg GAE/g) using 

gallic acid as a standard. 

To determine the total flavonoid substances, the 

method outlined by Fukumoto and Mazza (2000) with 

slight modifications was utilized [16]. First, 2150 μL of 

methanol was added to 250 μL of the sample, followed 

by the addition of 50 μL of 10% Al(NO3)3 and 50 μL of 1 

M NH4CH3COO solution. After incubation for 40 min, 

the absorbance of the resulting colored product formed 

because of the redox reaction between flavonoids and 

aluminum (III) was measured at a wavelength of 415 nm. 

The amount of flavonoid substance present was 

calculated using quercetin as a standard, and the results 

were expressed as mg quercetin equivalent (mg QUE/g). 

2.3. Antioxidant activity 

The antioxidant activity was determined using the 

widely used 2,2-diphenyl-1-picryl hydrazyl (DPPH) test. 

The DPPH• radical, which has a maximum absorbance 

at 517 nm, was used as a synthetic radical for this test. 

The method proposed by Molyneux (2004) was used to 

assess the scavenging of DPPH radicals with 

antioxidants present in the sample [17]. A 100 μM 

methanolic DPPH• solution was employed. In this 

assay, sample solutions of equal volume were added to 

the constant DPPH• radical concentration in the 

medium after being serially diluted. Trolox was utilized 

as a standard, and the results were expressed as the SC50 

value (mg/ml). 

The Ferric reducing/antioxidant power (FRAP) assay 

was used to determine antioxidant activity based on the 

reduction of Fe(III)-TPTZ-2,4,6-tris(2-pyridyl)-S-triazine 

complex in the presence of antioxidants [18]. Fresh FRAP 

reagent was prepared by mixing pH:3.6 acetate buffer, 

TPTZ , and  FeCl3 solution in a ratio of 10:1:1. A volume 

of 50 μL of the sample was added to 1500 μL of FRAP 

reagent, and the absorbance was read at 593 nm after 4 

min. A standard curve was constructed using different 

concentrations of FeSO4.7H2O, and the results were 

reported as μmol FeSO4.7H2O/g [10]. 

2.4. Phenolic component 

The HPLC-PDA analysis of the samples for phenolic 

content specified by Kara et al. involved preparation and 

subsequent injection into the device [19]. The analysis 

was performed using a Shimadzu Corporation LC 20AT 

HPLC system with a mobile phase consisting of a 

gradient of 70-30% acetonitrile-ultrapure water and 2% 

acetic acid-ultrapure water. The sample injection volume 

was 20 μL, the mobile flow rate was 1.0 mL/min, and the 

column oven temperature was maintained at 30 °C. 

Analysis of the phenolic content was done using 25 

standard substances. The results were expressed in μg of 

standard phenolic substance per gram of sample. 

3. Results and discussion 

Antioxidant and phenolic analysis results of propolis 

and honey samples used in the experiment are given in 

Table 2. According to research, the total phenolic content 

in propolis varies depending on the source and solvent 

used. One study by Cottica et al. (2011) found the range 

to be between 31-299 mg of GAE/g of ethanolic extract 

[21]. Another study by Stoia et al. (2015) analyzed 10 

propolis samples and reported an average of 9.71  ±  0.80 

mg GAE/g for extracts [20]. In our study, the TP value of 

the propolis used was 28.847 ± 0.221 mg GAE/g, 

highlighting the variability in obtaining a propolis 

extract rich in polyphenolic components. Research has 

demonstrated a correlation between the antioxidant 

capacity of honey and its polyphenol content [22]. 

Chestnut honey, heather honey, and oak honey possess 
 

Table 2.  Antioxidant and phenolic component analysis results of 

honey and propolis 

Analysis Sample 

 Honey Propolis 

TP (mg GAE/ g sample) 0.141 ± 0.013 28.847 ± 0.221 

TF (mg QE/ g sample) 0.035 ± 0.002 1.119 ± 0.072 

FRAP (µmol Fe2SO4.7H2O/g sample) 3.320 ± 0.041 317.347 ± 2.573 

DPPH SC50 (mg/ml) 20.400 ± 0.085 0.135 ± 0.003 

µ
g

 p
h

en
o

li
c 

/g
 s

am
p

le
 

Gallic acid ― 47.596 

Protocatechuic acid ― ― 

Chlorogenic acid ― ― 

p-OH benzoic acid 1.726 ― 

Epicatechin ― ― 

Caffeic acid ― 231.544 

Syringic acid ― ― 

m-OH benzoic acid ― ― 

Rutin ― 84.681 

Ellagic acid ― 996.589 

p- coumaric acid 2.162 270.568 

Ferulic acid ― 401.705 

Myricetin ― ― 

Resveratrol ― ― 

Daidzein ― ― 

Luteolin ― 24.957 

Quercetin ― 57.726 

t-cinnamic acid 1.587 41.521 

Apigenin ― 93.093 

Hesperetin 1.964 ― 

Rhamnetin ― ― 

Chrysin 8.548 775.017 

Pinocembrin 5.672 662.761 

CAPE ― ― 

Curcumin ― ― 
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a total polyphenol content of around 1 mg GAE/g. In 

addition, other types of flower honeys have lower values 

and as a result, its antioxidant properties are lower. In 

our study, we determined that the TP value of the flower 

honey sample used was 0.141 ± 0.013 mg GAE/g. 

The TP value of the extracts obtained to determine the 

honey-water mixture to be used in propolis extraction is 

given in Table 3. The TP value of the extract was 

calculated by subtracting the antioxidant value of the 

honey sample. Although there is no clear order in the 

total TP content obtained in the extracts at the ratios of 

1:1 to 1:4, it is seen that the TP value of the extract 

prepared at the ratio of 1:20 is the highest. It can be 

thought that the 1:20 ratio of honey-water mixture has 

the highest ionic and molecular level interactions with 

the phenolic compounds in propolis. In the following 

steps, it was decided to use a 1:20 honey-water mixture. 

To determine the ideal propolis-solvent ratio, the TP 

value of the solvent used in the extractions was also 

calculated. Extraction was performed by adding 

different amounts of propolis to equal solvent volumes 

and the TP values of the obtained extract were calculated 

(Table 4). When we look at the results obtained, it is seen 

that the TP values per unit volume of the extract increase 

with the increasing amount of propolis. However, it is 

also seen that this increase is not directly proportional to 

the increase in the amount of propolis used in extraction. 

As a result, the amount of propolis used in the extraction 

can be increased to obtain higher antioxidant activity, 

but it should not be ignored that the yield to be obtained 

from the gram amount of propolis will decrease. 

The TP values of the samples after processing were 

calculated to look at the agonistic or antagonistic activity 

of ethanolic propolis residue and honey in ethanol and 

HW mixture (Table 5). When the findings were 

examined, it was observed that the extract, in which 

honey and propolis residues were used together        

(1.313 ± 0.013), was higher than the sum of the TP values 

of honey and propolis residue prepared separately in 

ethanol (0.036 ± 0.001 and 1.141 ± 0.006, respectively). 

Nonetheless, in the extracts prepared using HW mixture 

and water, it was noted that the TP value of the extract 

(0.202 ± 0.004), in which the propolis residue was 

prepared in HW mixture, remained lower compared to 

the extract (0.279 ± 0.005) where the propolis residue was 

prepared solely in water. As a result of removing the 

alcohol from the ethanolic propolis extract and re-

dissolving it only in HW mixture, a higher TP value 

could not be obtained as desired in terms of TP value. In 

addition, an upward trend was observed in the TP value 

with the mixing of honey and propolis residue in 

ethanolic solvent. Based on this information, new and 

different extraction conditions can be obtained by 

adding different components or ambient conditions 

(such as temperature) while preparing the honey-water 

mixture. 

Table 3.  The ratio of the honey-water mixture for propolis extraction 

Ratio TP (mg GAE/mL extract)  

1:1 0.228 ± 0.031 

1:2 0.138 ± 0.021 

1:3 0.180 ± 0.020 

1:4 0.216 ± 0.009 

1:5 0.154 ± 0.008 

1:10 0.189 ± 0.010 

1:20 0.333 ± 0.033 

1:40 0.326 ± 0.012 

 

 

Table 4.   The ideal propolis-solvent (1:20 HW mixture) ratio for propolis extraction 

g propolis in 10 ml 1:20 HW 

mixture 
TP (mg GAE/mL extract) 

 

0 0.023 ± 0.005 

0,25 0.163 ± 0.006 

0,5 0.237 ± 0.006 

0,75 0.285 ± 0.013 

1 0.368 ± 0.015 

2 0.532 ± 0.008 

3 0.755 ± 0.019 

4 0.897 ± 0.004 

*HW: Honey-Water 
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In the literature, there are different propolis 

extraction methods in which maceration, ultrasound 

assisted, and microwave assisted extraction, Soxhlet, 

supercritical CO2 extraction, high pressure methods and 

different solvents are applied [8]. Although researchers 

generally agree that the best solvent is ethanol-water 

mixtures, they are trying to obtain high efficiency 

propolis extraction with non-alcoholic and green 

solvents. Researchers studying the effectiveness of 

honey brandy and mead on propolis extraction state that 

extracts prepared with these two solvents have a non-

negligible antioxidant and antibacterial effect (26.6 ± 

2.8% and 6.5 ± 1.0%, respectively)[13]. As an alternative 

to ethanolic solvents used in propolis extraction, Natural 

Deep Eutectic Solvents (NADES) has started to come to 

the fore. In a study conducted to provide equivalent 

antioxidant content and efficacy, it was stated that the 

extracts obtained with NADES solvents made from 

choline chloride-propylene glycol or lactic acid at 50 °C 

could be equivalent to that with 70% EtOH. Again, in 

this study, they stated that NADES, aqueous L-Lysine 

and honey solutions can replace ethanol or water [23]. In 

another study, the antioxidant properties of aqueous 

(AqEP), polyethylene glycol-aqueous (Pg-AqEP) and 

ethanolic (EEP) propolis extracts were compared. As a 

result of the data they obtained, they stated that phenolic 

acids and aldehydes constituted 40-42% of all 

compounds extracted and identified in AqEP and Pg-

AqEP and 16% in EEP. As a result of their cell culture 

study, they reported that they showed similar 

antioxidant activity, but Pg-AqEP and EEP had better 

mitochondrial superoxide effect [24]. Researchers, on the 

other hand, reported that aqueous extracts of propolis 

have stimulatory activity on cell proliferation in vitro  

[25]. Considering all these studies it is seen that green 

solvent studies to replace ethanolic propolis extracts 

have gained importance in recent years. However, in the 

extractions made with only water, the lack of efficiency 

at the level of the ethanolic extract leads to 

experimenting and using aqueous solvent mixtures. It 

has been reported that the use of honey, which is also a 

bee product and its products, has small or large effects 

on the effectiveness of propolis extracts. 

4. Conclusions 

The consumption of propolis, which is a valuable natural 

product with various biological activities among bee 

products, is increasing day by day. This pushes the 

researchers to optimize the extraction of this product. 

Recently, studies have been carried out especially on 

NADES and water-based extract preparation methods. 

For this reason, the effect of honey-water mixture as a 

water-based solvent on the antioxidant efficiency of 

propolis extract was investigated in our study. When we 

look at the first step results of our study, a significant 

increase in antioxidant activity was observed with 

propolis extraction using 1:20 HW mixture. Higher 

antioxidant activity can be obtained by improving the 

extraction conditions. However, the amount of propolis 

to be extracted in the determined HW mixture is also 

important. While the high amount of propolis increases 

the antioxidant activity to a certain extent, there is a 

decrease in the extraction efficiency after a certain point. 

Finally, after evaporation of the ethanolic propolis, after 

the residue was dissolved in HW and EtOH, it was seen 

that there was no significant difference in antioxidant 

activity between these two cases. The extract prepared 

with HW mixture did not provide high antioxidant as 

expected. Of course, more work is needed to find the best 

way to extract bioactive compounds from different types 

of propolis on a green solvent basis. 
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Abstract 

Accurately determining the composition of essential and toxic elements in commercial infant formulas is critical to ensuring safe nutrition for 

infants. In this study, the concentrations of essential and toxic elements (Pb, Ni, Cd, Al, Cr, Cu, Fe, Mn, Zn, Co) in infant formulas were determined 

using high-resolution continuum-source flame atomic absorption spectrometry (HR-CS FAAS) and have been evaluated for health risk. The 

measured values for concentrations from lowest to highest were (in mg/kg): 36.38–77.45 (Zn), 6.28–12.88 (Al), 2.37–4.91 (Cu), 22.01–51.64 (Fe), and 

0.55–2.06 (Mn). The highest concentrations of Ni and Cd were 0.18 and 0.09 mg/kg, respectively, while the lowest concentrations for these metals 

were below the detection limit. The Cr, Co and Pb levels were below the detection limits in all samples. According to the risk assessment conducted 

for infants aged 0–24 months, which involved calculating the estimated daily intake (EDI), the estimated weekly intake (EWI), the target hazard 

quotient (THQ), and the hazard index (HI), it was found that the THQ values range from 0.00 to 0.06 for Ni, from 0.00 to 0.69 for Cd, and from 

0.17 to 0.22 for Al. However, since the HI for all age groups is less than 1, it can be concluded that there is no health concern for the elements Ni, 

Cr, Cd, Pb, Al, and Co. 

Keywords: Infant food, element, FAAS, health risks 

1. Introduction

Nowadays, the intense involvement of women in 

business life is increasing the demand for commercial 

infant formulas. Thanks to the development of food 

technology, this high demand has increased production 

and consumption, as well as an increase in the quality 

and variety of infant formulas [1]. According to the 2018 

data from the Turkey Demographic and Health Survey, 

infant formula consumption is 59% for infants aged 0–1 

months and 45% for infants aged 2–3 months, but this 

rate decreases rapidly with age, falling to 14% for infants 

aged 4–5 months [2]. In addition to environmental 

contaminants, agrochemical residues and natural toxins, 

contaminants introduced during food processing, 

packaging and storage pose safety concerns for infant 

formula [3]. This has also become a matter of growing 

concern within society. 

Providing a growing baby with an appropriate diet is 

critical for healthy growth and development. Low intake 

or reduced bioavailability of nutrients can lead to 

deficiencies and impaired body functions [4]. Recent 

clinical research has shown that certain metals and 

metalloids, such as iron, copper, zinc, and selenium, 

which are essential micronutrients, play a crucial role in 

various biochemical functions in all living organisms, 

including infants. These functions include bone 

mineralization, enzymatic reactions, redox reactions, 

hormone secretion, as well as protection of cells and 

lipids in biological membranes [5]. However, excessive 

exposure to these metals can cause toxicity and lead to 

adverse health effects, such as neurotoxicity, 

developmental delays, and impaired immune function 

in infants. Therefore, it is essential to understand the 
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balance between the benefits and risks of these metals in 

infant formulas to ensure optimal infant health [6].  

Improper nutrition during infancy can directly affect 

infant growth, as well as lead to long-term adverse 

health effects on organ development and function. 

Several studies have shown that formula feeding is 

associated with several health risks. These include 

immune system disorders, food allergies, obesity, 

diabetes, and coronary heart disease later in life [7]. 

Parents are becoming more conscious about the healthy 

nutrition of their children and are demanding more 

information about the contents of commercial baby 

foods [8]. In recent years, numerous studies have been 

conducted on the mineral profile of infant formula 

samples [9]. Most of these studies have focused on 

comparing breast milk with cow's milk-based formula 

substitutes [8]. A review of the literature shows that 

studies on infant feeding are available in both 

developing and industrialized countries [4,10–13]. 

Chajduk et al. (2018) analyzed the basic contents of 16 

formulas for infants aged 0 to 8 months in Poland [8]. 

Mohamed et al. (2021) determined the concentrations of 

seventeen elements (Al, Br, Ca, Cl, Co, Cu, Fe, I, K, Mg, 

Mn, Na, Rb, Sb, Sc, Se, and Zn) in infant formulas of 34 

different brands collected from pharmacies and local 

markets in Egypt [14]. Kazi et al. (2010) conducted 

studies on a total of eight different infant formula 

products in Pakistan [15], while Basaran (2022) 

determined the levels of toxic metals in 36 infant formula 

samples in Turkey [10]. It has been observed that 

research on trace element analysis of commercially 

available baby foods is limited in our country.  

The most widely published techniques for elemental 

analysis of infant formula are inductively coupled 

plasma optical emission spectrometry (ICP/OES) [16], 

electrothermal atomic absorption spectrometer (ETAAS) 

[17], flame and graphite furnace atomic absorption 

spectrometry (GF-AAS) [18,19], and inductively coupled 

plasma mass spectrometry (ICP-MS) [10,20,21]. 

Furthermore, elemental levels in milk powder 

formulations for infants and cereals have been 

successfully determined by energy dispersive X-ray 

fluorescence (EDXRF), and wavelength dispersive X-ray 

fluorescence (WDXRF) [22,23]. The main advantages of 

plasma techniques are high sensitivity and the ability to 

determine multiple elements. However, these 

techniques can be expensive, and high organic matrix 

content, particularly in the case of ICP-MS, can affect 

results through spectral and/or non-spectral 

interferences. [24]. High-resolution continuum source 

flame atomic absorption spectrometry (HR-CS FAAS) 

offers several advantages over other techniques, 

including low cost of analysis, a high resolution 

monochromator, and the ability to determine multiple 

elements using a single light source (xenon arc) [25,26]. 

In addition, HR-CS FAAS allows the analysis of a wide 

range of elements, enabling consistent methodology 

across different application areas. HR-CS FAAS was 

therefore selected as the method of choice for this study.  

The nutritional values, mineral, and vitamin content 

of ready-to-eat infant formulas may not have enough 

data on their labeling. Toxic elements could be present 

due to raw materials used in the preparation of infant 

formulas and foods, contamination, or food processing. 

Finding micronutrients is important to know if infants 

are getting the right nutrients during this critical 

developmental period. This study aims to determine the 

levels of some essential and toxic elements in 

commercial infant formulas and their contribution to the 

dietary intake of infants. Additionally, the risk of toxic 

elements, estimated daily intake (EDI), target hazard 

quotient (THQ), and hazard index (HI) were calculated 

for infants (0 to 24 months), and estimated weekly intake 

(EWI) values were compared with provisional tolerated 

weekly intake (PTWI) values. 

2. Materials and Method 

2.1. Sample Collection 

In this study, a total of 36 samples, 2 product from each 

brand with different production dates (6 different 

brands × 3 different age groups  × 2 different production 

date), were purchased from supermarkets and 

pharmacies in the province of Kırşehir, Turkey, in 2022. 

The samples were analyzed before their expiration date. 

2.2. Chemicals 

During the process of determining the levels of essential 

and toxic elements in infant formulas aged 0–24 months, 

it was ensured that all chemicals used were of analytical 

reagent quality. Concentrated nitric acid (65% HNO3) 

and hydrogen peroxide (30% H2O2) were purchased 

from Merck Co. (Darmstadt, Germany). Additionally, 

ultrapure deionized water (18.3 MΩ cm, Millipore, 

Corporation, MA, USA) was used to prepare the 

standards and sample solutions. 

2.3. Preparation of Samples 

For infant food samples (0.25–0.30 g), 100 mL containers 

made of polytetrafluoroethylene (PTFE) containers with 

screw caps resistant to microwave oven pressure and 

temperature were used. To each sample placed in the 

PTFE containers, 5 mL of 65% HNO3 (w/w) was added, 

followed by 1 mL of 30% H2O2 (w/w) solution. The 

mixture was incubated for 30 min at room temperature. 

The sealed lids of the PTFE containers were closed and 

solubilized in a microwave oven using 3 different 

programs. The digestion program was applied  
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as 250 W for 5 min; 450 W for 5 min and 800 W for 10 

min. After the PTFE containers were cooled to room 

temperature, their lids were carefully opened in a fume 

hood and the volume of the obtained clear mixture 

(undigested samples had the microwave digestion 

process applied again) was made up to 10 mL with 0.1 M 

HNO3 solution. The same procedures were applied to 

the blank solution, which did not contain the food 

sample [27]. Analysis of the samples was carried out by 

making three parallel readings. In the study, the HR-CS 

FAAS device model Analytik Jena ContrAA 300 (GLE, 

Berlin, Germany) was used for the metal detection. The 

detection limits for the elements studied (Catalog 

Analytikjena, 2008) are given in Table 1. Additionally, an 

air-acetylene flame was used for the determination of Pb, 

Ni, Cd, Cr, Cu, Fe, Mn, Zn, and Co and a nitrous oxide-

acetylene flame for Al under optimized conditions as 

specified in Table 1. 

2.4. Human Health Risk Assessment 

The risk of toxic elements for infants (0 to 24 months) was 

assessed by calculating EDI, THQ, and the HI. The EDI 

was calculated according to Equation 1 [28]. 

𝐸𝐷𝐼 =
𝑀𝑐 𝑥 𝐷𝐼

𝐵𝑊
 (1) 

Where EDI is the estimated daily intake (mg/kg/day), 

Mc is the elemental content of infant formula (mg/kg dry 

weight), and DI is the daily infant formula intake (kg); 

120 g/day for (0–6 months) infants, 160 g/day for (6–12 

months) infants, and 200 g/day for (12–24 months) 

infants [11]. Where BW is the reference body weight (kg); 

5.9 kg for (0–6 months) infants, 9.3 kg for (6–12 months) 

infants, and 12.2 kg for (12–24 months) infants [11]. 

The THQ value was used to assess the non-

carcinogenic risk (Equation 2); 

𝑇𝐻𝑄 =  
𝐸𝐷𝐼

𝑅𝑓𝐷 
 (2) 

The reference dose (RfD) values for metals are given 

in Table 2 [29,30]. The value given as Total THQ (T THQ) 

or HI, is calculated as the total THQ values of all 

elements investigated. A TTHQ greater than 1 indicates 

non-carcinogenic health risks to the consumer [31]. 

When consuming food, people are exposed not only to 

one metal but also to multiple metals contained in that 

food. Therefore, the HI was calculated by summing the 

THQ values of each metal in the study (Equation 3). HI 

< 1 indicates no health risk concern, while HI ≥ 1 

indicates a potential health concern. 

∑ 𝑇𝐻𝑄(𝐻𝐼)  = (𝑇𝐻𝑄1  +  𝑇𝐻𝑄2+. . . . . . . . +𝑇𝐻𝑄𝑛) (3) 

Table 2. Reference dose (RfD) values of metals 

Metal RfD (mg/kg/day) 

Pb 0.004 

Ni 0.02 

Cd 0.001 

Al 1.00 

Cr 1.5 

Cu 0.04 

Fe 0.7 

Mn 0.14 

Zn 0.3 

3. Results and Discussion 

As infant formula is often the primary source of nutrition 

for infants and children, it is essential that the quality 

and nutritional content of these foods are appropriate for 

their health due to their low body weight in the face of 

high nutrient needs, infants are particularly vulnerable 

to exposure to nutritional products with the wrong 

ingredients [32]. Metals such as Pd, Cd, Hg and As are 

considered toxic and cause adverse effects even at low 

levels. To demonstrate the adequacy of infant formula 

products, it is important to determine whether the 

macro- and micro-element content of these products is 

within the range of reliable reference values. 

The measured values for concentrations from lowest 

to highest were (in mg/kg): 36.38–77.45 (Zn), 6.28–12.88 

(Al), 2.37–4.91 (Cu), 22.01–51.64 (Fe), and 0.55–2.06 (Mn). 

The highest concentrations of Ni and Cd were 0.18 and 

0.09 mg/kg, respectively, while the lowest 

concentrations for these metals were below the detection 

limit. The concentrations of Cr, Co and Pb were below 

the limit of detection in all samples (Table 3). The 

Table 1.  HR-CS FAAS device variables and limit of detection 

Variables Pb Ni Cd Al Cr Cu Fe Mn Zn Co 

Wavelength, nm 217.00 232.00 228.80 396.15 359.34 324.75 248.32 279.48 213.85 240.72 

N2O-C2H2 flow rate, L/h 0 0 0 215 0 0 0 0 0 0 

C2H2-air flow rate L/h 65 55 50 55 100 55 60 80 60 60 

Burner height, mm 8 7 6 7 7 6 5 8 8 6 

Evaluation Pixels, pm 3 3 3 3 3 3 3 3 3 3 

*LOD (µg/L) 5 1.2 0.4 22 5 1 1 1 1 2 

* 3σ, 11 repetitions 
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accuracy of the method was determined using the 

standard addition method. The recoveries were 

calculated above 90%. EDI and EWI of various metals for 

infants are shown in Table 4. PTWI is the maximum 

amount of heavy metals in the weekly and daily diet that 

does not pose a risk to human health. Therefore, 

according to the FAO/WHO (2004) recommendation, the 

heavy metal data in infant formulas were compared with 

the PTWI. This was performed to determine the safe 

level for weekly consumption of infant formul.  

Zinc (Zn) is an essential part of the activity of more 

than 200 enzymes involved in digestion, metabolism, 

reproduction and wound healing [33]. Zinc deficiency 

leads to deterioration of the immune system and 

cognitive disorders. However, high zinc intake can cause 

toxicity and acute zinc poisoning has been associated 

with non-specific gastrointestinal symptoms such as 

abdominal pain, diarrhea, nausea and vomiting [34]. In 

this study, the mean Zn levels of infant formula samples 

Nos. 1, 2 and 3 were 57.47 ± 2.87, 56.23 ± 2.34 and 62.15 ± 

2.33 mg/kg, respectively. In all infant formula samples, 

the mean Zn level was approximately 58.62 (36.38–77.45) 

mg/kg (Table 3). In the literature studies, Zn levels in 

infant formula and follow-on formula were determined 

to be 1.61–2.02 mg/kg [11], 4.69–11.34 mg/kg [35], 27.88–

71.55 mg/kg [36], 32.53–42.98 mg/kg [37], 6.82–17.19 

mg/kg [38], 36.2–52.3 mg/kg [39], 0.92–37.2 mg /kg [19], 

and 23.6–53.9 mg/kg [32]. The PTWI for Zn was been 

determined by FAO/WHO as 7000 µg/kg body 

weight/week [40]. When the EWI values given in Table 4 

were compared with the PTWI value, it was observed 

that the EWI values were above the limit value in infant 

formulas number 1 and 3. 

Although nickel (Ni) is an essential micronutrient 

source for the organism at low concentrations, it is a toxic 

element at high concentrations. It is known to act as a 

cofactor in the activation of certain enzymes involved in 

the breakdown or usage of glucose. Nickel may aid in 

the production of prolactin and therefore may be 

involved in human breast milk production [41]. It has 

been shown that acute exposure of the human body to 

nickel can cause various health problems such as liver, 

kidney, spleen, brain tissue damage, vesicular eczema 

and lung [42]. In this study, the mean Ni levels in infant 

formula samples Nos. 2, and 3 were 0.068 ± 0.002 and 

0.065 ± 0.003 mg/kg, respectively (Table 3). The highest 

Ni concentration was found in infant formula number 3 

(Brand 4). In literature studies, commercial infant 

formulas in the Egyptian market did not contain 

detectable amounts of Ni [6], while in another study, the 

Ni levels in infant formula and follow-on formula were 

determined to be 0.219–2.23 mg/kg [11]. The PTWI for Ni 

was been determined by the FAO/WHO as 35 µg/kg 

body weight/week [40]. When the EWI values given in 

 

Table 3. Macro and microelement concentrations of infant foods (mg/kg) 

Mark N Zn Ni Cr Cd Pb Al Co Cu Fe Mn 

Number 1 

Brand 1* 2 36.38 ± 1.82 BDL bBDL BDL BDL 7.28  ± 0.36 BDL 2.37 ± 0.17 37.15 ± 1.86 0.88 ± 0.04 

Brand 2* 2 75.85 ± 3.79 BDL BDL BDL BDL 12.88 ± 0.99 BDL 3.00 ± 0.15 43.45 ± 2.17 0.88 ± 0.04 

Brand 3* 2 52.83 ± 2.64 BDL BDL BDL BDL 11.55 ± 0.68 BDL 3.73 ± 0.19 22.01 ± 1.10 1.56 ± 0.08 

Brand 4* 2 59.77 ± 2.99 BDL BDL BDL BDL 11.71 ± 0.69 BDL 3.34 ± 0.17 41.84 ± 2.09 0.55 ± 0.03 

Brand 5* 2 66.08 ± 3.30 BDL BDL BDL BDL 11.83 ± 0.69 BDL 4.61 ± 0.23 44.18 ± 2.21 0.80 ± 0.04 

Brand 6* 2 53.89 ± 2.69 BDL BDL BDL BDL 9.16 ± 0.46 BDL 3.87 ± 0.19 42.62 ± 2.13 0.60 ± 0.03 

Number 2 

Brand 1** 2 42.12 ± 1.45 BDL BDL BDL BDL 6.28  ± 0.53 BDL 4.37 ± 0.18 39.15 ± 1.28 0.95 ± 0.06 

Brand 2** 2 75.36 ± 3.16 BDL BDL 0.030 ± 0.002 BDL 11.25 ± 1.02 BDL 3.25 ± 0.12 40.25 ± 1.29 0.96 ± 0.05 

Brand 3** 2 49.23 ± 2.25 0.12 ± 0.02 BDL 0.040 ± 0.002 BDL 12.23 ± 1.56 BDL 4.53 ± 0.19 36.03 ± 1.02 1.96 ± 0.18 

Brand 4** 2 55.18 ± 2.23 0.17 ± 0.02 BDL BDL BDL 11.31 ± 1.62 BDL 3.63 ± 0.17 51.64 ± 2.06 0.63 ± 0.04 

Brand 5** 2 65.01 ± 2.88 0.12 ± 0.01 BDL BDL BDL 10.20 ± 1.09 BDL 4.83 ± 0.24 48.16 ± 2.02 0.90 ± 0.06 

Brand 6** 2 50.52 ± 2.10 BDL BDL BDL BDL 10.16 ± 0.96 BDL 3.57 ± 0.15 42.62 ± 2.13 0.72 ± 0.04 

Number 3 

Brand 1*** 2 52.20 ± 1.65 BDL BDL 0.03 ± 0.01 BDL 6.58  ± 0.90 BDL 4.37 ± 0.20 40.55 ± 2.01 0.89 ± 0.03 

Brand 2*** 2 77.45 ± 2.63 BDL BDL 0.03 ± 0.01 BDL 12.72 ± 1.08 BDL 3.15 ± 0.15 43.35 ± 2.10 0.96 ± 0.05 

Brand 3*** 2 62.83 ± 2.25 0.11 ± 0.02 BDL 0.070 ± 0.003 BDL 11.55 ± 1.23 BDL 2.93 ± 0.14 23.56 ± 1.63 2.06 ± 0.08 

Brand 4*** 2 58.70 ± 2.62 0.18 ± 0.02 BDL 0.090 ± 0.001 BDL 10.22 ± 1.02 BDL 3.56 ± 0.16 43.84 ± 1.62 0.61 ± 0.03 

Brand 5*** 2 65.35 ± 2.54 0.10 ± 0.02 BDL BDL BDL 10.60 ± 1.50 BDL 4.91 ± 0.21 45.08 ± 2.26 0.87 ± 0.04 

Brand 6*** 2 56.38 ± 2.28 BDL BDL BDL BDL 9.23 ± 1.00 BDL 4.07 ± 0.18 43.15 ± 1.56 0.73 ± 0.03 

x  ± SD (Mean  ± Standard deviation), (N=3) 
*: 0–6 months, **: 6–12 months, ***: 12–24 months 
bBDL: Below the Limit of Detection 
N: Number of samples (in powder form) 



Ozturk et al.  Turk J Anal Chem, 5(1), 2023, 17–24  

21 

 

Table 4 were compared with the PTWI value, it was 

observed that it was lower than the limit value. 

Chromium (Cr) mainly appears in two forms: 

trivalent Cr (Cr3+) and hexavalent Cr (Cr6+). Cr6+ is 

reported to be toxic, mutagenic, carcinogenic and death 

of apoptotic cells, oxidative stress, changed gene 

expression and can induce DNA damage. On the other 

hand, Cr3+ is included among essential trace elements for 

the maintenance of effective glucose, lipid, and protein 

metabolism in living things [43]. In this study, Cr 

concentrations in all analyzed samples were below the 

detectable values of the device. In literature studies, Cr 

levels in infant formula and follow-on formula were 

determined to be <0.007–0.053 mg/kg [32], 2.51–83.80 

µg/kg) [27], 100–1450 µg/kg [18], and <LOD–6.29 × 10–2 

mg/kg [11]. The PTWI for chromium was determined as 

23.3 µg/kg body weight/week by FAO/WHO [40]. 

High levels of exposure to toxic pollutants such as Cd 

found in foods can accumulate in the kidney and liver 

due to its long biological half-life, leading to kidney 

toxicity, cancer, kidney stone formation, neurological 

effects, and serious damage to calcium metabolism [6]. 

The highest Cd concentration was found in infant 

formula number 3 (0.090 ± 0.001). Some values found 

were above the Cd limits (0.005–0.02 mg/kg) set by the 

European Commission for infant formula and follow-on 

formula [44]. The FAO/WHO and the Joint Expert 

Committee on Food Additives (JECFA) have determined 

the PTWI for cadmium as 7 µg/kg body weight/week 

[40]. When the EWI values given in Table 4 were 

compared with the PTWI values, it was determined that 

the Cd values of all infant formulas analyzed were low. 

In the literature studies, Cd levels in infant and follow-

on formulas were determined to be 0.13–3.58 µg/kg [27], 

<0.000–0.015 mg/kg [45], 0.038–0.476 mg/kg [28], 0.01 

mg/kg [46], 0.012 mg/kg [47], and 0.005–0.017 mg/kg [6], 

and < LOD–1.64 × 10–2 mg/kg [11]. 

Lead (Pb) is a potent neurotoxin in its alkyl form, and 

ingestion with milk increases its absorption. Lead 

exposure in infants affects the nervous system and 

normal development of the brain, causing learning 

difficulties and anemia [48]. In this study, Pb 

concentrations in all analyzed samples were below the 

detectable values of the device. The allowable limit for 

lead in infant formula has been determined by the Codex 

Alimentarius Commission (CAC) as 10 µg/kg [49] and 

by the European Union as 50 µg/kg [50]. In studies 

conducted in infant and follow-on formulas in different 

countries in the literature, the Pb range was determined 

to be (0.36–5.57 µg/kg) in China) [27], <LOD–0.01 mg/kg 

in Iran [11], (31.0–1040 µg/kg) in Lebanon [28], (25.7–45.5 

µg/kg) in Spain [51],[36] (16.0–103 µg/kg) in Ethiopia, 

[35] ( 0.14–2.46 µg/kg), and [52] (0.55–24.9 µg/kg) in 

Turkey. The PTWI for lead was been determined by the 

FAO/WHO as 25 µg/kg body weight/week [40]. 

The presence of Al, a toxic element, in infant formula 

is a matter of great public health importance and should 

be treated with caution. There are epidemiological data 

that aluminum causes Alzheimer's disease. These data 

also raise doubts that exposure to aluminum may have 

neurological, skeletal, hematopoietic, immunological, 

and other adverse health effects [53]. The US Food and 

Drug Administration (FDA) has reported that this metal 

can accumulate in the central nervous system in the case 

of higher than 4–5 µg/ kg/day of aluminum in premature 

infants with impaired kidney function [54]. In this study, 

the mean Al levels in infant formula samples Nos. 1, 2 

and 3 were 10.74 ± 0.65, 10.23 ± 1.13 and 10.15 ± 1.12 

mg/kg, respectively, and the mean Al level in all infant 

formula samples was approximately 10.37 (6.28–12.88) 

mg/kg (Table 3). The highest Al concentration was found 

in infant formula number 1 (Brand 2). In literature 

studies, Al levels in infant formula and follow-on 

formula were determined to be 189–653 µg/kg [55], 1.3–

17.1 mg/kg [56], and 718–6987 µg/ kg [10]. As a joint 

decision, FAO/WHO/JECFA determined the PTWI value 

for Al as 2 mg/kg bw [57]. On the other hand, the 

European Food Safety Authority (EFSA) has set a TWI 

(Tolerable Weekly Intake) of 1 mg/kg bw for Al in all 

food sources [58]. The Committee observed that the 

PTWI may be exceeded in some demographics, 

particularly in children who regularly consume foods 

containing Al-based additives or ingredients [59]. When 

the EWI values given in Table 4 were compared with the 

PTWI value, it was observed that all infant formulas 

were below the limit value. 

Cobalt (Co) is an essential metal found in the active 

site of vitamin B-12 and is central to the biochemical 

reactions of life. Overexposure has caused various 

adverse health effects in animals and humans, such as 

vasodilation, flushing, and cardiomyopathy [60]. In this 

study, Co concentrations in all analyzed samples were 

below the detectable values of the device. In the 

literature studies, Co levels in infant formula and follow-

on formula were determined to be 0.018–0.036 mg/kg 

[32], and 9.00 × 10–4–4.90 × 10–3 mg/kg [11]. 

Copper (Cu) deficiency can decrease leukocytes, 

anemia, and osteoporosis in infants and children. In 

addition, excessive copper intake can cause acute 

poisoning, transient gastrointestinal disturbances with 

symptoms such as vomiting, nausea, and abdominal 

pain, and even liver toxicity resulting in death [61]. The 

mean Cu      levels in infant formula samples Nos.1, 2 and 

3 were   3.49 ± 0.18, 4.03 ± 0.17 and 3.83 ± 0.17 mg/kg, 

respectively, and the mean Cu level in all infant formula 

samples was   approximately  3.78  (2.37 – 4.91)  mg/kg  

(Table 3). 
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The highest copper concentration was determined in the  

number 3 (Brand 5) infant formula. In the literature 

studies, Cu levels in infant and follow-on formulas were 

determined to be 0.11–2.37 mg/kg [35], 0.41–6.35mg/kg 

[32], and 1.24 × 10–3– 1.87 × 10– 2 mg/kg [11]. For copper, 

PTWI was been determined as 3500 µg/kg /week by 

FAO/WHO [40]. When the EWI values given in Table 4 

were compared with the PTWI value. It was determined 

that copper, which is considered a critical cofactor in the 

effective use of many elements, especially iron [62], was 

lower than the standard value. 

 Iron is involved in various metabolic processes in 

living organisms, such as electron transfer, substrate 

oxidation-reduction, hormone synthesis, oxygen 

transport and storage, DNA replication-repair and cell 

cycle control, nitrogen fixation, and protection from 

reactive oxygen species [63,64]. The decrease in the 

concentration of this element, which is important in 

terms of metabolism, increases cadmium absorption in 

the body [64]. Therefore, sufficient iron must be taken to 

reduce cadmium absorption. In this study, the mean Fe 

levels in infant formula samples Nos. 1, 2, and 3 were 

38.54 ± 1.93, 42.97 ± 1.63 and 39.92 ± 1.86 mg/kg, 

respectively. The mean Fe level in all infant formula 

samples was approximately 40.476 (22.01–51.64) mg/kg 

(Table 3). The highest iron concentration was found in 

infant formula number 2 (Brand 4). In the literature 

studies, Fe levels in infant formula and follow-on 

formula were determined to be 1.33–7.54 mg/kg [35], 

3.6–77.8 mg/kg [32], and 1.49–3.01 mg/kg [11]. For iron, 

PTWI has been determined as 5600 µg/kg body 

weight/week by FAO/WHO [40]. When the EWI values 

given in Table 4 were compared with the PTWI value, it 

was observed that it was lower than the limit value. 

Manganese (Mn)is a vital element and cofactor of 

many key enzymes and acts as a component of 

metalloenzymes such as manganese superoxide 

dismutase (MnSOD), which is mainly responsible for 

scavenging Reactive Oxygen Species (ROS) in 

mitochondrial oxidative stress. However, excessive 

exposure to manganese causes toxicity in the central 

nervous, heart, respiratory, and reproductive systems 

[61,65]. In this study, the mean manganese levels in 

infant formula samples Nos. 1, 2 and 3 were 0.88 ± 0.26, 

1.02 ± 0.07 and 1.02 ± 0.04 mg/kg, respectively. The mean 

Mn content in all infant formula samples was 

approximately 0.97 (0.55–2.06) mg/kg (Table 3). The 

highest manganese concentration was determined in an 

infant formula suitable for use number 3 (Brand 3). 

When the results were compared with other studies, Mn 

levels in infant and follow-on formulas were determined 

to be 0.01–0.07 mg/kg [35], 0.157–0.796 mg/kg [32], and 

0.0426–0.0803 mg/kg [11]. The PTWI for manganese has 

been determined by the FAO/WHO as 980 µg/kg body 

weight/week [66]. When the EWI values given in Table 4 

were compared with the PTWI value, it was found that 

it was lower than the limit value. 

The THQ and HI (ΣTHQ) values calculated for each 

heavy metal are given in Table 5. The THQ values 

ranged from 0.00 to 0.06 for Ni, from 0.00 to 0.69 for Cd, 

and from 0.17 to 0.22 for Al. HI <1 was found for all age 

groups. Because of the evaluations, it can be said that 

there are no health concerns for the elements of Ni, Cr, 

Cd, Pb, Al, and Co. 

4. Conclusions 

 Foods used for the healthy development of infants must 

have sufficient and appropriate content. Contaminated 

raw materials and/or contaminated equipment during 

the manufacturing process may result in toxic metal 

contamination of infant formula. Limited data on metal 

contamination in infant formula, especially considering 

the toxic effects of metals on this sensitive population, 

prompted the need for our study. The levels of the 

elements Zn, Ni, Cr, Cd, Pb, Al, Co, Cu, Fe, and Mn in 

infant formula sold on the market in our country were 

determined and their THQ values were calculated. 

Because of the evaluations, it was found that the levels 

of carcinogenic elements in the infant formula samples 

Table 4.  Estimates of daily intake (EDI) and weekly intake (EWI) of various metals 

Month 
Element 

Zn Ni Cr Cd Pb Al Co Cu Fe Mn 

EDI  (mg/kg bw/day) 

0–6 montha 1.17 0.00 0.00 0.00 0.00 0.22 0.00 0.07 0.78 0.02 

6–12 monthb 0.97 0.00 0.00 0.00 0.00 0.18 0.00 0.07 0.74 0.02 

12–24 monthc 1.02 0.00 0.00 0.00 0.00 0.17 0.00 0.06 0.65 0.02 

EWI (mg/kg bw/week) 

0–6* month 8.18 0.00 0.00 0.00 0.00 1.53 0.00 0.50 5.49 0.13 

6–12** month 6.77 0.01 0.00 0.00 0.00 1.23 0.00 0.49 5.17 0.12 

12–24*** month 7.13 0.01 0.00 0.00 0.00 1.16 0.00 0.44 4.58 0.12 
aMean bw: 5.9 kg *: Number 1 
bMean bw: 9.3 kg **:Number 2 
cMean bw: 12.2 kg ***:Number 3 
 

 

Table 5. THQ and HI values of heavy metals in infants due to 

consumption of infant formula 

Age groups 
THQ HI 

Ni Cr Cd Pb Al Co 

0–6 months 0.00 0.00 0.00 0.00 0.22 0.00 0.22 

6–12 months 0.06 0.00 0.69 0.00 0.18 0.00 0.92 

12–24 months 0.05 0.00 0.66 0.00 0.17 0.00 0.88 
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studied were relatively low and the THQ and HI values 

were < 1. These results are consistent with similar studies 

reported in the literature and further support the safety 

of these products. It is important to emphasize that 

although the levels of heavy metals in the infant 

formulas studied were found to be safe, minimizing 

heavy metal exposure should remain a priority. Overall, 

this study contributes to the existing literature by 

providing significant data on the levels of various 

elements in infant formulas in our country and 

confirming their safety. The findings support the 

importance of ongoing monitoring and quality control 

efforts to ensure the healthy development of infants and 

to minimize potential risks associated with heavy metal 

exposure. 
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Abstract 

In the first part of this study, the synthesis and characterization of organosoluble 5-chloroquinolin-8-yloxy substituted iron(II) (2) and oxo-titanium 

(IV) phthalocyanines (3) are reported for the first time. These compounds have been characterized by elemental analysis, Fourier transform 

infrared, electronic spectroscopy, and mass spectra. Electrochemical behaviors of metal-free and cobalt phthalocyanines and further new types of 

iron and oxo-titanium phthalocyanines were investigated using electroanalytical methods, such as cyclic (CV) and square wave voltammetry 

(SWV). According to the electrochemical results, phthalocyanines by and large showed one-electron metal- and/or ligand-based reversible or 

quasi-reversible reduction and oxidation processes. 

All in all, this study's results inevitably create a useful way to use them in possible future studies, which will particularly attempt to use the 

compound investigated in potential areas of use. 

Keywords: Iron, titanium, electrochemistry, redox-active, chloroquinoline 

1. Introduction

Phthalocyanines (Pcs) are planar heteroatomic 

molecular systems constituted by four isoindole units 

linked with nitrogen atoms. Of several well-known 

properties; the most significant ones are thermal 

stability, chemical resistance, optical properties, and 

liquid or crystal properties. More than seventy different 

elements have so far been used in phthalocyanine rings 

as central atoms to date. Phthalocyanines have been of 

great interest to researchers and hence the subject of 

extensive research in the past few decades. Some of the 

critical subjects studied so far are lithium batteries, 

optical data storage, solar energy conversion, catalysis, 

etc. [1–10]. In addition to the potential of their use in pure 

material science, phthalocyanines are known to be  

rather fascinating and thought-provoking compounds in 

terms of their electroanalytical properties [11–13].    

Many studies in the literature examine the 

electroanalytical and spectroelectroanalytic properties of 

phthalocyanines [14–16]. 

A neutral formula can summarize the 

electroanalytical behavior of phthalocyanines, which is 

presented as a dianion, Pc-2 that can be reduced or 

oxidized sequentially. The electrochemical activity of the 

metal-free Pcs is attributed to the boundary orbitals of 

the molecular structure, where the oxidation is the 

removal of the electron (s) from the HOMO (a1u). On the 

other hand, the reduction is the addition of electrons (s) 

to LUMO (eg). While two electrons are being removed 

from the HOMO yielding Pc-1 and Pc-2, four electrons are 

added to the doubly degenerate eg orbitals of the LUMO 

yielding Pc-3, Pc-4, Pc-5and Pc-6. Besides, metallated Pcs 

containing electroactive central metals exhibit 

electroactivity, commonly associated with the central 

metals located at the core of the ring [17]. While the 

common examples of electroactive metals include iron, 

cobalt, manganese, and titanium, electrochemically 

inactive metals include nickel, zinc, and magnesium. A 

plurality of species can thus be formed by subsequent 

oxidation or reducing the phthalocyanine ring and/or 

the central metal ion. Each oxidation or reduction 

product is of a different spectrum to be used for 

characterization. In addition to the nature and oxidation 

state of the central metal and the substituents' nature in 
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the Pc ring, the nature of any axial ligand and solvents 

play a crucial role in the characterization [17]. 

In some of our previous papers, we reported the 

synthesis and electroanalytical characterization of a 

large number of tetra-substituted metal-free and 

metallophthalocyanines [18–20]. In literature, it can be 

seen that the aromatic methyl-substituted quinoline ring 

increases the conjugation effect thereby improving 

GCE's performance (Glassy carbon electrode) to detect 

nitrites [21]. In this regard, the synthesis and 

characterization of the 5-chloroquinolin-8-yloxy group 

substituted novel phthalocyanines (FePc (2), oxo-TiPc (3) 

were performed in this study. In addition to synthesis, 

electrochemistry of 5-chloroquinolin-8-yloxy group 

substituted novel phthalocyanines (FePc (2), oxo-TiPc 

(3)) and H2Pc (4), CoPc (5) previously synthesized by our 

working group [22] were determined and characterized 

by electroanalytical methods such as example cyclic 

(CV) and square wave voltammetry (SWV). In the 

examination of the electrochemical properties of 

phthalocyanines, redox-active (Mn, Fe, Co, and Ti) 

centers and redox-inactive (Ni, Cu, and Zn) centers can 

be preferred. The first oxidation and first reduction 

processes occur at the metallic center of the MPc. For 

redox-inactive derivatives, redox processes arise only on 

the Pc ring. The reason why Co, Fe and Ti central metals 

are chosen in this study is that they yield the redox-

active center in metallophthalocyanine complexes. 

2. Experimental 

2.1. Materials and Methods 

All reagents and solvents were dried and purified as 

described in Perrin and Armarego [23]. 5-

chloroquinolin-8-ol (1) was obtained from commercial 

supplier. 4-nitro phthalonitrile [24], 4-(5-chloroquinolin-

8-yloxy)phthalonitrile (1) [22], unmetallated 

phthalocyanine (4) [3]  and 2,9(10), 16(17), 23(24)-

tetrakis-[(5-chloroquinolin-8-yloxy)phthalocyanato] 

cobalt (II) (5) [3] were prepared according to the reported 

procedures. 

All electrochemical measurements were carried out 

with Gamry Interface 1000 potentiostat/galvanostat 

utilizing a three-electrode configuration at 25C. The 

working electrode was a Pt disc with a surface area of 

0.071 cm2. A Pt wire was served as the counter electrode 

and saturated calomel electrode (SCE) was employed as 

the reference electrode and separated from the bulk of 

the solution by a double bridge. Electrochemical grade 

tetrabuthylammonium perchlorate (TBAP) in extra pure 

dichloromethane (DCM) was employed as the 

supporting electrolyte at a concentration of 0.10 mol   

dm–3. 

2.2. Synthesis 

2.2.1. 2, 9(10), 16(17), 23(24) -Tetrakis-[5-chloroquinolin-8-

yloxy] phthalocyaninato iron (II) (2) 

After 4-(5-chloroquinolin-8-yloxy)phthalonitrile (3)  

(0.20 g, 0.65 mmol) was dissolved in 1 mL dry n-pentanol 

in a sealed tube, anhydrous Fe(CH3COO)2 (57 mg, 0.33 

mmol) and three drops of 1,8-diazabicyclo[5.4.0]undec-

7-ene were added to the reaction medium. The mixture 

was stirred under a nitrogen atmosphere at 160 °C for 18 

hours. Next, the reaction mixture was cooled to room 

temperature, n-hexane (20 mL) was added, and the 

crude product was filtered off. Purification of this new 

compound was carried out by silica gel column 

chromatography using chloroform-methanol (83:17) 

solvent system as an eluent. 

Yield: 127 mg (61 %), M.p.: > 300 °C (decomposition). 

FT-IR νmax/cm−1: 3058 (Ar-H), 1606, 1459, 1383, 1226, 1121, 

1077, 929, 816, 783, 746. MALDI-TOF, m/z: Calc.: 1278,74 

for C68H32N12Cl4O4Fe, Found: 1278,40 [M]+. UV/vis 

(Chloroform, 1x10-5 M): λ, nm (log ε): 363 (5.00), 594 

(4.49), 690 (5.04). Anal. Calc. for C68H32N12Cl4O4Fe: C, 

63.87; H, 2.52; N, 13.14 %, Found: C, 61.93; H, 2.58; N, 

13.09 %. 

2.2.2. 2, 9(10), 16(17), 23(24) –Tetrakis-[5-chloroquinolin-8-

yloxy] phthalocyaninato oxotitanium (IV) (3) 

The synthesis method of compound 2 was used to 

synthesize compound 3 except that titanium (IV) 

butoxide salt was used instead of Fe (CH3COO)2 salt. The 

amounts of the reagents were; 4-(5-chloroquinolin-8-

yloxy)phthalonitrile (1) (0.20 g, 0.65 mmol), anhydrous 

Ti(OBu)4 (0,23 mL, 0.65 mmol). The obtained product 

was purified by washing with different solvents. 

Yield: 87 mg (41 %), M.p.: >300 °C (decomposition). 

FT-IR νmax/cm−1: 3058 (Ar-H), 1715, 1586, 1460, 1296, 1228, 

1036, 931, 822, 784, 747. MALDI-TOF, m/z: Calc.: 1286,77 

for C68H32N12Cl4O5Ti, Found: 1286,20 [M]+. UV/vis 

(Chloroform, 1x10-5 M): λ, nm (log ε): 342 (4.97), 398 

(4.57), 630 (4.63), 664 (4.76), 700 (5.27). Anal. Calc. for 

C60H36N20O4Zn: C, 63.47; H, 2.51; N, 13.06 %, Found: C, 

63.54; H, 2.46; N, 13.10 %. 

3. Results and Discussion 

3.1. Synthesis and characterization 

The phthalonitrile 1, metal-free phthalocyanine 4 and 

Co(II) phthalocyanine compounds 5 were obtained 

according to the procedure expressed in a previously 

published article [22]. The complete method used in all 

synthesized compounds is set out in Scheme 1 in detail.   

The structure of new compounds was illuminated 

using FT-IR, UV-Vis, MALDI-TOF mass spectroscopic 

techniques and elemental analyses.  
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Synthesis of novel iron (II) and titanium (IV) 

phthalocyanine compounds (2 and 3) were achieved by 

the treatment of phthalonitrile 1 in the presence of 

related anhydrous metal salts (Fe(CH3COO)2 and 

Ti(OBu)4). The yields of the reactions carried out in dried 

n-pentanol at 160 °C were determined as 61% and 41%, 

respectively. Iron (II) phthalocyanine was purified using 

column chromatography, while titanium (IV) 

phthalocyanine was washed with different solvents to 

remove impurities.  

In the FT-IR spectra of phthalocyanines 2 and 3, the 

loss of peak belonging to the C≡N vibration observed at 

2233 cm–1 of 4-(5-chloroquinolin-8-yloxy)phthalonitrile 

(3) is a shred of strong evidence that the compounds 2 

and 3 were formed by cyclotetramerization of the 

dinitrile compound. Besides, upon the 

cyclotetramerization, there were no further significant 

changes available in the IR spectra of these compounds. 

Mass spectra of phthalocyanine compounds 2 and 3 

reasonably supported the expected structures when 

observing molecular ion peaks at 1278,40 as [M]+ for 2 

and 1286,20 as [M]+ for 3 (Fig. 1 and Fig. 2), respectively. 

3.2. UV-Vis absorption spectra 

The UV-vis spectroscopy for characterization of the 

phthalocyanine compounds is a mean, which is      

known   to   be   one   of   the   best   available   approaches. 

Scheme 1. Synthesis of novel phthalocyanines (2-3), reaction conditions: i: n-pentanol, 1,8-diazabicyclo[5.4.0]undec-7-ene and related metal salts 

(Fe(ac)2, titanyum (IV) butoxide) at 160 °C. ii: [22] 

Figure 1. Mass spectrum of compound 2 Figure 2. Mass spectrum of compound 3 



Nas et al.  Turk J Anal Chem, 5(1), 2023, 25–31  

28 

 

 
Figure 3. Absorption spectra of novel synthesized compounds in 

chloroform at 1.10-5M 

In the UV-vis spectrum of metallophtalocyanines, two 

characteristic peaks called Q and B bands emerging from 

π → π* electronic transitions are observed [17]. In our 

case, the Q band appeared at about 600–750 nm, while 

the B band arised at about 300–450 nm.  

Oxotitanium phthalocyanine compounds displayed 

remarkable absorption property and photosensitivity in 

the near-infrared region was characterized by the sharp 

absorption Q band with two small peaks as shoulders 

[25,26]. 

In the UV-Vis spectrum of the newly synthesized 

oxotitanium phthalocyanine 3, the intense Q-band was 

recorded at 700 nm. Two shoulders appeared at 664, 630 

nm, and the B-band at 342 nm as expected. FePc 2, 

another novel phthalocyanine, yielded Q band at 690 nm 

with shoulders at 594 and B band at 363 nm in the UV 

region set out in Fig. 3 and Table 1. 

It is well-known fact that the absorption of the Q-

band of the phthalocyanine compounds in the UV-vis 

spectrum is more or less influenced by several factors: 

namely, due to the existence of metal ion in the central 

ring, ligand-bound in the axial position, the binding 

position of the substituent and aggregation in solvents 

[17]. The Q band of oxotitanium phthalocyanine 3 

exhibited red-shifted approximately 10 nm compared to 

that of the iron phthalocyanine, because 3 consists of 

oxygen atom as an axial ligand [27].   

3.3. Electrochemical Studies 

The definitions of the redox couples and electrochemical 

data, including the half-wave peak potentials (E1/2), 

peak-to-peak potential separations (∆Ep), and the 

difference between the first oxidation and reduction 

potentials (∆E1/2) are listed in Table 2.   

 Fig. 4 shows the cyclic and square-wave 

voltammograms of 4 in DCM. 4 gives ring-based,      

quasi-reversible, two one-electron reductions                                   

(R1 = –0.70 V, R2  = –1.19 V) and two oxidation (O1 = 0.68 

V, O2 = 1.17 V) processes.  

 
Figure 4. (a) Cyclic voltamogram of 4 on Pt in CH2Cl2/TBAP electrolyte. 

(b) Square wave voltamogram of 4 on Pt in CH2Cl2/TBAP electrolyte, 

step size = 5 mV; pulse size = 100 mV; Frequency = 25Hz 
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Table 1. Absorption spectral data for the substituted 2 and 3 in 

chloroform in 20 0C 

Compound 
λmax, nm (logɛ) 

B band  Q band 

2 363 (5.00)  594 (4.49), 690 (5.04) 

3 342 (4.97), 398 (4.57)  630 (4.63), 664 (4.76), 700 (5.27) 

Table 2. Voltammetric data of the phthalocyanines. All voltammetric 

data were given versus SCE 

Phthalocyanines Label aE1/2 bEp (mV) cE1/2 

2 

R1 –0.61 153 

1.47 

R2 –0.98 144 

R3 –1.25 234 

O1 0.86 86 

O2 1.26 151 

3 

R1 –0.55 130 

1.56 

R2 –0.72 141 

R3 –0.89 125 

R4 –1.04 148 

O1 1.01 245 

4 

R1 –0.70 158 

1.87 
R2 –1.19 149 

O1 0.68 162 

O2 1.17 220 

5 

R1 –0.21 96 

0.89 
R2 –0.51 138 

R3 –1.44 89 

O1 0.68 130 
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Figure 5. (a) Cyclic voltamogram of 5 on Pt in CH2Cl2/TBAP electrolyte 

The general redox character of the 4 was found to be 

consistent with the known 4 behavior available in the 

literature [28]. As is shown in Table 2, the involvement 

of Co(II), Fe(II), and Ti(IV) in the center instead of 2H 

increased the redox richness of the phthalocyanines with 

an extra electron transfer process. Fig. 5 shows the CV 

response of 5. Compound 5 signifying three reduction 

process labeled as R1 (E1/2= –0.21 V, reversible), R2 (E1/2= –

0.51 V, quasi-reversible), R3 (E1/2= –1.44 V, reversible) and 

one quasi-reversible oxidation reaction process labeled 

as O1 (E1/2= 0.68 V), respectively. R1 is a metal-based 

reduction process, R2 and R3 are ring based reduction 

processes. Fig. 6 shows CV and SWV responses of 2 in 

DCM/TBAP electrolyte. Compound 2 gave three quasi-

reversible reduction processes and two oxidation 

processes. On the one hand, the process R1 of the 2 was 

in a metal-based character. On the other hand, second 

and third reduction reactions (R2 and R3) were 

determined as probable ring-based processes. Fig. 7 

shows CV and SWV responses of 3 in DCM/TBAP 

electrolyte on a Pt working electrode. 3 gave four 

reductions, R1 at –0.55 V (Ep= 130 mV), R2 at –0.72 V 

(Ep= 141 mV), R3 at –0.89 V (Ep= 125 mV), R4 at –1.04 V 

(Ep= 148 mV) and one oxidation reaction O1 at 1.01 V 

(Ep= 245 mV) within the potential window of 

DCM/TBAP electrolyte system. R1, R2, R3 R4 reduction 

processes are attributed to metal-ring-based electron 

transfer processes [29]. According to the Ep values of 

reduction and oxidation, 3 gave four quasi-reversible 

(R1, R2, R3 R4) reduction and one irreversible oxidation 

(O1) reactions. HOMO–LUMO gaps of 4 (E1/2=1.87), 5 

(E1/2=0.89), 2 (E1/2=1.47), 3 (E1/2=1.56) were found to be 

rather consistent with those of the phthalocyanines early 

reported in the literature [30–32]. 

 
Figure 6. (a) Cyclic voltamogram of 2 on Pt in CH2Cl2/TBAP electrolyte. 

(b) Square wave voltamogram of 2 on Pt in CH2Cl2/TBAP electrolyte, 

step size = 5 mV; pulse size = 100 mV; Frequency = 25Hz 

 

Figure 7. (a) Cyclic voltamogram of 3 on Pt in CH2Cl2/TBAP electrolyte. 

(b) Square wave voltamogram of 3 on Pt in CH2Cl2/TBAP electrolyte, 

step size = 5 mV; pulse size = 100 mV; Frequency = 25Hz 
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4. Conclusion  

In this study, the synthesis of novel peripherally 

chloroquinoline substituted 2, and 3 compounds were 

determined and characterized using different 

spectroscopic techniques (e.g. FT-IR, elemental analysis, 

mass spectroscopy, UV/Vis spectral data) for the first 

time. Voltammetric analysis of 5-chloroquinolin-8-yloxy 

group substituted phthalocyanines were studied in 

solution with voltammetric measurements. While metal-

free phthalocyanine 4 gave Pc ring based redox 

processes, metallophthalocyanines (Fe2+, Co2+, Ti4+) gave 

metal-based electron transfer reactions in addition to the 

Pc based redox reactions, which enriched the possible 

usage of the complex in various electrochemical 

technologies such as electrocatalytic and electrochromic 

applications. 
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Abstract 

Natural and H2SO4-modified plane (Platanus orientalis L.) sawdust were used for the adsorptive removal of cationic methylene blue (MB) and 

anionic indigo carmine (IC) dyes from aqueous media to suggest a new and cost-effective method for wastewater treatment applications. The 

influences of initial pH values, concentrations of MB and IC, period of contact, dosages of the natural and modified plane sawdust, and the 

presence of foreign ions on the adsorption of dyes were investigated in the experimental studies to describe the best conditions of the most efficient 

adsorption processes. Initial pH values were optimized to be between 6.0–8.0 for MB and 2.0 for IC. Optimum contact time to reach the equilibrium 

were determined as 120 and 240 min for the adsorption of MB onto NPS and MPS, respectively while IC adsorption onto both adsorbents reached 

the equilibrium in 240 min. By using the Langmuir isotherm model maximum MB adsorption capacities of NPS and MPS were calculated as 55.56 

and 38.46 mg/g, respectively and the maximum IC adsorption capacities were 58.82 and 55.55 mg/g for NPS and MPS, respectively. Results 

showed that the natural and H2SO4-modified plane sawdust serve as low-cost and efficient materials in the adsorptive removal of MB and IC dyes 

for industrial wastewater treatment applications. 

Keywords: Adsorption, dye, modification, plane sawdust (Platanus orientalis L.), isotherm 

1. Introduction

The positive acceleration in technological development 

and the rapid increase in the world population led to the 

emergence of the problem of environmental pollution, 

which threatens human life and nature. Industrial 

dyestuffs, among the pollutants of organic origin, which 

exist in the wastewater of most industries release to the 

environment majorly from the textile, painting, leather, 

food, plastic, coating, and paper industries [1,2]. 

The complex organic structures of dyes make it time-

consuming and difficult to remove them from industrial 

wastewater. Various techniques such as coagulation [3], 

flocculation [4], membrane filtration [5], photocatalytic 

degradation [6] and adsorption [2] are used to remove 

dyes from wastewater. Among these techniques, 

adsorption is one of the most-effective and low-capital 

investment-requiring methods. The adsorption method 

is based on the principle that solid substances called 

adsorbents retain the pollutants from the aqueous 

solutions by chemical or physical bonding [7]. In recent 

years, various adsorbents such as activated carbon, 

natural minerals, graphene oxide, and metal-organic 

frameworks used in dye removal are economically 

valuable materials [8]. Activated carbon is a popular 

adsorbent with a high adsorption capacity, used to 

remove many organic and inorganic pollutants from 

aqueous or gaseous media. However, the fact that 

commercial activated carbon is quite expensive makes 

the quest for low-cost adsorbents for the adsorption 

processes. For this reason, wood sawdust, which is 

cheap, effective, and modifiable in different ways to 

increase its capacity, is considered an adsorbent 

alternative to activated carbon. Such wastes are 

lignocellulosic materials containing three main 

structural components: hemicellulose, cellulose, and 

lignin. Sawdust attracts more interest from 

environmentalists since these materials are eco-friendly, 

abundant, accessible, cheap, and easily applicable in 

wastewater treatment. Pine, oak, fir, and hornbeam 

sawdust modified with cetyl trimethyl ammonium 

bromide (CTAB) [9], orange wood sawdust modified by 
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sodium hydroxide (NaOH) [10], sugarcane pulp 

modified with formaldehyde [11], kail (Pinus wallichiana) 

sawdust [12], camphor (Cinnamomum camphora) sawdust 

[13], red pine sawdust [14], acacia sawdust [15], and 

many other types of sawdust wasted by the forest and 

agriculture industries that have no economic value, are 

found in the literature examining the potential of 

removing various dyes from aqueous solutions. 

This study aimed to remove cationic methylene blue 

(MB) and anionic indigo carmine (IC) dyes from aqueous 

media through an adsorption process, using natural and 

H2SO4-modified plane sawdust as adsorbent materials. 

According to our literature research, although there are 

many studies [3,16] on MB removal from water since it 

is a widely used industrial dye and a model dye, there 

are limited studies on IC removal, which is also widely 

used. In the literature, there are studies in which 

different types of H2SO4-modified wastes are used for 

pollutant removal. Mahmood-ul-Hassan et al have used 

H2SO4-modified banana stalks, corn cob, and sunflower 

achene for the adsorption of Cd(II), Cr(III) and Pb(II) 

ions [17]. Mohebali et al have modified celery residue 

with H2SO4 to use as a low-cost adsorbent for elimination 

of MB from aqueous solution in batch adsorption 

process [18]. Djama et al have treated Acorus calamus 

firstly with H2SO4 and then activated by KMnO4 to 

prepare an adsorbent for MB removal [19]. Zeydouni et 

al have used H2SO4-modified Aloe vera leaf shells for the 

removal of P-chlorophenol and MB from aqueous 

environment [20]. On the other hand, H2SO4-modified 

plane sawdust was used as an adsorbent for the first time 

in the adsorption of MB and IC in the present study. 

There are various modification agents to improve the 

adsorptive specifications of an adsorbent in the 

literature, yet H2SO4 was preferred as a chemical agent 

to modify the natural plane sawdust material due to the 

advantages of being inexpensive and simply applicable 

[21]. In order to obtain the optimum retention 

conditions, the influences of significant experimental 

parameters, including initial solution pH, initial dye and 

adsorbent concentration, and contact time on the process 

were evaluated. The adsorption isotherms were utilized 

to calculate the MB and IC adsorption capacity of NPS 

and MPS and to interpret the adsorption mechanism. 

2. Materials and Method 

2.1. Preparation of natural and modified adsorbents 

Natural plane sawdust was ground without any 

physical or chemical pretreatments and sifted to obtain 

particles smaller than 150 µm for the experiments. To 

obtain H2SO4-modified plane sawdust, 20 g of plane 

sawdust was stirred well with 20 mL of concentrated 

H2SO4 on a hot plate at 200°C for 24 hours, and then 

washed with distilled water to remove acidic residues. 

After washing, the sample was soaked in aqueous 

NaHCO3 at 1% (w/v) concentration for 24 hours to 

neutralize the acidic residues, then washed with distilled 

water and dried in the oven at 105°C for 24 hours [21] 

and ground and sifted to separate the particles smaller 

than 150 µm for the experimental studies. 

2.2. Chemicals and apparatus 

Methylene blue (C16H18ClN3S), indigo carmine 

(C16H8N2Na2O8S2), H2SO4, HNO3, NaOH, NaHCO3, 

Na2CO3, and HCl were analytical grade chemicals used 

in this study and purchased from Fluka (Buch, 

Switzerland) and Merck (Darmstadt, Germany) 

companies. Distilled water was used in all experimental 

stages. Perkin Elmer 1600 FT-IR model 

spectrophotometer was utilized for the FTIR analysis of 

the surface functional groups. Santen SE 125 model 

furnace was used for moisture analysis. Perkin Elmer 

Lambda 25 model UV-Vis spectrophotometer was used 

to determine the concentration of dyes remaining in the 

aqueous solutions. BOECO PSU-15i model mechanical 

shaker was used for shaking the samples in the 

adsorption stage. BOECO S-8 model centrifuge device 

was used to separate the solid and liquid phases from 

each other. Hanna pH-2221 model desktop digital pH 

meter was used to adjust the initial pH of the dye 

solutions. All samples were weighed by Sartorius 

BP1106 model analytical balance and stirred by IKA RCT 

Basic model magnetic stirrer. 

2.3. Batch experiments 

Adsorption experiments were utilized through the batch 

method in polypropylene centrifuge tubes. The initial 

pH of the MB and IC solutions was adjusted by diluted 

HNO3 or NaOH solutions. Ten milliliters of MB or IC in 

the concentration range between 50 and 1000 mg/L was 

added to each sample of adsorbent (NPS or MPS) 

weighed (0.01–0.20 g) in the centrifuge tubes, and the 

samples were shaken on a mechanical shaker at 350 rpm 

for various contact times ranging between 1–360 min. 

After the adsorption process, the solid and liquid phases 

were separated from each other in the stage of 

centrifuging at 3500 rpm for 5 min, and the remaining 

concentrations of dyes in the supernatant solutions were 

measured by a UV-Vis spectrophotometer at 663 and 609 

nm wavelengths for MB and IC, respectively. The 

amounts of adsorbed MB or IC dyes onto 1 g of NPS or 

MPS adsorbent (mg/g) and the percentage of adsorption 

(%) were calculated by using Eq.1 and Eq.2, respectively.  

𝑞𝑒 =
(𝐶𝑜 − 𝐶𝑒) × 𝑉

𝑚
 (1) 
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𝐴𝑑𝑠𝑜𝑟𝑝𝑡𝑖𝑜𝑛 (%) =
𝐶𝑜 − 𝐶𝑒

𝐶𝑜

× 100 (2) 

qe (mg/g) is the amount of adsorbed dye onto 1 g of 

NPS or MPS, Co (mg/L) is the initial concentration of MB 

or IC, Ce (mg/L) is the concentration of the unadsorbed 

MB or IC at the equilibrium, V (L) is the volume of the 

dye solution, and m (g) is the dry mass of the NPS or 

MPS. 

3. Results and Discussion 

3.1. Characterization of NPS and MPS 

Characterizations of NPS and MPS were evaluated by 

FTIR, moisture content and pHpzc analysis, and Boehm 

titration method. Functional groups on the surface of 

NPS and MPS were determined by FTIR analysis, as 

represented in Fig. 1 (a) and (b), respectively. Most of the 

functional groups on NPS were kept the same in the 

modified adsorbent since the modification process was 

utilized in low temperatures. The broad peak at 3396 cm–

1 can be attributed to –OH groups of phenolic, carboxylic, 

and alcoholic groups in the samples. The peak in 1454 

cm–1 also corresponds to phenolic –OH groups. The 

peaks at 2918, 2852 and 1372 cm–1 are the aliphatic C–H 

bonds. The peak at 1734 cm–1 corresponds to the C=O 

stretching of the carbonyl groups. The peak at 1051 cm–1 

is a sign of the C–C bond, and the peaks between 1051–

1237 cm–1 point out the presence of S=O groups in the 

structure. The peaks at 1646 and 1051 cm–1 are the 

stretching peaks of C=C and C–O bonds, and the peak at 

892 cm–1 makes a sign to C–O–H groups [22–24]. 

The amounts of lactonic, phenolic, and carboxylic 

groups on the surface of natural and modified plane 

sawdust were determined by the Boehm titration 

method [25]. 

 
Figure 1. FTIR spectra of a) NPS and b) MPS 

Quantitative data of carboxylic, phenolic, and 

lactonic groups showed that surfaces of the adsorbents 

were rich in total acidic groups that increased by the 

modification process, especially the number of 

carboxylic groups increased the most (Table 1). As the 

temperature of the modification process, which 

increases the adsorption capacity and plays a significant 

role in the adsorptive removal of pollutants from 

aqueous solutions, is limited in the range of 200–400°C, 

high numbers of acidic oxides were obtained on the 

surface of the activated adsorbent [26]. 

3.2. Effect of pH on the adsorption process 

The effect of the initial pH of the dye solutions in contact 

with each adsorbent was the first parameter studied for 

the best selection of the appropriate adsorbate-adsorbent 

systems since the initial pH directly affects the 

adsorption efficiency. MB and IC concentrations were 50 

mg/L in separate solutions. MB solutions with a natural 

pH of 6.5 and adjusted pH values in the range of 2.0–8.0 

and IC solutions with a natural pH and adjusted pH 

values in the range of 1.0–8.0 were tested for the 

optimization of the initial pH. Diluted HNO3 and NaOH 

were used to adjust the pH of dye solutions. The NPS or 

MPS (5.0 g/L) was shaken with the dye solutions at 

various initial pH values on the mechanical shaker for 

240 min and centrifuged at 3500 rpm for 5 min to 

separate the solid and the liquid phases. The 

concentrations of the remaining dyes in the supernatants 

were analyzed by the UV-Vis spectrophotometer. 

As seen in Fig. 2 (a), the adsorption efficiency of the 

adsorbents performed best in the pH range of 6.0–8.0 in 

the adsorption of cationic MB dye. However, the 

adsorption efficiency in the MB adsorption onto NPS 

and MPS reached a value higher than 90% at pH 6.5 

which corresponds to the natural (unadjusted) pH of the 

MB solution. The adsorption efficiencies of the MPS 

reached a value higher than 95% in the pH range of 2.0–

8.0, also pointing out that not the electrostatic attractions 

only but also an ion-exchange-based mechanism may be 

possible to explain the adsorption process. In the 

adsorption of MB dye, natural adsorbent performed low 

adsorption efficiency, which increased by the increase in 

solution pH. On the other hand, the adsorption 

Table 1. Some characterization parameters of the adsorbents 

Parameters NPS MPS 

pHpzc 4.6 – 

Moisture content (%) 6.87 10.93 

Surface acidic groups (mmol/g)   

Lactonic groups  1.23 2.14 

Carboxylic groups 4.28 11.78 

Phenolic groups  1.22 5.66 

Total acidic groups (mmol/g) 6.73 19.58 
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efficiency reached its maximum value at pH 2.0 in the 

adsorption of IC dye, as seen in Fig. 2 (b). In the pH range 

of 1.0–2.0, the efficiencies of IC adsorption onto NPS and 

MPS are higher than 90%, yet the adsorption efficiencies 

decreased immediately as the initial pH of dye solutions 

increased.  

The adsorption efficiencies are low in MB adsorption 

and high in IC adsorption in acidic initial pH values 

since the environments of the NPS and MPS are 

surrounded by H3O+ ions, and the functional groups of 

the solid adsorbents electrically charged positively in the 

acidic aqueous media. The electrostatic repulsion 

between the H3O+ ions and the cationic MB dye prevents 

the approaching of the adsorbent and the adsorbate. As 

the initial pH of the solution increases, the adsorption 

efficiency increases due to decreasing competitive 

adsorption behavior of H3O+ ions and cationic MB dye 

onto active sites. However, anionic IC dye approaches 

the positively charged surface of the adsorbent due to 

electrostatic attractions in low initial pH values. As the 

initial pH of the solution increases, the adsorption 

efficiency decreases due to the increased competitive 

adsorption behavior of OH– ions and anionic IC dye onto 

active sites [27,28].   

The pHpzc value was found to be 4.6 for NPS, 

revealing that the number of acidic functional groups is 

higher than the basic functional groups in its chemical 

structure. Informative numerical data about the pHpzc 

value of an adsorbent is essential to optimize the initial 

pH to reach the highest adsorption efficiency since the 

net surface charge of the adsorbent is positive if pH < 

pHpzc and negative if pH > pHpzc [29]. The cationic dyes 

are adsorbed better at pH values higher than pHpzc, and 

the anionic dyes are adsorbed better at lower pH values 

than pHpzc [30]. As a result, further experiments were 

planned through the optimized initial pH values of 6.5 

for MB and 2.0 for IC adsorption. 

3.3. Effect of contact time on the retention of MB and IC 

Optimization of the contact time was evaluated by 

testing various periods of contact. Ten milliliters of MB 

solution with a natural pH of 6.5 or IC solution with an 

adjusted pH of 2.0 was added onto 5.0 g/L of NPS or 

MPS, which were weighed in polypropylene centrifuge 

tubes and processed for adsorption on the mechanical 

shaker for various periods ranging between 1–360 min. 

After shaking, the samples were centrifuged to separate 

the solution and the adsorbent from each other. The 

concentration of each dye remaining in the solution was 

determined by UV-Vis Spectrophotometer and used to 

calculate the amount of MB or IC dyes adsorbed onto       

1 g of adsorbent (qt) for different contact times. 

 

 
Figure 2. Impact of initial pH on a) MB and b) IC uptake onto NPS and 

MPS 

 

 
Figure 3. Influences of contact time on a) MB and b) IC uptake onto 

NPS and MPS 
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In the adsorption of MB onto NPS and MPS, optimum 

contact times to reach the equilibrium were determined 

to be 120 and 240 min, respectively (Fig. 3 (a)), while the 

process of IC adsorption onto NPS and MPS reached the 

equilibrium in 240 min (Fig. 3 (b)). The amount of 

adsorbed MB and IC onto all adsorbents became nearly 

stable after reaching the equilibrium. The dye sorption 

process occurs immediately in the first stages since the 

active sites of NPS and MPS surfaces were available for 

adsorption. The transportation of the dye molecules into 

the internal surfaces of the pores through diffusion slows 

down when the system becomes closer to equilibrium. 

After reaching the equilibrium, the amounts of adsorbed 

dye do not increase much according to the saturation of 

the adsorptive sites [31]. As a result, the equilibration 

time for both dyes was determined as 240 min in 

subsequent studies to ensure that the equilibrium was 

fully established.  

3.4. Effect of initial dye concentration and isotherm 

studies 

The solutions of MB and IC at various initial 

concentrations in the range of 50–1000 mg/L were added 

onto 5.0 g/L of NPS and MPS adsorbents separately to 

determine the effect of initial dye concentration on the 

adsorption process. Then the mixtures were shaken on 

the mechanical shaker at 350 rpm for 240 min to reach 

the equilibrium. After centrifuging the samples, the 

amount of unadsorbed MB or IC remaining in the 

supernatant was analyzed by UV-Vis 

spectrophotometer. The initial concentration of MB was 

plotted against the adsorbed amounts (qe) and the 

removal percentage (%) of MB onto NPS and MPS       

(Fig. 4 (a,b), and the same parameters were plotted for 

the data obtained in IC’s adsorption onto NPS and MPS 

as demonstrated in Fig. 4 (c,d). Increased initial 

concentrations of the dye resulted in increased amounts 

of MB or IC adsorbed per g of the adsorbent due to the 

occurring concentration gradient that improves the 

adsorption. On the other hand, the percentages of 

adsorption decreased at high initial dye concentrations 

because of the oversaturation of the active adsorption 

sites of the sorbents’ surface [32]. 

The Langmuir, Freundlich, and Dubinin-

Radushkevich isotherm models were fitted to the 

experimental data to get an idea of the surface structure 

of NPS and MPS and to interpret the MB and IC 

adsorption mechanism. According to the Langmuir 

isotherm model, the adsorbent has a homogenous 

surface consisting of a constant number of co-energized 

active sites, and there are no interactions between the 

adsorbate molecules [33]. Eq.3 and Eq.4 are the non-

linear and linear forms of the Langmuir isotherm model. 

𝑞𝑒 =
𝑏𝐶𝑒

1 + 𝑏𝐶𝑒

 
(3) 

 

 
 

Figure 4. Effect of initial dye concentration on the adsorption of a) MB 

onto NPS b) MB onto MPS c) IC onto NPS d) IC onto MPS 
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𝐶𝑒

𝑞𝑒

=
𝐶𝑒

𝑞𝑚𝑎𝑥

+
1

𝑏𝑞𝑚𝑎𝑥

 
(4) 

qe (mg/g) is the adsorbed amount of adsorbate onto 1 

g of adsorbent, qmax (mg/g) is the adsorption capacity, Ce 

(mg/L) is the concentration of the remaining adsorbate in 

the solution at the equilibrium, and b (L/mg) is a constant 

related to the free energy. The slope and the intercept of 

the Ce/qe vs. Ce plot are used to determine qmax and b. 

Dimensionless RL constant calculated by Eq.5 [34] 

gives an idea about the favorability of the adsorption 

process for an adsorbate-adsorbent pair. 

𝑅𝐿 =
1

1 + 𝑏𝐶𝑜

   (5) 

Co (mg/L) is the initial concentration of the adsorbate 

in the solution, and b (L/mg) is the Langmuir constant. 

There are four possible values of RL which are evaluated 

to four possible definitions as the adsorption process is, 

i. Favorable in the experimental conditions if 0 < RL < 1, 

ii. Irreversible if RL = 0, 

iii. Linear if RL = 1, and 

iv. Unfavorable if RL > 1.  

The adsorptive sites on the surface of the adsorbent 

are accepted to be consisting of different types of sites 

and regions settled heterogeneously and energized 

variously in the Freundlich isotherm model as described 

in Eq. 6 [35] and linearizes to Eq. 7 by evaluating through 

the function of logarithms. 

𝑞𝑒 = 𝐾𝑓 × 𝐶𝑒
1/𝑛  (6) 

𝑙𝑛(𝑞𝑒) = 𝑙𝑛(𝐾𝑓) +
1

𝑛
𝑙𝑛(𝐶𝑒)  (7) 

qe (mg/g) is the amount of the adsorbed adsorbate 

onto 1 g of adsorbent, Kf (mg/g) is the adsorption 

capacity, Ce (mg/L) is the amount of unadsorbed 

adsorbate remaining in the solution at the equilibrium, 

and n is the density of adsorption. Kf and n are the 

constants obtained from the intercept and slope of the 

plot of ln(qe) vs. ln(Ce), respectively. The heterogeneity 

factor (n) ranging between 1 and 10 is a sign of the 

favorability of the adsorption system [36].  

Dubinin–Radushkevich (D–R) isotherm model (Eq. 8) 

explains the adsorption onto similarly porous surface 

structures [37], and this model reminds the Langmuir 

model in this respect. 

𝑙𝑛(𝑞𝑒) = 𝑙𝑛(𝑞𝑚) − 𝐾𝜀2  
(8) 

qe (mol/g) is the adsorbed amount of the adsorbate   

per g of adsorbent, qm (mol/g) is the monolayer 

adsorption capacity, and K (mol2/kJ2) is the constant of 

adsorption energy. ԑ is Polanyi potential which is 

calculated by Eq. 9.   

𝜀 = 𝑅𝑇𝑙𝑛(1 + 1/𝐶𝑒)  (9) 

R (J/mol/K) is the gas constant, Ce (mol/L) is the 

concentration of the unadsorbed adsorbate remaining in 

the solution at the equilibrium, and T (K) is the 

temperature. K and qm values are obtained from the slope 

and intercept of the ԑ2 vs. ln qe plot, respectively. K values 

obtained by the D–R isotherm are evaluated in Eq. 10 to 

calculate E (kJ/mol). 

𝐸 = 1/(−2𝐾)1/2 (10) 

The average adsorption energy (E) gives information 

about the chemical and physical specifications of the 

adsorption. There are three possibilities about the value 

of E evaluated as the adsorption occurs, 

i. Physically if E < 8 kJ/mol, 

ii. Through ion-exchange if 8 < E < 16 kJ/mol, and 

iii. Chemically if E > 16 kJ/mol [38].  

Experimental data was applied to Langmuir, 

Freundlich, and D–R isotherm models to explain the 

mechanisms of MB and IC adsorption onto NPS and 

MPS. The non-linear equations of these three models 

were evaluated to obtain the isotherm plots (Ce vs. qe) for 

MB adsorption onto NPS and MPS (Fig.5 (a,b)) and IC 

adsorption onto NPS and MPS (Fig.5 (c,d), respectively. 

qmax and b are the Langmuir constants which were 

determined by the slope and the intercept of the Ce vs. 

Ce/qe plot, respectively, while n and Kf are the constants 

of Freundlich isotherm, which were determined by the 

slope and the intercept of the ln(Ce) vs. ln(qe) plot. The 

results of the calculations on the experimental data for 

MB and IC adsorption onto NPS and MPS were 

tabulated with the correlation coefficients (R2) in Table 2.  

The R2 values obtained by the application of the 

Langmuir model were higher than those for the 

Freundlich model for both dyes, indicating that the 

active adsorption sites on the surfaces of NPS and MPS 

were distributed homogeneously [39]. Maximum MB 

adsorption capacities of NPS and MPS calculated as 

55.56 and 38.46 mg/g by the Langmuir isotherm model, 

respectively, were compared to other adsorption studies 

in the literature. 
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Table 2. Isotherm model parameters 

 
NPS-MB MPS-MB NPS-IC MPS-IC 

Langmuir isotherm model 

qmax (mg/g) 55.56 38.46 58.82 55.55 

b (L/mg) 0.020 0.016 0.021 0.029 

R2 0.985 0.990 0.998 0.996 

Freundlich isotherm model     

Kf (mg/g) 7.71 6.12 5.54 7.93 

n 3.41 3.82 2.74 3.31 

R2 0.983 0.936 0.959 0.968 

D–R isotherm model     

qm (mg/g) 9.62 7.49 11.94 10.60 

K (kJ2/mol2) -0.002 -0.002 -0.003 -0.002 

E (kJ/mol) 12.91 12.91 12.91 15.81 

R2 0.986 0.899 0.980 0.983 

 

On the other hand, the maximum IC adsorption 
capacities were 58.82 and 55.55 mg/g for NPS and MPS 
adsorbents, yet there have not found enough studies 
about the adsorption of IC in the literature to compare 
with the results of this study. The adsorption capacities 
of NPS and MPS are higher than many adsorbents, 
which were expensive or not easily prepared, as seen in 
the table of comparison (Table 3) [29,40–49]. 

As the maximum adsorption capacities of natural and 
H2SO4-modified plane sawdust compared to each other, 
NPS performed better than MPS in MB adsorption, while 
there was no meaningful difference between the natural 
and modified adsorbents in IC adsorption. Closer 
adsorption capacities of natural and H2SO4-modified 
adsorbents in IC adsorption can be explained by the fact 
that although the surface areas of the modified 
adsorbents partially increased by the low-temperature 
modification process, the resulting sulfate salts may 
have clogged the pores. 

As seen in Table 2, the constants of the D–R isotherm 

model were determined by the evaluation of the slope 

 
Table 3. Comparison of the dye uptake capacities of the different 
sorbents from literature 

Adsorbent Adsorbate 
qmax 

(mg/g) 
Ref. 

Celery residue modified with H2SO4 was MB 476.19 [18] 
Acorus calamus treated with H2SO4 and 
activated by KMnO4 

MB 1500 [19] 

H2SO4-modified Aloe vera leaf shells MB 192.3 [20] 

Microwave assisted sawdust MB 58.14 [29] 

Canola residues MB 13.22 [40] 

Carbon nanotubes MB 46.20 [41] 

Titanium dioxide nanotube MB 57.14 [42] 

Magnetic ZnO/ZnFe2O4 MB 37.27 [43] 

Peanut hull MB 68.03 [44] 
Activated carbons from sunflower oil cake 
modified by H2SO4 

MB 16.43 [45] 

Tartaric acid modified wheat bran MB 25.18 [46] 
Biochar derived from eucalyptus saw dust 
modified with acetic acid 

MB 29.94 [47] 

Orange peel MB 13.90 [48] 

Banana peel MB 20.80 [48] 

Original beech sawdust MB 9.78 [49] 

CaCl2 treated beech sawdust MB 13.02 [49] 

Natural plane sawdust 
MB  
and 
 IC 

55.56 
and 

58.82 

This 
study 

H2SO4-modified plane sawdust 
MB  
and  
IC 

38.46 
and 

55.55 

This 
study 

 

 
Figure 5. Adsorption isotherms of a) MB adsorption onto NPS a) MB  

adsorption onto NPS a) IC adsorption onto NPS a) IC adsorption onto 

NPS 
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and the intercept of the ε2 versus ln qe plot as the values 

of K and qm, respectively. E is the mean energy of the 

adsorption calculated from the value of K. E values were 

in the range of 8–16 kJ/mol in all calculations suggesting 

that ion-exchange mechanisms were also effective in the 

adsorption of MB and IC onto NPS and MPS [38]. 

RL values were calculated to figure out the suitability 

of adsorption onto NPS and MPS and found to be in the 

range of 0–1, while the initial concentrations of MB and 

IC were between 50–1000 mg/L. As the initial dye 

concentration of the dye increased, the RL values 

decreased in the range of 0 < RL < 1, suggesting that the 

processes in both dyes’ adsorption onto the natural and 

H2SO4-modified plane adsorbents were favorable in the 

relevant experimental conditions. Additionally, n values 

obtained by the Freundlich isotherm model were in the 

1–10 range, supporting the idea that MB and IC 

adsorption onto NPS and MPS were favorable. 

3.5. Effect of adsorbent dosage on the adsorption 

efficiency 

The suspensions consisting of 0.01–0.20 g (1.0–20.0 g/L) 

of NPS or MPS adsorbent and 200 mg/L MB or IC 

solutions were processed for 240 min on the mechanical 

shaker to investigate the effect of adsorbent dosage on 

the adsorption efficiency. After reaching the 

equilibrium, the concentrations of unadsorbed MB and 

IC remaining in the supernatants were determined by 

using a UV-Vis spectrophotometer. The adsorbed 

amounts (qe) and removal percentages (%) of MB onto 

NPS and MPS were plotted against the amounts of NPS 

and MPS in Fig. 6 (a,b), and the adsorbed amounts (qe) 

and removal percentages (%) of IC dyes against the 

amounts of NPS and MPS adsorbents were plotted as 

represented in Fig. 6 (c,d), respectively. 

Increasing the amounts of NPS and MPS increased 

the unsaturated surfaces at the constant concentrations 

of MB and IC and decreased the amounts of adsorbed 

dye onto 1 gram of each adsorbent (qe) due to the 

decreased surface area caused by a possible 

aggregation. However, increasing the dosage of NPS 

and MPS resulted in increased removal percentages 

caused by the number of active sites becoming higher in 

number [50]. 

3.6. Effect of foreign ions on the adsorption efficiency 

Dye-contaminated wastewater sourced by textile 

industries may include high amounts of foreign ions, 

which cause ionic strength and decrease the adsorption 

efficiency. NaCl and BaCl2 solutions in various 

concentrations between 0.05–0.5 M were separately 

added to 100 mg/L MB and IC solutions and processed 

to investigate the effect of salts on the adsorption 

efficiency. 

 

 
Figure 6. Effect of adsorbent amount on the adsorption of a) MB onto 

NPS b) MB onto MPS c) IC onto NPS d) IC onto MPS 

q
e 
(m

g
/g

) 
q

e 
(m

g
/g

) 
q

e 
(m

g
/g

) 
q

e 
(m

g
/g

) 

q
e 

  (
%

) 
q

e 
  (

%
) 

q
e 

  (
%

) 
q

e 
  (

%
) 

Adsorbent conc. (g/L) 

Adsorbent conc. (g/L) 

Adsorbent conc. (g/L) 

Adsorbent conc. (g/L) 



Ozdes et al.  Turk J Anal Chem, 5(1), 2023, 32–42  

40 

 

The presence of salts may result in two effects opposite 

to each other. The first one is the prevention of the 

electrostatic interactions between the dye molecules and 

the active adsorption sites as the salt concentration 

increases, which decreases the adsorbed amounts of dye. 

This effect is observed in the adsorption of MB onto NPS 

and MPS (Fig. 7 (a,b)). The presence of both salts (NaCl 

and BaCl2) in the solution prevents the attachment of MB 

molecules onto the active adsorptive sites of the 

adsorbent’s surface, and the adsorption efficiency 

decreases when the salt concentration increases [51]. The 

other effect is an increase in the dissociation of dye 

molecules caused by ionic strength. The amount of 

adsorbed dye increases when the ionic strength increases 

since the dissociated dye molecules become free to bind 

onto the surface electrostatically, as observed in IC 

adsorption onto NPS and MPS (Fig. 7 (c,d)). Increased 

concentrations of NaCl and BaCl2 caused increased 

adsorption according to the increased dissociation 

degree of IC [52].  

4. Conclusion 

In this study, the adsorption behaviors of natural and 

H2SO4-modified sawdust of plane (Platanus orientalis L.) 

were investigated for the adsorptive removal of 

pollutant methylene blue and indigo carmine dyes from 

aqueous media to suggest a new method for the 

treatment of dye contaminated industrial wastewater. 

Natural and H2SO4-modified adsorbents were 

characterized via FT–IR Spectroscopy, pHpzc and 

moisture content analysis, and the Boehm titration 

method. The optimum pH values at which the highest 

adsorption efficiencies were performed were 

determined as 6.0–8.0 range for cationic MB dye and 2.0 

for anionic IC dye’s adsorption onto NPS and MPS. The 

adsorption process reached the equilibrium in 240 min 

in IC adsorption onto NPS and MPS. On the other hand, 

the process reached equilibrium in 120 and 240 min in 

MB adsorption onto NPS and MPS, respectively. Both 

dyes were tested for all other parameters for 240 min of 

contact time. The amounts of adsorbed MB and IC per 

gram of any adsorbent decreased, and the percentage of 

adsorption increased with the increasing initial 

concentrations of both dyes. The adsorption of MB and 

IC fit well with the Langmuir isotherm model, 

suggesting that the surfaces of NPS and MPS consisted 

of homogeneous active sites in nature. The Langmuir 

maximum monolayer adsorption capacities of                

NPS and MPS adsorbents were higher than many 

expensive and hardly prepared adsorbents             

reported before. The information of decreasing RL values 

in the 0–1 range while the concentrations of MB and IC 

dyes  were increasing was supported by  all  the  n  values  

 

 
Figure 7. Effect of salt concentration on the adsorption of a) MB onto 

NPS b) MB onto MPS c) IC onto NPS d) IC onto MPS 
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corresponding to the range of 1–10 obtained from the 

Freundlich isotherm model, and these results indicated 

that the adsorption of both dyes onto NPS and MPS were 

favorable processes in this study. The adsorption 

efficiency decreased in MB adsorption and increased in 

IC adsorption due to the ionic strength in the presence of 

foreign ions, which were introduced to the aqueous 

media by NaCl and BaCl2 salts. Natural and H2SO4–

modified plane sawdust can be used as low-cost and 

effective adsorbents for the adsorptive removal of MB 

and IC. 
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Abstract 

The advancement of environmentally sustainable and eco-friendly approaches to nanoparticle synthesis has gained significant importance in 

analytical chemistry. This research examined the green synthesis of iron oxyhydroxide nanoparticles, utilizing Vitis labrusca L. (Isabella grape) 

extract as both a reducing and stabilizing agent. The application of this natural extract offers an environmentally friendly alternative to 

conventional chemical synthesis techniques and is expected to meet the growing demand for sustainable applications. The synthesized iron 

oxyhydroxide nanoparticles were characterized using advanced techniques, including X-ray diffraction, scanning electron microscopy, energy-

dispersive X-ray analysis and fourier transform infrared spectroscopy, to verify their composition and structure. The findings reveal the successful 

synthesis of iron oxyhydroxide nanoparticles with a uniform size distribution and excellent stability. 

Keywords: Vitis labrusca L., α-FeOOH, nanoparticle, biosynthesis 

1. Introduction

Nanotechnology has made great advances in recent 

years, with applications in medicine, chemistry, 

biotechnology, and has become a field that is attracting 

attention [1,2]. Nanoparticles are one of the basic units of 

nanotechnology, and have great potential in various 

applications [3]. Nano-sized particles are particularly 

attractive thanks to their high surface-to-volume ratios. 

Nanoparticles can be more reactive than other materials 

due to the fact that the atoms on the surface are more 

active than those in the center. With these unique and 

unusual physical and chemical properties, metal oxide 

nanoparticles offer new opportunities in nanoscale 

science [4–10]. Among metal oxide nanoparticles, iron-

based nanoparticles are of great interest given the wide 

range of applications [11,12]. With applications as 

diverse as magnetic recording devices [13], ferrofluids 

[14], drug delivery systems, magnetic resonance imaging 

[15,16], and paint pigments, iron oxides are remarkable. 

In addition, it is desirable for nanoparticles that are used 

in biological applications to have superparamagnetic 

properties. Magnetic properties of particles change 

depending on particle size. In this sense, the synthesis of 

particles of the desired size gains importance in terms of 

application areas. 

Among iron compounds, α-FeOOH nanoparticles 

(goethite, iron oxyhydroxide) are used in various 

technical applications such as pigment industries, 

environmental remediation and medical supplements. 

The α-FeOOH nanoparticles can be particularly effective 

in the removal of metallic cation pollutants such as 

arsenic and chromium [17,18]. Additionally, α-FeOOH 

nanoparticles have the ability to remove fluoride from 

contaminated aqueous media. In addition to their high 

adsorption capacity, these particles can be used as an 

effective nanocatalyst in chemical reduction reactions. 

The increasing use of α-FeOOH nanoparticles in a wide 

range of applications has led to a growing demand for 

the sustainable production of these nanostructures. α-

FeOOH nanoparticles are usually synthesized at high 

temperature, and this process can become energy 

consuming, and non-economical. These nanoparticles 

can be synthesized by physical [19], chemical [20] or 
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biological methods [21]. Various physical and chemical 

methods such as hydrothermal [22], sol-gel [23] 

synthesis may require special equipment, and qualified 

work force. In addition, they have toxic effects harmful 

to health. However, it has been observed that 

nanoparticles obtained by the green synthesis method 

are cost-effective, non-toxic, and biodegradable in nature 

[24–27]. For this reason, the production of metal oxide 

nanoparticles using the principles of green chemistry has 

become an important area of research.  

Many efforts have been made to use various plant 

extracts for the preparation of nanoscale metal oxides 

[28,29]. Secondary metabolites such as phenolics, 

polysaccharides, and flavonoids, which possess redox 

capacities [29,30], play a crucial role in the synthesis of 

metal oxide nanoparticles. In the field of 

nanotechnology, the use of natural capping agents, such 

as Vitis labrusca L., has gained interest due to their 

perceived eco-friendliness, and biocompatibility 

compared to traditional synthetic surfactants, and 

reducing agents. Vitis labrusca L. extracts contain a 

variety of organic compounds, including flavonoids, and 

tannins [31,32], which have been shown to be effective in 

stabilizing, and reducing metal ions during the synthesis 

of metal oxide nanoparticles. However, it is important to 

acknowledge that the efficacy of Vitis labrusca L. as a 

sequestrant and reducing agent in the synthesis of metal 

oxide nanoparticles depends on several factors, 

including the extraction method, the extract 

concentration, and the specific type of metal oxide 

nanoparticle under consideration. Further research is 

needed to fully understand the potential of Vitis labrusca 

L. as a capping, and reducing agent in metal oxide 

nanoparticles synthesis. Notably, some studies have 

reported the successful synthesis of metal oxide 

nanoparticles using Vitis labrusca L. extract as a green 

reducing agent [33]. For example, Raota et al. 

demonstrated the synthesis of silver nanoparticles using 

grape pomace extract, which was evaluated for its 

phenolic compound content, and subsequently used as a 

stabilizing reducing agent [34]. The researchers also 

investigated the application of silver nanoparticles in the 

disinfection of raw wastewater.Vitis labrusca L., a 

fragrant grape found only in the Black Sea region, was 

chosen for its affordability, accessibility, and sustainable 

nature. In this work, we present a new method for the 

synthesis of α-FeOOH nanoparticles using Vitis labrusca 

L. as a coating, and reducing agent. The resulting 

nanoparticles were then characterized using a variety of 

techniques, including scanning electron microscopy 

(SEM), energy-dispersive X-ray spectroscopy (EDX), X-

ray diffraction (XRD), and fourier transform infrared 

spectroscopy (FT-IR) analysis. 

2. Materials and Methods 

2.1. Chemicals and Instrumentations 

All of the chemical materials used in the study were of 

analytical grade purity and were used without any 

purification. Fe(NO3)3.9H2O and NaOH were obtained 

from Merck company. In this study, the Vitis labrusca L., 

which was used as a reducing agent, was obtained from 

Duzce at the time of harvest. The image of Vitis labrusca 

L. is shown in Fig. 1. 

 
Figure 1. Image of Vitis labrusca L. 

FT-IR spectroscopy results were recorded using a Perkin 

Elmer Spectra Two UATR FT-IR spectrophotometer. 

Scanning electron microscopy (FEI Quanta FEG 250) was 

employed to determine the size, and morphology of 

nanoparticles, while energy dispersive X-ray analysis 

was utilized to determine their elemental composition. 

The X-ray diffraction pattern of nanoparticles was 

obtained using a Bruker D8 Discover instrument with 

Cu-Kα radiation (1.5406 Å). The maximum peaks in the 

XRD patterns of the nanoparticles were matched with 

JCPDS cards. 

The pH control of the reaction mixture was measured 

using an Isolab brand pH meter. A VWR brand 

centrifuge device was employed to separate the obtained 

product from the supernatant. The drying process of the 

obtained product was conducted using an Elektromag 

M5040P brand oven. A Heidolph brand MR                     

Hei-Standard model magnetic stirrer was utilized to 

complete the dissolution process, and ensure the    

mixing of the solutions until the reaction was complete. 
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The filtration processes of Vitis labrusca L. extract, and 

the product obtained were carried out using an Isolab 

brand vacuum pump. All weighing processes during the 

study were conducted using Radwag brand electronic 

scales.  

2.2. Preparations of Vitis labrusca L. Extract 

Vitis labrusca L. was rigorously cleaned by washing 

several times with deionized water to remove dust and 

other impurities. Then Vitis labrusca L. extract was 

prepared by boiling 20 g grapes in 250 mL deionized 

water in a magnetic stirrer for 90 minutes. The prepared 

extract was cooled, filtered through Whatman filter 

paper and stored in a refrigerator at 4 °C to be used in 

the synthesis of α-FeOOH nanoparticles (Fig. 2).  

2.3. Green Synthesis of α-FeOOH Nanoparticles 

A solution of 2,8 g Fe(NO3)3.9H2O salt in deionized water 

was added to 25 mL of Vitis labrusca L. extract, the 

temperature of which was kept constant at 60 °C. Then 

the pH of the solution was adjusted to 8 with 0.1 M 

NaOH. It was mixed with a magnetic stirrer for one hour 

at 60 °C and a completely homogeneous mixture was 

obtained. The obtained homogeneous mixture was 

centrifuged at 5000 rpm for 5 minutes, and then washed 

several times with deionized water. The obtained 

product was left to dry in an oven at 70 °C for 24 hours 

and then calcined at 550 °C for 3 hours. The resulting 

dark brown α-FeOOH nanoparticles were stored in a 

desiccator. 

 
Figure 2.  Representative illustration of Vitis labrusca L. extract preparation 

 

 

 
Figure 3.  Schematic representation for green synthesis of α-FeOOH nanoparticles 
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3. Results and Discussion 

3.1. FT-IR spectra 

3.1.1. Vitis labrusca L. Extract 
FT-IR spectroscopy analysis was performed to 
investigate the presence of functional biomolecule 
groups in Vitis labrusca L. extract and synthesized metal 
oxide nanoparticles. When the FT-IR spectrum of Vitis 
labrusca L. shown in Fig. 4 is examined, the band seen at 
3283 cm-1 is due to O-H stretching vibrations in the 
structure of polyphenols. The asymmetric C-H 
stretching vibration of -CH3 groups in the structure of 
biomolecules was observed at 2932       cm-1 and the peak 
of the carbonyl (C=O) functional group was observed at 
1720 cm-1. The peak observed at 1604 cm-1 in the FT-IR 
spectrum indicates the presence of the O-H group in the 
structure of water. Furthermore, the peaks 
corresponding to aliphatic C-H stretching and CH3 

symmetrical bending vibrations are observed at 1408 cm-

1 and 1343 cm-1, respectively. The C-O stretch vibration 
of hydroxy flavonoids in the biostructure of Vitis labrusca 
L. is observed at 1251 cm-1, while the band at 1026 cm-1 
corresponds to the C-O stretch of primary alcohols. 
Besides, the vibration of the C=O bending band in the 
structure of fatty acids was observed at 917 cm-1[35]. In 
addition, the absorption bands shown at 865, 815 and 776 
cm-1 can be assigned to the =C-H flexure, which is 
consistent with the polyphenolic or flavonoid 
compounds present in the extract [36].  

3.1.2. α-FeOOH Nanoparticles 
The FT-IR spectrum of α-FeOOH nanoparticles is given 
in Fig. 4. In the FT-IR spectrum of α-FeOOH 
nanoparticles, vibrations at 3168, 1590, 1375, 800, 700, 548 
and 397 cm-1 were noted. The 3168 cm-1 vibration is 
attributed to the O-H group stretching vibrations of 
polyphenols found in the Vitis labrusca L. plant extract, 
while the 1575 cm-1 vibration corresponds to carbonyl 
group vibrations of the same polyphenols. Additionally, 
the in-plane bending vibration at 891 cm-1 and the out-
of-plane bending vibration at 794 cm-1 are specific to the 
Fe-OH bending vibration of the goethite particles. It is 
worth noting that the thermal transformation from 
goethite to hematite results in hematite characteristic 
vibrations at 533 and 454 cm-1, which have been 
previously reported for similar findings in goethite [37]. 

3.2. XRD Analysis 
In the XRD pattern of α-FeOOH nanoparticles as shown 
in Fig. 5, distinct peaks were observed at 2θ=22.42°, 
34.08°, 36.78°, 39.72°, 44.82° and 59.39°. These peaks were 
interrelated to (110), (130), (111), (200), (131) and (151) 
hkl planes. All these diffraction peaks are consisted to 
orthorhombic goethite compatible with JCPDS Card No. 
29-0713 and space group P21nm. The cell parameters of 
the α-FeOOH nanoparticles a= 4.61 Å, b = 9.95 Å and c = 
3.02 Å as shown in Table 1. Since there are no different 
peaks in the substance, the product does not contain 
impurities [38]. 

 
Figure 4. FT-IR spectra of dry Vitis labrusca L. extract and α-FeOOH 

nanoparticles 

 

 
Figure 5. Powder XRD pattern and illustration of the crystal structure 

of α-FeOOH nanoparticles 
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3.3. SEM-EDX Analysis 

The basic composition of the synthesized materials is 

determined by EDX, a microanalytical technique used in 

conjunction with SEM. EDX detects X-rays emitted by 

the sample as a result of electrons bombarding the 

material surface. The measurement of density and 

energy provides information on chemical composition. 

The EDX spectrum for each energy level shows the 

frequency of X-rays as counts. By determining the 

intensity of the peak, information about the amount of 

the element in the sample is obtained.  

  

A morphological analysis of goethite by SEM in      

Fig. 6 showed that it was composed of agglomerated 

pseudo-spheres with a spongy appearance, consistent 

with its low crystallinity [39]. The size of the 

nanoparticles is in the range of 20–38 nm. When the EDX 

analysis result of α-FeOOH nanoparticles was 

examined, the main iron peaks were located at 

approximately 0.75 keV, 6.5 keV and 7.2 keV. The peak 

corresponding to oxygen was observed at 0.5 keV       

(Fig. 7). The peak corresponding to oxygen was observed 

at 0.5 keV. The atomic percentages of oxygen and iron 

elements without any impurities were found to be 

40.05/59.95 [40]. 

Table 1. The structural parameters of the prepared α-FeOOH nanoparticles obtained from XRD analysis 

Sample JCPDS Card no: Crystal Structure Space Group Lattice Parameters (Å) Cell Volume (Å3) Distance (Å) 

α-FeOOH 29-0713 Orthorhombic P21nm 

a= 4.61 

b= 9.95 

c= 3.02 

138.52 

Fe1-Fe2= 2.32 

Fe1-O1=  2.04 

Fe2-O1=  2.06 

Fe2-H1=  1.69 

O1-H1=   1.22 

 

Figure 6. SEM images of the synthesized α-FeOOH nanoparticles, observed at various magnification levels 



Ozcan et al.  Turk J Anal Chem, 5(1), 2023, 43–49  

48 

 

 
Figure 7. EDX spectrum of α-FeOOH nanoparticles 

4. Conclusions 

In summary, the aqueous extract of Vitis labrusca L. 

serves as an excellent reducing and stabilising agent for 

the synthesis of α-FeOOH nanoparticles. The growing 

interest in green chemistry approaches stems from their 

resource efficiency and eco-friendliness. Moreover, 

green-synthesized nanoparticles are devoid of harmful 

byproducts, making them suitable for biomedical and 

biotechnological applications. In this study, we 

successfully synthesized α-FeOOH nanoparticles using 

a green method mediated by the aqueous extract of Vitis 

labrusca L. We employed FT-IR, XRD, and SEM-EDX 

analyses to characterize the synthesized α-FeOOH 

nanoparticles. The FT-IR and XRD results confirmed the 

purity of the synthesized α-FeOOH nanoparticles, 

without the presence of other iron compounds. SEM-

EDX analysis revealed that the α-FeOOH nanoparticles 

have a pseudo-spherical structure and fall within the 

size range of 20–38 nm. This study serves as a valuable 

reference for the preparation of environmentally 

friendly, cost-effective, and high-yield α-FeOOH 

nanoparticles with strong adsorption capacity for 

analytical applications. 
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A “Turn-off” fluorescence sensor for Fe2+, Fe3+, and Cu2+ ions based on novel 

pyrene-functionalized chitosan  
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Abstract 

The detection of iron and copper ions is very important for environmental and biological processes. In this work, a novel pyrene-functionalized 

Schiff base chitosan (Chit-Pyr) was synthesized, and this hybrid material was used as a “turn-off” fluorescence sensor for the detection of Fe2+, 

Fe3+, and Cu2+ ions. FTIR, UV-Vis, TGA, and SEM were used to examine for structural, thermal, and morphological properties of Chit-Pyr. This 

sensor exhibited a selectivity towards Fe2+, Fe3+, and Cu2+ ions among several common metal cations in the DMF dispersion. The results showed 

that the proposed “turn-off” fluorescence sensing mechanism of Chit-Pyr was simple and sensitive for the determination of Fe2+, Fe3+, and Cu2+ 

ions. 

Keywords: Fluorescence sensor, iron and copper, chitosan, pyrene 

1. Introduction

Improving sensors for the detection and determination 

of transition metal ions is very important for 

environmental and biological processes [1]. Iron and 

copper ions, which are biological metals, play significant 

roles in these processes [2–4]. Iron exists in the form of 

ferrous (Fe2+) and ferric (Fe3+) ions and is indispensable 

in physiological processes such as oxygen binding, 

respiration, and enzymatic reactions [5–8]. Although it is 

of great importance in physiological processes, iron 

deficiency causes diabetes, anemia, liver, heart, and 

kidney damage, and iron accumulation causes serious 

diseases such as cancer, Parkinson’s, and Alzheimer’s 

[9–11]. Copper is the third most abundant transition 

metal in the human body, and excess copper in the 

human body causes diseases such as vomiting, increased 

blood pressure and respiratory rate, acute hemolytic 

anemia, and liver damage [12]. Therefore, it is very 

important to improve simple, sensitive, fast, cost-

effective, and portable alternating for metal ion 

definition [13]. Many analytical techniques such as high-

performance liquid chromatography (HPLC), anodic 

stripping voltammetry, inductively coupled plasma-

mass spectrometry (ICP-MS), and atomic absorption 

spectrometry (AAS) have been improved for the 

definition of iron and copper [14–21]. In addition to 

traditional analytical methods, fluorescence probes have 

been widely used in recent years for the detection of any 

analyte [22]. Fluorescence probes are of great interest for 

applications such as optical imaging and analytical 

sensing due to their high sensitivity, simplicity, and fast 

response times [23]. Fluorescence detection, which has 

turned into an effective tool for real-time detection and 

monitoring of biological species and physiological 

processes, is non-invasive, well-operative, and 

extremely susceptible [24].  

Biopolymers, which can be divided into natural and 

synthetic based on their origin, are long chain-like 

molecules containing repeating monomer units that are 

environmentally degradable [25,26]. Cellulose, chitosan, 

and chitin are polysaccharide derivative biopolymers in 

the natural biopolymer class [27]. Chitosan, the second 

most abundant biopolymer on Earth after cellulose, is a 

polycationic polysaccharide derived from chitin, 

consisting of N-acetyl-d-glucosamine units linked by β-

(1,4)-glycosidic bonds [28,29]. It is soluble in aqueous 

solutions such as acetic acid and lactic acid, and its 

solubility depends on the degree of deacetylation (DD) 

and molecular weight [30]. It is used in many 

applications due to its non-toxic, low-cost, versatility, 
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biodegradability, biocompatibility, digestibility, 

antibacterial, anti-tumor, hemostatic, and antioxidant 

properties [31–34]. Chitosan has shortcomings such as 

low mechanical properties, thermal stability, and high 

sensitivity to moisture. To overcome these shortages, 

chitosan is functionalized using physical, chemical, and 

biological modification methods [30]. Also, in 

fluorescence sensor applications, the fact that it does not 

have fluorescence properties requires modification with 

new groups. 

Pyrene, one of the polyaromatic hydrocarbon family, 

is widely used as a fluorescence probe in many 

applications. It is well-known that pyrene and its 

derivatives show both monomeric and excimer 

fluorescence emission [35]. The pyrene displays the 

monomer emission wavelength in the range of ~380–410 

nm and the excimer emission wavelength in the range of 

~450–500 nm [36]. The formation of the excimer causes 

the emission wavelength of the pyrene compound to 

exhibit a bathochromic shift to a longer wavelength [37]. 

Excimer emission of pyrene due to interactions between 

pyrene units, one of which is excited, both in the solution 

and in the solid state under different conditions, may 

result from an intermolecular or intramolecular process 

[38]. Although pyrene-modified chitosan biopolymers 

have been reported in the literature, they differ from our 

study in terms of synthesis and application. Jatunov et al. 

synthesized a biopolymer expressing molecules with 

different physicochemical properties by adding 

equimolar amounts of aldehydes (4-N,N-

diphenylaminobenzaldehyde, 4-N,N-dimethylamino-1- 
naphthaldehyde, and 1-pyrenecarboxaldehyde) to a 

methanolic suspension of chitosan [39]. Franconetti et al. 

developed aromatic and heteroaromatic aldehydes with 

malononitrile, a symmetric active methylene compound. 

Then, the catalytic activities of organocatalysts, chitosan 

hydrogel beads, and hydrogel disks formed by ureidyl-

chitosan derivatives were evaluated as a function of pH, 

temperature, and catalyst concentration [40]. Sirajunnisa 

et al. synthesized the β-amino derivative of lawsone 

using chitosan and 1-pyrenecarboxaldehyde via the 

Mannich reaction. Also, they prepared quaternization of 

a Mannich base and following intercalation into 

bentonite clay produced the organic-inorganic hybrid 

systems [41]. However, as far as we know 1-

pyrenecarboxaldehyde-modified chitosan prepared as a 

fluorescence sensor for the detection of metal ions is not 

yet available in the literature. In addition, chitosan and 

its derivatives are used in the fluorometric 

determination of various analytes. Although chitosan 

compound containing 1-pyrenecarboxaldehyde is not 

available in the literature, these biopolymers containing 

different fluorescent groups are used as a fluorescence 

sensor for the detection of metal ions [42–44]. 

In this work, novel pyrene-functionalized Schiff base 

chitosan was synthesized as a “turn-off” fluorescence 

determination of Fe2+, Fe3+, and Cu2+ ions. The 

characterization, morphological, and thermal properties 

of Chit-Pyr were investigated by FTIR, SEM, and TGA. 

The photophysical and fluorescence sensor properties 

were measured by UV-Vis and fluorescence 

spectroscopies. Also, the change of color was observed 

by adding Fe2+ and Fe3+ ions to the dispersion of Chit-Pyr 

in DMF. As a result, new photophysical, thermal, and 

morphological properties were gained to the biopolymer 

by functionalizing the chitosan with the pyrene 

compound. 

2. Experimental 

2.1. Materials and equipments 

Chitosan, 1-pyrenecarboxaldehyde, glacial acetic acid, 

absolute ethanol (EtOH), dichloromethane (DCM), 

tetrahydrofuran (THF), acetonitrile (ACN), dimethyl 

sulfoxide (DMSO), dimethylformamide (DMF), AgNO3, 

BaCl2, CaCl2, CdCl2, CsCl, CuCl2, FeCl2, FeCl3, HgCl2, 

KCl, LiCl, MgCl2, MnCl2, NaCl, PbCl2, and ZnCl2 metal 

salts were obtained from commercial suppliers. 

Ultrapure water (18.2 MΩ) was used for chemical 

reaction and sensor measurements. 

Fourier-transform infrared spectroscopy (FTIR) 

spectra were recorded on a Perkin Elmer Spectrum 100 

spectrophotometer. Scanning Electron Microscopy (FEI, 

Nova Nano SEM 450) was used for the analysis of 

surface morphological properties. Thermogravimetric 

analysis (TGA) was performed by Thermal Analysis 

System (Mettler Toledo STARe) and the heating rate was 

adjusted to 10 °C/min when the N2 flow rate was kept at 

50 mL/min. Absorption spectra were recorded with a 

Shimadzu 2101 UV-Vis spectrophotometer. 

Fluorescence emission spectra were obtained by a Varian 

Eclipse spectrofluorometer.  

2.2. Synthesis of pyrene-modified chitosan (Chit-Pyr) 

0.50 g of low molecular weight chitosan was dissolved in 

20 mL of ultrapure water and five drops of glacial acetic 

acid (AcOH). It was stirred at 50 ˚C for two hours to 

completely dissolve the chitosan. Then, an excess 

amount of 1-pyrenecarboxaldehyde dissolved in 10 mL 

of ethanol was added to the reaction mixture under an 

inert atmosphere and refluxed for 24 hours. After that 

time, the reaction solvent was removed and the solid 

product was washed several times with THF, DCM, and 

ethanol to remove unreacted 1-pyrenecarboxaldehyde. 

The light-yellow product was dried in a vacuum oven at 

55 ˚C. 
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2.3. “Turn-off” fluorescence sensor measurements 

Absorption and emission changes upon the addition of 

metal ions (Ag+, Ba2+, Ca2+, Cd2+, Cs+, Cu2+, Fe2+, Fe3+, Hg2+, 

K+, Li+, Mg2+, Mn2+, Na+, Pb2+, Zn2+) to the Chit-Pyr 

dispersion were determined using a UV-Vis and 

fluorescence spectrophotometer. Absorption and 

fluorescence emission spectra in “turn-off” fluorescence 

sensor measurements were performed Chit-Pyr in the 

DMF dispersion (0.4 mg/mL) at room temperature. The 

aqueous solutions of the metal chlorides (nitrate 

derivative for Ag+ ion, 0.1 M) were used as the source of 

metal ions in these measurements. Spectra were 

routinely acquired at 25 °C in a 1 cm path-length quartz 

cuvette by adding 0.1 M different metal ions (Ag+, Ba2+, 

Ca2+, Cd2+, Cs+, Cu2+, Fe2+, Fe3+, Hg2+, K+, Li+, Mg2+, Mn2+, 

Na+, Pb2+, Zn2+) to 2 mL solution. The metal solutions 

used in the measurements were prepared as 0.1 M stock 

solutions in ultrapure water using metal salts (AgNO3, 

BaCl2, CaCl2, CdCl2, CsCl, CuCl2, FeCl2, FeCl3, HgCl2, 

KCl, LiCl, MgCl2, MnCl2, NaCl, PbCl2, and ZnCl2).  

3. Results and discussion 

3.1. Synthesis and characterization 

Chitosan containing primary amine was substituted 

with pyrene, a fluorophore group with good 

photophysical properties, using a chemical modification 

method and utilized in the fluorescence detection 

platform. The pyrene-modified chitosan (Chit-Pyr) was 

synthesized via Schiff base reaction as a fluorescent 

sensor for “turn-off” fluorescence determination of Fe2+, 

Fe3+, and Cu2+ (Scheme 1). 

The chemical, thermal, and morphological 

characterizations of the final product Chit-Pyr are given 

in Fig. 1. 

 
Scheme 1.  The synthetic procedure of pyrene-modified chitosan (Chit-Pyr) 

 

 
Figure 1. (a) FTIR spectra, (b) TGA diagrams of 1-pyrenecarboxaldehyde, Chit, Chit-Pyr and SEM images of (c) Chit and (d) Chit-Pyr surfaces 

with X1000 magnification 
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Also, the chemical and thermal characterizations of the 
starting compounds Chit and 1-pyrenecarboxaldehyde 
are shown in Fig. 1a–b. In the FTIR spectra (Fig. 1a), the 
peaks representing the 1-pyrenecarboxaldehyde 
structure, which is one of the starting materials, were 
detected by the literature. The presence of aldehyde C-H 
peaks at 2858–2713 cm-1 and C=O peak at 1676 cm-1 
support the structure [45]. The characteristic peaks of the 
Chit structure, N-H and O-H peaks at 3353–3293 cm-1, 
symmetrical and asymmetrical C-H stretching 
vibrations at 2880 cm-1, C=O at 1657 cm-1 and C-O 
stretching vibrations at 1059 cm-1 confirm the structure 
[46]. In the FTIR spectrum of Chit-Pyr, which is the 
product obtained after modification, the peaks of 
chitosan are prominently present, while at the same 
time, the peak modification at 1623 cm-1 for the C-N bond 
vibration, which indicates the formation of Schiff base, 
confirms the modification [45]. 

Changes in the thermal properties of materials are 
also one of the important characterizations supporting 
whether the modification has taken place. Therefore, for 
this study, the thermal properties of the study groups 
were examined, and the thermal diagrams obtained are 
given in Fig. 1b. It has been determined that chitosan 
undergoes thermal decomposition at approximately    
350 °C with a significant mass loss of 48%. 1-
pyrenecarboxaldehyde lost about 90% of its mass at 323 
°C. The temperature at which mass loss of Chit-Pyr was 
observed also showed similar characteristics with Chit. 
The fact that the thermal decomposition temperatures of 

the bonded organic group and Chit structures were very 
close caused the obtained product to undergo thermal 
decomposition at a similar temperature point. However, 
some variation in the percent mass loss was detected. A 
mass loss of 40% indicates that the thermal properties of 
the Chit structure increase after modification. In 
addition, the difference in the thermal course after the 
temperature range (350-800 °C) where rapid mass loss is 
observed supports the modification [47,48].  

For morphological characterization, the images of 
chitosan particles before (Fig. 1c) and after (Fig. 1d) were 
modified with 1-pyrenecarboxaldehyde were examined. 
The surface of the chitosan particles appears to be 
smoother and relatively more homogeneous. In 
addition, it was determined that the surface of Chit-Pyr 
particles changed considerably to support the 
modification and had a rougher and non-homogeneous 
surface. 

Normalized absorption spectra of 1-
pyrenecarboxaldehyde, Chit, and Chit-Pyr in DMF were 
given in Fig. 2. As seen in Fig. 2, no apparent absorption 
peaks were monitored in the region of 270–570 nm in the 
UV-Vis absorption spectrum of Chit. After the chitosan 
was modified with pyrene (Chit-Pyr), the novel hybrid 
material showed a new absorption peak at 275–293 nm 
and 340–396 nm which were attributed to π-π* 
transitions of the pyrene moieties [49]. Thus, the 
absorption spectrum of the hybrid material (Chit-Pyr) 
confirmed that the pyrene has been modified to the 
chitosan surface. 

 

 
Figure 2. (a) Normalized UV-Vis absorption spectra of 1-pyrenecarboxaldehyde, Chit, and Chit-Pyr in DMF, (b) UV-Vis absorption spectra of     

0.4 mg/mL  Chit-Pyr   in  different solvents,  and  (c)  fluorescence  emission  spectra  of  0.4  mg/mL  Chit-Pyr  in  different  solvents  (λex=345 nm) 
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3.2. Photophysical studies  

The absorption and fluorescence properties of pyrene-

modified chitosan hybrid (Chit-Pyr) were investigated 

in different water-miscible solvents such as THF, ACN, 

EtOH, DMF, DMSO, and water at the same 

concentration (0.4 mg/mL, Fig. 2b–c). In addition, 

absorption and emission spectra of Chit-Pyr at different 

concentrations from 0.4 mg/mL to 0.1 mg/mL and in 

different solvents were measured to examine the effect 

of on the UV-Vis and emission absorption properties of 

Chit-Pyr. The absorbance values were decreased 

comparatively when the concentration of Chit-Pyr was 

decreased without a significant change in the absorption 

wavelength (Fig. 3). 

 

 
Figure 3.  UV-Vis  absorption  spectra  of  Chit-Pyr  in  (a)  THF,  (b)  ACN,  (c)  EtOH,  (d)  DMF,  (e) DMSO, and (f) water at different concentrations 
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The emission characteristic of Chit-Pyr was 

investigated at different concentrations from 0.4 mg/mL 

to 0.1 mg/mL and in different solvents when excited at 

345 nm (Fig. 4). It was determined that the excimer 

emission of Chit-Pyr obtained in ethanol and water, 

which are polar protic solvents, was blue-shifted 

compared to polar aprotic solvents [50]. In addition, 

emission bands of both monomer and excimer                     

of the Chit-Pyr were obtained in solvents such as THF, 

ACN, EtOH, and DMSO.  The  emission  intensity  of  the 

 

monomer emission (398 and 418 nm) was determined as 

DMSO higher than the excimer emission (481 nm) 

compared to other solvents. Also, the excimer vs. 

monomer emission intensity ratio (Ie/Im) of Chit-Pyr in 

DMSO was calculated as ~0.6, and this ratio remained 

the same with increasing or decreasing concentration. 

Among all solvents studied, DMF was chosen as the 

solvent in “turn-off” fluorescence sensor studies, 

because Chit-Pyr showed a high emission peak in DMF 

which is miscible in water. 

 

 

 
Figure 4. Fluorescence emission spectra of Chit-Pyr in (a) THF, (b) ACN, (c) EtOH, (d) DMF, (e) DMSO, and (f) water at different concentrations (λex=345 nm) 
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3.3. “Turn-off” fluorescence sensor studies 
The pyrene-modified chitosan (Chit-Pyr) was dispersed 
in DMF and “turn-off” fluorescence sensor studies were 
performed at a concentration of 0.4 mg/mL. Chit-Pyr 
was dispersed in DMF with an ultrasonic bath and 5 μL 
of 0.1 M of various metal ions (Ag+, Ba2+, Ca2+, Cd2+, Cs+, 
Cu2+, Fe2+, Fe3+, Hg2+, K+, Li+, Mg2+, Mn2+, Na+, Pb2+, Zn2+) 
were added to the dispersion of Chit-Pyr. Then, the 
absorption and emission responses of Chit-Pyr were 
evaluated after adding metal ions (Fig. 5). As seen in    
Fig. 5a, absorption properties of Chit-Pyr considerably 
changed after the addition of Fe2+, Fe3+, and Cu2+ ions to a 
dispersion of Chit-Pyr. The absorption peaks of Chit-
Pyr, observed at 277 and 288 nm, were increased 2.9- and 
2.3-fold for Fe2+, 3.6- and 2.7-fold for Fe3+, and 4.9- and 
3.4-fold for Cu2+, respectively. Also, the absorption peaks 
of Chit-Pyr, monitored at 363 and 392 nm, were 
increased 2.1- and 2.0-fold for Fe2+, 2.4- and 2.0-fold for 
Fe3+, and 1.5- and 1.5-fold for Cu2+, respectively. No blue 

or red shifts were detected in the absorption bands with 
the addition of metal ions (Ag+, Ba2+, Ca2+, Cd2+, Cs+, Cu2+, 
Fe2+, Fe3+, Hg2+, K+, Li+, Mg2+, Mn2+, Na+, Pb2+, Zn2+). 

The emission spectra of Chit-Pyr were obtained 
towards Fe2+, Fe3+, and Cu2+ ions at the same analytical 
conditions with absorption measurements. As shown in 
Fig. 5b, the emission bands of Chit-Pyr with moderate 
emission intensity at 482 nm were decreased 15.8-fold 
for Fe2+, 37.4-fold for Fe3+, and 10.3-fold for Cu2+. No 
significant changes were determined in the emission 
band with the addition of other metals (Ag+, Ba2+, Ca2+, 
Cd2+, Cs+, Hg2+, K+, Li+, Mg2+, Mn2+, Na+, Pb2+, Zn2+). The 
addition of other metals did not cause any significant 
changes in the emission band of Chit-Pyr. 

As seen in Fig. 6a, the relative fluorescence response 

of Chit-Pyr confirmed the high selectivity of Chit-Pyr 

against Fe2+, Fe3+, and Cu2+ ions and showed that it was 

unaffected by competitive species. The addition of Fe2+  

 

 
Figure 5. (a) UV-Vis absorption spectra and (b) fluorescence emission spectra of Chit-Pyr (0.4 mg/mL in DMF λex = 345 nm) upon addition                  

of 0.1 M of various metal ions (Ag+, Ba2+, Ca2+, Cd2+, Cs+, Cu2+, Fe2+, Fe3+, Hg2+, K+, Li+, Mg2+, Mn2+, Na+, Pb2+, Zn2+) 

 

 

 
Figure 6. (a) Fluorescence signal change of Chit-Pyr in DMF addition of various competitive ions, the color change of Chit-Pyr in DMF (0.4 mg/mL) 

(b) daylight, and (c) UV light 
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and Fe3+ ions to Chit-Pyr solution dispersed in DMF 

caused significant color changes to the naked eye 

(colorless to light brown, Fig. 6b) and under UV light 

(blue/green to colorless, Fig. 6c). While there was no 

visible color change after addition of Cu2+ was added, a 

color change from blue/green to colorless was observed 

under UV light (Fig. 6c). Thus, it was determined that the 

newly synthesized pyrene modified chitosan hybrid 

(Chit-Pyr) indicated “turn-off” fluorescence sensor 

properties against these metals. Also, the color change 

after the addition of Fe2+ and Fe3+ ions indicated that this 

hybrid material can be used as both a colorimetric and 

fluorometric sensor platform.  

Fluorescence titration of Chit-Pyr with an increased 

amount of Fe2+, Fe3+, and Cu2+ ions was measured in DMF 

to define the linear “turn-off” response of the Chit-Pyr 

towards the selective metal ions (Fig. 7). The 

fluorescence signals of Chit-Pyr were gradually “turn-

off” upon the addition of Fe2+, Fe3+, and Cu2+ ions, 

respectively. 

The linear regression equation for selective metal ions 

was calculated as y = - 8.1857 [Fe2+] + 401.14 (R2 = 0.9971), 

y = - 9.4774 [Fe3+] + 424.94 (R2 = 0.985), and y = - 8.9291 

[Cu2+] + 393.32 (R2 = 0.9948) (Fig. 8). The limit of detection 

(LOD) is calculated with 3σ/K where σ and K represent 

the standard deviation of the blank sample and slope of 

calibration curves, respectively. LODs were determined 

as 2.52 μM for Fe2+, 1.74 μM for Fe3+, and 1.96 μM for 

Cu2+. Also, the limit of quantification (LOQ) for Fe2+, Fe3+, 

and Cu2+ were calculated as 7.56 μM, 5.21 μM and 5.89 

μM with 9σ/K, respectively. 

 

 

 

 
Figure 7. Fluorescence titration of Chit-Pyr (0.4 mg/mL) (a) Fe2+, (b) 

Fe3+, and (c) Cu2+ with a gradually increased concentration in DMF    

(λex = 345 nm) 

 

 

 

 
Figure 8. The linear relationship between fluorescence responses of 

Chit-Pyr and metal ions (a) Fe2+, b) Fe3+, and (c) Cu2+. 
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Heavy metals such as iron and copper, which chelate 

with the -OH and -NH2 groups in chitosan, cause a 

change in the emission signal due to the photoinduced 

electron transfer (PET) mechanism. Electron transfer 

occurs from the excited compound to the electron-

deficient metal ions with Lewis acid character and 

quenches the emission signal of the fluorescence 

compound [51]. The -OH groups that provide charge 

transfer from the ligand to the metal ion were 

deprotonated after the interaction of Chit-Pyr with Fe2+, 

Fe3+, and Cu2+. The coordination between Fe2+, Fe3+, Cu2+, 

and Chit-Pyr was accomplished through the hydroxyl 

oxygen atom and the imine nitrogen atom [2,52].  

Scheme 2 indicates the proposed “turn-off” fluorescence 

sensing mechanism of Fe2+, Fe3+, and Cu2+. 

4. Conclusion 

Interest in biopolymer-based fluorescent sensors is 

increasing, as they exhibit cost-effective, biodegradable, 

and environmentally friendly properties. Also, 

biopolymers with new properties are obtained by 

functionalization with alternative groups. In this study, 

novel, sensitive, and simple “turn-off” fluorescence 

studies were performed using pyrene-modified chitosan 

hybrid (Chit-Pyr) against Fe2+, Fe3+, and Cu2+ ions. FTIR, 

UV-Vis, TGA, and SEM were used to examine for 

structural, thermal, and morphological properties of 

Chit-Pyr. Photophysical properties of Chit-Pyr were 

determined by UV-Vis absorption and fluorescence 

studies. The selective “turn-off” fluorescence response 

for Chit-Pyr was obtained towards Fe2+, Fe3+, and Cu2+ 

ions in different competitive species. It is thought that 

this study will contribute to the preparation of stable, 

economical, and sustainable new hybrid biopolymers for 

use in fluorescence sensor studies. 
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Abstract 

Traditional textile bleaching techniques need to be given another look in light of the environment and lifestyle of today. To achieve higher 

whiteness values while using less water and chemicals during the bleaching process, it is crucial for both the environment and the economy. The 

most effective disinfectant, chlorine dioxide (ClO2), is produced by sodium chlorite (NaClO2), which is a suitable oxidant for the job. During the 

COVID-19 pandemic, NaClO2 gained popularity and became more widely available. The use of NaClO2 as a bleaching agent offers many benefits, 

including a decrease in the number of washing steps and an increase in cotton strength.  This reagent's ability to produce less weight loss in the 

fabric than other reagents is another benefit. Therefore, the present work was intended to improve the process conditions (different temperatures, 

concentrations, and times) of bleaching of cotton fabric by using NaClO2.A high whiteness index (W.I. = 88) was obtained by utilizing phosphonic 

acid (HEDP), and the ideal temperature and duration were found to be 30 min at 65 °C and 30 min at 85 °C. Moreover, the tensile strength, weight 

loss and morphologies of the samples were examined. Because sodium chlorite does not leave behind any alkaline residues, it has been found to 

do less harm to cotton fibers and use less water for rinsing. 

Keywords: Sodiumchlorite, cottonfabric, bleaching, phosphonicacid 

1. Introduction

The economy and environment of the textile industry are 

greatly impacted by the bleaching of cotton fabric [1,2].  

Cotton fibers are naturally yellow or brown because of 

their structural makeup. Pigments that are naturally 

present may be the cause of this yellowish and brown 

discoloration [3]. Additionally, this color pollution may 

be brought on by environmental factors such as soil, 

climate, drought, frost, dust, and insects [4–6]. Before 

dyeing and finishing, which is one of the crucial steps, 

cotton fibers must typically undergo pretreatment to 

remove the natural pigments [7]. Bleaching is used to 

turn colored materials into the white fabric while 

causing the least amount of fiber deterioration possible. 

To achieve the desired whiteness, the bleaching 

chemicals either oxidize or decrease the coloring matter 

[8]. Washing off the treated colours and material yields 

satisfactory whiteness [1,9].               

For a long time, textile and paper pulp have been 

bleached to a high white without losing strength using 

sodium chlorite (NaClO2), which is a known commercial 

chemical [10,11]. NaClO2 is also easy to obtain and stores 

reasonably well. Additionally, it is a persistent free 

radical that acts as a one-electron oxidant in reactions 

with reducing substrates such as amines, sulfides, and 

phenols [12,13]. The activation of stable aqueous    

NaClO2 solutions under alkaline conditions requires 

acidification. The rate at which sodium chlorite 

decomposes into chlorine dioxide (ClO2), a potent 

oxidizing gas, increases with decreasing pH values and 

increasing bleach bath temperature (over 70 °C) [14,15]. 

The amount of NaClO2 in the solution has a direct 

relationship to the rate of ClO2 production. Maximum 

ClO2 synthesis occurs between pH 2.5 and 3.0 [1]. Since 

the rate of ClO2 generation almost doubles for each 0.4 

pH drop at 85 °C, an acid like formic, acetic, or 

phosphoric acid is advised to alter pH values between 

5.0 and 3.0 [16,17]. 

The ineffective storage of ClO2, the possibility of a 

gaseous explosion, and the fact that it is typically 

coupled with hypochlorite hinder the effective usage of 
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ClO2 even though it is a potent and affordable oxidant 

and disinfectant [18]. However, since the current 

pandemic, chlorine dioxide use has grown significantly 

and is still growing [19,20]. It was decided at this point 

that it would be advantageous to revisit the NaClO2 

bleaching procedures to dispel some myths, particularly 

in the textile industry, and to improve their usability and 

safety. 

The present work aims to find the most appropriate 

and environmentally safe process conditions to bleach 

cotton using NaClO2, caring about the quality of the 

bleached fabric. In this study, in addition to other 

bleaching studies, some phosphonic acids were used and 

it was determined that the whiteness value of the 

bleached fabric increased significantly. In addition, it has 

been determined that the bleaching process can be 

performed without the use of wetting agent thanks to the 

phosphonic acid used, and thus the cost is reduced. As a 

result of the characterizations performed on the bleached 

fabric, it was determined that the morphology of the 

fabric was less damaged than the fabrics bleached by 

another bleaching method. In addition, this study is 

remarkable in terms of being environmentally friendly 

and obtaining cotton fabrics with good stretching 

properties by the bleaching process.  

2. Experimental 

2.1. Equipments, materials and chemicals 

With pots of 200 mL capacity constructed of AISI 316L 

stainless steel (thickness of 2 mm), the TM-TermalTM was 

utilized as a laboratory-size dyeing apparatus. The 

device has a 20-step, 36 programs, PT-100 temperature 

sensor, and 1–3 °C/min temperature control mechanism. 

5 °C to 140 °C operational temperature range and 

heating rate. The Konica Minolta Spectrophotometer, 

CM-3600d, assessed the reflectance of the bleached 

samples' whiteness. meterLab Ag/AgCl electrode and 

analytical KCl were utilized with the pH meter 210 

Standard. The Turkish company NUR Textile Co. 

provided the plain weave, 100 percent cotton. These 

were the fabric's specifications: 150 g/m2 fabric weight, 

30 weft yarns per centimeter, and 36 warp yarns per cm. 

Turoksi    Chemical Co. supplied sodium chlorite as a 

31% solution in water. Technical grade sodium 

tripolyphosphate STPP), ethylenediaminetetraacetic 

acid (EDTA), amino trimethylene phosphoric acid 

(AMTP), polyacrylic acid (PAA), and 1-hydroxy 

ethylidene-1,1-diphosphonic acid (HEDP)were all 

provided by the Turkish domestic market. The following 

chemicals were acquired from Merck Chemical 

Company: acetic acid (CH₃COOH, 99%), sodium 

thiosulfate anhydrous (Na2S2O3, 98.0%), citric acid 

(C₆H₈O₇, 99%), phosphoric acid (H3PO4, 85%), formic 

acid (CH₂O₂, 96%), sulfuric acid (H₂SO₄, 95.0–98.0%), 

and potassium iodide (KI, 99.0%). 

2.2. Process conditions 

For bleaching trials, fabrics were weighed out to around 

10 g for each one immersed in a liquor solution. The main 

components of the liquors include acids that are used to 

modify the pH from 2.5 to 4.0, wetting agents, various 

stabilizers, and sodium chlorite. The mentioned 

amounts of chemicals given in the recipes were added to 

provide a material to liquor ratio of 1/10. Wetting agent 

(1 g/L), stabilizer (1 g/L), and NaClO2 (0.850 g–5.225 g/L) 

were all used.  The stabilizer agent STPP was employed. 

Acids including formic acid (FA), acetic acid (AA), 

phosphoric acid (PA), citric acid (CA), 1-hydroxy 

ethylidene-1,1-diphosphonic acid (HEDP), polyacrylic 

acid (PAA), and amino trimethylene phosphoric acid 

(AMTP) were used to change the pH of the solution. 

Both a pH regulator and a stabilizer are employed with 

HEDP. The completed mixture was put into 200 mL 

stainless steel HT tubes with fabric, and the tube lids 

were tightly sealed. The alphabetical order of a, b, c, d 

given in Fig. 1 is the order in which the reagents are 

added to the process. The heating program was run 

following the replacement of the tubes on the dying 

machine heel (Fig. 1). After the period, the tubes were 

taken out of the device and opened. First, warm water 

was used to rinse the bleached materials, and then tap 

water was used. 

If the investigations are treated chronologically, the 

trials were conducted at various times (0.5, 1.0, 1.5, and 

3.0 h), but the best time to access the other conditions 

were maintained constant. Trials were then undertaken 

at various temperatures (30, 50, 70, and 95 °C) while 

maintaining other parameters constant to identify the 

ideal temperature, which is identical to the ideal length 

setting. Following the establishment of the ideal times 

and temperatures, the ideal bleach concentration was 

established using a range of NaClO2 concentrations 

(0.85, 1.70, 3.40, 4.25, and 5.25 g). Finally, experiments 

were carried out at various pH values (2.5, 3.0, 3.5, and 

4.0) to find the ideal pH value, which has a significant 

impact on bleaching. 

2.3. Preparation of reference fabrics 

The reference fabric served as a witness throughout the 

investigation as it was used to compare research fabrics 

bleached with NaClO2 to reference fabrics bleached with 

H2O2. The witness fabric was bleached with 5g/L H2O2. 

A solution of sodium hydroxide was used to modify    

the pH before bleaching, which was done at a pH of 10.5.  
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The optimal bleaching time and temperature were found 

to be 2 h and 95 °C, respectively, and a nonionic STPP 

agent was utilized as the wetting agent. 

2.4. Degree of whiteness 

Necessary comparisons were made by carrying out the 

whiteness measurements of the experimental fabrics 

bleached with NaClO2 and the reference fabrics bleached 

with H2O2. At 400 nm, the whiteness was measured. The 

degree of whiteness of bleached cotton samples, 

expressed as the whiteness index (W.I.), was measured 

using a Konica Minolta spectrophotometer (CM-3600d). 

The equation (ASTM Method E31373) was used to 

compute the W.I. in terms of the CIE Y (blue) and (green) 

reflectance components [21]. 

𝑊. 𝐼. =
4𝑍

1.18
− 3𝑌 (1) 

where Y and Z are the readings of the device. 

2.5. Weight Loss 

The following calculation was used to determine fabric 

weight decrease based on dry weight: 

𝑊𝑒𝑖𝑔ℎ𝑡 𝐿𝑜𝑠𝑠 (%)  =  
𝑊1 − 𝑊2

𝑊1

× 100 (2) 

where W1 and W2 represent the cotton fabric's dry 

weights before and after the bleaching process, 

respectively. 

2.6. UV-visible absorption spectra of species 

The spectrum of absorbance of NaClO2 solutions with 

the addition of various quantities of acid was examined 

using a UV-Vis spectrophotometer (3100-PC) in the 240–

500 nm wavelength range. 

 

2.7. Tensile strength (RT) 

Cotton samples' tensile strength was assessed using the 

strip method by ASTM procedure D 2256-66T [22]. 

2.8. Field Emission Scanning Electron Microscopy (FE-

SEM) analysis of cotton samples 

Cotton samples were analyzed using a Hitachi S-4700 

scanning electron microscope (SEM) to learn more about 

the microstructure of the cotton samples and determine 

whether the residues had been successfully removed 

after bleaching. A sputter machine (Cressington 108 auto 

sputter coater) was used to coat cotton cloth. Using 

ImageJ software, the measurement of the diameter and 

size of at least 50 randomly selected cotton fibers were 

measured to ascertain the size, diameter, and size 

distribution of the cotton fibers. 

2.9. Fourier transforms infrared (FT-IR) analysis 

In order to determine if chemical bonding exists in raw 

and bleached cotton in the range of 4000–400 cm-1 at a 

resolution of 4 cm-1, Bruker Fourier transform infrared 

(FT-IR, Vertex-70) spectroscopy was utilized. 

3. Results and discussions 

According to earlier research, sodium chlorite breaks 

down into a strong oxidizing gas called ClO2 and 

decomposes more quickly at low pH levels and higher 

temperatures [23,24]. Taking into account this 

information, the study's optimal timing and temperature 

were first established. The optimum temperature and 

time required for cotton fabrics to have a sufficient 

degree of whiteness were determined as a result of a 

series of bleaching experiments given in Table 1. As a 

result of the experiments performed at different 

temperatures and times using the same wetting agent 

 
Figure 1. Schematic presentation of the cotton fabric bleaching process 
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and acid conditioner, the ideal time and temperature 

were found to be 65 °C 30 min and 85 °C 30 min. 

Examining the impact of the chemicals used to 

modify pH on cotton bleaching is one of the most crucial 

aspects of this study. The following substances are used 

to change the pH: AA, CA, PA, FA, AMTP, PAA, and 

HEDP. Utilizing sodium chlorite solutions of various 

concentrations and acids, information regarding the 

ideal concentration and acid was discovered to explore 

the bleaching impacts of NaClO2 concentration                

and acidity controllers on cotton fabric bleaching.          

The experiment process was determined as a total of 60 

min at pH = 3.0, 65 °C/30 min and 85 °C/30 min 

time/temperature. 

The influence of acidity regulators and NaClO2 

concentration on the whiteness of cotton fabric is 

depicted in Fig. 2. In all acid tests, as shown in the figure 

(Fig. 2a), the amount of whiteness of the cotton fabric 

rises as the bleach concentration rises. It was discovered 

that the determined whiteness levels were on the 

equation with or higher than the reference sample 

following bleaching studies where the bleaching 

intensity ranged from 4.50 to 5.25. The most noteworthy 

acids among the used acid regulators were found to be 

FA and HEDP. 

The whiteness rating of the bleaching experiments 

utilizing FA and HEDP at various NaClO2 

concentrations is contrasted with the whiteness rating of 

the reference fabric in Fig. 2b. The fabric's whiteness 

index was found to be low in the lower concentration 

tests (0.85, 1.70), to be reasonable in the slightly higher 

concentration test (3.40), and to be equal to or better in 

the experiments with concentrations of 4.25 and 5.25 for 

the reference fabric. The bleaching procedure utilizing 

an HEDP acid inhibitor at a concentration of 5.25 g/L 

NaClO2 produces the best whiteness index (W.I. = 83). 

One of the most crucial parameters, pH, was tuned at 

this point after the ideal temperature and time changes 

had been established in the initial phase of the study. The 

rate of sodium chlorite breakdown accelerates at low pH 

levels and high temperatures, according to earlier 

research [23]. To analyze the changes in the whiteness 

index of the fabrics, a variety of acid regulators (AA, CA, 

PA, FA, AMTP, PAA, and HEDP) were used during the 

bleaching trials at various pH levels (2.5, 3.0, 3.5, and 4.0) 

in Fig. 3a. As the pH level decreases, it can be    observed 

in Fig. 3a that the whiteness value of  the fabrics increases 

significantly. In all of the acid regulators utilized in the 

study, pH 2.5 and 3.0 produced the best whiteness 

results. This outcome is in line with research in the 

literature that looked at NaClO2  and  pH.  

 
 

 
Figure 2. (a) The effect of sodium chloride amount and acid types on 

cotton bleaching and (b) the whiteness values obtained in the bleaching 

experiments with FA and HEDP compared with the whiteness value 

of the reference fabric 

 

Table 1.  Determination of optimum duration and temperature in 

cotton bleaching 

Code 
Temp. 

(°C) 

Duration 

(min) 

Whiteness 

Index(%) 

1 30 30 44 

2 30 60 50 

3 30 90 55 

4 30 180 58 

5 50 30 61 

6 50 60 64 

7 50 90 71 

8 50 180 74 

9 65 30 63 

10 70 30 65 

11 70 60 72 

12 70 90 75 

13 70 180 80 

14 85 30 67 

15 95 30 69 

16 95 60 78 

17 95 90 80 

18 95 180 82 

NaClO2: 5.25 (g/L) pH regulator: Formic acid, pH: 3.0, Stabilizer: STPP, 

Liquor Ratio: 1/10 
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The greatest whiteness index amongst acid controllers is 

provided by the HEDP acid, which can be better 

compared using Fig. 3b. It performs higher than the 

whiteness rating of the witness textile sample even when 

the pH level is 3.5. 

The FTIR spectra of the unbleached fabric and the 

fabric bleached with sodium chlorite are shown in Fig. 4. 

The weak band at 1240 cm-1 is assigned to pectin’s C-O 

side chain vibration [25]. However, this peak is not seen 

in the FT-IR spectrum of the bleached cotton, indicating 

that pectin was removed as a result of the bleaching 

process. At 1155 cm-1, a comparable condition is also 

observed. This finding suggests that the bleaching 

process deforms the anti-symmetric C-O-C bond [26,27]. 

The raw and bleached cotton peak measurements of 

1027 and 885 cm-1 and 1024 and 882 cm-1, respectively, 

show that pectin and hemicelluloses are present in the 

cotton fiber [28]. The O-H frequency is also responsible 

for the broad peaks at 3328 and 3325 cm-1 in both spectra, 

whereas the C-H stretch bands are responsible for the 

peaks at 2900 and 2898 cm-1 [29]. 

Fig. 5a and Fig. 5b show, respectively, the structure of 

the reference bleaching with H2O2 and the test sample 

bleached with NaClO2. The reference cloth bleached 

with H2O2 and the untreated fabric utilized in the 

experimental research come from the same raw fabric 

roll. According to Fig. 5a, the structure of H2O2 bleached 

cloth is made up of fibers of comparable sizes. Inset in 

Fig. 5a depicts the periodicity of the fibers' measured 

diameters. 142 nm was the average diameter 

determined. The red dashed circle in Fig. 5a highlights 

the area where the fiber ripped following bleaching with 

H2O2. The surface of the fiber has deformations, as 

shown in the image. Furthermore, as shown by the red 

arrow, it is apparent that there are contaminants or 

chemical residues from bleaching agents on or between 

the fibers. 

The cotton fabric in Fig. 5b has been bleached with 

NaClO2 at pH = 3.0 with the help of the HEDP, pH 

regulator. The smooth fibers in the figure are greater in 

diameter than the fibers in Fig. 5a, and they are also not 

distorted. An inset of Fig. 5b displays the frequencies of 

the fiber sizes that were measured. Its 213 nm average 

diameter was determined. When comparing the two 

bleaching methods, it can be seen that the bleached with 

NaClO2 results in less fiber deformation and leaves no 

bleaching residue on the cloth. These findings agree with 

previous research [10]. 

Finding out how much weight is lost in the fabric 

after bleaching is one of the key aspects of fabric 

bleaching. The weight of the fiber cotton is affected by 

various NaClO2 concentrations and acidity regulators, as 

shown in Fig. 6a. As can be observed in the image, fabrics 

bleached with FA and HEDP have the highest decreased 

weight among acid regulators. As can be seen in Fig. 6a, 

 
 

 
Figure 3. (a) The effect of pH on bleaching and (b) Comparison of the 

bleaching processes performed at different pH values by means of FA 

and HEDP with the reference fabric 

 

 
Figure 4. FT-IR spectra of raw cotton fabric and NaClO2 bleached 

cotton fabric 
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acid controllers in terms of the bleaching trials' 

whiteness indices. 

Fig. 6b is included so that you may more clearly 

understand how these two acid controllers and various 

NaClO2 concentrations affect weight loss. The bleached 

fabric loses weight as the sodium chlorite concentration 

rises, as shown in the figure. In conclusion, the bleaching 

and elimination of contaminants in the bleached cotton 

fabric is the cause of the fabric's increased weight           

loss with a rise in the whiteness index. The most  

startling finding is that even though the sodium chlorite 

bleaching used in our investigation produced whiter 

results than the reference sample's whiteness, there was 

still a weight loss of about a third. This could imply that 

bleaching with NaClO2 is cost-effective for techniques 

that do not result in a significant loss in fabric weight. 

The mechanical characteristics of bleached cotton 

fabrics, including tenacity and elongation% at the break, 

are shown in Table 2 and Table 3. Effect of pH                  

and NaClO2 concentration on the physical properties 

and whiteness index of the bleached cotton fabric. The 

table shows that as the concentration of NaClO2 rises,  

the  tenacity  of  the  bleached  fabric  gradually  declines. 
 

Table 2.  Effect of NaClO2 concentration on the physical properties and 

whiteness index of the bleached cotton fabric 

Code NaClO2  (g/L) 
Whiteness 

Index (%) 

Tenacity 

(kg f) 

Elongation 

(%) 

1 0.85 32 59.2 30.3 

2 1.70 51 58.5 31.7 

3 3.40 70 57.6 32.1 

4 4.25 77 56.4 32.5 

5 5.25 83 54.5 33.1 

Witness 5.00 H2O2 74 51.2 34.3 

Raw Cotton ― ― 68 21.3 

 

 

 

 

 

 
Figure 5.  SEM images of (a) a reference fabric sample bleached with 

H2O2 and (b) an experimental cotton fabric sample bleached with 

NaClO2 (top appendices in each figure show the frequency of the 

calculated diameters of the fibers) 

 Figure 6. (a) The effect of NaClO2 concentration on fabric weight and 

(b) Comparison of the percent loss in fabric weight as a result of 

bleaching processes performed at different NaClO2 concentrations 

with the reference fabric 

   

 

Table 3.  Effect of pH on the physical properties and whiteness index 

of the bleached cotton fabric 

Code pH 
Whiteness 

Index (%) 

Tenacity   

(kg f) 

Elongation 

(%) 

1 2.5 88 53 34 

2 3.0 83 54.5 33.1 

3 3.5 76 56.6 32.1 

4 4.0 70 57.4 32.8 

Witness 10.5 74 51.2 34.3 

Raw Cotton ― ― 68 21.3 
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The situation is different when expressed as a percentage 

of elongation. Similarly, bleaching at low pH causes a 

decrease in the fabric's strength while increasing the 

whiteness index, percent elongation, and percent loss of 

weight of treated materials. The previous image 

discussed how bleach concentration increased as the 

weight of bleached materials increased. 

As a result of the elimination of non-cellulosic 

components from cotton, it may be inferred that the 

weight loss, strength, and elongation have all increased, 

decreased, and are all increasing. A conclusion that      

can be drawn from the data is that the bleaching 

concentration  and  pH  that  should  be  utilized  in  the 

bleaching process are 5.25 g at pH = 3.0, which results in 

a desirable whiteness index and greatly protects the 

mechanical characteristics of the cotton fabric. 

Considering the economic climate, even a 4.25 g 

concentration of bleach may be sufficient, according to 

the data gathered. However, the bleach concentration 

producing the best whiteness value is 5.25 g. 

Additionally, it has been found that bleach at this 

concentration provides a sufficient whiteness index and 

considerably safeguards the mechanical qualities of 

cotton fabric. The successful removal of these 

components may result in an increase in the whiteness 

index and a decrease in fabric weight since non-

cellulosic substances in cotton fabric's natural structure 

darken the fabric's color. 

Fig. 7 displays the absorbance spectrum of NaClO2 

solutions in various HEDP acid concentrations. This 

illustration depicts the absorption peaks of and at 

wavelengths of 260 nm and 360 nm, respectively [30]. As 

was already established, a rise in the amount of H+ has a 

beneficial impact on the ability to oxidize.    The fact that 

sodium chlorite can decompose into poisonous and 

highly corrosive ClO2 gas is also known [31]. Because of 

this, experiments were conducted to identify the ideal 

pH level by taking measurements at various pH levels. 

Once the UV-vis spectra were studied, it was found that 

at high pH values, there was no discernible change in the 

concentration of NaClO2 and that NaClO2 got used as the 

environment turned acidic, or as the pH value declined. 

It becomes an unfavorable gas as the pH value decreases 

(2 and below) [32]. It was decided to conduct cotton 

bleaching experiments between pH: 4.0 and 2.5 as a 

consequence of the data gathered. 

When water-soluble sodium chlorite is dissolved; 

𝑁𝑎𝐶𝑙𝑂2 + 𝐻2𝑂 → 𝑁𝑎𝑂𝐻 + 𝐻𝐶𝑙𝑂2 (3) 

A straightforward solution is found using Eq. 3. 

Agster claims that bleaching is provided by acid chlorite, 

not sodium chlorite or its ions. According to the 

equations below (Eq. 4), chlorite acid bleaches by 

releasing active oxygen. 

𝐻𝐶𝑙𝑂2 → 𝐻𝐶𝑙 + 2𝑂 (4) 

When bleaching, chlorine acid (HClO2) rapidly 

breaks down into chlorine dioxide (ClO2), the species 

that is active (Eq. 5), whose generation rate is related to 

the solution's sodium chlorite content. 

𝑁𝑎𝐶𝑙𝑂2 + 𝐻𝐶𝑙 → 𝑁𝑎𝐶𝑙 + 𝐻𝐶𝑙𝑂2 (5) 

They can produce the reactions described in Eq. 6 and 

Eq. 7, as well as the chlorous acid emitted in the acidic 

environment, generating a reaction as given in Eq. 5. 

5𝐻𝐶𝑙𝑂2 → 4𝐻𝐶𝑙𝑂2 + 𝐻𝐶𝑙 + 2𝐻2𝑂 (6) 

3𝐻𝐶𝑙𝑂2 → 2𝐻𝐶𝑙𝑂2 + 𝐻𝐶𝑙 (7) 

4. Conclusion 

In this study, first, the optimum temperature and time 

parameters were determined. The optimum temperature 

and time were determined as 65 °C for 30 min and 85 °C 

for 30 min. In addition, the effect of NaClO2 

concentration on whiteness was investigated, and it was 

determined that the whiteness values obtained as a 

result of the bleaching study performed using 4.25 and 

5.25 g/L NaClO2 were better than the whiteness value of 

the reference fabric. Moreover, the effect of pH on 

bleaching was investigated, and it was observed that as 

the acidity of the medium increased, the whiteness 

increased in direct proportion. However, when working 

at very low pH values, undesirable ClO2 gas output has 

Figure 7. UV−visible absorption spectra of ClO2
−and ClO2 species in 

NaClO2 solution under differrent pH irradiation (NaClO2 

concentration 0.8 g/L) 
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been observed. In addition to these, the effect of different 

acid types on bleaching was investigated, and the 

highest whiteness value was reached when HEDP was 

used (W.I. = 88). HEDP has reduced the use of chemicals, 

both because it acts as a wetting agent such as STPP, and 

because it enables fabrics to exhibit high whiteness even 

at low NaClO2 concentrations. As a result of the 

calculations, it was seen that the weight loss in fabrics 

bleached with NaClO2 was very small compared to the 

weight loss in the reference fabric. These results show 

that the bleaching process within the scope of this study 

is very economical. Moreover, it was observed that the 

bleaching process used in this study did little damage to 

cotton fibers and there was no alkali residue in bleached 

fabrics, so less water was needed to rinse the product 

and remove sodium. In addition, in this study, NaClO2, 

which is the source of ClO2, which has recently attracted 

a lot of attention as a disinfectant, was used. These 

results show that the bleaching process within the scope 

of this study is a very environmentally friendly process. 
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determination of Fe3+ with a water soluble Cu(II) phthalocyanine compound 

Yasemin Çağlar   
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Abstract 

DLLME, which is a method that minimizes organic solvent consumption and waste generation, is frequently used for trace analyte determination. 

In the present work, a simple, selective and sensitive spectrophotometric method based on the dispersive liquid-liquid microextraction was 

reported. The procedure is based on the formation of a 1:1 complex between Fe3+ and a water-soluble Cu(II) phthalocyanine and then extraction 

of this complex into dichloromethane by dispersive effect of acetone. The experimental parameters that effecting the DLLME such as amount of 

extractive and disperser solvents, pH, salt concentration, Cu(II) phthalocyanine concentration and centrifuging time and rate were optimized. 

The linear range of the method is 0.4–70.0 ng/mL with a good correlation coefficient (R2) of 0.9912. The limits of detection (LOD) and quantification 

(LOQ) are 0.47 and 1.86 ng/mL, respectively. The relative standart deviation (RSD, %) of the method for 40 ng/mL Fe3+ in sample solution (n=11) 

was 1.4% and the enrichment factor was calculated 240. 

Keywords: DLLME, spectrophotometry, iron, Cu(II) phthalocyanine 

1. Introduction

Iron is an essential element for biological processes. [1,2]. 

An healty adult human body contains about 4 grams of 

iron, mostly in hemoglobin and myoglobin and is lost 

every day for a variety of reasons. The daily loss must be 

compensated to maintain the body's iron balance [3,4]. 

One of the important tasks of iron, which is an element 

prone to oxidation due to its structure, in the human 

body is to carry oxygen. Heme iron binds to hemoglobin 

in the blood and to myoglobin in the muscles, 

performing the task of transporting oxygen. The human 

body also needs iron to make some hormones 

responsible for growth and development. Iron is found 

in the active site of many important redox enzymes in 

plants and animals. It increases the efficiency of copper 

and calcium by helping enzymes in protein metabolism 

[5–8]. 

Chemically, the most common oxidation states of 

iron are Fe2+ and Fe3+. Dietary iron exists in two forms, 

heme iron (Fe2+) and non-heme iron (Fe3+). Heme iron is 

found in animal sources such as red meat, eggs, fish and 

chicken. Non-heme iron is obtained from plant sources. 

Heme iron is better absorbed by the body than non-heme 

iron. Low pH and the presence of ascorbic acid increase 

non-heme iron absorption. However, polyphenols such 

as tannins and chlorogenic acids found in tea, coffee, and 

some other foods inhibit iron absorption. Although 

conventional views agree that polyphenols only affect 

non-heme iron absorption, recent experiments have 

provided evidence that polyphenolic compounds can 

inhibit the absorption of heme and non-heme iron. It also 

showed that polyphenols have a dose-dependent 

inhibitory effect [9–14]. 

When the hemoglobin protein in the blood falls 

below the normal level, it is called anemia. The most 

common cause of anemia is iron deficiency. Iron 

deficiency reduces oxygen delivery to cells, leading to 

fatigue and weakening of the immune system. Iron 

deficiency, which is commonly observed in children and 

infants, delays mental development. Iron deficiency is a 

serious health problem in both developing and 

developed countries. Chronic blood loss and insufficient 

absorption in the small intestines are important factors 

in iron deficiency. However, it is mostly caused by 

insufficient iron intake in the daily diet [15–18]. 

Iron is a micronutrient. But high doses of iron are 

toxic to humans and can cause serious health problems 

mailto:yasemin.caglar@giresun.edu.tr
https://doi.org/10.51435/turkjac.1314130
https://orcid.org/0000-0002-8437-5373


Çağlar  Turk J Anal Chem, 5(1), 2023, 70–76 

71 

 

such as depression, difficulty breathing, convulsions and 

heart attacks. Excessive intake of Fe2+ creates free radicals 

in the body. Long-term exposure to high doses of iron 

can cause diabetes, liver poisoning, and graying of the 

skin [19–22]. 

Quantitative determination of iron is especially 

important for the biological and environmental fields. 

That is why, various methods have been suggested to 

determine iron concentration including inductively 

coupled plasma mass spectrometry (ICP-MS) [23], flame 

atomic absorption spectrometry (FAAS) [24], 

polarography [25], high performance liquid 

chromatography (HPLC) [26], ion chromatography [27] 

and spectrophotometry [28,29].  

Despite the development of high precision analytical 

instruments for the analysis of trace analytes, problems 

are often encountered in direct analysis from the sample 

matrix. Therefore, pretreatment is usually required for 

the separation and concentration of the analytes from the 

matrix medium. Microextraction methods, which 

minimize the use of organic solvents and provide a high 

enrichment factor, are intensely preferred for sample 

pretreatment todays [30–32].  

Dispersive liquid-liquid microextraction (DLLME) is 

a relatively novel miniaturized sample pretreatment 

protocol. It was suggested by Rezae at al. in 2006 [33]. It 

based on a ternary component solvent system inclusive 

extractive solvent, dispersive solvent and aqueous 

sample phase. The mixture of appropriate amounts of 

extractive and dispersive solvents are quickly applied to 

the aqueous sample phase by a syringe. Extraction is 

completed in a short time after formation of cloudy 

solution because of huge surface area between the 

extractive and aqueous phases. Following 

centrifugation, the small droplets of extraction solvent 

containing analyte is gathered at the base of test tube. 

Finally, appropriate instrumental technique is applied to 

the residue for quantitative calculations about analyte 

[34–39]. 

In this study, a novel spectrophotometric iron 

determination method based on DLLME has been 

reported. The short content of this method is the 

extraction of Fe3+ from the sample medium by the 

DLLME method, following the formation of a complex 

with a water soluble Cu(II) phthalocyanine (Cu(II)-Pc) 

ligand that was prepared as stated in relevant literature 

[40].  

Phthalocyanines are synthetic macrocyclic 

compounds with a highly conjugated planar 18-π 

electron system. Phthalocyanines, which are formed by 

the condensation of four iminoisoindoline units, have a 

very tense structure. During the production of metal 

phthalocyanines, the template effect of the metal ion in 

the environment increases the product yield. The 

chemical properties of a phthalocyanine compound 

depend on the central atom and the substituents. They 

have high thermal stability and blue-green color. 

Phthalocyanines can be coordinated with almost all 

metals. The most important limitation in the application 

of phthalocyanines is their low solubility in water and 

most organic solvents. [41–43]. 

2. Experimental 

2.1. Materials 

All the reagents and solvents were analytical grade from 

Merck (Darmstadt, Germany) and Sigma Aldrich 

(Taufkirchen, Germany). Ultrapure water was used for 

the entire study from Sartorius (Arium-Pro). Fe3+ 

working standard solutions were prepared by daily 

stepwise dilution of standard stock solution 

(Fe(NO3)3.6H2O, 1x10-3 mol/L). The sensor (1x10-5 mol/L) 

solution was prepared weekly by dissolving an 

appropriate amount of Cu(II)-Pc in 25 mL of water and 

kept at 4 °C. 

2.2. Equipment 

A Thermo Scientific Evaluation Array Spectrophotometer 

and a 250 L volume quartz cuvette were used for the 

absorbance measurements. The pH values were 

measured by a Hanna HI 2211 model pH meter. 

Benchtop Centrifuge, K2015R model centrifuge was 

used to achieve phase separation.  

2.3. Preconcentration procedure 

For DLLME, initially 10 mL of water solution containing 

the Fe3+ analyte was poured into a 15 ml conical glass 

tube. Then 400 µL of Cu(II)-Pc (1x10-5 mol/L) was added 

as sensor. The pH of the tube was adjusted to 4.0 with 0.1 

mol/L di-sodium hydrogen phosphate/potassium 

dihydrogen phosphate buffer solution after 150 µL of 

NaCl (1.0 M) was joined. Complexation was waited for 1 

min. Followed by the mixed solution of 120 µL 

dichloromethane and 1.0 mL acetone was rapidly 

sheded onto the mixture by a 2.0 mL syringe. It was 

observed that the solution became cloudy because of 

dispersing of very fine dichloromethane droplets. So, the 

formed complex between Fe3+ ion and Cu(II)-Pc was 

extracted into these fine droplets. After that, the solution 

was centrifuged at 4000 rpm for 3 min. The dispersed 

slim droplets of dichloromethane were collapsed at the 

ground of the glass tube. The supernatant aqueous phase 

was ejected with a glass Pasteur pipette. After all, the 

organic phase was diluted to 400 µL with ethanol and 

absorbance was measured by using a quartz micro-cell 

at 355 nm. 
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3. Results and Discussion 

3.1. Absorption spectra 

Phthalocyanine compounds have strong π→π* 

transitions, known as the Q band, in the 600–700 nm 

range. Metallic phthalocyanines form a single band in 

this region. The n-π* transitions observed in the range of 

320–400 nm resulting from the characteristic colors of the 

phthalocyanine compounds are called the B (Soret) 

band. In accordance with the literature, the absorption 

spectra of the water soluble Cu(II)-Pc ligand has a sharp 

Q band at 680 nm and a B band at 335 nm. 

The spectral changes were recorded in the 320–500 

nm range after the DLLME procedure. It was observed 

that increasing Fe3+ concentration in the range of 0.4–70.0 

ng/mL at 355 nm regularly increased the absorbance of 

the ligand (Fig. 2).  

3.2.  Optimization of DLLME  

3.2.1. Effect of extractive solvent kind and volume 

The choice of organic solvent which is one of the basic 

parameters of DLLME significantly affects the 

enrichment factor. To allow phase separation, it must be 

immiscible with water while miscible with disperser 

solvent. Besides, the extractive solvent must be denser 

than water [44–46]. For the proposed DLLME  

procedure, various organic solvents such as chloroform, 

carbon tetrachloride and  dichloromethane  were  tested.  

When the experimental data were examined (Fig. 1), it 

was seen that the extraction efficiency of 

dichloromethane was higher than all of them due to the 

highest absorbance value. Therefore, dichloromethane 

was chosen as the extractive solvent. 

To state the effect of selected extractive solvent 

volume on the proposed DLLME procedure, varied 

volumes (40, 80, 120, 160, 200, 240 and 280 µL) of 

dichloromethane were applied to experimental 

procedure. Since after 120 µL of dichloromethane the 

extraction efficiency decreases as the solvent volume 

increases, as seen in Fig. 2,  120 µL of dichloromethane 

was chosen as the optimum extractive solvent volume.  

 
Figure 1. The Uv-Vis spectra of Cu(II)-Pc in water (1x10-5 mol/L) 
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3.2.2. Effect of nature and volume of disperser solvent 

The choice of a dispersing solvent depends on its 

miscibility in both the extraction solvent and the 

aqueous sample solution [47–49]. Ethanol, methanol, 

acetone and acetonitrile that are the most commonly 

used dispersion solvents in DLLME procedures were 

tried for this proposed method. It was observed that the 

precipitated phase was the highest when acetone was 

used as the dispersing solvent. Looking at Fig. 3, it is 

clear that the absorbance value agree with the 

observation. Therefore, acetone was chosen as the 

disperser solvent. 

For the best disperser solvent volume the enrichment 

factors of the samples containing different volumes of 

acetone 0.25, 0.50, 0.75, 1.0, 1.5 and 2.0 mL containing 120 

µL of dichloromethane were compared. In the presence 

of 0.25 mL of acetone, the enrichment factor is somewhat 

lower because dichloromethane is not sufficiently 

dispersed as seen in Fig. 4. The enrichment factor 

decreased after the acetone volume exceeded 1.0 ml 

because excess acetone volume increased the solubility 

of the complex. As a result of detailed examination of 

Fig. 4, 1.0 mL was chosen as the optimum dispersive 

solvent volume. 

3.2.3. Effect of sample pH 

Sample pH has a major role in the metal-ligand 

interaction and the following microextraction procedure 

especially in ternary complex formation [50]. The effect 

of pH on the extraction of Fe3+ was studied in the pH 

range of 2.0 to 12.0. Experimental results (Fig. 5) showed 

that absorption had reached its maximum at pH 4.0. 

Considering the results, a pH value of 4.0 was selected 

as optimum for microextraction procedure. 

3.2.4. Effect of salt 

The varied NaCl concentrations (0.0–2.0 M) were studied 

to investigate the ionic strength effect on DLLME 

procedure. The result showed that (Fig. 6), the addition 

of salt increased the extraction efficiency in 1.0 M NaCl. 

The addition of more salt caused a decrease in 

absorbance as it prevented the transition of Fe3+:Cu(II)-

Pc complex to the extractive solvent [51]. 

3.2.5.  Study of centrifuging time and rate 

To understand of effect of centrifuging parameters such 

as the centrifuging time and rate on the proposed 

DLLME procedure, they were studied in the range of 1.0 

to 8.0 min and 1000–6000 rpm, respectively. According 

to the results of the experiment, 3 min and 4000 rpm 

were chosen as the optimum centrifugation parameters. 

 
Figure 3. The selection of the extractive solvent kind. Extraction 
conditions: 10.0 mL sample volume; 1.0 mL acetone; 1x10-5 mol/L 

Cu(II)-Pc; 1.0 M NaCl; pH 4.0 

 

 
Figure 4. The effect of the dichloromethane volume on extraction 

recovery. Extraction conditions: 10.0 mL sample volume; 1.0 mL 
acetone; 1x10-5 mol/L Cu(II)-Pc; 1.0 M NaCl; pH 4.0 

 

 
Figure 5. The selection of the disperser solvent kind. Extraction 
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Figure 6. The effect of the acetone volume on extraction recovery. 
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3.2.6. Effect of concentration of Cu(II)-Pc 

The effect of different concentration of the Cu(II)-Pc in 

the range of 1x10-4 to 1x10-6 mol/L were studied while the 

other parameters were kept constant. The highest 

absorbance was seen for 1x10-5  mol/L Cu(II)-Pc. Last of 

all, 1x10-5 mol/L Cu(II)-Pc was optimum for Fe3+ 

detection. 

3.2.7. Assessment of probable interferences 

In order to show the selectivity of Fe3+ determination 

with the proposed DLLME method, the effects of several 

probable interfering metal cations were carefully 

studied. Different concentrations of these ions were 

added to samples containing 40 ng/mL Fe3+. The highest 

concentrations of probable interfering ions no causing 

more than 5% change in sample absorption were 

calculated as the tolerance limit. As can be seen in Table 

1, since the tolerance limits of the studied ions are quite 

high, the matrix effect can be neglected in Fe3+ analysis 

in real samples with the proposed DLLME method. 

3.3. Complex stoichiometry 

The Job method was applied to determine the 

stoichiometries of Fe3+:Cu(II)-Pc complex formed. The 

resulting Job graph showed us that the M:L ratio was 1:1. 

3.4. Method validation 

Validation of the proposed method under optimum 

conditions was evaluated based on limits of detection 

(LOD), limits of quantification (LOQ), linear range, 

enrichment factor and relative standard deviation (RSD, 

%). The LOD was 0.47 ng/mL defined as 3 times the ratio 

of the standard deviation of the blank to the calibration 

graph. The LOQ was 1.86 ng/mL defined as 10 times the 

ratio of the standard deviation of the blank to the 

calibration graph. The calibration curve is linear in the 

range of 0.4–70.0 ng/mL with a good correlation 

coefficient (R2) of 0.9912. The relative standard deviation 

(RSD, %) of the proposed method for 40 ng/mL Fe3+ in 

sample solution (n = 11) was 1.4%. The enrichment factor 

was calculated 240. 

 
Figure 7. The effect of pH on extraction procedure. Extraction 

conditions: 10.0 mL sample volume; 120 µL of dichloromethane; 1.0 

mL acetone; 1x10-5 mol/L  Cu(II)-Pc; 1.0 M NaCl 

 

 
Figure 8. The effect of concentration of salt on extraction procedure. 

Extraction conditions: 10.0 mL sample volume; 120 µL of 

dichloromethane; 1.0 mL acetone; 1x10-5 mol/L  Cu(II)-Pc; pH 4.0 

 

 
Figure 9. The Job plot to determine the Fe3+:Cu(II)-Pc stoichiometry 

0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14

A
b

so
rb

an
ce

pH

0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

0 0,5 1 1,5 2

A
b

so
rb

an
ce

 

NaCl (M)

0

0,2

0,4

0,6

0,8

1

0 0,5 1

A
b

so
rb

an
ce

Mole fraction of Cu(II)-Pc

 

Table 1. Tolerance limits of coexisting ions for the spectrophotometric 

determination of Fe3+ at 355 nm 

Foreign ion added DLLME 

Ag+ 165 

Cu2+ 118 

Co2+ 93 

Cr3+ 152 

Pb2+ 141 

Ni2+ 68 

Cd2+ 199 

Zn2+ 227 

Mn2+ 106 

Na+ 356 

NO3- 235 

SO42- 94 

PO43- 178 

 

Table 2. The analytical features of the optimized method  

Parameter 

Correlation coefficient (R2) 0.9912 

Linear range (ng/mL) 0.4–70.0 

LOD (ng/mL) 0.47 

LOQ (ng/mL)  1.86 

RSD,% (n=11) 1.4 

Enrichment factor 240 
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4. Conclusion 

In the DLLME procedure, the selection of the chelating 

reagent is a very important parameter that affects the 

extraction efficiency. Phthalocyanines are very suitable 

materials for developing chelating cation sensors. As the 

synthesis of water-soluble phthalocyanines increases, 

their utility in spectroscopic metal determination also 

increases. In this proposed DLLME method, a water-

soluble Cu(II) phthalocyanine containing 3- (pyridin-4-

yl) propane-1-oxy groups in non-peripheral positions is 

used as the chelating reagent. The method is simple, 

selective, and low cost. 
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Abstract 

The emergence of antimicrobial resistance has necessitated the new approaches. The peppermint (Mentha piperita L.) essential oil (PEO) is known 

for its antimicrobial and antifungal activities. However, the employing of it in workable applications is troublesome because of the sensitivity to 

the environmental conditions. Thus, it was encapsulated into chitosan to eliminate the difficulties in its use and increase its activity. It was 

observed that the immobilization of the PEO into the chitosan (PEO-Chitosan) influenced the biological activities resulting in observing less 

Minimum Inhibitory Concentration (MIC) values in addition to protecting the essential oil by the chitosan as environment-friendly biomaterial. 

The determined MIC values of the target product (PEO-Chitosan) are between 0.001–0.95 mg/mL for the studied bacterial strains and 0.006–0.36 

mg/mL for the studied fungi isolates, which led us to consider them as new therapeutic alternative.  In vitro antiviral studies gave us that even 

the encapsulation of the essential oil into the chitosan made the prepared product still promising candidate for the antiviral therapy. 

Keywords:  Mentha piperita L., encapsulation, chitosan, antibacterial, antifungal and antiviral activity 

1. Introduction

Infectious diseases have been an important health 

problem for years. Since the discovery and 

administration of penicillin in the 1940s, antibiotics have 

played unique roles as invaluable weapons to combat 

infectious for humans and animals [1]. It is used to cure 

the diseases caused by microorganisms and has the 

ability to kill bacteria or inhibit their development by 

inhibiting the formation of cell membranes, protein 

synthesis, cytoplasmic membranes or nucleic acid 

synthesis [2]. In line with this importance, newer drugs 

as antibiotics have been introduced into clinical practice 

such as β-lactams, sulphonamides, polypeptides to 

prevent or treat the infectious disease over the decades 

[3].  

Before the advent of antibiotics, these diseases were 

the leading cause of morbidity and death in human 

populations. But later, the facing with the crisis of 

antimicrobial resistance among pathogenic bacteria is 

dynamic increasing problem. This might be the because 

of the overuse and abuse of antimicrobial drugs posing 

a major threat to both human and animal health [4].  

In the same way, another threat for the humanity is 

that the increasing resistance to antifungal compounds, 

originating from drug target alteration or 

overexpression [5]. In a consequence of this, a number of 

scientific investigations have driven to the new 

therapeutic alternatives by the scientist to combat fungal 

infectious disease. Today, plant-based natural products 

carried out by different disciplines on the production of 

antibacterial and antifungal substances are increasing 

day by day. 

Viral infections are a serious and increasing health 

problem and cause high morbidity, mortality and 

economic burden [6]. The limited availability of current 

therapy methods has prompted researchers to obtain 

new products of biotechnological importance. 

The extracted essential oils from the plants have been 

reported as antibacterial [7], antiviral [8], antifungal [9]. 

Among them, peppermint (Mentha piperita L.) is 

cultivated all over the world for its use in medicinal and 

pharmaceutical applications in addition to using in food, 

herbal tea preparations due to its flavor and fragrance 

[10]. Because of the antimicrobial, antifungal and 

antiviral activities, the peppermint essential oil have 

been subjected in some studies [11–13]. Although the 

high activity of essential oils in different applications, 
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some environmental conditions hinder them to use in 

their pure form. The conjugation to the nano-carriers or 

encapsulation into nano materials have been the focus of 

considerable interest in developing new alternatives to 

overcome this drawback. These strategies allow essential 

oils not only to preserve their bioactive components, but 

also to prepare new materials aimed at increasing the 

effectiveness of essential oils [14]. 

In accordance with this purpose, the studied 

peppermint essential oil (PEO) was encapsulated into 

chitosan. Chitosan as biocompatible biomaterial is 

known for its antibacterial and antifungal feature against 

bacterial and fungal pathogens that infect human hosts 

[15,16]. The antibacterial and antifungal activities of the 

obtained chitosan conjugate of oil were investigated 

against selected bacteria and fungus strains as compared 

with the pure form of peppermint essential oil. In 

addition to this, the prepared samples were tested in 

vitro cytotoxicity and antiviral activity, against virus’s 

representative of herpes simplex virus-1 and Human 

poliovirus Type 1. 

2. Experimental 

2.1. Chemicals and Instruments 

The Mentha piperita L. (peppermint) sample used in this 

study was collected from the north of Iran (Gorgan City, 

Golestan Province, Iran) before flowering. Chitosan, 

acetic acid, acetone, diethyleter, dimethylsulfoxide 

(DMSO), ampicillin and fluconazole were purchased 

from Sigma–Aldrich. Ultra-pure water was from MilliQ 

water. Nutrient agar and agar bacteriological BBL 

Muller Hinton broth were purchased from Merck. 

Dulbecco’s phosphate-buffered saline (DPBS) was 

purchased from Sigma Aldrich All the bacteria species 

were provided by the Department of Genetics and 

Bioengineering, Faculty of Engineering, Yeditepe 

University (Istanbul, Turkey) such as Staphylococcus 

aureus (S. Aureus) (ATCC 6538), Escherichia coli (E. Coli) 

(ATCC 10536), Pseudomonas aeruginosa (ATCC 15442), 

Staphylococcus epidermidis (S. epidermidis) (ATCC 15442), 

Candida albicans (C. Albicans) (ATCC 10231), Aspergillus 

niger (ATCC 16404), Penicillium spp and  Methicillin-

resistant Staphylococcus aureus (MRSA) were isolated and 

characterized by MALDI-TOF (Bruker Microflex 

LT/SH).  

Immortalized human keratinocytes (HaCaT) cell line, 

Herpes Simplex Type 1 (MacIntyre, #0810005CF, 

Zeptometrix), and Human poliovirus Type 1 (LSc-2ab, 

RVB 1260, FLI) viruses were used (cell line and viruses 

were obtained from the Genetic and Bioengineering 

Department of Yeditepe University). GC Agilent 6890N; 

MS: Agilent 5973 with an HP5-MS column (30 m × 0.25 

mm fused silica capillary column, film thickness 0.25 

μm) was used for GC/ MS analysis. FTIR spectra were 

recorded on an attenuated total reflectance (ATR) 

apparatus on a Thermo Scientific Nicolet IS10-IZ10. SEM 

images were taken by a Zeiss evo 40 instrument 

following gold sputtering (EM ACE200, Leica). Zeta 

Potential of chitosan conjugate was determined using 

Zetasizer Nano-ZS90 (Malvern Instruments). Electronic 

spectra were recorded on a PerkinElmer LAMBDA 25 

Series UV−vis spectrophotometer with a quartz cell of 1 

cm. 

2.2. Method of Extraction Essential oil Mentha piperita L. 

The essential oil of peppermint (Mentha piperita L.) was 

collected from the region (Gorgan province in Iran), then 

the aerial parts were dried, and finally the essential oil 

was obtained by hydro distillation technique. The 

essential oil was analyzed by GC/MS method in Dr. 

Soltani Akhula's factory in East Azarbaijan Province, 

Iran. Distillation details are given in reference [17].  

2.3. Immobilization of peppermint essential oil to 

Chitosan 

Preparation of the encapsulation of the PEO into 

chitosan was carried out using a procedure reported in 

the literature with slight modification, namely, without 

precipitation with NaOH to obtain charged solution [18]. 

Briefly, for the preparation of PEO-chitosan, chitosan 

(0.2 g) was stirred in water/2% acetic acid (10 mL) until 

obtaining homogeneous mixture. Then 1 ml of PEO by 

dissolving in DMSO was added into this solution and 

stirred continuously for 24 h. After complete mixing, 

washed several times with distilled water until the pH of 

water was neutral. The new product was collected by 

centrifuging and dried by freeze-drying. 

2.4. In vitro antibacterial and antifungal activities 
Activity studies of PEO and its encapsulated derivative 
were carried out by micro-well dilution assays [19]. 
Briefly, the microorganisms (tested for activity were 
transferred from stock culture to suspend in PBS and 
adjusted to approx. 1x106 cfu/ml per ml with the help of 
MacFarland turbidity curve. MIC values were 
determined according to the broth dilution method and 
performed in 96 flat-bottomed microliter plates. Each of 
the bacterium and the fungi suspensions was added to 
the first test well and mixed. Serial two-fold dilutions of 
the extractions were prepared in broth with a final 
volume of 100 μL in 96-well microplates. Then, 100 μL of 
bacterial suspension was inoculated in each well. The 
microplates were incubated at 37 °C for 24 h. The last 
wells including nutrient broth only and nutrient broth 
containing bacterium or fungi without compound was 
considered as negative and positive control, 
respectively. MIC was idendified as the lowest 
concentration of the samples that kills 99.9% or more of 
the initial inoculum. 
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2.5. In vitro antiviral activities 

The cytotoxicity and the virus-inhibitory effect of each 

sample was determined in vitro by employing MTS (3-

(4,5-dimethylthiazol-2-yl)-5-(3-arboxymethoxyphenyl)-

2-(4-sulfophenyl)-2H-tetrazolium) method on human 

immortalized keratinocyte (HaCaT) cell line along with 

the cytotoxic concentration (CC50) by determining first 

the non-toxic concentration of the samples against 

HaCaT cell line [20]. All experiments were carried out 

three times. The data were given as logarithmic form. 

3. Result Discussion 

3.1. Structure characterization 

This study was started with the extraction of the 

essential oil from the Mentha piperita L. by hydro 

distillation technique. The determined main components 

of Mentha piperita L. essential oil that was analyzed by 

GC/MS method are: menthol (43.25%), menthone 

(15.1%), menthofuran (9.33%), ciscarane (6.7%), 1,8-

cineole (5.37%), neomenthol (5.37%), 4.1% and limonene 

(1.95%). The goal of our work was the encapsulation of 

essential oil of Mentha piperita L. through conjugation 

into chitosan in order to enhance their antimicrobial 

activity by the procedure as stated in the experimental 

part under the “Immobilization of peppermint essential 

oil to Chitosan” section (Scheme 1). The obtained 

conjugate (PEO-chitosan) was characterized by using 

analytical techniques such as Fourier transform infrared 

spectroscopy (FT-IR), SEM, UV/Vis by comparing the 

PEO alone and zeta potential measurement of the 

conjugate. The results confirmed the presence of target 

compounds. 

FT-IR spectrums of the studied samples show the 

existence of the functional groups. In the FT-IR spectrum 

of PEO, the band at 3398 cm-1 is attributed to the OH 

groups coming from the alcohol derivatives which are 

the some of the components of the PEO. The other 

characteristic peaks at 2958–2869 cm-1, 1712 cm-1, 1459 

and 1370 cm-1, 1246 cm-1 and 1046 cm-1, belonging to the 

aliph. -CH stretchings, C=O stretching, aliph. C-C 

stretching, -C-O asym. and –C-O sym. stretching, 

respectively, were seen in the FT-IR spectrum of PEO 

(Fig. 1B).   

In the FT-IR spectrum of chitosan powder, the peaks 

at 3357 and 3290 cm-1 are attributed to the NH2 and OH 

groups as overlapped with each other. The aliph. -CH 

stretchings and -N–H bending vibration of primary 

amine (−NH2) were observed at 2924, 2871 cm-1 and 1649 

cm-1.  The peak originating from the saccharide structure 

of chitosan arised at 1062 cm-1 for –C-O sym. stretching 

(Fig. 1A).   

Upon conjugation of PEO to the chitosan, In the FT-

IR spectrum of PEO-chitosan, the peaks at 3380 cm-1 

reflect the –OH and –NH stretchings that are 

superimposed by contributions from all the components 

present in the mixture.  The C=O stretching which is the 

one of the main characteristic peaks coming from the 

PEO components shifted to 1702 cm-1, implying the 

complex formation via electrostatic interaction between 

NH3+ groups of chitosan and carbonyl group of PEO. 

Also, the shifting of the C-C stretching and –C-O sym. 

stretching to the 1457,1378 cm-1 and 1066 cm-1, 

respectively, prove the complexation between chitosan 

and PEO [21] (Fig. 1C). 

The UV-vis absorption spectra of PEO and its 

chitosan conjugate were recorded in DMSO. In the 

UV/Vis spectrum of PEO, considerably intense band at 

λmax = 311 nm, which can be attributed to the high 

contents of terpenes, terpenoids and phenolic 

compounds and might be the characteristic liquid state 

of aggregation [22]. Upon the non-covalent 

immobilization of PEO into chitosan, the absorption 
 

 
Scheme 1. Schematic illustration of conjugation PEO to chitosan (only four of ingredient was used for illustration) (PEO: peppermint essential 

oil) 
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band was observed at 290 nm with blue shift compared 

to the PEO alone, which can be explained by decreasing 

the intermolecular electronic coupling of the PEO in the 

conjugate (Fig. 2) [23]. 

Scanning electron microscopy (SEM) has been used 

to study the surface morphology and the image of the 

conjugate is shown in Fig. 3. In the SEM images, PEO-

chitosan have smooth, flat and homogeneous surfaces at 

its morphology. The irregularities like air bubbles or oil 

droplets meaning to macroscopic phase separation were 

not observed, showing that the PEO is well distributed 

in the chitosan. 

Surface charge (zeta potential) (ζ) determination is a 

measure of charges that is carried by conjugates 

suspended in a liquid. It could considerably affect the 

stability of conjugates in suspension and in vitro 

efficiency of the prepared samples with the cell 

membrane of bacteria, through the electrostatic 

repulsion between particles [24]. The measurement of 

the chitosan conjugate (PEO-Chitosan) showed that the 

surfaces of sample have a positive charge about 4 mV, 

resulting from the dissociation of acidic groups that are 

on the chitosan units [25].  

3.2.  Determination of the antimicrobial activity 

The antimicrobial activities of PEO alone and its 

conjugation with chitosan (PEO-chitosan) against S. 

aureus, S. epidermidis, MRSA as gram-(+), Pseudomonas 

aeruginosa, and E. coli as gram-(−) bacterial strains, C. 

albicans, Aspergillus niger and Penicillium spp. as fungi 

isolates were compared to investigate the effect of the 

conjugation of PEO with the biorganic molecule. The 

initial concentration of the PEO used in the study was 

assumed to be 100% corresponding to the 80 mg/mL 

while the conjugate dissolved in DMSO were first 

prepared at the highest concentration to be tested (7.6 

mg/mL). The minimum inhibitory concentration results 

are presented in Table 1. 

Both PEO alone and PEO-chitosan exhibited 

antibacterial activities against microorganisms. Pure 

PEO showed antibacterial activity against bacteria 

strains with MIC value of 2.64 mg/mL for Pseudomonas 

aeruginosa, 1.32 mg/mL for S. aureus and MRSA, 0.66 

mg/mL for S. epidermidis and 2.64 mg/mL for E. Coli.     

The encapsulated PEO exhibited enhancement                    

of bactericidal activity against all the studied 

microorganisms  with  MIC  value  of  0.95  mg/mL  for 

S. aureus, Pseudomonas aeruginosa and MRSA and 0.001 

mg/mL for E. coli as compared to PEO alone. The reason 

why the lowest MIC value was observed for E. coli may 

be behind the better penetration of immobilized PEO 

molecules through the lipophilic cell wall of gram-

negative bacteria [26].  

 
Figure 1. FTIR spectra of A: Chitosan, B: Peppermint oil alone C: PEO-

Chitosan (wavenumber cm-1) (PEO: peppermint essential oil) 

 

 
Figure 2. Normalized absorption spectra of PEO and its chitosan 

conjugate (PEO-chitosan) (PEO: peppermint essential oil) 

 

 
Figure 3. SEM of the surface image of PEO-chitosan film viewed at a 

magnification of 1000x. (PEO: peppermint essential oil) 
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Also, this could be attributed to the contribution of the 

chitosan units due to already known antibacterial 

properties [27,28]. 

The studied samples (PEO alone and PEO-Chitosan) 

exhibited also antifungal activity. When compared to the 

PEO alone, the results showed that the PEO-Chitosan 

has more potent antifungal activity against Aspergillus 

niger with the MIC value of 0.022 mg/mL and Penicillium 

spp with the MIC value of 0.006 mg/mL than that of PEO 

alone (Table 1). This could be attributed that the 

bioactivity of PEO-Chitosan enhanced through the 

activation of passive mechanisms of cell absorption [29]. 

However, the antifungal activity of PEO-Chitosan is not 

as potent as that of PEO alone with the MIC value of 0.36 

mg/mL against C. albicans. The resistance of PEO-

Chitosan to C. albicans may be the result of the weak 

interaction between cell membrane components 

(phospholipids) leading to the fungal plasma membrane 

impermeability [30]. The results coming from the 

currently used an antibiotic (applied concentration:0.124 

mg/mL) and antifungal drug (applied concentration:1,4 

mg/mL) were shown in Table 1 to compare with the 

studied samples [31–35]. 

3.3. Determination of the antiviral activity 

The antiviral activities of the studied samples (PEO alone 

and PEO-Chitosan) against Herpes Simplex Type 1 and 

Human poliovirus Type 1were compared to investigate 

the effect of the encapsulation of the essential oil and the 

results are summarized in Table 2. As can be seen from 

Table 2, it was found that the samples showed antiviral 

activities. PEO alone was found the more active than 

PEO-Chitosan with log reduction values of 3.75 for 

Human poliovirus Type 1 and 4.5 for Herpes Simplex 

Type 1. The same experiments exhibit the antiviral 

activity for the encapsulated PEO (PEO-Chitosan) as 3.25 

log for Human poliovirus Type 1 and 3 log for Herpes 

Simplex Type 1. We might conclude that the PEO alone 

activated the immune system of host to some extent and 

induced the releases of immune factors [36]. 

4. Conclusions 

In the present study, a successful preparation of the 

conjugate of PEO into the chitosan via the immolization 

method was carried out to improve the antibacterial and 

antifungal activity of PEO against bacterial and fungal 

pathogens. The biological actions of the PEO alone and 

its conjugate were determined separately. Results 

displayed the encapsulation process promoted an 

increase in antibacterial and antifungal activity in vitro 

by disrupting membrane integrity. 

This research proved that combining biologically 

active components resulted in better efficacy. In 

summary, this conjugate is biologically active 

macromolecules that might be used as for new 

antimicrobial and antifungal agent and could be 

considered potential options instead of the currently 

available synthetic drugs. We observed that the 

employed essential oil had better activity against the 

studied viruses compared to the encapsulated 

derivative. 
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