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Abstract 

 

Cafestol (CFS) is present in unfiltered coffee types and exhibits antidiabetic, anti-inflammatory and 

anticarcinogenic properties. The ionic gelation method was used to synthesise CFS-loaded chitosan (CS), 

and alginate (ALG) nanoparticles with high loading efficiency. The characterization, thermal properties and 

surface morphology of CFS-loaded biopolymer nanoparticles were carried out by FTIR, TGA and SEM, 

respectively. The encapsulation efficiency of the synthesised CFS-loaded biopolymer nanoparticles was 

found to be as 53% (CFS-loaded ALGNPs) and 92% (CFS-loaded CSNPs) by high-pressure liquid 

chromatography. The particle sizes determined using Malvern Zeta Sizer Ultra were 97 ± 4.04 (CFS-loaded 

CSNPs) and 81 ± 6.51 (CFS-loaded ALGNPs).  
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1. Introduction 

 

Coffee, a beverage widely consumed worldwide, is a 

complex substance that consists of various compounds. 

The structure of coffee indicates the presence of bioactive 

diterpene cafestol (CFS)/kahweol (CWL), which is one 

of the terpene species, as well as nearly 30 acids, such as 

chlorogenic and citric acids [1]. The biological properties 

of these compounds have been studied as a mixture of 

both because of the difficulty of isolating and separating 

CFS and CWL diterpenes from coffee as well as the 

unstable nature of CWL when purified [2]. Studies have 

focused on the antidiabetic, anti-inflammatory, and 

anticarcinogenic properties of CFS (Fig. 1).  

 

 

 
Figure 1. Chemical structure of CFS [2]. 

 

The anti-angiogenic effects of CFS palmitate and CWL 

palmitate (KP) were evaluated in an in-vitro animal 

model of angiogenesis. The results appeared that 

inhibited both compounds angiogenesis steps on human 

microvascular endothelial cells (HMVECs) [3]. In 

another study, INS-E1 rat insulin cells were used to 

investigate whether CFS increased insulin secretion from 

β cells in the short and long term. Insulin secretion 

increased by 12%–16% depending on the concentration 

in a 1-h exposure to CFS, and secretion increased by 

34%–68% in a 72-h exposure. The results revealed that 

CFS may prevent Type-2 diabetes (T2D) in coffee 

drinkers [4].  Mellbye et al. investigated glucose uptake 

in cells and its effect on T2D by feeding male rats with a 

daily meal supplemented with 1.1 (high), 0.4 (low) or 0 

(control) mg CFS for 10 weeks. At the end of the 10-

week period, fasting plasma glucose was 28%–30% 

lower in the CFS groups than that in the control group, 

and insulin secretion increased by 75%–87% compared 

with the control group. CFS exhibits antidiabetic 

properties and can be used as a potential antidiabetic drug 

[5]. Studies have revealed that CFS exhibits antidiabetic 

properties [6] as well as anticarcinogen effects [7].   
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The head and neck cancer cells were treated with CFS 

and cisplatin to investigate whether CFS would increase 

the effectiveness of the chemotherapeutic agent cisplatin. 

Three cell lines, namely SCC25, CAL27 and FaDu, were 

used in the experiments, and depending on the dose, CFS 

inhibited carcinoma cell viability in all cell lines. 

Furthermore, in combination experiments using 

radiation, cells were first treated with CFS and 

subsequently irradiated. Although the combined 

treatment was effective in SCC25 and CAL27 cell lines, 

successful results were not obtained in the FaDu cell line 

[8]. A study evaluated the antitumor properties of CFS by 

examining its effect on four leukaemia cell lines, namely 

NB4, K562, HL60, and KG1 and revealed that it showed 

the highest cytotoxicity against HL60 and KG1 cells. The 

results showed that they were close to those obtained 

after the exposure of the HL60 cell line to the 

antileukemic drug cytarabine (Ara-C). Additionally, the 

co-treatment of CFS and Ara-C reduced HL60 cell 

viability compared to when either drug was given alone 

[9]. 

 

Lee et al. investigated the effects of CWL and CFS on 

oxidative stress and DNA damage in NIH3T3 cells. 

When NIH3T3 cells were treated with CWL and CFS, 

cytotoxicity, lipid peroxidation and production of 

reactive oxygen species reduced considerably in a dose-

dependent manner. The results indicated that CWL and 

CFS could effectively protect against oxidative stress and 

DNA damage, and diterpenes functioned as antioxidants 

[10]. To combine the antibacterial and anti-inflammatory 

properties of zinc oxide nanoparticles with the 

antimicrobial properties of CFS, a chitosan (CS)-coated 

nanosystem was developed. The antibacterial activity of 

this system was investigated in Staphylococcus aureus, 

Bacillus cereus, Pseudomonas aeruginosa, and 

Escherichia coli bacteria, and the results revealed that 

ZnO, CS–ZnO and CFS-CS-ZnO nanoparticles inhibited 

the growth of S. aureus, B. cereus, and E. coli. The 

antibacterial activity was improved by coating CFS and 

ZnO nanoparticles with CS [11]. 

 

CS, obtained by the deacetylation of chitin is a 

biopolymer that exhibits excellent antibacterial, 

biorenewable, biocompatible, biodegradable, 

antimicrobial and antitumor properties [12,13]. Various 

types and combinations of CS as a drug delivery system 

have been investigated in studies such as doxorubicin-

loaded CS nanobubbles [14], 5-fluorouracil-loaded CS 

microspheres [15], N-acetylcysteine-loaded CS-coated 

liposome [16], amiodoran-loaded CS nanoparticles [17], 

and Docataxel-loaded CS nanoparticles [18]. 

Nanoparticles have been preferred more than other 

carriers because of their high stability and high carrier 

capacity, facilitating the use of both hydrophilic and 

hydrophobic substances, and allowing controlled drug 

release [19].  

 

Alginate (ALG) is a linear copolymer containing blocks 

of β–D-mannuronic acid and α-L-guluronic acid residues 

linearly linked by 1,4-glycosidic bonds and is a 

biocompatible polymer that is widely used in carrier 

systems as well as CS [20]. The presence of monomer 

units in ALG considerably influences drug release 

properties. The β–D-mannuronic acid groups provide 

excellent thickening, whereas the α-L-guluronic acid 

content contributes to superior gelling properties [20]. 

ALG nanoparticles also widely investigated for drug 

delivery systems as well, especially as anticarcinogenic 

drug carrier. One of the latest studies are, Docetaxel 

(DTX)-loaded sodium ALG nanoparticles used for to 

target colon cancer cells [21], Exemestane (EXE) drug 

used in breast cancer treatment was loaded on ALG 

nanoparticles [22], Cabazitaxel (CAB)-loaded poly(alkyl 

cyanoacrylate) (PACA) nanoparticles were encapsulated 

in alginate microspheres prepared aiming to delay 

anticancer drug absorption and reduce toxic side effects 

[23], and Sunitinib (STB) loaded alginate nanoparticles 

studied for enhancing oral bioavailability of STB which 

used for gastrointestinal stromal tumor [24]. 

Chlorhexidine loaded ALG nanoparticles also studied in 

dentistry for throat infection [25]. 

 

Within the scope of the study, it was aimed to load CFS 

(Fig. 1), which has been proven to exhibit anticancer, 

anti-inflammatory and antidiabetic properties, onto 

biocompatible polymer nanoparticles CS (CSNPs) and 

ALG (ALGNPs) and to carry out optimization and 

characterization studies of these biopolymer 

nanoparticles. 

 

2. Materials and Methods 

 

2.1. Materials 

 

Low-molecular-weight CS powder (molecular weight: 

50–190 kDa, 75%–85% deacetylated) and sodium ALG 

powder were obtained from Sigma-Aldrich Chemical Co. 

Ltd. Sodium tripolyphosphate (TPP) was procured from 

Alfa Aesar by Thermo Fisher Scientific, and CFS a 

crystalline solid, purity ≥98.0% obtained from Cayman 

Chemicals. All chemicals were analytical grade. 

 

2.2. Equipments 

 

A FTIR spectrometer (Spectrum Two, Pelkin Elmer, 

UK.) was used in the range 4000–500 cm−1, and 10 scans 

were performed at a resolution of 4 cm−1 to detect the 

functional groups of all formulations. The nanoparticle 

samples were prepared with KBr pellets to analyse the 

chemical interactions between CFS and polymer matrix. 

 

Average particle sizes were measured with multiangle 

dynamic light scattering using a Zetasizer (Malvern 

Instruments, Herrenberg, Germany). Purified water used 

as a medium for nanoparticle solution during analysis. 
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For the zeta potential same conditions were conducted 

and all analysis measured three times at 25°C. 

 

The shape and surface morphology of CFS-loaded 

CSNPs, and CFS-loaded ALGNPs, were determined 

through scanning electron microscopy (SEM, Thermo 

Scientific Apreo S). 

 

Thermogravimetric (TG) curves were obtained using a 

Diamond TG/DTA analyser (Pelkin Elmer, UK) from 

30°C to 600°C, under a N2 atmosphere at a 10°C/min 

heating rate for CFS-loaded nanoparticles. 

 

2.3. Preparation of Nanoparticles 

 

2.3.1 Preparation of CS Nanoparticles and CFS-

loaded CS Nanoparticles (CSNPs / CFS-loaded 

CSNPs) 

CSNPs were synthesized as described by Calvo et al. [26, 

27]. CS (50 mg) was dissolved in the CH3COOH (1% v/v 

,25 ml) at room temperature under magnetic stirring until 

the formation of an opalescent suspension. The pH of the 

resulting solution was adjusted to 4.6–4.8 using the 

NaOH solution. CS nanoparticles were spontaneously 

obtained on the dropwise addition of TPP aqueous 

solution (CS to TPP weight ratio of 2:1 and TPP 

concentration is 7.5 mg/ml) to CS solution under constant 

magnetic stirring at room temperature. Nanoparticles 

were collected through centrifugation at 4C before dried 

in a vacuum oven.  

 

For preparing CFS-loaded CS nanoparticles, the CFS 

solution (100 µg/ml, 2 ml) was added before the TPP 

solution. The remaining processes were identical to the 

preparation of CS nanoparticles. 

 

2.3.2 Preparation of ALG and CFS-loaded ALG 

Nanoparticles (ALGNPs/CFS-loaded ALG–NPs) 

The method used to prepare ALG nanoparticles was 

modified from Rajaonarivony et al. [28]. Here, 2 mL of 

aqueous calcium chloride was added dropwise to 10 mL 

aqueous sodium ALG (3 mg/ml) with stirring at 1100 

rpm. The nanoparticle solution stirred for 24h to obtain 

homogenous and uniform particle distribution. 

Nanoparticles were collected through centrifugation at 

4C before drying in a vacuum oven. 

 

To prepare CFS-loaded alginate nanoparticles, the CFS 

solution (100 µg/ml, 2 ml) was added before the calcium 

chloride solution. The remaining processes were 

identical to the preparation of ALG nanoparticles. 

 

2.4 HPLC  

 

2.4.1 HPLC Conditions 

The HPLC analysis method was modified from a 

previous study [29, 30].  The PDA detector HPLC system 

and the ACE C18 column (ACE; 250 × 4.6 mm, 5 µm) 

were used for the calibration curve of CFS. As the mobile 

phase, a mixture of acetonitrile and water was prepared 

at a ratio of 55:45 (v/v). The system was run with an 

isocratic flow rate of 0.9 mL/min rate, the injection 

amount was 20 μL, and the detector was set at 230 nm. 

The temperature of the column was 25°C, while the 

temperature for the autosampler was 30°C. In accordance 

with ICH guidelines Q2(R1), the present method was 

validated and found to be suitable for its intended 

purpose[31].  

 

2.4.2 Preparation of stock solutions and standard 

working solutions 

The stock solution of CFS (100 μg/mL) was prepared by 

dissolving 5.0 mg of drug in 50.0 mL ethanol. The 

standard solutions were stored at 4°C ± 1°C in a clear 

glass volumetric flask and lightly protected with an 

aluminium foil. The calibration curves of CFS 

concentrations of 0.5, 1.0, 5.0, 10.0, 20.0, 40.0, 60.0, 80.0 

and 100.0 μL/mL in the working solution were 

determined. In the dilute solution, the stock solution was 

further diluted to make these working solutions daily. All 

samples were filtered through a 0.2 µm pore size filter 

(PTFE) followed by injection. 

 

2.4.3 Calibration curve/Linearity 

Analytical methods are linear when their results are 

directly proportional to variations in analyte 

concentration within a given range of concentrations or 

through a well-defined mathematical transformation. 

Linearity was analysed by plotting a calibration curve 

between concentration and areas obtained from standard 

solutions at ten different CFS concentrations (0.5–100.0 

μg/mL in ethanol. Moreover, linearity was evaluated 

using least-square regression analysis, which utilizes a 

linear regression model. 

 

2.4.4 Encapsulation efficiency  

The encapsulation efficiencies (EE) of CFS-loaded CS, 

and ALG nanoparticles were determined after analysis in 

the HPLC (in triplicate) and calculated using the 

following equation: 

 

EE (%) = 
𝐓𝐨𝐭𝐚𝐥 𝐚𝐦𝐨𝐮𝐧𝐭 𝐨𝐟 𝐝𝐫𝐮𝐠− 𝐀𝐦𝐨𝐮𝐧𝐭 𝐨𝐟 𝐟𝐫𝐞𝐞 𝐝𝐫𝐮𝐠

𝐓𝐨𝐭𝐚𝐥 𝐚𝐦𝐨𝐮𝐧𝐭 𝐨 𝐟 𝐝𝐫𝐮𝐠
 x 100 %     

 

 

3. Results and Discussion 

 

CFS is a diterpene found in the structure of coffee, whose 

biological activities have been shown in various studies 

[4,5,6]. It was successfully encapsulated into CS and 

ALG biopolymers nanoparticles for the first time to 

ensure the continuity of the effectiveness of CFS for a 

long time. CFS-loaded CSNPs and CFS-loaded ALGNPs 

were synthesised by using the ionic gelation method with 

64%, and 60% reaction yields, respectively.  

 

Particle size and zeta potential of the synthesized 

nanoparticles were determined in solution using the DLS 

method. The results are revealed in Table 1. The results 
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obtained showed that the sizes of CSNPs and ALGNPs 

were 62 ± 3.92 and 61 ± 6.03 nm, by loading CFS into 

their structures, they increased to 97 ± 4.04 nm (for CFS-

loaded CSNPs) and 81 ± 6.51 nm (for CFS-loaded 

ALGNPs). In the synthesis of CSNPs and ALGNPs, were 

founded that the synthesis conditions affect the size and 

reaction efficiency of the nanoparticle [32]. Therefore, 

optimisation studies investigated parameters, such as 

polymer molecular weight (low and medium molecular 

weight) and concentration, polymer-crosslinker ratio, 

pH, and drop rate were investigated. The results revealed 

that the size of the nanoparticle increased with the 

increase in the molecular weight and concentration of 

CS. Similarly, the particle size increased in the pH:5.5–

5.6 range compared with pH 4.6–4.8. Kush et al. 

examined CS and TPP concentrations, CS:TPP ratios, 

temperature, mixing speed, and pH parameters to 

optimise the size of CSNPs. The CSNPs size were 

optimised as 159.2 ± 3.31 nm [33]. Çakır et al. (2020) 

investigated the effect of CS, TPP, Timol, Tween 80 

concentrations and temperature parameters on the 

nanoparticle size in the synthesis of nanoparticles loaded 

with Timol and Tween 80 and revealed that the particle 

size increased with the increase in CS and TPP 

concentrations [34]. The optimum conditions for the 

synthesis of CFS-loaded CSNPs were low-molecular-

weight CS concentration at 0.2 mg/ml; TPP 

concentration at 0.75 mg/ml; the pH was determined as a 

working range of 4.6–4.8 and a drop rate of 20 s. The 

particle size was 62 ± 3.92 nm for CSNPs and 97 ± 4.04 

nm for CFS-loaded CSNPs (Table 1). 

 

Sagis et al. (2014) investigated the effect of CaCO3 and 

CaCl2 crosslinkers on the size of ALG nanoparticles. The 

results of the study revealed that CaCO3 was more 

effective than CaCl2 as a crosslinker in reducing the 

particle size to nanoscale [35]. Mokhtari et al. (2017) 

studied the effect of the CaCl2 concentration on the 

particle size and encapsulation efficiency in mint-

phenolic-extract-loaded ALG nanospheres. The results 

revealed that the mean particle size decreased, and the 

encapsulation efficiency increased with the increase in 

the CaCl2 concentration [36]. The optimum conditions 

were determined as 3.0 mg/mL ALG concentration, 3.35 

mg/mL CaCl2 concentration and the use of dripping rate 

every 20 s in our synthesis of CFS-loaded ALGNPs. 

Although the particle size was 61 ± 6.03 nm for 

ALGNPs, this value increased to 81 ± 6.51 nm for CFS-

loaded ALGNPs (Table 1).  

 

The zeta potentials of CFS-loaded biopolymer 

nanoparticles are shown in Table 1. Zeta potential, a 

physicochemical parameter expressing the stability of 

nanoformulations, is used to indirectly report the surface 

net charge. While extreme negative or positive values of 

zeta potential cause large repulsive forces, repulsion 

between particles with similar electrical charge prevents 

agglomeration. Depending on the suspension type, the 

distribution is a stable distribution system because of 

sufficient electrostatic repulsion between nanoparticles 

with a zeta potential of ±30 mV [37]. The zeta potentials 

for CSNPs, ALGNPs, CFS-loaded CSNPs and CFS-

loaded ALGNPs were −25.8 ± 5.97 nm, −9.6 ± 4.67 nm, 

−10.2 ± 3.14 mV and −25.9 ± 1.82 mV, respectively 

(Table 1). According to the zeta potential results, the 

stability order of the synthesised CFS-loaded polymer 

NPs in our study was ALGNPs ˂ CFS-loaded CSNPs ˂ 

CSNPs ˂ CFS-loaded ALGNPs. 

 

Table 1. Particle sizes, Zeta potentials, and encapsulation 

efficiencies of CSNPs, ALGNPs, ALG–CSNPs, and 

CFS-loaded nanoparticles. 

Formulation 

Code 

Particle 

Size 

(nm) 

Zeta 

Potential 

(mV) 

Encapsulation 

Efficiency (%) 

CSNPs 62 ± 3.92 −25.8 ± 5.97 - 

CFS-loaded 

CSNPs 
97 ± 4.04 −10.2 ± 3.14 92 ± 2.1 

ALGNPs 61 ± 6.03 −9.6 ± 4.67 - 

CFS-loaded 

ALGNPs 
81 ± 6.51 −25.9 ± 1.82 53 ± 1.8 

 

Bakhshi et al. (2017) reported the zeta potentials of 

ALGNPs and immunoglobulin-loaded ALGNPs as −26.8 

and −36.9 mV, respectively. They concluded that the 

negative surface charge of sodium ALGNPs can be 

attributed to the presence of carboxyl groups of ionised 

alginate molecules on the surface of nanoparticles. The 

zeta potential parameter represents the high surface 

charge of nanoparticles, which results in strong repulsive 

interactions between nanoparticles in dispersion [38]. 

Spadari et al. revealed that the zeta potential values of 

ALGNPs and miltefosine-loaded ALGNPs were 

measured to be −36.2 ± 6.8 and −39.7 ± 5.2 mV, 

respectively. They also reported that the uptake of 

negatively charged nanoparticles into the cell by the 

mucosa occurs through the nonspecific adsorption 

process of nanoparticles on the cell membrane and the 

formation of nanoparticle aggregates [39].  

 

Consequently, according to the zeta potential results, the 

stability order of the synthesised CFS-loaded polymer 

NPs in our study was CFS-loaded CSNPs (−10.2 ± 3.14) 

˂ CFS-loaded ALGNPs (−25.9 ± 1.82). 

 

3.1 Encapsulation Efficiency 

 

The amount of free CFS from the reaction medium after 

synthesis was determined using the HPLC analysis 

method under PDA detector, the ACE C18 column 

(ACE; 250 × 4.6 mm, 5 µm) the mobile phase which 

contains a mixture of acetonitrile and water at a ratio of 

55:45 (v/v) conditions in order to determine the 

encapsulation efficiency. Figure 2 shows the calibration 

chart drawn in ethanol environment. 
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Figure 2. Calibration curve of CFS in ethanol. 

 

The encapsulation efficiencies of CFS to CSNP and 

ALGNP were calculated by using free CFS amounts 

obtained the HPLC analyses results. The encapsulation 

efficiency of CFS-loaded CSNPs and CFS-loaded 

ALGNPs are found 92 ± 2.1 and 53 ± 1.8, respectively. 

The obtained results are summarized in Table 1. 
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Figure 4. Probable interaction between Chitosan (CS) 

NPs and CFS. 
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Figure 3. Probable interaction between ALG and CaCl2. 

 

The encapsulation efficiency of CS nanoparticles is 1.75 

times higher than that of ALG nanoparticles. When the 

molecular structures are examined, it is possible that the 

protonated amine groups in the structure of CS interact 

with the partial negative OH groups in the structure of 

CFS. On the other hand, the negative OH groups in the 

structure of the ALG polymer are expected to have a 

reducing effect on the encapsulation of CFS into the 

polymeric nanoparticle There are some studies in the 

literature that predict the interaction between CS with 

TPP and ALG with CaCl2 [40, 41]. In the light of these 

studies, the possible interactions between CFS to 

ALGNP or CSNP are shown in Figures 3 and 4, 

respectively. 

 

 

3.1 FTIR analysis 

 

The spectra of pure CFS, pure CS, pure ALG, CSNPs, 

ALGNPs, CFS-loaded CSNPs and CFS-loaded ALGNPs 

obtained by using FTIR spectroscopy to confirm CFS-

loaded nanoparticles (Figures 5, and 6).  

 

 
Figure 5. FTIR spectra of pure CS, pure CFS, CSNPs 

and CFS loaded CSNPs. 

 

 

The FTIR spectra of pure CS, pure CFS, CSNPs and CFS 

loaded CSNPs are displayed in Figure 5. The peak at 

3500–3200 cm−1 was attributed to –NH2 and –OH 

groups. This broad peak was attributed to the increased 
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hydrogen bonding in CSNPs resulting from the 

interaction between the NH3 group of CS and the P2O5
−1 

group of TPP (Figure 4). The peaks at 1624 and 1532 

cm−1 can be interpreted as the N–H vibration of the –

NH3
+ group and the C-H vibration of the alkyl group, 

respectively. The absorption peaks approximately 1083 

and 890 cm–1 may be attributed to C–O–C anti-

symmetric stretching at the β-(1-4)-glycosidic linkages 

of CS [42].  

 

 
Figure 6. FTIR spectra of pure ALG, pure CFS, 

ALGNPs and CFS loaded ALGNPs. 

 

 

The pure CFS spectrum displays the presence of the 

broad band –OH group and H bonds in the range 3100–

3500 cm–1. In the spectra pure CFS, typical peaks were 

detected at 2974, 1650, 1381 cm–1 for =C−H stretching, 

the C=C group, and the Aryl CH3 group. The peaks at 

1085, 1049 and 880 cm–1 was attributed to C–O–C and 

C–O stresses in the furan ring [11, 43]. The OH band 

between 3000–3700 cm–1 was intensified in the CFS-

loaded CSNPs spectrum. The peak at 2974 cm–1 in the 

molecular spectrum in CFS shifted to 2937 cm−1 in the 

CFS-loaded CSNPs spectrum. The peaks of C–O–C and 

C–O stretching vibration at 1085 and 1049 cm−1 in CFS 

spectra shifted to 1047 and 1021 cm−1 in the CFS-loaded 

CSNPs spectrum. Compared with the pure CFS, 

absorption peaks at the fingerprint region (1600–400 

cm−1) were observed in CFS-loaded CSNPs, which 

indicated successful entrapment of CFS inside CSNPs. 

Figure 6 depicts the FTIR spectra of the pure ALG, pure 

CFS, ALGNPs and CFS loaded ALGNPs. The 

characteristic peak of the –OH functional group in the 

structure of the ALG polymer and the stretching vibration 

band of the hydrogen bond between the -OH and -COOH 

groups exhibits a wide peak in the range 3000–3600 

cm−1. The bands at 1599, 1493 and 1416 cm−1 also 

revealed asymmetric and symmetric stretching vibrations 

of the carboxyl group. The bands at 1080 and 1029 cm−1 

were the tension vibration bands of the C–O band in the 

C–OH of the sugar group. The FTIR spectrum of 

ALGNPs revealed characteristic bands between 3000 and 

3600 (OH stretching vibrations), 2924 (CH stretching 

vibrations), and 1080 cm−1 (COC stretching vibrations). 

FTIR spectra obtained for ALG and ALGNPs were 

compatible with those of literature values [44;45]. The 

OH band intensified in the spectrum of CFS-loaded 

ALGNPs, and the peaks at 2974 and 2901 cm−1 in CFS 

shifted to 2933 and 2860 cm−1. The peak of C–O–C 

stresses shifted from 882 to 723 cm−1 wavelength. The 

peak CFS at 1047 cm−1, which corresponds to the 

presence of the C–O peak in the furan ring, was loaded 

on ALGNPs.  

 

3.2 TG analysis 

 

The Perkin–Elmer Diamond TG/DTA analyser was used 

to investigate the thermal behaviours of the synthesised 

CFS-loaded CSNPs, and ALGNPs. TG analyses were 

obtained from 30°C to 600°C with a heating rate of 10°C 

min−1 under N2 atmosphere with a flow rate of 20 ml/min. 

The TG and DTG of pure CS, CSNPs, and CFS-loaded 

CSNPs are displayed in Figures 7 and 8, respectively. 

The Tonset, Tmax, and residual at 600°C are displayed in 

Table 2. 

 
 

Figure 7. Thermogravimetric (TG) curves of pure CS, 

CSNPs, CFS-loaded CSNPs. 

The TG curve of pure CS (Figure 7) revealed that the two 

stages of weight loss ranged from 60°C to 480°C. The 

first occurring weight loss in the range 60°C–120°C 

could be attributed to water desorption with a weight loss 

of approximately 6%. The primary degradation of pure 

CS started at 245°C and completely degraded at 

approximately 480°C with a weight loss of 

approximately 58%. Corazzari et al. examined the 

thermal behaviour of pure CS and obtained the 

thermogram similar to our study [46]. The main mass loss 

occurring between 245°C and 480°C could be attributed 

to the separation of H2O, NH3, CO, CO2 and CH3COOH 

groups because of CS pyrolysis [47]. Comparisons of the 
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thermograms of pure CS and CSNPs revealed that their 

thermal behaviour changed (Figure 7 and Table 2). 

 
Figure 8. Derivative thermogravimetry (DTG) curves 

of Pure CS, CSNPs, and CFS-loaded CSNPs. 

 

Table 2 Thermal parameters derived from TG (Tonset, 

Tmax, and residual mass (%) at 600 °C) for pure CS, 

CSNPs, and CFS-loaded CSNPs. 

Sample 
Tonset 

(°C) 

Tmax 

(°C) 

Residual (%) 

at 600°C 

Pure CS 245 300 32 

CSNPs 165 235 47 

CFS-loaded 

CSNPs 
165 245 48 

 

Figure 7 revealed that approximately 10% water loss in 

CSNPs occurred in the range 60°C–120°C. The 40% 

mass loss in CSNPs between 165°C and 480 °C could be 

attributed to the dehydration of the saccharide rings, 

depolymerisation, and decomposition of acetylated and 

deacetylated units [48]. The thermograms of CFS-loaded 

CSNPs revealed a shift in the second degradation step of 

nanoparticles compared with CSNPs. This shift could be 

attributed to the interaction between CFS and the 

polymeric matrix as well as disturbances in the crystal 

structure of the nanoparticles. Michaillidou et al. 

revealed a similar observation in the thermograms of 

Budesonide-loaded CSNPs [49]. The difference in the 

thermograms of CFS-loaded CSNPs and CSNPs 

indicated that CFS was loaded on CSNPs. 

 

The TG and DTG of pure ALG, ALGNPs and CFS-

loaded ALGNPs are displayed in Figures 9 and 10, 

respectively. Table 3 depicts the Tonset, Tmax, and residual 

at 600°C. 

 
Figure 9. TG curves of pure ALG, ALGNPs and CFS-

loaded ALGNPs. 

 

 
Figure 10. DTG curves of pure ALG, ALGNPs and CFS-

loaded ALGNPs. 

 

Table 3 Thermal parameters derived from TG (Tonset, 

Tmax, and residual mass (%) at 600°C) for pure ALG, 

ALGNPs and CFS-loaded ALGNPs. 

Sample 
Tonset 
(°C) 

Tmax (°C) 

Residual 

(%) at 

600°C 

Pure ALG 200 245 37 

ALGNPs 170 210/265/465 37 

CFS-loaded 

ALGNPs 

185 225/260/440 39 

 

 

Figure 9 displays the TG of pure ALG. The TG of pure 

ALG revealed a three-step weight loss. The initial weight 

loss of approximately 11% at 60°C–130°C was attributed 

to the evaporation of moisture and residual water present 

in the sample. The second degradation stage can be 

interpreted as crosslinking of polymer networks in the 

temperature range 200°C–280°C with 38% weight loss. 

The last decomposition step was interpreted as Na2CO3 

char formation, which consisted of the structure of 

sodium ALG polymer [50]. Salisu et al. interpreted the 

second decomposition step occurring between 200°C–

250°C in the thermogram for the ALG polymer to be the 
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formation of water, CH4 and CO2 gas [51]. Figure 10 

displays four degradation stages occurring in ALG 

nanoparticles. The first decomposition stage between 

60°C–130°C had 8% moisture loss, the second 

decomposition at 180°C–240°C had a mass loss of 16%, 

and the third decomposition at 240°C–280°C had a mass 

loss of 19%. The final decomposition occurred between 

the temperatures of 380°C–510°C with a mass loss of 

9%. The thermogram results are similar to calcium 

ALGNPs thermograms obtained by Gokila et al. [52]. 

Figure 9 displays the TG thermogram of CFS-loaded 

ALGNPs. Four degradation steps occurred in the 

thermogram. The initial weight loss of approximately 8% 

exhibited at 60°C–130°C was attributed to the residual 

water in the sample. Comparison of the thermograms of 

ALGNPs and ALGNPs with CFS-loaded ALGNPs 

revealed that the second, third, and fourth steps slightly 

shifted to 190°C–235°C with 12% mass loss, to 235°C–

280°C with 8% mass loss, and to 390°C–530°C with 9% 

mass loss, respectively. The shifts in the Tmax values of 

CFS-loaded ALGNPs and ALGNPs in Table 3 are 

interpreted as the result of electrostatic interactions 

between ALGNPs and CFS. Güncüm et al. synthesised 

amoxicillin loaded PVA/NaAlg nanoparticles. The 

thermograms of these nanoparticles shifted with drug 

loading on ALGNPs as observed in our study [53]. Thus, 

differences in the thermal characterisation of CFS-loaded 

ALGNPs and ALGNPs thermograms indicated that CFS 

was loaded on ALGNPs. 

 

3.3 SEM analysis 

 

The SEM images of CSNPs, ALGNPs, CFS-loaded 

CSNPs, and ALGNPs are displayed in Figure 11 a-d. 

SEM analysis provides information of the morphology of 

the synthesised structures, and the sizes obtained were 

closer to reality than DLS measurements. DLS 

determines the apparent size (hydrodynamic radius) of a 

particle, including hydrodynamic layers formed around 

hydrophilic particles DLS analysis conducted in a 

solvent, which is mostly water, medium and as a result 

given particle size includes solvent molecules size as 

well. Which lead to an overestimation of the nanoparticle 

size [54].  

 

When studies have investigated CFS-loaded and CSNPs, 

and ALGNPs as drug delivery systems, SEM images 

were obtained to examine the surface morphology. 

ALGNPs synthesised by various methods such as 

emulsification/internal gelation, spray dryer, 

polyelectrolyte complexation, emulsification/external 

gelation, and evaporation method had a spherical 

structure [32]. Sarei et al. (2013) reported that ALGNPs 

were synthesised as a vaccine carrier system for 

diphtheria with a high loading capacity of 70 ± 0.5 nm in 

size and spherical morphology [55]. Nallamuthu et al. 

(2015) revealed that chlorogenic-acid-loaded CSNPs 

synthesised by the ionic gelation method were 

homogeneous and spherical [56]. The SEM images of 

CFS-loaded CSNPs, and ALGNPs revealed that they had 

similar spherical morphology and were smaller than 100 

nm. Therefore, the morphologies of CFS-loaded CSNPs, 

and ALGNPs, were consistent with the studies in the 

literature investigating drug carrier systems, such as 

CSNPs, and ALGNPs. 

 

  

  

Figure 11. Scanning electron microscopy (SEM) 

images of a: CSNPs (x 1000), b: CFS-loaded CSNPs (x 

25000), c: ALGNPs (x1000), d: CFS-loaded ALGNPs 

(x 1000). 

4. Conclusion 

 

CFS active ingredient found in coffee beans with 

antidiabetic, anticarcinogenic, and anti-inflammatory 

properties was loaded into biopolymers nanoparticles 

such as CS and ALG. CFS-loaded biopolymer 

nanoparticles were synthesized using the ionic gelation 

method in high reaction yield. FTIR, TG, SEM and 

HPLC analysis were performed to characterise CFS-

loaded biopolymer nanoparticles. SEM analysis revealed 

that CFS-loaded CSNPs, and ALGNPs were spherical. 

Furthermore, FTIR and TG analysis disclosed that CFS 

was loaded into biopolymer nanoparticles. As a result of 

HPLC analysis, it is seen that the loading efficiency of 

CFS on CS nanoparticles is 1.75 times higher than that of 

ALG nanoparticles. When examined in terms of stability, 

it was concluded that ALGNPs were more stable in terms 

of zeta potential. As a continuation of the study, it is 

planned to conduct in vitro release and cell culture 

experiments of CFS-loaded polymeric nanoparticles to 

compare their antidiabetic and anticarcinogenic 

properties with free CFS. 
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