
 

1 

 

Paper 7 Open Access 

 

https://www.iieta.org/journals/ijdne/paper/10.18280/ijdne.160406  

 
 

 

https://www.iieta.org/journals/ijdne/paper/10.18280/ijdne.160406


 

2 

 

 
 

 

 



 

3 

 

 
 

 

 

 

 

 

 

 

 



 

4 

 

 
 

 
 

 

 

 

 

 

 

 

 

 



 

5 

 

 

List of Contents 

 

Volume 16, Nomor 4 

 

 



 

6 

 

 
 

 



Catechin Extracted from Uncaria gambier Roxb for Nanocatechin Production: Physical and 

Chemical Properties 

Yefsi Malrianti1, Anwar Kasim1*, Alfi Asben1, Edi Syafri2, Gustri Yeni3, Ahmad Fudholi4,5 

1 Faculty of Agricultural Technology, Andalas University, Padang 25163, West Sumatra, Indonesia  
2 Payakumbuh State Polytechnic of Agriculture, Payakumbuh 26271, West Sumatra, Indonesia  
3 Industrial Research and Standardization Padang, Ministry of Industry of Indonesia, Padang 25164, West Sumatera, Indonesia 
4 Solar Energy Research Institute, Universiti Kebangsaan Malaysia, Bangi 4600, Selangor, Malaysia  
5 Research Centre for Electrical Power and Mechatronics, Indonesian Institute of Sciences (LIPI), Bandung 40135, Indonesia  

Corresponding Author Email: anwar_ks@yahoo.com

https://doi.org/10.18280/ijdne.160406 ABSTRACT 

Received: 23 May 2021 

Accepted: 13 August 2021 

This research reports nanoparticles or nanocatechin produced from catechin extracted 

from gambier and the differences between the properties of the extracted catechin and 

nanocatechin. The study began with the preparation of >95% pure catechin through 

successive extraction. The catechin obtained was converted to nanocatechin with a high-

speed homogenizer on a 1% suspension of catechin in water at 12,000 rpm for 30, 45, 60, 

75 or 90 minutes. Results showed average diameters of the nanocatechin 90-minute 

homogenized colloids were then dried with a spray dryer so physical and chemical 

properties could be compared with those of the raw extracted catechin. Catechin content, 

water content, pH, refractive index, density, molecular weight and rotational angle were 

unaltered. Appearance, solubility, thermal properties, highest absorbance wavelength and 

antioxidant activity were measured. Initial degradation temperature and antioxidant 

activity of nanocatechin were higher than those in the originally extracted catechin.  
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1. INTRODUCTION

Catechin is a secondary metabolite which is naturally 

produced by plants, such as gambier and tea, and belongs to 

the flavonoid group [1]. Catechin has better antioxidant 

properties than ά- tocopherol, butylated hydroxy anisole or 

butylated hydroxytoluene. Catechins have many benefits. 

Catechin has medical functions, such as anticancer [2], anti-

inflammatory [3], antimutagenic [2] and antidiabetic [4] 

functions, reduces the risk of tumours, lowers cholesterol 

levels, prevents hypertension and kills bacteria and fungi [5]. 

Moreover, catechin strengthens the defense mechanisms of 

organism and has antibacterial and antioxidative properties [6]. 

As an antioxidant, catechin prevents the effects of free radicals 

[7]. 

Raw gambier is a traditionally processed product of dried 

gambier produced by growers and has a high catechin 

composition ranging from 40% to 60%. This extract is 

produced using a solvent. A product containing up to 80% 

catechin (pure gambier) can be produced through further 

extraction [8]. The extraction process has been refined by 

many researchers. Ethyl acetate was found to be the best 

solvent for the process [9]. High yields of catechin with a high 

antioxidant activity were obtained using an ethyl acetate 

solvent [10]. These studies indicated that ethyl acetate is the 

best solvent for extracting catechin from gambier. Catechin 

extraction produces catechin crystals with a particle size larger 

than 100 nm (nanoparticle size). Nano-sized particles have 

some chemical and physical properties that are superior to 

those of micro-sized particles. The rate of absorption of active 

compounds can be increased by using nanoscale particles, 

which affect the physical and chemical properties of base 

materials [11]. Understanding fundamental materials at the 

nanoscale level can be helpful in utilizing nanomaterials in 

various applications, such as clean energy, medical equipment 

and sensors [12]. The area of a particle for contact with other 

particles increases with decreasing particle size, and thus the 

dissolution and stability of a compound are affected by particle 

size [13]. Reduction in particle size can increase the absorption 

rate and effect of the dissolving process [14]. These properties 

can be changed by controlling material size, adjusting 

chemical compositions, modifying surfaces and controlling 

particle interactions. Various methods for producing 

nanoparticles have been widely used in various fields. These 

methods include emulsification [15] polymerization of 

monomer synthesis and dispersion of synthetic polymers and 

top-down and bottom processes [16]. Reduction in particle 

size to a nanoscale level can increase the absorption rate for 

active compounds but changes material properties [11]. The 

contact area of a particle increases with decreasing particle 

size, and thus the solubility and stability of a compound is 

affected by particle size [17]. Reducing particle size can 

increase the absorption rate [18]. Recent catechin nanoparticle 

research includes the development of a β-cyclodextrin nano-

encapsulated catechin inclusion complex [19] and 

investigation on the adsorption of catechin on magnetic 

hydroxyapatite nanoparticles with synergistic interactions 

with calcium ions [20]. Recent research has focused on the use 

of catechin in nanoemulsions; no published research has 

reported the production of nanoparticles from catechin crystals 

without the addition of other chemicals. To address this gap, 

the present research focuses on the production of nanocatechin 
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particles through high-speed homogenization (HSH) at varied 

homogenization times. The effect of homogenization time on 

the sizes of resulting catechin particles was investigated, and 

the differences between the properties of the nanocatechin and 

source catechin, referred to as extracted catechin, were 

determined. The aim of research can be determining the 

effective time required to produce nano-sized catechin 

particles. By knowing the differences in physical and chemical 

properties between extracted catechins and nanocatechins, it 

can provide information on utilization opportunities, so that 

they can function effectively when applied to the food, 

cosmetic and pharmaceutical industries. 

 

 

2. METHOD 
 

2.1 Material and equipment 

 

The materials used in this study were gambier granules 

(raw-ground gambier); gambier paste (non-molded gambier) 

extracted from leaves and twigs of gambier plants from Batang 

Kapeh, south Pesisir in Sumatra; ethyl acetate; aquades 

(Merck); 1,1-diphenyl-2-picryllhydrazil (DPPH) Sigma; and 

filter paper. Analytical scales, measuring cups (Pyrex), 

measuring cylinders (Pyrex), conical flasks (Pyrex), ultrasonic 

bath (Elma), hot plate, furnace (Neycraft JFF2000), porcelain 

cups, aluminum cups, micropipettes (100–1000 µL), magnetic 

stirrer, petri dishes, water bath (Memmert), oven (Memmert), 

desiccator, extractor, a Soxhlet extractor, HD pH meter 2005, 

spectrophotometer (AUV-1800 Shimadzu), HG-15D 

homogeniser Daihan Scientific Co., Ltd. from Gangwon-do, 

Korea, thermogravimetric analysis equipment (TGADTG-60 

Shimadzu), SWXG-4 manual polarimeter disc, VascoTM 

particle size analyser (PSA; Courdoun Technologies) and 

Abbe refractometer were used. 

 

2.2 Raw material provision and catechin preparation 

process 

 

Gambier granules with a moisture content of ±16% and 

gambier paste with a moisture content of ±40% were obtained 

from the gambier production centre of Batang Kapeh, West 

Sumatra. The granules were dried under sunlight at 30–50°C 

until the moisture content reached 14%. The gambier grains 

and gambier paste were washed repeatedly with water until the 

remaining filter water was clear. This step was followed by 

extraction with ethyl acetate. The ratio between gambier and 

ethyl acetate was 1: 5. The extracted solution was filtered, 

evaporated using a ± 50°C water bath and washed with water 

in a ratio of 1:5 until the aroma of ethyl acetate was gone. The 

solution was dried in an oven at 50°C until the moisture 

content was ±12%. The extracted catechin was ground until it 

was able to pass through a 100-mesh filter. 

 

2.3 Nanocatechin preparation 

 

An HSH of HG-15D Daihan Scientific Co., Ltd., Gangwon-

do at 12.000 rpm was used on a 1% aqueous suspension of the 

extracted catechin to reduce the size of the extracted catechin 

to nanoparticle size. Five homogenization durations: 30, 45, 

60, 75 and 90 minutes were used in determining the optimum 

time needed to reach nanoscale dimensions. Particle size was 

observed in the colloidal samples in water with a dynamic light 

scattering instrument. A non-invasive scattering technique 

was used at a detector angle of 173° and 4 mW (633 nm) with 

a HeNe laser. This step was performed according to ISO 13 

321 and ISO 224. Afterwards, the optimal colloid obtained 

was dried with a spray dryer with an inlet temperature of 

160°C and outlet temperature of 70°C under 6 psi of pressure. 

 

2.4 Characterizations of extracted catechin and 

nanocatechin solutions 

 

The extracted catechin and nanocatechin were characterized 

to determine the effect of particle size on pH; molecular 

weight; density; melting point; UV spectrum; rotational angle; 

refractive index; solubility in water and ethyl acetate; heat 

stability through TGA; and antioxidant activity. The samples 

used in the observation of thermal characteristics weighed 2.5 

mg. TGA 701 (Serial no. C30565000570) was used in the 

characterization from 20°C to 800°C under atmospheric 

nitrogen (flow rate: 50 mL/min). The heating rate was 

20°C/minute. The antioxidant activity of the sample was tested 

with the IC50 method. Approximately 1 g of sample was 

dissolved in 10 mL of methanol in a 15 mL test tube and 

homogenized. Then, 0.1, 0.3, 0.5, 0.7 and 0.9 mL of the 

samples were then pipetted into 10 mL of methanol, and 1 mL 

of the resulting solution was added to 2 mL of methanol and 1 

mL of DPPH solution and left in the dark room for 15 minutes 

before observation with a spectrophotometer at a wavelength 

of 517 nm. The percentage of inhibition was calculated using 

Eq. (1). 

 

% Inhibition = 
𝐴 𝐵𝑙𝑎𝑛𝑘−𝐴 𝑆𝑎𝑚𝑝𝑙𝑒

𝐴 𝐵𝑙𝑎𝑛𝑘 
 × 100% (1) 

 

A curve showing anti-free-radical activity against 

concentration for the test solution was created. Linear 

regression showed a relationship between compound 

concentration in the test sample (x) and inhibition percentage 

(y). This relationship was modeled with a linear equation (Eq. 

(2)). 

 

Y = ax + b  (2) 

 

where, a as intercept and b as slope and linear regression 

coefficient (r) ± 1, to obtain IC50. 

 

 

3. RESULT AND DISCUSSION 
 

3.1 Gambier characteristics and extracted catechin 

content 

 

The characteristics of gambier from the production area of 

Batang Kapeh West Sumatra was tested according to SNI 01-

3391-2000. This gambier, the raw material for catechin, comes 

in the form of granules and paste. Gambier paste produces 

light-coloured white-yellow catechins compared with gambier 

granules, as can be seen in Figure 1. Repeated ethyl acetate 

extraction is necessary in obtaining lighter colours and higher 

levels of catechins.  

The extracted catechin content of granular gambier was 

95.25% ± 0.088% and that of gambier paste was 98.54% ± 

0.112%. Gambier paste was selected for this research because 

of its higher catechin content. The successively extracted 

gambier residue from South Pesisir dissolved well in ethyl 

acetate solvent [21]. Ethyl acetate is the best solvent for 

catechins [9]. Using ethyl acetate solvent in extracting 
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catechins from gambier increases yield and antioxidant 

activity to a higher degree than that when other solvents are 

used [10, 22]. 

 

 
(a) Catechin from gambier granules  

 
(b) Catechin from paste 

 

Figure 1. Catechin 

 

3.2 Sizes of nanocatechin particles resulting from five 

homogenization durations 

 

Homogenization durations under 30 minutes failed to 

reduce particle size to the desired nanoscale size. The average 

diameter of the catechin particles from each homogenization 

duration and polydispersity index is shown in Table 1. The 

average diameter of the particles decreases with 

homogenization time.  

 

Table 1. Average diameter of catechin particles and 

homogenization time 

 
Parameter Extracted catechin Nanocatechin 

30 1938.64 7.3500 

45 1106.66 3.9130 

60 288.46 0.2250 

75 271.02 0.0080 

90 230.75 0.1590 

 

Figure 2a shows the nanocatechin colloids after varied 

homogenization times, and Figure 2b–2f show the catechin 

particle diameter distributions measured through PSA. 

Ultrafine particles are 1–100 nm in diameter, fine particles are 

100–2500 nm and coarse particles are 2500–10,000 nm [23]. 

The definition of nanoparticles differs depending on material, 

field and application [24]. For the purpose of this research, 

anything with a size under 300 nm was regarded as 

nanoparticles. Treatment 1 to Treatment 5 resulted in fine 

particles with a diameter range of 230.75–1938.64 nm. 

The particle size distribution is known as the Polydispersity 

Index (PdI) of the five homogenization time treatments, as 

shown in Table 1, and varies significantly from 0.0080 to 

7.3500. Particle size uniquely affected the properties of 

nanoparticles, and the size distribution of nanoparticles fell 

within a narrow range [19]. PdI is used in describing the 

uniformity of particle size distribution or heterogeneity index. 

A PdI value of <0.05 indicates that a sample is monodispersed, 

whereas a PdI value of >0.7 indicates that a sample has an 

extremely wide particle size distribution. A PdI value of <0.4 

indicates that the particle size distribution is narrow [23]. 

Homogenization for 75 minutes resulted in an average 

particle size of 271.02 nm and a PdI value of 0.0080, which 

was smaller than that for other durations, indicating a more 

uniform size distribution. However, 90 minutes of 

homogenization resulted in a PdI value of 0.1590 and a particle 

size with a range of 51.3–977.5 nm and average of 230.75 nm. 

The optimal homogenization time was considered to be 90 

minutes because the majority of the fine particles produced 

after that time had nanoscale sizes. 

 

 
(a) Nanocatechin colloid from 5 homogenization time 

treatments 

 
(b) Particle distribution with homogenization time of 30 

minutes, PdI = 7.3500 

 
(c) Particle distribution with homogenization time of 45 

minutes, PdI = 3.9130 
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(d) Particle distribution with homogenization time of 60 

minutes, PdI = 0.2250 

 
(e) Particle distribution with homogenization time of 75 

minutes, PdI = 0.0080 

 
(f) Particle distribution with homogenization time of 90 

minutes, PdI = 0.1590 

  

Figure 2. Nanocatechin and particle distribution from 5 

homogenization time treatments 

 

3.3 Characteristics of nanocatechin compared with 

extracted catechins 

 

The results of the characterization can be seen in Table 2. 

The characteristics of the extracted catechin and nanocatechin 

are shown as well. This research only focuses on the physical 

and chemical properties (Table 2) of the catechin and 

nanocatechin extracts. The aim is only to find out whether 

there is an effect of changes in the particle size of catechins on 

the physical and chemical properties of these catechins, what 

are the physical and chemical properties that change after 

becoming nanocatechins. Catechins as antioxidants can be 

seen from the antioxidant activity in Table 2. The high content 

of antioxidants in catechins means that catechins are used in 

the food, cosmetic and pharmaceutical industries to prevent 

the effects of free radicals.  

 

Table 2. Characteristics of the extracted catechin and 

nanocatechin 

 

Parameter 
Extracted 

catechin 
Nanocatechin 

Catechin Content (%) 98.54 ± 0.089 98.65 ± 0.101 

Water Content (%) 12.14 ± 0.254 11.88 ± 0.63 

pH 4 – 5 4 - 5 

Refractive index 1.3755 1.3755 

Density 0.9332 0.9332 

Molecular weight (πg/mol) 290.26 290.26 

Rotation angle 6.4 (+) 6.4 (+) 

Appearance whitish yellow 
brownish 

yellow 

Water solubility (%) 

Ethyl acetate solubility 

(%) 

43.98 

83.31 

68.38 

91.99 

Melting point (oC) > 159.73 > 253.37 

Wavelength of maximum 

absorption 
279.5 nm 280 nm 

Antioxidant activity (πg 

/mol) 
2.42 ± 0.467 0.65± 0.141 

 

3.4 Similarities in cathecin content, moisture content and 

pH 

 

The content of catechins indicates the amount of the 

catechin compound in the sample. From the analysis results 

obtained, the content of extract catechins and nanocatechins 

were 98.54% ± 0.089 and 98.65 ± 0.101, respectively. This 

means that the reduction in catechin particle size does not 

significantly affect the catechin content because the difference 

in catechin content based on table 2, is only 0.11% higher in 

nano size catechin content than extract catechins. Both types 

of catechin met this requirement [25]. 

The moisture content of the nanocatechin at equilibrium 

was 0.26% lower than that of the extracted catechin, as shown 

in the table. The decrease in moisture content was due to the 

difference in surface area. Dried nanocatechin had a larger 

surface area than the extracted catechin because small particles 

have large relative surface areas and thus allow more 

interactions in their surfaces. Dry and fine particles have a 

larger surface area, and the reaction process is also more 

comprehensive. 

The pH values of the nanocatechin and extracted catechin 

were ranged from 4 to 5, showing that high-speed 

homogenization did not affect the catechin’s pH. This result 

implied that high-speed homogenization has no effect on 

hydroxyl groups contained in catechins.  

 

3.5 Similarities in refractive index, density, molecular 

weight and rotational angle 

 

Extracted catechin and nanocatechin had the same 
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refractive index, density, molecular weight and polarization 

rotational angle. The similar refractive index of the two 

solutions indicated that they had the same density, that is, no 

change in density occurred after catechin was broken into 

small particles [26]. Molecular weight and angle of rotation 

are physical properties of catechins. The extract catechins and 

nanocatechins showed the same molecular weight and angle 

of rotation. Because there was no change in value after the 

conversion process to nanocatechins, it was concluded that the 

homogenization process did not affect the physical, chemical 

of catechins properties was not optically active [27]. 

 

3.6 Differences between the appearances of nanocatechin 

and extracted catechin 

 

The brownish yellow nanocatechin appeared to be slightly 

darker in colour than extracted catechin, which is usually 

whitish yellow. The possible cause is the release of a small 

amount of non-catechin compounds from the extracted 

catechin particles during homogenization. The released 

compounds may have made the nanocatechin slightly darker 

and might have been tannins, which are known to be present 

in gambier. The tannin content in gambier usually ranges from 

20% to 55% [1]. 

 

3.7 Differences in solubility between extracted catechin 

and nanocatecin in water and ethyl acetate 

 

Table 2 shows that the nano-sized catechin was more 

soluble than the micro-sized catechin. The solubility of 

catechin in water and ethyl acetate improved with decreasing 

particle size. The extracted catechin suspension was light 

yellow and had a deep layer of sediment, whereas the 

nanocatechin suspension was brownish yellow and was in the 

form of a colloid. The solubility of nanocatechins in water 

increased by 24.4% compared to the catechin extract. As in 

Table 2, the solubility of catechin extract was 43.98% and the 

solubility increased to 63.38% in nanocatechins. The same 

thing also happened to ethyl acetate solvent where the 

solubility of catechin extract was 83.31% increased to 91.99% 

after being converted to nanocatechins. Solvents that have the 

same level of polarity as the solute have high solubility [28]. 

Nanocatechin was 8.68% more soluble in ethyl acetate than 

extracted catechin. 

 

3.8 Thermal properties of the extracted catechin and 

nanocatechin 

 

Thermographic analysis results of the two compounds are 

shown in Figure 3. The initial degradation temperature 

(253.37°C) of nanocatechin was higher than that of the 

extracted catechin (159.73°C) and the mass loss at this stage 

was 2.4%. Similar to the result in lignocellulose, a long 

ultrasonication time resulted in small particle size and high 

degradation temperatures and vice versa [29].  

The first stage of degradation occurs from 0°C to 100°C and 

was the result of the evaporation of water [29-31]. In the 

second stage from 250°C to 500°C, the extracted catechin 

showed 43.16% mass reduction and the nanocatechin was 

reduced by 40.39%. The fastest mass loss occurred at 310.04–

328.59°C for the extracted catechin, resulting in a loss of 

6.33%, and at 275.55–285.94°C for the nanocatechin, 

resulting in a 4% loss. At 800°C, the extracted catechin lost 

89.85% of its mass, whereas nanocatechin lost 93.74%. 

Catechin as a natural material has a high degradation 

temperature, and thus it was not completely degraded at 800°C. 

A higher temperature is necessary to achieve a mass loss rate 

of 100%. The thermogravimetric curve of the catechin and the 

TGA curves of the extracted catechin and nanocatechin are 

shown in Figure 3. 

 
 

Figure 3. TGA curves the extracted catechin and 

nanocatechin 

 

3.9 Wavelength of maximum absorbance for the extracted 

catechin and nanocatechin 

 

The wavelengths with maximum absorbance for catechin 

and nanocatechin were found to be 279.5 and 280 nm, 

respectively (Figure 4). Both values were within the range 

previously measured for catechins, indicating that the final 

product of the homogenization was still catechin. The 

maximum absorbance values of catechin can be obtained at 

279 and 280 nm [32]. The maximum absorbance of standard 

catechin occurs at 278 nm [33]. In this study, it was found that 

the maximum absorbance value of catechins and 

nanocatechins produced was almost the same as that of 

previous researchers, which was in the range of 279 -280 nm. 

Nanocatechins have a maximum absorption rate at a longer 

wavelength of 0.5 nm compared to extract catechins. The 

values in this study were similar to these values; that is, 

nanocatechin had a maximum absorption rate at a wavelength 

that was slightly longer than that needed for a non-

homogenized extract. 
 

 
 

Figure 4. Absorbance for different wavelengths for (a) 

catechin crystals (blue curve), (b) nanocatechin (red curve) 
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3.10 Antioxidant activity of the extracted catechin and 

nanocatecin 

 

The IC50 values obtained for the extracted catechin and 

nanocatechin were 2.42 ± 0.46 and 0.65 ± 0.14 μg/mol, 

respectively. A 272.3% increase in antioxidant activity was 

observed in the extracted catechin when it was converted into 

nanocatechin. A low IC50 value shows an ability to strongly 

inhibit DPPH radicals. According to [4], an antioxidant can be 

considered potent if the IC50 value is less than 50 μg/mL. An 

IC50 value range of 50–100 μg/mL indicates strong 

antioxidative properties, and a range of 100–150 μg/mL 

indicates an average level of antioxidative activity. A range of 

150–200 μg/mL indicates weak antioxidative activity. The 

extracted catechin and nanocatechin can be classed as strong 

antioxidants, as indicated in Figure 5.  

 
(a) Relationship between IC50 concentration and % 

inhibition for extracted catechin  

 
(b) Relationship between IC50 concentration and % 

inhibition for nanocatechin 

 

Figure 5. Graph of relationship between IC50 concentration 

and % inhibition 

 

 

4. CONCLUSIONS 

 

From the results of the study, it can be concluded that the 

catechins extracted with ethyl acetate can be converted into 

nano-sized particles or nanocatechins with a high-speed 

homogenizer at a rotational speed of 12,000 rpm and 

homogenization time of 90 minutes. The results of 

observations on 12 parameters of physical and chemical 

properties of catechin extracts and nanocatechins obtained the 

same 7 parameters, namely catechin content, water content, 

pH, refractive index, density, molecular weight, and angle of 

rotation and 5 different parameters, namely appearance, 

solubility properties, initial degradation temperature, 

wavelength for maximum absorbance value and antioxidant 

activity. There was a significant increase in the initial 

degradation temperature and antioxidant activity if the extract 

catechins were converted to nanocatechins. 
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This research reports nanoparticles or nanocatechin produced from catechin extracted 

from gambier and the differences between the properties of the extracted catechin and 

nanocatechin. The study began with the preparation of >95% pure catechin through 

successive extraction. The catechin obtained was converted to nanocatechin with a high-

speed homogenizer on a 1% suspension of catechin in water at 12,000 rpm for 30, 45, 60, 

75 or 90 minutes. Results showed average diameters of the nanocatechin 90-minute 

homogenized colloids were then dried with a spray dryer so physical and chemical 

properties could be compared with those of the raw extracted catechin. Catechin content, 

water content, pH, refractive index, density, molecular weight and rotational angle were 

unaltered. Appearance, solubility, thermal properties, highest absorbance wavelength and 

antioxidant activity were measured. Initial degradation temperature and antioxidant 

activity of nanocatechin were higher than those in the originally extracted catechin.  

Keywords: 

nanomaterials, nanocatechin, antioxidant 

activity 

1. INTRODUCTION

Catechin is a secondary metabolite which is naturally 

produced by plants, such as gambier and tea, and belongs to 

the flavonoid group [1]. Catechin has better antioxidant 

properties than ά- tocopherol, butylated hydroxy anisole or 

butylated hydroxytoluene. Catechins have many benefits. 

Catechin has medical functions, such as anticancer [2], anti-

inflammatory [3], antimutagenic [2] and antidiabetic [4] 

functions, reduces the risk of tumours, lowers cholesterol 

levels, prevents hypertension and kills bacteria and fungi [5]. 

Moreover, catechin strengthens the defense mechanisms of 

organism and has antibacterial and antioxidative properties [6]. 

As an antioxidant, catechin prevents the effects of free radicals 

[7]. 

Raw gambier is a traditionally processed product of dried 

gambier produced by growers and has a high catechin 

composition ranging from 40% to 60%. This extract is 

produced using a solvent. A product containing up to 80% 

catechin (pure gambier) can be produced through further 

extraction [8]. The extraction process has been refined by 

many researchers. Ethyl acetate was found to be the best 

solvent for the process [9]. High yields of catechin with a high 

antioxidant activity were obtained using an ethyl acetate 

solvent [10]. These studies indicated that ethyl acetate is the 

best solvent for extracting catechin from gambier. Catechin 

extraction produces catechin crystals with a particle size larger 

than 100 nm (nanoparticle size). Nano-sized particles have 

some chemical and physical properties that are superior to 

those of micro-sized particles. The rate of absorption of active 

compounds can be increased by using nanoscale particles, 

which affect the physical and chemical properties of base 

materials [11]. Understanding fundamental materials at the 

nanoscale level can be helpful in utilizing nanomaterials in 

various applications, such as clean energy, medical equipment 

and sensors [12]. The area of a particle for contact with other 

particles increases with decreasing particle size, and thus the 

dissolution and stability of a compound are affected by particle 

size [13]. Reduction in particle size can increase the absorption 

rate and effect of the dissolving process [14]. These properties 

can be changed by controlling material size, adjusting 

chemical compositions, modifying surfaces and controlling 

particle interactions. Various methods for producing 

nanoparticles have been widely used in various fields. These 

methods include emulsification [15] polymerization of 

monomer synthesis and dispersion of synthetic polymers and 

top-down and bottom processes [16]. Reduction in particle 

size to a nanoscale level can increase the absorption rate for 

active compounds but changes material properties [11]. The 

contact area of a particle increases with decreasing particle 

size, and thus the solubility and stability of a compound is 

affected by particle size [17]. Reducing particle size can 

increase the absorption rate [18]. Recent catechin nanoparticle 

research includes the development of a β-cyclodextrin nano-

encapsulated catechin inclusion complex [19] and 

investigation on the adsorption of catechin on magnetic 

hydroxyapatite nanoparticles with synergistic interactions 

with calcium ions [20]. Recent research has focused on the use 

of catechin in nanoemulsions; no published research has 

reported the production of nanoparticles from catechin crystals 

without the addition of other chemicals. To address this gap, 

the present research focuses on the production of nanocatechin 
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particles through high-speed homogenization (HSH) at varied 

homogenization times. The effect of homogenization time on 

the sizes of resulting catechin particles was investigated, and 

the differences between the properties of the nanocatechin and 

source catechin, referred to as extracted catechin, were 

determined. The aim of research can be determining the 

effective time required to produce nano-sized catechin 

particles. By knowing the differences in physical and chemical 

properties between extracted catechins and nanocatechins, it 

can provide information on utilization opportunities, so that 

they can function effectively when applied to the food, 

cosmetic and pharmaceutical industries. 

 

 

2. METHOD 
 

2.1 Material and equipment 

 

The materials used in this study were gambier granules 

(raw-ground gambier); gambier paste (non-molded gambier) 

extracted from leaves and twigs of gambier plants from Batang 

Kapeh, south Pesisir in Sumatra; ethyl acetate; aquades 

(Merck); 1,1-diphenyl-2-picryllhydrazil (DPPH) Sigma; and 

filter paper. Analytical scales, measuring cups (Pyrex), 

measuring cylinders (Pyrex), conical flasks (Pyrex), ultrasonic 

bath (Elma), hot plate, furnace (Neycraft JFF2000), porcelain 

cups, aluminum cups, micropipettes (100–1000 µL), magnetic 

stirrer, petri dishes, water bath (Memmert), oven (Memmert), 

desiccator, extractor, a Soxhlet extractor, HD pH meter 2005, 

spectrophotometer (AUV-1800 Shimadzu), HG-15D 

homogeniser Daihan Scientific Co., Ltd. from Gangwon-do, 

Korea, thermogravimetric analysis equipment (TGADTG-60 

Shimadzu), SWXG-4 manual polarimeter disc, VascoTM 

particle size analyser (PSA; Courdoun Technologies) and 

Abbe refractometer were used. 

 

2.2 Raw material provision and catechin preparation 

process 

 

Gambier granules with a moisture content of ±16% and 

gambier paste with a moisture content of ±40% were obtained 

from the gambier production centre of Batang Kapeh, West 

Sumatra. The granules were dried under sunlight at 30–50°C 

until the moisture content reached 14%. The gambier grains 

and gambier paste were washed repeatedly with water until the 

remaining filter water was clear. This step was followed by 

extraction with ethyl acetate. The ratio between gambier and 

ethyl acetate was 1: 5. The extracted solution was filtered, 

evaporated using a ± 50°C water bath and washed with water 

in a ratio of 1:5 until the aroma of ethyl acetate was gone. The 

solution was dried in an oven at 50°C until the moisture 

content was ±12%. The extracted catechin was ground until it 

was able to pass through a 100-mesh filter. 

 

2.3 Nanocatechin preparation 

 

An HSH of HG-15D Daihan Scientific Co., Ltd., Gangwon-

do at 12.000 rpm was used on a 1% aqueous suspension of the 

extracted catechin to reduce the size of the extracted catechin 

to nanoparticle size. Five homogenization durations: 30, 45, 

60, 75 and 90 minutes were used in determining the optimum 

time needed to reach nanoscale dimensions. Particle size was 

observed in the colloidal samples in water with a dynamic light 

scattering instrument. A non-invasive scattering technique 

was used at a detector angle of 173° and 4 mW (633 nm) with 

a HeNe laser. This step was performed according to ISO 13 

321 and ISO 224. Afterwards, the optimal colloid obtained 

was dried with a spray dryer with an inlet temperature of 

160°C and outlet temperature of 70°C under 6 psi of pressure. 

 

2.4 Characterizations of extracted catechin and 

nanocatechin solutions 

 

The extracted catechin and nanocatechin were characterized 

to determine the effect of particle size on pH; molecular 

weight; density; melting point; UV spectrum; rotational angle; 

refractive index; solubility in water and ethyl acetate; heat 

stability through TGA; and antioxidant activity. The samples 

used in the observation of thermal characteristics weighed 2.5 

mg. TGA 701 (Serial no. C30565000570) was used in the 

characterization from 20°C to 800°C under atmospheric 

nitrogen (flow rate: 50 mL/min). The heating rate was 

20°C/minute. The antioxidant activity of the sample was tested 

with the IC50 method. Approximately 1 g of sample was 

dissolved in 10 mL of methanol in a 15 mL test tube and 

homogenized. Then, 0.1, 0.3, 0.5, 0.7 and 0.9 mL of the 

samples were then pipetted into 10 mL of methanol, and 1 mL 

of the resulting solution was added to 2 mL of methanol and 1 

mL of DPPH solution and left in the dark room for 15 minutes 

before observation with a spectrophotometer at a wavelength 

of 517 nm. The percentage of inhibition was calculated using 

Eq. (1). 

 

% Inhibition = 
𝐴 𝐵𝑙𝑎𝑛𝑘−𝐴 𝑆𝑎𝑚𝑝𝑙𝑒

𝐴 𝐵𝑙𝑎𝑛𝑘 
 × 100% (1) 

 

A curve showing anti-free-radical activity against 

concentration for the test solution was created. Linear 

regression showed a relationship between compound 

concentration in the test sample (x) and inhibition percentage 

(y). This relationship was modeled with a linear equation (Eq. 

(2)). 

 

Y = ax + b  (2) 

 

where, a as intercept and b as slope and linear regression 

coefficient (r) ± 1, to obtain IC50. 

 

 

3. RESULT AND DISCUSSION 
 

3.1 Gambier characteristics and extracted catechin 

content 

 

The characteristics of gambier from the production area of 

Batang Kapeh West Sumatra was tested according to SNI 01-

3391-2000. This gambier, the raw material for catechin, comes 

in the form of granules and paste. Gambier paste produces 

light-coloured white-yellow catechins compared with gambier 

granules, as can be seen in Figure 1. Repeated ethyl acetate 

extraction is necessary in obtaining lighter colours and higher 

levels of catechins.  

The extracted catechin content of granular gambier was 

95.25% ± 0.088% and that of gambier paste was 98.54% ± 

0.112%. Gambier paste was selected for this research because 

of its higher catechin content. The successively extracted 

gambier residue from South Pesisir dissolved well in ethyl 

acetate solvent [21]. Ethyl acetate is the best solvent for 

catechins [9]. Using ethyl acetate solvent in extracting 
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catechins from gambier increases yield and antioxidant 

activity to a higher degree than that when other solvents are 

used [10, 22]. 

 

 
(a) Catechin from gambier granules  

 
(b) Catechin from paste 

 

Figure 1. Catechin 

 

3.2 Sizes of nanocatechin particles resulting from five 

homogenization durations 

 

Homogenization durations under 30 minutes failed to 

reduce particle size to the desired nanoscale size. The average 

diameter of the catechin particles from each homogenization 

duration and polydispersity index is shown in Table 1. The 

average diameter of the particles decreases with 

homogenization time.  

 

Table 1. Average diameter of catechin particles and 

homogenization time 

 
Parameter Extracted catechin Nanocatechin 

30 1938.64 7.3500 

45 1106.66 3.9130 

60 288.46 0.2250 

75 271.02 0.0080 

90 230.75 0.1590 

 

Figure 2a shows the nanocatechin colloids after varied 

homogenization times, and Figure 2b–2f show the catechin 

particle diameter distributions measured through PSA. 

Ultrafine particles are 1–100 nm in diameter, fine particles are 

100–2500 nm and coarse particles are 2500–10,000 nm [23]. 

The definition of nanoparticles differs depending on material, 

field and application [24]. For the purpose of this research, 

anything with a size under 300 nm was regarded as 

nanoparticles. Treatment 1 to Treatment 5 resulted in fine 

particles with a diameter range of 230.75–1938.64 nm. 

The particle size distribution is known as the Polydispersity 

Index (PdI) of the five homogenization time treatments, as 

shown in Table 1, and varies significantly from 0.0080 to 

7.3500. Particle size uniquely affected the properties of 

nanoparticles, and the size distribution of nanoparticles fell 

within a narrow range [19]. PdI is used in describing the 

uniformity of particle size distribution or heterogeneity index. 

A PdI value of <0.05 indicates that a sample is monodispersed, 

whereas a PdI value of >0.7 indicates that a sample has an 

extremely wide particle size distribution. A PdI value of <0.4 

indicates that the particle size distribution is narrow [23]. 

Homogenization for 75 minutes resulted in an average 

particle size of 271.02 nm and a PdI value of 0.0080, which 

was smaller than that for other durations, indicating a more 

uniform size distribution. However, 90 minutes of 

homogenization resulted in a PdI value of 0.1590 and a particle 

size with a range of 51.3–977.5 nm and average of 230.75 nm. 

The optimal homogenization time was considered to be 90 

minutes because the majority of the fine particles produced 

after that time had nanoscale sizes. 

 

 
(a) Nanocatechin colloid from 5 homogenization time 

treatments 

 
(b) Particle distribution with homogenization time of 30 

minutes, PdI = 7.3500 

 
(c) Particle distribution with homogenization time of 45 

minutes, PdI = 3.9130 
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(d) Particle distribution with homogenization time of 60 

minutes, PdI = 0.2250 

 
(e) Particle distribution with homogenization time of 75 

minutes, PdI = 0.0080 

 
(f) Particle distribution with homogenization time of 90 

minutes, PdI = 0.1590 

  

Figure 2. Nanocatechin and particle distribution from 5 

homogenization time treatments 

 

3.3 Characteristics of nanocatechin compared with 

extracted catechins 

 

The results of the characterization can be seen in Table 2. 

The characteristics of the extracted catechin and nanocatechin 

are shown as well. This research only focuses on the physical 

and chemical properties (Table 2) of the catechin and 

nanocatechin extracts. The aim is only to find out whether 

there is an effect of changes in the particle size of catechins on 

the physical and chemical properties of these catechins, what 

are the physical and chemical properties that change after 

becoming nanocatechins. Catechins as antioxidants can be 

seen from the antioxidant activity in Table 2. The high content 

of antioxidants in catechins means that catechins are used in 

the food, cosmetic and pharmaceutical industries to prevent 

the effects of free radicals.  

 

Table 2. Characteristics of the extracted catechin and 

nanocatechin 

 

Parameter 
Extracted 

catechin 
Nanocatechin 

Catechin Content (%) 98.54 ± 0.089 98.65 ± 0.101 

Water Content (%) 12.14 ± 0.254 11.88 ± 0.63 

pH 4 – 5 4 - 5 

Refractive index 1.3755 1.3755 

Density 0.9332 0.9332 

Molecular weight (πg/mol) 290.26 290.26 

Rotation angle 6.4 (+) 6.4 (+) 

Appearance whitish yellow 
brownish 

yellow 

Water solubility (%) 

Ethyl acetate solubility 

(%) 

43.98 

83.31 

68.38 

91.99 

Melting point (oC) > 159.73 > 253.37 

Wavelength of maximum 

absorption 
279.5 nm 280 nm 

Antioxidant activity (πg 

/mol) 
2.42 ± 0.467 0.65± 0.141 

 

3.4 Similarities in cathecin content, moisture content and 

pH 

 

The content of catechins indicates the amount of the 

catechin compound in the sample. From the analysis results 

obtained, the content of extract catechins and nanocatechins 

were 98.54% ± 0.089 and 98.65 ± 0.101, respectively. This 

means that the reduction in catechin particle size does not 

significantly affect the catechin content because the difference 

in catechin content based on table 2, is only 0.11% higher in 

nano size catechin content than extract catechins. Both types 

of catechin met this requirement [25]. 

The moisture content of the nanocatechin at equilibrium 

was 0.26% lower than that of the extracted catechin, as shown 

in the table. The decrease in moisture content was due to the 

difference in surface area. Dried nanocatechin had a larger 

surface area than the extracted catechin because small particles 

have large relative surface areas and thus allow more 

interactions in their surfaces. Dry and fine particles have a 

larger surface area, and the reaction process is also more 

comprehensive. 

The pH values of the nanocatechin and extracted catechin 

were ranged from 4 to 5, showing that high-speed 

homogenization did not affect the catechin’s pH. This result 

implied that high-speed homogenization has no effect on 

hydroxyl groups contained in catechins.  

 

3.5 Similarities in refractive index, density, molecular 

weight and rotational angle 

 

Extracted catechin and nanocatechin had the same 
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refractive index, density, molecular weight and polarization 

rotational angle. The similar refractive index of the two 

solutions indicated that they had the same density, that is, no 

change in density occurred after catechin was broken into 

small particles [26]. Molecular weight and angle of rotation 

are physical properties of catechins. The extract catechins and 

nanocatechins showed the same molecular weight and angle 

of rotation. Because there was no change in value after the 

conversion process to nanocatechins, it was concluded that the 

homogenization process did not affect the physical, chemical 

of catechins properties was not optically active [27]. 

 

3.6 Differences between the appearances of nanocatechin 

and extracted catechin 

 

The brownish yellow nanocatechin appeared to be slightly 

darker in colour than extracted catechin, which is usually 

whitish yellow. The possible cause is the release of a small 

amount of non-catechin compounds from the extracted 

catechin particles during homogenization. The released 

compounds may have made the nanocatechin slightly darker 

and might have been tannins, which are known to be present 

in gambier. The tannin content in gambier usually ranges from 

20% to 55% [1]. 

 

3.7 Differences in solubility between extracted catechin 

and nanocatecin in water and ethyl acetate 

 

Table 2 shows that the nano-sized catechin was more 

soluble than the micro-sized catechin. The solubility of 

catechin in water and ethyl acetate improved with decreasing 

particle size. The extracted catechin suspension was light 

yellow and had a deep layer of sediment, whereas the 

nanocatechin suspension was brownish yellow and was in the 

form of a colloid. The solubility of nanocatechins in water 

increased by 24.4% compared to the catechin extract. As in 

Table 2, the solubility of catechin extract was 43.98% and the 

solubility increased to 63.38% in nanocatechins. The same 

thing also happened to ethyl acetate solvent where the 

solubility of catechin extract was 83.31% increased to 91.99% 

after being converted to nanocatechins. Solvents that have the 

same level of polarity as the solute have high solubility [28]. 

Nanocatechin was 8.68% more soluble in ethyl acetate than 

extracted catechin. 

 

3.8 Thermal properties of the extracted catechin and 

nanocatechin 

 

Thermographic analysis results of the two compounds are 

shown in Figure 3. The initial degradation temperature 

(253.37°C) of nanocatechin was higher than that of the 

extracted catechin (159.73°C) and the mass loss at this stage 

was 2.4%. Similar to the result in lignocellulose, a long 

ultrasonication time resulted in small particle size and high 

degradation temperatures and vice versa [29].  

The first stage of degradation occurs from 0°C to 100°C and 

was the result of the evaporation of water [29-31]. In the 

second stage from 250°C to 500°C, the extracted catechin 

showed 43.16% mass reduction and the nanocatechin was 

reduced by 40.39%. The fastest mass loss occurred at 310.04–

328.59°C for the extracted catechin, resulting in a loss of 

6.33%, and at 275.55–285.94°C for the nanocatechin, 

resulting in a 4% loss. At 800°C, the extracted catechin lost 

89.85% of its mass, whereas nanocatechin lost 93.74%. 

Catechin as a natural material has a high degradation 

temperature, and thus it was not completely degraded at 800°C. 

A higher temperature is necessary to achieve a mass loss rate 

of 100%. The thermogravimetric curve of the catechin and the 

TGA curves of the extracted catechin and nanocatechin are 

shown in Figure 3. 

 
 

Figure 3. TGA curves the extracted catechin and 

nanocatechin 

 

3.9 Wavelength of maximum absorbance for the extracted 

catechin and nanocatechin 

 

The wavelengths with maximum absorbance for catechin 

and nanocatechin were found to be 279.5 and 280 nm, 

respectively (Figure 4). Both values were within the range 

previously measured for catechins, indicating that the final 

product of the homogenization was still catechin. The 

maximum absorbance values of catechin can be obtained at 

279 and 280 nm [32]. The maximum absorbance of standard 

catechin occurs at 278 nm [33]. In this study, it was found that 

the maximum absorbance value of catechins and 

nanocatechins produced was almost the same as that of 

previous researchers, which was in the range of 279 -280 nm. 

Nanocatechins have a maximum absorption rate at a longer 

wavelength of 0.5 nm compared to extract catechins. The 

values in this study were similar to these values; that is, 

nanocatechin had a maximum absorption rate at a wavelength 

that was slightly longer than that needed for a non-

homogenized extract. 
 

 
 

Figure 4. Absorbance for different wavelengths for (a) 

catechin crystals (blue curve), (b) nanocatechin (red curve) 
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3.10 Antioxidant activity of the extracted catechin and 

nanocatecin 

 

The IC50 values obtained for the extracted catechin and 

nanocatechin were 2.42 ± 0.46 and 0.65 ± 0.14 μg/mol, 

respectively. A 272.3% increase in antioxidant activity was 

observed in the extracted catechin when it was converted into 

nanocatechin. A low IC50 value shows an ability to strongly 

inhibit DPPH radicals. According to [4], an antioxidant can be 

considered potent if the IC50 value is less than 50 μg/mL. An 

IC50 value range of 50–100 μg/mL indicates strong 

antioxidative properties, and a range of 100–150 μg/mL 

indicates an average level of antioxidative activity. A range of 

150–200 μg/mL indicates weak antioxidative activity. The 

extracted catechin and nanocatechin can be classed as strong 

antioxidants, as indicated in Figure 5.  

 
(a) Relationship between IC50 concentration and % 

inhibition for extracted catechin  

 
(b) Relationship between IC50 concentration and % 

inhibition for nanocatechin 

 

Figure 5. Graph of relationship between IC50 concentration 

and % inhibition 

 

 

4. CONCLUSIONS 

 

From the results of the study, it can be concluded that the 

catechins extracted with ethyl acetate can be converted into 

nano-sized particles or nanocatechins with a high-speed 

homogenizer at a rotational speed of 12,000 rpm and 

homogenization time of 90 minutes. The results of 

observations on 12 parameters of physical and chemical 

properties of catechin extracts and nanocatechins obtained the 

same 7 parameters, namely catechin content, water content, 

pH, refractive index, density, molecular weight, and angle of 

rotation and 5 different parameters, namely appearance, 

solubility properties, initial degradation temperature, 

wavelength for maximum absorbance value and antioxidant 

activity. There was a significant increase in the initial 

degradation temperature and antioxidant activity if the extract 

catechins were converted to nanocatechins. 
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