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ABSTRACT: 
Catechins are isolated from tea leaves and shown to have pharmacological activities. However, the permeability 

and absorption capacity of the digestive tract is low, thus affecting the value of bioavailability. Self-nano 

emulsifying drug delivery system (SNEDDS) is formulated as a breakthrough in nano delivery to increase the 

value of bioavailability and stability in a model of natural compounds, namely catechins. This study applies 

chemometrics to the simplex centroid design (SCD) to analyze the catechin-SNEDDS pre-optimization design. 

The factors defined include oleic acid, croduret 50-SS, and propylene glycol. Evaluation parameters include 

emulsification time, percent transmittance (%T), freeze-thaw, and endurance test. The results showed a formula 

that met the requirements at the time of emulsification, stability, and %T. There were four clusters of results 

from the principal component analysis - cluster analysis (PCA-CA) in the SCD formula. The evaluation between 

responses in the SCD optimization design is indicated to have a positive correlation. Analysis using multivariate 

chemometric can describe the characteristics of each formula and the response based on the parameters used, 

which refers to the similarity, grouping, and correlation of each formula and response. The PCA-CA technique 

can group formulas from SCD in similar clusters and provide important information regarding response patterns 

or correlations. 
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INTRODUCTION: 
Catechins are the main ingredients of tea leaves 

(Camellia sinensis L.) and are complex compounds of 

the polyphenol group with a flavonoid structure. Based 

on scientific data, catechins have antioxidant activities1, 

antiobesity2,3, antidiabetic4, and reduce cardiometabolic 

risk5. However, these active polyphenol compounds 

show less than 5% oral bioavailability, low membrane 

permeability, and poor absorption in the digestive tract 

(GIT)6. Therefore, catechins are formulated in the self-

nano emulsifying drug delivery system (SNEDDS). 
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SNEDDS is formulated to increase bioavailability and 

deliver active substances to its target without affecting 

the surrounding environment by increasing the surface 

area of the gastrointestinal tract7,8,9. Oil, surfactants, and 

co-surfactants are essential components in the SNEDDS 

formulation. The interaction of the three components is 

determined by the type and concentration of each 

constituent material9,10. Therefore, in developing the 

SNEDDS formulation, an optimization stage is needed. 

Currently, many optimization studies use a 

mathematical-statistical modeling approach, known as 

the design of the experiment. 

 

The design of experiment (DoE) approach to 

optimization aims to make it easier to design, evaluate, 

model, predict, and interpretation data mathematically 

and statistically11,12,13. Simplex centroid design (SCD) is 
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a DoE optimization approach included in the mixture 

design (MD). This DoE approach can reduce trial and 

error, be more effective and efficient because it uses not 

too many test points (run/formula). The use of SCD 

makes it possible to get designs with the right number of 

trials (formulas) and choose the best conditions for a 

given response through a variety of certain factors14. 

 

There has been no combination of the SCD approach 

with chemometrics to design an optimization procedure. 

Chemometrics is a mathematical approach that can 

process, evaluate, and interpretation of large amounts of 

data15,16. Chemometrics is used to facilitate visual 

interpretation of overlapping data17,18. Chemometrics is 

widely used in the evaluation of authentication, 

adulteration, halal products, and quality assay4,17. 

However, optimization design evaluation has not been 

found. The evaluation of catechin carrier SNEDDS can 

be carried out with test parameters, including 

emulsification time, transmittance, pH measurement, 

stability, an endurance test. Therefore, it is exciting to 

combine the SCD analysis with a chemometric approach 

to evaluate designs, classify the runs by character, and 

clarify the correlation between responses. The results of 

this study can provide information about a more 

comprehensive evaluation of the pre-optimization stage 

in the development of lipid-based drug delivery system 

formulations. In the future, the catechin active 

ingredients in the SNEDDS formulation have better 

bioavailability and reliable stability. 

 

MATERIAL AND METHODS:  
Chemicals and Reagents: 

Materials needed in this study include catechins 

obtained from Sigma-Aldrich (Singapore), oleic acid 

from Bratachem (Jakarta, Indonesia), croduret purchased 

from Croda (United Kingdom), propylene glycol from 

Dow Chemical (Indonesia). Other materials such as 

aquadest, aqua pro injection are purchased from local 

distributors in Palembang, Indonesia. 

 

Catechin-SNEDDS Formulation Design:  

The number of SNEDDS formulated and evaluated 

using a chemometric approach based on the SCD. The 

SCD design in this study used two levels (upper level 

and lower level) in a certain proportion. Concentration 

ranges for oleic acid (20-60%), croduret 50-SS (20-

60%), and propylene glycol (10-30%). The complete 

design and results for the SNEDDS formula are 

presented in Table 1. 

 
Table 1: Number of Runs and Components of Catechin-SNEDDS Using SCD 

Run Factors  Responses (n=3) 

Oleic 

acid 

(%) 

Croduret 

(%) 

Propylene 

glycol 

(%) 

R1 (min.) R2 (min.) R3 (%) R4 (%) R5 (%) R6 (%) R7 (%) 

1 52.51 20.00 27.49 0.22±0.12  0.14±0.02  80.39±0.70  18.58±1.38  17.72±1.14  09.18±1.59  61.65±0.60  

2 49.91 30.05 20.03 0.21±0.01  0.22±0.02  84.27±1.03  40.16±0.71  25.67±1.78  11.17±0.30  57.20±0.59  

3 30.68 49.25 20.06 1.70±1.01 1.99±0.50  91.81±0.99  87.14±0.97  49.61±1.71  34.16±1.84  81.79±0.85  

4 25.31 44.69 30.00 0.52±0.06 1.18±0.11  93.71±0.99  51.93±0.38  62.47±0.78  69.23±1.06  87.69±1.96  

5 42.62 27.38 30.00 0.32±0.00  0.22±0.01  81.17±1.91  38.33±1.39  23.89±1.00  08.28±0.63  59.82±0.77  

6 60.00 27.50 12.50 0.22±0.03  0.21±0.01  64.92±0.24  80.26±0.53  18.96±1.00  04.44±0.62  56.34±1.23  

7 50.43 39.57 10.00 0.25±0.01  0.22±0.03  86.86±1.46  60.58±1.12  33.05±0.18  03.48±1.42  46.82±0.27  

8 34.12 35.88 30.00 0.64±0.33  0.89±0.30  90.27±1.29  82.56±0.99  54.56±1.19  15.40±0.45  66.58±1.37  

9 40.73 39.34 19.94 0.28±0.04  0.25±0.03  90.37±0.55  76.08±1.84  55.99±0.21  15.31±0.74  53.76±0.77  

10 20.00 60.00 20.00 0.39±0.09  0.30±0.11  94.54±0.78  69.45±1.11  55.73±0.26  77.88±1.83  96.40±2.00  

11 40.73 39.34 19.94 0.28±0.02  0.24±0.01  89.33±1.03  79.85±0.93  54.58±0.37  08.00±0.71  41.93±1.29  

12 36.33 53.67 10.00 0.42±0.08  0.39±0.05  89.40±1.59  77.35±0.81  59.66±2.06  31.90±0.88  76.71±0.51  

Note: (R1) Emulsification time before a freeze-thaw assay, (R2) Emulsification time after the freeze-thaw assay, (R3) %T of SNEDDS, (R4) %T of 
nanoemulsion after a freeze-thaw assay at 100x dilution, (R5) %T of nanoemulsion after the freeze-thaw assay at 500x dilution, (R6) %T of 

nanoemulsion before the freeze-thaw assay at 100x dilution, (R7) %T of nanoemulsion before the freeze-thaw assay at 500x dilution. 

 

Chemometrics: 

The SCD design was evaluated using a multivariate 

statistical approach, known as chemometric analysis. In 

general, SCD is used to study the relationship between 

the proportion of variables and different responses. It 

defines a continuous variable surface model, estimates 

each element in the mixture and its interactions, and can 

optimize the component elements according to the 

target4,16,18. Chemometrics is used to provide an 

understanding of data in experimental designs. The 

chemometric approach uses the principal component 

analysis (PCA) and cluster analysis (CA) approaches. 

 

Catechin-SNEDDS Preparation:  

Oil, surfactants, and co-surfactants are components of 

the SNEDDS formulation, which can rapidly form 

nanoemulsions in the dispersing medium. SNEDDS is 

prepared by dissolving catechins in 20 mg for a 

theoretical volume of 5 mL. Catechins were mixed with 

oil using a vortex and then sonicated for 15 minutes. 

Then the surfactant was added, homogenized using 
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vortex and sonication for 15 minutes. Co-surfactants 

were added and stirred with vortex and sonicated for 15 

minutes19.  

 

Emulsification Time: 

The SNEDDS formula is subjected to an emulsification 

time test to determine how fast the formula forms an 

emulsion. The test was carried out by adding 20 µL of 

catechin-SNEDDS in 5 mL of aquadest and maintaining 

the temperature at 37 C using a magnetic stirrer with a 

speed of 120 rpm. Observations were also carried out on 

the nanoemulsion formed against settling. 

 

Transmittance Measurement: 

Nanoemulsion from SNEDDS was taken 1 mL and then 

diluted 100 times using aquadest. The percentage of 

transmittance was measured with a UV-Vis 

spectrophotometer Genesys 10S (Thermo Scientific, 

USA) at 638 nm with aquadest as a blank20. 

 

pH Measurement: 

The catechin-SNEDDS formula is measured pH using a 

universal pH indicator. A total of 10 μL catechin-

SNEDDS is evenly dripped on the pH universal 

indicator surface. The color tones formed are matched 

with the pH standard colors available on the pH 

indicator box. The uniform color tone shows the pH of 

the catechins-SNEDDS. 

 

Freeze Thawing Assay: 

Freezing and thawing were carried out in 3 cycles with 

storage at -4 °C for 24 hours and followed by storage at 

25 °C for 24 hours. Then, the instability parameters such 

as separation and precipitation were observed21. 

 

Endurance Test: 

The formula generated from the freeze-thawing cycle 

test is then used to perform an endurance test. The 

formula was diluted with dilution levels of 100, 250, and 

500 times using aquadest. Observations were made for 

seven cycles, where one cycle was counted for 24 hours 

at room temperature20,22. 

 

Data Analysis: 

The design of the catechin-SNEDDS formula uses the 

simplex centroid design (SCD). The analysis used a 

multivariate statistical approach with the PCA-CA 

method. Minitab software (State College, PA, USA) was 

used to analyze the data. The resulting PCA-CA output 

is in the form of a scree plot, a score plot, a loading plot, 

a biplot, and a dendrogram. 

 

RESULT AND DISCCUSSION:  
Catechin-SNEDDS formulation: 

The catechin-SNEDDS formulation in this study used 

oil (oleic acid), surfactant (croduret 50-SS), and co-

surfactant (propylene glycol). The upper and lower 

limits were searched using references in previous 

studies, then processed using the SCD to see the range, 

producing 12 formulas with different concentrations. 

The properties of oil, surfactant, co-surfactant, 

ingredient ratio and concentration greatly influence the 

SNEDDS formulations and nanoemulsions formed after 

contact with water23,24,25. The catechin-SNEDDS and 

nanoemulsion formed from the 12 runs are shown in 

Fig. 1. 

 

 
Fig. 1: (A) Catechin-SNEDDS and (B) Nanoemulsion, Numbers 1-12 are Run Codes of the SNEDDS Formula 
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The results show that the %T values close to 100% are 

formulas 3, 4, and 10. The results obtained indicate that 

the SNEDDS preparations made have precise 

characteristics so that when dispersed in the medium, it 

forms a clear solution. These results are supported by 

propylene glycol as a co-surfactant that helps the 

solubility of croduret and the solubility of drugs in the 

oil phase26. While the results of formulas 1, 2, 5, 6, 7, 8, 

9, 11, and 12 have a %T value that is less than 90%, this 

is due to the concentration ratio between the different 

phases of oil, surfactant, and co-surfactant. 

 

Principal Component Analysis and Cluster Analysis 

to Assess Response Correlation and Its 

Classification: 

The results of the chemometric analysis using PCA and 

CA methods are presented in Fig. 2. PCA analysis aims 

to simplify the observed variables by reducing the data 

dimensions consisting of many interrelated variables 

without changing the information contained therein4,17,27. 

The score plot in Fig. 2A shows a formula that can be 

classified based on the proximity of the measured 

response characters. The results of the CA can provide 

information about the relationship and grouping of 

objects based on similarities. The purpose of this 

analysis is to emphasize objects that are classified in 

specific clusters based on the measured response so that 

formulas that have similarities can provide more 

accurate information. 

 

Fig. 2A shows the results of the PCA analysis with the 

score plot output. Twelve SNEDDS are separated at 

different distances from each other, where the distance 

between samples shows the degree of similarity. The 

dendrogram in Fig. 2B provides information about the 

level of SNEDDS similarity assessed from the response. 

The PCA-CA analysis in this study resulted in four 

clusters, and the response parameters evaluated on SCD 

were positively correlated. 

 

The calculation results of the similarity index are 

depicted in a dendrogram and presented in Fig. 2B. Each 

of these formulas is classified according to its similarity. 

Formulas 2 and 5 have proximity with a value of 

93.63%, formulas 7 and 9 have proximity with a value 

of 76.56%, formulas 8 and 12 have a proximity value of 

58.02%, and formulas 4 and 10 have a proximity value 

of 35.28%. The result of the score plot shows very 

clearly that there are four different groups 

(classifications). Details of the classification and 

grouping formulas are presented in Fig. 2A and 2B. The 

classification formed is a function of the composition of 

the formula (the factors specified in the SCD) with the 

response parameter27. 

 

 

 
Fig. 2: (A) Score plot, (B) Dendrogram, (C) Loading Plot, (D) Biplot, Symbols numbered 1-12 are Catechin-SNEDDS, (R1) Emulsification 

time before a freeze-thaw assay, (R2) Emulsification time after the freeze-thaw Assay, (R3) %T of SNEDDS, (R4) %T of nanoemulsion 

after a freeze-thaw assay at 100x dilution, (R5) %T of nanoemulsion after the freeze-thaw assay at 500x dilution, (R6) %T of 

nanoemulsion before the freeze-thaw assay at 100x dilution, (R7) %T of nanoemulsion before the freeze-thaw assay at 500x dilution. 
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The group A formulations showed similarities in the 

characteristics and concentrations of the constituent 

components, while the similarities included the 

emulsification time after the freeze-thaw test and the 

constituent components, namely surfactants (croduret 

50-SS). This group A formulation showed the same 

amount of emulsification time, and the 50-SS croduret 

concentrations that were nearly the same as each other. 

The group B formulas show similarities in the 

characteristics of each formula and concentration. 

Formulas 7, 9, and 11 show similarities in the 

concentration of co-surfactant; besides that, they show 

similarities to the resulting characteristics. Formulas 9 

and 11 have the same concentration, namely oil, 

surfactant, and co-surfactant. Formulas 8 and 12 show 

similar characteristics. Group C in formulas 4 and 10 

had almost the same characteristics, such as 

emulsification time, %T value, and clarity. Group C 

only in formula 3 with a distance from other groups 

showed no similarities between formulas, the 

concentration on each constituent component, and the 

characterization of each formula. 

 

The loading plot aims to determine the variable of a 

sample or formula that most contributes to principal 

component values formation. The contribution of the 

sample variables to the loading plot can be seen from a 

distance used. The distance away from the starting point 

indicates the more significant the contribution of this 

variable in PCA. Data analysis using loading plots from 

PCA illustrates the angle that shows a correlation 

between the responses of the 12 formulas. The vectors 

on R1 and R2 form a narrow-angle (below 45°), 

indicating a positive relationship between the two 

responses. These areas contribute to forming the first 

component (PC1), both of which correlate because they 

show that they both describe the same response. A 

positive correlation is also generated from the vectors in 

the responses R4-R7, R3-R5, and R5-R6. In general, if the 

vector (response; Rn) forms an angle below 45°, it 

indicates that the correlation formed is positive. This 

area has a contribution to the formation of the second 

component. The five responses (R3, R4, R5, R6, and R7) 

are %T responses, which in these five responses only 

show differences in the level of dilution and treatment. 

The response to R3 is %T from the 12 catechin-

SNEDDS formulations, R4 and R5 are the %T responses 

of nanoemulsions with different dilution levels that have 

been carried out in the freeze-thaw test, and in the 

response, R6 and R7 are the %T response of 

nanoemulsion with different dilution rates of catechins-

SNEDDS. The five of them correlated because they 

show the same response. 

 

The biplot graph in Fig. 2D illustrates the correlation 

between the sampling areas as a whole. Biplot analysis 

shares information about the relationship between 

variables, the relative similarities between observation 

objects, and the variables relative positions. This biplot 

graph curve shows which variable has the most 

contribution or impact at a point by examining the 

distance between the variable and the sample. The 

distance between the sample and the variable illustrates 

the relationship between the variable and the sample. 

The biplot display results in Fig. 2D illustrate that the 

observation points are formulas that spread across all 

quadrants in the biplot. The adjacent points are shown in 

formulas 7, 11, 9, 12, 8, 4, and 10, where these formulas 

are located adjacent to the seven responses. The 

proximity relationship between these points is because 

the characteristics of this formula are relatively close. 

 

Emulsification Time:  

The emulsification time showed that of the 12 formulas, 

5 SNEDDS formulas could form nanoemulsions in 10 

mL of aquadest medium with an average time needed 

less than one minute. These results indicate that the 

composition of croduret 50-SS and propylene glycol can 

form a homogeneous mixture. The stability of the 

nanoemulsion is affected by the surfactant composition. 

The higher the amount of surfactant will increase the 

stability24,28,29. However, in oral formulations, there must 

be restrictions on the use of surfactants because too 

much will irritate the gastrointestinal tract. 

 

Stability Study:  

Table 2 shows formulas 1, 5, 10, and 12 that did not 

undergo phase separation after testing. Surfactants and 

co-surfactants provide the ability to reduce the interface 

stress between the oil phase and the water phase to 

influence this phase separation. The formation of stable 

nanoemulsions is due to the ability of surfactants and co-

surfactants to reduce interfacial tension23,30. The process 

of reducing surface tension by propylene glycol helps to 

produce a smaller droplet emulsion size. Stability is an 

important parameter, either SNEDDS when outside the 

body or nanoemulsion while in the digestive tract. 

 

The fastest emulsification time is shown in formula 1, 

and the longest time of more than 1 minute is given by 

formula 3. Surfactants significantly affect the surface of 

the droplets by providing a mechanical barrier. It also 

reduces the free energy of the interface to combine and 

results in spontaneous thermodynamic dispersion.31. The 

interface fluidity is enhanced by using co-surfactants by 

penetrating the surfactant film, which leaves empty 

spaces between surfactant molecules32,33. The 

nanoemulsion that is formed is clear, not cloudy, and 

colored after adding water. The emulsification time 

requirement for SNEDDS preparation is less than 1 

minute. The emulsification time was less than 5 minutes 
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for formulas 1, 4, 5, and 10, and the nanoemulsion was 

clear. 

 

Endurace Test: 

The physical stability of SNEDDS can be evaluated 

using an endurance assay with various dilutions. This 

assay is critical regarding the use of the oral route in the 

future. The endurance test results in Table 3 show that 

the catechin-SNEDDS does not undergo separation at all 

dilution levels, namely in formulas 3, 4, and 10, so it can 

be interpreted that the nanoemulsion is stable. The 

stability of the nanoemulsion indicated that the droplets 

remained stable on the media. There was no sediment 

formation in the nanoemulsion from the results of visual 

observations carried out. 

 
 

 

Table 2: Stability Study of Catechin-SNEDDS 

Formula Emulsification Time (minutes)  

Before the Freeze Thaw Assay After the Freeze Thaw Assay Separation Precipitation 

1 0.22 ± 0.12 0.14 ± 0.02 - - 

2 0.21 ± 0.01 0.22 ± 0.02 + + 

3 1.70 ± 1.01 1.99 ± 0.50 + + 

4 0.52 ± 0.06 1.18 ± 0.11 + + 

5 0.32 ± 0.00 0.22 ± 0.01 - - 

6 0.22 ± 0.03 0.21 ± 0.01 + + 

7 0.25 ± 0.01 0.22 ± 0.03 + + 

8 0.64 ± 0.33 0.89 ± 0.30 + + 

9 0.28 ± 0.04 0.25 ± 0.03 + + 

10 0.39 ± 0.09 0.30 ± 0.11 - - 

11 0.28 ± 0.02 0.24 ± 0.01 + + 

12 0.42 ± 0.08 0.39 ± 0.05 - - 

Note: (+) separation occurs, (-) there is no separation. 

 
 

Table 3: Catechin-SNEDDS Endurance Test Results. 

Formula 100x Dilution (Day) 250x Dilution (Day) 500x Dilution (Day) 

1 2 3 4 5 6 7 1 2 3 4 5 6 7 1 2 3 4 5 6 7 

1 + + + + + + + + + + + + + + + + + + + + + 

2 + + + + + + + + + + + + + + + + + + + + + 

3 - - - - - - - - - - - - - - - - - - - - - 

4 - - - - - - - - - - - - - - - - - - - - - 

5 + + + + + + + + + + + + + + + + + + + + + 

6 + + + + + + + + + + + + + + + + + + + + + 

7 + + + + + + + + + + + + + + + + + + + + + 

8 + + + + + + + + + - - - - - + + + + + + + 

9 + + + + + + + + + + + + + + + + + + + + + 

10 - - - - - - - - - - - - - - - - - - - - - 

11 + + + + + + + + + + + + + + + + + + + + + 

12 + + + + + + + - - - - - + + - - - - - - - 

Note: (+) undergoes separation and precipitation (-) does not undergo separation and deposition. 

 

 

 

Table 4: Appearance and pH of Catechin-SNEDDS 

Formula  Color Clarity Phase Separation Odor Homogeneity pH 

1 Brownish Yellow Transparent No separation Specific Homogeneous 4 

2 Brownish Yellow Transparent No separation Specific Homogeneous 4 

3 Yellow Transparent No separation Specific Homogeneous 5 

4 Yellow Transparent No separation Specific Homogeneous 5 

5 Brownish Yellow Transparent No separation Specific Homogeneous 4 

6 Brownish Yellow Transparent No separation Specific Homogeneous 4 

7 Yellow Transparent No separation Specific Homogeneous 4 

8 Brownish Yellow Transparent No separation Specific Homogeneous 5 

9 Brownish Yellow Transparent No separation Specific Homogeneous 4 

10 Yellow Transparent No separation Specific Homogeneous 4 

11 Brownish Yellow Transparent No separation Specific Homogeneous 4 

12 Brownish Yellow Transparent No separation Specific Homogeneous 4 

Note: Characteristic odor of oleic acid oil 
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Appearance and pH of SNEDDS: 

The results of visual and pH observations in the table 

above show formulas 1 to 12, which have brownish-

yellow visuals for formulas 1, 2, 5, 6, 8, 9, 11, 12 and 

exact yellow color for formulas 3, 4, 7, 10 then the 

formula is non-separating and has a distinctive and 

homogeneous odor. Nanoemulsion is said to be 

excellent or stable if it has a pH that matches the 

condition of the stomach (pH. 2.0) and intestine (pH. 

6.8)26. The pH values in Table 4 from formulas 1 to 12 

have a pH of 4-5, which has not yet entered the 

predetermined range. According to research, an 

inadequate decrease in pH value is caused by the 

breakdown of fat, hydrolysis, oxidation, the influence of 

light, and the growth of microorganisms32. 

 

In our best review, there are no publications related to 

combination chemometric with SCD in the field of 

pharmaceutical analysis. The modeling procedure at the 

Catechin-SNEDDS optimization stage has not been 

carried out. Therefore, it is necessary to immediately 

carry out the next steps to obtain the perfect formula. 

Several parameters that are more reflective to strengthen 

the development of SNEDDS, such as zeta potential, 

TEM morphology, drug load, and diameters droplets, 

are very influential at the optimization stage34,35. There 

have been many publications on applications of DoE in 

filtering and optimization, such as simplex lattice design 

(SLD) in formula optimization36,37, central composite 

design (CCD)38, or factorial design (FD) in extraction39. 

Chemometric studies to evaluate this design will provide 

more accurate and precise information. The final result 

of the chemometric analysis can strengthen the 

modeling, prediction, and determination of optimal 

conditions in DoE. 

 

CONCLUSION:   
Catechins-SNEDDS can emulsify well in aquadest 

media, have adequate visualization and %T, the 

resulting pH does not meet due to oxidation, hydrolysis, 

the influence of light, and bacterial growth. PCA-CA 

can describe the correlation and similarity of 

characteristics of each evaluation by classifying 

formulas to describe the evaluation of design and 

response in a comprehensive manner. 
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