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PREFACE 
 

 
Alhamdulillah, all praise is due to Allah Ta'ala, who has bestowed the opportunity and 

strength so that the Scientific Journal of Pharmacy (JIF) Vol. 21 No. 1 of 2025 can be published. This 

issue contains ten articles, eight on the pharmaceutical science topic and two from the clinical & 

community pharmacy scope. The article presented in the Clinical and Community Pharmacy scope 

reviews the role of pharmacists in sterile compounding in hospitals and the evaluation of cost-

effectiveness in cancer treatment. Meanwhile, the papers in the pharmaceutical science area 

include reviews and tests of drugs made from natural ingredients, their approaches using in vitro 

and in silico methods, and details about their formulation. 

We hope that all the articles presented in this issue provide benefits and add insight to 

readers regarding the development of research in pharmacy and health. We eagerly await 

suggestions and constructive criticism from readers. We also encourage readers to contribute by 

submitting articles for publication in this journal. For interested readers, they can pay attention to 

the submission guidelines and immediately send the manuscript to our online journal system 

(OJS). 

Finally, we wish you happy reading and apologize for any errors or omissions in the 

publication of this issue.      

 
 

Yogyakarta, May 2025 
                                                                                                                                                        Editor in Chief 
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Physical stability test of liquid facial soap formulation of citronella extract 
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Abstract 
Background: Citronella (Cymbopogon nardus L.) is one of Indonesia’s most fertile herbal plants. It contains 
antibacterial compounds and can be used as a liquid facial wash. With the correct formulation, citronella 
extract facial wash can effectively remove dirt and sebum on the face and prevent the growth of acne-causing 
bacteria. 
Objective: This research aims to obtain the optimal formula for citronella extract liquid facial wash. 
Method: Citronella extract was formulated into the liquid facial wash with concentrations of 9, 18, and 24%, 
and then the physical stability of the preparation was tested for 3 weeks. After that, the results are compared 
with the standards that have been set. 
Results: The citronella extract contained saponins, polyphenols, and flavonoids. The three liquid facial wash 
formulations made from citronella grass extract with various concentrations had a thick, liquid texture, a 
unique smell, a brown color, a viscosity range of 948-2,506 cPs, a potential hydrogen range of 4.8–5.97, an 
adhesive test range of 1.2-2.58 seconds, a foam height range of 0-107 mm, and a spreading power of 5–6.4 
cm. 
Conclusion: All stability tests for citronella extract liquid facial wash formulations meet the requirements 
except for the foam height test. Formula 3 is the most optimal formulation, exhibiting a variance in extract  
concentration of 24%. 
Keywords: Citronella grass, liquid facial wash, physical stability test  

1. Introduction 

Indonesia is situated between the continents of Asia and Australia, bordered by the Pacific 

Ocean and the Indian Ocean. This geographical location provides Indonesia with a distinct seasonal 

cycle. The variety of climates, soil types, and environmental factors contributes to Indonesia's diverse 

ecosystems (Setiawan et al., 2022). Indonesia is estimated to possess 25% of the global flora species 

(Kusmana & Hikmat, 2015). Indonesia's rich biodiversity encompasses 40,000 plant species, with 

approximately 1,300 utilized for medicinal purposes (Siregar & Ansari, 2020). Medicinal plants are 

commonly utilized as raw materials for pharmaceuticals or herbal remedies, which can enhance 

immune function upon consumption. The General Department of Plant Production defines medicinal 

plants as those utilized for medicinal and cosmetic purposes, derived from various plant parts 

including fruits, leaves, stems, and rhizomes (Siregar & Ansari, 2020). Tutik et al. (2022) 

demonstrated that the ethanol extract of citronella (Cymbopogon nardus L.) inhibits the growth of 

moderate Staphylococcus aureus and Escherichia coli bacteria. Another study by Winato et al. (2019) 

demonstrated that citronella (C. nardus L.) extract is capable of inhibiting the growth of 

Propionibacterium acnes bacteria. Staphylococcus aureus, S. epidermidis, and P. acnes are commonly 

implicated in acne infections.  

http://journal.uii.ac.id/index.php/JIF
mailto:endangsetyowati@umkudus.ac.id


2 | Setyowati, et al. / Jurnal Ilmiah Farmasi (Scientific Journal of Pharmacy) 21(1) January-May 2025, 1-10 

                                                      

Citronella plants possess the potential to serve as a source of raw materials for the 

development of essential oils. Citronella oil contains main components such as citronellal, citronellol, 

and geraniol (Sefriyanti et al., 2020). It is often used in the world’s soap, perfume, cosmetics, and 

flavoring industries (Wijayati et al., 2023). In addition to its applications in these industries, 

citronella oil is also recognized for its natural insect-repelling properties, making it a popular choice 

for outdoor products and repellents. As demand for natural and sustainable ingredients continues to 

rise, the cultivation and processing of citronella plants present significant opportunities for growth 

in the essential oils market. 

While the research by Rinaldi et al. (2021) has established the formulation of citronella 

ethanol extract liquid soap, this study focuses on an alternative formulation and kind of facial soap. 

To guarantee the product's quality, purity, and safety, conducting physical stability testing is 

essential. The analysis assesses the consistency of many factors, such as color, odor, and physical 

properties, during the storage duration (Sayuti, 2015; Allen & Ansel, 2014). This study will develop 

a liquid facial wash using citronella extract and assess its physical stability. 

 

2. Method 

2.1. Extraction and phytochemical screening 

The citronella plants (C. nardus L.) were collected from Tlogowungu District, Pati Regency, 

Central Java. It weighed as much as 2,000 grams in a wet form that has been cleaned, dried, ground 

with a blender, and sieved using mesh no. 40 for homogenous simplicia powder. The extraction 

procedure employed the maceration method using 96% ethanol. Prior to extraction, the simplicia 

was measured for its moisture (water content) to ensure the dryness and avoid microorganism 

contamination. The phytochemical identification was conducted using several reagents to observe 

the color change.   

 

2.2. Formulation of liquid facial soap loaded with citronella extract 

Facial soap preparations are cleansing soaps specially formulated for healthy facial skin to 

safely remove oil and dirt from the surface of the facial skin (Renata & Soeyono, 2017). The formula 

used in this study is derived from the formulation by Yuniarsih et al. (2020), which creates a facial 

wash gel using Hylocereus polyrhizus extract and the gelling agent carbopol, along with an evaluation 

of its physical properties. In this research, citronella extract becomes the main active ingredient with 

various concentrations as follows: The concentration of citronella extract is 9% in the first formula 

(F1), 18% in the second formula (F2), and 24% in the third formula (F3). 
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Other materials to produce facial wash are ethylene diamine tetra acetic acid as a chelating 

agent, glycerin as a wetting agent, sodium lauryl sulfate as a foaming agent, propylene glycol as a 

solvent, nipagin as a preservative, carbopol as a gelling agent, triethanolamine as an alkali-forming 

agent, citric acid as a buffer-forming agent, and distilled water as a solvent. The initial step of liquid 

facial wash formulation involves the mixing of the solution, achieved through stirring, which consists 

of a blend of ethylenediamine tetra acetic acid and glycerin with distilled water. Subsequently, 

nipagin is incorporated, dissolved, and combined with propylene glycol. Once the mixture is deemed 

to be adequately formed, it is subjected to heating until it reaches a temperature of 40 degrees. 

Sodium lauryl sulfate was introduced gradually until a uniform mixture was achieved. Afterwards, 

citronella extract and citric acid were incorporated into the combination. The mixture was agitated 

until a uniform solution is attained. Carbopol is introduced gradually until a homogeneous mixture 

is achieved. Then, triethanolamine was incrementally introduced, maintaining the stirring process 

until a uniform mixture is attained (Yuniarsih et al., 2020). The formulation of liquid facial wash was 

then tested for its physical stability including organoleptic, viscocity, pH, foam height, adhesion, and 

spreadibility.  

 

2.3. Data analysis 

The SPSS software for Windows was applied in order to process the data in accordance with 

statistical principles. The procedure of analysis included the normality test (Shapiro-Wilk), which 

regarded the data to be normal if the p-value was more than 0.05, and the homogeneity test (Levene), 

which considered the data to be typical if the p-value was greater than 0.05: both of these tests were 

performed. A correlation analysis was performed on the outcomes of each test in this study to 

determine how well they correlated with each formula. 

 

3. Result and discussion 

3.1. Plant determination  

The citronella plants (C. nardus L.) was determined at the Biology Laboratory of Ahmad 

Dahlan University with letter number 084/Lab.Bio/B/II/2024. Determination was carried out to 

determine the truth of the plant based on its morphological characteristics with the results as follows: 

1b – 2b – 3b – 4b – 12b – 13b – 14b – 17b – 18b – 19b – 20b – 21b – 22b – 23b – 24b – 25b – 

26b – 27b – 799b – 800b – 801b – 802a – 803b – 804b – 805c – 806b – 807a – 808a Poaceae 1b – 10b 

– 11b – 12b – 13b – 19a – 20a – 21b – 57b – 72b – 74b – 75b – 80a – 81b Cymbopogon 1b – 3b – 5a 

Cymbopogon nardus (L.) Rendle. 
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3.2. Citronella extract 

The maceration process of citronella plant resulting an extra thick and greenish brown 

extract. Table 1 displays the weight measurements of the citronella plant (C. nardus L.). Table 2 

shows the weight of the extract and the yield of the citronella (C.  nardus L.) ethanol extract. 

Table 1. Weight extraction simplicia citronella plant (C. nardus L.) 
Sample Weight before drying (g) Weight after drying (g) 

Citronella plant (C. nardus L.) 2000 800 
 

Table 2. Weighting results extract and yield extracts citronella plant (C. nardus L.) 
Sample Weight of thick extract (g) Yield (%) 

Citronella plant (C. nardus L.) 53.20 10.64 

A higher yield value indicates more effective and efficient extraction, as well as an increased 

concentration of bioactive components in the extract. In accordance with the current standard, the 

yield extract exceeds 10%  (Kemenkes RI, 2017). 

 

3.3. Water content test results 

The moisturizer analyzer tool was used to determine the water content of citronella simplicia 

as shown on Table 3 for the result. This outcome signifies that the simplicia was of high quality and 

adequately desiccated, as its moisture content was below 10% (Utami et al., 2020). Controlling the 

water content is important because insufficient water in the simplicia does not provide a suitable 

medium for microorganism growth. 

Table 3. Water content test results of citronella extract ( C. nardus L.) 
Simplicia Water content (%) 

Citronella (C. nardus L.) 6.51 

 

3.4. Phytochemicals screening 

The phytochemical analysis of citronella extract (C. nardus L.) indicated the presence of 

flavonoids, polyphenols, and saponins, as outlined in Table 4. The saponin assay on the citronella 

plant extract produced positive outcomes, evidenced by the formation of stable foam in the extract 

solution. The appearance of foam is attributable to the saponin content, which is soluble in polar 

solvents, and the presence of chemicals that dissolve in non-polar solvents. Compounds with polar 

or non-polar groups exhibit surface-active properties. Saponin can form a micelle when concurrently 

dissolved with the solvent. A micelle structure forms as polar groups orient towards the outside. 

Simultaneously, the non-polar group orients towards the interior. This can be noticed as foam 

(Triwahyuni et al., 2019). 

Analysis of the polyphenols in citronella extract yielded favorable results, characteristic of a 

blackish-green solution formation. In a polyphenol assay with FeCl₃ reagent, polyphenols can liberate 
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H⁺ ions and generate phenoxy ion compounds, which subsequently interact with FeCl₃ to produce an 

iron (III) hexaphenolate complex (Rismawati et al., 2018). 

Table 4. The result of phytochemical screening of citronella extract 

Compound Reagent 
Discoloration 

Conclusion 
Beginning End 

Flavonoid Mg + HCl powder Brown Brick red Positive 
Polyphenols FeCl3 Brown Blackish green Positive 

Saponins Aquadest Brown Foamy brown Positive 

 

3.5. Stability test of  liquid facial soap with citronella extract  

The physical stability of the liquid facial soap formulation was assessed over a period of three 

weeks, with observations conducted weekly. The tests comprised organoleptic properties, adhesion, 

foam height, viscosity, spreadability, and pH level. The preparation can be deemed stable if there is 

no substantial variation in the observed findings of the parameters each week, with a reference based 

on a p-value greater than 0.05. 

3.5.1. Organoleptic test 

The organoleptic testing aims to determine whether the liquid facial soap preparation meets 

the desired criteria. The parameters assessed in this test include odor, color, and shape. Organoleptic 

testing itself is carried out using the five human senses. The results of the organoleptic test of the 

liquid facial soap preparation with citronella extract can be seen in Table 5. 

Table 5. Organoleptic test results of liquid facial soap with citronella extract (C. nardus L.) 
Formulation Parameter Results 

Basis control 
The colors that emerge Transparent white 
The emergence smell There isn’t any 

Form object thick 

F1 
The colors that emerge chocolate 
The emergence smell Special extract 

Form object Thick 

F2 
The colors that emerge Chocolate 
The emergence smell Special extract 

Form object Thick 

F3 
The colors that emerge Chocolate 
The emergence smell Special extract 

Form object Thick 

The results obtained from this organoleptic test vary. The citronella extract at the basis 

control is colorless or transparent, viscous, and devoid of scent. The F1-F3 formulations exhibit a 

brown color, possess a dense texture, and emit a characteristic fragrance; as the color intensifies and 

becomes more concentrated, the aroma correspondingly strengthens. The intensity of the extract's 

color and scent increases with greater usage (Doloksaribu & Fitri, 2019). The Indonesian national 

standard mandates that liquid soap possess a liquid consistency, as well as a unique fragrance and 
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color. The results of the preparations conform to the specifications, specifically liquid consistency, 

unique aroma, and characteristic color of citronella extract. 

3.5.2. Viscosity test results 

This test aims to assess the prepared liquid face wash. The viscosity of a formula has stringent 

terms and conditions, and it is recommended to be neither too thick nor too liquid. The requirements 

for a good viscosity value range from 500 to 20,000 cPs (Gunarti, 2018). The viscosity test was 

performed using an assisted Brookfield viscometer with adjustments to the spindle and speed. 

Viscosity is strongly correlated with the concentration of the gelling agent, and in this study, carbopol 

was chosen since it can act as a gel base with limited safety when applied topically, as it will not 

trigger a reaction like hypersensitivity in the skin area (Tambunan & Sulaiman, 2018). 

Table 6. Viscosity test results of citronella extract liquid facial soap (Cymbopogon nardus L. ) 

Liquid facial soap 
Viscocity (week) 

Mean ± SD 
1 2 3 

Basis control 1,556 948 905.3 1,136.44 ± 315.8 

F1 2,427.3 1,143.3 1,098.67 1,556.44 ± 654 
F2 2,234.6 2,312 1,133.3 1,893.33 ± 571.04 
F3 2,506 2,410 2,354.6 2,423±70.85 

Note: Viscosity meets the requirements with the value between 500-20,000 cPs (Gunarti, 2018) 

Results from the viscosity test conducted over three weeks on the four formulations indicate, 

as presented in Table 6, that the facial soap preparation exhibited a reduction in viscosity value. 

Environmental factors in gel storage can lead to a decrease in viscosity at varying temperatures, 

thereby impacting the viscosity of the preparation. The viscosity measurements obtained meet the 

standard requirements for satisfactory preparations. 

The analysis of viscosity test data indicates that the normality test yields a p-value greater 

than 0.05. The homogeneity test indicates results with p < 0.05, suggesting that the condition for 

normality is not met, as a p-value greater than 0.05 is required for normality. The one-way ANOVA 

test necessitates homogeneity of data, as indicated by Palupi & Prasetya (Palupi & Prasetya, 2022). 

The Kruskal-Wallis test serves as an alternative when the parametric test does not meet normality 

assumptions. The analysis results indicate a p-value of less than 0.05, suggesting significant 

differences in the data. 

 

3.5.3. pH test results 

The measurement of pH (hydrogen potential) seeks to evaluate the level of acidity. Products 

that disrupt pH equilibrium may result in skin irritation, manifesting as dryness (when pH is 

excessively alkaline) or redness and inflammation (when pH is excessively acidic). The potential 

hydrogen in liquid facial soap can markedly elevate the hydrogen potential on the skin, particularly 
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on the face. Consequently, it can facilitate the proliferation of bacteria that instigate the onset of acne. 

To avert skin irritation, the production of facial soap must establish a pH comparable to its natural 

acidic state, approximately 4.5 to 6.5(Marhaba et al., 2021). 

Table 7. pH test results of citronella extract liquid facial soap (Cymbopogon nardus L.) 

Liquid facial 
soap 

pH (week) 
Mean ± SD 

1 2 3 
Basis control 5.97 5.66 5.63 5.76 ± 0.16 

F1 5.67 5.42 5.30 5.47 ± 0.16 
F2 5.27 5.04 5.02 5.11 ± 0.12 
F3 5.09 4.96 4.8 4.96 ± 0.12 

Note: pH meets the requirements with hydrogen potential value of 4.5-6.5 (Marhaba et al., 2021) 

According to the pH test results of the liquid facial soap formulation including citronella 

extract (Table 7) indicates that the findings conform to the hydrogen potential standards for liquid 

facial soap, which range from 4.5 to 6.5. 

3.5.4. Foam height test results 

The purpose of the foam height test is to determine the preparation's ability to produce foam. 

The Indonesian National Standard sets a liquid soap foam height of between 12-220 mm. According 

to Yuniarsih et al. (2020), there is no specific regulation regarding the foam height limit for facial 

cleansing preparations; instead, the aesthetic appeal derived from the product's foaming ability can 

capture consumers' attention. 

Table 8. Results of the foam height test of citronella extract liquid facial soap ( Cymbopogon nardus L.) 
Liquid facial soap Week Beginning End Stability (%) 

Basis control 

1 0.4 0.3 74.6 
2 0.2 0.1 49.8 
3 0.2 0.1 49.8 

Average 0.26 0.17 62.6 

F1 

1 0.5 0.4 80 
2 0.3 0.2 66 
3 0.3 0.2 66 

Average 0.37 0.27 73 

F2 

1 1.3 1.2 91 
2 1.1 1 89 
3 0.6 0.5 83% 

Average 1 0.9 89% 

F3 

1 1.4 1.3 91.4% 
2 1.3 1.2 91% 
3 0.8 0.7 86.7% 

Average 1.17 1.07 90.2% 
Note: The Indonesian national standard for height of liquid soap foam is between 12-220 mm (Maharani et al., 2021). 

Upon analyzing the outcomes derived from the three formulations, it is evident that only F3 

fulfills the criteria for an acceptable foam height. This demonstrates that an increased concentration 

of extract is associated with a greater foam height, given that each formula contains a consistent 

amount of sodium lauryl sulfate, which is incapable of emulsifying citronella extract (Maharani et al., 

2021). In the F1 and F2, the value fails to satisfy the necessary criteria. The variation factors that may 
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influence foam height include the composition of materials, stirring speed, temperature, and the 

duration of mixing, as well as the type of active substance involved. 

3.5.5. Adhesion test results 

The adhesion test is carried out to determine how much the preparation can adhere to the 

skin within a specific time. Gel is considered good if it exhibits high adhesion. The higher the 

adhesion, the better, because the active substance can be absorbed evenly and diffuse 

maximally.  The data from the adhesive power test indicated that the gel form had an influence on 

the adhesive power. The thicker the dosage form, the greater the adhesive power value. All results 

obtained meet the standard requirements of the preparation, which exceeds 1 second. 

Table 9. Adhesion test of liquid facial soap with citronella extract (Cymbopogon nardus L.) 

Liquid facial 
soap 

Adhesion (week) 
Mean ± SD 

1 2 3 
Basis control 1.77 1.66 1.2 1.55 ± 0.27 

F1 2.02 1.75 1.25 1.68 ± 0.34 

F2 2.15 1.85 1.32 1.78 ± 0.37 

F3 2.58 2.31 1.81 2.23 ± 0.34 
Note: The adhesion test meets the requirements of the adhesion time is > 1 second (Rosari et al., 2021) 

The results of data analysis using the Kruskal-Wallis test showed results in the first week of 

0.044 (p < 0.05), the second week showed results of 0.027 (p < 0.05), and the third week showed 

results of 0.027 (p < 0.05), which means that there is a difference in the data every week. 

3.5.6. Spreadability test results 

The spreadability test is performed to assess the distribution ability of the formulation during 

application, adhering to a standard of 5 to 7 cm. This characteristic is associated with viscosity; 

increased viscosity results in less spreadability. Increased spreadability facilitates the preparation's 

penetration into the skin, enhancing its efficacy (Rosari et al., 2021). 

Table 10. The spreadability test results of citronella extract liquid soap ( Cymbopogon nardus L.) 

Liquid facial 
soap 

Spreadibility (week) 
Average 

1 2 3 
Basis control 5.2 5.5 6.0 5.63 ± 0.35 

F1 5.0 5.3 5.6 5.34 ± 0.29 
F2 5.5 5.9 6.4 5.98 ± 0.38 
F3 5.1 5.3 5.4 5.28 ± 0.15 

Note: The spreadability test meets the requirements ranging from 5-7 cm (Rosari et al., 2021). 

The outcomes of the spreadability assessment for the citronella extract liquid facial soap formulation 

improved weekly, however it consistently remained within the appropriate spreadability range. The 

weekly increase may be attributed to inconsistent storage temperature and agitation, leading to a 

reduction in viscosity (Rosari et al., 2021). The findings of the data analysis employing the Kruskal-
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Wallis test indicated that each week's results were < 0.05, signifying a difference in the data on a 

weekly basis. 

 

4. Conclusion 

The stability test of the physicochemical properties of soap formulations loaded with liquid 

citronella extract (Cymbopogon nardus L.) accross three formulations meets the following criterias: 

organoleptic properties, viscosity, pH value, stickiness, and spreadability. In the foam height test, only 

formula 3 (F3) meets the standard requirement for good foam height, which is between 12 and 220 

mm. 
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Abstract  
Background: Annona muricata L. (A. muricata) leaf contains several active compounds, including 
flavonoids, which are known to have antioxidant properties. People only use A. muricata leaves as 
antioxidants by boiling them in water. Therefore, the development of tablet potential is necessary 
to enhance user comfort and storage stability.  
Objective: The aim of this research was to determine the disintegration time of A. muricata leaf 
extract tablets with varying levels of the disintegrating agent crospovidone and to determine the 
best disintegrating level according to the results of evaluating the physical properties of the tablets. 
Methods: Tablets are made using the wet granulation method, incorporating a composition of 2-
5% crospovidone. The resulting granules are tested for water content, flow time, angle of repose, 
and tapping. The resulting tablets were tested for hardness, friability, and disintegration time. 
Results: The test results show that crospovidone and lactose can produce excellent A. muricata leaf 
extract tablets. 
Conclusion: Crospovidone 3.5% produces optimum A. muricata leaf extract tablets with a friability 
of 0.36% and a disintegration time of 7.82 minutes. 
Keywords: Annona muricata L. leaf, crospovidone, disintegrant, tablet 

1. Introduction 

Indonesia is home to numerous plants with medicinal properties that can be 

explored as traditional medicine ingredients. One such example is Annona muricata L. (A. 

muricata), commonly known as soursop or sirsak. The leaf of this plant has been 

traditionally used by local communities for the prevention and treatment of various 

diseases. Phytochemical analysis has revealed that ethanol extracts (70%) from A. muricata 

leaf contain a range of bioactive compounds, including alkaloids, flavonoids, saponins, 

tannins, quinone steroids, essential oils, and coumarins. These compounds exhibit 

antioxidant potential, which may contribute to the plant's therapeutic effects. 

In vitro studies have demonstrated that A. muricata leaf possesses beneficial effects 

on pancreatic tissue function by enhancing the activity of antioxidant enzymes and insulin 

hormone levels. Additionally, the leaf contains acetogenin compounds with cytotoxic 

properties against cancer cells, suggesting a role in immune system protection and 

prevention of life-threatening infections (Adewole & Caxton-Martins, 2009). 

In addition to containing acetogenin compounds, A. muricata leaf also possesses 

flavonoid components with potential antioxidant and therapeutic properties. Antioxidants 

are molecules that function by inhibiting free radical reactions in the body, protecting cells 

from toxic effects, and contributing to disease prevention. Traditional herbal medicines like 

those derived from A. muricata leaf tend to have fewer side effects compared to synthetic 

chemical-based medications. The A. muricata leaf extract has been shown to possess 

http://journal.uii.ac.id/index.php/JIF
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stronger antioxidant activity than other Annona species. The various chemical compounds 

present in the leaf, including sesquiterpenoids, phenolic acids, and 2,3-dihydrobenzofurans, 

exhibit good antioxidant properties (Badmus et al., 2020).  

A. muricata leaf is typically consumed by boiling them with water; therefore, 

innovative approaches are needed to facilitate their use. The leaf can be formulated into 

pharmaceutical preparations like tablets to enhance convenience and stability in usage. 

Tablet formulation requires various additives such as fillers, binders, lubricants, and 

disintegrants. Different formulas and processes can be combined to achieve desirable tablet 

properties. 

One critical parameter for the success of a tablet formula is its dissolution time in 

the gastrointestinal tract. The addition of disintegrants like crospovidone (CPV) was 

performed to facilitate this process. CPV has high capillary action, allowing water to quickly 

enter the pores of the tablet and weaken interparticulate bonds, causing the tablet to break 

apart. 

Prior studies have investigated and formulated tablets from A. muricata leaf extracts 

using various additives such as primojel, CMC Na - sodium starch glycolate (SSG), povidone 

K30 (Pov30) - croscarmellose sodium (CCS) (Endriyatno, 2018). Some studies have even 

specifically used the Pov30 – CPV combination. However, some of these studies did not yield 

tablets with a good balance between friability and dissolution time. 

Therefore, this study aimed to select suitable materials supported by an appropriate 

compaction process. The Pov30 - CPV combination was used and re-optimized in this study. 

This combination theoretically will balance the tablet's integrity or strength against its 

dissolution rate in the gastrointestinal tract. Process parameters such as compaction were 

also adjusted to achieve physical properties that meet requirements. 

This study is expected to provide a reference for the pharmaceutical industry in 

formulating herbal products, particularly A. muricata leaf extracts. Different formulations, 

even those with small differences in materials and processes, will result in different 

products. Therefore, this study can be used as a basis for re-optimizing or confirming 

previous studies' findings. 

 

2. Method 

2.1. Material 

The main material used was a dried extract of A. muricata (Borobudur Natural 

Herbal Industry; ethanol extract with maltodextrin drying 10:1). The additives used were 
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Pov30 and CPV (Hangzhou Nanhang), lactose (Fontera), as well as magnesium stearate 

(Peter Greven). 

 

2.2. Method 

Tablet formulations were prepared by varying the concentration of CPV (2-5%) as 

shown in Table 1. Wet granulation was employed for tablet production. The binder was 

prepared by dissolving 2% Pov30 in ethanol. A mixture of dried extract, lactose, and half of 

the CPV was homogenized and then mixed with the binder. The wet granules were sieved, 

dried, re-sieved, and subsequently blended with magnesium stearate and the remaining 

CPV. The resulting granule mixture was subjected to evaluation. Subsequently, the granules 

were compressed into tablets, which were also subjected to testing (Figure 1). 

Two analytical approaches were employed: (1) the direct method, where individual 

formulations were tested and compared based on physical properties, and (2) the design of 

experiments (DoE) approach, where a systematic mixture design was applied using Design 

Expert software to evaluate the effects of CPV concentration on tablet characteristics. In the 

direct method, each formulation was evaluated based on granule and tablet test results, 

with the best-performing formula selected according to critical quality attributes. The DoE 

approach, in contrast, utilized statistical modeling to predict the optimal composition rather 

than relying solely on empirical selection. This method enabled the identification of trends 

in formulation performance and provided a data-driven approach to optimizing tablet 

properties. 

2.2.1. Granule evaluation 

The granule flow test was conducted after mixing, prior to compression into tablets. 

The powder flow test was performed using a funnel and tapping. The flow rate was 

determined by pouring 100 g of powder through the funnel and recording the time taken 

for it to pass through. The flowed powder was then measured for its height and diameter to 

obtain an angle of repose value (Awaluddin et al., 2017; USP, 2016).  

Table 1. Formula of A. muricata leaf extract tablets 
Material (mg) FI FII FIII 

A. muricata Leaf Extract 100 mg 100 mg 100 mg 
Lactose  370 mg 362.5 mg 355 mg 

CPV  10 mg 17.5 mg 25 mg 
Pov30 2% 10 mg 10 mg 10 mg 

Mg stearate 2% 10 mg 10 mg 10 mg 
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Figure 1. Flowchart of the preparation and testing of A. muricata leaf extract tablets 

The tapping test was conducted on 100 mL of powder, which was tapped a total of 

100 times. This process continued until a constant volume was achieved. The tapping index 

was determined based on the calculation between the final and initial volumes (100 mL) 

(USP, 2016).  

2.2.2. Tablet evaluation 

The tablet testing was conducted on tablets after compression, which included tests 

for weight, hardness, disintegration, and friability (USP, 2016). The weight test was 

performed by weighing ten tablets on an analytical balance to determine any variation in 

weight between tablets. The hardness of the tablets was evaluated using a hardness testing 

device. The hardness value was determined as the mean of 10 measurements. 

The next test was conducted by placing ten tablets in a friability tester. The tablet 

was rotated on this device for four minutes at a speed of 25 RPM. Subsequently, the 

disintegration test was performed with six samples of each formula, which were placed in 

an aqueous medium. The results of the test were determined based on the duration until 

the tablets had completely disintegrated and no granule residue remained on the mesh 

surface (Martinello et al., 2006).  

 

3. Results and discussion 

3.1. Granule evaluation 

The granule evaluation was conducted on dried granules to determine whether 

their characteristics meet the requirements for good tablet quality, as the properties of the 

granules will affect the quality of the tablets (Figure 2). The results of the granule 

evaluation can be seen in Table 2. 
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Figure 2. Illustration of tablet formulation  

Note: The image used is Tablet F2. Other formulas have similar-looking tablets. 

Table 2. Granule properties of A. muricata leaf extract tablets  

Parameter F1 F2 F3 
Moisture content (%) 2.12±0.23 1.48±0.29 1.81±0.46 

Flow speed (g/s) 14.23±0.05 15.02±0.18 14.39±0.06 
Angle of repose (o) 30.53±1.11 30.52±1.11 30.67±0.96 
Tapping index (%) 20.00±0.81 22.66±1.52 23.00±1.00 

 

3.1.1. Moisture content 

The moisture content test on granules was conducted using a moisture balance at 

105°C. The level of moisture will affect the manufacturing and storage processes of the 

dosage form. Factors that influence moisture content include room humidity, drying of 

granules, and physical properties of the extract itself. This test is very important because it 

relates to flowability, compaction process, compactibility, and stability. In general, the 

moisture content of granules ranges from 2-5%. The results show that all three formulas 

have achieved a suitable moisture level, ranging from 1.48 to 2.12%. The heating performed 

for 24 hours in an oven played a significant role in achieving this result. Optimal moisture 

levels will affect the compaction process of tablets. Granules that are too moist will make 

tablets very hard and slow down their disintegration time. On the other hand, extremely dry 

granules will make tablets prone to being fragile (Gabbott et al., 2016; USP, 2016).   

3.1.2. Flow speed 

The United States Pharmacopeia (USP) recommends evaluating granule flow rate as 

a parameter to assess the smoothness of granules flowing into tablet compression 

machines. The quality of this flow is influenced by several factors. including particle size, 

shape, and density, as well as moisture content. Poor granule flow can result in inconsistent 

tablet weights, compromising the uniform distribution of active ingredients (Goh et al., 

2017).  

The test results show that all formulas have a good flow rate, namely > 10 g/second. 

The binder Pov30 can help in maintaining cohesion between particles so that powder from 

different materials can remain united as one compact granule. Since the granules are 



16| Handayani et al. /Jurnal Ilmiah Farmasi (Scientific Journal of Pharmacy) 21(1) January-May 2025, 
11-20  

 

physically larger than powders, their flow rates will be even better (Lamešić et al., 2017; 

USP, 2016).  

3.1.3. Angle of repose 

The angle of repose is commonly utilized to determine granule flow characteristics. 

The angle of repose refers to the maximum angle formed between the surface of a material 

and a flat plane when that material is poured from a funnel. The angle of repose can provide 

information about the smoothness of flow and the ability of a material to flow. The smaller 

the angle of repose, the better the flow properties of the material are. Test results show that 

all formulas have good angles of repose because they are <35°. The differences in variations 

among the three formulas do not result in significant differences in the angle of repose 

values. Instead, the testing results indicate that any formula used in this study will produce 

powders with good flow properties (Kaleemullah et al., 2017; USP, 2016).  

3.1.4. Tapping evaluation 

The tapping test is an indirect method for evaluating granule flow properties by 

assessing the material's ability to settle after repeated vibrations. The test is quantified 

using the T% index (%), where lower values indicate better settling and improved 

flowability, typically associated with fewer fines capable of filling interparticle spaces. The 

T% index is largely influenced by the granule mixture's ability to fill voids and achieve 

tighter packing during vibration. Flowability is determined by multiple factors. including 

particle shape, brittleness, and size distribution. A T% index of less than 20% is generally 

indicative of good flow properties, with smaller T% values reflecting superior flowability 

(Alkrad et al., 2017; USP, 2016).  

The calculated values from Formulas I, II, and III yielded results of 20%, 22.66%, 

and 23% respectively. Based on these values, it can be concluded that the granule exhibits 

moderate flow properties due to its T-index falling within the range of 20-23%. This 

suggests that the granules have an irregular shape, a non-uniform size distribution, were 

exposed to air for too long, and experienced significant volume reduction, ultimately 

resulting in a high T-index value (Alkrad et al., 2017; USP, 2016).  

 
3.2. Tablet evaluation 

3.2.1. Weight variation 

The weight variation test, as described in Table 3, is a method for determining the 

level of weight variability within a batch production. This testing ensures that each tablet in 

a single batch has a uniform or only slightly deviating weight from the average weight. 

Insufficient weight can result in a dose lower than specified, leading to reduced efficacy. 
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Conversely, excessive weight may cause an overdose of active ingredients, increasing the 

risk of adverse effects and exceeding specifications (Kaleemullah et al., 2017; USP, 2016). 

Table 3. Evaluation results of the physical properties of A. muricata leaf extract tablets 
Evaluation F1 F2 F3 

CV of weight (%) 1.05 2.18 1.98 
Hardness (kgf) 5.37±0.42 5.31±0.30 5.40±0.68 
Friability (%) 0.16±0.22 0.36±0.30 0.55±0.70 

Disintegration time (min) 13.98±3.77 7.82±0.10 5.68±0.07 

3.2.2. Tablet hardness 

The hardness test is conducted to determine the level of firmness or strength of a 

tablet. This testing ensures that the produced tablets have an appropriate hardness, 

preventing them from breaking easily during production, distribution, and storage 

processes. Additionally, it guarantees that the tablets can be quickly disintegrated with ease 

in the body upon consumption (Martinello et al., 2006; USP, 2016). 

3.2.3. Tablet friability 

The friability test is conducted to determine a tablet's resistance to impact and 

vibration. This testing ensures that the produced tablets have sufficient mechanical 

strength, preventing them from breaking or becoming damaged during processes such as 

compression, packaging, and transportation. This test is crucial because high friability can 

cause damage to the shape of pharmaceutical preparations, ultimately reducing their 

efficacy (Alkrad et al., 2017; USP, 2016).  

3.2.4. Disintegration test 

The disintegration test assesses how rapidly a tablet breaks down into small 

particles and releases its active compounds within bodily fluids. This testing employs water 

as the medium, simulating the conditions of gastric or intestinal fluid erosion using an 

apparatus that moves up and down. For immediate-release tablets, it is anticipated that they 

will quickly disintegrate upon contact with these fluids, thereby delivering the intended 

therapeutic effect in a timely manner (Martinello et al., 2006).  

In this formulation, crospovidone (CPV) as super disintegrant can absorb water and 

swell to push out particle matrix of tablets. This will accelerate tablet disintegration when 

it comes into contact with gastrointestinal fluids. The longest disintegration time was 

achieved by F1 with the lowest grinding material content, while the fastest was F3 with the 

highest CPV composition. All formulas showed good results for disintegration times. 

Therefore, at least, these tablets can quickly disintegrate within 15 minutes when in contact 

with gastrointestinal fluids. However, selecting the best formula cannot solely be based on 

the fastest disintegration time. Other parameters such as tablet friability must also be 

considered to determine the optimal formulation (Awaluddin et al., 2017; USP, 2016).  
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3.3. General testing and optimal formulation 

The results from the direct method showed that F2 exhibited the best overall 

performance, with a friability of 0.36% and a disintegration time of 7.82 minutes. In 

contrast, F1 had lower friability but a significantly longer disintegration time, nearing 15 

minutes. Meanwhile, F3 demonstrated a shorter disintegration time but higher friability. 

Notably, in one measurement, F3 exceeded the standard friability limit of 1%, reaching 

1.35%, resulting in a high standard deviation. Based on these findings, F2 was identified as 

the most favorable formulation among the tested samples. 

In the second approach, the design of experiments (DoE) method, an optimization 

simulation was performed using a mixture design in Design Expert software (Figure 3). The 

goal was to minimize both friability and disintegration time while identifying the optimal 

composition. The predicted optimal formulation consisted of LAK:CPV at a ratio of 363.13 

mg:16.86 mg, corresponding to a CPV concentration of 3.4%. The model predicted a 

disintegration time of 9.51 minutes and a friability of 0.34%. While the predicted 

disintegration time was slightly longer than that of F2, the lower friability suggested 

improved mechanical integrity. This approach allowed for a systematic evaluation of 

formulation variables, demonstrating that statistical modeling could predict an optimized 

composition beyond simply selecting the best-performing tested sample. 

 

Figure 3. Formula optimization using mixture design 

The variability observed in tablet friability testing across measurements is likely 

attributed to the mixing process. Prolonged mixing or optimizing the mixing speed may 

address this issue. However, it is important to note that the variations do not overlap and 
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still exhibit a consistent trend in friability percentages: F1 < F2 < F3. Thus, these 

inconsistencies do not alter the conclusions regarding tablet friability.  

Another parameter to consider is compression pressure. All tablet formulations 

were produced under the same compression pressure, resulting in tablet hardness of 

approximately 5 kgf. Slightly increasing the compression force could further reduce the 

friability values. Nonetheless, even under the current parameters, all formulations generally 

meet the requirements for tablet friability testing (Alkrad et al., 2017).  

 

Figure 4. Comparison of A. muricata leaf extract tablet formulations in this study (*) with other 
studies using different excipients 

One of the primary testing parameters for herbal tablets is disintegration time, 

which indicates how quickly a tablet breaks apart and releases its active ingredient upon 

contact with gastrointestinal fluids. F2, identified as the optimal formulation, exhibited 

excellent disintegration performance, with a value of under 10 minutes. Compared to 

formulations reported in other studies (Figure 4), which utilized disintegrants such as 

povidone K30-CPV, povidone K30-CCS, and CMC-Na – SSG, the F2 formulation demonstrated 

superior disintegration performance. While some of these alternative excipient systems 

may have resulted in lower friability, their disintegration times were generally longer. The 

rapid disintegration of F2 suggests that the specific ratio of Pov30 - CPV in this study 

provided a more efficient tablet breakdown, which is a critical factor for herbal tablet 

formulations (Endriyatno, 2018).  

 

4. Conclusion 

A. muricata was successfully formulated into tablets using povidone K30 as a binder 

and CPV as a super disintegrant. The direct method identified Formula II (containing 3.5% 

CPV) as the best-performing formulation, exhibiting a friability of 0.36% and a 

disintegration time of 7.82 minutes. Meanwhile, the design of experiments (DoE) approach 

predicted an optimized formulation with 3.4% CPV, yielding a friability of 0.34% and a 

disintegration time of 9.51 minutes. These findings demonstrate that statistical modeling 
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can provide an optimized formulation beyond empirical selection, balancing key tablet 

properties for enhanced performance. 
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Abstract   
Introduction: Lung cancer remains a leading cause of death worldwide, with non-small cell lung cancer 
(NSCLC) carrying the highest incidence among lung cancer types, particularly in patients with epidermal 
growth factor receptor (EGFR) mutations. The first-line therapy for NSCLC lung cancer patients with EGFR 
mutations typically involves the tyrosine kinase inhibitor (TKI) group. 
Objective: The study aimed to compare the cost utility of the two TKI groups (afatinib and erlotinib) for 
NSCLC patients with EGFR mutations. 
Method: This pharmacoeconomic study was conducted using the Cost Utility Analysis (CUA) method from 
the patient’s perspective. The study included 33 patients receiving afatinib and 12 patients receiving 
erlotinib, conducted in 2022-2023 at Kariadi Hospital, Semarang, and Prof. Dr. Margono Soekarjo Hospital, 
Purwokerto. Therapeutic outcomes were measured using Quality Adjusted Life Year (QALY), and cost 
components included actual costs and estimated costs based on clinical pathways. CUA was presented in the 
form of an Incremental Cost Effectiveness Ratio (ICER). 
Results: The cost of afatinib was greater than that of erlotinib (IDR 174,395,847 vs. IDR 138,672,688). The 
quality of life of afatinib was better than that of erlotinib (0.397 vs. 0.161, p-value 0.016). The ICER of afatinib 
was IDR 151,369,318 per QALY when compared to erlotinib. 
Conclusion: This study demonstrates that afatinib is a cost-effective treatment option for NSCLC patients 
with EGFR mutations. 
Keywords: Afatinib, EGFR, erlotinib, ICER, mutation 

1. Introduction  

The increasing number of deaths from lung cancer is a growing concern globally. According to 

the World Health Organization (WHO), lung cancer was responsible for 2,206,671 deaths in 2020, 

accounting for 11.4% of all cancer-related fatalities (Lukeman, 1976; Globocan, 2020). In the United 

States, lung cancer deaths caused 1,796,144 deaths, or 18% of the total number of cancer cases, while 

in Asia, deaths caused by lung cancer reached 1,315,136 cases, or 19.2% of the total number of cancer 

cases (Globocan, 2020; Globocan Asia, 2021). Meanwhile, in Indonesia, lung cancer was the leading 

cause of cancer-related deaths, with 11.4% of the country's cancer cases in 2020 and a male-to-

female ratio of 13:1 (Joseph & Rotty, 2020; Sutnick & Gunawan, 1982).  

The incidence of lung cancer cases with the type Non-Small Cell Lung Cancer (NSCLC) with 

Epidermal Growth Factor Receptor (EGFR) mutations varies (Cagle et al., 2013). The proportion of 

NSCLC cases in Indonesia is considered relatively high, with a proportion of more than 70% of the 

total lung cancer cases (Robot et al., 2021). This type of cancer often leads to chronic symptoms such 

as prolonged coughing, with eventual mortality due to lung failure. In addition to the impact of 

physical conditions, other impacts include more complex medical therapy than other types.    

http://journal.uii.ac.id/index.php/JIF
mailto:d.didiksetiawan@gmail.com


22| Eliyanti et al. /Jurnal Ilmiah Farmasi (Scientific Journal of Pharmacy) 21(1) January-May 2025, 21-31 

                                                      

Effective therapy for lung cancer patients with EGFR mutations can improve survival rates and 

reduce disease severity. First-line therapy for NSCLC lung cancer patients with EGFR mutations is the 

tyrosine kinase inhibitor (TKI) group, such as erlotinib, gefitinib, and afatinib (de Man et al., 2019; 

Novello et al., 2016). These three drugs are used to treat EGFR-positive mutations, including exon 19 

and exon 21 L858R deletions (Maemondo et al., 2010). Among them, afatinib and erlotinib are the 

most commonly used tyrosine kinase inhibitors from the TKI group because they are more effective 

than other chemotherapy drugs (Nasrulsyah et al., 2020; Yang et al., 2017). Afatinib is also considered 

superior because it blocks the formation of protein kinases through ligands in cancer cells, 

preventing the early stages of cancer cell formation (Kim et al., 2021). Clinical data showed that for 

467 NSCLC patients with positive EGFR mutations, afatinib provided a longer Progression-Free 

Survival (PFS) (19.1 months) compared to erlotinib (7.1 months) and gefitinib (14 months) (Brueckl 

et al., 2018; Kim et al., 2021; F. Wulandari et al., 2021; Yang et al., 2017).  

The presence of mutations in lung cancer patients not only complicates treatment but also 

increases costs. The effectiveness and efficiency of the treatment are a growing concern for the 

government, especially in the implementation of the National Health Insurance (JKN) program 

(Hadiningsih, 2015). Previous research indicates that the average cost for a lung cancer patient 

undergoing first-line chemotherapy is IDR 14,561,930 (Wulandari et al., 2019). Moreover, the cost of 

lung cancer is considered relatively expensive compared to other cancers when viewed from the 

comparison of the cost/Progression-Free Survival (PFS) ratio. The cost of erlotinib is IDR 

1,693,139/month, gefitinib is IDR 1,227,323/month, and afatinib is IDR 2,429,366/month. Of these, 

gefitinib therapy is the most economical TKI, followed by erlotinib and afatinib. However, when 

compared to standard therapy, the average cost of the TKI group is more expensive (IDR 12,000,000) 

than the cost of standard therapy (IDR 8,869,645) (Nurhayati et al., 2021; Wulandari et al., 2019). 

Given these concerns, this study aims to compare the two TKI treatments (afatinib with 

erlotinib) to assess the cost-utility of these therapies. This comparison is crucial to guide Health 

Technology Assessment (HTA) activities in Indonesia in lung cancer patients with EGFR mutations. 

 

2. Methods  

2.1. Description of materials and sample collection techniques 

This pharmacoeconomic study was conducted using the Cost Utility Analysis (CUA) from the 

patient perspective, focusing on NSCLC lung cancer patients with EGFR mutations. This study was 

conducted on patients receiving TKI therapy between 2022 and 2023 at Kariadi General Hospital 

Semarang and Prof. Dr. Margono Soekarjo General Hospital Purwokerto. Ethical approval was 
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granted by the Health Research Ethics Commission of Universitas Muhammadiyah Purwokerto with 

the ethical eligibility number KEPK/UMP/101/I/2023.  

Purposive sampling was carried out to select patients who met the following inclusion 

criteria: patients diagnosed with NSCLC lung cancer had EGFR mutations, received TKI therapy, and 

had received at least three therapy sessions. The exclusion criteria in this study were patients with 

incomplete medical record data and patients who did not complete treatment during the study 

period. The number of samples taken according to the inclusion-exclusion criteria was 45 patients: 

33 patients receiving afatinib therapy and 12 patients receiving erlotinib therapy. 

 

2.2. Research process description   

Patient characteristics, such as gender, age, education, occupation, and health insurance, 

were collected from patient medical records. In comparison, quality of life data was obtained from 

interviews with patients using EQ-5D-5L (EuroQol 5 Dimensions 5 Levels), which has been 

standardized in Indonesia. The five dimensions measured in the survey were mobility, self-care, daily 

activities, pain/discomfort, and anxiety/depression, with the level of statements reported by the 

patients themselves. The responses are classified into five levels: no difficulty, a little difficulty, quite 

a bit of difficulty, very difficult, and unable. The results of quality-of-life data were utilities calculated 

in the Indonesian value set (Hamida et al., 2019). 

 The cost data collected in this study included direct medical, direct non-medical, and indirect 

cost data. Direct medical costs were obtained from patient billing at the hospital, covering drugs and 

medical devices, laboratories, accommodation, and doctor visits. The cost data were then grouped 

into costs when patients underwent surgery, targeted therapy, and radiotherapy (Restyana & 

Admaja, 2019). Direct non-medical cost data included parking, food, and transportation costs 

collected through interviews. Indirect costs, including productivity loss, were also collected through 

interviews. The three types of cost data were classified as actual costs, where this data describes the 

real costs incurred during therapy. Furthermore, the actual cost data obtained from the hospital and 

the patient were weighted by the clinical pathway obtained from The National Comprehensive 

Cancer Network (NCCN) to calculate the unit cost required by patients when diagnosed with lung 

cancer. Based on the 2020 NCCN guidelines, patients are recommended to undergo surgery once, 

target therapy six times, and radiotherapy 30 times (Ettinger et al., 2021). 

 

 

 



24| Eliyanti et al. /Jurnal Ilmiah Farmasi (Scientific Journal of Pharmacy) 21(1) January-May 2025, 21-31 

                                                      

2.3. Statistical analysis 

The statistical analyses used in this study were chi-square, independent sample t-test, and 

cost-effectiveness. Chi-square analysis was used to test the difference between the characteristics of 

the afatinib and erlotinib groups. Independent sample t-test analysis was utilized to test the 

difference in numerical data on the age and utility variables for the use of afatinib and gefitinib 

therapies. Cost-effectiveness analysis was calculated using the Incremental Cost Effectiveness Ratio 

(ICER) (Ardhila et al., 2024), whose value was compared to the Willingness to Pay (WTP) in 

Indonesia. The determination of the WTP value is based on 3 times the Gross Domestic Product (GDP) 

per capita in 2021, which is 186.6 million/utility index (Atikasari et al., 2023). 

 

3. Result  and discussion  

3.1. Characteristics patient  

The demographic characteristics of NSCLC lung cancer patients with EGFR mutations in 

afatinib and erlotinib groups show similarities in terms of gender, age, education level, occupation, 

and health insurance categories used (p-value > 0.05) (Table 1). Most patients were female (24 

people (53.33%)), which corroborates findings by Fujiwara et al. (2018), who report that NSCLC is 

more prevalent among women. The estrogen hormone might influence lung cell differentiation and 

EGFR activation, contributing to this higher incidence in women (Fujiwara et al., 2018; Hsu et al., 

2017).   

The average age of lung cancer patients with EGFR mutations was 52 years, classifying them 

as older adults. It is in line with previous studies suggesting that older adults are vulnerable to being 

the main factor (Fujiwara et al., 2018; Oktaviyanti, 2015). Another theory also states that age affects 

the occurrence of oncogenesis, so increasing age affects genetic changes that have an impact on the 

decline in stem cell function. In normal individuals, stem cells can act as a barrier to tumor growth 

by creating an environment that is not conducive to gene mutations. Age-related declines in stem cell 

function may increase the risk of genetic mutations, including EGFR mutations, due to reduced 

tumor-suppressive barriers (Tezel et al., 2017). 

In this study, the highest level of patient education was at the high school level, the majority 

of patient education was in high school (23 patients (250.11%)). Based on research findings by 

Sulviana and Kurniasari (2021), 140 out of 216 cancer patients are in high school. While higher 

education levels are not directly linked to cancer risk, unhealthy lifestyles can elevate the risk 

regardless of education level (Balatif & Sukma, 2021). Meanwhile, the majority of lung cancer 

patients with EGFR mutations are private employees, most were private employees 15 (33.3%). 
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According to research by Pritami et al. (2022), the type of work can increase the risk of lung cancer. 

Exposure to air pollution and chemicals from the work environment can trigger lung cancer. 

However, these factors are not found to significantly contribute to EGFR mutation-related NSCLC 

(Putriani et al., 2019). Meanwhile, health insurance does not affect therapy coverage; it affects the 

patient's source of funds. 

Table 1. Respondent characteristics  

 
Variable 

Afatinib (N=33) Erlotinib (N=12) Total (N=45) P-value 
N % N % N %  

Gender         
Female  16 48.5 8 66.7 24 53.33 0.679 
Male 17 51.5 4 33.3 21 46.67  
Age           
Mean (SD) 52.52 (11.97) 53.3 (12.37)  52.73 (11,94) 0.842 
Median (min: max) 52 (21:71) 55 (21:70) 54 (21:71)  
Education         
Bachelor 6 18.2 4 33.3 10 22.22 0.691 
Senior High School 20 60.6 3 25 23 50.11  
Junior High School 4 12.1 3 25 7 15.56  
Elementary School 3 9.1 2 16.7 5 11.11    
Occupation         
Work   21 63.6 11 97.67 32 71.1 0.377  
Not working 12 36.4 1 8.3 13 28.9   
Health assurance        - 
BPJS 31 93.90 12 100 43 95.56  
Non-BPJS  2 6.1 -  2 4.44  

 

3.2 Quality of live of patients  

The quality of life of patients in both therapy groups illustrated different utility values (Table 

2). The quality of life of the afatinib group was higher than that of gefitinib (0.397 vs. 0.161, p-value 

0.016). However, the VAS value was only found in the afatinib group (77.667 ± 4.169). Dwilovianita 

et al. (2022) reported that 85% of cancer patients experienced pain or discomfort, while 36.7% had 

mild anxiety, 23.3% had moderate anxiety, and 46% had severe anxiety. This pain is attributed to the 

effects of the drug or from the cancer itself. Increased anxiety occurs due to patients’ fear of their 

future as they face lung cancer. Patients feel anxious because of medical procedures, such as surgery, 

chemotherapy, and target therapy or hormone therapy, especially when these treatments are 

prolonged (Dwilovianita et al., 2022). 

Tabel 2. Quality-of-life 

Dimensions Levels Afatinib (n=23) Erlotinib (n=4) Total (n=27) 

Mobility No problem 4 (17.4%) 0 (0%) 4 (14.8%) 

  There is a problem   19 (82.6%) 4 (100%) 23 (85.2%) 

Self-care No problem 7 (30.4%) 0 (0%) 7 (25.9% 

  There is a problem   16 (69.6%) 4 (100%) 20 (74.1%) 
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Dimensions Levels Afatinib (n=23) Erlotinib (n=4) Total (n=27) 

Daily activity No problem 1 (4.3%) 0 (0%) 1 (3.7%) 

  There is a problem   22 (95.7) 4 (100%) 26 (96.3) 

Pain/discomfort No problem 0 (0%) 0 (0%) 0 (0%) 

  There is a problem   23 (100%) 4 (100%) 27 (100%) 

Anxiety/depression No problem 0 (0%) 0 (0%) 0 (0%) 

  There is a problem   23 (100%) 4 (100%) 27 (100%) 

Utility Mean  SD 0.397  0.172 0.161  0.145 p-Value 0.016  

VAS Mean  SD 77.667  4.169 - - 

 

3.3 Cost analysis  

The actual total cost required for NSCLC lung cancer patients with EGFR mutations to 

maintain treatment using afatinib was higher than for erlotinib patients (IDR 36,460,407 ± 

18,686,717 vs. IDR 34,052,431 ± 15,944,215). It was primarily due to the direct medical costs of 

NSCLC lung cancer patients with EGFR mutations using afatinib were higher than those of erlotinib 

(IDR 35,819,553 ± 18,028,849 vs. IDR 33,560,764 ± 15,440,757). However, the direct non-medical 

costs of afatinib therapy were lower than those of erlotinib (IDR 137,521 ± 152,436 vs. IDR 217,500 

± 130,032). Additionally, the indirect costs of therapy with afatinib were higher than those of 

erlotinib (IDR 503,333 ± 505,432 vs. IDR 274,167 ± 373,426) (Table 3). Patients receiving gefitinib 

150 required lower costs than the afatinib group (IDR 36,460,407 ± IDR 18,686,717 vs. IDR 

34,052,431 ± IDR 15,944,215). It aligns with previous studies indicating that additional costs for 

afatinib therapy are higher ($9745) than those of gefitinib and erlotinib (Kim et al., 2021). Other 

factors determining the difference in total costs are the frequency of visits to the hospital and the 

existence of supporting examinations, which contribute to administrative and service costs 

(Nurhayati et al., 2021). 

 

3.3. Incremental Cost Effectiveness Ratio (ICER)  

A cost analysis based on clinical pathways discovered that the total cost of afatinib therapy 

was higher than that of erlotinib (IDR 174,395,847 vs. IDR 138,672,688) (Table 4). The Incremental 

Cost-Effectiveness Ratio (ICER) for afatinib administration was calculated to be IDR 151,369,318/ 

Quality-Adjusted Life Year (QALY) when compared with erlotinib. This study was consistent with the 

study by You et al. (2021), who reported that the direct medical costs of afatinib were significantly 

higher ($35,808) compared to erlotinib ($18,724). Similarly, Gu et al. (2019) found that afatinib is 

more expensive ($43,629), than erlotinib ($40,811). 
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Table 3. Cost analysis 
Cost Component  Afatinib Erlotinib All Patients  
  Mean (IDR) SD (IDR) Mean (IDR) SD (IDR) Mean (IDR) SD (IDR) 
Surgery    N=6  N=5  N=11 
Pharmacy 2,624,344 1,112,090 3,567,624 2,321,376 3,095,984 1,716,733 
Laboratories  2,640,017 1,452,727 2,562,360 1,955,647 2,601,189 1,704,187 
Accommodation 5,200,000 3,108,054 6,130,000 4,969,859 5,665,000 4,038,957 
Visited the doctor  3,040,000 753,870 2,388,000 2,006,370 2,714,000 1,380,120 
Administration  31,000 5,292 35,600 7,603 33,300 6,448 
Medical treatment  3,831,083 2,545,174 5,799,100 970,458 4,815,092 1,757,816 
Care treatment  842,000 199,721 694,600 578,167 768,300 388,944 
Radiology 2,725,583 1,798,443 2,161,700 1,382,518 2,443,642 1,590,481 
Total cost 20,934,027 10,975,371 23,338,984 14,191,998 22,136,506 12,583,685 
Targeted therapy  N=33 N=12 N=42 
Registration 15,152 14,169 26,250 2,261 20,701 8,215 
Pharmacy 1,771,302 2,665,498 222,947 90,937 997,125 1,378,218 
Laboratories 119,367 50,965 91,333 4,677 105,350 27,821 
Targeted therapy  10,545,891 2,720,162 8,113,333 9,847 9,329,612 1,365,005 
Radiology 1,149,470 786,405 501,125 555,242 825,298 670,824 
Total cost 13,601,182 6,237,199 8,954,988 662,964 11,278,085 3,450,082 
Radiotherapy  N=18 N=12 N=30 
Registration  17,273 11,531 26,250 2,261 21,762 6,896 
Laboratories  94,985 5,803 89,750 4,961 92,367 5,382 
Radiotherapy  736,364 93,602 825,000 45,227 780,682 69,415 
Radiology (CT-Scan) 435,722 705,343 325,792 533,346 380,757 619,345 
Total cost 1,284,344 816,279 1,266,792 585,795 1,275,568 701,037 
Total direct medical 
cost 35,819,553 18,028,849 33,560,764 15,440,757 34,690,158 16,734,803 
    
Direct non-medical 
cost N=23 N=4 N=27 
Parking 4,913 5,239 5.000 0 4,957 2,620 
Food 38,478 13,180 67,500 22,174 52,989 17,677 
Transportation  94,130 134,017 145,000 107,858 119,565 120,938 
Total direct non-
medical cost 137,521 152,436 217,500 130,032 177,511 141,234 
    
Indirect cost N=23 N=4 N=27 
Productivity loss 503,333 505,432 274,167 373,426 388,750 439,429 
Total indirect cost 503,333 505,432 274,167 373,426 388,750 439,429 
TOTAL COST 36,460,407 18,686,717 34,052,431 15,944,215 35,256,149 17,315,466 

 

This study demonstrated that the use of afatinib for NSCLC lung cancer patients with EGFR 

mutations was a cost-effective strategy when compared to erlotinib. Although the cost of afatinib was 

higher than erlotinib, patients receiving afatinib reported a better quality of life than those treated 

with erlotinib. The determination of the WTP value is based on 3 times the Gross Domestic Product 

(GDP) per capita in 2021, which is 186.6 million/utility index (Atikasari et al., 2023). This finding 

aligns with previous research indicating that afatinib therapy provides higher effectiveness and 

QALY values than erlotinib (Kim et al., 2021; Zhu et al., 2018). Moreover, afatinib is considered a cost-
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saving strategy compared with erlotinib and gefitinib for EGFR mutation-positive NSCLC patients 

(Kim et al., 2021; Zhu et al., 2018).  

 
Tabel 4. Cost analysis based on clinical pathway 

Treatment 
Afatinib Erlotinib ICER 

Cost  
(IDR) 

Qua
ntity 

Total  
(IDR) 

QALYs 
Cost  

(IDR) 
Quan
tity 

Total  
(IDR) 

QALYs 
 

Surgery 20,934,027 1 20,934,027  23,338,984 1 23,338,984   
Targeted 
therapy 

13,601,182 6 81,607,092  8,954,988 6 53,729,928 
  

Radiotherapy 1,284,344 30 38,530,320  1,266,792 30 38,003,760   
Direct-
nonmedical 
cost 

137,521 52 7,151,092  217,500 48 10,440,000 
  

Non-direct 
cost 

503,333 52 26,173,316  274,167 48 13,160,016 
  

Total 174,395,847 0.397    138,672,688 0.161 151,369,318 

One of the limitations of this study was the lack of data on the toxicity profiles and side effects 

of each treatment, which could affect the results of the patient's quality of life. Further research is 

needed, including the assessment of Drug Related Problems (DRP), as cancer patients often 

experience more side effects. Data on quality-of-life subjects were limited due to the challenges in 

directly interviewing patients. Future studies could involve other patients in similar conditions to 

increase the number of respondents. VAS scores were missing for one group due to differences in 

enumerator perceptions during data collection; this issue could be mitigated by standardizing data 

collection. Another limitation was the small sample size; therefore, further research should include a 

larger and more diverse population across multiple research locations in Indonesia. Comparative 

studies on other TKI groups, such as gefitinib, could also provide a more comprehensive cost-utility 

profile of TKI group therapies. 

 

5. Conclusion 

The administration of afatinib is considered to be more cost-effective than erlotinib for 

NSCLC lung cancer patients with EGFR mutations. 
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Abstract   
Background: Antioxidants are compounds that inhibit cell damage caused by free radicals. Antioxidant 
enzymes include superoxide dismutase (SOD), glutathione, and catalase. SOD protects cells against free 
radicals implicated in various diseases. The guava plant (Psidium guajava L.) is known to possess SOD 
activity. 
Objective: This research was performed to determine the activity of the superoxide dismutase enzyme in 
guava leaves extract (Psidium guajava L.) with ammonium sulfate concentrations of 25, 50, and 75%. 
Methods: Guava leaves were extracted using phosphate buffer and centrifugation. The superoxide 
dismutase (SOD) enzyme was then purified using ammonium sulfate at concentrations of 25, 50, and 75%. 
The amount of protein was measured with the Lowry method, and the activity of the SOD enzyme was tested 
using the WST-1 assay to find out how much it was inhibited. The resulting data were statistically analyzed 
using one-way ANOVA. 
Results: Guava leaves extract exhibits SOD enzyme activity. The total protein content of the crude guava leaf 
extract and the extracts purified with 25, 50, and 75% ammonium sulfate were 9.683, 6.958, 8.842, and 
11.269 mg/mL, respectively. The corresponding percent inhibition values were 69.652, 35.323, 61.69, and 
79.104%. The 75% ammonium sulfate concentration yielded the highest percent inhibition. 
Conclusion: Guava leaves extract exhibits SOD enzyme activity, with the highest percent inhibition observed 
at an ammonium sulfate concentration of 75%. 
Keywords: Psidium guajava L., free radicals, antioxidants, SOD, WST-1 

1. Introduction 

Contemporary lifestyles including unhealthy dietary patterns have adverse health 

implications. Furthermore, environmental pollution can reduce the quality of life due to lower 

production of compounds essential for physiological function. Natural antioxidants help maintain the 

health by mitigating the detrimental effects of free radicals generated by various environmental 

stressors, such as air pollution, radiation, hazardous chemicals, cigarette smoke, and solar radiation 

(Arnanda & Nuwarda, 2019).  

Free radicals with unpaired electrons have high reactivity as they grab electrons from the 

surrounding molecules. This process induces oxidative stress, causing an imbalance between free 

radical production and antioxidant defenses and cellular damage. Oxidative stress occurs when the 

generation of reactive oxygen species (ROS) exceeds the available antioxidant capacity and 

overwhelm the cellular detoxification systems (Arief & Widodo, 2018).  

Antioxidant counteracts the effects from free radicals by suppressing molecular oxidation. It 

neutralizes and inhibits the oxidation reactions that involve free radicals (Bintarti, 2014).  

Endogenous antioxidants, such as superoxide dismutase (SOD), offer a vital defense against oxidative 

http://journal.uii.ac.id/index.php/JIF
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stress (Werdhawati, 2014) and protects cells from free radical-mediated damage, mitigating the risk 

of various diseases (Yanti et al., 2016). Furthermore, SOD may enhance the therapeutic efficacy of 

certain pharmaceuticals and holds potential as a nutritional supplement (Younus, 2018).  

SOD can be obtained from plants that contain antioxidant compounds. Guava (Psidium 

guajava L) inhibits free radicals (Maulana et al., 2016) from its antioxidant compounds and it exhibits 

high SOD  that reaches 100% in its leaves (Widowati et al., 2005). This research was performed to 

investigate the SOD activity, total protein content, and percentage inhibition of crude guava leaves 

extract purified with 25, 50, and 75% ammonium sulfate concentrations to determine the optimal 

purification concentration for SOD inhibition. 

 

2. Method 

2.1. Tools and materials 

This research utilized the following tools: blender, analytical balance, knife, pH meter, 

measuring cup, beakers, Erlenmeyer flasks, refrigerator, centrifuge, flannel, jars, micropipettes, 

volumetric pipettes, volumetric flasks, magnetic stirrer, UV-Vis spectrophotometer, 96-well plate, 

incubator, and microplate reader. The materials included guava leaves, phosphate buffer, ammonium 

sulfate, distilled water (aquades and aquabides), bovine serum albumin (BSA), WST solution, vitamin 

C, Na₂CO₃, NaOH, sodium potassium tartrate, CuSO₄·5H₂O, Folin-Ciocalteu phenol reagent, assay 

buffer, enzyme solution, and vitamin C. 

 

2.2.  Sampling and identification 

Plant identification was conducted at the Center for Research and Development of Medicinal 

Plants and Traditional Medicines (B2P2TOOT) in Tawangmangu, Karanganyar Regency, Central Java, 

to ensure accurate species identification and prevent sample contamination (Klau & Hesturini, 2021). 

Guava (Psidium guajava L.) leaves were collected from a single, healthy tree in Plagan village, Klaten 

Regency, Central Java. Only undamaged, fresh leaves were selected. 

 

2.3.  SOD enzyme extraction  

One hundred grams of guava leaves were cut into small pieces and homogenized in a 1:2 ratio 

with 0.02M phosphate buffer (pH 7.2) using a blender. The homogenate was filtered through flannel, 

cooled overnight at <4°C, and then centrifuged at 5.000 rpm for 30 minutes at 4°C. The resulting 

supernatant was collected as the crude extract (Male et al., 2014).  
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2.4.  Purification of SOD enzyme extract  

Ammonium sulfate purification was performed at 25, 50, and 75% saturation. For each 

concentration, the appropriate amount of ammonium sulfate (4.02 g for 25%, 8.73 g for 50%, and 

14.28 g for 75%) was gradually added to 30 mL of crude SOD extract while stirring with a magnetic 

stirrer at 4°C. Each mixture was then centrifuged at 5.000 rpm for 30 minutes at 4°C. Following 

centrifugation, the supernatant was discarded, and the resulting pellet was resuspended in 

phosphate buffer at a 1:2 ratio (Moon-Ai et al., 2012; Rahman et al., 2012). 

 

2.5.  The determination of total protein content using the Lowry method  

Protein content was determined using the Lowry method (Lowry et al., 1951). Reagents were 

prepared as follows: reagent A (2% Na₂CO₃ in 0.10 N NaOH), reagent B (0.5% CuSO₄·5H₂O in 1% 

sodium potassium tartrate), reagent C (prepared fresh by mixing 50 mL of reagent A with 1 mL of 

reagent B), and reagent D (Folin-Ciocalteu phenol reagent diluted 1:1 with distilled water).  

A BSA standard curve was generated using a 1000 ppm stock solution (50 mg BSA in 50 mL 

distilled water). Aliquots of the stock solution (0.5; 0.75; 1; 1.25; and 1.5 mL) were diluted to 10 mL 

with distilled water in volumetric flasks. One mL of each standard and a 100-fold diluted sample were 

treated as follows: 5 mL of reagent C was added, mixed, and incubated for 10 minutes. Then, 0.5 mL 

of reagent D was added, and the mixture was incubated for 25 minutes. Absorbance was measured 

at 750 nm using a UV-Vis spectrophotometer. Protein concentrations in the samples were 

determined using the linear regression equation derived from the BSA standard curve (Lowry et al., 

1951).  

 

2.6.  SOD enzyme activity test using the Water Soluble Tetrazolium Salt-1 (WST-1) method 

Crude extracts of guava leaves SOD, ammonium sulfate concentration, positive control, and 

negative control were added with 200 µL of WST Working Solution and 20 µL of enzyme working 

solution. Table 1 shows the composition of sample solutions, blank 1, blank 2, and blank 3. 

Table 1. Composition of sample solutions, positive and negative controls, and blanks (Qwele et al., 2013) 
 Control 

(+) 
(µL) 

Control 
(-) 

(µL) 

Sample 
(µL) 

Blank 
1 

(µL) 

Blank 
2 

(µL) 

Blank 
3 

(µL) 
Sample solution   20  20  
ddH2O    20  20 
WST working solution 200 200 200 200 200 200 
Enzyme working solution 20 20 20 20   
Solution  20   20 20 
Vitamin C 20      
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The standard solutions, positive control, negative control, samples, blank 1, blank 2, and 

blank 3 were each added to a 96-well plate and incubated at 37°C for 20 minutes. Subsequently, 

the absorbance of each well was measured using a microplate reader at a wavelength of 450 nm 

(Qwele et al., 2013). SOD activity was then calculated using the percentage inhibition in the 

following formula: 

 

% 𝑖𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 =
(𝐴 𝑏𝑙𝑎𝑛𝑘 1 − 𝐴 𝑏𝑙𝑎𝑛𝑘 3) − (𝐴 𝑠𝑎𝑚𝑝𝑙𝑒 − 𝐴 𝑏𝑙𝑎𝑛𝑘 2)

(𝐴 𝑏𝑙𝑎𝑛𝑘 1 − 𝐴 𝑏𝑙𝑎𝑛𝑘 2)
 𝑥100% 

 
Description : 
Asample =Sample absorbance 
Ablank 1 = Blank 1 absorbance      
Ablank2 = Blank 2 absorbance 
Ablank3 = Blank 3 absorbance 

 

2.7.  Results analysis  

Data was analyzed using a one-way ANOVA parametric statistical test. Prior to ANOVA, data 

normality was assessed using the Shapiro-Wilk test (significance level > 0.05), and homogeneity of 

variance was confirmed using Levene's test (significance level > 0.05). A Tukey post-hoc test was 

then performed to determine significant differences between groups. 

 

3. Results and discussion  

3.1. SOD enzyme extraction  

Enzyme extraction aimed to separate the enzyme from guava leaf tissue cells, yielding a 

supernatant after centrifugation. Extracting SOD enzyme from 100 g of guava leaves with 200 mL of 

phosphate buffer resulted in 150 mL of supernatant and 20.541 g of sediment. The SOD enzyme was 

extracted by homogenizing the leaves with 0.02 M phosphate buffer (pH 7.2), using a buffer volume 

twice that of the leaf sample. This buffer addition maintains cell component integrity, preserving 

optimal cellular conditions (Arjita, 2009). 

Whitaker (1994) mentioned that phosphate buffer maintains a neutral pH during 

intracellular enzyme extraction from plant tissue. Its properties do not interfere with protein binding 

or enzyme activity, making it suitable for this purpose. The homogenate was cooled overnight at 4°C 

before filtration to prevent enzyme degradation and allow residual leaf fibers to settle. Filtration 

using flannel separated the filtrate (containing cell components) from the residue (containing cell 

walls).  

Subsequent centrifugation at 5000 rpm for 30 minutes separated the supernatant (crude 

enzyme extract) from remaining leaves fiber. Centrifugation separates components based on size and 
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molecular weight, and the low temperature minimizes enzyme activity loss (Masruroh et al., 2018). 

This process yielded two distinct fractions: the supernatant (containing the crude enzyme extract) 

and the sediment (impurities from the extraction process). 

 

3.2. Purification using amonium sulfat 

In this research, precipitation with ammonium sulfate was carried out at three 

concentrations: 25, 50, and 75%. The weights of the pellets resulting from partial purification were 

0.1622 g at 25% ammonium sulfate, 0.7752 g at 50%, and 1.628 g at 75%. 

These pellet weights were obtained from the precipitated protein during partial purification. 

The 75% ammonium sulfate concentration yielded the highest pellet weight, while the 25% 

concentration yielded the lowest. These partial purification pellet results showed that increasing the 

ammonium sulfate concentration resulted in more precipitated protein. Protein precipitation does 

not denature the protein; it only reduces its solubility. The protein can be concentrated by removing 

the remaining ammonium sulfate solution and redissolving the protein in an appropriate buffer 

solution (Wingfield, 2001). 

By adding high concentrations of ammonium sulfate, water molecules attached to the 

protein's hydrophobic surface bind to the salt. As more water molecules bind to salt ions, the proteins 

interact, combine, and precipitate known as salting out (Bintang, 2010).  

 

3.3. Protein measurement using Lowry method  

Protein levels in this research were measured using the Lowry method. The maximum 

wavelength obtained was 750 nm, with an absorbance value of 0.5402, and the optimal operating 

time (OT) was determined to be 35–45 minutes. Bovine serum albumin (BSA) was used as a standard 

in the Lowry method, with a concentration series of 50, 75, 100, 125, and 150 ppm. BSA was chosen 

as a standard because it exhibits good linearity, produces an accurate standard curve, and is a widely 

used protein standard (Walker, 2002). Table 3 presents the UV-Vis spectrophotometry absorbance 

values for the BSA concentration series. 

Table 3. Absorbance values of BSA solution concentration series (Bovine Serum Albumin) 
Concentration (ppm) Absorbance 

50 0.262 
75 0.390 

100 0.489 
125 0.597 
150 0.738 
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Standard solutions with several concentrations were prepared to determine the protein 

content in the samples. A linear regression equation was generated using the straight line obtained 

from the standard curve. This equation was based on the absorbance values (y) and the 

corresponding BSA concentrations (x) of the five BSA standard solutions. 

 

Figure 1. Linear regression equation of BSA absorbance concentration 

The slope curve and the slope of the straight line are close to 1 (R2 = 0.9965). The linear 

regression line equation y = a + bx and the equation y = 0.0316 + 0.0046x were obtained (Figure 1). 

Table 4. Protein content results using the Lowry method 
Sample Content 

(mg/mL; mean ± SD) 
Crude extract 9.683 ± 0.043 
Ammonium sulfate 25% 6.958 ± 0.054 
Ammonium sulfate 50% 8.842 ± 0.067 
Ammonium sulfate 75% 11.269 ± 0.121 

Based on the total protein content analysis, the pellets purified with 75% ammonium sulfate 

contained more protein than the crude extracts, as did the pellets purified with 25 and 50% 

ammonium sulfate. Higher concentrations of ammonium sulfate promote increased protein 

precipitation, which explains this result. SPSS analysis revealed a statistically significant difference 

in protein content among the crude extract and the samples purified with 25, 50, and 75% 

ammonium sulfate. This indicates that increasing the concentration of ammonium sulfate leads to a 

higher protein yield (Boschetti & Righetti, 2013).  

The Lowry method is advantageous due to its 100-fold greater sensitivity compared to the 

biuret method, allowing for the use of smaller sample volumes. However, this increased sensitivity 

also makes the Lowry method more susceptible to interference, even though its detection limit is as 

low as 0.01 mg/mL (Purwanto, 2014).  

y = 0.0046x + 0.0316
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0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0 20 40 60 80 100 120 140 160

A
b

so
rb

an
ce

 (
Y

)

Concentration (ppm) (X)



38 | Mandasari et al. / Jurnal Ilmiah Farmasi (Scientific Journal of Pharmacy) 21(1) January-May 2025, 32-40  

                                                      

3.4. SOD enzyme activity test  

A quantitative activity assay was performed on the crude superoxide dismutase (SOD) extract 

from guava leaves to determine its SOD activity. A microplate reader was used for sample detection. 

This method was chosen due to its ability to accurately analyze small sample volumes (Qwele et al., 

2013). The absorbance values for blanks 1, 2, and 3 were 0.168, 0.034, and 0.101, respectively.  

The blank solutions served to calibrate the absorbance measurements. The variations in 

absorbance among the blanks likely reflect differences in their compositions. These blank 

absorbance values, along with the sample absorbance values, were then used to calculate the 

percentage inhibition using a specific formula. The resulting percentage inhibition values are 

presented in Table 6. 

Table 6. Inhibition percentage of SOD enzyme 
Sample % of inhibition 

(Mean ± SD) 
Positive Control 82.089 ± 1.492 
Negative Control 2.985 ± 1.493 
Crude extract 69.652 ± 3.756 
Ammonium sulfate 25% 35.323 ± 2.279 
Ammonium sulfate 50% 61.691 ± 2.280 
Ammonium sulfate 75% 79.104 ± 1.492 

Description: 
Positive control : Vitamin C 
Negative control : Buffer phosphate 

The highest SOD activity was observed in the 75% ammonium sulfate purification, while the 

lowest activity was found in the 25% purification. The SOD activity at 75% ammonium sulfate was 

comparable to that of the positive control, indicating that the crude guava leaf extract retained 

substantial SOD activity at this concentration. This increase in activity is attributed to the higher 

purity of the enzyme obtained by increasing ammonium sulfate concentration. 

The variation in SOD activity among samples reflects differences in superoxide anion 

reduction, which is linearly related to xanthine oxidase (XO) activity and inhibited by SOD. The SOD 

assay measures the reaction between WST-1 and superoxide radicals, producing yellow WST-1 

formazan. SOD converts superoxide, thereby inhibiting the reduction of WST-1 to WST-1 formazan. 

SOD competes with WST-1 for superoxide, inhibiting dye formation. SOD activity is quantified by 

measuring the degree of inhibition of dye formation at 450 nm (Widowati et al., 2005). Vitamin C was 

used as a positive control due to its SOD-mimicking properties, while phosphate buffer served as a 

negative control, as it lacks SOD activity. 

SPSS analysis confirmed SOD activity in the positive control, negative control, and all 

ammonium sulfate purifications (25, 50, and 75%). The negative control exhibited the lowest activity, 

while the 75% ammonium sulfate purification showed the highest, with no significant difference 
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observed between this purification and the positive control. Significant differences were found 

between the crude extract and each of the ammonium sulfate purifications (25, 50, and 75%). 

4. Conclusion 

Guava leaves extract (Psidium guajava L.) exhibits SOD activity. The total protein content in 

the crude SOD extract was 9.683 mg/mL. Following ammonium sulfate purification at 25, 50, and 

75% concentrations, the protein content was 6.958, 8.842, and 11.269 mg/mL, respectively. The 

percentage inhibition values were 69.652% for the crude extract, and 35.323, 61.691, and 79.104% 

for the 25, 50, and 75% ammonium sulfate purifications, respectively. Therefore, the 75% 

ammonium sulfate concentration yielded the most optimal percentage inhibition.    

 

References 
Arief, H., & Widodo, M. A. (2018). Peranan Stres Oksidatif pada Proses Penyembuhan Luka. Jurnal 

Ilmiah Kedokteran Wijaya Kusuma, 5(2), 22–29. https://doi.org/10.30742/jikw.v5i2.338 
Arjita, I. P. D. (2009). Analisis Protein Jaringan Otak Sapi Dengan Metode Isolasi, Purifikasi dan 

Visualisasi. GaneÇ Swara, 3(2), 55–58. 
Arnanda, Q. P., & Nuwarda, R. F. (2019). Penggunaan Radiofarmaka Teknisium-99M Dari Senyawa 

Glutation dan Senyawa Flavonoid Sebagai Deteksi Dini Radikal Bebas Pemicu Kanker. Farmaka 
Suplemen, 17(2), 236–243. https://jurnal.unpad.ac.id/farmaka/article/view/22071 

Bintang, M. (2010). Biokimia Teknik Penelitian. Jakarta: Erlangga. 
Bintarti, T. (2014). Skrining Fitokimia dan Uji Kemampuan Sebagai Antioksidan Dari Daun Jambu Biji 

(Psidium guajava. L). Jurnal Ilmiah PANNMED (Pharmacist, Analyst, Nurse, Nutrition, Midwivery, 
Environment, Dentist), 9(1), 40–44. https://doi.org/10.36911/pannmed.v9i1.341 

Boschetti, E., & Righetti, P. G. (2013). Low-Abundance Proteome Discovery. Amsterdam: Elsevier 
Academic Press. 

Klau, M. H. C., & Hesturini, R. J. (2021). Pengaruh Pemberian Ekstrak Etanol Daun Dandang Gendis 
(Clinacanthus nutans (Burm F) Lindau) Terhadap Daya Analgetik Dan Gambaran Makroskopis 
Lambung Mencit. Jurnal Farmasi & Sains Indonesia, 4(1), 6–12. 
https://doi.org/10.52216/jfsi.v4i1.59 

Lowry, O. H., Rosebrough, N. J., Farr, A. L., & Randall, R. J. (1951). Protein Measurement With The Folin 
Phenol Reagent. The Journal of Biological Chemistry, 193(1), 265–275. 
https://doi.org/10.1016/s0021-9258(19)52451-6 

Male, K. S., Nuryanti, S., & Rahmawati, S. (2014). Ekstrak Enzim Protease dari Daun Palado (Agave 
angustifolia) dan Pemanfaatannya dalam Prose Pembuatan Virgin Coconut Oil. Jurnal 
Akademika Kimia, 3(3), 111–120. 

Masruroh, H., Masruroh, U. D., Nugraheni, F. S., & Paramita, V. (2018). Analisa Kadar Lemak Dalam 
Susu Perah Sapi Menggunakan Gaya Sentrifugasi. Metana, 14(1), 25–30. 
https://doi.org/10.14710/metana.v14i1.19172 

Maulana, E. A., Astiti Asih, I. A. R., & Arsa, M. (2016). Isolasi dan Uji Aktivitas Antioksidan Senyawa 
Flavonoid Dari Ekstrak Daun Jambu Biji Putih (Psidium guajava Linn). Jurnal Kimia, 10(1), 161–
168. https://doi.org/10.24843/jchem.2016.v10.i01.p22 

Moon-Ai, W., Niyomploy, P., Boonsombat, R., Sangvanich, P., & Karnchanatat, A. (2012). A Superoxide 
Dismutase Purified from the Rhizome of Curcuma aeruginosa Roxb. as Inhibitor of Nitric Oxide 
Production in the Macrophage-like RAW 264.7 Cell Line. Applied Biochemistry and 
Biotechnology, 166(8), 2138–2155. https://doi.org/10.1007/s12010-012-9640-9 



40 | Mandasari et al. / Jurnal Ilmiah Farmasi (Scientific Journal of Pharmacy) 21(1) January-May 2025, 32-40  

                                                      

Purwanto, M. G. M. (2014). Perbandingan Analisa Kadar Protein Terlarut dengan Berbagai Metode 
Spektroskopi UV-Visible. In Jurnal Ilmiah Sains & Teknologi, 7(2), 64–71. 

Qwele, K., Hugo, A., Oyedemi, S. O., Moyo, B., Masika, P. J., & Muchenje, V. (2013). Chemical 
Composition, Fatty Acid Content and Antioxidant Potential of Meat From Goats Supplemented 
With Moringa (Moringa oleifera) Leaves, Sunflower Cake and Grass Hay. Meat Science, 93(3), 
455–462. https://doi.org/10.1016/j.meatsci.2012.11.009 

Rahman, H., Kartawinata, G., & Julianti, E. (2012). Uji Aktivitas Enzim Superoksida Dismutase dalam 
Ekstrak Mesokarp Buah Merah (Pandanus conoideus Lamarck) Menggunanakan Densitometri 
Citra Elektroforegram. Acta Pharmaceutica Indonesia, 37(2), 43–47. 

Walker, J. M. (2002). The Protein Protocols Handbook Second Edited. United Kingdom: Humana Press 
Inc. 

Werdhawati, A. (2014). Peran Antioksidan Bagi Kesehatan. Biotek Medisiana Indonesia, 3(1), 59–68. 
Whitaker, J. R. (1994). Principle of Enzymology for The Food Science. Second Edition. New York: Marcel 

Decker. 
Widowati, W., Safitri, R., Rumumpuk, R., & Siahaan, M. (2005). Penapisan Aktivitas Superoksida 

Dismutase pada Berbagai Tanaman. Jurnal Kedokteran Maranatha, 5(1), 33–48. 
Wingfield, P. T. (2001). Protein Precipitation Using Ammonium Sulfate. Current Protocols in Protein 

Science, 13(1), 1–10. https://doi.org/10.1002/0471140864.psa03fs13 
Yanti, Ermawati, & Anas, E. (2016). Perbedaan Kadar Superokside Dismutase pada Remaja dengan 

Dismenore Primer dan Tanpa Dismenore Primer. Jurnal Kesehatan Andalas, 5(1), 120–124. 
https://doi.org/10.25077/jka.v5i1.454 

Younus, H. (2018). Therapeutic Potentials of Superoxide Dismutase. International Journal of Health 
Sciences, 12(3), 88–93. 

 
 



Jurnal Ilmiah Farmasi (Scientific Journal of Pharmacy) 21(1) January-May 2025, 41-57  
ISSN: 1693-8666  

available at http://journal.uii.ac.id/index.php/JIF 

 

 

 

Copyright © 2025 Anisa Rahmah, Triyadi Hendra Wijaya, & Hendri 
Wasito.  
Lisencee Universitas Islam Indonesia. This is an Open Access article 
distributed under the terms of the Creative Commons Attribution Liscense.  

 
 

Degradation and stability testing of chloramphenicol ear drops using derivative 
spectrophotometry combined with chemometrics 

Annisa Rahmah, Triyadi Hendra Wijaya, Hendri Wasito* 

Universitas Jendral Soedirman, Jawa Tengah, Indonesia 
*Corresponding author: hendri.wasito@unsoed.ac.id 

Abstract   
Background: Chloramphenicol eye drops have a lower stability than solid dosage forms. Hence, it is 
necessary to assess their stability. One stability test that can be conducted is the forced degradation 
approach, which involves applying stress conditions that are more severe than those used in accelerated 
stability testing. 
Objective: This study used forced degradation to explore the stability profile of chloramphenicol ear drops. 
Method: Stability analysis was carried out using a derivative spectrophotometric instrument combined with 
chemometric analysis. The forced degradation study was conducted by exposing the sample to three 
conditions: acidic (0.1 N HCl at 80°C for 2 hours), alkaline (0.1 N NaOH at 80°C for 2 hours), and heat (90°C 
for 4 hours). Principal Component Analysis (PCA) and Partial Least Squares–Discriminant Analysis (PLS-DA) 
were utilized for the chemometric analysis.  
Results: Sequential chloramphenicol observations with a zero to third derivative show a maximum 
wavelength of 278, 260, 234, and 292 nm. According to stability studies with forced degradation, 
chloramphenicol tended to degrade under alkaline and thermal conditions compared to acidic conditions. A 
typical grouping pattern amongst forced degradation treatments is revealed by chemometric analysis, which 
characterizes chloramphenicol's stability profile under different experimental settings. 
Conclusion: The UV-Vis spectrophotometric approach, both non-derivative and derivative, can describe 
changes in chloramphenicol degradation profiles, although the specific degradation products generated 
remain unknown. 
Keywords: Chloramphenicol, forced degradation, spectrophotometry, chemometrics, stability testing 

1. Introduction 

Streptomyces venezuelae is the source of the antibiotic chloramphenicol, which has a wide 

range of action and works against both Gram-positive and Gram-negative bacteria (Mitchell et al., 

2015). It works through a bacteriostatic mechanism by penetrating bacterial cells and reversibly 

binding to the 50s ribosomal subunit  (Singhal et al., 2020). On the market, chloramphenicol is 

available in various dosage forms, including solid preparations like tablets and capsules, semi-solid 

forms such as creams and ointments, and liquid preparations like suspensions, eye drops, and ear 

drops.  

The Indonesian Pharmacopoeia Edition VI (Depkes, 2020) specifies that chloramphenicol ear 

drops must contain between 90.0 and 130.0% of the active ingredient, chloramphenicol 

(C11H12Cl2N2O5), relative to the amount stated on the label. Due to their liquid nature, ear drops are 

generally less stable than solid dosage forms, so evaluating chloramphenicol's stability in ear drops 

is essential. Furthermore, the amide bond in chloramphenicol is susceptible to hydrolysis when 

exposed to acids, bases, or heat, which can compromise its stability. Additionally, the carbonyl group 

(C=O) in chloramphenicol is highly reactive with nucleophiles, leading to nucleophilic substitution 

http://journal.uii.ac.id/index.php/JIF
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reactions with chlorine atoms (Cl) and resulting in degradation products such as 2-amino-1-(4-

nitrophenyl)propane-1,3-diol (Al-Rimawi & Kharoaf, 2011). 

Stability testing in the pharmaceutical field plays a crucial role in ensuring that a 

pharmaceutical preparation remains effective over time. A preparation is considered stable when its 

characteristics continue to meet established specifications, even after a period of storage or use. This 

stability is essential for the preparation to deliver optimal therapeutic effects. Therefore, conducting 

stability tests is vital to confirm that the quality of the preparation remains consistent with its initial 

standards, ensuring its efficacy. Additionally, stability testing helps determine the shelf life, 

appropriate storage conditions, and the best formulation methods for a pharmaceutical preparation, 

thereby preserving its stability (González-González et al., 2022). 

Stability studies typically include real-time stability tests lasting 12 months and accelerated 

stability tests lasting 6 months. However, this study utilized a forced degradation approach for 

stability testing. This method subjects the test sample to more extreme conditions than those used in 

accelerated stability tests to determine stability characteristics and degradation pathways. The 

International Conference on Harmonisation (ICH) recommends specific degradation conditions, such 

as a 10°C increase in temperature (from 50 to 60°C), humidity levels exceeding 75%, and exposure 

to acid hydrolysis, base, oxidation, and photolysis. Forced degradation studies are essential for 

elucidating the stability characteristics and degradation pathways of an active pharmaceutical 

compound or preparation (González-González et al., 2022). 

Derivative spectrophotometry, an advancement of traditional spectrophotometric methods, 

offers a viable alternative for stability testing through the forced degradation of chloramphenicol. 

According to Chadha & Bali (2016), this technique is noted for its accuracy in stability assessments 

and often enhances spectral resolution, resulting in more precise results. Furthermore, using UV-Vis 

spectrophotometry is justified by chloramphenicol's chromophore group, which absorbs UV light 

(Aisha et al., 2018; Lisnawati et al., 2019). In UV-Vis spectrophotometry, the intensity of absorbed 

light is measured and presented as absorbance data and spectra (Pratiwi & Nandiyanto, 2022). When 

conducting stability analysis with forced degradation, the spectrophotometric data can be visualized 

to create a more distinct grouping profile among treatments using chemometric analysis methods. 

Chemometrics is a scientific discipline that employs mathematical and statistical techniques 

to process chemical data obtained from measurements. It facilitates data visualization and the 

extraction of relevant information. One significant application of chemometrics is in analyzing the 

degradation of drugs and pharmaceuticals. By using chemometric methods, researchers can create 

grouping profiles of degradation samples, allowing for an evaluation of the relationships between 
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different treatments and the effects of degradative conditions on the samples. Common techniques 

used in data exploration include Principal Component Analysis (PCA) and Partial Least Squares 

Discriminant Analysis (PLS-DA). The results from PCA and PLS-DA indicate the percentage of 

variance, reflecting the extent to which the information in the data can be explained (Roberto de 

Alvarenga Junior & Lajarim Carneiro, 2019). 

Numerous studies have examined the stability of chloramphenicol, employing techniques 

such as chromatography and spectrophotometry. Research on the stability of chloramphenicol in eye 

drops and capsules utilized Thin Layer Chromatography (TLC), revealing degradation percentages of 

23.75% in 1N HCl, 100% in 0.1N NaOH, and 24% under thermal conditions (Musharraf et al., 2012). 

These findings indicate that chloramphenicol experiences significant degradation in alkaline 

environments. Other studies have employed High-Performance Liquid Chromatography (HPLC) for 

stability testing, where samples are injected into a system, and the resulting peaks are analyzed 

(AlAani & Alnukkary, 2016). Additionally, further research utilized UV-Vis spectrophotometry to 

assess the stability of simvastatin compounds under forced degradation, evaluating results based on 

absorbance and degradation percentage (Chavhan & Ghante, 2014). Furthermore, UV-Vis 

spectrophotometry has been integrated with chemometrics in the stability testing of cefoxitin 

sodium (Attia et al., 2018). 

Previous research reviews indicate a lack of studies focusing on the stability testing of 

chloramphenicol through forced degradation using derivative spectrophotometry and chemometric 

analysis. However, there have been some studies employing derivative spectrophotometry for 

stability tests on raw materials and various formulations, such as trandolapril (Jaiswal & Bali, 2024), 

dronedarone hydrochloride (Chadha & Bali, 2016), and colistin sulfate (Mutasim Elimam et al., 2015). 

The specific stability of chloramphenicol has not been extensively investigated. This study aims to 

analyze the stability of chloramphenicol in ear drop preparations subjected to forced degradation 

under acidic, basic, and thermal conditions, utilizing derivative spectrophotometry in conjunction 

with chemometric analysis for evaluation. 

 

2. Method 

2.1. Instruments and materials 

The instruments used in this study included a UV-Vis spectrophotometer (Shimadzu UV-

1780, Japan) equipped with a UV Probe, a water bath, an analytical balance, a micropipette, a 

thermometer, and various glassware. The materials comprised standard chloramphenicol (Sigma-

Aldrich) and chloramphenicol ear drops from brand XX, obtained from a pharmacy in Purwokerto, 
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which were still within their circulation period. Additional materials included 99.9% ethanol (Merck) 

and pro-analysis grade substances, such as 37% hydrochloric acid (HCl), 99% sodium hydroxide 

(NaOH), 30% hydrogen peroxide (H2O2), and distilled water. 

 

2.3. Chloramphenicol measurement 

The procedures conducted in this study included standard preparation, maximum 

wavelength measurement, and the development of a chloramphenicol standard curve, which 

modified methods from previous research on stability (Yugatama et al., 2019). The preparation of 

the chloramphenicol standard began by weighing 100 mg of chloramphenicol, which was then 

dissolved in 50% ethanol in a 100 mL volumetric flask to achieve a final concentration of 1000 µg/mL. 

This 1000 µg/mL stock solution was diluted with ethanol to obtain a 10 µg/mL concentration. The 

absorbance of the 10 µg/mL standard solution was measured using a UV-Vis spectrophotometer 

across the wavelength range of 200-400 nm to generate an absorption spectrum. The 1000 µg/mL 

stock solution was diluted in ethanol to a 100 µg/mL concentration to create the standard curve. This 

100 µg/mL solution was then transferred to a 10 mL volumetric flask, and ethanol was added to 

achieve a final concentration series of 4-16 µg/mL. The absorbance of each solution in this series was 

measured using a UV-Vis spectrophotometer, with ethanol serving as the blank. 

 

2.4. Evaluation of analysis parameters  

To confirm the parameters for spectrophotometric analysis of chloramphenicol 

concentrations, we evaluated linearity, accuracy, and precision according to ICH Q2(R2) guidelines 

(Ermer, 2025). Linearity was assessed by measuring levels across seven different concentrations and 

analyzing the resulting standard curve data. Each concentration was tested in triplicate, with 

absorbance measured at the maximum wavelength using a spectrophotometer. The linearity was 

determined by calculating the correlation coefficient (r) through linear regression between 

concentration and measured absorbance. For accuracy testing, the standard addition method was 

employed. We added three concentrations of standard solution, 75, 100, and 125%, to the 

chloramphenicol sample solution, with each measurement conducted in triplicate. Absorbance 

values were recorded using a spectrophotometer. Additionally, we calculated the % recovery for 

accuracy and the % RSD and HORRAT values for precision testing, using both underivatized and 

derivatized spectra. The calculations for % recovery and % RSD were performed as follows: 

% 𝑟𝑒𝑐𝑜𝑣𝑒𝑟𝑦 =
measured chloramphenicol concentration in sample

 added chloramphenicol concentration in sample
 × 100% 
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% 𝑅𝑆𝐷 =
standard deviation of chloramphenicol measurement results in sample

mean of chloramphenicol measurement results in sample
 × 100% 

 

2.5. Forced degradation test 

The forced degradation test method carried out in this study was adapted from Vyas et al. 

(Vyas et al., 2023). Initially, 0.5 mL of chloramphenicol ear drops were placed in a 50 mL measuring 

flask, and 50% ethanol was added to the mark. From this solution, 15 mL was transferred to another 

50 mL measuring flask, and ethanol was added to the mark, resulting in a final sample concentration 

of 30 µg/mL. 5 mL of the sample was placed in a test tube for the degradation test. To create acidic 

conditions, 1 mL of 0.1 N HCl was added; for basic conditions, 1 mL of 0.1 N NaOH was added; and for 

oxidation conditions, 1 mL of 30% H2O2 was added. The samples for acidic, basic, and thermal 

conditions were heated at 80°C for 2 hours, while the thermal condition sample, containing only 5 

mL of the sample, was heated at 90°C for 4 hours using a water bath. After heating, the samples were 

cooled and neutralized if they had undergone acid or base treatment before being measured with a 

spectrophotometer. Subsequently, all samples from the test tubes were transferred into a 10 mL 

measuring flask, and the volume was adjusted with 50% ethanol. The absorbance of the sample 

solution was then measured using a spectrophotometer over a wavelength range of 200-400 nm, 

with 50% ethanol serving as the blank solution. 

 
3. Results and discussion 

3.1. Chloramphenicol UV-Vis spectral profile and standard curve 

The absorption spectra profile of chloramphenicol in the UV region was obtained by first 

measuring a standard solution. After preparing the standard solution, the next step involved 

measuring the maximum wavelength using a UV-Vis spectrophotometer. This measurement aimed 

to determine the maximum analysis sensitivity at the maximum wavelength, and the absorbance 

changes reached their highest value for each concentration series (Apriliyani et al., 2018). The 

maximum wavelength of the chloramphenicol standard solution was measured using a 

spectrophotometer over a range of 200-400 nm. The results of this measurement are presented in 

Figure 1. 
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Figure 1. Absorption profile and maximum wavelength of chloramphenicol 

The measured wavelength of chloramphenicol was found to be 277.20 nm. This aligns with 

the value stated in the Indonesian Pharmacopoeia Edition VI, which indicates that chloramphenicol 

has a wavelength of approximately 278 nm. The difference between the measured wavelength and 

the literature value falls within the acceptable tolerance limit of ±2 nm. The wavelength of 278 nm 

was then utilized to create a standard curve. This standard curve establishes the relationship 

between absorbance and the concentration of varying standard solutions at the maximum 

wavelength. A standard curve is deemed effective if there is a linear relationship between 

concentration and absorbance, indicating that an increase in concentration corresponds to an 

increase in absorbance. The results of the standard curve for the chloramphenicol standard solution 

are shown in Figure 2. 

 
Figure 2. Standard curve of chloramphenicol standard solution  

Each measurement concentration was replicated three times (n=3) 
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The standard curve results demonstrated the relationship between concentration and 

absorbance for the standard solution within the 4 to 16 µg/mL range, based on three measurements. 

Furthermore, the analysis of the standard curve data yielded a linear regression equation of y = 

0.0512x - 0.0271, with a correlation coefficient (r) of 0.9996, confirming the linearity of the data. 

 

3.2. Evaluation of analysis parameters 

A linearity test was conducted using UV-Vis spectrophotometry to assess the detector's 

response to substance concentration variations and determine if the relationship is linear (Rohmah 

et al., 2021). Linearity is considered acceptable when the correlation coefficient falls between 0.995 

and 1. The linearity results presented in the standard curve in Figure 2 indicate a correlation 

coefficient (r) of 0.9996. This result meets the established criteria, as the r value is within the range 

of 0.995 ≤ r ≤ 1, demonstrating that the method has good linearity and can produce a linear response. 

Accuracy testing measures how closely the analysis results align with the analyte 

concentration, expressed as percentage recovery (% recovery). In contrast, precision testing 

evaluates the method's repeatability by assessing the consistency of results across multiple 

repetitions, indicated by the percentage of Relative Standard Deviation (% RSD) (Ehling et al., 2025). 

Both accuracy and precision are determined using the standard addition method, which involves 

adding standard solutions at three concentration levels: 75, 100, and 125% to the sample solution. 

Measurements are then taken using a spectrophotometer, with three replicates for each 

concentration. The results of the accuracy and precision tests, calculated as percentage recovery (% 

recovery) and percentage of relative standard deviation (% RSD), are presented in Table 1. 

Table 1. Test results for accuracy and precision 

Concentrat
ion level 

Replication 
Standard 

added 

Measur
ed 

level 

Recovery 
(%) 

Average SD RSD (%) HORRAT 

75% 1 5.20 5.56 106.92 111.72 5.11 4.57 0.37 
 2 5.20 6.09 117.11     

 3 5.20 5.78 111.15     

100% 1 6.96 7.72 110.91 111.68 1.58 1.41 0.12 

 2 6.96 7.90 113.50     
 3 6.96 7.70 110.63     

125% 1 8.73 9.81 112.37 111.07 2.97 2.67 0.23 

 2 8.73 9.88 113.17     

 3 8.73 9.40 107.67     

The percentage recovery value for a reliable accuracy test, according to ICH guidelines, 

should fall within the range of 80–120%. Precision is considered acceptable if the HORRAT (Horwitz 
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Ratio) is calculated from the observed RSD and the predicted RSD is less than 2 (Ehling et al., 2025). 

The results presented in Table 1 for both accuracy and precision tests demonstrate that the applied 

analytical method meets these criteria. Specifically, the accuracy test results at concentration levels 

of 75, 100, and 125% yielded values of 111.72% ± 5.11, 111.68% ± 1.58, and 111.07% ± 2.97, 

respectively. These values are within the acceptable 80–120% range, indicating good accuracy. 

Additionally, the precision results based on the % RSD for the same concentration levels were 4.57, 

1.41, and 2.67%, with corresponding HORRAT calculations of 0.37, 0.12, and 0.23, all below 2. This 

confirms that the method also has adequate precision (Ehling et al., 2025). 

 

3.3. Chloramphenicol derivatives spectrum 

The spectrophotometric analysis data will be presented as absorbance values and UV spectra. 

Derivatization spectra in spectrophotometric measurements enhance spectral resolution without 

requiring compound separation, achieved by calculating derivative data from the UV spectra 

(Redasani et al., 2018). In this study, chloramphenicol absorption spectra were derivatized by first 

measuring a standard chloramphenicol solution across a concentration range of 4-16 µg/mL to 

establish a standard curve. The derivatization process continued until the third derivative was 

reached. The results of this derivatization process for chloramphenicol absorption spectra are 

illustrated in Figure 3 and summarized in Table 2 below. 

 

Figure 3. Spectra of chloramphenicol underivatives (a), first (b), second (c), and third (d) derivatives 
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Table 2. Regression analysis of data accuracy and precision in derivative spectra measurements 

Parameter D0 D1 D2 D3 
𝜆max 278 nm 260 nm 234 nm 292 nm 

Slope 0.0347 0.0008 0.0001 0.000004 
R 0.9993 0.9985 0.9981 0.9980 

% RSD 5.661 7.488 7.820 6.926 
HORRAT 0.48 0.64 0.68 0.60 

% Recovery 111.727 123.647 131.4655 130.5077 

The results presented in Figure 3 and Table 2 indicate that the maximum wavelengths for 

the zero to third derivatives were obtained sequentially: 278, 260, 234, and 292 nm. These values 

correspond to the sizes of the absorption peak amplitudes in the spectrum. Furthermore, the linearity 

met the acceptance criteria, with the correlation coefficient (r) falling within the range of reasonable 

linearity requirements, specifically 0.995 < r < 1 (Ermer, 2025). 

The % RSD values for the zero to third derivatives were 5.661, 7.488, 7.820, and 6.926%, with 

corresponding HORRAT values of 0.48, 0.64, 0.68, and 0.60, indicating adequate precision (Ehling et 

al., 2025). The % recovery for the zero to third derivatives was recorded at 111.727, 123.647, 

131.465, and 130.507%. Although there was a tendency for an increase in % recovery during 

derivatization (Table 2), ANOVA analysis revealed no significant differences among these values. 

Therefore, measurements from the zero to third derivative spectra yield relatively consistent results.  

 

3.4. Forced degradation test 

Samples treated with acid, base, oxidation, and thermal methods and control samples without 

treatment were scanned using a spectrophotometer in the wavelength range of 200-400 nm. The 

resulting spectra for these samples are shown in Figure 4, which illustrates the effects of the various 

treatments on chloramphenicol. 

The degradation of chloramphenicol is evident from the differences in the spectra of control 

and treatment samples. The spectra for the acid, base, and thermal samples still show analyzable 

peaks. In contrast, the oxidation sample produced a noisy spectrum in the 230-300 nm wavelength 

range, which corresponds to the absorption area of chloramphenicol, complicating analysis. 

Consequently, further analysis was conducted only on the samples treated with acid, base, and 

thermal methods. 
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Figure 4. UV-Vis spectrum of forced degradation of chloramphenicol control sample (a), acid (0.1 N 

HCl; 80°C for 2 hours) (b), base (0.1 N NaOH; 80°C for 2 hours) (c), thermal (90°C for 4 hours) (d), oxidation 
(30% H2O2; 80°C for 2 hours) (e), absorbance of H2O2 solvent (f) 

Measurements were carried out with three replications (n=3) 
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The degradation spectrum was analyzed using chemometric techniques, specifically PCA and 

PLS-DA. Chemometric analysis provides a percentage of variance that indicates how much 

information is retained and explained and how much is lost and cannot be accounted for. While there 

are no strict rules regarding variance limits, a minimum value of 50% is recommended, as it is 

considered sufficient to represent the data as a whole (Kamil & Hananto, 2023). Consequently, PCA 

and PLS-DA effectively characterize spectral data (Roberto de Alvarenga Junior & Lajarim Carneiro, 

2019). The results of this analysis are presented in Figure 5 for PCA and Figure 6 for PLS-DA. 

 

Figure 5. PCA results of the chloramphenicol spectrum of the zero (a), first (b), second (c), and third (d) 
derivatives 
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Figure 6. PLS-DA results of the zero (a), first (b), second (c), and third (d) chloramphenicol derivative spectra 

In chemometrics, PCA (Principal Component Analysis) simplifies data by creating new 

variables, known as Principal Components (PC), which are linear combinations of the original 

variables. The results of this analysis are illustrated in Figure 5, which displays the grouping profile 

of treatment and control samples. Notably, the acid group tends to cluster closely with the control 

group. On the X-axis (PC1), the first principal component represents the direction in high-

dimensional data space that accounts for the most significant variation. The Y-axis (PC2) indicates 

the second principal component, which captures the second most significant variation in the data, 

ensuring it is orthogonal to PC1. The numbers in brackets next to the axis labels denote the 

percentage of data variance explained by each component. The combined variance explained by the 

first two PCs for non-derivative data is 96.6%, which decreases during derivatization. The first 

derivative results yield a variance of 57.4% for the first two PCs, maintaining above 50%.  

The following chemometric analysis utilizes PLS-DA, a method for discrimination and 

classification that optimizes the separation between sample groups (Aminu & Ahmad, 2020). The 
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PLS-DA results, illustrated in Figure 6, demonstrate that the samples are closely clustered together. 

The variance explained by the first two components is 94.0% for the zero derivative, which decreases 

upon derivatization. Notably, a variance value exceeding 50% is only achieved in the first derivative 

chemometric results, reaching 51.1%. Both PCA and PLS-DA analyses provide insights into the forced 

degradation profiles under various conditions, as shown by the visualization of spectrum data, which 

illustrates the sample grouping following degradative treatments such as acid, base, and thermal 

exposure. 

Figure 7 presents the results of the degradation percentages. The data indicates that 

chloramphenicol degradation is minimal under acidic conditions, based on both the derivatization 

spectrum and non-derivatives. In contrast, degradation is more significant under basic and thermal 

conditions. These findings align with previous research by Musharraf et al.  (Musharraf et al., 2012),  

which demonstrated that the least degradation occurred in samples tested under acidic conditions 

using TLC-densitometry.  

Under basic and thermal conditions related to zero and second derivatives, the basic group 

generally exhibits a higher percentage of degradation than the thermal group. Conversely, thermal 

degradation outweighs basic degradation for the first and third derivatives. These findings align with 

previous research (AlAani & Alnukkary, 2016), which conducted stability tests involving forced 

degradation on chloramphenicol using HPLC. Their results also indicated that the degradation 

percentage under thermal conditions was greater than under basic conditions. The degradation 

percentage is calculated by subtracting the sample content after degradation from the sample 

content before degradation and multiplying the result by one hundred percent. Figure 7 illustrates 

how derivative spectrophotometry can elucidate the forced degradation analysis profile of 

chloramphenicol by revealing the percentage of degradation under various conditions. However, to 

achieve more reliable results, further research using more specific analytical methods, such as 

chromatography with mass spectrometry detectors, is necessary to analyze its compounds' 

degradation better. 
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Figure 7. Degradation diagram of chloramphenicol derivatives to zero (a), first (b), second (c), third (d) 

Previous studies have investigated chloramphenicol and its degradation products (AlAani & 

Alnukkary, 2016). The findings indicate that chloramphenicol is stable in acidic conditions, making it 

resistant to hydrolysis. In contrast, under basic conditions, particularly at pH levels above 10, 

chloramphenicol degrades to form 2-amino-1-(4-nitrophenyl)propane-1,3-diol, as these compounds 

are less stable in alkaline solutions. Additionally, amide compounds like chloramphenicol are 

thermolabile and can be easily hydrolyzed by water vapor when heated (Mitchell et al., 2015). The 

degradation of chloramphenicol is primarily attributed to the reactivity of its carbonyl carbon group 

(C=O) with nucleophiles, which facilitates hydrolysis reactions through nucleophilic substitution, 

leading to the formation of degradation products. 

In line with other studies (AlAani & Alnukkary, 2016) reported that the degradation product 

of chloramphenicol, 2-amino-1-(4-nitrophenyl)propane-1,3-diol, has a wavelength of around 270 

nm. This wavelength falls within the absorption range of chloramphenicol, which is 278 nm. 

Consequently, spectral overlap between the degradation products and the original chloramphenicol 

compound is more likely. Without a standard for the chloramphenicol degradation product, it is 
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challenging to assess this overlap using UV spectrophotometry accurately. The findings indicate that 

to effectively identify the degradation products formed, a standard for the chloramphenicol 

degradation product is essential, along with an analytical instrument capable of separating 

compounds, such as chromatography. 

 

4. Conclusion 

UV-Vis spectrophotometry methods, both non-derivative and derivative, can quantify the 

percentage of chloramphenicol degradation, although the formation of degradation products 

remains unclear. The degradation percentages obtained from the zero derivatives under acidic, basic, 

and thermal conditions are 1.913, 16.053, and 9.652%, respectively. The first derivative's 

percentages are 3.907, 7.241, and 14.188%. Additionally, the PCA and PLS-DA chemometrics analysis 

reveals the grouping profiles of forced degradation samples under various acidic, basic, and thermal 

conditions compared to the control. Notably, chloramphenicol in acidic conditions tends to cluster 

closer to the control sample. Furthermore, the variance from the PCA analysis for the zero and first 

derivatives was 96.6% and 57.4%, respectively. The PLS-DA analysis showed variances of 94.0% for 

the zero derivative and 51.1% for the first derivative. 
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Abstract 
Background: Stunting in Indonesia remains a significant health issue that cannot be overlooked. Stunting 
can be addressed through the consumption of foods derived from both animal and plant sources, which are 
high in protein and rich in essential amino acids beneficial for preventing stunting. The provision of biscuits 
fortified with catfish and spinach flour is anticipated to assist the government in reducing the prevalence of 
stunting. 
Objective: The aim of this study was to develop a functional food product formula utilizing catfish and 
spinach flour, while also analyzing the nutritional content of the resultant biscuits. 
Method: This research employed three biscuit formulas with varying ratios of catfish and spinach flour 
specifically F1 (15 g : 45 g), F2 (30 g : 30 g), and F3 (45 g : 15 g). Chemical analyses conducted on the biscuits 
included tests for moisture content and ash content using the gravimetric method, protein analysis utilizing 
the Kjeldahl method, fat analysis via the Soxhlet extraction method, and carbohydrate analysis employing 
the titrimetric method. 
Results: Based on the tests of the three biscuit formulas, it was found that the biscuits with formula F3 meet 
the minimum requirements outlined by the SNI, except for ash content. The protein content was 11.03%, the 
fat content was 31.073%, the water content was 2.26%, and the ash content was 2.98%. The protein content 
in formula F3 was higher than that in formulas F1 and F2 and has a high enough iron content at 5.025 mg/100 
g. 
Conclusion: It can be concluded that biscuits with F3 formula meet the nutritional values required by SNI 
regarding protein, fat, and water content. This formula has an opportunity for further development to 
enhance the carbohydrate, iron, and ash content of the biscuit to comply with SNI standards. 
Keywords: Catfish biscuit, food fortification, processed food, spinach biscuit, stunting 

1. Introduction 

Stunting remains a significant nutritional challenge for the Indonesian government. Stunting 

is a growth disorder that occurs during the early stages of a child’s life and can result in permanent 

damage (UNICEF/WHO/World Bank Group, 2021). Furthermore, addressing stunting is one of the 

objectives of the Sustainable Development Goals (SDGs), specifically related to Goal 2: Zero Hunger, 

which aims to reduce stunting by 40% by 2025 (Kemenkes RI, 2020).  

Stunting is caused by inadequate nutrient intake, particularly protein and iron, as well as 

limited knowledge among parents regarding nutrition and the preparation of nutritious foods. These 

factors adversely affect the nutritional intake of children from conception to birth (Handarini & 

Madyowati, 2021; Rahmawati et al., 2021). Stunting requires special attention and must be 

prevented, as it is associated with decreased intellectual abilities and productivity, as well as an 

increased risk of degenerative diseases in adulthood. The growth of brain cells, which occurs rapidly, 

typically ceases or reaches its peak by the age of 4-5 years. Consequently, optimal brain development 

can only be achieved if the child attains a good nutritional status (Mohamad et al., 2022). 

http://journal.uii.ac.id/index.php/JIF
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Efforts to improve the nutritional status of toddlers can be made by developing 

supplementary feeding formulas to enhance their nutritional value. One form of supplementary food 

is biscuit, a dry food product that is processed by baking dough using wheat flour, fat, and leavening 

agents. Biscuit can be formulated by incorporating other permitted food items, such as local 

ingredients (Wijinindnyah et al., 2022). Utilizing local food sources can serve as an alternative to 

address limited access to food for families and help mitigate food insecurity and malnutrition 

(Sutyawan et al., 2022). Examples of local food ingredients from Kalimantan that can be processed 

into biscuits include catfish and green spinach. These ingredients are commonly consumed by the 

local population, readily available, and relatively affordable.  

Food plays an important role in the growth of toddlers. Addressing malnutrition in toddlers 

can be done through the diversification and development of supplementary food formulas, 

considering aspects of nutrition, health benefits, acceptability, shelf-life, and the advantages of local 

food resources. Meeting the nutritional needs of toddlers can be achieved by increasing the intake of 

nutritious foods, such as catfish and spinach (Untari et al., 2022).  

Catfish contains 17% protein, 6.6% fat, 0.23 – 1.3% carbohydrates, 0.9% ash, and 74.4% 

water. Compared to the fat content of other freshwater fish such as snakehead fish (4.0%) and carp 

(2.9%), catfish has a higher fat content (Nurfajrina & Hastuti, 2021). Spinach is rich in calcium, iron, 

vitamin A, B, E, and C, fiber, and beta-carotene. It also has high mineral content, especially iron, which 

can be utilized to combat stunting (Suciati et al., 2020). 

Based on the background, the researchers conducted a study aimed at creating a functional 

food formula using catfish and spinach flour, also analyzing the macronutrient and iron content of 

the biscuits. With the development of this biscuit formula, we hope to create a functional food product 

that can contribute to stunting prevention efforts. Fortified biscuits made with catfish and spinach 

flour are expected to support government initiatives aimed at preventing stunting. 

 

2. Methods 

2.1. Sample preparation 

 The research was conducted at the Food Technology Laboratory and the Chemistry 

Laboratory of the Nutrition Departement, Poltekkes Kemenkes Palangka Raya. The research was 

conducted from January to March 2024. The sample preparation stage consists of making catfish 

flour, spinach flour, and the formulation of the biscuit.  
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2.1.1. Preparation of catfish flour 

The procedure for processing catfish flour was based on the method used by Suciati et al. 

(2020), with slight modifications. One kilogram of cleaned catfish was weighed. The weighed catfish 

was seasoned with lime juice and salt and steamed for approximately 10 minutes. After that, to 

remove excess fat, the catfish was crushed and squeezed using cloth. The crushed catfish was dried 

in a dehydrator at 40oC for 10 hours. The dry catfish was ground using a blender, mixed with wheat 

flour until evenly mixed, and sifted with an 80 mesh sieves.  

2.1.2. Preparation of spinach flour 

The procedure for processing spinach flour followed the method used by Machfudloh et al. 

(2019) with modification. The spinach leaves were cleaned and separated from the stems. 300 grams 

of spinach leaves were dried using dehydrator at 60oC for 19 hours. The dried spinach leaves were 

ground using a blender for 5 minutes a sifted with an 80-mesh sieve. 

2.1.3. Formulation of catfish and spinach biscuits 

In this study, biscuits were made with three formulas and using 10 kinds of ingredients as 

shown in Table 1 (Mohamad et al., 2022). 

Table 1. Biscuit formulations 
Ingredients F1 F2 F3 
Wheat flour 240 g 240 g 240 g 
Catfish flour 15 g 30 g 45 g 
Spinach flour 45 g 30 g 15 g 
Milk powder 10 g 10 g 10 g 

Margarine 50 g 50 g 50 g 
Baking powder 3 g 3 g 3 g 

Vanilla 3 g 3 g 3 g 
Salt 3 g 3 g 3 g 

Sugar 65 g 65 g 65 g 
Egg 1 1 1 

The procedure for making biscuits followed the method used by Suciati et al. (2020). All 

ingredients were weighed according to the formula of each biscuit and mixed thoroughly until well 

combined. The dough was then poured into a mold then baked in an oven at 100oC for 35 minutes. 

 

2.2. Method and result analysis 

The biscuits were analyzed for protein, carbohydrate, water, and ash content. These tests 

followed the method that used by Annisa & Suryaalamsah (2023), Bolang et al. (2022), Pebrina et al. 

(2021), Yudhistira et al. (2019) with minor modifications. Protein content was analyzed using 

Kjeldahl method, carbohydrates were measured using Titrimetric method, and fat content was 
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measured using Soxhlet extraction method. Water and ash content were analyzed using Gravimetric 

method. Iron content was assessed using Atomic Absorption Spectroscopy (AAS). 

2.2.1. Protein analysis 

As many as 2 grams of biscuit samples were placed in a 100 mL Kjeldahl flask, along with 2 

catalyst tablets and some boiling stones. Then, 15 mL of H2SO4 (95%-97%), and 3 mL of H2O2 were 

slowly added, and the solution was allowed to stand for 10 minutes in an acid room. Destruction was 

performed at 410oC for about 2 hours until the solution became clear. Cooled the samples to room 

temperature and diluted with 50-75 mL of distilled water. 

Afterward, 25 mL of 4% boric acid solution was added into an Erlenmeyer flask. The flask 

containing the destruction result was placed in a stem distillation apparatus, and 50-75 mL of sodium 

hydroxide thiosulfate solution was added. The distillate was collected in the Erlenmeyer flask 

containing the 4% boric acid solution until it reached a volume of at least 150 mL. The distillate was 

then titrated with standardized 0.2 N HCl until the color changed from green to neutral grey. 

2.2.2. Fat analysis 

An empty round-bottom flask was weighed for fat analysis. Two grams of biscuit sample were 

placed in a Soxhlet extractor and destructed at 60°C for 8 hours. The fat and chloroform mixture in 

the flask were evaporated until dry. The round-bottom flask containing the fat was placed in an oven 

at 105°C for 2 hours. The flask and fat were cooled in a desiccator for 30 minutes. 

2.2.3. Carbohydrate analysis 

Ten milliliters of biscuit sample solution was pipetted into an Erlenmeyer flask. Then, 10 mL 

of Fehling’s A and B solution and 2-4 drops of 0.2% methylene blue were added. The mixture was 

heated on a hot plate magnetic stirrer. Once boiling, it was titrated with a standard sugar solution 

until the blue color disappeared. The titration was performed quickly. 

2.2.4. Moisture content analysis 

Two grams of finely ground biscuit sample were placed in a pre-weighed porcelain crucible. 

The sample was dried in an oven at 100-150°C (3-5 hours). After that, the sample was cooled in a 

desiccator and weighed. The sample was redried in the oven for 30 minutes, cooled, and weighed 

again. This process was repeated until a constant weight achieved. 

2.2.5. Ash content analysis 

An empty porcelain crucible was burned in a furnace at 550°C for 1 hour. The crucible was 

dried in an oven at 100-105°C for an hour, cooled in a desiccator for 15 minutes, and weighed until a 

constant weight was achieved. Next, 5 grams of biscuit were placed in the crucible and ash in the 

furnace at 550°C for 4 hours. The ash sample was dried in an oven at 100-105°C for an hour, cooled 
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in a desiccator for 15 minutes and weighed. The process was repeated until a constant weight was 

achieved. 

2.2.6. Iron (Fe) analysis 

The iron content of the biscuit samples was analyzed using Atomic Absorption Spectroscopy 

(AAS) with 510 nanometers wavelength. 

 

3. Result and discussion 

The nutritional content of the biscuits was tested using proximate analysis. The results of the 

analysis of the biscuits with catfish flour and spinach flour substitution are presented in Table 2. 

Table 2. Results of moisture, ash, carbohydrate, protein, and fat content testing of formula F1, F2, and F3 

No. Chemical analysis 
Results 

F1 (mean ± SD) F2 (mean ± SD) F3 (mean ± SD) 
1. Protein (%) 9.74 ± 0.366 10.44 ± 0.087 11.03 ± 0.083 
2. Fat (%) 31.217 ± 0.253 30.939 ± 0.779 31.073 ± 0.512 
3. Carbohydrate (%) 43.08 ± 0.250 43.37 ± 0,193 43.13 ± 0,184 
4. Moisture content (%) 3.75 ± 0.013 2.08 ± 0.022 2.26 ± 0.017 
5. Ash content (%) 3.34 ± 0.029 2.93 ± 0.072 2.98 ± 0.057 
6. Iron (%) 7.157 ± 0.11 6.530 ± 0.08 5.025 ± 0.09 

The protein content analysis for the three biscuit formulas, as presented in Table 2, shows 

that all biscuits have a protein content above 5%. According to SNI 2973-2011, the minimum protein 

requirement for biscuits is 5%. Protein is essential for the body to maintain normal metabolic 

processes. Both animal and plant proteins contain amino acids that help build and repair body 

tissues, form hormones and enzymes, and serve as an energy source (Sidoretno et al., 2022). 

Insufficient consumption of protein-rich foods can lead to a protein energy deficiency in 

children (Untari et al., 2022). A fast-acting approach to addressing stunting is encouraging the 

continuous consumption of animal protein sources, which are high in protein and essential amino 

acids (Eliana et al., 2022). Fish, including catfish, is a rich source of amino acids (Handarini & 

Madyowati, 2021).  

According to SNI 01-2973-1992, the minimum fat content required in biscuits is 9.5 g/ 100 g 

(Loppies et al., 2021). As shown in Table 2, all the biscuit formulas meet this standard, with fat 

content percentages exceeding 30%. Fat is necessary for the body to function properly and aids in 

the absorption of vitamins A, D, E, and K. A lack of fat can lead to vitamin deficiencies (Sidoretno et 

al., 2022). Research conducted by Pandiangan (2021) indicates that catfish contains omega-3 and 

omega-6 fatty acids, which are beneficial for human health, including children’s health (Pandiangan, 

2021). Fish contains omega-3 fatty acids, which are polyunsaturated essential fatty acids crucial for 

brain development in children (Handarini & Madyowati, 2021).  
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The carbohydrate content of biscuits with formulas 1, 2, and 3 are 43.08, 43.37, and 43.13%, 

respectively. According to SNI (1992), the minimum carbohydrate content required for biscuits is 

70%, meaning that these biscuits do not meet the carbohydrate quality standards set by SNI. 

Carbohydrates serve as the body’s primary energy source (Sidoretno et al., 2022). Ingredients in 

biscuits that contain carbohydrates include wheat flour, milk, and sugar (Gita & Danuji, 2018). To 

increase the carbohydrate content of biscuits, it is suggested to increase the proportion of wheat flour 

and powdered sugar in the biscuit dough. Wheat flour consists of 67-70% carbohydrates (Annisa & 

Suryaalamsah, 2023). 

SNI 01-2973-2011 states that the maximum moisture content in biscuits should be 5%. The 

water content analysis for three biscuit formulas shows that all biscuits (F1, F2, and F3) have 

moisture levels below 5%. Moisture content is crucial for determining the freshness and shelf-life of 

food products. High moisture content promotes the growth of microorganisms, leading to faster 

spoilage (Sidoretno et al., 2022).  

The ash content of the biscuit formulas, as presented in Table 2, exceeds the maximum 

allowed by SNI, which is 2%. Ash content measures the mineral content in food (Sidoretno et al., 

2022). The high ash content in these biscuits is influenced by the mineral-rich ingredients used, 

particularly spinach. Spinach contains high levels of minerals, such as calcium, iron, and vitamins A, 

B, E, and C (Suciati et al., 2020).  

The average iron content found in the biscuits was as follows: formula F1 = 7.157 mg/ 100 g, 

formula F2 = 6.530 mg/ 100 g, and formula F3 = 5.025 mg/ 100 g. The biscuit formula with the highest 

iron content was F1. Based on The Nutritional Adequacy Rate for Indonesian People, the iron intake 

requirement is 7 – 8 mg per day (Kemenkes RI, 2019). Consuming 100 g of formula F1 biscuit can 

meet the iron requirement per day. 

Green spinach is rich in iron, which is essential for red blood cell production. Adequate red 

blood cell production helps prevent anemia. Iron-deficiency anemia increases the risk of low birth 

weight (LBW), reduced iron stores in infants, and can disrupt brain growth and development 

(Sulistyaningrum & Fitriyanti, 2022). Fresh spinach contains 2.71 mg of iron per 100 grams (Falah 

AS et al., 2023). The higher iron content in the biscuits compared to fresh spinach may be due to the 

additional iron present in catfish. Catfish contains approximately 1.6 mg of iron per 100 grams 

(Sulistyaningrum et al., 2021). Fish consumption can also help improve iron absorption (Handarini 

& Madyowati, 2021).  
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4. Conclusion 

Based on nutritional calculations, it was found that biscuit with formula F3 met the minimum 

requirements of SNI regarding moisture, protein, and fat content. However, it did not meet the 

minimum standards of carbohydrate, ash, and iron content (except formula F1). Further research 

should modify the biscuit formula by adding the concentration of spinach flour in the formula and 

combining the formula with wheat flour, so that the biscuit can meet the minimum standards of 

carbohydrate, ash, and iron content. 
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Abstract   
Background: Saluang belum (Luvunga sarmentosa (Blume) Kurz.) is an endemic plant native to the 

Kalimantan region. The Dayak people traditionally consume a decoction of L. sarmentosa root to improve 

stamina. Previous research has confirmed that the roots of L. sarmentosa possess antioxidant properties. 

Objective: This study aims to determine the characterization values of both specific and nonspecific 
parameters of the ethanol extract from L. sarmentosa roots, as well as to assess the total flavonoid content. 
Method: The research samples were collected from Timpah Village, Central Kalimantan. The methods for 
standardization employed the general standard parameters for Indonesian Herbal Extracts and the 
Pharmacopoeia. Specific parameters include the characteristics of the extract, phytochemical screening, and 
thin-layer chromatography profiles, while nonspecific parameters consist of determining water content, 
total ash, acid-insoluble ash content, and heavy metal contaminants (Pb, Cd, and Hg). The total flavonoid 
content was determined using a colorimetric method with AlCl₃ and quercetin as the standard. 
Results: The extract was characterized as a thick, yellowish-brown substance with a strong, distinct odor 
and a bitter taste. It contains alkaloids, flavonoids, tannins, terpenoids, and steroids. The TLC profile revealed 
four distinct spots using a non-polar eluent and six spots with a polar eluent. The extract yield was 8.57%, 
with an average water content of 2.43±0.15%, total ash content of 1.50%, and acid-insoluble ash content of 
1.00±0.87%. Heavy metal contamination levels were determined as follows: Pb < 0.001 mg/kg, Cd 0.446 
mg/kg, and Hg 2.077 mg/kg. The total flavonoid content of the extract was quantified at 6.9147 ± 0.0083 mg 
QE/g extract. 
Conclusion: All specific and non-specific parameters of the extract meet the requirements except for the 
heavy metal contaminants of Hg and Cd, which are still within the threshold limits set by BPOM. Meanwhile, 
the total flavonoid content measured was 6.9147 ± 0.0083 mg QE/g. 
Keywords: Saluang belum, Lavanga sarmentosa, total flavonoid, Dayak tribe, extract standardization 

1. Introduction 

Indonesia is one of the countries with a tropical climate, allowing it to possess a diversity of 

advantageous biological natural resources. It is home to an abundance of plant species with immense 

potential as sources of medicinal compounds. Ancient civilizations have utilized medicinal plants for 

therapeutic purposes, drawing upon empirical knowledge. One of the plants commonly used for 

medicinal purposes is saluang belum (Marjoni, 2022).  

Saluang belum (L. sarmentosa) is an endemic plant species found exclusively in Central and 

South Kalimantan. Local communities have historically recognized and employed it as traditional 

medicine for various of diseases, including back and kidney pain, as well as vitality enhancer 

(Anggriani, 2018). The Dayak people traditionally consume boiled water infused with the roots of L. 

sarmentosa once daily to enhance male fertility, sexual desire, and endurance (Wardah & Sundari, 

2019). Previous studies have established that saluang belum root has antioxidant properties with an 

http://journal.uii.ac.id/index.php/JIF
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IC50 of 80.33 ppm. It is undeniably impacted by the concentration of secondary metabolites, including 

phenol and flavonoid compounds (Wathan & Rizki, 2020). The highest total flavonoid content in L. 

sarmentosa roots was found in the extract using 96% ethanol as the solvent, measuring 6.56 ± 0.006 

% w/w QE, compared to 4.10 ± 0.084 % w/w QE with methanol and 5.36 ± 0.012 % w/w QE with 

ethyl acetate (Wathan et al., 2023). According to the research by Musfirah et al. (2016), 

histopathological examinations of testicular organs treated with a 70% ethanol extract of L. 

sarmentosa roots indicate that spermatogenesis occurs normally in mice and that administration of 

the extract does not harm the testes. Applying a 70% ethanol extract of L. sarmentosa influences the 

formation of spermatocyte and spermatid cells, which indicates an increase in male fertility. 

It is imperative to evaluate the character of traditional medicine with respect to its safety, 

effectiveness, and overall quality (Aulani, 2018). The regulatory framework governing the quality of 

traditional medicine is specified in regulation No. 32 of 2019, which is issued by the Indonesian Food 

and Drug Monitoring Agency (BPOM RI). Two parameters are used to standardize extracts, namely 

specific and nonspecific parameters (Najib et al., 2017). Specific parameters refer to the aspect of 

both qualitative and quantitative chemical analysis that pertain to the concentrations of active 

compounds and the pharmacological activity of an extract. Nonspecific parameters refer to the 

physical, chemical, and microbiological analyses pertaining to the stability and safety of an extract 

(Marpaung & Septiyani, 2020). Determining the parameters of extract of L. sarmentosa is essential 

for ensuring consistent quality, efficacy, and safety, especially for its future development as a 

pharmaceutical product. This research highlights the importance of creating standardized 

parameters that can help validate and optimize the extract’s therapeutic potential, supporting its 

reliable use in medicine. Determining total flavonoid content in L. sarmentosa extracts is critical for 

guaranteeing consistent extract quality and supporting its development as a standardized herbal 

medicine. 

 

2. Method 

2.1. Sample preparation 

The roots of L. sarmentosa were collected in January 2023 from Timpah Village in Kapuas 

Regency, Central Kalimantan Province. The roots were extracted from mature L. sarmentosa plants, 

approximately 2 meters in height, exhibiting acceptable conditions, and identified as "male" due to 

the presence of thorns on the stem and leaf axils. A two kilograms sample was gathered, and the 

complete plant was submitted for identification to the Laboratorium Dasar at the Faculty of 

Mathematics and Natural Sciences, Lambung Mangkurat University. 
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2.2. Extraction 

 The fresh L. sarmentosa roots were wet-sorted and then thoroughly washed under flowing 

water and chopped. Subsequently, it was desiccated at 55°C in a drying cabinet. Using a blender, the 

root simplicia was subsequently ground into powder form (Kemenkes RI, 2017). The extraction of L. 

sarmentosa roots was performed using the maceration technique. A total of 250 g of L. sarmentosa 

root powder (simplicia) was weighed and transferred into a maceration vessel. An ethanol solvent 

was then added to cover the powder, reaching a depth of 1 to 2 cm above its surface. The extraction 

process was carried out over three cycles, each lasting 24 hours, with agitation every six hours. The 

solvent was replaced after each 24-hour period. The resulting macerate was filtered and evaporated 

using a water bath (50°C) to complete the extraction procedure. 

 

2.3. Method and result analysis 

2.3.1. Specific parameters  

a) Extract description 

The five senses describe the shape, color, odor, and flavor of the extract. It aims to provide 

an objective and straightforward introduction to the extract (Depkes RI, 2000). The shape, color, 

odor, and flavor of the extract can be described to a group of panelists. 

b) Yield percentage 

The yield is calculated as the proportion of the extracted substance to the initial simplicial 

(Depkes RI, 2000). The following formula is utilized to determine the percentage yield. 

% yield =
weight of extract obtained (g)

weight of simplicial prior to extraction (g)
 x 100%  (Wijaya et al., 2018) 

c) Phytochemical screening 

Phytochemical screening was conducted to identify key bioactive compounds in the plant 

extract, and it allowed for a preliminary assessment of the extract’s bioactive components. 

Phytochemical screening includes the identification of alkaloids using Dragendorff reagent, 

flavonoids using AlCl3, foam tests for saponin, tannins with FeCl3 reagent, quinones using H2SO4, and 

terpenoid/steroid compounds using Liebermann Burchard method (Yuda et al., 2017).  

d) Profile of thin-layer chromatography 

One hundred milligrams of thick ethanol extracts from L. sarmentosa root were measured. 

The extract was solubilized in 10 mL of ethanol and subsequently filtered using filter paper. The L. 

sarmentosa roots extract solution was spotted onto a GF254 silica gel plate and further eluted with 

polar ethyl acetate eluent:n-hexane (7:3) and a non-polar ethyl acetate eluent:n-hexane (3:7) solvent 

system. Next, the eluted plates were examined under UV light at 254 nm to reveal the stains.  
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2.3.2. Non-specific parameters 

a) Determination of the water content 

The water content was determined using the toluene distillation technique. Toluene is first 

saturated with water, agitated until homogeneous, and then allowed to settle until it separates into 

two layers (the toluene phase and the water phase). The toluene layer is used as the solvent to 

determine the water content. After weighing 1 g of L. sarmentosa root extract, 40 mL of saturated 

toluene was added to a round-bottom flask. Following 100 minutes of boiling distillation, the mixture 

was cooled to room temperature. The observed volume of water was then converted into a 

percentage (Depkes RI, 2008). The maximum limit of water content is ≤ 10% (BPOM RI, 2019).  

b) Determination of the overall ash content 

The amount of 2 g of extract, which had been meticulously weighed and crushed, was placed 

in a heated silicate crucible and leveled. Then, it was cooled after slowly heating the charcoal until it 

was gone prior to weighing it. When this technique fails to eliminate the charcoal, heated water is 

introduced, and the solution is filtered via ash-free filter paper. Filter paper and the residual paper 

are both heated in the identical crucible. The filtrate was placed to the crucible, then it was 

evaporated, heated, and weighed to a fixed weight. The ash content is calculated through the air-dried 

material (Depkes RI, 2000).  

c) Determination of acid insoluble ash 

The ashes acquired during ash content analysis were subjected to boiling for 5 minutes in 25 

mL of diluted hydrochloric acid. The insoluble fraction of the acid was gathered, and the ash was 

filtered using ash-free filter paper and subsequently washed with hot water. The residue and filter 

paper were burnt until a constant weight was attained. The acid-insoluble ash content was 

determined using the air-dried sample (Depkes RI, 2000).  

d) Determination of heavy metals contamination  

Heavy metal contamination (Pb, Cd, and Hg) can be analyzed using the atomic absorption 

spectrophotometry (AAS) method. A total of 1 g of extract was added to 10 mL of concentrated HNO₃. 

The mixture was then heated until it becomes thick or dry. Once the extract was thick and cooled, 10 

mL of distilled water and 5 mL of perchloric acid were added. The mixture was re-heated again until 

thick and then filtered into a 50 mL volumetric flask. Distilled water is added up to 50 mL, and the 

sample is measured using the AAS method (Depkes RI, 2000). Lead (Pb) contamination is limited to 

≤ 10 mg/kg or mg/L, cadmium (Cd) to ≤ 0.3 mg/kg or mg/L, and mercury (Hg) to ≤ 0.5 mg/kg or 

mg/L, as per BPOM RI regulation (2019).  
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2.3.3. Total flavonoid determination 

Quantitative analysis was performed using UV-Vis spectrophotometry to determine the total 

flavonoid content of the 70% ethanol extract of L. sarmentosa root. The total flavonoid content was 

determined using a colorimetric method with AlCl₃ as a reagent and quercetin as the standard.  

3. Result and discussion 

 The identification of the L. sarmentosa sample confirmed that the saluang belum plant from 

Timpah Village, Kapuas Regency, Central Kalimantan, belongs to the species Luvunga sarmentosa 

(Blume) Kurz and is classified under the Rutaceae family, as stated in certificate 

065/LB.LABDASAR/II/2023. Two kilograms of L. sarmentosa roots, from mature plants at least 2 

meters tall, were collected, washed, sliced, and dried at 55°C for eight hours. The dried roots were 

then ground into powder (simplicia) and stored in an airtight container, protected from direct 

sunlight. From the initial collection, 1201.5 grams of simplisia powder were obtained, equating to a 

yield of 60.075%. The simplicia powder was further subjected to maceration using 96% ethanol. A 

total of 250 grams of the powdered roots were processed, resulting in 21.44 grams of extract, which 

represents an extraction efficiency of 8.57%.   

 

3.1. Specific parameters 

3.1.1. Characteristics of the extract 

Extract description (Table 1) was conducted by administering a questionnaire regarding the 

shape, color, odor, and flavor of the L. sarmentosa root extract sample to 5 panelists. The viscous 

extract was procured through the process of evaporation, employing a rotary evaporator in 

conjunction with a water bath maintained at a temperature of 50°C. The hue of the resultant extract 

manifests as a yellowish-brown shade. The alteration in colour can be attributed to the oxidation 

reactions prompted by the thermal effects of the filtrate's evaporation into extracts (Ramayani et al., 

2021). The scent and taste generated by the thick extract of L. sarmentosa roots can be ascribed to 

the secondary metabolites contained within, which include bitter-tasting substances like flavonoids 

and alkaloids (Hasby et al., 2019). 

Table 1. Results of the description of L. sarmentosa root extract 
Figure  Shape Color Odor  Flavor 

 

viscous yellowish brown strong, distinct bitter 
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3.1.2. Phytochemical screening  

Table 2. Phytochemical result of L. sarmentosa roots extract 
No Phytochemical 

compounds 
Test results Conclusion 

1. Alkaloid Sediment orange and yellow Positive 
2. Flavonoid Color of solution red yellowish Positive 
3. Saponins Not formed foam Negative 
4. Tannin Green-black color of the solution Positive 
5. Quinone  No color solution changed Negative 
6. Steroid Formed ring blue greenish Positive 
7. Terpenoid Formed ring brownish  Positive 

The phytochemical screening test (Table 2) shows that viscous extracts of L. sarmentosa 

roots contain alkaloids, flavonoids, tannins, terpenoids, and steroids. The identification of steroid 

compounds was carried out using the thin layer chromatography (TLC) method. The Liebermann-

Burchard reagent sprayed on a plate coated with L. sarmentosa root extract, followed by heating in 

an oven at 105°C for 5 minutes. The TLC results showed a green stain, indicating the positive 

presence of steroids. Positive steroid reactions are confirmed by the appearance of blue-green stains 

(Yuda et al., 2017). According to Anggriani's research (2018), the roots of L. sarmentosa also tested 

positive for steroids and flavonoids using TLC. Additionally, another study identified alkaloids, 

terpenoids, flavonoids, tannins, and steroids in the roots of L. sarmentosa using LC-MS (Syarpin et al., 

2023). Qualitative testing is based on observing color changes that occur after the sample is treated 

with specific reagents. A negative test result, indicating the absence of a compound, may be due to 

the compound being present in very low concentrations in the extract. 

3.1.3. Thin layer chromatography (TLC) profile 

The TLC profile of L. sarmentosa root extracts (Figure 1), utilizing a nonpolar mobile phase 

of ethyl acetate:n-hexane (3:7) and examined under UV illumination at 254 nm, exhibited four spots 

with Rf values between 0.56 and 0.88 (Table 3). The TLC profile utilizing a polar mobile phase of 

ethyl acetate:n-hexane (7:3) under identical UV light conditions exhibited six spots with Rf values 

between 0.58 and 1.08. The spots and Rf values were examined under a 254 nm UV light, generating 

a luminous background, while the sample manifested as dark spots. The identification extract 

utilizing TLC seeks to observe the separation of samples through characteristic chromatogram 

patterns, which arise from polarity discrepancies between the sample and the solvent (eluent), 

thereby providing insights into the initial chemical composition based on the chromatogram pattern 

(Depkes RI, 2000). The Rf value was ascertained for the purpose of compound identification. The Rf 

value is the ratio of the distance travelled by the eluent to the phase movement on the TLC plate, 

serving as a comparative metric among samples (Sopiah et al. 2019). 



72 | Zahra et al. / Jurnal Ilmiah Farmasi (Scientific Journal of Pharmacy) 21(1) January-May 2025, 66-77  

                                                      

       

Figure 1. TLC results under UV254 nm with (A) ethyl acetate:n-hexane (3:7) v/v and (B) ethyl acetate:n-hexane 
(7:3) v/v as mobile phase. 

Table 3. Rf value of L. sarmentosa root extract using n-hexane:ethyl acetate mobile phase under 254 nm UV 
light 

Non polar mobile phase/ 
ethyl acetate:n-hexane (3:7) 

Polar mobile phase/ 
ethyl acetate:n-hexane (7:3) 

Rf1 = 
2,8

5
 = 0.56 Rf1 = 

2,9

5
 = 0.58 

Rf2 = 
3,3

5
 = 0.66 Rf2 = 

3,6

5
 = 0.72 

Rf3 = 
3,9

5
 = 0.78 Rf3 = 

4,0

5
 = 0.8 

Rf4 = 
4,4

5
 = 0.88 Rf4 = 

4,5

5
 = 0.9 

 Rf5 = 
4,8

5
 = 0.96 

 Rf6 = 
5,4

5
 = 1.08 

 

3.2. Nonspecific parameters 

3.2.1. Determination of the water content  

This study used the toluene distillation method, which fundamentally utilizes toluene-

saturated water, to ascertain the water content. Toluene is saturated, thereafter mixed with water, 

agitated until homogeneous, and allowed to stand until two distinct layers are created (aqueous and 

toluene phase). Layer toluene is used as a solvent in the determination of water content. Weigh the 

extract root L. sarmentosa as much as 1 g, then enter it into a round-bottom flask, and 40 mL of 

toluene was added to saturation. Distil for 100 minutes until boiling, then cool down until reaching 

room temperature. The volume of water obtained was observed and calculated in percentage form 

(Depkes RI, 2008). The result of determining the water content of ethanol extracts of L. sarmentosa 

roots is 2.43 ± 0.15%. The stipulations outlined in this requirement have been satisfied, as the water 

content is below 10%. Water content determination is conducted to assess the residual water 

remaining after the drying or concentration process, with the aim of establishing a permissible range 

or maximum value for the extract’s moisture content. This determination is crucial because high 

water levels can provide a favourable environment for bacteria and fungi, which may degrade the 

 B 
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extract's constituent compounds (Wahyuni & Anggelina, 2021). Additionally, water content is linked 

to the extract's purity. Excessively high-water content (>10%) can promote microbial growth, which 

in turn reduces the stability of the extract (Utami et al., 2017). 

3.2.2. Determination of total ash content and acid insoluble ash content 

Determination of ash content has the principle of oxidizing inorganic substances at high 

temperatures (600°C) and then weighing the substances left behind during the ashing process; the 

higher the ash content, the more mineral content in the extract (Maulana, 2016). The total ash content 

of the ethanol extract from L. sarmentosa roots was determined to be 1.50% ± 0, meeting the 

requirement of less than 1.9% (Kemenkes RI, 2017). This result satisfies the specified guidelines. 

Higher total ash content indicates a greater presence of minerals in the material or sample, which 

may include calcium, phosphorus, magnesium, sodium, chloride, or heavy metals such as mercury, 

lead, copper, and others (Utami et al., 2017). Additionally, the acid-insoluble ash content of the L. 

sarmentosa root extract was found to be 1.00% ± 0.86, also meeting the requirement of less than 

1.5% (Kemenkes RI, 2017). This result complies with the outlined stipulations. Acid-insoluble ash 

content serves as an indicator of metal or mineral contamination that is insoluble in acid. Elevated 

acid-insoluble ash content suggests the presence of silicates from sand or soil, as well as metals such 

as silver, lead, and mercury (Utami et al., 2017). 

3.2.3. Determination of heavy metal contamination (Pb, Cd, and Hg) 

Natural components in the soil, known as heavy metals, are incapable of degradation or 

destruction. These compounds can infiltrate the human body through food, drinking water, and air 

(Hardani et al., 2022). Heavy metal contamination is a quality requirement that needs to be 

considered in the manufacture of traditional medicines (Susanti et al., 2023). The test results for 

heavy metal contamination in L. sarmentosa root extract showed a lead (Pb) content of <0.001 mg/kg. 

The permissible limit for Pb contamination is ≤10 mg/kg or mg/L, so the results comply with the 

established requirements. However, the cadmium (Cd) contamination level in the root extract was 

found to be 0.446 mg/kg, exceeding the permissible limit of ≤0.3 mg/kg or mg/L, meaning the result 

does not meet the requirements. Additionally, the mercury (Hg) content was 2.077 mg/kg, also 

exceeding the allowed limit of ≤0.5 mg/kg or mg/L, indicating the result does not comply with the 

regulations (BPOM RI, 2019). Based on this data, L. sarmentosa root extract is contaminated with Cd 

and Hg heavy metals. This contamination may be attributed to natural processes or pollution from 

human activities. Cd contamination can originate from the combustion of domestic waste, coal, or 

other fossil fuels (Syamsuddin & Rasjid, 2022). Mercury is a naturally occurring element found in the 

environment in metallic form, as mercury salts, and as organic mercury. It enters the environment 
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through the natural breakdown of minerals in rocks and soil due to exposure to wind and water. 

However, human activities such as fossil fuel combustion, mining, smelting, and solid waste 

incineration cause the majority of Hg pollution (Irianti et al., 2021). The solution to this problem is 

to cultivate L. sarmentosa in protected environments that are shielded from heavy metal pollution. 

The procedure includes maintaining controlled soil conditions and pH levels to minimize the heavy 

metal content in saluang belum, ensuring it is safe for consumption or for processing into herbal 

products. 

 

3.3. Total flavonoid determination 

The determination of total flavonoid content in L. sarmentosa used an extract with 70% 

ethanol as the solvent. According to Riwanti et al. (2020), flavonoid compounds, which are polar in 

nature, tend to dissolve more effectively in 70% ethanol, resulting in a higher flavonoid content 

compared to 96% ethanol.  

The standard curve determination aims to calculate sample concentration using a regression 

equation based on the known absorbance of a standard. When concentration and absorbance are 

directly proportional, the r value indicates a linear curve (Suharyanto & Hayati, 2021). A quercetin 

standard solution with concentrations of 20, 40, 60, 80, and 100 ppm was used. Absorbance was 

measured with a UV-Vis spectrophotometer at 433.40 nm after 30 minutes of incubation. This is 

because the reaction between quercetin and AlCl₃ produces a yellow solution that absorbs light in 

the blue wavelength range of 400-435 nm (Kent, 2012). The standard curve for quercetin was 

replicated three times for each concentration, resulting regression equation y = 0.0066x – 0.0183 

with r value of 0.9979. 

 Table 4. Results of the total flavonoid content analysis from the ethanol 70% extract of L. sarmentosa root 
Replication Abs. 

sample 
Total flavonoid content 

(%w/w QE) 
𝑥 ̅total flavonoid content 

(%w/w QE) ± SD 
RSD (%) 

1 0.4381 6.9152 
6.9147 ± 0.0083 0.12 2 0.4375 6.9061 

3 0.4386 6.9227 

The total flavonoid content from the 70% ethanol extract of L. sarmentosa root, based on 

three replications (Table 4), averaged 6.9147 ± 0.0083 %w/w QE, which is slightly higher than the 

findings of a previous study by Wathan et al. (2023)  using a 96% ethanol extract, with a content of 

6.56 ± 0.006 %w/w extract. The RSD values of the three replications met the criteria for satisfactory 

RSD (<2%) due to their low variability, indicating consistent and reliable results. 
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4. Conclusion 

All specific and non-specific parameters of the extract meet the standards, except for the 

heavy metal pollutants Hg and Cd, which remain under the threshold levels established by BPOM. 

Consequently, we must conduct an analysis to ascertain the concentration of metallic weight present 

in the root of L. Sarmentosa. The total flavonoid content was determined to be 6.9147 ± 0.0083% 

w/w QE. This research should be extended to investigate additional characteristics not addressed in 

this work, including microbial contamination, arsenic as a heavy metal contaminant, and the 

identification of specific chemicals. 
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Abstract 
Background: Sterile compounding, a critical aspect of pharmaceutical practice, involves the 
preparation of customized medications in a sterile environment. Pharmacists play a pivotal role in 
ensuring the safety and efficacy of compounded sterile products (CSPs), making their involvement 
integral to the healthcare system.  
Objective: This article aims to describe the role of pharmacists in sterile compounding based on 
literature.   
Method: Articles from Medline/PubMed, guidelines, reports, and databases related to sterile 
compounding have been searched and compiled. This review collected the qualitative data and 
identified the critical point for continuous quality improvement initiatives in sterile compounding. 
Results: This comprehensive narrative review explores the multifaceted responsibilities of 
pharmacists in sterile compounding, drawing insights from various studies and databases. However, 
the study related to the pharmacist’s role in sterile compounding practices is very limited. Recent 
articles that mention the pharmacist's role in sterile compounding commonly come from the 
guidelines or government documents. In general, CSP needs a commitment to comply with regulatory 
standards for achieving patient safety using the integration of technology and healthcare 
collaboration. Continuous professional development is a crucial contributor to keeping the quality of 
compounded sterile products.  
Conclusion: The findings from various journals underscore the complexity of their responsibilities 
and emphasize the need for a holistic approach to ensure the integrity and safety of compounded 
sterile products in diverse healthcare settings. 
Keywords: Pharmacist’s role, patient safety, sterile compounding 

1. Introduction 

Sterile compounding is a specialized area within pharmaceutical practice that involves 

the preparation of customized medications in a sterile or aseptic environment to achieve free 

from any contaminations (USP, 2023). This process is crucial for patients who require 

medications that are not commercially available or need specific formulations tailored to the 

individual needs, such as intravenous admixture and parenteral nutrition (Hanifah et al., 2021). 

Compounded sterile products (CSPs) are typically injectable medications, intravenous 

solutions, or other sterile dosage forms which are under pharmacist’s responsibility that should 

be (USP, 2023). 

Pharmacists play a pivotal role in ensuring the safety and efficacy of medications, 

making their involvement integral to the healthcare system (Saseen et al., 2017). The 

pharmacist is the bridge between a physician/surgeon and patients who counsel and advise the 
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patient to maximize the desired effect of the drugs and minimize the untoward/adverse effects 

of the drug (Minor et al., 2019). In many types of health facilities, a pharmacist or drug expert 

is an individual who is engaged in designing, creating or manufacturing of a drug product, 

dispensing of a drug, managing, and planning of a pharmaceutical care plan also making sure 

the administration (Abdelaziz et al., 2016). They are experts in the activity and use of drugs, 

including their chemistry, pharmacology, and the formulation of medicines. They are the health 

care professionals who have the responsibility to give essential consideration to the patients 

and giving protection and providing safe and effective use of medicines (Islam et al., 2015). 

Pharmaceutical care is a comprehensive and patient-cantered approach in pharmacy practice 

that emphasizes collaboration among healthcare providers to optimize drug therapy outcomes 

(Tran et al., 2017). The concept has evolved since its initial definition by Hepler and Strand in 

1990, which stated that pharmaceutical care is "the responsible provision of drug therapy for 

the purpose of achieving definite outcomes that improve a patient's quality of life" (Helgesen et 

al., 2024). This definition highlights the pharmacist's role in ensuring safe and effective 

medication use while being accountable for patient outcomes. Therefore, pharmaceutical care 

represents a critical component of modern healthcare, where pharmacists actively engage in 

the therapeutic process alongside other healthcare providers to ensure safe, effective, and 

personalized medication management for patients. 

However, sterile compounding is currently a new role in hospital compared to the non-

sterile preparation. Health care facilities have applied various sterile medication to be prepared 

in hospital. Furthermore, the facilities also have a variety in function and complexity which 

determine different role of pharmacist. This review wants to know the pharmacist’ roles and 

how they work in sterile dispensing unit based on regulation also the real work in hospital. This 

comprehensive narrative review explores the multifaceted responsibilities of pharmacists in 

sterile compounding, drawing insights from various journals and studies. 

 

2. Method 

 The literature search was conducted using databases such as Google Scholar, PubMed, 

and Elsevier, which are published during 2016 to 2023. The keywords applied during the topic 

search process from relevant articles were “pharmacist”, “role”, and “sterile compounding”. The 

studies were identified then categorized to answer the topics of regulation and the reason of 

sterile preparation also the works of pharmacist and the supporting factor to improve. Then, 
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the results of manual review were categorized as regulatory (13 studies) also pharmacist’s role 

(20 studies). Supporting factors that were identified are including the technological 

advancement and interprofessional collaboration (33 studies). 

 

3. Result and discussion 

Pharmacists have experienced a very rapid shift in roles since the 1960s (Hanifah et al., 

2022). In terms of compounding, the role of pharmacists is very critical because there is no 

other profession that can competently replace it (Myers, 2013). Sterile compounding activities 

are clearly stated as part of pharmaceutical work in hospitals (Kemenkes RI, 2016). 

Pharmacists play a role starting from ensuring the quality of preparations, prescription 

screening, aseptic preparation, to ensuring the final quality of the product before being given 

to medical personnel and patients. In carrying out this role, pharmacists need to continue to 

update themselves with developments in knowledge, regulatory changes, and technological 

developments, as well as building a collaborative work culture with other health workers. 

Based on the search strategy, research or writings on the role of pharmacists in sterile 

compounding are very limited. In fact, no articles can be obtained from a Google Scholar search 

using the keyword "pharmacist role in sterile compounding". New search process can be 

obtained with the keywords sterile compounding in hospital pharmacy. Writings that describe 

the role of pharmacists in sterile compounding are generally in popular or opinion articles. 

Meanwhile, writings on sterile compounding are mostly obtained from guidelines or articles 

which linked with technological developments, the importance of collaboration and continuous 

improvement. 

 

3.1. Regulatory compliance and standards 

One of the primary responsibilities of pharmacists in sterile compounding is ensuring 

strict adherence to regulatory standards. According to Smith et al. (2019), pharmacists must 

navigate and implement guidelines established by organizations such as the United States 

Pharmacopeia (USP), European Association Hospital Pharmacy (EAHP) and Institute for Safe 

Medication Practice (ISMP). Currently, USP 797 is a gold standard which is referred to by many 

countries for sterile compounding. As seen on Table 1, EAHP guide as how pharmacist engaged 

in sterile compounding, but USP 797 guides the detail standard of personnel, room and 

facilities, the procedure also the category of compounding sterile preparation which will be 
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basis of beyond used date (USP, 2023). Currently, the standard of BUD (beyond use date) is 

mostly referred to as USP. Compliance with these standards involves meticulous attention to 

detail, rigorous aseptic techniques, and continuous monitoring of environmental conditions to 

maintain the integrity of CSPs. Other guidelines like EAHP and ISMP address the general 

principles of safety and supporting system including the staff. From three guidelines emphasize 

the safety which are mostly influenced with the staffs mainly pharmacist (EAHP, 2023).   

Table 1. The scope of standards for guiding sterile preparation 
United State Pharmacopeia 

(USP) 797 last updated 2023 
European Association Hospital 

Pharmacy (EAHP) 2023 
 

ISMP guidelines for sterile 
compounding and the safe 

use of sterile 
compounding technology 

last updated 2016 
Personal The importance of compounding for 

addressing patient needs 
Essential technology 
attributes 

Facility Engaging hospital pharmacists in the 
provision of personalized medication 

Safe pharmacy processes 

Category of CSP Adjusting education and training to the 
increased need for personalised care 

Safety gaps in three areas: 
automated compounding 
devices, IV workflow 
management systems, and IV 
robots. 

Beyond use date The involvement of hospital pharmacies in 
reconstitution practices 

Preparing, repackaging, labelling The role of hospital pharmacists in the 
preparation and use of ATPMs 

 

3.2. Pharmacist’ role in sterile compounding 

To ensure the safety and efficacy of compounded sterile medication, pharmacist have 

to follow the guidance (Lam & Sokn, 2019). Pharmacists must adhere to strict regulations and 

guidelines set forth by regulatory bodies and other international standards. Compliance with 

these standards is critical to maintaining the quality and safety of compounded sterile products. 

Pharmacists play a key role in identifying and mitigating potential risks associated with sterile 

compounding. This includes assessing the risk of microbial contamination, human errors, and 

other factors that could compromise the integrity of compounded products (Whyte, 2004). 

Pharmaceutical compounding is a critical aspect of pharmacy practice, involving the 

preparation of customized medications that requires a blend of scientific knowledge, technical 

skill, and regulatory compliance. Compounding pharmacists ensure that medications are 

tailored precisely to meet individual patient needs while adhering to stringent quality 

standards. This process typically includes combining, mixing, or altering drug ingredients to 

create formulations that are not commercially available or to modify existing medications to 

better suit patient requirements (Croft et al., 2018). 
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During preparation, all personnel must follow established protocols for aseptic 

technique, which involves maintaining a sterile environment to prevent contamination during 

the compounding process. Pharmacists are involved in quality assurance measures to 

guarantee the compatibility, stability and sterility of compounded products (Hanifah et al., 

2022). This may include regular testing of air quality, equipment, and finished products to 

detect and prevent microbial contamination (Qadus et al., 2022). They must adhere to strict 

aseptic techniques to prevent microbial contamination during the compounding process 

(Ayalew et al., 2019). This includes maintaining a sterile environment, using appropriate 

personal protective equipment, and employing proper hand hygiene practices. Recent 

literature highlights the pharmacist's pivotal role in ensuring the quality and safety of 

compounded sterile preparations (CSPs). A study by Truong et al. (2020) emphasizes the need 

for continuous training and education for pharmacists engaged in sterile compounding to 

enhance their competencies and minimize the risk of errors. Furthermore, the pharmacist's role 

extends to regular monitoring and testing of compounded products. Frequent quality control 

assessments, including microbial testing and potency checks, are essential to guarantee the 

integrity of sterile medications. 

Quality control in hospital compounding pharmacies is essential to ensure the safety and 

effectiveness of compounded medications (Figure 1). By employing thorough visual inspection 

methods and adhering to comprehensive QA protocols, pharmacists can ensure that 

compounded medications are safe and effective for patient use post-preparation.  Any particles, 

discoloration, gas formation, or other visible changes indicate disqualification. Pharmacists 

should reject this product and evaluate to improve the quality. 

To achieve patient safety in sterile compounding, pharmacists also significantly 

contribute to keep each step and aspect (Dalton & Byrne, 2017). According to a comprehensive 

review by Brown and White (2021), pharmacists play a crucial role in the entire process, from 

prescription assessment to the final administration of CSPs. They are responsible for 

conducting risk assessments, identifying potential sources of contamination, and implementing 

strategies to mitigate these risks. Ultimately, pharmacists are advocates for patient safety. They 

ensure that compounded medications meet the highest standards of quality and are free from 

contaminants, helping to prevent adverse effects and ensure positive patient outcomes 

(Aprilliano et al., 2023).  
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Figure 1. Pharmacist’s role in sterile compounding 

Moreover, pharmacists collaborate with other healthcare professionals to ensure that 

compounded products meet the unique needs of individual patients while aligning with 

therapeutic goals (Brown & White, 2021). This collaborative approach enhances patient safety 

by incorporating diverse perspectives and expertise, emphasizing the pharmacist's role as an 

essential member of the healthcare team. Pharmacists also collaborate with other healthcare 

professionals to ensure seamless integration of compounded medications into patient care 

plans (Alhamoudi & Alnattah, 2018). 

To improve and meet high qualification as above, pharmacists are tasked with training 

and educating compounding personnel, including pharmacy technicians, on proper sterile 

compounding techniques. Continuous education is crucial to staying updated on best practices 

and emerging technologies in the field (Mill et al., 2021). Pharmacists are also responsible for 

maintaining thorough documentation of the compounding process, including ingredient 

measurements, environmental monitoring data, and quality control results. Accurate record-

keeping is essential for traceability and accountability (Lee et al., 2023). Furthermore, Johnson 

and Davis (2020) emphasize the pharmacist's role in minimizing the risk of contamination 

during compounding processes. Pharmacists are instrumental in selecting sterile ingredients, 

ensuring proper storage, and employing appropriate administration techniques. This 

commitment to compliance not only meets regulatory requirements but also safeguards 

patients from potential harm and highlights the pharmacist's dedication to patient safety. 
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3.3. Technological advancements in sterile compounding 

The landscape of sterile compounding has been significantly influenced by 

technological advancements. Lee and Chen (2018) highlight the use of automated compounding 

systems and robotics in their review, emphasizing how pharmacists embrace these innovations 

to improve precision and reduce the likelihood of errors. Automation not only enhances the 

efficiency of the compounding process but also contributes to increased accuracy in dosage 

calculations and product preparation (Fan et al., 2022). Furthermore, Fan found that 

technology-assisted workflow system (TAWS) in sterile compounding safety able to increase 

the ability to check, trace, and detect the errors also increase efficiency by reducing processing 

time (Fan et al., 2022). Automation of compounding tools proved the benefits of sterile 

preparation by reducing errors and processing time. Beyond the instrument for preparing, 

technological advancement for sterilization, sterilization control, and supporting tools like 

laminar air flow, personal protective equipment (PPE) is also significant to achieve patient 

safety.  

To adapt with the advancement of technology, pharmacists, through ongoing training 

and education, integrate technology seamlessly into their compounding practices. This 

adaptability reflects their commitment to staying abreast of new developments, ensuring that 

patients receive CSPs prepared with the latest technological advancements, ultimately 

contributing to improved patient outcomes (Jean et al., 2020).  

 

3.4. Interdisciplinary collaboration 

Effective communication and collaboration among healthcare professionals are 

essential for successful sterile compounding. Brown and White (2021) underscore the 

pharmacist's role in interdisciplinary teamwork, emphasizing the importance of open 

communication with physicians, nurses, and other healthcare providers. This collaboration 

ensures that the entire healthcare team is aligned in providing safe and effective CSPs to 

patients.  This study emphasizes the pharmacist's role within an interdisciplinary healthcare 

team. Interdisciplinary teamwork involves collaboration between professionals from different 

healthcare disciplines, such as pharmacists, physicians, nurses, and other specialists (Agomo et 

al., 2016). Effective communication is crucial for the success of sterile compounding. Open lines 

of communication between pharmacists and other healthcare providers ensure that everyone 
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involved in the patient's care is well-informed about the compounded sterile products (CSPs) 

being used (Mustikawati et al., 2023).  

In their study, Garcia and Patel (2019) further elaborate on the necessity of 

interdisciplinary collaboration, emphasizing how pharmacists bring their unique expertise to 

the table. This collaboration extends beyond the compounding process, involving consultations 

with other healthcare professionals to tailor CSPs according to specific patient needs, medical 

histories, and treatment plans. This study highlights that pharmacists bring unique expertise to 

the interdisciplinary team. Pharmacists play a pivotal role in sterile compounding beyond the 

actual preparation of medications (Abdulghani et al., 2017). Pharmacists use their 

pharmaceutical knowledge to consult with other healthcare professionals, including physicians 

and nurses, to customize compounded medications according to specific patient needs. This 

involves considering individual patient characteristics, medical histories, and treatment plans 

(Kim et al., 2023).  

The collaboration between healthcare professionals extends beyond the sterile 

compounding process. It involves ongoing consultations and discussions throughout the 

patient's treatment journey. The emphasis is on tailoring CSPs to meet the unique requirements 

of each patient. This patient-cantered approach ensures that medications are not only sterile 

and of high quality but also aligned with the individual patient's therapeutic needs (Jeyaraman 

et al., 2023). 

 

3.5. Continuous professional development 

The dynamic nature of pharmaceutical sciences requires pharmacists to engage in 

continuous professional development. Garcia and Patel (2019) emphasize the importance of 

ongoing education for pharmacists involved in sterile compounding. This involves staying 

abreast of new guidelines, technologies, and best practices, ensuring that pharmacists remain 

competent and capable of adapting to evolving standards. 

Continuing education also plays a crucial role in addressing emerging challenges in 

sterile compounding. As highlighted by Garcia and Patel (2019), pharmacists who prioritize 

continuous learning are better equipped to navigate changes in regulations, incorporate new 

technologies, and implement best practices, ultimately contributing to the ongoing 

improvement of the sterile compounding process. 
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4. Conclusion 

In conclusion, the pharmacist's role in sterile compounding is multifaceted and 

indispensable. Their commitment to regulatory compliance, patient safety, integration of 

technology, interdisciplinary collaboration, and continuous professional development 

collectively positions pharmacists as crucial contributors to the quality and safety of 

compounded sterile products. As the field continues to evolve, ongoing research, education, and 

collaboration are imperative to optimize the pharmacist's role in sterile compounding. The 

findings from various journals underscore the complexity of their responsibilities and 

emphasize the need for a holistic approach to ensure the integrity and safety of compounded 

sterile products in diverse healthcare settings. 
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Abstract   
Background: Hyperglycemia occurs due to an increase in blood glucose levels, making them higher than the 
normal range, which is a sign of diabetes mellitus. One therapeutic approach for DM is inhibiting enzymes 
that convert carbohydrates into glucose. Coleus (S. scutellarioides (L.) Codd), an ornamental plant, is believed 
to have antihyperglycemic effects due to its phenolic phytochemicals. 
Objective: To determine the phytochemical content and antihyperglycemic activity of 70% ethanol extract 
of coleus leaves through α-amylase enzyme inhibition. 
Method: The leaves were characterized and tested qualitatively for phytochemical content using the test 
tube method. The extract was prepared using maceration with 70% ethanol, followed by thin-layer 
chromatography (TLC). The 200-ppm extract was tested for α-amylase enzyme inhibition, with acarbose as 
a positive control. Statistical differences were analyzed using the t-test method. 
Results: The herbarium specimen of coleus leaf was shown to contain flavonoids, tannins, saponins, and 
steroids. The 200-ppm extract reduced the activity of the α-amylase enzyme by 61.03%, while the positive 
control (acarbose) reduced it by 92.16%. 
Conclusion: The coleus leaf extract contains active phytochemicals that may help lower blood glucose levels. 
At 200 ppm, the extract demonstrates potential as an antihyperglycemic agent through α-amylase inhibition. 
Keywords: coleus leaves, antihyperglycemic, α-amylase enzymes inhibition 

1. Introduction 

Diabetes mellitus (DM), a serious metabolic disease is characterized by hyperglycemia, a state 

where blood glucose level is higher than the normal concentrations. It is a metabolic disease initiated 

by a defect in insulin production or action, where insulin is the hormone that plays a role in regulating 

blood glucose levels (Kemenkes RI, 2020). Common strategies for managing DM include increasing 

the sensitivity of insulin receptors, administering insulin therapy, and inhibiting glucose absorption 

through the digestive system. One therapeutic approach which has been studied extensively 

concerning the management of DM is the inhibition of digestive enzymes such as α-amylase, which is 

responsible for the hydrolysis of complex carbohydrates into glucose. By inhibiting this enzyme, 

intake of glucose in the body post meals can be reduced which may alleviate hyperglycemic 

conditions on patients with DM (Kemenkes RI, 2020). 

The use of natural products as alternative therapies, particularly in the management of 

chronic diseases such as DM, has received widespread attention. This is because many natural 

substances contain bioactive compounds like flavonoids, alkaloids, tannins, and saponins that have 

pharmacological properties, including antihyperglycemic effects (Grover et al., 2002). Several studies 

have reported that these phytochemicals are capable of inhibiting certain digestive enzymes, such as 

α-amylase, thereby contributing to the reduction of blood glucose levels (Tundis et al., 2010). One of 
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the plants with potential antihyperglycemic effects that is commonly cultivated among the 

Indonesian communities is the coleus (S. scutellarioides (L.) Codd). 

Despite being frequently grown as decorative plants, coleus leaves may also have the 

potential to lower blood sugar levels, which lowers the risk of developing DM (Lestari, 2022). 

Numerous chemical substances, such as flavonoids, saponins, tannins, and steroids, have been 

discovered to be present in the herbarium specimen (dried plant material) of coleus leaves (Natasya 

et al., 2023). However, verification of the phytochemical content of plants is trill required, because 

the presence and concentration of bioactive compounds can be affected by plants parts, growing 

conditions, and harvest time  (Azwanida, 2015; Verpoorte et al., 2000). Since there is limited research 

on the potential of coleus leaves, in vitro approaches are also required to evaluate the 

antihyperglycemic activity of these compounds. Thus, the purpose of this study was to determine 

which secondary metabolites were found in the herbarium specimen and extracts, as well as to 

examine the 70% ethanol extract of coleus leaves’ ability to inhibit α-amylase enzyme. 

 

2. Method 

2.1. Type and design of study 

This was an experimental study using a 70% ethanol extract of coleus leaves at a 

concentration of 200 ppm, with acarbose as the positive control at a concentration of 100 ppm. 

 

2.2. Population and sample 

The coleus leaves used in this study were collected from Sukorejo, Gunungpati Regency, 

Semarang City. The inclusion criteria for coleus leaves were: green and purplish-red coloration, the 

third to the eighth leaves from the tip, harvested in the morning, fresh, intact without holes or mold, 

and uniform in size. 

 

2.3. Tools and materials 

Tools used in this research included a blender (Philips), glassware (Pyrex), 40-mesh sieve 

(CBN), test tubes (Iwaki), micropipettes (Socorex), analytical balance (Mettler Toledo, USA), 

magnetic stirrer (Benchmark), incubator (Fisher), UV-VIS spectrophotometer (Shimadzu), 

microscope (Olympus, China), microscope slides (Sail Brand), water bath, furnace, rotary vacuum 

evaporator, sieve, dehydrator, vortex (Boeco V-1 plus), cuvettes, stationery, scissors, gloves, silica gel 

GF254 plates (Merck), and chromatography chamber. 
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Materials used included dried coleus leaves from Sukorejo, Gunungpati Regency, Semarang 

City; distilled water; 70% ethanol (p.a Merck); acarbose (p.a Merck); methanol (p.a Smartlab); 

chloroform (p.a Smartlab); concentrated HCl (p.a Smartlab); ethyl acetate (p.a Smartlab); acetic 

anhydride (p.a Smartlab); Mayer’s reagent; Liebermann-Burchard reagent; Dragendorff’s reagent 

(p.a Merck); α-amylase enzyme (fermentation product from B. licheniformis); amylase activity assay 

kit (Sigma-Aldrich); magnesium powder (p.a Merck); sulfuric acid (p.a Tian Jin Shin Damao); ferric 

chloride (p.a Smartlab); aluminum chloride (p.a Smartlab); piperine; gallic acid; cholesterol; 

quercetin (p.a Smartlab); water for injection (p.a Smartlab); and aluminum foil (local). 

 

2.4. Plant identification 

Coleus leaves were identified by comparing the plant parts to the morphological 

characteristics of S. scutellarioides (L.) Codd. The identification process was conducted at the 

Laboratory of Ecology and Biosystematics, Faculty of Science and Mathematics, Diponegoro 

University, Semarang, confirming that the sample was classified as the order Lamiales and the species 

Solenostemon scutellarioides (L.) Codd. 

 

2.5. Preparation of herbarium specimen 

A total of 1 kg of fresh coleus leaves was collected, washed thoroughly, and drained. The 

leaves were then sorted, sliced, and dried using a dehydrator at 40–45°C for 2–3 days until fully dry 

(crisp-dry). The dried leaves were ground into powder using a grinder and standardized using a 40-

mesh sieve, yielding 100 grams of dried powder. 

 

2.6. Characterization of herbarium specimen 

2.6.1. Macroscopic examination of fresh coleus leaves 

This test aimed to identify the distinctive features of the coleus leaves through direct 

observation of its characteristics, referring to the morphology of coleus leaves, including shape, odor, 

and color (Kemenkes RI, 2017). 

2.6.2. Microscopic examination of herbarium specimen 

A thin transverse section of the coleus leaf was prepared and observed under a microscope 

by placing the section on a slide with a drop of water, covered with a coverslip. The same method 

was applied to the coleus leaves powder. The specimens were observed under 40× magnification 

(Kemenkes RI, 2017). 
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2.6.3. Ethanol-soluble extract content 

Five grams of the coleus leaves powder were macerated for 24 hours in 100 mL of 70% 

ethanol using a stoppered flask, shaken frequently during the first 6 hours, and then left to stand for 

18 hours before filtration. Twenty milliliters of the filtrate were evaporated using a water bath in a 

pre-heated porcelain dish (105°C) and weighed until a constant weight was achieved (Kemenkes RI, 

2017). 

2.6.4. Water-soluble extract content 

Five grams of coleus leaves powder were macerated in 100 mL of water containing 

chloroform (2.5 mL of chloroform in 1 L of distilled water) using a stoppered flask, shaken for the 

first 6 hours, and then allowed to stand for 18 hours before filtration. Twenty milliliters of the filtrate 

were evaporated using a water bath in a pre-heated porcelain dish (105°C) and weighed until a 

constant weight was obtained (Kemenkes RI, 2017). 

2.6.6. Loss on drying 

Two grams of coleus leaves powder were accurately weighed and placed in a porcelain 

crucible pre-heated at 105°C for 30 minutes and pre-weighed. The crucible was placed in an oven 

with the lid open and dried at 105°C until constant weight, then cooled in a desiccator and weighed 

again (Kemenkes RI, 2017). 

2.6.6. Moisture content 

Ten grams of coleus leaves powder were weighed and placed in a tared container, then 200 

mL of saturated toluene was added to the flask containing the test sample and heated. Distillation 

was carried out at a rate of approximately two drops per second until the water was completely 

distilled. The volume of distilled water was read using the scale on the distillation apparatus 

(Kemenkes RI, 2017) 

2.6.7. Total ash content 

Two grams of coleus leaves powder were weighed and placed in a tared, pre-ignited porcelain 

crucible. The crucible containing the sample was gradually ignited until the carbon was completely 

burned off. The ignition was performed at 600°C for 3 hours, then cooled and weighed until a constant 

weight was obtained (Kemenkes RI, 2017). 

2.6.8. Acid-insoluble ash content 

The ash obtained from the total ash determination was treated with 25 mL of dilute 

hydrochloric acid for 5 minutes. The acid-insoluble residue was filtered through ash-free filter paper, 

washed with hot water, ignited until a constant weight was achieved, and then weighed (Kemenkes 

RI, 2017). 
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2.7. Sample extraction 

A total of 100 g of dried coleus powder was weighed and macerated in a dark-colored glass 

container with 70% ethanol as the solvent, using a coleus powder-to-solvent ratio of 1:10. The 

container was sealed and stored at room temperature, protected from light for 3 × 24 hours, while 

being stirred frequently during the first 6 hours. Filtration was performed every 24 hours, followed 

by re-maceration using fresh solvent. The resulting filtrate was evaporated using a rotary evaporator 

at 40°C until a thick extract was obtained. 

 

2.8. Phytochemical screening of herbarium specimen 

2.8.1. Flavonoids 

One gram of coleus leaves powder was added to 10 mL of distilled water, boiled for 5 minutes, 

and then filtered while hot. Five mL of the filtrate was added with magnesium powder and 1 mL of 

concentrated hydrochloric acid. The presence of flavonoids is indicated by the formation of an 

orange, red, or yellow color (Farnsworth, 1966). 

2.8.2. Terpenoids and steroids 

A total of 0.5 grams of coleus leaves powder was macerated with 10 mL of n-hexane for 1 

hour, then filtered. Two mL of the filtrate was added with 1 mL of acetic anhydride. The mixture was 

then carefully layered with 2 mL of concentrated sulfuric acid along the wall of the test tube. A blue, 

purple, or green color indicates the presence of steroids, while a red or brown color indicates the 

presence of triterpenoids  (Farnsworth, 1966). 

2.8.3. Tannins 

One gram of coleus leaves powder was added to 10 mL of water, boiled, and filtered. A few 

drops (1–2) of ferric chloride reagent were added to the filtrate. A blue-black or greenish-black 

coloration indicates the presence of tannins (Farnsworth, 1966). 

2.8.4. Saponins 

A total of 0.5 grams of coleus leaves powder was placed into a test tube and added with 10 

mL of hot water, then allowed to cool and shaken for 10 seconds. The formation of persistent foam 

for no less than 10 minutes at a height of 1–10 cm that does not disappear upon the addition of one 

drop of 2 N hydrochloric acid indicates the presence of saponins (Farnsworth, 1966). 

2.8.5. Alkaloids 

A total of 0.5 grams of coleus leaves powder was added with 1 mL of hydrochloric acid and 9 

mL of distilled water, then heated for 2 minutes, cooled, and filtered. The filtrate was used for alkaloid 

testing. 0.5 mL of the filtrate was distributed into three separate test tubes. Test tube 1 was added 
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with Mayer’s reagent, test tube 2 was added with Dragendorff’s reagent, and test tube 3 was added 

with Wagner’s reagent. The presence of alkaloids is indicated by a white precipitate in test tube 1, a 

brown precipitate in test tube 2, and a brick-red precipitate in test tube 3 (Farnsworth, 1966). 

 

2.9. Phytochemical screening of the extract 

Phytochemical tests using Thin Layer Chromatography (TLC) were carried out on compound 

groups that showed positive results in the phytochemical screening using reagent-based methods. 

The stationary phase used was silica gel G60F254/TLC plates. 

2.9.1. Identification of flavonoid compounds 

The 70% ethanol extracts of the coleus leaves, and a reference standard (quercetin) were 

spotted using a capillary tube at a distance of 1 cm from the bottom edge of the silica gel GF254 TLC 

plate, which had been previously heated in an oven at 110℃ for approximately 30 minutes. After the 

spots dried, the TLC plate was placed in a chromatography chamber containing a pre-saturated 

mobile phase of chloroform:ethyl acetate (8.5:1.5). Elution was carried out until it reached the upper 

limit mark. The eluted TLC plate was then observed under UV light at λ254 and λ366, both before 

and after being sprayed with 10% AlCl₃. Detected spots were analyzed for their Rf values and 

observed for their color appearances (Farnsworth, 1966). 

2.9.2. Identification of steroid compounds 

The 70% ethanol extracts of the coleus leaves, and a reference standard (cholesterol) were 

spotted using a capillary tube at a distance of 1 cm from the bottom edge of the silica gel GF254 TLC 

plate, which had been previously heated in an oven at 110℃ for approximately 30 minutes. After the 

spots dried, the TLC plate was placed in a chromatography chamber containing a pre-saturated 

mobile phase of chloroform:ethyl acetate (8.5:1.5). Elution was carried out to the upper limit mark. 

The eluted TLC plate was then observed under UV light at λ254 and λ366, both before and after being 

sprayed with Liebermann-Burchard reagent. Detected spots were analyzed for their Rf values and 

observed for their color appearances (Farnsworth, 1966). 

2.9.3 Identification of Tannin Compounds 

The 70% ethanol extracts of the coleus leaves, and a reference standard (gallic acid) were 

spotted using a capillary tube at a distance of 1 cm from the bottom edge of the silica gel GF254 TLC 

plate, which had been previously heated in an oven at 110℃ for approximately 30 minutes. After the 

spots dried, the TLC plate was placed in a chromatography chamber containing a pre-saturated 

mobile phase of chloroform:ethyl acetate (8.5:1.5). Elution was carried out to the upper limit mark. 

The eluted TLC plate was then observed under UV light at λ254 and λ366, both before and after being 
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sprayed with FeCl₃. Detected spots were analyzed for their Rf values and observed for their color 

appearances (Farnsworth, 1966) 

2.9.4. Identification of alkaloid compounds 

The 70% ethanol extract of the coleus leaves, and a reference standard (piperine) were 

spotted using a capillary tube at a distance of 1 cm from the bottom edge of the silica gel GF254 TLC 

plate, which had been previously heated in an oven at 110℃ for approximately 30 minutes. After the 

spots dried, the TLC plate was placed in a chromatography chamber containing a pre-saturated 

mobile phase of chloroform:ethyl acetate (8.5:1.5). Elution was carried out to the upper limit mark. 

The eluted TLC plate was then observed under UV light at λ254 and λ366, both before and after being 

sprayed with Dragendorff reagent. Detected spots were analyzed for their Rf values and observed for 

their color appearances (Farnsworth, 1966). 

 

2.10. Preparation of test solutions 

2.10.1. Enzyme stock solution 

The enzyme stock solution was prepared at a concentration of 10,000 ppm. α-Amylase 

enzyme (50 mg) was weighed and dissolved in assay buffer solution up to a volume of 5 mL, then 

vortexed for 30 seconds until homogeneous. The α-amylase enzyme stock solution at 10,000 ppm is 

equivalent to 204.20 U/mL of solution. 

2.10.2. Acarbose stock solution 

Acarbose solution was prepared at a concentration of 1000 ppm. Acarbose powder (50 mg) 

was weighed, dissolved in 50 mL of water for injection, and vortexed for 30 seconds until 

homogeneous. 

2.10.3. Master mix solution 

The master reaction mix was prepared by mixing 25 µL of buffer and 25 µL of substrate, then 

homogenized using pipetting technique. 

2.10.4. Sample stock solution 

The extract stock solution was prepared at a concentration of 1000 ppm. The extract (50 mg) 

was weighed, dissolved in 50 mL of water for injection, and vortexed for 30 seconds until 

homogeneous. 

 

2.11. Enzyme optimization and determination of operating time 

Enzyme optimization was performed by reacting several variations of α-amylase enzyme 

units with 25 µL of substrate. The optimal enzyme unit was determined based on the amount of 
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enzyme that could hydrolyze 25 µL of substrate within a specific period. The time required to fully 

hydrolyze the substrate was used as the operating time for the assay. The optimization test was 

conducted by reacting the enzyme solution with 50 µL of the master mix (substrate + buffer). The 

mixture was incubated for 2 minutes, and absorbance was measured at λ 405. The mixture was then 

incubated at 25℃, and absorbance was measured every 5 minutes using a UV-Vis spectrophotometer 

at λ 405 until a constant absorbance was reached (Hidayah et al., 2023). 

 

2.12. α-Amylase activity assay 

2.12.1. Positive control 

The positive control test was conducted by reacting 125 µL of α-amylase enzyme solution (25 

U/mL) with 75 µL of acarbose solution at a concentration of 100 ppm, followed by the addition of 50 

µL of the master mix. The solution mixture was homogenized vertically using pipetting technique. 

The mixture was incubated for 2 minutes, and absorbance was measured at λ 405. It was then 

incubated at 25℃ and measured again using a UV-Vis spectrophotometer at λ 405. The test was 

performed in triplicate (Fathiyah, 2023). 

2.12.2. Sample 

The sample test was conducted by reacting 125 µL of α-amylase enzyme solution (25 U/mL) 

with 75 µL of the coleus leaves extract sample solution at a concentration of 200 ppm, followed by 

the addition of 50 µL of the master mix. The solution mixture was homogenized vertically using 

pipetting technique. The mixture was incubated for 2 minutes, and absorbance was measured at λ 

405. It was then incubated at 25℃ and measured again using a UV-Vis spectrophotometer at λ 405. 

The test was performed in duplicate (Fathiyah, 2023). 

 
3. Result and discussion 

3.1. Characterization of coleus (S. scutellarioides (L.) Codd) leaves 

Macroscopic analysis of the powdered dried coleus leaf reveled that the leaf, which was 9 cm 

long, was reddish-purple in the middle and green around the edges. The leaf blade had pinnate 

venation, serrated edges, and a pointed tip. It was ovate in shape. Microscopic examination of the 

transverse section of the coleus leaf showed the presence of covering trichomes, cuticle, palisade 

cells, epidermis, glandular trichomes, vascular bundles, and collenchyma. The leaves powder’s 

microscopic analysis indicated the presence of epidermal cells, glandular trichomes, and covering 

trichomes. Table 1 displays the findings for the dried coleus leaf powder’s moisture content, water-
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soluble extractive value, ethanol-soluble extractive value, total ash content, and acid-insoluble ash 

content. 

Table 1. Characterization of dried coleus (S. scutellarioides (L.) codd) leaves powder 

 

 

According to Table 1, the coleus leaves powder’s characterization complied with the 

Indonesian Herbal Pharmacopeia’s (FHI) and Materia Medika Indonesia’s (FHI) standards. The 

amounts of compounds in the crude drug that can dissolve in ethanol and water were ascertained by 

testing the coleus leaves powder’s contents that were soluble in ethanol and water, respectively. The 

water-soluble extract content was higher than the ethanol-soluble extract content, indicating that the 

active compounds in the coleus leaves are better extracted in water than in ethanol (Depkes, 2000). 

Moisture content is a necessary parameter to test, as it is related to the quality of the crude 

drug during storage. Over time, a high moisture content can inhibit the biological activity of the crude 

drug and encourage the growth of mold (Depkes, 2000). The purpose of total ash content test was to 

determine the amount of internal and external mineral matter was produce during the processing of 

crude drugs. Ash can originate from outside pollutants or the plant itself. Finding out how much ash 

comes from outside source like soil and sand is the goal of the acid-insoluble ash test (Depkes, 2000). 

 

3.2. Extraction of coleus (S. scutellarioides (L.) Codd) leaves 

The extraction of the coleus leaves was carried out using 70% ethanol as the solvent. The 

70% ethanol solvent aimed to extract both polar and non-polar compounds (Riwanti et al., 2020). 

The coleus leaves extracted using the 70% ethanol obtained was dark brown in color, with a yield of 

13.67 g from 100 g of the sample, resulting in an extraction yield of 13.67%. This yield was higher 

than that reported in a previous study, which used the same solvent, i.e., 12.97% (Susilawati et al., 

2016). The difference in yield may be due to differences in the extraction methods. The previous 

study did not replace the solvent during the maceration process, which led to fewer active 

compounds being extracted, as the solvent had become saturated. 

 

3.3. Phytochemical content of herbarium specimen of coleus (S. scutellarioides (L.) Codd) leaves  

Phytochemical screening aims to identify the content of secondary metabolite compounds in 

the herbarium specimen. The results of the phytochemical screening can be seen in Table 2. 

Parameter Result (% ± SD) FHI literature standard (%) 

Drying loss 7.53±0.31 ≤ 10 

Ethanol-soluble extract content 14.83±0.73 ≥ 5 
Water-soluble extract content 22.91±0.72 ≥ 22 
Moisture content  5.67±0.58 ≤ 10 
Total ash content 5.46±0.17 ≤ 8 
Acid-insoluble ash content 0.61±0.09 ≤ 2 
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Table 2. Phytochemical content of herbarium specimen of coleus (S. scutellarioides (L.) codd) leaves 

Description: 
(+): Contains compound mentioned 
(-): Does not contain compound mentioned 

The finding of this study’s phytochemical content were in line with earlier investigations that 

discovered secondary metabolites like flavonoids, tannins, steroids, and saponins in the coleus leaves 

herbarium specimen (Susilawati et al., 2016). The natural material’s chemical content should be re-

examined in light of variations in sample collection locations, harvest times, and plant parts 

examined, all of which may have an impact on the presence and concentration of the material’s 

bioactive compounds (Azwanida, 2015; Verpoorte et al., 2000). To confirm that alkaloid compounds 

were present in the coleus leaves herbarium specimen, the alkaloid test was carried out three times. 

Since all three reagents produced negative results, it is likely that coleus leaves’s low alkaloid content 

prevented it from being picked up during the phytochemical screening. The existence of these 

secondary metabolites raises the possibility that coleus leaves could have pharmacological effects 

and be used as a medicinal ingredient, especially for antidiabetic purposes. The amylase enzyme is 

known to be inhibited by flavonoids, tannins, saponins, and steroids (Wahyuntari, 2011; Wakhidah 

& Silalahi, 2018). 

 

3.4. Identification of secondary metabolite compounds by thin layer chromatography 

The identification of secondary metabolite compounds in the 70% ethanol extract of coleus 

leaves was performed using TLC with a stationary phase of silica gel GF254 and a mobile phase of 

chloroform:ethyl acetate (8.5:1.5). Based on the eluents, a TLC profile was created using specific spot 

indicators, namely AlCl3 as a specific spot indicator for flavonoids, FeCl3 for tannins, Lieberman 

Burchard for steroids, and Dragendorff for alkaloids. 

Compoud Control Reagent Literature Result Description 

Alkaloids Piperine Mayer 
Dragendorff 

Wagner 

White precipitate 
Brown precipitate 

Brick-red precipitate 

Yellow 
Black 
Black 

- 
- 
- 

Flavonoids Quercetin HCl + Mg Red, yellow, or orange Yellow + 
Tannins Gallic Acid Water + FeCl3 Blue or dark green Dark green + 

Saponins Sapogenin Air panas Foam formed Foam formed + 

Steroids Cholesterol Lieberman 
Burchard 

Blue, purple, or green Green + 
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Figure 1. TLC profile of flavonoid compounds in 70% ethanol extract of coleus leaves (S. 
scutellarioides (L.) Codd) after spraying with AlCl3 spot reagent; (S) sample (C) quercetin as a control 

Figure 1 shows a yellow-green spot on the sample, indicating the presence of flavonoid 

compounds in the 70% ethanol extract of coleus leaves with an Rf value of 0.2. This is consistent with 

a study by (Lisdawati et al., 2012), which also showed the presence of flavonoid compounds in the 

coleus leaves extract, even though the sample was collected from a different growing location. The 

use of the specific spot reagent AlCl3 aimed to react with the spot by spraying it onto the TLC plate, 

making the spot visible under UV light at λ 366. The identification of flavonoid compounds by TLC 

reinforced the results of the phytochemical screening of herbarium specimen of the coleus leaves. 

The presence of tannin compounds in the 70% ethanol extract of coleus leaves was indicated 

by a yellow-green spot on the sample in Figure 2. This finding in line with the previous study, which 

also showed the presence of tannin compounds in the coleus leaves extract (Lisdawati et al., 2012). 

By spraying the spot onto the TLC plate, the specific spot reagent FeCl3 was used to react with the 

spot and make it visible under UV light at λ 366. The findings of the phytochemical screening of the 

coleus leaves herbarium specimen were supported by the TLC identification of tannin compounds.  
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Figure 2. TLC profile of flavonoid compounds in 70% ethanol extract of coleus leaves (S. 
scutellarioides (L.) Codd) after spraying with FeCl3 spot reagent; (S) sample (C) gallic acid as a control 

 

Figure 3. TLC profile of flavonoid compounds in 70% ethanol extract of coleus leaves (S. 
scutellarioides (L.) Codd) after spraying with Lieberman Burchard spot reagent; (S) sample (C) cholesterol as 

a control 

Figure 3 shows a bluish-green spot on the sample, indicating the presence of steroid 

compounds in the 70% ethanol of coleus leaves with an Rf of 0.2. This is consistent with a study by 

(Lisdawati et al., 2012), which also showed the presence of steroid compounds in the extract of miana 

leaves. The use of specific spot reagent Lieberman Burchard aimed to react with the spot by spraying 

it onto the TLC plate, making the spot visible under UV light at λ366. The identification of steroid 

compounds by TLC strengthened the results of the phytochemical screening of the herbarium 

specimen of the coleus leaves. 
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Figure 4. TLC profile of flavonoid compounds in 70% ethanol extract of coleus leaves (S. scutellarioides (L.) 
Codd) after spraying with Dragendorff spot reagent; (S) sample (C) piperine as a control 

The lack of yellow spot on the sample in the Figure 4 suggests that the 79% ethanol of coleus 

leaves does not certain any alkaloid compounds. This is consistent with previous study, which also 

demonstrated the absence of alkaloid compounds in the coleus leaves extract (Lisdawati et al., 2012). 

The use of specific spot reagent Dragendorff aimed to react with the spot by spraying it onto the TLC 

plate, making the spot visible under UV light at λ 366. The alkaloid test by TLC gave a negative result, 

because the 70% ethanol of coleus leaves contains a very little quantity of alkaloid, making it 

undetectable. The identification of alkaloid compounds by TLC supported the results of the 

herbarium specimen of the coleus leaves.  

3.5. α-Amylase enzyme inhibition test 

The average % inhibition of the α-amylase enzyme by 100 ppm acarbose and 200 ppm of the 

70% ethanol of coleus leaves can be seen in Table 3. 

Table 3. Percentage of α-amylase enzyme inhibition by 70% ethanol extract coleus leaves (S. scutellarioides 
(L.) Codd) 

Sample Average inhibition (%± SD) Sig. (2-tailed) 
70% ethanol extract of coleus leaves at 200 ppm 
Positive control (acarbose) at 100 ppm 

61.03±1.04 
92.16±0.85 0.043 

The 70% ethanol extract of coleus leaves was able to inhibit the α-amylase enzyme with an 

inhibition percentage of 61.03%. This indicates that coleus leaves extract has potential as an anti-

hyperglycemic agent because it can inhibit enzymes that metabolize carbohydrates, with an α-

amylase enzyme inhibition percentage exceeding 50%. In the meantime, 92.16% of the α-amylase 

enzyme could be inhibited by acarbose as the positive control. The t-test method of statistical analysis 
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revealed that the percentage of enzyme inhibition by the positive control, acarbose, was higher than 

that of the coleus leaves extract, and that the difference between the two was statistically significant 

(p<0.05). This implies that in order to attain more ideal enzyme inhibition, a higher concentration of 

coleus leaves extract might still be required.  

In a different in vivo study, mice given alloxan showed the greatest decrease in blood glucose 

percentage when given coleus leaves at a dose of 200 mg/kg BW. Due to the paucity of research on 

the in vitro antihyperglycemic activity of coleus leaves extract, the use of 200 ppm concentration of 

coleus extract leaves in this study was based on this in vivo previous research, which used 200 mg/kg 

BW in vivo (Lestari, 2022). The results of this study indicate that the 200-ppm concentration of coleus 

leaves extract, which inhibit 61.03% of α-amylase, can still be increased to achieve the optimal 

inhibition enzyme responsible for carbohydrate lysis. 

The 70% ethanol extract of coleus leaves contained flavonoids, tannins, saponins, and 

steroids, according to the phytochemical screening and TLC profile analysis. These bioactive 

compounds may be the reason for the inhibition mechanism of coleus leaves on α-amylase because 

they bind to the enzyme’s active site and prevent it from interacting with its substrate, starch, which 

inhibits the breakdown of starch into glucose and lowers blood sugar levels. These bioactive 

compound act as competitive inhibitors of the enzyme because they have similar structures to 

substrate and compete to occupy the enzyme’s active site, thereby inhibiting α-amylase (Nafiu & Tom 

Ashafa, 2017; P et al., 2011; Proença et al., 2019). 

The α-amylase enzyme plays a key role in the early stages of carbohydrate digestion, and its 

activity determines how quickly and how much glucose is produced from food. The more active the 

α-amylase enzyme, the faster the conversion of carbohydrates into glucose, the higher the possibility 

for postprandial blood glucose spikes. Therefore, inhibiting this enzyme's activity is crucial to help 

control blood glucose levels, particularly after meals in patients with type II diabetes mellitus 

(Wahyuntari, 2011). 

 

4. Conclusion 

The herbarium specimen and 70% ethanol extract of coleus (S. scutellarioides (L.) Codd) 

contain secondary metabolites such as flavonoids, tannins, saponins, and steroids. The 70% ethanol 

extract of coleus leaves exhibits α-amylase enzyme inhibition activity with an inhibition percentage 

of 61.03%, although its potential is lower than acarbose as the positive control, which has an enzyme 

inhibition percentage of 92.16%. 
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Abstract   
Background: Calophyllolide is a dipyranocoumarin compound found in Calophyllum inophyllum L., 
known for its antimicrobial and anti-inflammatory properties, which are beneficial for burn wound 
healing. However, variability in its content and lack of standardized methods remain challenges. 
Objective: This review aims to present a literature study on calophyllolide, including its sources, 
isolation techniques, bioactive content optimization, analytical methods, and pharmacological 
potential in burn wound healing. 
Method: Data were retrieved from Scopus and PubMed using predefined keywords. Articles published 
in English between 2001 and 2021 and classified as original research were selected. Relevant studies 
were assessed for quality using the SYRCLE tool (animal studies) and the Young & Solomon checklist 
(non-clinical research). 
Results: Seeds harvested in September had the highest calophyllolide content (0.23%). Enhancement 
through tissue culture using 2 mg/L IBA yielded up to 45.23 mg/100 g callus. Among analytical 
techniques, a validated GC-MS method showed high precision and recovery. Pharmacological studies 
confirmed its activity against Staphylococcus aureus and its ability to modulate inflammatory 
responses. 
Conclusion: Calophyllolide shows strong potential as a natural agent for burn wound therapy. 
Standardized extraction, quantification, and production approaches are essential for further 
development. 
Keywords: Calophyllolide, Calophyllum inophyllum, isolation, quantification, burn wound healing 

1. Introduction 

Calophyllum inophyllum L., commonly known as nyamplung in Indonesia or tamanu in 

various Pacific regions, is a tropical tree species widely distributed along coastal areas, 

including in Indonesia (Yuniastuti et al., 2021). Traditionally, the oil extracted from its seeds 

has been utilized as a renewable source for biodiesel production (Adenuga et al., 2021). This 

application continues to be explored and supported by institutions such as the Forestry 

Research and Development Agency (FORDA), Indonesia (Ong et al., 2011). Beyond its industrial 

relevance, C. inophyllum seed oil has long been employed in traditional medicine, especially in 

Vietnam, for the treatment of burns, skin disorders, rheumatism, and insomnia (Nguyen et al., 

2017).  

Phytochemical investigations of C. inophyllum have revealed the presence of a wide 

spectrum of bioactive secondary metabolites, including coumarins, xanthones, flavonoids, 

steroids, and triterpenoids (Praveena, 2013; Tsai et al., 2012). Among the major constituents 

identified, calophyllolide has garnered significant attention due to its pharmacological 

activities, including antimicrobial, cytotoxic, osteogenic, and anti-inflammatory effects 
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(Itoigawa et al., 2001; Yimdjo et al., 2004). Other notable compounds isolated from C. 

inophyllum oil include Inophyllum P, Inophyllum B, Calanolide A and B, 12-Oxocalanolide 

(Kostova & Mojzis, 2007), Inophyllum A, C, D, and E (Itoigawa et al., 2001; Yimdjo et al., 2004), 

Calanolide Gut 70 (Jin et al., 2011), and Pseudocalanolide D (Ishikawa, 2000). More recently, 

two novel neoflavonoids, Tamanolide E1 and E2, were also identified in this oil (Ginigini et al., 

2019), reflecting the ongoing chemical diversity discovery from this species.  

Among these bioactive compounds, calophyllolide stands out due to its dual 

antimicrobial and anti-inflammatory properties (Gunawan et al., 2020), which are particularly 

relevant in wound healing, especially for burn injuries. Effective burn treatment often requires 

both infection control and inflammation modulation (Radzikowska-Büchner et al., 2023). Thus, 

calophyllolide presents a promising candidate for therapeutic development in this area. 

Despite its promising pharmacological properties, the broader application of 

calophyllolide remains constrained by several scientific challenges. Its concentration in C. 

inophyllum is influenced by factors such as the specific plant part used, harvesting period, and 

extraction method (Gupta & Gupta, 2020; Hapsari et al., 2023), leading to variability in yield 

and difficulties in standardization. Additionally, efforts to increase calophyllolide content, 

through approaches like plant tissue culture, phytohormone induction, and medium 

modification, are still scattered and lack a unified optimization strategy. While HPLC and GC-

MS have been employed for quantification (Jaikumar et al., 2017; Liu et al., 2015), few studies 

have provided fully validated analytical methods that ensure accuracy, sensitivity, and 

reproducibility across different contexts. 

This review aims to synthesize and evaluate scientific evidence of calophyllolide, 

including its sources, isolation techniques, content optimization strategies, analytical methods, 

and pharmacological potential in burn wound healing. By consolidating existing findings into a 

coherent narrative, this review seeks to support future research directions and encourage the 

development of calophyllolide as a therapeutically relevant natural compound. 

 

2. Method  

2.1. Literature search strategy  

The literature search was conducted in December 2021 using two electronic databases: 

Scopus and PubMed. The selection of search terms was guided by the main research questions 

addressed in this review. The following keywords and keyword combinations were used: 
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"Calophyllolide content", "Calophyllolide AND Calophyllum", "4-substituted coumarin AND 

Calophyllum", "Calophyllolide expression", "Calophyllolide production", "dipyranocoumarin 

expression AND Calophyllum", "dipyranocoumarin production AND Calophyllum", 

"Calophyllolide analysis", "Calophyllolide determination", "antimicrobial AND Calophyllolide", 

and "anti-inflammatory AND Calophyllolide". Boolean operators (AND, OR) were applied to 

refine and broaden the search results where necessary.  

 

2.2. Inclusion and exclusion criteria 

Articles were included based on the following eligibility criteria: a) indexed in Scopus 

and/or PubMed, b) written in English, c) categorized as original research articles, and d) 

published between 2001-2021. Two reviewers independently performed screening and 

assessed titles and abstracts for relevance to the review objectives. Articles that met the initial 

criteria were then evaluated in full-text format. 

 

2.2. Quality assessment 

Quality assessment of the included studies was conducted with consideration of the 

study design to ensure methodological rigor and minimize potential bias. In vitro studies 

involving animal models were evaluated using the SYRCLE’s Risk of Bias (RoB) tool, which was 

specifically developed by the Systematic Review Centre for Laboratory Animal 

Experimentation to assess the internal validity of preclinical animal research (Hooijmans et al., 

2014). The Young and Solomon critical appraisal checklist was used for non-clinical or basic 

laboratory research studies. This tool provides structured criteria to assess scientific 

soundness, including clarity of objectives, appropriateness of methodology, quality of data 

presentation, and interpretation of findings (Young & Solomon, 2009). 

 

3. Results and discussion 

3.1. Article selection process 

The initial search using predetermined keywords retrieved a total of 35 scientific 

articles. After applying the inclusion criteria, 21 articles remained. These articles were further 

screened based on their title and abstract relevance to the research questions, yielding 14 

eligible studies. A full-text screening resulted in 10 final articles being included in this review. 

One article Nguyen et al. (2017) was categorized as an in vitro animal study and assessed using 
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SYRCLE’s Risk of Bias tool. The remaining nine articles, classified as basic research, were 

appraised using the Young and Solomon checklist. The selection process is summarized in 

Figure 1.  

 

 

 

 

 

 

 

 

 

 

 

 

 

  

         

 

 

Figure 1. Article selection flowchart 
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3.2. Natural sources and isolation methods of calophyllolide 

Calophyllolide is a naturally occurring coumarin derivative classified under the 4-

phenyl pyranocoumarins, with the chemical name 5-methoxy-2,2-dimethyl-6-(2-methylbut-2-

enoyl)-10-phenylpyrano [2,3-f] chromen-8(2H)-one (Kalyanaraman et al., 2014). Its structure 

is shown in Figure 2. 

 

Figure 2. Calophyllolide chemical structure 
 

As a member of the phenolic secondary metabolites, coumarins typically possess a C6-

C3 core structure (Vermerris & Nicholson, 2008). Phytochemical screening of C. inophyllum leaf 

methanolic extract using cold percolation (2 x 72 hours) revealed the presence of various 

bioactive compounds such as alkaloids (11.51%), tannins (7.68%), polyphenols (2.53%), 

triterpenoids (2.48%), flavonoids (2.37%), and saponins (2.16%) (Susanto et al., 2017). 

Calophyllolide has been identified in various parts of the Calophyllum genus, with markedly 

variable content depending on plant part, extraction solvent, and processing method, as 

detailed in Table 1. 

Among various plant organs, seeds consistently yielded the highest concentrations of 

calophyllolide, suggesting they are the primary storage site for this metabolite. For example, 

Yimdjo et al. (2004) obtained 0.118% calophyllolide from C. inophyllum seed powder using 

dichloromethane: methanol (1:1) maceration followed by extensive silica gel chromatography 

and methanol recrystallization, while Ito et al. (2003) reported a much lower yield of only 
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0.001% from the bark of C. brasiliense using acetone extraction at room temperature, followed 

by silica gel column chromatography and preparative thin-layer chromatography. 

Table 1. Comparative calophyllolide contents from different Calophyllum plant parts and 
extraction methods 

Plant source 
Extraction and isolation 

method 
Calophyllolide 

content 
Reference 

Bark of C. brasiliense 
Room temperature extraction 

with acetone, silica gel column, 
and preparative TLC 

0.001% 
Ito et al., 
2003 

Dried seeds of C. 
inophyllum 

CH2Cl2: MeOH (1:1) extraction; 
silica gel column 

chromatography with n-hexane: 
EtOAc 

0.118% 

Yimdjo et 
al., 2004 

Leaves from the French 
Polynesian islands 

Ethyl acetate extraction (1 
week); analyzed with HPLC-UV-

DAD 

0.0000116% 
(average) 

Laure et al., 
2008 

Resin of C. inophyllum 
seed oil 

Methanol: water (9:1) 
extraction; vacuum liquid 

chromatography on silica gel 
using n-hexane: EtOAc 

0.02803% of 
resin mass 

Hien et al., 
2011 

Dried seeds (harvested 
in September) 

Ethanol extraction, silica gel 
column, and Sephadex LH-20 

chromatography 
0.23% 

Liu et al., 
2015 

Dried seeds (harvested 
in December) 

Ethanol extraction, silica gel 
column, and Sephadex LH-20 

chromatography 
0.16% 

Liu et al., 
2015 

Bark of C. inophyllum 
Ethanol extraction, silica gel 

column, and Sephadex LH-20 
chromatography 

Not detected by 
HPLC 

Liu et al., 
2015 

Seed shell of C. 
inophyllum 

Ethanol extraction, silica gel 
column, and Sephadex LH-20 

chromatography 

Not detected by 
HPLC 

Liu et al., 
2015 

Dried seeds of C. 
inophyllum 

Cold press extraction; analyzed 
with GC-MS 

0.0196% of dry 
seed weight 

Charinrat et 
al., 2021 

Extraction technique and solvent system also significantly impact calophyllolide yield. 

Ethanol-based extractions followed by multi-step purification tend to be more efficient. The 

highest yield (0.23%) was reported by Liu et al. (2015) using ethanol extraction, liquid-liquid 

partitioning with water and ethyl acetate, and subsequent purification with silica gel and 

Sephadex LH-20 chromatography. Notably, this yield was obtained from seeds harvested in 

September, whereas a reduced concentration (0.16%) was found in those harvested in 

December, indicating that seasonal and maturity factors may influence biosynthetic activity and 

metabolite accumulation. 
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In contrast, simpler extraction methods or non-seed plant parts tend to yield 

substantially lower concentrations. For instance, Laure et al. (2008) detected only trace 

amounts of calophyllolide (mean: 0.0000116%) from dried leaf extracts using ethyl acetate 

maceration over one week. Similarly, no detectable calophyllolide was found in the bark or seed 

coat using Liu et al. (2015) optimized method, reinforcing the idea that calophyllolide is either 

absent or present in negligible quantities outside the seeds. 

Further analysis of processed products like oils also reflects this trend. Using GC-MS, 

Saechan et al. (2021) quantified calophyllolide in cold-pressed oil from oven-dried seeds at 

0.0196%. In comparison, (Hien et al. 2011) obtained a slightly higher yield of 0.02803% from 

resinous seed oil extracted with methanol:water (9:1) and purified via vacuum liquid 

chromatography. These data emphasize that even within seed-derived products, extraction 

solvents and post-harvest treatments significantly affect compound recovery. 

 

3.3. Optimization of calophyllolide content 

Despite its pharmacological potential, the natural abundance of calophyllolide remains 

extremely low, making its large-scale extraction inefficient and unsustainable. This limitation 

has driven interest in biotechnological approaches, particularly plant tissue culture, as a means 

to enhance calophyllolide production. Tissue culture provides a controlled environment for 

inducing and optimizing secondary metabolite synthesis (Chandran et al., 2020), thereby 

offering a promising platform for consistent and scalable production. 

Pawar et al. (2007) investigated the effect of different types and concentrations of 

phytohormones on calophyllolide accumulation in C. inophyllum callus cultures derived from 

various explants (seeds, nodal/internodal segments, and leaves). The highest calophyllolide 

content (45.23 mg/100 g callus) was observed in seed-derived callus treated with 2 mg/L 

indole-3-butyric acid (IBA). Lower yields were recorded in nodal/internodal and leaf callus 

cultures under different hormone combinations. In contrast, lower yields were observed in calli 

from nodal/internodal, and leaf callus cultures, suggesting that callus cultures origin and 

hormonal balance critically influence biosynthetic capacity. 

Further research by Pawar & Thengane (2009) investigated suspension cultures and 

found that the application of IBA (4.90 µM), alone or in combination with BAP or Picloram, 

significantly boosted calophyllolide synthesis. This was further optimized by modifying nitrate, 
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sulfate, and vitamin concentrations in the culture medium, resulting in an impressive 85-fold 

increase in dipyranocoumarin content compared to baseline levels. 

To further augment metabolite levels, Pawar & Thengane (2011) introduced abiotic 

elicitors into the culture system. Among the tested compounds, cadmium, copper, chromium, 

and calcium chloride, cadmium produced the most pronounced enhancement in calophyllolide 

content. This suggests that stress-response pathways activated by metal ions may play a key 

role in stimulating coumarin biosynthesis. However, caution is warranted due to potential 

toxicity and regulatory limitations associated with heavy metal use in bioproduction systems. 

While tissue culture has demonstrated considerable success in enhancing calophyllolide 

yield, its scalability and cost-effectiveness remain points of concern for industrial application. 

Therefore, future research should aim to integrate genetic engineering, elicitor screening, and 

environmental manipulation in field-grown plants (Malu et al., 2025) to establish a more 

holistic and sustainable strategy for calophyllolide production.  

 

3.4. Analytical methods for calophyllolide quantification 

As interest in the pharmacological application of calophyllolide continues to grow, it is 

essential to develop accurate, sensitive, and reproducible analytical methods for its 

quantification. Several studies have investigated various instrumental techniques, particularly 

high-performance liquid chromatography (HPLC) and gas chromatography-mass spectrometry 

(GC-MS), to determine the content of calophyllolide in C. inophyllum. 

Liu et al. (2015) employed an HPLC method using a Cosmosil 5C18-AR-II analytical 

column coupled with a µBondpack C18 pre-column. The separation was achieved through 

gradient elution with a water: acetonitrile mixture. The elution profile consisted of water: 

acetonitrile (30:70, v/v) from 0 to 20 minutes, followed by a shift to 100% acetonitrile from 20 

to 40 minutes. Detection was carried out at 254 nm using a UV detector. While the method 

demonstrated effective separation of calophyllolide, it lacked critical validation data such as 

linearity, precision, and recovery, thereby limiting its applicability for quality control or 

regulatory purposes. 

A similar limitation was observed in the study by Laure et al. (2008), who utilized HPLC 

with UV-DAD detection to analyze calophyllolide in C. inophyllum leaf extracts. The method 

involved a gradient of isopropanol: isooctane (1–20%, v/v) over 25 minutes, followed by a 15-

minute stabilization period. Detection was performed at 360 nm. However, like the method by 
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Liu et al. (2015), this protocol remained largely descriptive and did not report analytical 

validation parameters, leaving uncertainty regarding its reproducibility, specificity, or 

robustness. 

In contrast, Hien et al. (2011) developed and validated a GC-MS method for 

calophyllolide quantification. Various column temperature programs were evaluated, with 

optimal conditions identified as an initial column temperature of 80 °C, followed by a 

temperature ramp of 40 °C/min to 300 °C, maintained for 9 minutes. Under these parameters, 

calophyllolide exhibited a sharp retention time of 12.83 ± 0.006 minutes with preserved ion 

characteristics. The method demonstrated a linear response within the 3.125–50 µg/mL range, 

intra- and inter-day precision with relative standard deviation (RSD) below 3%, and an average 

recovery rate of 101.22 ± 1.98% (RSD = 1.95%). This comprehensive validation sets the GC-MS 

method apart as the most reliable analytical protocol currently available for calophyllolide 

quantification. Its high precision and recovery rates support its use not only in research settings 

but also in routine quality control workflows for C. inophyllum-based preparations. 

Overall, while HPLC-based methods provide a foundation for calophyllolide analysis, 

future work should prioritize full method validation to meet international standards. The 

established GC-MS method may serve as a benchmark for future protocol development, or even 

as a standardized analytical method for regulatory and industrial applications. 

 

3.5. Burn wound healing potential of calophyllolide 

Calophyllolide, a bioactive coumarin isolated from C. inophyllum, has garnered 

increasing attention due to its antimicrobial and anti-inflammatory properties (Gunawan et al., 

2020). These two pharmacological actions are particularly crucial in addressing key challenges 

associated with burn wound healing, which involves complex inflammatory responses, a high 

risk of infection, and delayed tissue regeneration (Su et al., 2024).  

Burn injuries disrupt the skin's protective barrier, creating a nutrient-rich environment 

that fosters microbial colonization. Under these compromised conditions, opportunistic 

pathogens, notably Staphylococcus aureus and Pseudomonas aeruginosa, can proliferate rapidly. 

This colonization often leads to delayed re-epithelialization, prolonged inflammation, and 

increased risk of systemic infection or sepsis (Hall et al., 2018). Consequently, effective burn 

wound management requires agents capable of both combating infection and modulating 

inflammation. 
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Over the years, several antimicrobial agents have been clinically employed, including 

silver nitrate, silver sulfadiazine, bacitracin, and neomycin (Glasser et al., 2010), as well as more 

advanced materials such as silver-chitosan acetate nanocomposites (Huang et al., 2011). 

Likewise, anti-inflammatory treatments such as ibuprofen (Ambler et al., 2005) and the topical 

anti-IL-6R antibody MR16-1 (Sakimoto et al., 2012) have been shown to support tissue 

regeneration and reduce inflammatory damage. In this context, calophyllolide presents a 

unique advantage as a single compound that exhibits both antimicrobial and anti-inflammatory 

activity, suggesting its potential as a dual-function agent for burn wound treatment. 

 Yimdjo et al. (2004) demonstrated that calophyllolide exhibited the strongest 

antibacterial activity among various compounds isolated from C. inophyllum, including 

caloxanthone A, calophynic acid, brasiliensic acid, and several inophyllum derivatives. When 

tested against S. aureus at a concentration of 20 µg per disk, calophyllolide produced an 

inhibition zone diameter of 16.0 mm, greater than that observed for other individual 

compounds and crude extracts of the root bark and seeds. 

In addition to its antimicrobial effect, calophyllolide has garnered attention for its anti-

inflammatory properties, which could offer significant therapeutic value in managing complex 

wound healing scenarios. A study by Nguyen et al. (2017) explored this aspect using a murine 

full-thickness incision model, comparing the efficacy of calophyllolide (12 mg/mL), Povidone 

Iodine (PI, 200 mg/mL), and Phosphate Buffered Saline (PBS) over a 14-day treatment period. 

While the data are derived from a single preclinical source, the depth of investigation into 

inflammatory modulation warrants closer examination. 

One of Nguyen et al. (2017) most notable findings was the phenotypic polarization of 

macrophages following calophyllolide treatment. There was a significant downregulation of 

pro-inflammatory M1 markers CD14 and CD127, alongside upregulation of reparative M2 

markers CD163 and CD206. This polarization suggests a shift in the local immune environment 

toward resolution and regeneration, aligning with the physiological transition from the 

inflammatory to the proliferative phase of wound healing (Krzyszczyk et al., 2018).  

Moreover, calophyllolide administration markedly suppressed pro-inflammatory 

cytokines, IL-1β, IL-6, and TNF-α, by up to 90% at days 5 and 7 post-injury (Nguyen et al., 2017). 

This was accompanied by a transient elevation of IL-10, a cytokine closely associated with anti-

inflammatory macrophage activity and tissue repair (Kessler et al., 2017). Although the IL-10 
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surge diminished by day 7, its early presence may be critical for dampening excessive 

inflammation and initiating resolution pathways. 

Another key outcome from the same study was the suppression of myeloperoxidase 

(MPO) activity, a surrogate marker for neutrophil infiltration and oxidative stress (Khan et al., 

2018). Calophyllolide’s ability to reduce MPO by approximately fourfold relative to PI suggests 

a protective mechanism against neutrophil-mediated tissue injury (Nguyen et al., 2017). While 

the study was limited to an animal model, and the findings require validation in human tissues, 

the comprehensive dataset provides a compelling case for further translational research. 

The studies in this review span a wide range of research exploring calophyllolide, from 

its natural sources, extraction methods, and bioactive content optimization strategies to its 

pharmacological potential, particularly in wound healing. The strength of this review lies in its 

integrated discussion of both phytochemical and biomedical aspects, providing a 

comprehensive foundation for further development of calophyllolide as a therapeutic 

candidate. Nonetheless, the review is confined to studies published in English and sourced from 

selected databases, which may exclude relevant findings published in other languages or 

outside major indexing platforms. Such restrictions may limit the breadth of perspectives 

captured and underscore the need for broader, multi-source evidence synthesis in future 

reviews 

 

4. Conclusion 

This review highlights that Calophyllum inophyllum seeds, particularly those harvested 

in September, are the richest natural source of calophyllolide. Optimization through plant tissue 

culture, especially with 2 mg/L IBA, has shown promising results in increasing its content. 

Among analytical methods, the validated GC-MS approach provides reliable quantification. 

With its dual antimicrobial and anti-inflammatory properties, calophyllolide is a strong 

candidate for burn wound therapy. These findings support further development of 

calophyllolide-based products and reinforce its potential contribution to natural compound-

based pharmaceuticals. 
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