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ABSTRACT

Avocado peels (AVP) are renowned for their potent antioxidant properties, making them highly
effective in preventing oxidation and free radical formation. Endophytes, microorganisms residing
within plant tissues, have demonstrated the ability to produce novel compounds with remarkable
biological activities. These bioactive compounds are sometimes even more potent than those found in
their host plants. This study explores the potential of endophytes from avocado peels as rich sources of
antioxidant compounds. AVP samples are collected, surface-sterilized, and segmented before being
cultured in growth media. The bacteria are then isolated, purified, and subjected to ethyl acetate
extraction to evaluate their antioxidant activity using the 2,2-diphenyl-1-picrylhydrazyl (DPPH)
microassay. Samples demonstrating favorable antioxidant properties undergo molecular identification
through 16S rRNA gene sequencing. Four bacterial strains are successfully isolated, with only the APK4
strain exhibiting significant antioxidant activity with an 1Cso value of 302.3 pg/mL. Molecular analysis
and phylogenetic tree construction reveal that APK4 is closely related to the Enterobacter hormaechei
species, with a percent identity value of 99.93%. These findings highlight the potential of active
metabolites from endophytic bacteria in AVP extracts as promising lead compounds for the development
of novel drugs, nutraceuticals, and cosmetic ingredients.
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INTRODUCTION

Free radicals are unstable molecules that harm cells, leading to aging, cancer, and cardiovascular
diseases. Antioxidants neutralize these molecules, protecting cells. Natural antioxidants from fruits and
vegetables are safe and beneficial, while synthetic ones in supplements and processed foods can be
harmful. Excessive synthetic antioxidants may disrupt the body's balance, causing toxicity and
increasing disease risk. Thus, obtaining antioxidants from natural sources is essential (Rautiainen et al.,
2016).

Avocado peels (AVP) are known for their potent antioxidant properties, containing over phenolic
compounds including hydroxycinnamic acids, flavonols, and flavan-3-ols (Akan, 2021). Quercetin
derivatives, the main flavonols in avocado peels, are known for their antioxidative (Feng et al., 2019).
Endophytes, microorganisms residing within plant tissues, are emerging as a promising source of natural
products for oxidative stress and bioactive agents. These endophytes influence plant metabolite
production through microbial-host interactions, potentially enhancing antioxidant compound
production. They produce bioactive compounds, sometimes the derivates are more potent than those in
their host plants and have shown the ability to generate both plant-associated and novel compounds with
remarkable biological activities. For example, phenazine-1-carboxylic acid from Pseudomonas
aeruginosa effectively scavenges free radicals and inhibits oxidative processes (Denning et al., 2003).
Methylobacterium radiotolerans, from Combretum erythrophyllum seeds, showed an ICso of 5.65 pg/mL
in the 2,2-Diphenyl-1-picrylhydrazyl (DPPH) assay (Photolo et al., 2020). Endophytes, which can be
cultivated rapidly under controlled conditions and in a short time, are a viable source of natural bioactive
molecules.

This study is interested in the potential of endophytes of avocado peel to be an abundant source of
antioxidant compounds. It focuses on the development of more potent and sustainable antioxidant agents
that can replace synthetic alternatives in the food and nutraceutical industry. This is the first study that
will explore endophytes from avocado peels as a source of antioxidant, hence not yet explored.

MATERIALS AND METHOD
Sample preparation and surface sterilization

Avocados (Persea americana Mill.) were harvested In January 2023 from Kuranji in Padang City,
West Sumatra. These plants were verified at Universitas Andalas Herbarium. The avocados were then
prepared by peeling and sterilizing them through a process involving soaking in 1% NaOCI for two
minutes followed by treating with 70% alcohol for two minutes and rinsing five times with water. To
ensure sterilization a sample of the avocado skin rinse was cultured on agar (NA) media. After two days
of incubation, at 37°C the NA medium was examined to confirm if any microbial growth had taken
place (Anjum & Chandra, 2015; Rustini et al., 2023).

Isolation and fermentation of endophytic bacteria

Sterile AVP was cut into 1x1 cm lengths and then cultured on Nutrient Agar (NA) media. It was
purifying the bacteria that grew around the avocado skin involved picking each colony that grew and
inoculating it on fresh NA media until a pure isolate was obtained. The colour and surface texture of the
colonies were observed. Fermentation of endophytic bacteria in AVP skin was carried out using Nutrient
Broth (NB). The substrate was separated by pipetting during 24, 48, 72, and 96 hours of fermentation in
a shaker incubator set at 37°C and 120 rpm. Next, the mixture was centrifuged for 15 minutes at 5000
rpm, and then the filtrate and residue were separated (Beal et al., 2020; Yati et al., 2018).

Extraction and antioxidant assay

Endophytic bacterial fermentation products were extracted with ethyl acetate solvent in 1:1 v/v, then
macerate for 3 days. The product was then pumped into a seperatory funnel, stirred, and allowed to settle
until two separate layers were formed. After distillation, the organic extract was separated and finally
was evaporated to give widely-used and easily transferable concentrated organic extract for more
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fractionation and isolation. In this experiment, the antioxidant activity of this extract was tested using
DPPH assay at the concentration of 24mg/100 mL of methanol. The stock solution was further filtered
using methanol and further diluted to get a concentration approximately yielding a mixture with an
absorbance of 0.1713 at 517 nm. Eighty microliters of the DPPH solution was mixed with 50 pL of the
extract at different concentrations in test tubes; triplicate extractions of each concentration were made
for the assay A standard solution of DPPH at 12.5 mg dissolved in 100 mL methanol was prepared with
ascorbic acid as a positive control. Incubation in the dark lasted for 30 min. Subsequently, absorbance
was read at 517 nm using a microplate reader to get the 1Cso value. The percentage of antioxidant activity
was calculated using the following equation (Mohamed et al., 2013).

% of antioxidant activity= = [(Ac—As) ~Ac] X 100 .....cccccvvvveviiiiiriie e @

where:
Ac=Control reaction absorbance;
As=Testing sampel absorbance

Molecular identification

A 35-cycle PCR protocol was used with denaturation at 95°C for 45 s, annealing at 56°C for 45 s,
and extension at 72 °C for 1 min. The PCR protocol included an initial 2-minute denaturation step at
95°C, and the last extension step was at 72°C for 5 minutes. After the PCR cycles, the samples were
assessed using electrophoresis on a 1% agarose gel. Loading the 1 kb marker in the leftmost well (2 pL)
and the remaining wells containing 5 pL each of PCR reaction mixture. Sanger Sequencing of the 16S
rRNA Gene PCR Products of Bacteria. The following primers for sequencing: 16SrRNA_27F (5' AGA
GTT TGA TCM TGG CTC AG 3') and 16SrRNA_1525R (5' AAG GAG GTG WTC CAR CC 3') had
the product was a 1,498 bp long sequence. Then, it aligned children sequences derived from applying
forward and reverse primers using the SeqMan (Kumar et al., 2018).

Phylogenetic analysis

The base sequence of the 16S rRNA was aligned using the BLAST program from the NCBI Gene
Bank to identify similarities with closely related organisms. Based on the BLAST results, bacterial
sample sequences were chosen from the Gene Bank for further analysis. These sequences were aligned,
and a phylogenetic tree was constructed. Genetic distances were determined using the MEGA software
with the Kimura 2-Parameter method. The reliability of the phylogenetic tree was validated with a
bootstrap value of 1,000. Finally, genetic distances were analyzed using the Pairwise Distances Method
(Saitou & Nei, 1987; Tamura et al., 2011).

RESULT AND DISCUSSION

In this study, four isolates of endophytic bacteria APK1, APK2, APK3, and APK4 were successfully
obtained from the avocado peel (Persea americana Mill.) with different shapes, colors, and textures
(Figure 1). APK1 colony is almost clear white, with a ratty surface and edges, whereas APK2 is
structurally and morphologically similar to APK1 but has a milky white colony color. In contrast, APK3
has a yellowish colony color with a slimy and ratty surface while the APK4 colony is yellowish, with a
raised surface, wavy edges, and a slightly dull/cloudy appearance.

The optimum growth time of isolates is revealed by fermentation. The Optical Density (OD)
calculation is used to calculate the fermentation time. Fermentation occurs at the beginning of the
stationary phase, as indicated by the bacterial growth curve because secondary metabolites are produced
during this phase. Metabolite synthesis occurs as a result of a lack of available nutrients, which causes
an accumulation of metabolite enzyme inducers and the release of genes that can trigger metabolite
synthesis. The induction of enzymes that can be obtained from the cell's metabolism is linked to
biosynthesis. APK1 bacteria reach their optimum time in the fermentation process close to 24 hours,
then significantly decrease entering the death phase, which is similar to APK2, which enters the
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stationary phase after 24 hours, with isolates reaching their optimum time approaching 40 hours. APK3
discovered that the optimum growth time was close to 40 hours, which was relatively similar to the

APK4 isolate (Figure 2).

APK4

Figure 1. Endophityc bacteria colony isolated from Avocado peel Persea americana Mill.
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Figure 2. Optical density measurements of bacterial isolates' growth curves

The antioxidant testing results of the APK4 bacterial isolate extract demonstrated the highest
antioxidant activity, evidenced by the lowest I1Cs value of 302.3 pg/mL. This activity was significantly
high when compared to the other isolates, APK1, APK2, and APK3, which exhibited 1Cso values of
19.737 pg/mL, 18.972ug/mL, and 31.217 ug/mL, respectively (Table. 1).
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Table 1. DPPH assay results for antioxidant activity of bacterial isolate extracts
Standard Average

Isolate . Sample Inhibition I1Cso
+
(extract) CO?;Z?SSIW Absorsbg NC€Z " Absorbance (%) (ng/mL)
1000 01033+ 0047 0.0636 35.906
500 014760009  0.1080 8.724
250 0.1513+0,009  0.1116 112.416
APK1 125 015100021 01113 2080 19797
62.5 01546+ 0002  0.1150 15.771
31.25 0.1553+0005  0.1156 -16.443
1000 0.1596+0.003  0.1180 12.807
500 01636+ 0005  0.1220 9.852
250 0.2006+0,010  0.1590 17.487
APK2 125 0.2103+0.004  0.1686 24630 18972
62.5 02140+ 0001 01723 -27.339
31.25 0.2153+0.003  0.1736 -28.325
1000 01610+ 0,004  0.0996 37.184
500 0.1703+0.004  0.1090 31.302
250 0.1680+ 0008  0.1066 32.773
APK3 125 0.1786+0006 01173 26.050 1217
62.5 0.1806+ 0,003  0.1193 24.789
31.25 01836+ 0002 01223 22.899
1000 0.010+0,008  0.0393 75.105
500 0.1260+0002  0.0643 50.282
250 0.1606+0.003  0.0990 37.341
APK4 125 0.1656+0.003  0.1040 34177 9023
62.5 0.1863+0.003  0.1246 21.097
31.25 0.1843+0.004 01226 22.362
1000 0.0397+0.000  0.000 100
10 0.0496+ 0,000  0.0100 86.238
Ascorbic 5 0.0616+ 0,002  0.0220 60.724 Lol
acid 25 0.0850+0.002  0.0453 37.614 :
1.25 0.0930+0.003  0.0533 26.605
0.625 0.0963+0.004  0.0566 22.018

The bacterial isolates containing antioxidant properties in APK4 were subsequently identified
molecularly. The genomic DNA of the bacterial isolate APK4 was confirmed by the presence of a single
band on the gel (Figure 3). A X DNA marker with a concentration of 100 pg/mL was used as a reference.
The clear, singular DNA band indicates that there are no contaminating substances, such as RNA or
proteins, in the sample. This result demonstrates the purity and integrity of the extracted DNA, which is
crucial for accurate downstream molecular analyses.

DNA concentration is measured in ug/mL, while purity is assessed using absorbance ratios at
260/230 nm and 260/280 nm. A pure DNA sample has a 260/230 ratio between 2.0 and 2.2. The bacterial
isolate APK4 has a 260/230 ratio of 2.197, indicating minimal contamination. Similarly, a pure DNA
sample should have a 260/280 ratio between 1.7 and 2.0. The APK4 sample has a 260/280 ratio of 2.000,
confirming high purity. Thus, the DNA from the bacterial isolate APK4 is very pure and suitable for
further analysis. The estimated size of the amplified 16S rRNA gene product is 1,498 bp. For bacterial
isolate APK4, the target band, indicated by a red arrow, matches this estimated size (Figure 3).
Additionally, several faint bands of various sizes were observed. These faint bands likely result from the
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presence of multiple copies of the 16S rRNA gene in the bacterial genome, causing the primers to anneal
to other regions of the genome.

10.000 bp

3.000 bp

1.500 bp

<+ 1.498 bp

1.000 bp
750 bp

500 bp

250 bp

A) ®B)

Figure 3. (A) Visualization of genomic DNA and (B) 16S rRNA gene amplification results for
bacterial isolate APK4, M (Marker), A (DNA sample genome)

The PCR product of the 16S rRNA gene from the bacterial sample was sequenced in both directions.
The electropherogram of the 16S rRNA gene from bacterial isolate APK4 was analyzed. The amplicon,
amplified using primers 16SrRNA_27F and 16SrRNA_1525R, was 1,498 bp long. The forward primer
(16SrRNA_27F) produced a 757 bp read, while the reverse primer (16SrRNA_1525R) produced a 1,197
bp read. The 5’ and 3’ ends of both electropherograms had overlapping, unclear, and low-quality peaks,
which required trimming. Specifically, the forward primer read was trimmed by 40 bp at the 5’ end and
39 bp at the 3’ end, and the reverse primer read was trimmed by 38 bp at the 5’ end and 94 bp at the 3’
end. After editing, the final sequence length of the 16S rRNA gene fragment for isolate APK4 was 1,389
bp Figure 4).

P Translate GCTTGCTIGCTTCGCTGACGEAGTGGCGGRACGGGTGAGTARATGTCTGGGERARACTGCCTGATGGRGGEGGGRATER
wIsolate RPK4 16SrRNA-27F.abl(1>757) - f

I
P Transiate ACTACTGGRAACGGTAGCIBATRACCGCATARCGTICACARGACCRARARGAGGGGGACCTITCGGEGECCTICTTIGC!
wIsolate RPK4_165rRNA-27F.abl (1»757) d

Figure 4. Electropherogram of 16S rRNA gne sequencing for bacterial isolate APK4

Based on the phylogenetic tree construction, two main branches are dividing the bacteria into two
clusters. Cluster A comprises 12 bacteria, while Cluster B consists of 4 bacteria. Bacterial isolate APK4,
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highlighted by a red box, is located in Cluster B. The closest branch to isolate APK4 includes
Enterobacter hormaechei subsp. xiangfangensis strain FJAT-30604, followed by Enterobacter
hormaechei isolate EC-TO80 and Enterobacter hormaechei strain Al. According to BLAST results,
alignment, genetic distance calculations, and phylogenetic tree construction, it is concluded that bacterial
isolate APK4 belongs to the species Enterobacter hormaechei with percentage of similarity value of
99.93% with 100% query cover (Figure 5).

Enterobacter sp. LU1 (CP043438.2)
L Enterobacter homaechei strain 1847819 (MT123869.1)

Enterobacter hormaechei subsp. xiangfinsensis srain FR48 (MT124373.1)
|— Enterobacter homuaechei stainBW (CP027111.1)
Enterobacter hommaechei strainBW (CP023569.1)
Enterobacter sp. strain MY 3 (MN894537.1) LA
Enterobacter hormaschei strain AUH-ENM30 (CP045611.1)
Enterobacter hormaechei strain C45 (CP042551.1)
Enterobacter hommaechei strain C44 (CP042566.1)
Enterobacter hormaechei subsp. xngfhngenss strain WCHEX045001 (CP043382.1)
Enterobacter hommaechei subsp. steigerwalt stram ME-1 (CP041733.1)
Enterobacter hormaechei strain 49285TDY 7387798 (LR607364.1) -
Enterobacter hormaechei strain A1 (CP031574.1) -
Enterobacter hormaechei solate EC-TO80 (L5999206.1)

&0 . ; . . cAdC -
@ Enterobacter hormaechei subsp. xiangfingensis strain FJAT-30604 (MF385045.1) B

&0 Isolate APE4 B

Figure 5. Phylogenetic tree analysis of the isolate APK4-comparison bacteria relationship

100

The name of the endophyc bacteria in this study is Enterobacter hormaechei. It is a Gram-negative
bacterium within the enterobacter cloacae complex (ECC), was first identified and described in 1989
(O’Hara et al., 1989). Like other Enterobacter species, E. hormaechei has been found in diverse natural
settings, including plants, water, soil, and the digestive tracts of insects and animals (Rizwan et al., 2023)
(Martins et al., 2020). Previous research has shown that this bacterial isolate extract has strong anti-
larvicidal, antimicrobial, and fungicidal properties. However, there are still no specific reports on its
antioxidant potential (Wang et al., 2019).

This study highlights an interesting link to the natural habitat of avocados (Persea americana Mill.).
It suggests that avocados and their endophytes, including E. hormaechei, may have developed increased
antioxidant activity to survive in tough conditions. This idea fits with the broader understanding that
endophytic bacteria play a crucial role in helping plants adapt to and thrive in difficult environments.
The ability of E. hormaechei to handle and reduce oxidative stress in avocados emphasizes the
importance of these bacteria in the plant's resilience. Investigating the antioxidant properties of E.
hormaechei further, particularly in relation to avocados, could shed light on the complex relationship
between endophytes and their host plants in challenging habitats.

CONCLUSION

This research successfully identified four distinct endophytic bacteria from avocado peel, each with
unique characteristics. Four isolates were obtained, namely APK1, APK2, APK3, and APK4. Through
fermentation analysis, we determined that APK1 and APK2 have optimal growth times of 24 hours,
while APK3 and APK4 peak at around 40 hours. Only APK4 exhibited antioxidant properties. We
conclusively identified APK4 as a member of the Enterobacter hormaechei species using molecular
identification with percentage of similarity of 99,93%.
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ABSTRACT

Complexometric titration is often used for determining the metal content, either through direct
titration or back titration. This study aimed to investigate redox titration between Mohr salt solutions
and potassium dichromate in an acidic atmosphere in the pH range 2. The results showed that the reaction
proceeded effectively at pH 2, with Mohr's salt solution acting as titrant. Furthermore, experiments were
conducted to compare the effectiveness of EDTA ligands and SCN- ligands in improving the sharpness
of the Fe?*/ Cr,0-* redox titration curve at pH 2. Results show that EDTA ligands are more effective
than SCN- ligands in improving the sharpness of the titration curve. However, it should be noted that
the addition of EDTA ligands can shift the equivalent point volume earlier, so adjustments need to be
made in redox titration analysis. The use of EDTA and SCN- ligands in the redox titration of Fe(ll) ions
with K,Cr,0O7 using a potentiometric method help in forming stable and detectable complexes with
Fe(ll), leading to clear and reliable potentiometric measurements. Research has also shown that adding
excess moles of EDTA to total Fe (I1) ions can decrease redox potential in Fe?*/ Cr,0-* systems. Based
on the volume at the equivalence point, the Fe?* ion in Mohr salt is 14.30%. with an average titration
error of less than 0.30%. These results highlight the role of EDTA ligands in redox titration analysis and
their impact on redox potential changes. The use of EDTA and SCN- ligands in the redox titration of
Fe(Il) ions with K2Cr207 using a potentiometric method help in forming stable and detectable
complexes with Fe(ll), leading to clear and reliable potentiometric measurements.
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INTRODUCTION

Redox titration serves as a fundamental analytical technique in chemistry, allowing precise
determination of the target concentration of analytes by measuring the titrant volume required to reach
a specific endpoint. In the context of quantitative analysis, redox titration of Fe?* ions using potassium
dichromate (K2Cr20-) as a titrant has been widely used. This classical titration, often used to quantify
iron content in various samples, is essential in educational and industrial laboratories (Barrera-Diaz et
al., 2012; El Jamal, 2008). The Fe?*/Fe** redox pair is known for its sensitivity to various environmental
factors, especially pH and the presence of ligands. These variables can significantly impact the accuracy
and precision of titration results, so it is essential to understand their effects. In this study, we explored
the effect of pH and the role of ligands in redox titration of Fe** ions in Mohr salts
(FeSO4(NH4)2SO4-6H20) with K>Cr.07 (Kabdasli & Tiinay, 2023).

The redox system Fe?*/ Cr,O;% is the research focus due to its significant impact on chemical analysis
and waste treatment. This reaction can only occur in an acidic environment due to modification of the
redox potential by the pH of the solution. However, an increased pH can result in an unspontaneous
reaction, so further research is needed to understand and address the problem (Kang et al., 2022). Using
ligands, such as Tiron, 1,10-phenanthroline, and EDTA, became a strategy to increase the spontaneity
of redox reactions by modifying the reduction potential. This is important because of the complexity of
interactions between ligands and metal ions in forming complex compounds, which is also affected by
the pH of the solution (Bashir et al., 2018).

The determination of metal ion concentrations is often conducted using UV/Vis absorption
spectrometric titration with special ligands. Electrochemical measurements using selective electrodes to
measure metal ion concentrations also require specific treatment to prepare the membrane to be active,
and any defects can affect their response. Anodic stripping voltammetry and cyclic voltammetry have
been widely utilized for the determination of various metals, as has amperometric titration using a
dropping mercury electrode, though it requires special treatment. In this study, we propose a method
that is relatively easy to use and does not require special preparation before use (EI Jamal & Hammud,
2007).

Potentiometric titration techniques are relevant in this context because they are simple, easy,
inexpensive, and environmentally friendly. However, special attention is needed to the pH range when
performing redox titration of Fe?*/ Cr,O;* with ligands because it can affect the formation of deposits
and the stability of complex compounds (Sukekava et al., 2024). Many studies in analytical chemistry
have highlighted the significance of pH in redox titrations, as changes in pH levels can substantially
upset the balance between Fe** and K2Cr20-. In addition, the presence of ligands in the sample matrix
can lead to the formation of complex ions with Fe?*, potentially complicating the stoichiometry of redox
reactions. Therefore, this study aims to uncover the nuances of these critical factors and their collective
influence on accuracy and reliability in Fe?" determination via KoCr2O- titration (Das et al., 2014).

Understanding how changes in pH levels affect the titration process is essential because it can
significantly affect the redox balance between Fe?*" and K>Cr.O». In addition, ligands in the sample can
form complex ions with Fe?*, altering the stoichiometry of redox reactions. As a result, this study aims
to provide a deeper understanding of these influential factors to improve accuracy and reliability in Fe?*
determination through K-CrO> titration. Potentiometric titration is a suitable electroanalytical technique
for applying ligand influence concepts in redox systems due to its simplicity, ease of use, cost-
effectiveness, and environmental friendliness. While this method is less commonly employed, it is
crucial for evaluating samples in industries, pharmaceuticals, and environmental settings. The method
has been used in iron speciation in drug samples and lake water, utilizing the concept of redox potential
modification by the ligand 1,10-phenanthroline in Fe(11)-Co(ll) redox systems (Rizvi et al., 2016).

EDTA and SCN- are recognized for their ability to form stable complexes with metal ions such as
Fe(I). In our study, these ligands interact with Fe(l1) ions during the redox titration process. EDTA acts
as a strong chelating agent, binding tightly to metal ions and preventing their precipitation, which is
essential for achieving accurate titration results. The presence of EDTA and SCN- influences the redox
chemistry of Fe(ll) ions. EDTA stabilizes Fe(ll) ions in solution, thereby preventing premature oxidation
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or reduction during titration. SCN-, on the other hand, forms complexes with Fe(Il) that can modify the
redox potential, thereby impacting the titration endpoint.

The determination of metal ion concentrations is often conducted using UV/Vis absorption
spectrometric titration with special ligands. Electrochemical measurements using selective electrodes to
measure metal ion concentrations also require specific treatment to prepare the membrane to be active,
and any defects can affect their response. Anodic stripping voltammetry and cyclic voltammetry have
been widely utilized for the determination of various metals, as has amperometric titration using a
dropping mercury electrode, though it requires special treatment. In this study, we propose a method
that is relatively easy to use and does not require special preparation before use.

By investigating the interaction between pH, ligands, and Fe** ion redox titration, we hope to develop
a more comprehensive understanding of this analytical technique, which can ultimately lead to more
precise and reproducible results in various practical applications.

MATERIALS AND METHOD

This research was conducted on the potentiometric titration method for the Redox reaction Fe?*/
Cr,07%. This redox reaction involves Fe?* ions of Mohr Salt as a reducing agent (titrate) with potassium
dichromate as an oxidizing agent (titrant). The cell potential measurement results are used to create a
titration curve to determine the effect of ligands and pH on Fe?*/ Cr,0O;% redox titration. Compounds
used as ligands for this study include EDTA and SCN- ligands.

Manufacture and characterization of Ag/AgCIl comparator electrodes

The Ag/AgCI reference electrode is made by electrodeposition of AgCl on Ag wire in 0.1 M NaCl
solution for 1 minute with a current source of 2.20 V until a blackish-gray AgCl precipitate is formed
that coats the Ag wire. The Ag/AgCl electrode was placed into the electrode body filled with a 3.0 M
NaCl saturated solution. The Ag/AgCI reference electrode that had been made was then characterized
voltammetrically in a solution of Ks[Fe(CN)g] 0.01 M and K4[Fe(CN)s] 0.01 M in a solution of 0.1 M
NaCl supporting electrolyte using cyclic voltammetry techniques in the potential range of -200 mV to
800 mV with a scan rate of 100 mV/s. Cyclic voltammogram measurement results from artificial
Ag/AgCI reference electrodes compared to commercial Ag/AgCI (BAS) electrodes. In addition, the
artificial Ag/AgCl electrode is also potentiometrically characterized using Ag/AgCl as a working
electrode. Measurement of electrode potentials in NaCl solutions of various concentrations is carried out
in stages from low concentration to high concentration, respectively are 5 x 10°; 104, 5 x 10%; 10%; 5 x
103 10%5 x 102 and 10 M.

Potentiometric titration in redox reactions Fe?*/ Cr.O-*

Potentiometric titration uses a Pt wire working electrode as the cathode and an artificial Ag/AgCl
reference electrode as the anode, and both are connected to the potentiometer. Cell potential
measurements are carried out at room temperature.

Titration of 0.1 M Mohr salt solution by K>Cr207 0.0277 M with variation in H2.SO4 concentration

A solution of 0.1 M Mohr salt in 0.05 M sulfuric acid, as much as 10 mL, is pipetted and put into a
beaker, and 25 mL of 1 M sulfuric acid solution is added. The analyte solution is then titrated with 0.028
M potassium dichromate solution and stirred slowly until the solution is homogeneous. The cell potential
in the solution is measured and recorded with every addition of 1 mL of titrant. The same procedure is
repeated for variations of sulfuric acid with a concentration of 0.30; 0.08; and 0.02 M each. The
repetition of each titration is carried out three times.

Titration of 0.01 M Fe(l1) and Fe(l11) mixed solution by 0.5 M NaOH with EDTA variation
A mixed solution of Mohr salt and FeCls.6H-O 0.01 M in 0.5 M sulfuric acid, as much as 5 mL, was
put into a beaker and added with 2 mL of 0.03 M EDTA solution. Next, the solution was diluted with
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aqua DM to 50 mL and titrated slowly with 0.5 M NaOH. pH and cell potential measurements were
carried out after adding NaOH solution. The same working procedure is repeated with variations in the
volume of EDTA solution by 4 and 6 mL. In addition, titration of mixed solutions of Fe(ll) and Fe(lll)
without adding EDTA ligands is carried out with the same working procedure. Each titration is carried
out triplo.

Titration of 0.02 M Mohr salt solution by K>Cr,O7 0.007 M with EDTA concentration variation

A 0.02 M Mohr salt solution in 0.02 M sulfuric acid of 10 mL is put into a beaker, added with 25 mL
of EDTA solution, and titrated with 0.007 M potassium dichromate solution slowly and stirred until the
solution is homogeneous. Cell potential measurements were recorded with every addition of 1 mL of
potassium dichromate solution. The work procedure was repeated for adding different EDTA
concentrations, namely 0.008 M, 0.009 M, and 0.01 M. The redox titration curve Fe?*/ Cr,0;* with
variations in EDTA concentration is then compared with the titration curve without EDTA ligands.
Redox titration of Mohr salt solution with potassium dichromate without EDTA ligands was performed
by replacing EDTA solution with aqgua DM as much as 25 mL. Each of these redox titrations is
performed triplo.

Titration of 0.02 M Mohr salt solution by K>Cr,O7 0.007 M with the addition of SCN- ligands

A 0.02 M Mohr salt solution in 0.02 M sulfuric acid, as much as 10 mL, was pipetted and put into a
beaker, then added with a 25 mL SCN- solution and titrated slowly with 0.007 M potassium dichromate
solution. Triple cell potential measurements are performed per mL titrant, and the results are recorded.
The results of the possible measurement of the cell are then compared with the redox titration curve
Fe?*/ Cr,0-* with the addition of EDTA ligands that have been performed.

RESULT AND DISCUSSION
Characterization of Ag/AgCI reference electrode

The reference electrode is essential in monitoring the working electrode in potentiometric titration.
The characterization of Ag/AgCl reference electrodes is carried out by two methods, namely
voltammetry and potentiometry. Voltammetry involves the ratio of artificial to commercial Ag/AgCI
(BAS) electrodes in a mixed solution of Ks[Fe(CN)e] and Ka[Fe(CN)e]. This solution was chosen
because of its rapid and electrochemically reversible electron transfer reaction. NaCl solution acts as a
supporting electrolyte to minimize the rate of ion migration from the analyte. Furthermore, the Cyclic
Voltammetry method characterized the Ag/AgClI reference electrode in the potential range of -200 to
+800 mV with a scan rate of 100 mV/s. The results show voltammogram similarity between the artificial
Ag/AgCI electrode and BAS, as seen in Figure 1. The voltammogram profile allows the measurement
of cathodic and anodic peak potentials and currents from mixed solutions of Ks[Fe(CN)s] and
Ka4[Fe(CN)g] 0.01 M. The ratio of anodic peak (Ip.) and cathodic (Ipc) currents is close to 1, indicating
a reversible redox process. The peak potential difference (AEp) between the anodic and cathodic peaks
for artificial Ag/AgCl and BAS electrodes is 0.112 V, while the theoretical value is 0.059 V. The higher
AEp in the experiment showed uncompensated electrical resistance, leading to slower electron transfer
rates and higher separation between anodic and cathodic peaks (Brownson & Banks, 2014).

A paired t-test determines the difference between an artificial Ag/AgCl voltammogram and a BAS.
The results of the t-test obtained a calculated t value (1.359) <t table (2.78), which means that there is
no significant difference between the voltammogram of artificial Ag/AgCl electrodes and BAS. In
addition, the voltammogram difference between the two electrodes can also be observed from the formal
potential values. The formal potential of the two electrodes has the same value of 0.210 V, so there is
no difference between them. These parameters indicate that the artificial Ag/AgCl electrode performs
well with BAS.
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Commercial Reference Electrode Ag/AgCl BAS
Artificial Reference Electrode Ag/AgCI

30 4
20 4
10
< /

o V
= 4-
,10 —
,20 —

-30 4

0.2 0.0 0.2 0.4 0.6 0.8
E (V)

Figure 1. Cyclic voltammogram of commercial Ag/AgCl reference electrode (BAS) with artificial
in a mixed solution of K3[Fe(CN)s] and Ks[Fe(CN)e] 0.01 M in 0.1 M NacCl solution

Potentiometric characterization of electrodes is carried out by measuring NaCl solutions in the
concentration range of 5 x 10° - 10 M using Ag/AgCl wire as the working electrode. A deficient
concentration of NaCl solution can dissolve the AgCl layer (Ks, = 1.8 x 1029 on the working electrode
so that the lowest limit for measuring NaCl solution is 5 x 10 M. The results of measuring electrode
potential in NaCl solution have theoretical compatibility; namely, the cell potential is directly
proportional to pCl (-log Cl- ion concentration).
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Figure 2. Cell potential curve to pCl of a homemade Ag/AgCl reference electrode with an Ag/AgCl
wire working electrode

The Nernst factor is a commonly used parameter to determine electrode performance through the
slope value of the relationship curve between potential to —log analyte concentration. The test results
of the artificial Ag / AgCl reference electrode in Figure 2 obtained a straight-line equation of E = 11.24
—51.93 log[CI7], which is subject to the Nernst equation. The experimental Nernst factor value of 51.93
mV/decade is Under-Nerstian smaller than the theoretical value of 59.2 mV/decade at 25 °C. The
difference in the value of the experimental Nernst factor with the theoretical value is influenced by
temperature, the character of the AgCl precipitate on the Ag wire (purity and homogeneity), ion activity
in the solution, the purity of the analyte solution, the solution in the reference, the connecting fluid
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potential, the cleanliness of the electrodes, and the membrane composition of the electrodes. However,
the correlation factor value of 0.991, close to one, indicates that the system of working and comparator
electrodes responded well to a slight increase in chloride ion concentration.

The results of overall electrode characterization by voltammetry and potentiometry methods show
that the artificial Ag/AgCl reference electrode has good performance, so it is suitable for further
potentiometric titration measurements. The things that need to be considered in making Ag / AgCl
electrodes are the potential used during the electrolysis process and the selection of solutions in the
reference electrode. The potential applied for the electrolysis process must be greater than the standard
potential of the Ag/AgCl electrode due to the reduction of the potential by the Ohmic potential.

Effect of H,SO4 concentration on redox titration of mohr salt solution with K,Cr,O+

Variations in sulfuric acid concentration were carried out to determine the effect of H* ion
concentration on redox titration between Mohr salt solution and potassium dichromate. This can be
known through the titration curve by channeling the relationship between the cell potential of the
measurement results and the titrant volume. The cell potential measurement is carried out by
potentiometric titration method using Pt wire as the working electrode and an artificial Ag/AgCl
reference electrode that has been characterized. Mohr salts are a source of Fe?*ions acting as analytes in
titration. The use of sulfuric acid in making Fe (11) solution is to give an acidic atmosphere to the solution
to slow down the rate of oxidation of Fe?* ions to Fe** by dissolved oxygen (dissolve oxygen) and prevent
the formation of hydrolyzed Fe?* ion species that are easily oxidized. In addition, sulfuric acid is also
used to vary the concentration of H* ions in redox titration of Mohr salt solution with potassium
dichromate. Sulfuric acid is one of the appropriate acids used for titration because sulfate ions are not
involved in the reaction and can meet the needs of H* ions for the redox reaction (Rizvi et al., 2016).
Potentiometric titration between Mohr salt solution and potassium dichromate was performed in the
acidic pH range to prevent the transformation of dichromate ions to chromate at pH > 6 and prevent an
increase in the oxidation rate of Fe?* ions by dissolved oxygen at pH > 4. Theoretically, the redox
reaction between Mohr salt solution and potassium dichromate can be spontaneous up to pH 4. However,
titration between 0.1 M Mohr salt solution and 0.03 M potassium dichromate was experimentally
stopped to a pH of less than three due to the formation of brownish-yellow deposits derived from
Fe(OH);s (Tian et al., 2024). The chemical reaction between a solution of Mohr salt and potassium
dichromate in an acidic atmosphere is shown in Equation 3.

Anode: 6F€2+(aq) _— 6F93+ (a0) +60 e (1)
Cathode: Cr2072'(aq) + 14H" (5 + 66 =——= 2Cf3+(aq) +THO0) 2
Hence the equation of the chemical reaction that occurs:
Cr2072_(aq) + 6Fe2+(aq) +14H+(aq) —_— Zcr3+(aq) + 6Fe3+ (aq) + 7H20(I) ......... (3)

The standard reduction potential () of the redox system Cr(V1)/Cr(l11) is greater than that of the redox
system Fe(I11)/Fe(I1) so that dichromate ions tend to be reduced while Fe?* ions undergo oxidation. The
redox titration curve between Mohr salt solution and potassium dichromate with variations in H* ion
concentration is shown in Figure 3. The cell potential in the state before titration yields a positive value.
This shows that there is already a Fe species®* derived from the oxidation of Fe?* by dissolved oxygen.
The cell potential in the pre-titration state approaches the theoretical value for the Fe(l11)/Fe(Il) redox
system in H,SO4 1.0 M is 0.460 V against the Ag/AgCl reference electrode so that the number of Fe3*
species that is present in solution in tiny amounts and can be ignored. states that redox potential without
titrant addition cannot be calculated since the exact sum of Fe®" ion concentrations, which is present in
the solution, cannot be determined. If Fe® ionsare not in solution or Fe®* ion concentration is zero, the
resulting redox potential becomes infinite.
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Figure 3a. Redox titration curve of 10 mL Mohr salt solution 0.1 M with K,Cr,070.03 M with
concentration variation H,SO,

Figure 3a. shows that a decrease in sulfuric acid concentration can decrease redox potential values in
regions after the equivalence point. In that state, the redox potential value depends on the half-reaction
Cr(VD/Cr(1) in Equation (3) (EI Jamal, 2008). H" ions as electroactive species are involved in the
Cr(VID)/Cr(111) reduction reaction, so the sulfuric acid concentration directly affects the redox potential
(Gao & Liu, 2017; Kabdash & Tiinay, 2023). The results of measuring cell potential in redox titration
Fe?*/ Cr,O;%* with variations in sulfuric acid concentration at that state are in theory that cell potential is
directly proportional to the concentration of H* ionsand inversely proportional to the pH of the solution.
The relationship of cell potential to solution pH for Cr(\V1)/Cr(l11) reduction systems can be proved by
the Nernst equation in Equation 4.

E= E2us e pr IN- 0038 PHE 205 o 4)

The sulfuric acid concentration does not affect the redox potential found in the area before the
equivalence point. In this situation, the amount of analyte in reduced and oxidized form is present in
significant quantities in solution so that the cell potential value is influenced by half the reaction of the
Fe(l11)/Fe(I1) system in Equation (1). Fe(lll)/Fe(ll) reduction reactions do not involve H ions*, so the
sulfuric acid concentration does not directly affect redox potential. However, the pH of a solution plays
a role in determining the rate of oxidation of Fe ions?* by dissolved oxygen. The oxidation rate of Fe
ions?* becomes Fe®* by dissolved oxygen in the acidic state (pH <4) proceeds very slowly while in the
alkaline state (pH 4-8) proceeds very quickly (ElI Jamal & Hammud, 2007). Redox potential at the state
before the equivalence point for Fe?*/Cr,O7* redox can be determined by Equation (5).

RT |Fe2*]
E= Ef 3+ pe?* T oF LOg [FEd 7] w+versrreeesonesssen st (5)

Fe

Redox titration between Mohr salt solution and potassium dichromate does not use visual indicators
so that the volume of the titration endpoint cannot be determined through colour changes in solution.
The analyte solution changes colour to greenish-yellow as the volume of titrant increases. The volume
of the equivalence point of such redox titration is determined based on the first derived curve in Figure
4. In the redox titration curve Fe?*/Cr,O;% it is seen that variations in sulfuric acid concentration do not
shift the volume of the equivalent point. However, the variation in sulfuric acid concentration causes a
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change in the cell potential in the equivalence point region and can be calculated theoretically through
Equation (6). Based on the volume of the equivalent point, it can be calculated that the Fe?* ion content
in Mohr salt is 14.30 %. The potentiometric titration method in the redox reaction Fe?*/Cr,0;%* has a
fairly good accuracy with an average titration error percentage of less than 0.30%.

=0 £l
mxE (o 34+ NXE / 2 repd
itipe?* erft/pr®t 2000

A m L [CE ] O e (6)
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Figure 3b. First derived curve of redox titration of Mohr salt 0.1 M with K;Cr,O7 0.03 M with
concentration variation H.SO4

The increase in sulfuric acid concentration in Figure 3b increases the equivalence point potential so
that the resulting curve is sharper. The sharper the redox titration curve, the easier it is to determine the
equivalent point volume on redox titration Fe?*/ Cr,O;*. Based on Figure 3, the potential fracture is very
large on the redox titration curve Fe?*/ Cr,O-* found at a very acidic pH i.e. at the addition of sulfuric
acid 1 M. The potential fault on the titration curve shows a difference E between analytes and titrants.
The greater the difference E, then the greater the equilibrium constant produced so that the equilibrium
reaction progresses in the direction of the product. Therefore, redox titration Fe?*/ Cr.O;* in highly
acidic atmospheres is preferred. Based on the results of the experiment as a whole, it can be concluded
that the concentration of sulfuric acid can modify the cell potential of the redox system Fe?/ Cr,0;*
(Gao et al., 2022; Kang et al., 2022).

Effect of ligands on redox titration Fe?*/ Cr,O7*

The effect of ligands on redox titration between Mohr salt solution and potassium dichromate was
carried out at an initial pH of 2. The pH range of the solution is determined based on the results of
previous studies that redox titration Fe?*/ Cr,0+* can last up to pH 2 without precipitate formation.
However, potential jumps in the Fe?*/ Cr,0-* redox titration curve at that pH were found to be very low.
The higher the cell potential jump produced by the titration curve, the easier it is to determine the
equivalent point volume. The addition of appropriate ligands is expected to increase the sharpness of the
Fe?*/ Cr,07* redox titration curve at pH 2. Compounds used as ligands for such redox systems include
EDTA and SCN- (Bashir et al., 2020; Rizvi et al., 2016; Sukekava et al., 2024). Fe?*/ Cr,07* titration
with variations in EDTA ligand concentration at pH 2 is performed to determine the optimum conditions
for redox titration in the presence of ligands. An E-pH diagram for the Fe(l111)/Fe(1l) system with EDTA
ligands was experimentally created to determine the effect of pH on the stability of the [Fe-EDTA]/[Fe-
EDTAJ]* complex. In redox systems Cr(VI)/Cr(I11), E-pH diagrams in the presence of EDTA ligands
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are not investigated because the rate of complex formation of Cr(lll) with ligands is so slow that
measurement results are inaccurate. The results of cell potential measurements for Fe(l11)/Fe(ll) systems
with variations in EDTA ligand volume can be seen in the E-pH diagram for the redox system is shown
in Figure 5.

Figure 4 shows that the E-pH diagram of the Fe(lI1)/Fe(ll) system without the presence of EDTA
ligands is close to theoretical values and is not affected by the pH of the solution. The standard reduction
potential Fe(l11)/Fe(ll) in H,SO4 1 M is theoretically 460 mV against the Ag/AgCI reference electrode
due to the formation of the [FeSQO.]*/[FeSO4] complex. At the addition of 2 mL EDTA to 0.03 M, the
cell potential decreases compared to the absence of ligands and is constant to changes in the pH of the
solution. The decrease in cell potential occurs due to the formation of complexes between EDTA ligands
and the redox system Fe(lll)/Fe(ll) in Equation 7. At pH below 3, the EDTA (Y4-) species that
predominate in solution are in the form of HsY-. Thus, the most likely reaction formed between
Fe(l11)/Fe(lI1) ions and EDTA ligands at pH is shown by Equation 7.

[FeHsY]* (aq) + € [FeHsY] (ag)....cccovene (7)
450 /
400 read Y

300

Potential (mV)
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Figure 4. E-pH diagram of 5 mL mixture of Fe(111) and Fe(11) 0.01 M with EDTA mole variation
of 0.03 M

A significant decrease in cell potential due to complexation occurs in the addition of 4 and 6 mL
EDTA 0.03 M. At solution pH below 3, the cell potential value changes significantly with changes in
solution pH. The inconstant cell potential value indicates that the formation of complex compounds
between EDTA ligands and Fe(l11)/Fe(l1) ions is influenced by the pH of the solution. The complex [Fe-
EDTA]? is unstable at very low pH due to the low value of the conditional constant, but the complex
formation constant [Fe-EDTA]- is so large that it causes a decrease in the reduction potential of its free
ionic state (Bashir et al., 2020). The experimental results of the E-pH diagram for the Fe(ll1)/Fe(ll)
system with the presence of EDTA ligands as a whole can be concluded that Fe(l1) ions do not complex
completely with ligands in very acidic atmospheres. In addition, the number of moles of EDTA also
affects the formation of complexes [FeHsY]?*/[FeHsY]*". A comparable number of moles of EDTA and
an excess of the total metal ions can significantly lower the cell potential. The lower the reduction
potential, the greater the amount of [FeHzY?*/[FeHsY]* formed. Next, the determination of the complex
formula of the EDTA ligand in the redox system Fe®*/ Cr.O;* at pH 2. The effect of EDTA ligand
concentration on the redox system can be observed in Figure 5.
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Figure 5. Redox titration curve of 10 mL 0.02 M Mohr salt solution with K,Cr,O7 0.0067 M with
25 mL EDTA atpH 2

Figure 6 shows a significant decrease in redox potential in the region before the equivalence point
compared to without the presence of ligands. The decrease in redox potential occurs due to the formation
of complexes [FeHsy]?*/[FeHsY]* which is reinforced by the results of the E-pH diagram in Figure 5.
The experimental results are in accordance with the theory that the complex formation constant between
EDTA ligands and Fe(Ill) (B=10%>?) greater than Fe(II) (B=10%°!) so that the reduction potential
decreases from the state of the free metal ion. In the state after the equivalence point, the addition of
EDTA ligands does not significantly change the redox potential compared to the absence of EDTA
ligands. Although metal ions are Cr(VD/Cr(lll) in significant quantities, the kinetics of complex
formation with EDTA ligands are very slow at room temperature. In this situation, the redox potential
value is influenced by the pH of the solution. The addition of EDTA ligands can maintain the pH of the
solution in redox titrations Fe?*/ Cr,O;* compared to the absence of ligands. Therefore, the redox
potential with the addition of excess EDTA ligands is higher than without the presence of ligands in the
state after the equivalence point (Bashir et al., 2018; El Jamal & Hammud, 2007; Morgan & Lahav,
2007; Rizvi et al., 2013).

The equivalent point volume in the redox system Fe?*/ Cr,0-* at pH 2 with variations in EDTA
concentration can be determined by the first derived curve in Figure 7. The volume of the equivalent
point shows the ratio of moles between the total complex Fe(ll) ions and EDTA ligands to the
dichromate ions. The volume of the equivalent point in the presence of the EDTA ligand experimentally
shifts earlier than the theoretical equivalent point volume. This happens because there is a small part of
Fe(Il) species that do not complex completely with EDTA ligands, resulting in a decrease in total moles
of complex between Fe(ll) ions and EDTA ligands. This condition is caused by the pH of the solution
which affects the stability of complex formation. Furthermore, the effect of EDTA ligand concentration
on equivalence point cell potential in the Fe?*/ Cr,07* redox system can also be observed in Figure 7.
In the state of excess EDTA ligands of metal ions, the equivalence point cell potential increases. Thus,
it can be concluded that in excess EDTA conditions it is effective to increase the equivalence point
potential in redox titration Fe?*/ Cr,O;*(Bashir et al., 2020; Rizvi et al., 2013, 2016; Sukekava et al.,
2024).

The redox titration ... (Herlina and Razali)
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Figure 6. First derived curve of redox titration of Mohr salt solutions
0.02 M to K2Cr207 0.0067 M with variations in EDTA concentration at pH 2

The effect of EDTA and SCN- ligands on Fe?*/ Cr,O* redox titration at pH 2 can be compared in
Figure 8 which shows that EDTA ligands are effective enough to improve the sharpness of the Fe?/
Cr,07* redox titration curve compared to the presence of SCN- ligands. The reaction that mention
Equation 8

Cr,077 + 6Fe?" + 14H* — 6Fe* + 2Cr¥* +7H0....ccocvvveven 8)

The reaction between (Fe?*) and EDTA forms a stable complex, typically written as Fe(EDTA)?.
When titrated with K.Cr,07, the Cr,0+* ion acts as an oxidizing agent, converting Fe?* to Fe** while
itself being reduced to Cr®*,

Fe reacts with SCN- to form the reddish complex ion Fe(SCN)?*, which is often used as an indicator
for the presence of Fe**. Fe** + SCN™ = Fe(SCN)?" When titrated with KoCr,0-, Fe?* is oxidized to Fe**

by the Cr.O-? which is reduced to Cr3* similarly to the above reaction (El Jamal & Hammud, 2007; Najib
& Hayder, 2011).

The complex formation constant between SCN- ligands and Fe(ll) ions is so small that the possibility
of forming complex compounds is very low. Therefore, the addition of SCN- ligands does not affect the
redox potential Fe?*/ Cr,O;% at the state before the equivalence point.
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Figure 7. Reference of redox titration curve of 10 mL Mohr 0.02 M salt solution to K,Cr,O7 0.0067
M with 25 mL of EDTA ligand or SCN- at pH 2

CONCLUSION

Redox titration between Mohr salt solution and potassium dichromate can take place well in acidic
atmospheres up to pH 2. EDTA ligands are quite effectively used to improve the sharpness of the Fe?*/
Cr.07% redox titration curve at pH 2 compared to SCN- ligands. However, the addition of EDTA ligands
can shift the volume of the equivalent point earlier. Adding excess moles of EDTA to total Fe(ll) ions
can decrease the redox potential Fe?*/ Cr,0-%. Based on the volume at the equivalence point, the Fe?*
ion in Mohr salt is 14.30%. with an average titration error of less than 0.30%. Potentiometric titration is
a suitable electroanalytical technique for applying ligand influence concepts in redox systems due to its
simplicity, ease of use, cost-effectiveness, environmental friendliness and their impact on redox potential
changes.
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ABSTRACT

Despite the availability of various conventional treatments, diabetes mellitus remains a serious
global health concern with an increasing prevalence. This trend underscores the need to explore
potential natural alternatives. Faloak, an indigenous plant of Indonesia, has been traditionally used for
various health conditions, yet its potential as an anti-hyperglycemic agent has not been
comprehensively investigated. This research focused on identifying the ingredients of Faloak leaves
that could lower blood sugar levels and confirm these effects in laboratory and animal models. At
various concentrations, the in vitro evaluation assessed the inhibitory effect of a-amylase and a-
glucosidase enzymes. For in vivo evaluation, male mice were administered glucose, sucrose, and
starch after being pretreated with Faloak leaf extract, and their blood glucose levels were monitored
for 120 min. Faloak leaf extract demonstrated significant inhibitory activity against a-amylase and a-
glucosidase enzymes. The ICsy values for sucrose and maltose inhibition were 30.37 and 65.36
mg/mL, respectively, while a-amylase inhibition showed an ICso of 27.02 mg/mL. In the in vivo test,
mice pretreated with the extract exhibited significantly decreased blood glucose levels at 120 min
compared to the control group. These findings indicate that the ethanolic extract of Faloak leaves
possesses promising anti-hyperglycemic activities, positioning it as a potential candidate for
developing plant-based blood glucose management. Our results demonstrate that Faloak leaf extract
exhibits substantial anti-hyperglycemic properties, inhibiting vital digestive enzymes and effectively
reducing postprandial glucose levels. Identifying active ingredients paves the way for further research
to elucidate specific bioactive compounds and their mechanisms of action.
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INTRODUCTION

High blood sugar, or hyperglycemia, can indicate diabetes and other health problems (Perkumpulan
Endokrinologi Indonesia, 2021). Long-term hyperglycemia increases the risk of liver, kidney, and
heart impairment in patients with diabetes mellitus (American Diabetes Association, 2022). The
International Diabetes Federation estimates that the number of adults with diabetes is expected to rise
from 643 million in 2030 to 783 million by 2045. Furthermore, because of impaired glucose tolerance,
around 500 million people are more likely to acquire type 2 diabetes (International Diabetes
Federation, 2021).

A "back to nature" lifestyle is currently popular in Indonesian society, where medicinal plants are
used to preserve and improve health. The genus Sterculia includes the common medicinal plant Faloak
(Sterculia gquadrifida R. Br.) found in the East Nusa Tenggara area. According to a previous study,
various types of Sterculia were historically employed to address various health issues such as
microbial infections, diabetes, skin conditions, gastrointestinal disorders, inflammation, and more. The
Sterculia plant has been used in many countries for diverse traditional and medicinal purposes, from
roots to leaves. They have been utilized for the treatment of different conditions like skin problems,
gastrointestinal disorders, diabetes, and respiratory ailments (El-Sherei et al., 2016; Rollando et al.,
2020; Siswadi et al., 2014; Susanto, 2019).

Studies have shown that Faloak bark exhibits an in vivo anti-hyperglycemic activity (Fernandez &
Edel, 2017; Julianus et al., 2023). This activity is made possible by the secondary metabolites found in
Faloak bark, which include tannins, phenols, steroids, and flavonoids. The community's harvesting of
Faloak bark often exceeds the plant's ability to regenerate bark. The continued exploitation of Faloak
bark raises concerns about the potential depletion of Faloak plants. Therefore, research into the
Faloak’s other components, particularly its leaves, is crucial for practical use and conservation.

Radjah et al. (2021) discovered that both Faloak leaves and bark contain similar secondary
metabolites, such as phenols, tannins, steroids, and flavonoids (Dillak et al., 2019; Siswadi & Saragih,
2021). Despite this, the anti-hyperglycemic effects of Faloak leaf extract have not been studied. The
purpose of this study was to find out whether the extract could lower blood sugar levels. Furthermore,
to determine the component (s) responsible for the pharmacological activity, the active ingredients of
the Faloak leaf extracts were identified, and the anti-hyperglycemic effect was also assessed through in
vivo and in vitro studies.

MATERIALS AND METHOD
Materials

Dried Faloak leaf Simplicia was collected from Kupang, East Nusa Tenggara, in March 2022 and
identified by experts from the Biologic Department of Sanata Dharma University. The study utilized
ethanol, glucose, sucrose, starch, p-nitrophenyl-a-D-glucopyranoside, phosphate buffer pH 7, DMSO,
a-glucosidase, and sodium carbonate, all of which were procured from E-Merck.

Methods
Preparation of ethanol extract from Faloak leaves (EEF)

Dried Faloak leaf simplicia was powdered and macerated using 70% ethanol for 24 hours with a
ratio of 1:10. The mixture was filtered, and then it was concentrated at 40°C in a rotary evaporator to
extract the active components (Tzanova et al., 2020; Zhang et al., 2018). The crude extract was stored
in a dark glass bottle at four °C.

Qualitative phytochemical screening

Standard assays were used to perform a phytochemical screening of the plant under study to
determine the presence of active principles. Table 1 shows standard screening tests were carried out to
determine whether secondary metabolites were present or absent.
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Table 1. Tests for phytochemical screening of ethanol extract from Faloak leaves

Tests Reagent Color appearance Inference References
Flavonoid  Extract + magnesium  Pink color appears Flavonoids (Katja, 2020)
detection + HCI present

Test for Extract + 2 mL FeCls Blue and green Tannins present  (Arrisujaya et

tannins colors appear al., 2019)

Test for Extract +HCI + White precipitate Alkaloids (Endah, 2017)
alkaloids Mayer reagent present

Test for Extract + chloroform Brownish color Terpenoids (Bhernama,
terpenoids + H,S04 appears present 2020)

In vitro sugar tolerance study
Sample preparation

The ethanol extract was dissolved in 50% DMSO to make a 100 mg/mL solution, which was then
further diluted to concentrations of 50, 25, 12.5, and 6.25 mg/mL. These samples were evaluated for
their a-glucosidase inhibition (AGI) and a-amylase inhibition (AAI) activities, with each sample being
tested twice (Duplo). The AGI and AAI assay was carried out utilizing our previous protocol (Benedé-
Ubieto et al., 2020; Puteri et al., 2020; Sornalakshmi et al., 2016).

Alpha-glucosidase inhibition

The AGI assay was conducted in 2 pL. microtubes. 100 pL of sample solution was used for samples
and sample blanks; for controls and control blanks, 100 uL of 50% DMSO was utilized. 600 pL of
potassium phosphate buffer (0.1 M, pH 6.9) was added to the blanks. 200 pL of the substrate solution-
56 mM sucrose in potassium phosphate buffer-was added to each tube. Rat intestinal glucosidase
solution in 400 pL was added to the sample and control tubes. Tubes were mixed and then incubated
for 55 min at 37°C. Following incubation, each tube received 750 pL of Tris-HCI solution (2M, pH 9).
The liquids were run through a glass pipette containing a cotton column and one centimeter of
aluminum oxide. The absorbance was then measured at 505 nm using a microplate reader to determine
enzyme inhibition (Hendra et al., 2021).

The method utilized to assess the inhibition of sucrose hydrolysis was also applied to maltose
hydrolysis, with a couple of modifications: maltose solution (3.5 mM) was substituted for the sucrose
solution (56 mM), and the volume of enzyme solution was decreased from 0.4 mL to 0.2 mL.

Alpha-amylase inhibition

The AAI assay was conducted in a 1.5 mL sampling tube. The mixture for the reaction included
100 pL of sample and 350 pL of starch azure solution (4 mg/mL). After a 5-min pre-incubation, 50 puL
of swine pancreatic a-amylase (0.5 unit/mL) was added, and the enzymatic reaction was then
incubated at 37°C for 10 min in a water bath shaker. After stopping the process with a 50 pL solution
of 50% acetic acid, the mixture was centrifuged for five minutes at 9000 rpm. A 96-well plate
containing 200 pL of the supernatant was used for analysis, and the absorbance of the sample was
measured at 595 nm (Hendra et al., 2021; Puteri et al., 2020).

The difference between the two absorbances was used to compute the AGI and AAI activity, which
was then expressed as a percentage of inhibition, as presented in Equation 1. The results were
expressed as the concentration at which the enzyme activity was reduced by 50% (ICso), calculated
using a statistical method called regression analysis.

':Hrw!rrnf - Hrnnrrni E:lh:r!k] - {Hscﬂ;pfp - Hscﬂ;pip [:lu'r.'r!?;]

(Aconerol — Aconeral biank) e, (1)

Go Imhibition =

In vitro and ...(Dias et al.,)
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A sampie IS the absorbance while EEF is present, whereas A conror IS the absorbance value for the
control. Reaction blanks were prepared using sodium phosphate buffer rather than intestinal acetone
powder (Hendra et al., 2021; Puteri et al., 2020).

In vivo study in normal mice

The investigation employed male Swiss mice, aged between 2 to 3 months and with a body weight
of 20 to 30 g. They were allowed a two-week acclimatization period to the laboratory conditions.
Ethical approval for this study was obtained from Gadjah Mada University, with the approval code
KE/FK/0323/EC/2022.

Glucose tolerance test (GTT)

Prior to the trial, normal mice were subjected to an overnight fast and given unrestricted access to
water. They were then orally given different treatments in five groups: 40 mg/kg Acarbose (positive
control), 0.8, 1.67, and 3.3 g/kg EEF, and CMC-Na (negative control). After 30 minutes, the mice were
administered 2 g/kg of oral glucose (Chaimum-am et al., 2017). Blood glucose levels (BGL) were
measured using a glucometer at different intervals, as illustrated in Figure 1 (Fransisca et al., 2018;
Benedé-Ubieto et al., 2020; Sato et al., 2023).

BGL BGL measurement
measurement
Treatment
|
i GTT
v L 4 ' v v v v v
0 30min 15min 30min 60min 90min 120min

Figure 1. The timeline for the GTT

Note: BGL= blood glucose level; GTT = glucose test tolerance

Sucrose tolerance test

An identical protocol was used to determine glucose tolerance and conduct the sucrose tolerance
test. However, sucrose was administered at 4 g/kg instead of glucose (Gunawan-Puteri et al., 2018;
Luyen et al., 2018).

Starch tolerance test

The same method used to measure blood sugar levels after glucose injection was also used to
measure blood sugar levels after starch intake, except that starch was given instead of glucose
(Ogunyemi et al., 2022; Weng et al., 2021).

Data Analysis
We conducted data analysis using a one-way ANOVA, followed by a Bonferroni test, and
considered a significant difference if the P-value < 0.05.
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RESULT AND DISCUSSION
Phytochemical Screening

The Faloak leaves underwent phytochemical screening, identifying several secondary metabolites,
as listed in Table 2. Analysis of an ethanol extract of Faloak leaves confirmed the presence of
flavonoids, tannins, alkaloids, and terpenoids. Previous research has also documented the presence of
these compounds in Faloak leaves (Dillak et al., 2019).

Table 2. Phytochemical constituents of ethanol extract from Faloak leaves

Metabolites Results
Flavonoid Positive
Tannins Positive
Alkaloids Positive
Terpenoids Positive

Alpha-glucosidase inhibitors are a more valuable class of oral hypoglycemic treatments than other
antidiabetic medications due to their effectiveness in treating postprandial hyperglycemia (Alssema et
al., 2021). These inhibitors, like Acarbose, function by delaying the breakdown of carbohydrates,
thereby prolonging the duration of the postprandial plasma glucose spike. This is crucial for preventing
the absorption of carbs in the intestines and can be beneficial for treating diabetes mellitus and
impaired glucose tolerance (Das et al., 2016). Consequently, an investigation was conducted to
examine in vitro activity of a-glucosidase and a-amylase of the extract from Faloak leaves.

For the first time, the study shows that the ethanol extract from Faloak leaves significantly inhibits
a-glucosidase and a-amylase in vitro. The ICso values for the inhibition of maltose and sucrose were
65.36 and 30.37 mg/mL, respectively. Additionally, the ICso for the inhibitory effect of a-amylase is
27.02 mg/mL. Based on the results, it is suggested that the ethanol extract of Faloak leaves may
possess a-glucosidase inhibitory properties.

The impact of Faloak's ethanol extract on blood glucose levels was assessed using a sugar-loading
test, as the inhibition of a-amylase and a-glucosidase can reduce postprandial glucose levels. The
widely recognized oral sugar tolerance test was employed to screen hypoglycemic activity. Following
the sugar challenge test, a significant increase in blood glucose levels was observed (Benedé-Ubieto et
al., 2020). This phenomenon may be attributed to either a decrease in insulin secretion, an increase in
hepatic glucose synthesis, or a reduction in tissue glucose utilization (Dilworth et al., 2021).

The graph in Figure 2 shows the blood glucose in normal mice at various time intervals (0-120
min) after they were orally given glucose, sucrose, and starch. The ethanol extract of Faloak
considerably decreased the elevation of blood glucose following glucose loading, according to the
findings of the glucose tolerance test (2 g/kg). All dosages of the Faloak ethanol extract significantly
(P<0.05) lowered blood glucose levels in normal mice in a dose-dependent manner as compared to the
glucose group (Table 3). The extract with the most significant percentage reduction in AUC (33.6%)
was found at 3.3 g/kg. The mice that received glucose experienced a noticeable (P<0.05) reduction in
their blood sugar levels when treated with Acarbose.

Normal mice administered sucrose showed that Acarbose and all the ethanol extract of Faloak
reduced AUC significantly (P<0.05). The highest amount of blood glucose was lowered (36.6%) by
the 3.3 g/kg ethanol extract of Faloak, which was followed by Acarbose, 1.67 g/kg of Faloak ethanol
extract, and 0.8 g/kg (27.3, 25.0, and 20.9%) respectively. These data correlated with the ethanol
extract from the Faloak dose.

The starch tolerance test findings demonstrated that Acarbose significantly decreased the AUC
(34.6%) (P<0.05). Normal mice fed starch had considerably (P<0.05) lower blood sugar levels after
being treated with ethanol extract from Faloak leaves. However, the ethanol extract of Faloak showed
the greatest reduction in blood glucose at 3.3 g/kg, accounting for a 45.9% reduction. This was
followed by 1.67 g/kg (42.3%) and 0.8 g/kg (33.6%).

In vitro and ...(Dias et al.,)
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Figure 2. Effects of extract of Faloak on sugar tolerance test. A. Glucose tolerance test; B.
Sucrose tolerance test; C. Starch tolerance test; EEF: ethanol extract of Faloak leaves

Table 3. Effect of extract of Faloak on sugar tolerance test in mice

Treatment AUC (mg.min/dL) % reduction AUC
Glucose 2 g/kg 1440.9 £ 43.2 -
Acarbose 40 mg/kg 1087.3 £ 48.8? 24.5
EEF 0.8 g/kg 1167.8 +73.2% 18.9
EEF 1.67 g/kg 1097.9 + 60.4% 23.8
EEF 3.3 g/kg 956.2 + 45.12 33.6
Sucrose 4 g/kg 1384.8 £ 48.2 -
Acarbose 40 mg/kg 1006.2 + 47.4° 27.3
EEF 0.8 g/kg 1094.9 + 48.3° 20.9
EEF 1.67 g/kg 1024.8 + 87.2° 25.9
EEF 3.3 g/kg 877.4+50.4° 36.6
Starch 3 g/kg 1243.0 £ 30.3 -
Acarbose 40 mg/kg 813.1+38.4° 34.6
EEF 0.8 g/kg 825.6 + 26.9°¢ 33.6
EEF 1.67 g/kg 717.0 + 42.9¢ 42.3
EEF 3.3 g/kg 673.1+46.8° 45.9

Note: All data is given as mean +SD (n=>5); # P<0,05 comparing treatment and glucose; ® P<0,05 comparing
treatment and sucrose (P<0,05); ¢ P<0,05 comparing treatment and starch (P<0,05); EEF: ethanol extract of
Faloak leaves; AUC: Area Under Curve
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Our recent results revealed that the ethanol extract of Faloak could inhibit the alpha-glucosidase
and alpha-amylase activity. Furthermore, after loading normal mice with glucose, sucrose, or starch,
the ethanol extract of Faloak lowered the AUC and decreased the rise in blood glucose concentrations.
The results demonstrated that after all sugar loading from the response for 120 min, the ethanol extract
of Faloak at 3.3 g/kg had the greatest efficacy of lowering blood glucose when compared with
Acarbose. The results align with previous studies by Julianus et al. (2023), indicating that a Faloak
bark decoction reduces blood glucose by inhibiting alpha-glucosidase activity.

Several studies reported that flavonoids, tannins, and terpenoids are known to be bioactive
antidiabetic principles. Their presence improves regulatory processes like insulin, possibly by
enhancing peripheral glucose uptake or -cell glucose responsiveness. Their effectiveness may be
further enhanced when they work together or separately (Darojati et al., 2022; Rahimi-Madiseh et al.,
2016; Shamsudin et al., 2022; Sieniawska, 2015; Sornalakshmi et al., 2016). Ethanol as a solvent helps
extract phytochemical components like flavonoids and tannins (Dias et al., 2021). Consequently, the
effects of the Faloak leaf ethanol extract observed in this study might be attributed to their presence.

CONCLUSION

The present study elucidated the anti-hyperglycemic properties of the ethanolic extract of Faloak
(Sterculia quadrifida R.Br.) leaves. Our findings demonstrate the extract's efficacy in lowering blood
glucose levels through a dual mechanism: inhibiting key digestive enzymes (a-amylase and a-
glucosidase) and reducing postprandial glucose levels. In vitro experiments revealed significant
enzyme inhibition, while in vivo tests confirmed the extract's ability to mitigate glucose spikes. We
have found several active ingredients that may be responsible for these pharmacological effects.
However, more research is required to identify the specific compounds and understand their work. Our
findings support the traditional uses of Faloak and provide scientific evidence for its potential in
managing blood glucose levels. This comprehensive evaluation positions Faloak leaf extract as a
promising candidate for developing natural anti-hyperglycemic interventions.
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ABSTRACT

Despite low nicotine levels, cigarettes and vape liquids can cause addiction, which makes quitting
smoking difficult owing to withdrawal syndrome. Hence, we created a nicotine-free liquid vape using
essential oils (EOs) like peppermint (Mentha piperita), lavender (Lavandula latifolia), and tangerine
(Citrus reticulata) to substitute the nicotine in inducing relaxation without addiction. Thus, this study
aimed to examine (1) the safety profile of this nicotine-free liquid vape by observing chemical
characteristics using gas chromatography-mass spectrometry (GC-MS) and (2) its efficacy in reducing
short-term anxiety in healthy volunteers who had previously used nicotine vape. The most complicated
vape liquid formula (F4), containing propylene glycol, vegetable glycerin, with those three EOs, was
injected into GC-MS, and the mass spectra were compared to the Wiley mass spectral library to identify
the compound name. For the efficacy test, subjects who met inclusion criteria and fulfilled informed
consent were randomly assigned to five groups (four groups received test liquids formula (F1-F4) while
one group received placebo). Before and after using the vape liquid, subjects were asked to complete
the State-Trait Anxiety Inventory (STAI) questionnaire to assess its anxiety-reduction effects. The result
showed that nicotine-free vape liquids containing three EOs did not show any foreign substances that
had never been encountered before, which means our product is safer than nicotine-containing vape
liquids. This safety was also supported by all study subjects who did not report any adverse effects. The
efficacy test showed that subjects who used vape liquids with essential oils (F1-F4) experienced a
significant decrease in heart rate and systolic blood pressure. At the same time, 50% had a lower post-
test STAI score, indicating a decrease in anxiety, although it was not statistically significant.
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INTRODUCTION

The current trend in Indonesia shows a noticeable rise in the number of active smokers over time.
According to data from the 2021 Global Adult Tobacco Survey (GATS) initiated by the Ministry of
Health, the population of adult smokers rose from 60.3 million in 2011 to 69.1 million in 2021
(Kemenkes RI., 2022). Moreover, Indonesia holds the highest number of smokers in the Southeast Asia
region, as stated in The Tobacco Control Atlas ASEAN Region 4th Edition (Drope et al., 2018). The
World Health Organization (WHO) implements multiple strategies to combat the tobacco epidemic. One
of these strategies involves substituting traditional tobacco cigarettes with electronic cigarettes, also
known as the Electronic Nicotine Delivery System (ENDS) or vape. By utilizing this particular cigarette
variant, individuals can effectively regulate their nicotine use, enabling active smokers to quit smoking
(Bullen et al., 2013). Conversely, in Indonesia, vape utilization is experiencing a significant rise.
According to the 2018 National Basic Health Research (Riskesdas) data, the prevalence of e-cigarette
usage among the Indonesian population was 2.8%. The highest proportion of e-cigarette users was found
in the 10-14 year age group, with a rate of 10.6%, followed closely by 15-19 year olds at 10.5% (Badan
Penelitian dan Pengembangan Kesehatan, 2019). This indicates that nicotine exposure and addiction are
increasing among young people.

Nicotine, found in both tobacco cigarettes and vape, is an active compound that induces a feeling of
relaxation but is also highly addictive. Nicotine has been demonstrated to cause heart diseases through
oxidative stress, fibrosis, and inflammation, in addition to the risks associated with dependency. Nicotine
exerts persistent effects on the brain and central nervous system in several organs, which potentially
causes stroke (Moheimani et al., 2017; Ramalingam et al., 2021). Particularly in pregnant women,
nicotine may hamper blood circulation to the fetus, posing a risk to fetal development and potentially
leading to adverse outcomes upon birth, such as disabilities or growth retardation (Rodrigues et al.,
2022). Regardless of the low nicotine levels in cigarettes or vape liquids, they can still lead to addiction
due to the interaction between nicotine and nicotine cholinergic receptors in the brain. As a result, users
may develop tolerance and require higher doses of nicotine over time (Hall et al., 2015). Furthermore,
those who are dependent or addicted to nicotine have significant challenges when attempting to suddenly
cease smoking due to withdrawal syndrome, characterized by symptoms such as agitation, anxiety, and
potential psychological disorders (McLaughlin et al., 2015). Therefore, it necessitates a method for
reducing the symptoms of drug withdrawal in individuals seeking to overcome nicotine addiction.

Recently, we developed a nicotine-free liquid vape containing essential oils (EOs) like peppermint
(Mentha piperita), lavender (Lavandula latifolia), and tangerine (Citrus reticulata). This vape liquid has
been formulated and rigorously tested to ensure it meets quality standards regarding homogeneity,
compatibility, viscosity, and acceptability (Prasetya & Imtihani, 2023). The addition of essential oil is
expected to function as a substitute for nicotine, inducing a sense of relaxation without the risk of
addiction. In other applications, these EOs have been proven to relax patients in several conditions. For
instance, studies conducted on patients following abdominal surgery or endoscopic procedures
demonstrated that peppermint EO can effectively alleviate both pain and anxiety (Akbari et al., 2019).
Lavender and citrus oils possess the capacity to relieve symptoms of anxiety, enhance mood, optimize
sleep quality, augment cognitive capacities, and aid in the reduction of blood pressure, discomfort, and
muscular spasms in both adults and children (Beyliklioglu & Arslan, 2019; Koulivand et al., 2013).
However, there is no study examining their efficacy in reducing anxiety in the form of vape liquid. In
terms of safety, vaping is comparatively less hazardous than smoking traditional tobacco cigarettes;
nonetheless, it can still have adverse effects (Mcneill et al., 2015). One factor contributing to this is the
release of aldehyde molecules when propylene glycol and glycerin are heated (Mcneill et al., 2015).
Hence, this study aimed to (1) examine the safety profile of this nicotine-free liquid vape by observing
the chemical characteristics using gas chromatography-mass spectrometry and (2) investigate, for the
first time, its efficacy in reducing short-term anxiety among several volunteers who had previously used
nicotine vape.

Pharmaciana Vol. 14, No. 3, Nov 2024, Page. 299-308



Pharmaciana ISSN: 2088 4559; e-ISSN: 2477 0256 301

MATERIALS AND METHOD
Materials

This study began with the preparation of vape liquid ingredients such as propylene glycol (PG) and
vegetable glycerin (VG) (pharmaceutical grade), 100% pure peppermint, tangerine, and lavender EOs
(PT. Syailendra Bumi Investama), vanilla essence, and sucralose (food grade). A hand mixer (Philips)
was used to make the liquid. Gas Chromatography-Mass Spectroscopy (GC-MS) analysis was
performed using GC-MS QP-2010 Shimadzu with Rtx-5MS capillary column for pure EOs analysis.
For vape liguid analysis, ISQ™ 7610 Single Quadrupole Thermo Scientific GC-MS with TriPlus™ RSH
SMART Autosampler and the 5% phenyl phase Thermo Scientific™ TraceGOLD™ TG-5MS column
were used.

Methods
Vape liquids preparation and formulation

All ingredients mentioned above were mixed directly with a hand mixer to make a liquid based on
the formulas stated in Table 1. Each liquid was made for single use with a volume of approximately 10.5
mL.

Table 1. Nicotine-free vape liquids formula

Ingredients F1 F2 F3 F4 Control
Propylene glycol 7 mL 7 mL 7 mL 7 mL 7 mL
Vegetable glycerin 3mL 3mL 3mL 3mL 3mL
EO lavender 15 pL - 8 puL -
EO peppermint - 15 uL - 8 uL -
EO tangerine - - 15 uL 8 uL -
Vanilla essence 0.4 mL 0.4 mL 0.4 mL 0.4 mL 0.4 mL
Sucralose 0.3 mg 0.3 mg 0.3 mg 1mg 0.3 mg

Vape liquid compound characterization

In this study, three EOs and the most complex formula (F4) sample were characterized and analyzed
for their compound content using GC-MS. The operating conditions used for pure EOs analysis were an
injector temperature of 250°C and an oven temperature of 50°C (2.0 min hold), 10°C/min to 240 °C (10
min hold). The pressure is set at 8.8 Psi, and the capillary column is used. Helium gas is used for the gas
carrier with a flow rate of 1.0 mL/min. Meanwhile, the headspace sampling technique was used for vape
liquid analysis. A liquid sample (1 mL) was placed in a crimp-closed headspace vial with a magnetic bi-
metal cap and a toped silicone septum. The sample was first agitated for 2-3 minutes with a temperature
of 250°C before being injected through an autosampler. The operating conditions for GC were almost
the same as the EO analysis except for the carrier gas flow rate of 0.5 mL/min. After the sample is
injected and analyzed by gas chromatography, it is then analyzed using mass spectrometry. Subsequent
identification was performed by comparing their recorded mass spectra with those contained in the
Wiley mass spectral library of the GC-MS data system.

Efficacy examination of vape liquids in reducing anxiety levels

This first stage clinical trial was an experimental pre-post randomized controlled study. Ethical
approval for this study was obtained from the University of Muhammadiyah Lamongan Ethics
Committee for Medical Research with certificate number 337/EC/KEPK-S2/10/2023. The subject's
criteria included adult males/females aged 18 years and older, had vaped nicotine liquids at least six
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months before, and were currently healthy with no history of asthma or other chronic respiratory
disorders. Subjects who were willing (filling out informed consent) and met the inclusion criteria were
randomly divided into five groups. Group 1 received a vape liquid product according to F1, Group 2
received F2, Group 3 received F3, Group 4 received F4, and Group 5 received negative control
(placebo). The provision of vape liquid products was carried out in a double-blind manner to maintain
the objectivity of the effectiveness measurement. Before and after data collection, a general practitioner
will check subjects' vital signs, like temperature, blood pressure, heart rate, and SpO2, to ensure their
health condition. To reduce the risk of allergies, subjects will be asked to drip vape liquid on the skin of
the arm before use. If there was an allergic reaction, such as itching or redness, the subject could switch
to another formula or be excluded from the study. Following the allergy check, subjects were allowed
to use the assigned formula of vape liquids for around 10-15 minutes using their own devices, either
mods or pods. To examine the efficacy of the vape liquid in producing a sense of relaxation and reducing
anxiety levels, subjects were asked to fill out the State-Trait Anxiety Inventory (STAI) questionnaire
before and after using the vape. STAI questionnaire is a tool utilized to assess both actual state anxiety
and persistent trait anxiety. The scale assessment for state anxiety comprises 20 items that enquire about
subjects' emotions, such as tension, dread, worry, and restlessness. The trait scale comprises 20 items
designed to assess anxiety as a characteristic. The STAI questionnaire consists of four Likert scales for
each item, and higher scores indicate greater anxiety (Beyliklioglu & Arslan, 2019). In this work, we
utilized a translated version of the STAI in Bahasa Indonesia that has undergone rigorous testing to
establish its validity and reliability (Khoiriyah, 2021).

Data Analysis

The statistical analysis was determined by paired t-test and Wilcoxon test (for paired data that did
not pass the normality test) to determine significant differences between pre and post-data. Meanwhile,
unless stated otherwise, the Kruskal-Wallis test was used to examine group differences. Data analysis
and visualization were performed using GraphPad Prism version 8.0.1 for Windows, GraphPad
Software, San Diego, California USA, www.graphpad.com; p<0.05 was considered significant.

RESULT AND DISCUSSION
Nicotine-free vape liquid compound characterization

The GC-MS examination of the compound content in F4 vape liquid containing three essential oils
revealed 37 peaks on the chromatogram with concentrations higher than 0.01% (Figure 1). The main
compounds (relative percentage >3%) found in the vape liquid were (R)-(-)-2-amino-1-propanol (peak
#1&2), D-limonene (peak #13), eucalyptol (peak #14), linalool (peak #18), cyclohexanone (peak
#23&25), levomenthol (peak #26), and linalyl acetate (peak #31). The complete list of the identified
components is shown in Table 2. The first and second peaks were identified as (R)-(-)-2-Amino-1-
propanol, which was probably formed by the pyrolysis mechanism of propylene glycol and glycerol.
Further decomposition and oxidation of PG and VG due to thermal conditions yielded several
compounds such as acetone, propanoic acid, and butanoic acid (peak #4, 6, and 8, respectively), which
accounted for around 12% of vape liquid composition in total (Li et al., 2021; Liang et al., 2022).

By using the headspace sampling technique, the sample was first heated and turned into aerosol
before being auto-injected. This method successfully separated the liquid components from the 3 EOs
used in the nicotine-free vape liquid (F4). For instance, compounds found in this study, such as R-
myrcene, 3-octanol, o-cymene, D-limonene, trans-linalool oxide, linalool, limonene oxide, trans-, 1,2-
dihydro linalool, terpinene-4-ol, a-Terpineol, and linalyl acetate, have been proven contained in lavender
as stated by Dong et al. (2020). Our finding about compounds commonly found in peppermint was also
in line with Shahbazi's (2015) study, including B-myrcene, limonene, menthone (Cyclohexanone,5-
methyl-2-(1-methyl ethyl)-, cis-) and its derivate, levomenthol, and pulegone. Meanwhile, compounds
like eucalyptol, linalool, a-terpineol, sabinene (Bicyclo[3.1.0] hexane,4-methylene-1-(1-methylethyl)-),
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octacosane, heptacosane were commonly contained in tangerine or citrus essential oils (Mahmood et al.,
2017; Yabalak et al., 2022).
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Figure 1. Chromatogram of GC analysis of nicotine-free vape liquid formula with 3 EOs (F4)

Table 2. Identified compounds of nicotine-free vape liquid formula with 3 EOs (F4) by GC-MS

Peak Retention Compound name S| Prob. Relative
number time (%) area (%)
1 2.100  (R)-(-)-2-Amino-1-propanol 79.2 91.34 3.40
2 2.155  (R)-(-)-2-Amino-1-propanol 80.3 49.15 5.47
3 2.332  Propanamide, 2-hydroxy- 72.2 88.12 0.16
4 2.427  Acetone 60.2 29.73 0.16
5 2.821  L-Alanine, N-acetyl- 56.8 39.39 0.09
6 3.406 Propanoic acid, 2-oxo- 73.4 29.56 1.16
7 4.280  Propanamide, 2-hydroxy- 67.8 55.63 0.22
8 5.246  Butanoic acid, ethyl ester 90.2 94.91 1.77
9 8.419  Bicyclo[3.1.0]hexane, 4-methylene-1-(1- 68.7 18.00 0.13

methylethyl)-
10 8.562  R-Myrcene 77.2 31.24 0.25
11 8.613  3-Octanol 74.4 61.36 0.28
12 9.195 0-Cymene 71.0 28.86 0.12
13 9.273 D-Limonene 93.1 37.45 13.79
14 9.345 Eucalyptol 93.0 82.50 3.53
15 9.521  a-Pinene 717 12.47 0.13
16 10.001 trans-Linalool oxide (furanoid) 65.8 19.44 0.08
17 10.259  Cyclohexene, 1-methyl-4-(1- 64.2 5.67 0.15
methylethylidene)-
18 10.372  Linalool 92.6 70.69 22.13
19 10.583  Limonene oxide, trans- 67.2 18.44 0.10
20 10.906 1,2-Dihydrolinalool 67.9 22.15 0.12
21 11.205 Isopulegol 83.4 31.03 0.18
22 11.249  Bicyclo[2.2.1]heptan-2-one, 1,7,7- 91.9 43.42 2.47
trimethyl-, (1S)-
23 11.341  Cyclohexanone, 5-methyl-2-(1- 94.1 44.43 12.44
methylethyl)-, cis-
24 11.433  endo-Borneol 69.0 27.79 0.14
25 11.514  Cyclohexanone, 5-methyl-2-(1- 90.1 43.64 7.68
methylethyl)-, cis-
26 11.606  Levomenthol 94.8 44.83 7.22
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Peak  Retention Compound name S| Prob. Relative
number time (%) area (%)
27 11.715  Terpinen-4-ol 80.9 33.75 1.12
28 11.804 Cyclohexanol, 5-methyl-2-(1- 78.2 19.95 0.33
methylethyl)-, (1a,2a,5a)-
29 11.892 a-Terpineol 67.0 5.34 0.14
30 12.647  Pulegone 74.9 28.19 0.24
31 12,729  Linalyl acetate 89.6 22.14 7.56
32 12.875  2-Cyclohexen-1-one, 3-methyl-6-(1- 69.2 56.57 0.09
methylethyl)-
33 13.354  Cyclohexanol, 5-methyl-2-(1- 85.3 27.92 0.64
methylethyl)-, acetate
34 23.826  Digitoxin 58.0 11.41 0.14
35 25.472  Dotriacontane 76.4 15.41 0.82
36 27.530 Octacosane 83.3 10.89 2.57
37 30.180 Heptacosane 82.8 9.69 2.98
Total 100

*SI = Similarity Index

The results of GC-MS analysis on pure peppermint EO without solvents (Figure 2) showed the
presence of menthone (peak #4), L-(-)-menthol (peak #5, 6, and 8), limonene (peak #2), beta-pinene
(peak #1), and pulegone (peak #7) compounds with similarity index of 98, 99, 94, 90, and 92,
respectively. Likewise, the mixture of lavender and tangerine EOs (Figure 3) has been proven to contain
compounds similar to previous results, including limonene (peak #1), linalool (peak #2), camphor (peak
#3), and linalyl acetate (peak #4) with similarity index of 96, 97, 93, and 97, respectively. Taken
together, both compound analysis results of nicotine-free vape liquid and pure EOs used as raw materials
did not show any foreign substances that had never been encountered before. This indicates that our

product has a better safety level than nicotine-containing vape liquids available on the market.
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Figure 2. Chromatogram of GC analysis of EO peppermint
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Figure 3. Chromatogram of GC analysis of mixed EOs lavender and tangerine
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Efficacy examination of vape liquids in reducing anxiety levels

There were 32 participants who signed up voluntarily, but only 30 were eligible and randomized to
5 groups equally (6 participants in each group). Most of them were students with an average age of 22
years old and used pods (83.3%) as their vaping devices. There was actually one female who enrolled
in this study, but she did not pass the health screening due to a history of asthma (Table 3). Then, the
result of the efficacy examination showed that 50% of subjects who used vape liquid containing essential
oils (F1-F4) experienced a decrease in anxiety levels, as indicated by a lower post-test STAI score.
Unfortunately, statistical analysis revealed no significant difference in STAI scores, both between before
and after using nicotine-free vape liquid and between the control and test vape liquid (F1-F4). The full
results can be seen in Figure 4.

Table 3. Sociodemographic data of the subjects (n=30)

Variable Frequency %
Gender
Male 30 100
Female 0 0
Age (year)
18-24 26 86.7
25-37 4 13.3
Occupation
Student 24 80
Private employee 5 16.7
Entrepreneur 1 3.3
Type of vape device
Mods 25 83.3
Pods 5 16.7

The absence of a significant change in the anxiety levels of the subjects could be caused by several
things, including the relatively short treatment so that it did not have a significant impact. The typical
user of an electronic cigarette vaped between 60 and 90 puffs in a day (Yingst et al., 2020). The subjects
in this study only used vape for ten minutes or about ten to fifteen puffs. In another study related to
interventions for reducing stress and anxiety, a decrease in anxiety levels was only observed after the
treatment was administered for at least four weeks (Ponzo et al., 2020). The interaction between the
treatment subjects during data collection can also affect the anxiety levels of the research subjects. The
emotions of the subjects can be influenced by others during data collection. This is in line with a study
on the influence of emotional contamination on a social group (Herrando & Constantinides, 2021). In
this study, a decrease in anxiety levels was still observed, although it was not statistically significant.
This decrease aligns with the findings of other studies that used essential oils such as lavender and
peppermint in inhalers, which can reduce anxiety levels in patients in the Intensive Care Unit (ICU)
(Karimzadeh et al., 2021).

Table 4 depicted that subjects who vaped with liquid containing essential oil(s) experienced a
significant (p<0.001) decrease in heart rate and systolic blood pressure but not in diastolic blood
pressure. Meanwhile, the control group also showed a decrease in those parameters but not significant
(p>0.05). This was in line with a study using lavender as inhaled aromatherapy for patients before
angiography (Ziyaeifard et al., 2017). Furthermore, regarding acceptability, the subjects said the vape
liquid products they tried were well-accepted. Besides, no side effects were experienced by all of the
research subjects when using this nicotine-free vape liquid, such as allergic reactions, shortness of
breath, or a burning sensation in the respiratory tract.
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Figure 4. State anxiety (left) and trait anxiety (right) score differences between groups according
to the STAI questionnaire. Data are presented in average + standard error of the mean

(SEM)
Table 4. Hemodynamic monitoring data of the subjects
Variables igzgoi gsgltj/lp (ilzg f) irglé?\; p-value*
Heart rate (beat/min) pre-test 91.00+3.31 94.46+2.58 0.55
post-test 87.67+£4.33 87.92+2.85 0.65
p-value 0.26 0.0009***
Blood pressure
Systole (mmHg) pre-test 119.80+5.05 117.143.38 0.75
post-test 115.20+7.91 109.5+2.38 0.60
p-value 0.54 0.0009***
Diastole (mmHQ) pre-test 74.67£5.91 73.83+2.18 0.48
post-test 80.83+8.92 71.00+1.74 0.39
p-value 0.32 0.10

*p-value was analyzed between control and treatment (F1-F4) groups using the Mann-Whitney test
***p<0.001

However, this study has limitations, such as a small sample size in each group and the protocol for
measuring anxiety levels. Further examination of liquid vape efficacy should be performed for a longer
duration to see whether the liquid can produce relaxed feelings and lessen nicotine addiction. The
procedure for measuring anxiety could be improved by allowing each subject to use the liquid without
communicating with others to avoid emotional contamination and bias when fulfilling the questionnaire.

CONCLUSION

To conclude, we reported the safety profile for the first time based on the results of GC-MS analysis,
which proved that no foreign compounds were found in a nicotine-free vape liquid as it contained in
other commercial vape liquids. This safety is also supported by all study subjects who did not report any
adverse effects. Regarding the efficacy of this liquid, it can be said that some subjects experienced lower
anxiety levels, indicated by lower scores on the post-test STAI questionnaire, though not significant,
and decreased heart rate and systolic blood pressure.
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ABSTRACT

Banana (Musa paradiasiaca var. sapientum) is the world's most popular fruit-bearing crop, with
rising consumption and waste. This study aimed to measure the metabolite compound and evaluate the
gastroprotective properties of a banana peel-purified methanol extract. Animals test used in this study
were divided into six groups: Group One received NaCMC 0.5%, Group Two received sucralfate, Group
Three received aspirin 1000 mg/kg body weight, and groups four, five, and six received PBP at doses of
200 mg/kg body weight, 400 mg/kg body weight, and 600 mg/kg body weight, respectively, for seven
days. Except for group 1, all groups were induced with aspirin at 1000 mg/kg body weight on the eighth
day. The result of this study exhibited banana peel containing total phenolic, flavonoid, and tannin
compounds with concentrations of 33.45 mg GAE/g, 19.92 mg QE/g, and 0.16 %, respectively. The
results showed that pure extract of Musa paradiasiaca var. sapientum fruit peel can reduce the incidence
of gastric ulcers by decreasing the ulcer index (p<0.05). The results suggested that Musa paradisiaca
var. sapientum peel has a gastroprotective effect against aspirin-induced gastric ulceration.
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INTRODUCTION

Peptic ulcers are lesions that develop in the stomach or the nearby part of the small intestine known
as the duodenum, and they are among the most prevalent ailments affecting the upper digestive system
(Malik et al., 2018). The prevalence of peptic ulcer disease is estimated at 5-10% in the general
population (Lanas & Chan, 2017). Peptic ulcers are caused by mucosal damage, which is mostly caused
by platelet agglutination inhibitors such as long-term use of nonsteroidal anti-inflammatory drugs
(NSAIDs), Helicobacter pylori (H. pylori) infection, alcohol consumption, and long-term use of tobacco
(Wang and Wei, 2022; Jang et al., 2022). In addition, peptic ulcers may be induced by submucosal
erosion, decreased cyclooxygenase, and deformation of the stomach mucosal layer (Ibrahim & Allam,
2022). Moreover, peptic ulcers result from disruptions in the body's defensive mechanisms, which
include blood circulation, mucus level, mucosal membranes, cell renewal, and endogenous defense
enzymes (Yaghoobi & Armstrong, 2022).

Aspirin is one of the NSAIDs that might cause gastric damage in the form of chronic inflammation
produced by gastric acid stimulation because it breaks down the gastric mucosal barrier. Additionally,
gastric acid can directly damage the mucosal epithelial cells, resulting in inflammation, bleeding, and
gastric ulcers. Intestinal microorganisms, bile, and other stimulating factors have all been implicated in
the process of aspirin-induced mucosal damage (Washio et al., 2016). Patients with a medical history of
peptic ulcers or previous bleeding who are above 65 years old, who are taking anticoagulants or long-
term steroids, and who consume high dosages of NSAIDs or combinations of NSAIDs are the most
vulnerable to developing ulcers induced by NSAIDs (Narayanan et al., 2018).

Antacids, acid inhibitory agents, cytoprotective agents, histamine-2 (H.) receptor antagonists,
muscarinic receptor (M1) antagonists, Helicobacter pylori eradication drugs, and triple therapy regimens
are the most often used pharmaceuticals to treat peptic ulcers (Dipiro et al., 2020). Typical adverse
effects associated with these medications consist of joint discomfort, gynecomastia, erectile dysfunction,
and systemic alkalosis (Handa et al., 2014). Nonetheless, prolonged use of proton pump inhibitors (PPIs)
can lead to several adverse outcomes as they suppress gastric acid secretion, creating an environment
conducive to the growth of ingested microbial pathogens and infections (Kuna et al., 2019). An earlier
research study reported that the use of PPIs could increase the risk of acquiring enteric infections such
as Campylobacter and Salmonella, as well as developing community-acquired pneumonia (Lambert et
al., 2015).

Currently, numerous investigations are underway to explore the potential of natural substances in
improving pharmaceuticals with minimal adverse effects. Bananas are widely consumed globally, with
a production exceeding 100 million tons worldwide in 2013 (Vu et al., 2018). Some of the metabolite
compounds identified in banana peel include tannins, flavonoids, polyphenols, terpenoids and phenolic
(Thomas and Krishnakumar, 2017; Pusmarani et al., 2019; Kibria et al., 2019). When compared to other
fruit peels like watermelon, melon, papaya, and pineapple, banana peel has a high phenolic concentration
(Morais et al., 2015). Various metabolite compounds, such as terpenoids flavonoids, and phenolics, play
important roles in human health as antioxidants and gastroprotective agents (Jabbar, 2022; Li et al.,
2022; Al Amri and Hossain (2018) reported that the extract methanol from banana peel had higher
antioxidant activity related to gastroprotective activity.

Kapadia et al. (2015) discovered that banana peels contained therapeutic compounds. Banana peels
have various activities, such as antibacterial, antibiotic, and antioxidant (Rita et al., 2020). Furthermore,
various pharmacological activities of banana peel include hepatoprotective, cholesterol-lowering, and
anti-ulcerogenic activities (Berawi and Bimandama, 2018; Pusmarani et al., 2022; Aziakpono et al.,
2021). The research that has been carried out has shown extracts of banana peel (Musa sapientum)
protect the stomach mucosa against erosion and have ulcer-healing capabilities (Onasanwo et al., 2013).
Therefore, based on these facts, this study aims to assess the gastroprotective activities of banana peel
extract purified on aspirin-induced gastric ulceration in rats.
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MATERIALS AND METHODS
Materials

Banana fruit peels (Musa paradisiaca var. sapientum) were obtained from the Poleang district,
Bombana regency, Southeast Sulawesi. The plants were determined at the Biology Laboratory, Faculty
of Teacher Training and Education, Halu Oleo University.

Methods
Extraction of Banana peel

A 5-kilogram dry peel of ripe banana was placed in a maceration vessel. The extraction of the sample
was used through maceration and methanol as the solvent and left at room temperature for 24 hours.
This method was repeated for 3x24 hours, or until the solvent was clear. The extract of banana peels
was then filtered five times with filter paper. A rotary rotavapor was used to evaporate the macerate.
After getting the extract, it was concentrated and weighed on an analytical balance. Then, the methanol
extract of banana peel was calculated for its yield.

Purification extract of Banana peel

Liquid-liquid extraction was used to purify the banana peel extract through a separatory funnel. The
viscous banana peel extract was dissolved in distilled water, mixed with n-hexane, transferred to a
separating funnel, and shaken until the solution separated. This process was repeated until the solvent's
yellow color was removed. Ethyl acetate was used to elute the n-hexane fraction until the solution was
separated into two parts. The ethyl-acetate as an insoluble fraction was eluted by hot water and then
concentrated as a viscous banana peel extract containing total phenolic, flavonoid, and tannin
compounds using a rotary evaporator.

Determination of total phenolic content

Measurement of the overall phenolic content of the pure extract obtained from banana peels using
the Folin-Ciocalteu method through spectrophotometry (Hossain et al., 2014). Gallic acid served as the
standard for the experiment. The crude extract and the standard were mixed with the 7.5% sodium
carbonate and Folin Ciocalteau reagent. The resulting mixture's absorbance was gauged at 775 nm. A
standard curve is used to determine phenolic compounds and is reported as gallic acid equivalents (GAE)
in milligrams per gram dry weight (mg/g extracted substance). The analysis of the sample was conducted
three times to ensure accuracy.

Determination of total flavonoid content

The determination of flavonoid content in the purified extract obtained from banana peel was
conducted through a colorimetric aluminum chloride test (Baba & Malik, 2015). In the experiment,
quercetin served as the standard for the assay. The crude extract and the standard were combined with
sodium nitrite, aluminum chloride, and distilled water. The mixture extract and standard were then
incubated, followed by the addition of NaOH and thorough mixing. After cooling down, the absorbance
of the mixtures was read at 415 nm. Using the calibration curve, the flavonoid compound was assessed
and written as milligrams of quercetin equivalent per gram of dry weight (mg QE/g). Sample was
analyzed three times to ensure accuracy.

Determination of tannin content

To determine the tannin content, an insoluble compound called polyvinylpolypyrrolidone (PVPP)
was employed. PVPP is known for its ability to bind tannins (Pulipati et al., 2014). For the analysis of
tannin content, a standard tannin solution was utilized. The crude extract was prepared by dissolving the
extract with a content of 1 mg in methanol. Then, the extract of 1 ml was mixed with 100 mg PVPP.
The mixture was vortexed and incubated at 40°C for 15 minutes, followed by centrifugation at 3000 rpm
for 10 minutes. The resulting mixture was read at 725 nm. The tannin compound was calculated using a
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calibration curve and reported a percentage of weight per weight (% w/w). The experiment was
performed in triplicate to ensure accuracy.

In vivo study: gastroprotective effect of banana peel methanol extract purified animals

A total of thirty male rats with Wistar species, that have a weight range of 150-200 g with the age 2-
3 months were obtained from the animal enclosure of the integrated research and Testing Laboratory
unit Preclinical and Experimental Animal Development of Universitas Gadjah Mada, Indonesia. The
animals were then separated randomly into six groups with each group consisting of five rats. The group
consisted of negative control (rats receiving 0.5% of Na-CMC), a sucralfate-treated (dose: 120 mg/5
ml), an induced control group (with 1000 mg/kg body weight of aspirin), and three groups received 200,
400, and 600 mg/kg body weight of purified banana peel methanol extract, respectively. All rats were
adapted and acclimatized for 7 days. All animals were fed rodent pellets as a standard diet and water ad
libitum. Before testing, all rats were not fed for 18 hours with still received water ad libitum. The animals
were kept into a cage at a stable temperature (25 £ 2 °C) and relative humidity (50-70%) with controlled
light (12 hours dark/12 hours light cycle). All studies were approved by the Animal Care Ethics
Committee of the Faculty of Medicine, Gadjah Mada University, Yogyakarta, Indonesia
(KE/FK/108/EC/2019), following the National Institute of Health (NIH) "Guidelines for the Care and
Use of Laboratory Animals” (NIH Publications No. 85-23, Revised 1985).

Dose preparation and route of administration

The first group was given NaCMC 0.5%. The second group was treated with sucralfate 120 ml/5 ml.
All animals were not fed for 18 hours and only given a drink before treatment. The third group was
given aspirin at a dosage of 1000 mg/kg body weight, while groups 4, 5, and 6 were treated with purified
banana peel methanol extract at doses of 200 mg/kg body weight, 400 mg/kg body weight, and 600
mg/kg body weight, respectively. All animals received oral treatment for 7 days. All animals except for
group 1 were administered a dose of aspirin at 1000 mg/kg body weight to induce gastric ulcers on the
eighth day. After six hours, all rats were euthanized with ketamine overdose by injected
intraperitoneally. The abdomen were then dissected, eliminated, rinsed, and cut open along the larger
curvature. The gastric juice was obtained for analysis, and the stomach was thoroughly washed with
normal saline to eliminate blood clots and stomach contents. Macroscopic examination of the stomach
by measuring the gastric pH, the volume of gastric fluid, and the extent of ulceration was calculated with
a vernier caliper (Mahurkar and Sayeed, 2015; Kadhem et al., 2018).

The number of scorings was used to determine the ulcer score. (Table 1) (Pusmarani et al., 2019).
The method described by Cho & Ogle (1979) was used to calculate the ulcer index (mm) for each group.
The ulcer index and percentage inhibition were calculated using formula (1) and formula (2):

Total of Ulcer score

Ulcer Index (Ul) = ————————————————— e 1)

Total of ulcerated rats

1U (Induced Group)—1U (treated group)

% Inhibition =
0 bitio IU (Induced Group)

X 100% ..oovvvveeee.n )

The determination process of gastric juice and pH

The gastric juice were obtained and then subjected to centrifugation at 2000 rpm for 10 minutes. The
volume of supernatant was measured in milliliters, and its pH was determined by a pH meter (Ulser,
2016).

Histopathological evaluation of gastric damage
The method for determining the histologic assessment of gastric tissue called gastric histopathologic
examination follows the method of Carleton et al. (1980). Each stomach was placed in formalin 10% at
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room temperature for 24 hours. The stomach was embedded in a paraffin block using an automated
embedding machine. Gastric tissue samples were cut into 5 mm slices for sectioning and colored using
hematoxylin-eosin for histopathological examination of the gastric mucosa (Sisay and Jemere, 2020).
The histology of the stomach rats observed edema, inflammatory cell infiltration, and necrotic changes
to define all rat stomachs (Kathirvelu et al., 2019; Zaghlool et al., 2019).

Table 1. Number of scoring lesions formed of gastric

Number of Scoring Number of lesions (mm)

1 <1

2 1.00 -2.00

3 2.01-3.00

4 3.01-4.00

5 4.01-5.00

10 >5.00
Perforation >25

Data Analysis

The mean value and standard deviation of means are described with numerical data. All statistical
analyses were calculated with SPSS 25.00 software. Kruskal-Wall test was used to analyze the data. The
Mann-Whitney test was used to compare the groups with the control group with statistical significance
at the p < 0.05 levels.

RESULT AND DISCUSSION

In extract of methanol from banana peel, it was found to yield an extract of 7.07%. The total phenolics
level in Musa paradiasiaca var. sapientum peel purified extract was analyzed using a slightly modified
Folin-Ciocalteu method with the standard (gallic acid), and the total phenolics level was 33.45 mg
GAE/qg (Table 2). The flavonoid content of Musa paradiasiaca var. sapientum peel purified extract was
measured by aluminum chloride assay with quercetin as a standard and showed a flavonoid level of
19.92 mg GAE/g. The tannin level in banana peel purified extract was measured using an insoluble
polyvinyl-polypyrrolidone with tannin as a standard, and it was found to be 0.16%. In this study, the
banana peel had the highest level of flavonoid when compared to total phenolic and tannin.

The absorption measurements of standard gallic acid, quercetin, and tannin were entered into
Microsoft Excel to create a graph of concentration versus absorption, which served as a calibration curve
for standard gallic acid solution (Figure 1, Figure 2, and Figure 3).

Table 2. Determination of total phenolic, flavonoid and tannin levels of banana (Musa paradisiaca
var. sapientum) peel methanol extract purified

Metabolite  Replication Absorbance Metabolite Metabolite compound
Compounds compound content levels average+SD
Total 1 0.132 33.86
Phenolic 2 0.144 33.23 33.45+0.3554
(mg GAE/Q) 3 0.139 33.26
Elavonoids 1 0.031 19.55
(mg QE/g) 2 0.032 19.79 19.92+0.4549
3 0.032 20.43
Tannins 1 0.046 0.17
(%) 2 0.043 0.15 0.16+0.01
3 0.044 0.16
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Figure 3. Calibration curve of tannin at a maximum wavelength of 725 nm
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The gastroprotective effect of banana peel purified extract on gastric juice and pH is shown in Table
3. The findings of the research indicated that the purified methanol extract of Musa paradisiaca var.
sapientum peel, administered with doses at 200 mg/kg and 400 mg/kg body weight (resulting in values
of 2.63 +0.727 and 1.61 + 0.51, respectively), as well as sucralfate (with a value of 2.03 +0.89),
significantly decrease the volume of gastric juice when compared to the group that was induced with
aspirin (1000 mg/kg body weight). The rising volume of gastric juice from the banana peel methanol
extract purified was not statistically significantly different (Kruskal Wallis test, p=0.475<0.05)
compared to the aspirin group. Based on some research results, one of the indicators that can be measured
when a peptic ulcer occurs is a rise in gastric volume and the healing of gastric ulcers can be
characterized by a decrease in the volume of stomach juice (Raish et al., 2021). Although the purification
of banana peel extract raised the pH of the stomach, macroscopic and histopathologic observations
showed that the extract was effective in promoting the healing of gastric ulcers.

The pH levels in the sucralfate group and banana peel methanol extract group were significantly
increased compared to the other groups (Table 3). The pH value in the banana peel methanol extract
group with doses of 200 mg/kg body weight (4.80+0.837), 400 mg/kg body weight (4.63+ 2.663), and
600 mg/kg BW (4.87+0.641) was higher when compared to the induced group (4.20+0.837). Pre-
treatment with purification banana peel extract 200 mg/kg BW, 400 mg/kg BW, and 600 mg/kg BW
showed a significant increase in gastric fluid pH (p=0.01<0.05, p=0.025<0.05, and p=0.01<0.05,
respectively) compared to group aspirin-induced ulcers. The increase in gastric fluid pH caused by the
purified banana peel methanol extract showed no significant difference (p < 0.05) compared to the
sucralfate group. The results agree with previous research that shows increasing the pH of gastric juices
is associated with the healing process of gastric ulcers (Rahman et al., 2020).

Table 3 shows the effect of purified banana peel methanol extract at various doses on ulcers in rats
before and six hours after receiving aspirin. The results indicate that oral aspirin administration causes
damage to the gastric mucosa with an ulcer index of 7.6+£3.362 (Figure 4). This damage is significantly
different from the group receiving Na CMC (p=0.005, p < 0.05). These findings indicate that aspirin
administration resulted in a marked ulcer index compared to the negative control group. Purified banana
peel methanol extract with the dose of 200 mg/kg body weight substantially reduced (p=0.018 < 0.05)
the ulcer index as compared to the induced group. Meanwhile, a purified banana peel methanol extract
with a dose of 400 mg/kg BW significantly declined the ulcer index (p=0.005<0.05) compared to the
induced group. Furthermore, purified banana peel methanol extract at a dose of 600 mg/kg body weight
significantly reduced (p=0.005<0.05) the ulcer index as compared to the induced group. Moreover,
purified banana peel methanol extract at a dose of 200, 400, and 600 mg/kg BW reduced the ulcer index
3.30£1.732, 0.00+0.000 and 0.00+0.000 giving 56.5%, 100%, and 100% protection, respectively.

Table 3. Gastroprotective activities of banana (Musa paradisiaca var. sapientum) peel extract

purified
Animal Group pH of gastric Volume of Ulcer Index %
group juice gastric juice (Mean £ SD) inhibition
(Mean + SD) (Mean + SD)
1 Na CMC 0.5% 5.20 £ 1.095 0.88 £ 0.565 0.00+0.000f 0
2 Sucralfat 4.40+ 0.548 2.03+£0.89 0.00+0.000f 100
(220 mg/5 ml)
3 Aspirin 4.20+0.837 3.62+1.31 7.60+£3.362f 0
(1000 mg/kg BW)
4 Purified banana peel extract 4.80+0.837¢ 6.03 +2.727¢ 3.30£1.7323f 56.5
(200 mg/kg BW
5 Purified banana peel extract 4.63+ 2.663° 2.63 +0.727¢ 0.00+0.000°f 100
(400 mg/kg BW)
6 Purified banana peel extract 4.87+0.641° 1.61 +0.51¢ 0.00+0.000¢ 100
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(600 mg/kg BW)

abc The aspirin, banana peel, and sucralfate groups demonstrated a significant reduction in ulcer index
according to the Mann-Whitney test. “¢ There was no significant difference in pH and gastric volume between the
banana peel and sucralfate groups according to the Kruskal-Wallis test. There were significant differences in the
ulcer index between the banana peel and the standard drug sucralfate, as indicated by the Kruskal-Wallis test.

According to our study, a purified banana peel extract significantly decreased the ulcer index after
aspirin administration (Kruskal-Wallis test, p = 0.000 < 0.05), demonstrating that banana peel has
gastroprotective activity against aspirin-induced gastric ulcers. Figure 4 shows the representation of the
stomachs of rats after aspirin-induced gastric ulcers. Aspirin (1000 mg/kg body weight) induced
superficial or deep erosions, inhibited prostaglandins, and decreased mucus.

Histopathological examination of the control group (Na CMC control group) demonstrated no
significant damage to the stomach mucosa, such as necrosis in the tunica mucosa and submucosa, edema
in the submucosa, plasma cell infiltration, and limfosit in the tunica mucosa and submucosa (Figure 5).
The purified extract of the banana peel with doses of 200, 400, and 600 mg/kg BW, respectively were
represented protects the gastric mucosa better, as evidenced by no specific pathological changes, no
edema with infiltration in plasma cells or infiltration in the tunica mucosa and submucosa, and it has a
comparable protective ulcer gastric effect with sucralfate groups (Figure 5). Aspirin 1000 mg/kg body
weight as an inducer of necrosis ulcerative bleeding in the tunica mucosa-submucosa, edema in the
tunica submucosa with neutrophil infiltration, lymphocyte and plasma cell tunica mucosa and
submucosa (Figure 5).

An imbalance between pepsin, stomach acid, and the components of the gastrointestinal tract is
responsible for maintaining the mucous membranes of the gastrointestinal tract, leading to peptic ulcers.
The defense of gastric mucosal integrity involves balancing harmful factors such us hydrochloric acid
(HCI) and pepsin with protective factors such as mucus and bicarbonate secretion, prostaglandins,
mucosal blood flow, and nitric oxide (Yandrapu & Sarosiek, 2015). An agent exhibited a capacity to
restore balance by reducing the secretion of gastric ulcers may play a role as an anti-ulcerative agent
(Ezekwesili et al., 2014). Aspirin belongs to the class of non-steroidal anti-inflammatory drugs
(NSAIDs) and works by inhibiting the activity of the cyclooxygenase (COX) enzyme, which leads to
reduced synthesis of prostaglandins. This reduction in prostaglandins can increase gastric acid secretion,
thereby increasing the risk of developing ulcers.

(Cryer & Mahaffey, 2014).
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Figure 4. Macroscopic observation of stomach; (A) NaCMC group; (B) Sucralfate (120mg/5
mL) group; (C) Aspirin group (1000 mg/kg BW); (D) purified banana peel extract
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200 mg/kg BW; (E) purified banana peel extract 400 mg/kg BW; (F) purified
banana peel extract 600 mg/kg BW

“

Figure 5. Microscopic of mucosa gastric: (A) Microscopic section of the control group Na CMC;
(B) Microscopic section of group sucralfate (120mg/5 mL); (C) Microscopic section of
aspirin (1000 mg/kg BW) group as the marker severe ulceration, necrosis, and
hemorrhage; (D), (E), and (F) Microscopic section of received by Musa paradisiaca var.
sapientum peel methanol extract purified with doses 200 mg/kg BW, 400 mg/kg BW, and
600 mg/kg BW, respectively and it was described normal gastric mucosa. The blue arrow
indicates no change in gastric mucosal cell-specific pathology

The level of histologic damage to the stomach is microscopically classified into three categories:
mild, moderate, and severe damage. In mild damage, there were changes in the gastric epithelium in one
place where signs of inflammation were found, namely the spread of inflammatory cells in the lamina
propria, and erosion was found, namely the release of some epithelial cells in the superficial part. In
moderate damage, it was found that gastric epithelial changes occurred in several places (multifocal). In
severe damage, changes in the gastric epithelium accompanied by signs of inflammation in the mucosa
as in mild damage, but the changes that occur have been mild damage, but the changes that occur are
evenly distributed (diffuse) throughout the epithelial (Sakura et al., 2017).

For many years, traditional medicine has employed natural products to treatment various ailments.
The use of herbal drugs in complementary and alternative medicine (CAM) to address gastrointestinal
issues is growing in both developed and developing nations. The use of medicinal plants as safe and
effective therapies is supported by scientific evidence, as recommended by the World Health
Organization (WHO) (Hervé et al., 2018). Medicinal/herbal plants and extracts are useful in the
treatment of gastric ulcers with no noticeable side effects and at a low cost (Gohar & Zaki, 2014; Zheng
et al., 2014; Saiah et al., 2018). Banana peel is a plant that has been shown to treat gastric ulcers. It
contains various metabolite compounds that contribute to the healing of gastric ulcers (Mohammed et
al., 2021).

The potential anti-ulcer capacity of purified methanol extract of banana peel (Musa paradisiaca var.
sapientum) was investigated in this study using aspirin-induced ulceration models in rats. The study
measured ulcer index, percent inhibition, pH, and volume of gastric juice. The ulcer index is a
macroscopic marker to assess the extent of stomach ulceration or gastric damage in animal models.
(Saheed et al., 2015).

Our results indicated no statistically significant differences in pH and gastric juice volume. It might
be due to a reduced substance component or a higher dose is necessary. The volume of acid in gastric
juice is a representation of gastric secretion, which includes various substances such as hydrochloric
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acid (HCI), pepsinogen, bicarbonate, intrinsic factor, and protein. The decrease in the concentration of
hydrogen ions in gastric juice indicated the high pH of gastric juice.

In this study, Musa paradisiaca var. sapientum peel showed gastroprotective activity (Kruskal Wallis
test, p=0.000<0.05) against aspirin-induced gastric ulcer. This study's findings are comparable to those
of prior research conducted by Fayyaz et al. (2021) and Pusmarani et al. (2019). Furthermore, similar to
a result by Gogola (2020), the ethanolic extract of various banana peels, such as Musa acuminata, Musa
parasiaca L., and Musa acuminata Colla cv. exhibits antioxidant and gastroprotective properties against
aspirin-induced gastric ulcers. Moreover, Abdullah et al. (2014) revealed that banana peel (Musa
acuminata) had antiulcerogenic properties, which were associated with metabolite components
identified in the banana peel and pulp, such as saponins, flavonoids, and triterpenes.

This study presented that Musa paradisiaca var. sapientum peels contain phenolic, flavonoid, and
tannin compounds. Additionally, flavonoids, palyphenols, terpensids, saponins, and alkaloids were also
found in banana peel (Pusmarani, Putri et al., 2019). Several phenolic compounds observed in banana
peel include gallic acid, catechin, epicatechin, tannins, and anthocyanins (Singh et al., 2016). The
medicinal plants and their chemical components identified by Kuna et al. (2019) exhibit preventive and
therapeutic effects on peptic ulcers.

Plant metabolites known as phenolic compounds or polyphenols are molecules found in plants that
are similar to the more well-known phenol groups (Harborne, 1989). Phenolic compounds were known
to possess various physiological functions, including gastroprotective, vasodilator, antioxidant,
antiplatelet aggregation, and cardioprotective properties (Sharifi-Rad et al., 2021; Shahidi and
Ambigaipalan, 2015; Chiu et al., 2021). Polyphenols have been found to treat gastric ulcers through
their antioxidant properties, which prevent tissue damage caused by free radicals (Ahmed et al., 2016).

Tannins possess astringent properties that can cause the precipitation of proteins in mucosal
membranes and skin. These compounds have been shown to reduce gastric secretion, enhance the
production of the mucus layer, and protect the gastric mucosa pH (Benchikh, 2018).

Saponins are metabolites that, through an anti-secretory mechanism, inhibit acid secretion and total
acid production while decreasing the pH of gastric juice (Awaad et al., 2013). Another potential of
saponin compounds' anti-ulcerogenic properties involves minimizing stomach mucosa's inflammatory
responses and promoting mucin synthesis (M. Sharifi-Rad et al., 2018).

Flavonoids are the largest group of plant phenolic compounds, constituting more than 50% of the
approximately 8,000 known polyphenols in the natural world (Puri & Hall, 1998). In addition,
Flavonoids are the most widely distributed group of phenolic compounds, found in almost all parts of
plants, particularly in photosynthesizing cells (Kumar & Pandey, 2013). Our investigation focused on
Musa paradisiaca var. sapientum peel, which contains flavonoid compounds. Flavonoids in banana peel
reduced mast cell histamine secretion, prevented lipid peroxidation, preserved the gastric mucosal
glycoprotein moiety, and increased nitric oxide (NO) activity (Awaad et al., 2013).

Another study found that banana peel contains leucocyanidin as a natural flavonoid derived from
unripe banana (Musa sapientum) that promotes cell proliferation, accelerates wound healing, strengthens
the mucosal layer, and protects the gastric mucosa from erosion (Lewis et al., 1999; Lewis and Shaw,
2001). Furthermore, the antiulcer properties of bananas were attributed to the active component
leucocyanidin, which could be responsible for promoting mucosal maintenance, cell proliferation,
mucus secretion, and preventing the release of hydrochloric acid (HCI), ultimately leading to ulcer
healing (Onasanwo et al., 2013). On the other hand, hydroxy ethylated leucocyanidin and tetra-allyl
leucocyanidin, which are synthetic analogs of leucocyanidin, were found to have gastroprotective effects
in rats with aspirin-induced erosions by increasing the thickness of the gastric mucus (Kumar et al.,
2013). In a study by Obioma et al. (2018), unripe Musa paradisiaca ethanolic extract was found to have
the potential to heal ulcers and may be suggested as part of the diet for individuals who are at a high risk
of developing gastric ulcers due to aspirin treatment.

Natural antioxidants derived from herbs have been found to offer significant protection against a
variety of diseases, including gastric ulcers (Palle et al., 2018). Purified banana peel extract demonstrated
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free radical scavenging activities against DPPH with the highest antioxidant effect and the smallest 1Cso
values of 139.498 ppm (Jami’ah et al., 2018). Meanwhile, banana peel (Musa paradisiaca) was shown
to have antioxidant activity by increasing OH radical scavenging ability, Fe?* chelating ability, and
MDA inhibition when the concentration of the extract was increased, paving the way for gastric ulcer
treatments (IM et al., 2014).

These explanations for our findings, coupled with the histopathological data, revealed the purified
banana peel extract's beneficial effects on treating aspirin-induced gastric ulcers. Therefore,
gastroprotective benefits may be attributed to decreasing gastric acid production, protecting the gastric
mucosal lining, or eradicating H. pylori. The gastroprotective activity of the purified extract from Musa
paradisiaca var. sapientum peel is attributed to the presence of bioactive components with anti-ulcer
activities, such as phenolics, flavonoids, tannins, leucocyanidin, and saponins (Farzaei et al., 2015;
Pereira and Maraschin, 2015). Additionally, banana peel extract may enhance the protection of mucosal
tissues and promote ulcer healing because of the presence of aqueous polysaccharides, which are major
agents that coat the mucosa.

CONCLUSION

In conclusion, the banana peel purified extract contained total phenolic, flavonoid, and tannin
compounds that are associated with banana peel's gastroprotective properties. In this study, it was
demonstrated that purified banana peel extract exhibits a superior gastroprotective effect against aspirin-
induced ulcers compared to standard medication (sucralfate).
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ABSTRACT

One of the essential and inseparable health services in hospitals is pharmaceutical services.
Pharmaceutical services in hospitals are carried out by the Hospital Pharmacy Installation (Instalasi
Farmasi Rumah Sakit/IFRS). The implementation of pharmaceutical services in hospitals must be
supported by adequate, skilled, and competent human resources so that pharmaceutical service activities
can run well and are high quality for patients. The lack of human resources for pharmaceutical services
will result in excessive workload and reduced quality of pharmaceutical services. One method widely
used to determine the number of staff needs is the Workload Indicators of Staffing Needs (WISN).
Analysis of the need for pharmaceutical technical staff at Hospital X in Bandung City was carried out
using the WISN method. The data used for the analysis were obtained from interviews, observations,
and data collection on pharmaceutical services from the pharmacy installation of the Hospital X. The
results of the WISN analysis showed that the need for pharmaceutical technical personnel for central
pharmacy installations providing outpatient and inpatient services is 87 people, the total need for the
emergency room pharmacy satellite is 6 people, the operating room pharmacy satellite is 6 people, and
the pharmacy warehouse is 3 people. From the results of WISN ratio, the number of pharmaceutical
technical staff available for the central pharmacy installation, emergency room pharmacy satellite, and
operating room pharmacy satellite are still inadequate for the existing workload (WISN ratio < 1). In
contrast, for the pharmaceutical warehouse, it is adequate (WISN ratio = 1). Therefore, Hospital X needs
to consider adding existing pharmaceutical technical staff to support more optimal pharmaceutical
services at the hospital.
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INTRODUCTION

A hospital is a health service facility that provides comprehensive individual health services through
promotive, preventive, curative, rehabilitative, and palliative health services by providing inpatient,
outpatient, and emergency services (Pemerintah Republik Indonesia, 2023). One of the important health
services in hospitals is pharmaceutical services. According to Minister of Health Regulation (Peraturan
Menteri Kesehatan) Number 72 of 2016 concerning Pharmaceutical Service Standards in Hospitals,
pharmaceutical services are a direct and responsible service to patients related to pharmaceutical
preparations to achieve definite results and improve the patient's quality of life. Pharmaceutical services
in hospitals are carried out by the Hospital Pharmacy Installation or Instalasi Farmasi Rumah Sakit
(IFRS) (Kementerian Kesehatan RI, 2016). Hospital Pharmacy Installation is an installation in a hospital
led by a pharmacist and assisted by other pharmaceutical staff to provide pharmaceutical services,
including management of pharmaceutical supplies and clinical pharmacy services (Agustini et al., 2023;
Siregar, 2004).

The implementation of pharmaceutical services in hospitals must be supported by adequate, skilled,
and competent human resources (HR) so that pharmaceutical service activities can run well and are of
high quality for patients. Human resources for pharmaceutical services are known as pharmaceutical
personnel, which can consist of pharmacists and pharmaceutical technical staff. Pharmaceutical
Technical Staff or Tenaga Teknis Kefarmasian (TTK) are personnel who assist pharmacists in carrying
out pharmaceutical work. Pharmaceutical technical staff can consist of undergraduate pharmacists,
intermediate pharmacy experts, and pharmaceutical analysts. The availability of the number of
pharmaceutical technical staff in hospital pharmaceutical installations must be fulfilled following the
hospital classification and licensing provisions determined by the Minister of Health to achieve the
targets and objectives of the pharmaceutical installation (Govule et al., 2015; Kuswandani et al., 2021).
The lack of human resources for pharmaceutical services will result in excessive workload and reduced
quality of pharmaceutical services. The decline in the quality of standard pharmaceutical services is
characterized by the failure to achieve minimum service standard indicators in health facilities (Gialama
et al., 2019; Rensiner et al., 2018; Yulaika, 2018). Decreased service quality can have an impact on
increasing service waiting times, decreasing patient satisfaction, and increasing the occurrence of
medication errors (Govule et al., 2015; Kuswandani et al., 2021). Therefore, hospitals need to consider
and plan the availability of pharmaceutical technical staff based on the function and workload of each
pharmaceutical service unit (Akbar et al., 2020).

Currently, there are several methods for calculating the number of health workers needed so that the
workload is not excessive. The Indonesian Ministry of Health recommends three methods, namely the
ratio of health workers per population, the standard number of health workers based on health facilities,
and the WISN method developed by the World Health Organization (WHO) (Kementerian Kesehatan
RI, 2016; WHO, 2023). The WISN method will help to calculate the estimated number of workers/health
workers needed based on workload or activity standard. The WISN method is an effective way to
accurately determine the necessary number of pharmaceutical technical staff in each work unit (Wahyu
Ningsih et al., 2020). The WISN method has several advantages, including being easy to use, fast, being
able to carry out calculations more accurately based on workload, and being comprehensive (Cucu et
al., 2019; Kuswandani et al., 2021).

Hospital X in Bandung is a general hospital classified as class B which has 300 beds, 10 installations
of medical services, 5 installations of non-medical services, and 1 unit of non-medical service. One of
the medical service installations in Hospital X is a pharmacy installation. The pharmacy installation at
Hospital X includes the central pharmacy installation, which provides pharmaceutical services for
inpatient and outpatient care, emergency room pharmacy satellite, operating room pharmacy satellite,
and pharmacy warehouse. The pharmacy installation in Hospital X provides 24-hour services, except
pharmacy warehouse. The pharmacy installation at Hospital X has 9 pharmacists and 40 pharmaceutical
technical staff. Health services and the number of prescriptions continue to increase every day, causing
the workload in pharmaceutical installations to increase. Therefore, this research aims to analyze the
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number of pharmaceutical technical personnel needed based on the existing workload using the WISN
method.

MATERIALS AND METHOD
Materials

The data required to calculate the number of pharmaceutical technical staff required consists of the
number of working days in a year: the number of holidays and national leave in a year; the number of
days of leave or permission due to illness, training, or other reasons; type of pharmaceutical service
activities at Hospital X; the number of prescription services and other services in a year; as well as
currently available total of staff.

Methods
Data collection

This is descriptive research to determine the number of pharmaceutical technical staff needed based
on the existing workload in pharmacy installation at Hospital X to improve pharmaceutical services at
Hospital X. Data collection was carried out by observation, interviews with pharmaceutical technical
staff, as well as data from pharmaceutical services at Hospital X in the period on September 2022 —
August 2023. The types of pharmaceutical work carried out by pharmaceutical staff and how long it
takes to do each job were obtained through observation. Details of the pharmaceutical work observed
refer to Minister of Health Regulation 72/2016 concerning Pharmaceutical Service Standards in
Hospitals. There are three ways to calculate the workload of pharmaceutical technical staff, that are work
sampling, time and motion study, and daily log (Lubis et al., 2022). The frequency of carrying out
pharmaceutical work and estimates of the time required were also obtained through interviews with
pharmaceutical staff. Interview were carried out using random sampling by asking questions related to
the pharmaceutical work being carried out and the estimated time required.

Workload indicator of staffing needs method
Determination of Available Working Time (AWT)

Available Working Time (AWT) is the time available for pharmaceutical technical staff to work
within one year. AWT can be determined from working days in a year minus annual leave days, national
holidays, and leave/permission days due to illness or training activities. Available working time can be
determined using the following formula (WHO, 2023).

AWT=A-(B+C+D+E)

In this formula AWT is the total available working time; A is the number of possible working days
in a year; B is the number of days off for public holidays in a year; C is the number of days off for annual
leave in a year; D is the number of days off due to sick leave in a year; E is the number of days off due
to other leave, such as training, etc., in a year. The AWT results are then multiplied by the working hours
in one day to get the available working time in hours.

Determination of workload component

The workload components of pharmaceutical technical staff were determined based on interviews
and observations of the work activities of pharmaceutical technical personnel in the pharmaceutical
installations center, emergency room pharmacy satellite, operating room pharmacy satellite, and
pharmacy warehouses (WHO, 2023).
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Determination of activity standard

Activity standard is the time required by pharmaceutical technical staff to complete an activity that
is a workload component by standards. Activity standard data was obtained through data from Hospital
X pharmacy installation, observations, interviews, and calculations (WHO, 2023).
Determination of standard workload

Standard workload is the amount of work in a health service workload component that can be carried
out by a health worker in a year. Standard workload calculations can be done by assuming that a health
worker carries out all components of the workload in one year (Aulia et al., 2019). Standard workload
calculations can be done using the mention equation 1 (WHO, 2023).

Available working ti
Standard workload = S e (1)

Average working time

Calculating the number of pharmaceutical technical staff based on standard health service workload
can be done using the following equation.
Quantity of activities

Number of staff needs for health care activities (A) = ——————— ... (2
Standard workload

Calculating the number of pharmaceutical technical staff based on supporting activities workload can
be done using the following equation 3.
1

Number of staff needs for supporting activities (B) = PE— e 3
—total ofsupporting activities

Calculating the number of pharmaceutical technical staff based on individual additional activities
workload can be done using the following equation 4.

L Total of individual additional activiti
Number of staff needs for individual activities (C) = ————— = 2CEHR8 SFFP= ...(4)

Available working time

Determination of total of pharmaceutical technical staff needs

The number of pharmaceutical technical staff needed can be calculated from data calculated from the
number of staff needed for health services, supporting activity, and additional activity (WHO, 2023).
Calculations can be done using the following equation 5.

Total of pharmaceutical technical staff needs = AX B + C...ocoovriiiiiiieiveeee e 5)

Determination of WISN ratio

The results of calculating the need for pharmaceutical technical staff using the WISN method are
expressed in the WISN ratio. The WISN ratio can see whether the existing number of pharmaceutical
technical staff is following the existing workload or is insufficient so that the workload of each
pharmaceutical technical staff is exceeded (WHO, 2023). The WISN ratio can be determined using the
following equation 6.

WISN Ratio = —ol efenrrentpharmaceuticaltechnieal st (6)

Total value of cal culation pharmaceutical technical staft
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Data Analysis

The data that has been collected is processed using Microsoft Excel to carry out WISN method
calculations. The data that has been processed will be presented in tabular form and interpreted according
to the results of the WISN method established by WHO.

RESULT AND DISCUSSION

Since becoming a Regional General Hospital, Hospital X had an increase in visits and the number of
health services, including pharmaceutical services. The higher the level of health services in the hospital,
the more prescriptions or requests for pharmaceutical supplies must be provided by pharmaceutical staff.
This can cause an increase in workload if not accompanied by the addition of the appropriate number of
human resources. One method that is easy and comprehensive to use in determining the number of
pharmaceutical technical staff needs is the Workload Indicator Staffing Needs (WISN) method. The
WISN method can help hospital management determine the appropriate number of health workers, such
as doctors, pharmaceutical staff, nurses, and others, to aid in developing health services in hospitals
(Jing et al., 2022). Through the WISN method, it can be seen the difference between the number of
pharmaceutical technical staff available and the number of pharmaceutical technical staff needed based
on the workload carried out (Doosty et al., 2019; McQuide et al., 2013). WISN method is a method that
is widely used because it is easy to do using available data, easy to use for all health staff, and realistic
for providing human resource allocation (WHO, 2023).

The initial step in the WISN method is to determine available working time (AWT). Pharmaceutical
technical staff do not work every day for one year. There are several days and times when staff do not
do work. Therefore, it is necessary to determine available working time which shows the staff time
available in one year to do their work at the hospital. Available working time can be expressed in days
per year, hours per year, or minutes per year (Sungkonoputri & Dhamanti, 2023; WHO, 2023). Based
on the results of the study, pharmaceutical technical staff at Hospital X worked for 6 days in 1 week and
every working day worked for 6.5 hours. Available working time for pharmaceutical technical staff in a
year is 1748.5 hours/year or equivalent to 104,910 minutes/year. Available working time was obtained
from the results of working days in one year minus the number of annual leave days, national holidays,
and the average day of leave due to illness or training. Data and results of Available working time can
be seen in Table 1.

Table 1. Available working time of pharmaceutical technical staff in Hospital X

Factor Total Annotation
Number of working days (A) 312 days/year
National holiday leave (B) 15 days/year
Mass leave (C) 8 days/year
Annual leave (D) 12 days/year
Leave due to illness / training / other reasons (E) 8 days/year
Daily working hours (F) 6.5 hours/day
Available working time (AWT) 172235 5 ::Zr/};?gr
AWT = [A -~ (B+C+D+E)] xF 104,910 minute/year

In deciding the number of pharmaceutical technical staff needed, it is necessary to group the available
workload components. Based on WHO, workload components can be grouped into three, (a) health
service activities refer to pharmaceutical services (especially direct pharmaceutical services to patients)
carried out by pharmaceutical technical staff; (b) supporting activities, refer to important work that can
support health service activities and is carried out by all pharmaceutical technical personnel; (c)
individual additional activities, refer to specific responsibilities and tasks assigned to only a few
pharmaceutical technical staff. Adding a list of workload components that are rarely worked on or
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require little work time makes an insignificant difference in the final calculation results. Although
detailing workload components can improve calculation accuracy, it also increases the burden and costs,
time, and effort in WISN calculations (Gialama et al., 2019; WHO, 2023). The next step in the WISN
method after determining available working time and workload components is determining activity
standards. Activity standards are the time required by trained pharmaceutical technical staff to perform
pharmaceutical services according to professional standards. Activity standards are divided into service
standards for health care activities and allowance standard for supporting and additional activities for
health care. Supporting activities are carried out by all pharmaceutical technical staff, while additional
activities are only carried out by a few assigned staff (WHO, 2023).

Determination of the number of pharmaceutical technical staff needs is carried out for each functional
unit of pharmaceutical services, namely the central pharmacy installation, emergency room pharmacy
satellite, operating room pharmacy satellite, and pharmacy warehouse. The central pharmaceutical
installation is a pharmaceutical installation at the hospital X which serves the need for pharmaceutical
supplies for inpatient and outpatient care. From September 2022 to August 2023, the number of
prescriptions served outpatient and inpatient at Hospital X amounted to 39.537 prescriptions and
220,331 prescriptions respectively. The number of prescription services continues to increase causing
the workload to increase. The results of calculating the need for pharmaceutical technical staff based on
the workload showed in the Table 2, the pharmaceutical technical staff needed in the central pharmacy
installation is around 87 people. However, currently there are 27 pharmaceutical technical staff available
at the central pharmacy installation.

The WISN results can be analyzed in two ways, including (1) by looking at the difference between
the number of existing staff and the number of staff needed or (2) calculating the ratio of the difference
in the number of staff. If the WISN ratio result is equal to 1, this shows that the current number of staff
is balanced with staff needs so that the workload is also balanced. If the WISN ratio result is less than
one, then the number of staff currently available is not sufficient for the existing workload. If the WISN
ratio result is more than 1, it shows that the number of existing staff exceeds the workload that must be
done (overstaffing) (Agustini et al., 2023; WHO, 2023). The WISN ratio of the difference in the number
of available pharmaceutical technical personnel in central pharmacy installation and the total calculation
results is 0,31. Based on WHO provisions, the available number of health workers is inadequate for the
existing workload, causing every pharmaceutical technical staff at Hospital X to have an excessive
workload (Gialama et al., 2019; WHO, 2023).

The pharmacy installation at Hospital X has two satellites that assist pharmaceutical services at the
hospital. The two satellites are the emergency room pharmacy satellite and the operating room pharmacy
satellite. The emergency room pharmacy satellite performs pharmaceutical service activities in the
emergency room. Currently, the emergency room pharmacy satellite is run by 4 pharmaceutical technical
staff. Each work shift is filled by 1 pharmaceutical technical staff. However, an analysis of the need for
pharmaceutical technical staff based on workload in Table 3, shows that around 6 people are needed to
carry out pharmaceutical services in the emergency room pharmacy satellite. The result of the WISN
ratio for emergency room pharmacy satellites is 0.66, which means that the number of staff available is
not commensurate with the workload that must be carried out.

The operating room pharmacy satellite at Hospital X aims to provide pharmaceutical services in the
central surgical installation. The operating room pharmacy satellite is currently also run by 4
pharmaceutical technical staff with one work shift filled by one staff. Based on the results of the analysis
using the WISN method in Table 4, the number of pharmaceutical technical staff required to carry out
pharmaceutical services based on the workload in the operating room satellite pharmacy is 6 people.
The number of staff available is still inadequate for the existing workload, as indicated by a WISN ratio
value of less than 1 (WISN ratio 0.66) (Purwanti & Syam, 2024; WHO, 2023).
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Table 2. The result of pharmaceutical technical staff
pharmacy installation by WISN method

needs analysis in Hospital X central

Healthcare Activities Activity Standard Standard Number of Staff
(min/activities) Workload (min) Needs
Acceptance, assessment, and input of 3 34970 113
outpatient prescription
Prepgratlon, checl'<|ng, and etiquette 17 6171 6.41
labeling of outpatient prescription
DIS.trIbUtIOH of outpatient drugs to 5 20982 1.88
patients
Acceptance, ass_esgment, and input of 3 34970 6.30
inpatient prescription
Prepgratlon_, chet_:klng, and etiquette 15 6994 3150
labeling of inpatient prescription
Inpatient concoction drug services 20 5246 2.20
Dlstrl_butlon of pharmaceutical 10 10491 21
supplies to the nurse
Medication concocting 20 5246 0.41
Dispensing of sterile preparations
and/or total parenteral nutrition (TPN) 30 3497 0.45
Total of pharmaceutical technical staff needs for health services 71.29
Supporting Activities Activity Activity Total of Activity ~ Number of Staff
PP g standard (min) Category standard (min) Needs
Shift change 10 Daily 30 0.077
Shift report 10 Daily 30 0.077
Pharmaceutical supply stock
checking 60 Monthly 60 0.007
Stok opname (SO) 390 Annual 780 0.007
Total of supporting activities 0.17
Total of pharmaceutical technical staff needs for supporting activities 1,20
- A Activity Number of Frequency (per Number of Staff
Additional Activities standard (min) Activities year) Needs
Narc_otlcs and psychotropic stock 10 2 807 269
cheking
_Retur_n of medication from the 15 1 2421 605.25
inpatient room
Room and refrigerator 3 1 538 26.9
temperature report
Input requests pharmaceutical
supply needs to pharmaceutical 10 1 156 26
warehouses
Receipt and check of
pharmaceutical supplies from 30 1 156 78
pharmaceutical warehouses
Storage of pharmaceutical
supplies from warehouses and 60 3 156 468
stock card updates
Emergency trolley checking 30 1 2 1
Total of additional activities 1474.15
Total of pharmaceutical technical staff needs for additional activities 0.84
Total of pharmaceutical technical staff needs for central pharmacy installation 86.55

(people)
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Table 3. The result of pharmaceutical technical staff needs analysis in Hospital X emergency room

pharmacy satellite by WISN method

Healthcare Activities Activity standard Standard Number of Staff
(min/activities) Workload (min) Needs
Acceptance, assessment, and input of
discharge patient prescription from the 3 34970 0.02
ER
Preparation, checking, and etiquette
labeling of discharge patient 17 6171 0.11
prescription from the ER
DIS.trIbUtIOH of outpatient drugs to 5 20982 0.03
patients
Acceptance: assessment, and input of 3 34970 123
pharmaceutical supply for ER
Preparatlon_of demand for 5 20982 204
pharmaceutical supply from ER
Dlstrl_butlon of pharmaceutical 3 34970 193
supplies to the ER nurse
Total of pharmaceutical technical staff needs for health services 4.66
Supporting Activities Activity Activity Total of Activity ~ Number of Staff
standard (min) Category standard Needs
Shift change 10 Daily 30 0.077
Shift report 10 Daily 30 0.077
Pharm_aceutlcal supply stock 60 Monthly 60 0.007
checking
Stok opname (SO) 390 Annual 780 0.007
Total of supporting activities 0.17
Total of pharmaceutical technical staff needs for supporting activities 1.20
- A Activity Number of Frequency (per ~ Number of Staff
Additional Activities standard (min) Activities year) Needs
Reports of narcotics and
psychotropic use in the ER 10 1 269 44.83
Room and refrigerator 5 1 807 6725
temperature report
Preparation of birth packages 5 1 1345 112.08
(partus set)
Input requests pharmaceutical
supply needs to pharmaceutical 3 1 156 7.8
warehouses
Receipt and check of
pharmaceutical supplies from 15 1 156 39
pharmaceutical warehouses
Storage of pharmaceutical
supplies from warehouses and 30 1 156 78
stock card updates
Emergency trolley checking 30 1 2 1
Total of additional activities 349.97
Total of pharmaceutical technical staff needs for additional activities 0.20
Total of pharmaceutical technical staff needs for ER pharmacy satellite (people) 5.81
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Table 4. The result of pharmaceutical technical staff needs analysis in Hospital X operating room
pharmacy satellite by WISN method

Healthcare Activities Activity standard Standard Number of Staff
(min/activities) Workload (min) Needs
Preparatlon_of surglca_ll packages and 30 3497 3.99
pharmaceutical supplies requirements
Carry out input and return of
pharmaceutical supplies used for 15 6994 1.64
operations
Total of pharmaceutical technical staff needs for health services 4.93
Supporting Activities Activity Activity Total of Activity ~ Number of Staff
standard (min) Category standard Needs
Shift change 10 Daily 30 0.077
Shift report 10 Daily 30 0.077
Pharmaceutlcal supply stock 60 Monthly 60 0.007
checking
Stok opname (SO) 390 Annual 780 0.007
Total of supporting activities 0.17
Total of pharmaceutical technical staff needs for supporting activities 1.20
. A Activity Number of Frequency (per Number of Staff
Additional Activities standard (min) Activities year) Needs (people
Reports of narcotics and
psychotropic use in the OR 10 1 269 44.83
Room and refrigerator 5 1 807 67.25
temperature report
Preparation of birth packages 3 1 156 78
(partus set)
Input requests pharmaceutical
supply needs to pharmaceutical 15 1 156 39
warehouses
Receipt and check of
pharmaceutical supplies from 30 1 156 78

pharmaceutical warehouses

Storage of pharmaceutical

supplies from warehouses and 30 1 2 1
stock card updates

Total of additional activities 237.88
Total of pharmaceutical technical staff needs for additional activities 0.14
Total of pharmaceutical technical staff needs for OR pharmacy satellite (people) 6.06

The pharmacy warehouse has the main responsibility for managing pharmaceutical supplies at
Hospital X. The pharmacy warehouse plays a role in planning, procurement, storage, distribution, and
administration related to the management of pharmaceutical supplies. Based on the results of the WISN
analysis, the pharmaceutical warehouse requires 3 pharmaceutical technical personnel as shown in Table
5. Currently, the pharmaceutical warehouse at Hospital X has 3 pharmaceutical technical staff. The
WISN ratio is 1 and shows that the current workforce is balanced or adequate for the existing workload
(Purwanti & Syam, 2024; WHO, 2023).
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Table 5. The result of pharmaceutical technical staff needs analysis in Hospital X pharmacy
warehouse by WISN method

Healthcare Activities Activity standard Standard Number of Staff
(min/activities) Workload (min) Needs
Acceptance of pharmaceutical supply
requests from the central pharmacy 10 10491 0.01
installation
Process of mutation/input of
pharmaceutical supply in the SIMRS 60 1749 0.09
system
Preparation of pharmaceutical supplies
according to central pharmacy 180 583 0.27
installation request
Distribution of pharmaceutical
supplies to central pharmacy 30 3497 0.04
installation
Double_check of pharmaceu_tlcal _ 120 874 0.18
supply in central pharmacy installation
Acceptance of pharmaceutlcal_supply 10 10491 0.03
requests from pharmacy satellites
Process of mutation/input of
pharmaceutical supply in the SIMRS 30 3497 0.09
system
Preparation of pharmaceutical supplies
according to pharmacy satellite 90 1166 0.27
request
Dlstrl_butlon of pharmaceutl_cal 30 3497 0.09
supplies to pharmacy satellites
Double_check of pharmacgutlcal 60 1749 0.18
supply in pharmacy satellites
Acceptance of_phar_maceutlcal supply 15 6994 0.10
requests from inpatient room
Prepargtlon o_f pha_rmaceutlcal supplies 30 3497 0.21
according to inpatient room request
Total of pharmaceutical technical staff needs for health services 1.56
Activity L Total of
Supporting Activities standard (':A‘ ctivity Activity Number of Staff
- ategory Needs
(min) standard
Storage and updating of 160 Daily 160 0.410
incoming drug stock cards
Storage and updating of stock
cards for medical . 160 Daily 160 0.410
equipment/consumable medical
materials
Enter drug invoices 60 Daily 60 0.154
Enter invoices for medical
equipment/consumable medical 60 Daily 60 0.154
materials
Coordinate the management of
gha_rmaceutlcal supplies, med_lcal 60 Weekly 120 0.059
evices and consumable medical
materials
3torage of invoice documents / 30 Weekly 30 0.015
rug order letters
Storage of invoice 30 Weekly 30 0.015

documents/orders letters for
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medical devices and consumable
medical materials
Storage of invoices for requests

for pharmaceutical supplies from 30 Weekly 30 0.015
the inpatient room
Storage of report documents 30 Weekly 30 0.015
Check stock of generic drugs 60 Monthly 60 0.007
(Cj:rr:jzcsk stock of non-generic 60 Monthly 60 0.007
Check stock of medical devices 60 Monthly 60 0.007
Che(_:k stock of consumable 60 Monthly 60 0.007
medical materials
Total of supporting activities 0.03
Total of pharmaceutical technical staff needs for supporting activities 1.03
Additional Activities s?z:rtllo\ll{:\% '\Ll‘mb.er of Frequency (per  Number of Staff
- ctivities year) Needs
(min)
Receipt and inspection of
invoices with physical form of 5 2 4304 717.33
pharmaceutical inventory
Receipt and inspection of
invoices wnh physical form of 5 2 4304 71733
medical devices / consumable
medical materials
Monitoring and reporting 5 1 538 44,83
temperature
Make plans for the need for
pharmaceutical supplies, medical
devices, consumable medical 240 2 52 416
materials, and drugs for the
health program
Make orders for the need for
pharmaceutical supplies, medical
devices, consumable medical 30 1 208 104
materials, and drugs for the
health program
Evaluate offers of _ 60 2 12 24
pharmaceutical supplies
Making expired pharmaceutical 60 1 12 12
supply reports
Making vaccine reports to the
Public Health Office (Dinas 60 1 12 12
Kesehatan)
Making an IUD report 60 1 12 12
Making activity reports in the 60 1 12 12
pharmacy warehouse
Making reports for product 30 1 12 6
recalls
Creation of empty 60 1 12 12
pharmaceutical supply reports
Creation of new item reports 60 1 12 12
Total of additional activities 2101.5
Total of pharmaceutical technical staff needs for additional activities 1.20
Total of pharmaceutical technical staff needs for pharmacy warehouse (people) 2.80
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CONCLUSION

Based on WISN calculations, the required number of pharmaceutical technical personnel in the
central pharmacy installation is 87 people, the emergency room pharmacy satellite is 6 people, the
operating room pharmacy satellite is 6 people, and the pharmacy warehouse is 3 people. The analysis
result shows the number of pharmaceutical technical staff needed at Hospital X using the WISN method,
the current number of pharmaceutical technical personnel in the central pharmacy installation,
emergency room pharmacy satellite, and operating room pharmacy satellite are still not following with
the existing workload (WISN ratio value < 1). Meanwhile, the pharmaceutical warehouse currently has
pharmaceutical technical staff that is appropriate to the existing workload (WISN ratio value = 1).
Therefore, Hospital X can consider increasing the number of pharmaceutical technical personnel to
improve the existing pharmaceutical services at Hospital X so that patient satisfaction and patient
treatment can be achieved more optimally. Hospital X also can improve their human resource
management so that the currently available pharmaceutical staff do not experience excessive workload
which results in worsening service.
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ABSTRACT

The white swiftlet bird's nest (Aerodramus fucipaghus) constitutes one of nature's treasures
endowed with diverse health benefits. The swiftlet bird's nest is a potential source of antioxidants,
capable of counteracting free radicals contributing to premature ageing. It can be harnessed as a serum
formulation featuring small molecules, facilitating deeper skin penetration, efficient delivery of highly
concentrated active agents, and expedited resolution of skin issues. This study aimed to ascertain the
swiftlet bird's nest serum's physical properties, physical stability, and antioxidant activities. Serum
formulations span a range of concentrations: 10%, 20%, 30%, and 40%. Physical attributes of the
serum, including organoleptic properties, homogeneity, pH, spreadability, and viscosity, were
observed. Serum stability was assessed over a 21-day storage period. The antioxidant activity of the
serum was gauged via DPPH assay, determining the ICsy values. The serum, across varying
concentrations, exhibited commendable physical characteristics, satisfying stipulated criteria.
Antioxidant activity was detected in the serum across a spectrum of concentrations, revealing I1Csg
values of 250.00+£1.58 pg/mL, signifying a range from weak to strong efficacy (90.137+0.4 pg/mL).
The swiftlet bird's nest serum with its concentration variants demonstrated physical stability during the
21-day storage duration. Drawing from the research, it can be deduced that the swiftlet bird's nest
holds promise for development into a serum formulation that fulfils both physical and stability criteria,
endowed with robust antioxidant activity. Notably, the swiftlet bird's nest serum in formula 4 at a 40%
concentration exhibited good physical, stability and potent antioxidant activity, manifesting an ICso
value of 90.137+0.4 pg/mL.
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INTRODUCTION

The white swiftlet bird's nest (Aerodramus fucipaghus) is a natural treasure extensively harvested
by Asian nations. Indonesia, in particular, is the world's largest exporter, contributing over 75% of the
global supply of swiftlet bird's nests. Revered for its myriad health benefits, the swiftlet bird's nest
serves as a dietary supplement renowned for its roles in skin lightening, prebiotic functions, and even
burn wound healing (Chan et al., 2015; Anggraini & Kasmawati, 2017; Babji & Daud, 2019; Acharya
& Satheesh, 2023).

The swiftlet bird's nest constitutes a promising source of antioxidants. Prior studies have revealed
the antioxidant activity of swiftlet bird's nest at a concentration of 4 ppm, yielding an 1Cs, value of
4.0240 mg/g (Nadia et al., 2017). The glycoproteins within the swiftlet bird's nest function to
counteract Reactive Oxygen Species (ROS) such as H202, thereby mitigating the escalation of free
radicals and concurrently enhancing the antioxidant activity of the enzyme catalase (Dewi, 2020).

Free radicals constitute the foremost contributors to premature ageing, inducing skin pigmentation,
collagen degradation, and damage to DNA, mitochondria, proteins, and lipid membranes (Krutmann et
al., 2017; Nakai & Tsuruta, 2021). Skin ageing poses a prevalent concern within modern society. The
emergence of fine wrinkles on the face, heightened skin dryness, and alterations in skin colouration
characterise skin ageing. Premature ageing is brought about by free radicals, such as those originating
from cigarette smoke, pollution, and exposure to UV rays (Zahruddin & Damayanti, 2018).

Antioxidants can impede the oxidation of oxidant molecules. Superoxide dismutase is a natural
antioxidant synthesised by the body. Additionally, natural antioxidants can be obtained from natural
sources, exemplified by vitamins A, C, and E, which derive from natural substances (Silvia, 2018).
The human body lacks an abundant reserve of antioxidants; thus, additional antioxidants are required
to inhibit the process of premature ageing.

Swiftlet bird's nest can be developed into cosmetic formulations, including serums. Serums are
preparations with small molecules capable of penetrating the skin's deeper layers, delivering highly
concentrated active ingredients, proving effective and swift in addressing various skin issues (Thakre,
2017).

This research aimed to harness the potential of white swiftlet bird's nest (Aerodramus fucipaghus)
as an antioxidant serum. Serum possesses a lightweight texture, facilitating easy application to the face
while refraining from leaving an oily residue on the skin. The serum is formulated across 10%, 20%,
30%, and 40% concentrations

MATERIALS AND METHOD
Materials

The instruments employed encompassed UV-Vis Spectrophotometer (Agilent Technologies Carry
60 UV-Vis), Brookfield Viscometer, pH meter (Mettler Toledo), analytical balance (Dj. Series
Excellent Scale), aluminum foil, and glassware. The utilized materials comprised 2,2-diphenyl-1-
picrylhydrazyl (DPPH), methanol, and distilled water (aqua dest). All employed chemical substances
were of analytical grade (p.a). White swiftlet bird's nest (Aerodramus fucipaghus) was employed as the
active ingredient for the serum formulation. Excipients for the serum formulation consisted of
Carbopol (Sigma-Aldrich), propylene glycol (Sigma-Aldrich), glycerin (Sigma-Aldrich), and nipagin
(Sigma-Aldrich) obtained from PT Medikalab Indo Raya, Semarang.

Method
Sample preparation

The swiftlet bird's nest was thoroughly washed and cleaned to remove impurities and subsequently
air-dried until completely dry. The dried white swiftlet bird's nest (Aerodramus fucipaghus) was finely
blended to minimize the surface area, thereby enhancing the contact between the swiftlet nest particles
and the solvent and optimizing the extraction of active compounds. The powdered swiftlet bird's nest
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was then soaked in distilled water using a low-temperature water bath (maximum 71°C) for 10
minutes to facilitate expansion, after which it was finely ground (Anggraini & Kasmawati, 2017).

Preparation of white swiftlet bird's nest extract serum

The swiftlet bird's nest serum was formulated in four different concentrations, as outlined in Table
1. The swiftlet bird’s nest serum production followed the methodology established in the referenced
research study (Kurniawati & Wijayanti, 2018) with slight modifications. Carbopol was hydrated in
distilled water overnight to form a gel, which was then stirred thoroughly to achieve uniformity and
prevent clumps. Glycerin was gradually added while continuously stirring (mass 1). Nipagin was
dissolved in propylene glycol (mass 2). Masses 1 and 2 were mixed, followed by the addition of the
extract according to its concentration. Distilled water was added to reach the desired final volume.

Table 1. The formula for white swiftlet bird's nest extract serum

Concentration

Materials =) =) =) Fa
Swiftlet Bird's Nest (Aerodramus fuciphagus) 10% 20% 30% 40%
Glycerin 15 15 15 15
Carbopol 0.5 0.5 0.5 0.5
Nipagin 0.2 0.2 0.2 0.2
Propylene Glycol 3 3 3 3
Distilled Water ad 100 ad 100 ad 100 ad 100

Evaluation of physical properties of white swiftlet bird's nest extract serum
Organoleptic test

Visual observation of the preparation regarding the formulated serum's form, color, and aroma.
Typically, serums exhibit a transparent white color and possess a moderately viscous texture.

Homogeneity test
This test was conducted by applying a serum sample onto a glass slide. The serum should exhibit a
homogeneous composition without coarse particles (Kurniawati & Wijayanti, 2018).

pH Test
pH observation of the serum was conducted by immersing a pH meter into the formulation.

Viscosity Test

Viscosity testing was performed by placing a 100 mL sample in a Brookfield viscometer with the
spindle immersed up to a specific limit, rotating at 60 rpm. An optimal facial serum viscosity typically
falls within 230-1150 cps (Wijayanti & Faizatun, 2011).

Physical stability of the serum

The evaluation of the physical stability of the formulation was conducted to ensure that the
preparation retained consistent properties post-production and continued to meet predefined criteria
throughout storage. The serum's physical stability test involved observing the serum's organoleptic
characteristics after storage for 21 days at room temperature (15-30°C (Ariyanti et al., 2020).

Antioxidant activity of swiftlet bird's nest serum
Determination of wavelength and operating time

Antioxidant activity is carried out by DPPH method (Rispriandari et al., 2024). A solution of 0.1
mM DPPH was prepared by dissolving 10 mg of DPPH powder in 250.0 mL of methanol. The
maximum wavelength and blank were determined by adding 2 mL of 0.1 mM DPPH solution to 2 mL
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of methanol p.a. The mixture was then measured using a UV-Vis spectrophotometer at 400 to 600 nm
wavelengths. To determine the operating time, 50 yL of a standard vitamin C solution was added to 4
mL of 0.1 mM DPPH solution. The mixture was homogenized using a stirrer for 1 minute, and its
absorbance was measured at 0, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, and 60 minutes at the
maximum wavelength (Widyowati et al., 2014).

Determination of antioxidant potential

A standard solution at a 100 pg/mL concentration was prepared by dissolving 10 mg of vitamin C
in 100 mL of methanol. A dilution series was prepared at concentrations of 1 pg/mL, 4 pg/mL, 7
pg/mL, 10 pg/mL, and 13 pg/mL. For each concentration, 2.0 mL of 0.1 mM DPPH solution was
added to a volumetric flask containing 2 mL of the standard solution. Test solutions were prepared by
dissolving 25 mg in 50 mL of methanol to achieve a concentration of 500 pug/mL, followed by dilution
series at concentrations of 50 pug/mL, 100 pg/mL, 150 pg/mL, 200 pg/mL, and 250 pg/mL. Again, for
each concentration, 2.0 mL of 0.1 mM DPPH solution was added to a volumetric flask containing 2
mL of the test solution. Both test and standard solution flasks were vortexed for 30 seconds and then
incubated for 30 minutes in a dark room. Absorbance was measured using a UV-Vis
spectrophotometer at the predetermined maximum wavelength. The obtained absorbance results were
substituted into the following equation 1.

L Blank Absorbance — Sample Absorbance
%Inhibition = Blank Absorbance x 100 % 1)

The values of the extract or standard concentration, along with their respective inhibition
percentages, were plotted on the x and y axes using the equation 2.

A linear regression equation was employed to determine the ICsy values of each sample by
expressing the y-value as 50 and the x-value as ICso. The ICso value indicated the sample concentration
required to reduce 50% of the DPPH free radicals.

Data Analysis

Data analysis was conducted using SPSS. Viscosity, spreadability, and adhesion data were assessed
using the Shapiro-Wilk test to ascertain their normal distribution. Homogeneity was examined using
the Levene test. Normally distributed and homogenous data were further analyzed through parametric
One-Way ANOVA followed by Post Hoc Tests. Non-normally distributed data was assessed using
Kruskal-Wallis and Mann-Whitney tests. Stability data were analyzed using Repeated Measures
ANOVA.

RESULT AND DISCUSSION
Physical properties of white swiftlet bird's nest extract serum

The white swiftlet bird's nest extract (Aerodramus fuciphagus) utilized in this research was
obtained from a bird nest breeding facility in Sukamara Regency, Southeast Kalimantan. White
swiftlet bird's nest extract was formulated into a serum preparation and subsequently subjected to
physical property tests, encompassing organoleptic assessment, homogeneity, pH, viscosity,
spreadability, and adhesion. Organoleptic test results revealed that the white swiftlet bird's nest extract
serum exhibited a dull white color, carried a distinct swiftlet bird's nest aroma (musty), and possessed
a dense texture akin to serum (Figure 1, Table 2).
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Figure 1. White swiftlet bird’s nest serum

Based on the observations (Figure 1), formula 1 with a 10% concentration yields a serum color that
is clearer and brighter. As the concentration of white swiftlet bird's nest extract increases, the resulting
serum color tends to become a darker dull white.

Table 2. The results of organoleptic and homogeneity tests on the serum

Formula Color Aroma Form Homogeneity
F1 Dull White Distinct Viscous  Homogeneous
F2 Dull White Distinct Viscous  Homogeneous
F3 Dull White Distinct Viscous  Homogeneous
F4 Dull White Distinct Viscous  Homogeneous

Homogeneity testing was conducted to observe whether the preparation is uniform by examining
the presence of large or coarse particles in the serum. The test results for the preparation (Table 2)
indicate the absence of coarse particles, thus confirming that the white swiftlet bird's nest serum
(Aerodramus fuciphagus) is considered homogeneous.

Table 3. The pH test results of the serum
Day p-
1 7 14 21 Value
F1 5.03+0.1 4.93+0.4  4.97+0.2 5.05+0.5 0.024
F2 4.84+0.4  4.91+0.3  4.87+0.1 4.99+0.4
F3 4.92+0.2  4.64+05  4.66+0.1 4.70+0.3
F4 497+0.1 4.87+0.3 4.66+0.5 4.64+0.3

Formula

The results of the physical test on the white swiftlet bird's nest extract serum (Table 3) at various
concentrations reveal pH values ranging from 4.64 to 5.05, falling within the pH range suitable for
topical formulations, which is 4 to 5.5 (Thakre, 2017). pH measurement determines whether the
formulated product is safe and non-irritating when applied to the skin. An excessively low pH value
can lead to skin irritation due to its acidic nature, while a high pH value can cause skin dryness (Putri
& Anindhita, 2022). At varying concentrations, the antioxidant serum with white swiftlet bird's nest
extract significantly influences the resulting pH with a significance value of 0.024 (p<0.05).
Meaningful differences are observed between the 10% (F1) concentration and the 30% (F3) and 40%
(F4) concentrations. Across the serum formulations at different concentrations, no significant
difference was observed between pH and storage time with p=0.324 (p>0.05). The results of the
spreadability test for the white swiftlet bird's nest extract serum (Aerodramus fuciphagus) can be
observed as follows Table 4.

The spreadability test aimed to determine the ability of the serum preparation to spread. The
spreadability test results (Table 4) for various formulations meet the criteria for good serum
spreadability: having a diameter within the range of 4-7.5 cm (Montenegro et al., 2015). The analysis
of the white swiftlet bird's nest serum formula (Aerodramus fuciphagus) at various concentrations
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reveals a significant difference with a significance value of 0.004 (p<0.05). Meaningful differences are
observed between concentrations F1 and F4 and between F1 and F3. The spreadability of the serum
during a 21-day storage period indicates good stability across various concentrations, with no
significant difference observed at p=0.553 (p>0.05) concerning storage time. The spreadability value
is inversely proportional to viscosity, where an increase in formulation thickness leads to a decrease in
spreadability (Mudhana & Pujiastuti, 2021).

Table 4. The Results of the spreadability test (cm) on the serum
Day p-

1 7 14 21 Value

F1 6.8+0.1 6.8+0.3 7+0.2 7+0.1 0.004

F2 5.5+0.2 5.8+0.4 5.8+0.4 5.9+0.6

F3 5+0.2 5.2+0.5 5.2+0.6 5+0.3

F4 5.240.1 5+0.2 5+0.2 5+0.3

Formula

The viscosity values of the swiftlet bird's nest extract serum (Table 5) indicate that higher extract
concentrations result in thicker serum viscosity and lower spreadability values. In the viscosity test, the
data analysis reveals significance between the serum formulations at 10% and 40% concentrations.
The higher the extract concentration, the higher the viscosity. The viscosity of the formulation can be
influenced by various factors, including temperature changes, variations in manufacturing conditions,
and raw material quality (Thakre, 2017), including the concentration of the active ingredient
(Mardhiani et al., 2018). The concentration of added swiftlet bird's nest extract in the serum impacts
viscosity due to the texture of swiftlet bird's nest being similar to agar, necessitating a balance with
increased water phase to achieve the desired viscosity. Stability analysis of the serum across all four
formulations reveals no significant difference, with p=0.506 (p>0.05), in viscosity during a 21-day
storage period.

Table 5. The results of the serum viscosity test (cps)

Day p-
Formula 1 7 14 21 Value
F1 224+0.6 256+0.5 273+0.6 274%0.7 0.003
F2 362+0.2 421404 421406 425+0.3
F3 4210+0.2 4430+0.6 4060+0.6 4020+0.4
F4 7392+0.3 7283+0.2 7308+0.6 7308+0.5

Antioxidant activity of white swiftlet bird’s nest extract serum

The results of the antioxidant test using the DPPH method on the White Swiftlet Bird's Nest Extract
Serum (Aerodramus fuciphagus) at concentrations of 10%, 20%, 30%, and 40% can be observed in the
following Table 6. The antioxidant activity test on the white swiftlet bird's nest extract serum
(Aerodramus fuciphagus) uses the DPPH method (Sabandar et al., 2023), which involves a nitrogen
radical compound. The DPPH reaction mechanism operates through electron transfer. The DPPH
method is chosen due to its simplicity, ease of use, sensitivity, and requirement of only a tiny sample
(Rahmawati et al., 2016). Antioxidant activity in this reaction can be observed through the change of
colour from purple to yellow. Before reading the absorbance, the sample solution is incubated for 30
minutes to allow the donation reaction between the free radicals and the sample solution to be tested
for its antioxidant activity (Martiani et al., 2017).

The antioxidant test results using the DPPH method on the white swiftlet bird's nest extract serum
(Aerodramus fuciphagus) at concentrations of 10% (F1), 20% (F2), 30% (F3), and 40% (F4) are
250.00£1.58 pg/mL, 132.31+0.74 pg/mL, 118.57+0.37 pg/mL, and 90.13+0.4 pg/mL respectively.
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These results will be compared with the positive control, a commercially available serum (Vitamin C
Serum), and the negative control in the form of the serum base.

Table 6. The results of the antioxidant activity test on the serum

Formula Concentration % Inhibition IC50 (png/mL)
(Mg/mL)
F1 50 12.033+0.06 250.00£1.58
100 21.352+0.12
150 29.240+0.08
200 36.792+0.14
250 53.058+0.16
F2 50 27.237+0.07 132.31+0.74
100 41.492+0.05
150 52.870+0.06
200 68.341+0.15
250 85.395+0.23
F3 50 30.521+0.09 118.57+0.37
100 47.487+0.05
150 60.444+0.15
200 66.666+0.17
250 85.351+0.28
F4 50 40.2597+0.26 90.137+0.4
100 50.7499+0.38
150 66.1113+0.43
200 81.0967+0.64
250 92.5357+0.48
Control (+): Vitamin C Serum 138.17+0.4
Control (-): Base (Placebo) 2415.37+0.59

From the antioxidant test results on the white swiftlet bird's nest extract serum using the DPPH
method (Table 6), it can be observed that the serum formulation exhibits antioxidant activity ranging
from strong to weak. At a concentration of 10%, the white swiftlet bird's nest serum shows weak
antioxidant activity with an ICs value of 250.00+£1.58 pg/mL. The limited antioxidant effect of the
swiftlet bird's nest might be attributed to the relatively small amount of peptide bonds that have
undergone hydrolysis, subsequently reducing the number of amino groups and consequently
decreasing its pharmacological effectiveness (Ramachandran et al., 2018). The weak antioxidant effect
of the white swiftlet bird's nest serum formulation can also be attributed to the relatively low
concentration or content of the swiftlet bird's nest used in the 10% concentration formulation. The
white swiftlet bird's nest serum formulation at 20% and 30% exhibits moderate antioxidant activity
with 1Cso values of 132.31+0.74 pg/mL and 118.57+0.37 pg/mL, respectively. The formulation at 40%
concentration shows vigorous antioxidant activity with an ICs value of 90.13+£0.4 pg/mL. Compared
to the positive control (Vitamin C Serum) with an ICso value of 138.17+0.4 pug/mL, the white swiftlet
bird's nest serum at a 20% extract concentration already falls within the range of commercially
available serums. In the case of the negative control, the obtained 1Cso value is 2415.37+0.59 pg/mL,
indicating the absence of antioxidant activity in the negative control formulation (Base) due to the
absence of white swiftlet bird's nest (Aerodramus fuciphagus) content.

Swiftlet bird's nests contain various amino acids, including cysteine, methionine, histidine,
tyrosine, tryptophan, and phenylalanine (Ali et al., 2019). Hydrophobic amino acids, including
tyrosine, activate the antioxidant in the white swiftlet bird's nest. The mechanism of free radical
inhibition by the amino acid tyrosine involves the activity of the ROO+ group, which acts as a proton
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donor in the tyrosine peptide. The ROO- radical acquires a proton from the hydroxyl group of tyrosine,
forming a neutral molecule ROOH. Tyrosine transforms into a new radical, which can resonate to
become a stable ketone group (Esfandi et al., 2019).

White swiftlet bird's nest (Aerodramus fuciphagus) contains Epidermal Growth Factor (EGF),
which can be utilized as an anti-ageing agent. EGF functions by improving skin texture and tissue,
leading to skin rejuvenation. EGF plays a significant role in regenerating skin cells, accelerating the
metabolism of the skin layers, and repairing dead skin cells (Rohmah, 2019). Hence, aside from being
a nutritious and healthy dietary source, swiftlet bird's nest can also be developed into various cosmetic
formulations within the beauty industry.

CONCLUSION

Based on the research, it can be concluded that a swiftlet bird's nest can be developed into a serum
formulation that meets the physical and stability criteria with potent antioxidant activity. The swiftlet
bird's nest serum in formula 4 at a concentration of 40% exhibited good physical, stability and potent
antioxidant activity, with an 1Cs value of 90.137+0.4 pg/mL.
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ABSTRACT

Bitter melon seed oil (BMSO) was identified as having the potential as an anti-UV radiation agent
due to alpha-oleo stearic acid, flavonoids, tannins, polyphenols, and phytosterols, which have the
potential as antioxidants. Antioxidants are the main protection for the skin from the dangers of solar
radiation, making BMSO a good quality if developed in sunscreen cream. This research aims to
determine the effect of adding variations in the concentration of BMSO on the physical characteristics
and in vitro photoprotective effectiveness of oxybenzone and octyl methoxycinnamate cream.
Sunscreen creams are made with each BMSO concentration of 0%, 6%, 8%, 10%, and 12%. The result
shows that the greater the concentration of BMSO added, the lower the viscosity and pH values, the
%TP (percentage of transmission pigmentation) and %TE (percentage of transmission erythema),
while the spreadability and SPF (sun protection factor) values of the cream increase. The best formula
contains the highest concentration of BMSO (12%). The characteristics of the best formula are a
slightly yellowish, soft cream and a slight smell typical of bitter melon. The spreadability value of the
best formula cream is 6.6 + 0.1 cm, pH is 6.57 = 0.01, and viscosity is 88.3 £ 4.1 dPa.s, SPF value is
24.27 £ 0.28, %TE is 0.931 £0.084, and %TP is 0.981+0.0001. These results show that BMSO has the
potential to be an active ingredient in sunscreen to reduce the negative effects of using synthetic
sunscreen, such as allergenic and irritant.
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INTRODUCTION

The skin possesses a natural defense system that guards against radiation from sunlight. It thickens
the stratum corneum and generates the hormone melanin as a protective response to radiation exposure
(Brenner & Hearing, 2008). Sunlight, at appropriate exposure levels, contributes to vitamin D
synthesis by converting 7-dehydrocholesterol into cholecalciferol (vitamin D3), which aids in calcium
absorption (Wacker & Holick, 2013). However, if exposure to solar radiation exceeds the skin's
natural protection, it can lead to various health issues, including erythema, inflammation, premature
aging, and cancer (Amaro-Ortiz et al., 2014).

Alongside its inherent defenses, the skin requires additional protection, such as sunscreen.
Sunscreen is a cosmetic formulation designed primarily to absorb radiation from direct sunlight on the
skin (Chao et al., 2010). Typically formulated as a cream, sunscreen allows for easy application, does
not leave a sticky residue, acts directly on local tissues, and can be easily washed off with water
compared to other formulations like gels or ointments (Sharon et al., 2013).

Two types of UV protection exist UV-A (ultraviolet-A) and UV-B (ultraviolet-B) absorbers
(Holick, 2016). Oxybenzone serves as a filter for both UV-A and UV-B rays. However, oxybenzone
has been associated with allergies and endocrine disruptors associated with Hirschsprung's disease and
causes various toxic effects in coral and fish (DiNardo & Downs, 2018). Octylmethoxycinnamate
functions as a UV-B absorber but does not protect against UV-A rays. Therefore, combining
oxybenzone with octylmethoxycinnamate in the formulation can enhance sunscreen effectiveness
(Tamara et al., 2019).

Recent findings have led to banning oxybenzone (BP-3) and octylmethoxycinnamate in Key West
and Hawaii due to their harmful effects on marine life. However, their implications for human health
still require thorough examination (Suh et al., 2020). Despite this, oxybenzone remains in popular
sunscreen brands to achieve a higher SPF. Consequently, this research aims to utilize low
concentrations of oxybenzone, octylmethoxycinnamate, and BMSO to improve SPF. BMSO, along
with various vegetable oils such as coconut oil, sunflower oil, and avocado oil, typically has an SPF
below 10 (Ranjithkumar et al., 2016), necessitating the combination with other chemical or physical
agents to enhance SPF.

Oils have inherent properties that protect the skin from the adverse effects of sunlight (Montenegro
& Santagati, 2019). BMSO contains conjugated a-linolenic acid and bioactive substances like
tocopherols and polyphenolic compounds. Conjugated a-linolenic acid offers numerous potential
benefits as an antioxidant, anti-inflammatory, anti-atherosclerotic, and antitumor. It can reduce serum
lipid levels in vitro and in vivo (Yoshime et al., 2016). Both conjugated a-linolenic acid and bioactive
compounds such as tocopherols and phenolic shielding prevent the development of free radicals
induced by solar radiation (Rajaram, 2014). The inclusion of BMSO allows for a decrease in the
concentration of oxybenzone needed, minimizing its adverse effects without compromising the
photoprotective efficiency of the final formulation, as BMSO synergistically interacts with
oxybenzone and octylmethoxycinnamate to absorb UV rays.

The application of BMSO in sunscreen cosmetic formulations has yet to be previously researched.
Given this context, the researcher will assess the sunscreen cream formulations that combine BMSO
with oxybenzone and octylmethoxycinnamate. The research aims to determine the effect of BMSO
addition on sunscreen's physical characteristics and in vitro photoprotective effectiveness.The
sunscreen cream will be tested for its effectiveness in vitro by calculating the SPF (Sun Protection
Factor), %TE, and %TP values, as well as testing the physical characteristics of the sunscreen cream,
which is composed of organoleptic tests, pH, viscosity, spreadability, and homogeneity.

MATERIALS AND METHOD
Materials

BMSO comes from Ethereal Ingredients Private Limite, India, oxybenzone (cosmeutical grade,
Thornhill), octylmethoxycinnamate (cosmeutical grade, MFCI), propylene glycol, edetate sodium,
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triethanolamine, petrolatum, cetyl alcohol, stearic acid, glyceryl monostearate, and nipagin are
technical grade.

Methods
Formulation

In this research, five formulations of sunscreen cream were prepared. Each formula is accompanied
by the active ingredients of BMSO, oxybenzone, and octylmethoxycinnamate with a ratio of F1
(0:2:5), F2 (6:2:5), F3 (8:2:5), F4 (10:2: 5), and F5 (12:2:5) (Muliyawan & Suriana, 2013).

Sunscreen preparation

The ingredients for cream formulations are categorized into two sections: the water phase and the
oil phase. The water phase includes edetate sodium, propylene glycol, nipagin, triethanolamine, and
distilled water, while the oil phase contains petrolatum, glyceryl monostearate, stearic acid, cetyl
alcohol, and oxybenzone. The oil phase is heated in a water bath to a temperature between 70-75°C,
after which oxybenzone is gradually incorporated until a uniform mixture is achieved. Next, the oil
phase is transferred into a heated mortar and combined with the water phase while stirring
continuously until a creamy texture is formed. Depending on the variants indicated in Table 1, octyl
methoxycinnamate and BMSO oil are then added.

Table 1. BMSO formulation
Concentration (%)

Materials Function =] =) = F4 =3
BMSO Chemical absorber - 6.0 8.0 10.0 12.0
Oxybenzone Chemical absorber 2.0 2.0 2.0 2.0 2.0
Octy Imetoxynamate ~ Chemical absorber 5.0 5.0 5.0 5.0 5.0
Sodium edetate Chelating agent 0.05 0.05 0.05 0.05 0.05
Triethanolamine Emulsifying agent 1.0 1.0 1.0 1.0 1.0
Stearic acid Emulsifying agent 3.0 3.0 3.0 3.0 3.0
Glyceril e
monostearate Emulsifying agent 3.0 3.0 3.0 3.0 3.0
Petrolatum Emollient agent 5.0 5.0 5.0 5.0 5.0
Cetyl alcohol Stiffening agent 3.0 3.0 3.0 3.0 3.0
Propylene glycol Co-solvent 7.0 7.0 7.0 7.0 7.0
Methylparaben Preservative agent 0.1 0.1 0.1 0.1 0.1
Distilled water Vehicle ad 100 ad 100 ad 100 ad 100 ad 100

Physicochemical characteristic evaluation
Organoleptic test

The organoleptic test for the type of sunscreen cream preparation was carried out visually by
observing the color of, the texture, and the aroma of the cream.

Spreadabilty test

One gram of cream place into a round glass scale. Then on the top side of the material is placed a
pair of round glass and added a load of 5 grams every 1 minute until constant diameter. Spreadability
is measured based on the diameter of the preparation (Sabale et al., 2011).

Homogenity test
Homogeneity test was carried out by smeared the cream on the object glass and then observed for
the presence or absence of coarse grains (Ardhany & Novaryatiin, 2019).
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Viscosity test
This viscosity test was carried out by placing 100 grams of cream in a beaker glass, then installing
rotor number 2. The test was carried out with a Viscotester VT-04 (Simdes et al., 2018).

pH
The pH meter was dipped into the test cream. The number seen on the screen is stable or stagnant,
recorded as the pH of the cream (Mukhlishah & Ningrum, 2019).

In vitro photoprotective effectiveness
Determination of SPF value

A 0.5-gram portion of cream was dissolved in isopropanol within a 25 mL volumetric flask to
achieve a concentration of 20,000 ppm. The resulting sample solution was then diluted to a
concentration of 10,000 ppm. Subsequently, the absorbance of the sample was recorded using a UV-
Vis spectrophotometer over a wavelength range of 290-400 nm in 5 nm intervals (Fonseca & Nobre,
2013). The area under the curve (AUC) was computed using the formula provided in equation (1).

Aa+ Ab
AUCZTXEIP&—EJ

where Aa: Aa absorbance (nm); Ab: Aa absorbance (nm); dPa — b: a and b wavelenght difference.
The SPF value is calculated by formula in the equation (2) (Mulyani et al., 2015).

AUC
A=A )

logSPF =

where An: higher absorbance; A1: smaller absorbance.

Determination of erythema transmission value (%TE)

Cream of 0.5 grams dissolved with isopropanol in a 25 mL volumetric flask to obtain a
concentration of 20,000 ppm. Then the sample solution was diluted to a concentration of 10,000 ppm.
The absorbance of the test solution was measured using UV-vis spectrophotometry at a wavelength of
292.5 — 337.5 nm, with an observation interval of 5 nm (Abdassah et al., 2015). The erytema
transmision value calculated by formula in the equation (3).

T xF
oorE — 2L X Fe

where T: transmision percentage; Fe: erytema effectivity constant.
The categories of erythema transmission capability of sunscreen cream preparations can be seen in
Table 2.

Determination of pigmentation transmission value (%TP)

A 0.5-gram sample was dissolved in isopropanol within a 25 mL volumetric flask to achieve a
concentration of 20,000 ppm. Subsequently, the solution was diluted to reach a concentration of
10,000 ppm. The absorbance of the test solution was measured using UV-vis spectrophotometry at
wavelengths ranging from 322.5 to 372.5 nm, with measurements taken at 5 nm intervals, allowing for
the absorption values to be obtained and calculated using the formula in equation (4) (Abdassah et al.,
2015).
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where T: transmision percentage; Fp: pigmentation effectivity constant.
The categories of pigmentation transmittance for sunscreen cream preparations can be seen in Table 2.

Table 2. %TP and %TE value categories

%TE %TP Categori
<1 <1-2 Total block
1-6 3-40 Ultra protection
6-12 Suntan
1218 45-86 Fast tanning

Data Analysis

Spreadability, pH, viscosity, SPF value, percentage of erythema transmission, and percentage
transmission of pigmentation in the cream were tested for normality and homogeneity of the data. If it
has a p-value > 0.05, data analysis is continued with One-Way ANOVA and Least Significantly
Different (LSD) if ANOVA difference is significant. The results are said to be significantly different if
they have a p-value <0.05.

RESULT AND DISCUSSION
Organoleptic test

Organoleptic test on sunscreen cream aims to determine the physical characteristics of the cream by
visual testing of color, texture and aroma. Cream preparations are expected to have a white color, soft
texture, and odorless aroma (Direktorat Jenderal Kefarmasian dan Alat Kesehatan, 2020) related to the
aesthetics of the preparation. The results of organoleptic observations it is known that the results of
sunscreen cream preparations on F1, F2, and F3 have a white color. In contrast to F4 and F5, it shows
a slightly yellowish white color (Figure 1). This was due to the addition of high concentrations of
BMSO hence the color of the cream became slightly yellowish white. In addition, the formula that is
given BMSO also has a distinctive aroma.

Cream is a mixture of oil and water, and a dispersing agent can disperse the oil called an emulsifier.
The highest BMSO concentration was obtained through preliminary studies. In this study, the highest
oil concentration that could technically produce a stable emulsion was evaluated by centrifugation at
3500 rpm for 30 minutes. If the cream breaks or the oil phase separates, it indicates that the BMSO
added was too high. Therefore, the highest BMSO concentration used in this cream formulation does
not produce an oily cream because it can be accommodated by the water phase with the help of an
emulsifier.

Figure 1. Cream formula appearance
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Spreadability test

The diameter of each formula was 4.5 + 0.1; 4.7 + 0.1; 5.6 + 0.1; 6.0 + 0.1; and 6.6 = 0.1 cm.
Spreadability is said to be good if the results are 5-7 cm in diameter. Based on the tests, each formula
meets the requirements. The addition of BMSO reducing the viscosity of the oxybenzone and
octylmethoxycinnamate sunscreen cream, so that the lower the viscosity value, the thinner the cream,
making it easier to spread when used (p <0.05) (Widyaningrum et al., 2012).

Homogeneity evaluation

The homogeneity assessment is designed to verify that the ingredients in the sunscreen cream are
distributed evenly without any lumps or coarse particles present. A homogeneous cream preparation
signifies that all components are thoroughly blended. Cream formulations must be homogeneous to
ensure comfort and prevent irritation during skin application. The findings from the homogeneity
assessment indicated that all samples of sunscreen cream were homogeneous.

Viscosity evaluation

The viscosity assessment was conducted to gauge the thickness of the sunscreen cream. The
thickness influences the cream's ability to spread uniformly when applied to the skin. The anticipated
viscosity range is 50-150 dPa.s (Lachman et al., 1987). For formulations F1 to F5, the recorded
viscosity values were 117.6 £ 2.5; 113.3 £ 1.5; 105.6 £ 5.1; 97.3 + 2.5; and 88.3 £ 4.1 dPa.s,
respectively. The observed reduction in viscosity of the preparations was attributed to the increased
concentration of BMSO (p < 0.05) based on the LSD test. Consequently, while the SPF is expected to
rise, the percentages of TP and TE are projected to decline, as the formulation with the highest BMSO
concentration offers improved UV blocking. These outcomes align with the spreadability test results.

Acidity testing

The pH level of the sunscreen should correspond to that of the skin. Sunscreen with a highly acidic
formulation can irritate the skin. Conversely, a pH level that is too alkaline can lead to dryness and
flakiness of the skin (Ali & Yosipovitch, 2013). As the concentration of BMSO increases, the pH of
the cream decreases due to an acidic pH (pH=4.0) of the BMSO. The pH values of the creams were
respectively 6.96 + 0.01, 6.84 £ 0.01, 6.75 £ 0.01, 6.66 £ 0.01, and 6.57 + 0.01. All formulations met
the quality standards for effective sunscreen cream, albeit with a p-value <0.05 in the LSD test.

In vitro effetiveness evaluation

In vitro effectiveness, assessment BMSO is incorporated into the sunscreen cream due to its content
of antioxidants, such as conjugated a-linolenic acid, and bioactive components like tocopherols and
phenolic compounds that help protect against and mitigate the generation of free radicals induced by
light exposure (Yoshime et al., 2016). A limitation of using BMSO alone is its inability to achieve a
high SPF rating. Moreover, combining BMSO with oxybenzone and octylmethoxycinnamate aims to
minimize the adverse effects associated with these ingredients, which can lead to skin irritation and
other toxic reactions (Serpone et al., 2002).

SPF value

Based on the SPF value, sunscreen creams are grouped into several categories, including Minimum
SPF (2-3) can result in tanning, Moderate SPF (4-6) can cause tanning, Extra SPF (6-8) results in
limited tanning, Maximum SPF (8-15) tanning does not occur, SPF Ultra (> 15) does not result in
tanning (Osterwalder & Herzog, 2010). The increase in the SPF value indicated that the addition of
BMSO is effective to give protection from tanning. The higher the SPF value, the better the
effectiveness of the sunscreen preparation and the greater the absorption of UV radiation. Between
formulas showed significant differences in LSD test due to variations in the concentration of BMSO (p
<0.05).
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Table 3. In vitro effectiveness of BMSO with oxybenzone and octylmethoxycinnamate

SPF %TE and %TP
Formula SPF Categories % TE Y% TP Categories
F1 5.66+0.24 Extra 0.990 £ 0.0002  0.991 + 0.0001 Total block
F2 9.86+0.36 Maximal  0.88 +0.0001 0.988 + 0.0007 Total block
F3 11.49+£0.57 Maximal 0.986+0.0001  0.987 + 0.0005 Total block
F4 16.14 +0.28 Ultra 0.984 £0.0002  0.984 +0.0001 Total block
F5 24.27+0.28 Ultra 0.931 £+ 0.084 0.981 + 0.0001 Total block

Various vegetable oils have been researched for their ability to absorb UV light. Thus, it is
suggested to utilize vegetable oil to decrease the amounts of organic UV filters (octyl-
methoxycinnamate, butyl methoxydibenzoylmethane, and bemotrizinol) found in sunscreen
formulations. Studies have shown that pomegranate oil (1% w/w) and shea oil (1% w/w) achieve a
higher SPF than formulations containing organic UV filter components. The physical properties of the
cream remained consistent, as Montenegro and Santagati (2019) reported. Findings from the studies on
pomegranate and shea oil support the idea that incorporating bitter melon seed oil into sunscreen
formulations could be a practical approach for creating products with reduced levels of organic UV
filters.

Erythema transmission value (%TE)

According to Table 3, all tested formulas protect total erythema, indicating that the cream serves as a
sunblock against UV rays and can be understood as effectively preventing skin redness, as
demonstrated by %TE values of less than 1%. A lower %TE value signifies superior effectiveness as a
sunscreen in shielding the skin from erythema (Ahmad, 2015). The sunscreen formula with the highest
concentration of bitter melon seed oil (BMSO) recorded the lowest %TE value, marking it as the most
effective in protecting the skin from erythema. Significant differences were observed among the
formulas in the LSD test, attributed to varying concentrations of BMSO (p < 0.05). The formula with
the highest BMSO concentration contained elevated levels of conjugated o-linolenic acid and
bioactive compounds such as tocopherols and phenolic compounds, which aid in guarding the skin
from solar radiation.

Pigmentation transmision value (%TP)

According to Table 3, all formulas exhibit a pigmentation transmission percentage of less than 1-
2%, all falling within the same total block category. A lower percentage of transmission for
pigmentation implies a superior capacity of the sunscreen cream to inhibit pigmentation resulting from
UV radiation (Ahmad, 2015). The reduction in pigmentation attributed to BMSO is linked to alpha-
oleo stearic acid, which functions as an anti-UV agent by absorbing UV rays, thus preventing their
penetration into the skin. There were significant differences among the formulas in the LSD test,
attributable to the varying concentrations of BMSO (p <0.05).

BMSO is composed of lipids, polyunsaturated fatty acids (PUFAS), phytosterols, and tocopherols
(Aruna et al., 2016; Fernandes et al., 2015; Jing et al., 2012). The composition of BMSO includes
30%-60% of the a-allosteric acid (Aruna et al., 2016; Khoddami & Roberts, 2015; Saha et al., 2012). It
also holds significant amounts of the conjugated fatty acid a-eleostearic acid, a positional and
geometric isomer of a-linolenic acid. Conjugated a-linolenic acid represents a positional and
geometric isomer of octadecatrienoic fatty acid with three conjugated double bonds (Melo et al.,
2014). The UV absorbance of compounds with extended conjugated double bonds can be estimated
using Woodward Fieser's rule. Shifts in the wavelength may occur in a bathochromic or hypochromic
manner, influenced by the extent of conjugation, the presence of donating groups, and electron-
withdrawing groups (Gauglitz & Vo-Dinh, 2003). Based on the Woodward-Fieser rule and the

Pharmaciana Vol. 14, No. 3, Nov 2024, Page. 346-355



Pharmaciana ISSN: 2088 4559; e-ISSN: 2477 0256 353

Structure-Activity Relationship, the conjugated fatty acids in BMSO triglycerides are also noted for
their UV absorption capabilities (Wagemaker et al., 2011), which can be advantageous in sunscreen
formulations.

Additionally, a-linolenic acids offer several potential health benefits, such as antioxidant and anti-
inflammatory properties. Furthermore, along with a high concentration of conjugated a-linolenic acids,
BMSO contains tocopherols and polyphenolic compounds (Anjum et al., 2013; Nyam et al., 2009).
Tocopherol aids in photoprotection by enhancing glutathione production and mitigating lipid
peroxidation, as well as reducing levels of reactive oxygen species (ROS) and malondialdehyde
(MDA) (Delinasios et al., 2018; Wu et al., 2014). Consequently, BMSO plays a vital role in sunscreen
formulations by synergistically absorbing UV light, providing antioxidants, and exhibiting anti-aging
and anti-inflammatory effects.

The UV absorption capability of BMSO can enhance the SPF value. Simultaneously, its antioxidant
properties may help neutralize free radicals that lead to redness or erythema (Sutriningsih & Astuti,
2017), limit melanin production, and reduce the occurrence of skin pigmentation following UV
exposure (Suhaenah et al., 2019). Therefore, an increase in the amount of BMSO within oxybenzone
and octyl methoxycinnamate cream will decrease the % TP and % TE.

CONCLUSION

It is found that the greater the concentration of BMSO added to the formula, the greater the in vitro
SPF value, while the % TE and % TP is getting smaller which indicate BMSO will give an addition
protection to the skin by absorbed the radiation to be not transmitted into the skin. It will avoid the
negative effect of UV radiation such as pigmentation, erythema, skin aging cause by free radicals, and
reduce the content of organic sunscreen.
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ABSTRACT

Lung delivery can overcome the problems related to the effectiveness of tuberculosis treatment by
increasing the drug concentration at the target site. Rifampicin as the first-line antibiotic for tuberculosis
has low water solubility and is unstable in gastric which hinders its effectiveness. Self-nanoemulsifying
drug delivery system (SNEDDS) is a strategy known to improve the solubility and stability of such
drugs. This study aimed to obtain the optimum formula of rifampicin SNEDDS intended for lung
nebulization using essential oil as an oil phase. Several essential oils are known to have effective
antibacterial on Mycobacterium tuberculosis. However, a high capability to solubilize the drug is
required for SNEDDS formulation. Cinnamon oil, tween 80, and transcutol P were chosen as SNEDDS
components for optimization using a D-optimal mixture based on the physicochemical characteristics.
The optimum formula comprised 12.65% cinnamon oil, 75.00% tween 80, and 12.35% transcutol P
which dispersed easily to form a highly transparent emulsion in normal saline under 1 minute. Upon
dilution with saline, the optimal SNEDDS can produce a homogenous nanometer droplet (169.2+19.771
nm, PDI of 0.258+0.070) with acceptable pH for lung administration. It also has a viscosity similar to
water (0.94+0.01 cP) which allows it to be nebulized easily (aerosol output rate of 0.14+0.02 g/min).
Although the diluted SNEDDS has a zeta potential of -2.533+0.268 mV, it was stable for up to 4 hours
during the nebulization. These results indicate the potential of cinnamon oil-based rifampicin SNEDDS
to be an alternative in the pulmonary delivery of rifampicin via nebulization.

Keywords: SNEDDS, rifampicin, cinnamon oil, nebulizer, D-optimal mixture design
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INTRODUCTION

Tuberculosis is a disease caused by Mycobacterium tuberculosis that mainly affects the lungs
(Kemenkes RI, 2020). According to the Global Tuberculosis Report 2023, tuberculosis was the world’s
second-highest cause of death from a single infectious agent in 2022. There were 7.5 million new
tuberculosis cases diagnosed and reported, with the total number of deaths reaching 1.30 million cases
(WHO, 2023). Tuberculosis is a curable disease but can be fatal if not treated properly. Nowadays, the
recommended treatment for pulmonary tuberculosis includes the daily oral administration of four first-
line drugs (rifampicin, isoniazid, pyrazinamide, and ethambutol) for two months in the initial phase,
followed by rifampicin and isoniazid for four months in the continuation phase (Kemenkes RI, 2020).
Nevertheless, the efficacy of these regimens is restricted by several issues, such as constraints of drug
dose, undesirable drug effects, and low patient compliance from the lengthy treatment duration that can
cause multi-drug-resistant tuberculosis (Shah et al., 2017).

Rifampicin, a semisynthetic derivative of rifamycin, has a bactericidal activity on mycobacteria by
inhibiting RNA synthesis (Katzung, 2018). Although rifampicin is a first-line drug for tuberculosis
treatment, high oral dosages of rifampicin may be restricted due to the increased risk of systemic
toxicities such as hepatic toxicity and gastrointestinal discomforts (Somasundaram et al., 2014).
Delivering rifampicin directly to the lungs is one of the promising approaches to improve the
effectiveness of anti-tubercular therapy with a smaller dose and to reduce resistance by maximizing drug
concentration at the target site (Khadka et al., 2023). The lung provides a vast surface area, which when
paired with small particles/droplets from an inhaled aerosol results in fast systemic absorption. The lung
has a lesser amount of efflux transporters and lower enzymatic activity than the oral route which
increases stability and concentration of the drug in the target site. There have been reports of several
types of drug delivery systems for rifampicin inhalation, including microparticle systems (Parikh et al.,
2014), micellar systems (Grotz et al., 2019), and solid lipid nanoparticles (SLN) (Maretti et al., 2019).
However, more research is required before the clinical application.

According to the AARC (2023), three types of aerosol generators are commonly used for inhaled
drug delivery which include nebulizers and pressurized metered-dose inhalers (pMDI) to deliver liquid
medications, and dry powder inhalers (DPI) for micronized powder medications. pMDI requires the
patient's ability to use this type of inhaler and improper operation reduces the effectiveness of drug
therapy. Meanwhile, dry powder formulations require high energy to produce and sometimes face
problems such as poor powder flowability and high agglomeration due to high cohesivity between
particles leading to poor aerosolization (Shah et al., 2017). Unlike pMDI, a nebulizer does not require
active cooperation from the patient, although it takes a long time to administer the drug due to the higher
amount/volume of drug that needs to be administered. The drug delivered via nebulization could be in a
dispersed form such as suspension or solution that is easier to produce (Wang et al., 2024).

Based on the Biopharmaceutics Classification System (BCS), rifampicin is classified into BCS Class
I, which means the drug has high permeability and low solubility (Tsume et al., 2014). One of the
strategies that can be used to improve the solubility of rifampicin is to formulate it into a self-nano
emulsifying drug delivery system (SNEDDS) dosage form. SNEDDS is a mixture of oil, surfactant, co-
surfactant, and drugs that form oil-in-water nanoemulsion under gentle agitation followed by the
addition of agueous media (Divate et al., 2021). In addition to enhancing the solubility of hydrophobic
drugs, SNEDDS can also improve the physical and chemical stability of the preparation as it is
formulated without water, making it suitable for rifampicin which is unstable to water (Priani et al.,
2017). To make it suitable for nebulization, SNEDDS can be diluted/reconstituted using an aqueous
vehicle such as water for injection or normal saline to produce nanoemulsion. Nanoemulsion produced
by SNEDDS is known to have a superior inhalation and aerosolization performance than other
formulations such as nanoparticles, solid lipid nanoparticles, liposomes, and micelles due to its similar
viscosity to water (Elbardisy et al., 2022). Therefore, SNEDDS was chosen as a delivery system to
deliver rifampicin via nebulization to the lungs. Oil is a key component in SNEDDS. The oil phase
contributes to the increased solubility of hydrophobic drugs. Furthermore, several oils are known a high
antibacterial effect on Mycobacterium tuberculosis such as cinnamon oil, clove oil, and peppermint oil
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(Gautam et al., 2023; Sawicki et al., 2018; Vidya Raj et al., 2022). Therefore, selecting oil components
that have a high capability to solubilize rifampicin is important. The oil phase also influenced other
SNEDDS component’s selection. In recent years, the D-optimal mixture design has emerged as a
preferred statistical experimental design and modeling method in pharmaceutical formulation studies.
This method was applied when the independent variables are the components of a mixture, and the
dependent variable is the function of the proportion of each component. D-optimal mixture design allows
investigation of the interrelations between the mixture components and response with the least number
of experiments (Carneiro et al., 2020). Therefore, components of SNEDDS need to be screened and
optimized by a D-optimal mixture design approach to reduce the cost, unpredictability result, and time-
consuming process (Sopyan et al., 2022).

Based on the background above, SNEDDS is likely an ideal way to improve the pharmacological
effect of rifampicin. This study aimed to obtain the optimum formula of rifampicin SNEDDS targeted
to lungs using various concentrations of selected essential oil, surfactant, and co-surfactant by applying
the D-optimal mixture design and evaluating its physicochemical characteristics for lung administration.

MATERIALS AND METHODS
Materials

Rifampicin was purchased from PT. Phapros Tbk, cinnamon oil, clove oil, and peppermint oil were
purchased from PT. Darjeeling Sembrani Aroma, tween 80 (Brataco), transcutol P (Moellhausen),
normal saline (Otsuka), aquadest (Brataco), methanol p.a (Merck).

Methods
Solubility study of rifampicin

Saturation solubility of rifampicin was tested in several oils, including cinnamon oil, clove oil, and
peppermint oil. An excess quantity of rifampicin was put into a microtube that each contained 1 mL of
different oil. The mixtures were vortexed using a vortex mixer (OHAUS) and sonicated with a water
bath sonicator (GT SONIC) for 10 minutes each to ensure appropriate mixing and solubilization of the
rifampicin in the oil. Then, mixtures were centrifuged at 6,000 rpm for 10 minutes to separate the
undissolved drug using a mini centrifuge (OHAUS Frontier 5306). Aliquots of supernatant were diluted
with methanol and rifampicin dissolved in oils was quantified with a UV-visible spectrophotometer
(Thermofisher Genesys 10) at 475 nm. Meanwhile, the surfactant (tween 80) and co-surfactant
(transcutol P) employed in this study are chosen based on previous research conducted by (Mantena et
al., 2015).

GC-MS analysis of selected oil

The volatile components of the selected oil were analyzed by GC-MS (Shimadzu QP2010SE with
GC-2020 plus) equipped with InertCap 5MS/Sil column (30 m x 0.32 mm I.D., 0.5 um) after being
diluted to 1% acetone. The operating conditions were helium as the carrier gas, 3 mL/min of flow rate,
1:5 split ratio, 44.5 kPa pressure, and 200°C ion source temperature. Column temperature was
programmed at 50°C for 5 minutes, increased to 250°C at a rate of 10°C/min, and maintained for 10
minutes. The mass range was set from 45-500 amul!.

Optimization of rifampicin SNEDDS

Formula optimization was performed by entering the lower and upper limit values of rifampicin
SNEDDS composition as shown in Table 1. Lower and upper limit values of the factors were determined
by preliminary experiments (data was not shown). Values of other experimental conditions such as the
amount of rifampicin, stirring rate, stirring type, and sonication time were kept constant. D-optimal
mixture design was then used to analyze the effect of each composition on a physicochemical
characteristic of the resulted SNEDDS such as emulsification time, percent transmittance, viscosity, pH,
and aerosol output rate in Design Expert® Version 13 software.

Pharmaciana Vol. 14, No. 3, Nov 2024, Page. 356-369



Pharmaciana ISSN: 2088 4559; e-ISSN: 2477 0256 359

Table 1. The lower and upper limit of rifampicin SNEDDS composition

Composition Lower limit (%) Upper limit (%)

Cinnamon oil 5 20
Tween 80 75 90

Transcutol P 5 20

Preparation of rifampicin SNEDDS

Oil phase, surfactant, co-surfactant, and drug (rifampicin 100 mg/mL) were mixed with a magnetic
stirrer (IKA C-MAG HS 7) at 1,200 rpm for 90 minutes and sonicated for 15 minutes. The mixtures
were allowed to stand at room temperature for 24 hours to reach equilibrium.

SNEDDS characterizations
Organoleptic

The organoleptic test for rifampicin SNEDDS preparation includes observation of the color, smell,
and the presence or absence of phase separation (Aisy et al., 2021).

Emulsification time

An amount of 1 mL of the SNEDDS was diluted with 100 mL of normal saline (1:100 dilution) under
continuous stirring (100 rpm) at ambient temperature. The time required to form a nanoemulsion (a
clear-transparent mixture) was expressed as the emulsification time (Winarti, 2016).

Percent transmittance

The SNEDDS mixture was diluted 1:50 with normal saline using a magnetic stirrer. The percent
transmittance was measured at 650 nm using a UV-visible spectrophotometer (Thermofisher Genesys
10) with normal saline as the blank (Sahumena et al., 2019).

Viscosity

The rifampicin SNEDDS formula was diluted at a 1:100 ratio with normal saline. The nanoemulsion
formed was evaluated using an Ostwald viscometer at 25°C. Record the time it takes for the emulsion to
pass the first and second lines (Fithri et al., 2017).

pH

Initially, the sample was diluted 100 times with normal saline to form a nanoemulsion. The pH meter
(HANNA Hi 2211) electrodes were then inserted into the emulsion, and the resulting value was recorded
(Annisa et al., 2023).

Aerosol output rate

The medicine compartment of the OneMed nebulizer 405A was loaded with five milliliters of
nanoemulsion made from 1:100 dilution of SNEDDS with normal saline. The aerosol output rate (g/min)
was measured by dividing the weight (gram) of the drug nebulized by the nebulization time using
equation 1 (Shah et al., 2017). Winisial is the weight of the nebulizer cup containing the sample before
nebulization, Wier is the weight of the nebulizer cup after nebulization, and t is the time needed to
nebulize the sample to dryness (Asmawi et al., 2023).

aerosol output rate (g/min) = w x 100 Q)

Globule size and zeta potential analysis

The rifampicin SNEDDS optimum formula was diluted at a 1:100 scale with normal saline and then
put into a particle size analyzer/PSA (Malvern zetasizer nano ZS series). The evaluation was conducted
at a temperature of 25°C (Shah et al., 2017).
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Centrifugation test
The optimum formula was diluted 1:100 with normal saline then centrifuged at 6,000 rpm for 30
minutes. Signs of drug precipitation and phase separation were visually evaluated (Rehman et al., 2022).

Freeze-thaw test

The optimum formula was kept under freezing temperature for 24 hours, then thawed at room
temperature for 24 hours (1 cycle). After 6 cycles, the formula is tested for significant changes in
physicochemical parameters (emulsification time, percent transmittance, viscosity, pH, and aerosol
output rate) and compared with the condition before the freeze-thaw cycle (Hajrin et al., 2024).

Nanoemulsion stability test

The optimum formula was reconstituted by diluting with normal saline at a ratio of 1:50 and then
stored at a cold temperature. The nanoemulsion was then observed every 1 hour for any sign of phase
separation and its percent transmittance.

Data Analysis

The D-optimal mixture design approach was employed to obtain the optimum concentration of
selected oil phase, surfactant, and co-surfactant as independent variables in rifampicin SNEDDS
formulation on dependent variables or responses including emulsification time, percent transmittance,
viscosity, pH, and aerosol output rate. The correlation between each SNEDDS composition and the
response will be explained by the best-fitted model given by the software. Design Expert also displays
the mathematical equation of the model to describe the contribution of each SNEDDS composition to
the response. Furthermore, the composition of the selected oil, surfactant, and co-surfactant in the
optimized formula was determined through numerical optimization. In this method, a desired goal was
set for each dependent variable (in range, minimize, maximize, or targeted). Then, the optimization
option was utilized to choose the optimal formula determined by the desirability value. The solution
with the highest desirability value is selected as the optimum formula (Beandrade, 2018). A paired
sample t-test was performed to analyze the mean difference of each response before and after the freeze-
thaw test. If the p-value <0.05, the data were significantly different (Purnomo & Syamsul, 2017).

RESULT AND DISCUSSION
Solubility study of rifampicin

Drug solubility in oil, surfactant, and co-surfactant is an important aspect of SNEDDS formulation.
The solubility of rifampicin in several oils is presented in Figure 1. Oil with a higher drug solubilization
capacity has a greater potential for drug loading. In this study, rifampicin shows the highest solubility
in cinnamon oil (176.56+10.65 mg/mL) compared to other oils, thus cinnamon oil was chosen as the
oil phase. According to the research conducted by Mantena et al. (2015) rifampicin has a higher
solubility in tween 80 (86.84+1.84 mg/mL) and transcutol P (80.46+2.93 mg/mL), among other
surfactants and co-surfactants used. Therefore, cinnamon oil, tween 80, and transcutol P were selected
for further study.

Identification of oil components

Cinnamon oil, the selected oil phase in this study was analyzed for its chemical compounds using
gas chromatography-mass spectrometry (GC-MS). In our research, the main compounds of cinnamon
oil were cinnamaldehyde (73.82%), caryophyllene (16.64%), and p-Cymene (5.04%). These compounds
exhibit anti-Mycobacterium tuberculosis action, with the minimum inhibitory concentration (MIC)
value of cinnamaldehyde (3.12 pg/mL), caryophyllene (100.00 pg/mL), and p-Cymene (91.66 pg/mL)
(Andrade-Ochoa et al., 2015).
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Figure 1. The solubility of rifampicin in several oils

SNEDDS characterizations

The rifampicin SNEDDS composition of each experimental run is displayed in Table 2. Under the
D-optimal mixture design, a total of 16 experimental runs were to be performed (with 5 replication
points and 5 lack-of-fits points). The model was built using Design Expert® Version 13 software. Figure
2 shows that all experimental runs produced a red-brown, distinctive aroma of rifampicin SNEDDS, and
there is an absence of phase separation.

| RUN 1 [l RUN 2 ” RUN 3 || RUN 4 || RUN 5 ” RUN 6 “ RUN7 || RUN 8 || RUN9 “ RUN 10 “ RUN 11 ” RUN 12 || RUN 13 || RUN 14 || RUN 15 || RUN 16 [\

Run 1 (11.25% CIN : 81.25% T80 : 7.5% TC), Run 2 (12.5% CIN : 75% T80 : 12.5% TC), Run 3=Run 10 (5%
CIN : 75% T80 : 20% TC), Run 4=Run 6 (5% CIN : 90% T80 : 5% TC), Run 5=Run 12 (20% CIN : 75% T80 :
5% TC), Run 7=Run 13 (5% CIN : 82.5% T80 : 12.5% TC), Run 8=Run 14 (12.5% CIN : 82.5% T80 : 5% TC),
Run 9 (15% CIN : 77.5% T80 : 7.5% TC), Run 11 (11.25% CIN : 77.5% T80 : 11.25% TC), Run 15 (7.5% CIN :
77.5% T80 : 15% TC), Run 16 (7.5% CIN : 85% T80 : 7.5% TC)

CIN= cinnamon oil, T80= tween 80, TC= transcutol P

Figure 2. The visual appearance of rifampicin SNEDDS

As presented in Table 2 the emulsification times of all experimental runs ranged from 37.33 to 49.33
seconds. This indicates that the prepared SNEDDS can be emulsified spontaneously and meet the criteria
for a good SNEDDS (emulsification time <1 minute) (Reddy & Gubbiyappa, 2022). Percent
transmittance refers to the quantity of light that can pass through a material represented as a percentage.
This parameter can indicate whether the dispersed droplets are in the nano range or not (Nuari et al.,
2021; Wiwiek et al., 2017). If the droplet size gets smaller, the percent transmittance value will be higher
(close to 100%), and vice versa. In this study, the percent transmittance value of all formulations ranged
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from 18.09 to 92.14%, this suggests that not all the droplets of the resulting SNEDDS formulations have
reached nanosized. Viscosity is one of the aspects that influence the nebulizer output. The higher the
viscosity of drugs, the flow rate would decrease (Hailu et al., 2020). The rifampicin SNEDDS
formulation has a viscosity ranging from 0.93 to 0.95 cP at a temperature of 25°C indicating good
flowability and suitability for pulmonary administration (viscosity <3.9 cP) (Arbain et al., 2018). The
pH is a crucial factor in determining the tolerance of nebulized drugs. All formulations met the criteria
for lung administration (pH 4.5-8.7), with pH values ranging from 5.69 to 6.40 (Shah et al., 2017). The
aerosol output rate is the mass rate of drugs exiting the aerosol generator. This is an important parameter
to ensure therapeutic comfort in nebulization (Shah et al., 2017). The higher the aerosol output rate
value, the less time is required for nebulization. In this study, the aerosol output rate value of all
formulations ranged from 0.12 to 0.15 g/min.

Table 2. D-optimal mixture design runs for rifampicin SNEDDS composition and physicochemical
characteristic result

R SNEDDS compositions Characteristics

U CIN T80 TC ET %T Viscosity pH AOR
N (%) (%) (%) (sec) (%) (cP) (g/min)
1 1125 81.25 7.5 49.00 65.72 0.95 6.40 0.14
2 125 75 12.5 40.00 87.06 0.93 6.02 0.15
3 5 75 20 37.33 37.25 0.93 5.81 0.14
4 5 90 5 49.33 89.95 0.93 5.92 0.13
5 20 75 5 46.67 89.02 0.93 5.69 0.13
6 5 90 5 44.33 88.35 0.93 5.96 0.13
7 5 82.5 12.5 43.00 87.79 0.93 5.83 0.13
8 125 82.5 5 48.00 91.92 0.93 5.83 0.12
9 15 77.5 7.5 43.67 80.44 0.93 5.95 0.15
10 5 75 20 38.67 18.09 0.93 6.01 0.14
11 11.25 77.5 11.25 45.00 52.88 0.93 5.99 0.15
12 20 75 5 46.67 92.14 0.94 5.81 0.15
13 5 82.5 12.5 46.67 72.62 0.93 6.14 0.14
14 125 82.5 5 39.67 77.05 0.93 5.82 0.13
15 75 775 15 40.33 76.65 0.94 5.87 0.15
16 75 85 7.5 43.00 51.03 0.93 571 0.13

CIN= cinnamon oil, T80= tween 80, TC= transcutol P, ET= emulsification time, %T= percent transmittance,
AOR= aerosol output rate

Design Expert® Version 13 software was used to analyze the resulting data in Table 2 by choosing a
suitable regression model for each response (emulsification time, percent transmittance, viscosity, pH,
and aerosol output rate) to describe the influence of each SNEDDS composition. Table 3 shows that the
best-fitting models for explaining the influence of independent variables on observed responses are the
linear model for emulsification time, the special cubic model for percent transmittance, and the quadratic
model for aerosol output rate due to the model’s p-value <0.05 (significant), and non-significant lack of
fit (p>0.05) (Akbar et al., 2022; Astuti et al., 2017). Meanwhile, no model in the software can explain
the relationship between the SNEDDS composition on viscosity and pH. This indicates that the viscosity
and pH parameters on rifampicin SNEDDS are not influenced by variations in the independent variables.
A mathematical equation that explains the quantitative effects of each SNEDDS composition and their
interaction on the observed response is presented in Table 3. The positive sign of the coefficient
represents the synergistic effect, whereas the negative sign represents an antagonistic effect of
independent variables on the dependent variables. The larger the coefficient value of the factor suggests
the more influential the factor is toward the response, and vice versa (Yadav et al., 2020).
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Numerical optimization of rifampicin SNEDDS

Based on the ideal criteria of rifampicin SNEDDS formulation targeted to the lungs, the optimal
formula should be able to quickly form nanoemulsions with a clear appearance, have a good flow
property, pH ranging from 4.5 to 8.7, and have a high aerosol output rate. Therefore, to optimize the
composition of cinnamon oil, tween 80, and transcutol P, the goals for percent transmittance and aerosol
output rate were set to maximize, the pH was set to in range (5.69-6.40), while emulsification time and
viscosity were set to minimize. Based on these criteria, Design Expert® Version 13 creates three solution
formulas. The solution with the highest desirability value (0.856) which contained 12.65% cinnamon
oil, 75.00% tween 80, and 12.35% transcutol P was selected as the optimum formula and will be used
for further investigation. Three replicates of the optimum formula were prepared and characterized
similarly to the previous 16 experimental runs with the addition of other physicochemical characteristics
tests including globule size, zeta potential, and stability studies. Then, the optimum formula was
confirmed by comparing the predicted values provided by the software with the actual values.

Table 3. Determination of the mixture model and mathematical equation generated by Design

Expert®
Response (Y) Mixture Mathematical equation Lack of fit
model
Emulsification Linear Y=0.420699A+0.498805B-0.040405C Not significant
time (p=0.0130) (p=0.7330)
Percent Special cubic  Y=-96.06273A-1.01839B-136.99257C Not significant
transmittance (p=0.0095) +1.35201AB+22.34251AC+1.84426BC (p=0.1188)
-0.290683ABC

Aerosol output Quadratic Y=0.009406A+0.001392B-0.002607C Not significant
rate (p=0.0244) -0.000122AB+0.000295AC+0.000038BC (p=0.7451)
Viscosity N/A*

pH N/A*

Cinnamon oil (A), Tween 80 (B), Transcutol P (C), *N/A= not available

Table 4 showed that the actual values for all responses were within the 95% prediction interval (PI)
range, suggesting that the software can reliably predict the values of all responses in the optimum
formula. The optimum formula produced SNEDDS with good characteristics includes forming
nanoemulsion spontaneously with a clear appearance, having a pH within the range of pH values for
nebulized drugs, and easily coming out of the aerosol generator due to its low viscosity. In SNEDDS
formulation, the emulsion droplet size is an important factor. A smaller droplet size is favored because
it provides a larger surface area for the absorption of drugs (Avachat & Patel, 2015).

As shown in Table 5, the rifampicin SNEDDS optimum formula had a droplet size of 169.2+19.771
nm, meeting the SNEDDS formulation criteria of <200 nm (Fitria et al., 2021). In addition, this particle
size also meets the criteria for drug delivery to reach the pulmonary alveolus, where Mycobacterium
tuberculosis resides (Costa et al., 2016). Polydispersity index (PDI) is a homogeneity parameter of
particle size with a value range between 0.0 and 1.0. The smaller the PDI value, the more homogeneous
the droplet size in a formulation, and vice versa. The optimum formula had a PDI value of 0.258+0.070
which indicates that the formula is monodispersed (PDI value <0.5) (Darusman et al., 2023). Zeta
potential is a crucial aspect in determining the stability of SNEDDS. A good zeta potential value for
SNEDDS formulation is higher than £30 mV. In this system, the repulsive force between particles is
high, preventing particle aggregation (Syukri et al., 2020). The optimum formula had a zeta potential
value of -2.533+0.268 mV. A negative value may be due to hydroxyl groups present in the structure of
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the surfactant and cosurfactant used in this study. These negatively charged particles can avoid the
mucus layer interaction (biological barrier for pulmonary drug delivery) because the mucus has a
negative charge, while positively charged particles will interact with mucus, be entrapped then cleared
by the mucociliary clearance mechanism. Thus positively charged particles may have a lower deposition
in the deeper lung area (Vu et al., 2024). To be deposited in the lower part of the lungs (alveolar and
terminal bronchiolus) which has no mucus, the repulsion from mucus is needed to change the airway
direction of the aerosolized particles, making it easier to reach the deeper lung and deposited under
sedimentation/Brownian motion mechanism (Majid et al., 2012). Low zeta potential values can result
from normal saline that is used to dilute the SNEDDS in this study. Normal saline contains many
electrolytes that can disrupt the surface charge of SNEDDS droplets. This occurs because counter ions
in the diffusion layer can be repelled into the inner layer, decreasing the zeta potential (Lu et al., 2018).
Normal saline is often used to reconstitute nebulized solution to provide a dosage form with suitable
tonicity for lung administration. Moreover, the droplets produced by SNEDDS with tween 80 as
surfactant are often stabilized by the steric repulsion due to long polyoxyethylene head groups of the
tween 80 molecules which cause them to have a low to zero zeta potential (Suryani et al., 2019)

Table 4. Results of model confirmation and physicochemical characteristics of the optimum
formula of rifampicin SNEDDS before and after freeze-thaw test

Response Prediction 95% PI Before After stability p-
value stability test test value

Emulsification time 42.234 37.95-46.52 40.67+1.53 42.67+1.53 0.321
(seconds)
Percent transmittance 92.100 60.42-123.77  93.11+0.25 92.51+0.02 0.055
(%)
Aerosol output rate 0.157 0.14-0.17 0.14+0.02 0.14+0.01 0.667
(g/min)
Viscosity (cP) 0.932 0.93-0.94 0.94+0.01 0.93+0.02 0.423
pH 5.923 5.69-6.16 5.91+0.01 5.90+0.02 0.270

Table 5. The results of globule size and zeta potential analysis of the optimum formula

Characterization Value
Droplet size 169.2419.771 nm
PDI 0.258+0.070
Zeta potential -2.533+0.268 mV

Stability is one of the important aspects to consider while developing pharmaceutical preparations,
including SNEDDS. The instability of drug products could affect the therapeutic efficacy and cause a
toxic effect (Pratiwi et al., 2018). Based on Table 4, no statistically significant changes were noticed in
each response after the freeze-thaw stability test (p-value>0.05). These findings show that the optimum
formula is thermodynamically stable. Furthermore, results from the centrifugation test showed no signs
of drug precipitation and phase separation, meaning the SNEDDS is capable of producing is kinetically
stable nanoemulsion.

Another parameter that can be used to evaluate the stability of reconstituted SNEDDS preparations
is percent transmittance. The good percent transmittance value for nanoemulsion is >80% which shows
that the size of oil droplets which encapsulate the drug is still in the nanometer range <100 nm (Syukri
et al., 2020). Figure 3 showed that reconstitution of rifampicin SNEDDS with normal saline which was
stored at a cold temperature was stable for up to 4 hours with no visible drug precipitation even after
centrifugated at 6000 rpm for 30 minutes, although the transmittance percentage of the resulting
nanoemulsion fell to 80%. However, this shows that the reconstituted SNEDDS is still safe to use, as
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the duration of nebulization is generally < 30 minutes. Therefore, to ensure the effectiveness and safety
of treatment, this liquid is recommended to be used immediately after reconstitution.
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Figure 3. The stability profile of reconstituted rifampicin SNEDDS in normal saline

CONCLUSION

The optimum formula of rifampicin SNEDDS consisted of 12.65% cinnamon oil, 75.00% tween 80,
and 12.35% transcutol P. This formula produces a stable preparation with good physicochemical
characteristics of SNEDDS. These results indicate the potential of cinnamon oil-based rifampicin
SNEDDS to be an alternative in the pulmonary delivery of rifampicin via nebulization and need to be
further evaluated to prove its effectiveness.
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ABSTRACT

Hair loss is a hair problem that men and women often experience. Chia seed oil (Salvia hispanica L.)
contains linolenic acid, which can stimulate the sebum glands. This research aims to determine the
composition of the optimum formula for chia seed oil nanoemulsion hair serum using the Simplex
Lattice Design (SLD) method to prove that the characteristics and physical stability of the optimum
formula meet the requirements for good preparation. The optimization method was carried out with the
help of Design Expert 13 software to optimize the formula by varying Tween 80 (X1) and propylene
glycol (X2). The characteristic parameters observed include organoleptic parameters such as pH,
viscosity, homogeneity, emulsion type, particle size, zeta potential, polydispersity index, and percent
transmittance. The physical stability test was carried out using a 6-cycle test method for organoleptic
parameters, pH, and homogeneity. Optimization results show that the optimum composition consists of
Tween 80 33.52% and propylene glycol 46.48%. The preparation meets all physical characteristic tests.
Physical stability did not significantly change in the pH test, with a significance value of 0.027 in the
paired t-test. Based on the research results, it can be concluded that the optimum surfactant and
cosurfactant composition in the optimum formula based on optimization using SLD is Tween 80
(33.52%) and propylene glycol (46.48%) with a desirability value of 0.947. The optimum formula for
preparing chia seed oil nanoemulsion hair serum meets good physical characteristics and stability
requirements.
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INTRODUCTION

Hair loss is one of the most common hair problems. Hair loss does not pose a severe threat to human
life, but it impacts self-confidence and the function of hair on the skin, especially the scalp. Hair loss is
caused by abnormalities in the hair shaft cycle, which cause damage to the hair follicles, thereby causing
hair growth failure. Hair loss problems can occur in both men and women (Magfirah et al., 2022).

Technological advances to overcome hair problems and research that continues to be studied increase
knowledge and innovation in the use of herbal plants in cosmeceutical hair care products. Hair serum,
or hair serum, is a product used to style and coat the hair's surface and has a thicker consistency than air
(Vakhariya et al., 2022). Consumer interest in herbal products continues to increase globally (Gamage
et al., 2022). The chia plant (Salvia hispanica L.) originates from northern Guatemala and is widely
cultivated in Mexico. Chia seeds contain 39% oil and have the highest a-linolenic acid content at 68%;
this level is higher than the content in flax seeds, namely 57% (Segura-Campos et al., 2014). Linolenic
acid, or omega 3, is a polyunsaturated fatty acid that can be absorbed into the skin and stimulate hair
growth through its mechanism as a sebum gland stimulant (Sofwan et al., 2017).

According to research by (Rahmayanti et al., 2023), chia seed oil hair emulsion is weak as an active
ingredient, making it less stable during storage. Hence, it needs to be reformulated into a more stable
dosage form. Nanoemulsions are kinetically and thermodynamically more stable. An optimization
process is undoubtedly needed to create the best formula for a cosmetic product. Optimization can be
done using several methods, including a mixture. The method in mixture design is simplex lattice design
(SLD). This method is considered more effective in time and can minimize the costs used (Hidayat et
al., 2020).

Several previous studies have been carried out regarding the optimization of nanoemulsion formulas
using the SLD method, one of which is research on the optimization of eel fish oil nanoemulsion
formulas using the SLD method, where in this study, good significant results were obtained. Namely,
there was no significant difference between the results of direct observation of the preparation and the
value predictions of the Design expert software version 10.0.1.0 (Az-Zahra et al., 2022); however, from
several existing studies regarding the optimization of nanoemulsion formulas, there has been no research
regarding the optimization of chia seed oil nanoemulsion hair serum formulas. Hence, this research
needs to be developed. Based on the description above, it is necessary to conduct research on optimizing
the halal nanoemulsion hair serum formula from chia seed oil (Salvia hispanica L.) using the Simplex
Lattice Design (SLD) method.

MATERIALS AND METHOD
Materials

The ingredients used in the research were chia seed oil (Salvia hispanica L.) (CV. Happy Green),
Tween 80 (Chimica Panzeri), propylene glycol (Bratachem), methylparaben (Golden Era),
propylparaben (Golden Era), span 80 (Bratachem), sodium metabisulfite (Purolanssss), and distilled
water (Bratachem). The tools used in the research were software Design Expert 13-trial, UV-Vis
spectrophotometry (Shimadzu), Particle Size Analyzer (PSA) (Microtac Nanotrac Wave Il), oven
(Memmert UN30), Refrigerator (Samsung), benchtop pH meter (Metler Toledo), Brookfield spindle
viscometer number 40 (Ametek).

Methods
Formula rationalization

The method used in the formula rationalization process is to look for literature studies regarding what
materials are suitable for use in this research, compatibility between materials is seen from the
characteristics of the materials through handbooks of pharmaceutical excipients, journals that support
the use of materials, and also other literature studies. The basis for selecting materials is related to
compatibility, solubility, toxicity, and also the range of use and usefulness of the material. Active
ingredient used in optimizing this formula is chia seed oil. The linolenic acid content in chia seed oil is
a stimulant agent for the sebaceous glands that stimulates hair growth (Rahmayanti et al., 2023). The
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combination of Tween 80 and Span 80 surfactants was chosen to produce HLB 12 with an O/W emulsion
type; besides, both are nonionic surfactants, so toxicity and side effects are lower. Propylene glycol was
chosen as a cosurfactant to help reduce interfacial tension and help increase the diffusion rate of topical
preparations. The combination of propylparaben and methylparaben preservatives was chosen to
increase efficacy and reduce side effects. The antioxidant Sodium Metabisulfite was used in this research
to prevent oxidation processes that may occur during heating.

Formula optimization using design expert 13

The chia seed oil nanoemulsion hair serum preparation formula was optimized using Design Expert
software version 13. The research direction used in this research was optimization to optimize the
formula with the best characteristics. One method in mixture design is simplex lattice design (SLD).
This method is an optimization method used to determine the best formula for a mixture of ingredients
that have been determined, with the proportion of the total amount of different ingredients having to be
1 (Hidayat et al., 2020). Formula optimization was carried out by varying variable X which was the
independent variable, Tween 80 (X1) and propylene glycol (X2) while variable Y was the physical
characteristics test response. This method is carried out by entering data on the upper and lower limits
for the use of variable After the data is entered into the software via the new design menu, then
optimization, mixture and simplex lattice. The software will provide an overview of the test results of
various combinations of variable X and their influence on variable Y mathematically. Then the software
will provide an initial recommendation formula and predictions of quantitative physical evaluation data
test results. Every 2 ingredients that are varied will produce 8 formulas, of which 3 are the same formula.
This formula equation functions to support the accuracy of the data predicted by the Design Expert
software.

Validation and verification

The nanoemulsion hair serum preparation was validated to ensure the preparation complies with the
optimum formula results from the Design Expert software by repeating the preparation in triplicate three
times. Verification is carried out by comparing the predicted results with the results.

The experiment uses a parametric one sample t-test if the data is distributed normal and non-
parametric Wilcoxon tests if the data is not normally distributed. Normality testing is carried out for
each preparation evaluation result. The software used for the verification process is SPSS software
(Noor, 2018).

Procedure for making nanoemulsion hair serum

In the chia seed oil nanoemulsion hair serum formulation, the concentration of chia seed oil used is
7.5%, methyl paraben 0.18%, propyl paraben 0.02%, sodium metabisulfite 0.075%, distilled water ad
100%. For the use of optimized materials, the concentration is written in the range, namely Tween 80 5-
80% and propylene glycol 1-10%, while for the use of Span 80 the amount of use adjusts the results of
the HLB calculation to produce an HLB value of 12 when combined with Span 80. The selection of
range and concentration has been adjusted to the literature and the reasons for selecting ingredients at
the formula rationalization stage. All ingredients needed in the formulation are weighed, then dissolve
the propyl paraben and methyl paraben in propylene glycol (mixture 1). Mixture 1 was added with chia
seed oil and then homogenized using a magnetic stirrer at 1000 rpm for 30 minutes. A mixture of 2,
namely the water phase, was made by heating Tween 80 and distilling water at a temperature of 50°C,
then homogenizing using a stirrer at 1000 rpm for 30 minutes at a temperature of 50°C. then
homogenized using a stirrer at 1000 rpm for 30 minutes at 500C. The oil and water phases were mixed
using a magnetic stirrer at a speed of 1000 rpm for 70 minutes. Then, it was sonicated using a bath-type
sonicator for 90 minutes.
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Physical evaluation of hair serum nanoemulsion preparations
Organoleptic test

The organoleptic test was performed by visually observing the hair serum nanoemulsion preparation.
Good organoleptic results include precise, transparent preparations and no phase separation (Collins et
al., 2023).

Homogeneity test

The homogeneity test is carried out to see whether less homogeneous particles or coarse particles are
scattered in the preparation. A good preparation has homogeneous characteristics and does not contain
scattered coarse particles (Collins et al., 2023).

pH test

The pH test is carried out so that the preparation has a pH that matches the skin's pH and does not
cause irritation. The pH range of good topical preparations is between 4.5 and 7.0 (Sanaji & Liananda3,
2019). pH testing is carried out using a benchtop pH meter, by calibrating the pH meter with a standard
buffer of pH 4.00; 7.00; and 9.00 then rinsed the electrode with distilled water and dry using tissue. After
that, pH measurements are carried out by: dip the pH into the nanoemulsion preparation until the pH
value appears on the screen pH meter (Handayani et al., 2018).

Viscosity test

The viscosity test is carried out to determine the viscosity level of the resulting preparation. A suitable
dosage viscosity range is between 10 and 2000 cPs (Nicolini et al., 2021). This test uses tools Brookfield
spindle viscometer number 40 with a rotation speed of 1 rpm. Then, the measurement results visible on
the viscometer are viewed and analyzed meets the requirements for good viscosity acceptance or not
(Az-Zahra et al., 2022).

Particle size test, zeta potential test, and polydispersity test

This test was carried out using a PSA apparatus with a dilution of 1:250 using Aqua Pro injection to
determine whether the nanoemulsion preparation met the requirements for a good nanoemulsion, namely
10-1000 nm (Handayani et al., 2018). The particle size test, zeta potential test, and polydispersity tetst
uses a Particle Size Analyzer (PSA) tool. The method is to dilute 1 mL of the nanoemulsion preparation
in 250 mL of Aqua Pro injection, the diluted preparation is placed in a cuvette and the data coming out
of the PSA device is observed. (Az-Zahra et al., 2022).

Emulsion type test
This test is carried out to determine the type of emulsion formed, including the type of oil in water
(O/W) or water in oil (W/O). This test was carried out using a painting method using methylene blue.

Percent transmittance test

This test was carried out using UV-vis spectrophotometry with a dilution of 1:100 using aqua deion
solvent. The aim is to see the clarity of the nanoemulsion; the acceptance range is 90-100% (Aprilya et
al., 2021).

Physical stability test

The physical stability test was carried out using the cycling test method. The test was carried out by
storing the preparation at a low temperature of 4°C and a high temperature of 40°C. With six cycle
repetitions, each storage time is 48 hours (Ma’arif et al., 2023). The chia seed oil nanoemulsion hair
serum formulation was stored at a low temperature of 4° C in the refrigerator and a high temperature of
40° C in the oven. The cycle was repeated for 6 cycles where each cycle was stored for 48 hours and
observed whether there were any changes or instability that occurred in the nanoemulsion preparation.
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After the preparation was stored for 6 cycles, the preparation was observed organoleptically, pH, and
homogeneity to determine the stability of the preparation (Pratiwi et al., 2018).

Data Analysis

Data were analyzed using SPSS with one sample t-test to verify the predicted and experimental data
if the data is usually distributed and the Wilcoxon if it is not normally distributed. Further data analysis
was carried out on stability data using paired t-test samples. The p-value>0.05 indicates that the data is
not significantly different. Based on the results of the pH response normality test, particle size, zeta
potential, polydispersity index and percent transmittance data normally distributed so it uses a one
sample t-test. Whereas for viscosity response data is not normally distributed in the normality test so
Wilcoxon test was used. The results of data analysis show the significance value of the pH response
0.500; particle size response 0.500; viscosity response 0.276; zeta potential response 0.500;
polydispersity index response 0.500; and the percent transmittance response is 0.500. The p value>0.05
indicates that there is no significant difference between prediction results with experimental results
(Taufik et al., 2023).

RESULT AND DISCUSSION
Results of formula rationalization

Rationalization, in this case, means designing the ingredients used in the dosage formulation based
on valid and relevant literature (Illu, 2020). The results of the rationalization of the formula are shown
in Table 1.

Table 1. Nanoemulsion hair serum formula

Raw Material Function
Chia Seed Oil Active ingredients
Tween 80 Surfactant
Span 80 Surfactant
Propylene glycol Cosurfactant
Methylparaben Preservative
Propylparaben Preservative
Sodium metabisulfite Antioxidant
Aguadest Solvent

Simplex Lattice Design (SLD) method formula optimization results

The simplex lattice design method requires researchers to enter the material components to be
optimized by determining the upper and lower limits for each material. The mixed designs can contain
anywhere from 2 to 30 materials or components where all components must have the same range. The
results of the expert design formula are shown in Table 2.

The material components used in this research are compound X1, Tween 80, with a lower limit of 1
and an upper limit of 35%. Component X2 is propylene glycol, with a lower limit of 5% and an upper
limit of 80% (Rowe et al., 2009). The total used for these two materials was 80. The determination of
the total of these materials was adjusted to the researcher's wishes. Every two materials or components
entered will produce eight runs of the prediction formula, as presented in Table 2. In addition, in these
8 formulas there are 3 similar formulas, this formula equation serves to increase the accuracy of the
formulas produced by Design Expert. The responses entered will be coded with the letter Y. The value
of each response is obtained from the laboratory experiments' results.
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Table 2. Formula design expert results

Run X1 X2 Y1 Y2 Y3 Y4 Y5 Y6
Twee Propylene pH Particl Viscosity Zeta Polydis Transmittanc
n 80 glycol e size (cPs) potential - e (%)
(%) (%) (nm) (mV) persity
index
1 1 79 448 374.88 68.57 5.8 0.1181 25.508
2 35 45 6.40 104.40 157.27 16.5 0.1231 95.423
3 18 62 6.16 807.95 102.07 53.7 0.0233 69.039
4 9.5 70.5 562 172.70 96.16 9.6 0.1172 30.716
5 1 79 448 374.88 68.57 5.8 0.1181 25.508
6 35 45 6.40 104.40 157.27 16.5 0.1231 95.423
7 18 62 6.16 807.95 102.07 53.7 0.0233 69.039
8 26.5 53.5 6.26 307.26 117.20 5.9 0.3440 59.245

Design expert prediction optimum formula recommendation results

The optimum formula results were obtained after the selected model was significant, and analysis
was carried out on each response. Determining the optimum formula is based on the formula that has
the highest desirability value. The desirability value refers to the value of the optimization objective
function. This value shows the program'’s ability to determine the formula according to the parameters
set by the researcher. A desirability value close to 1 indicates that the formula is increasingly optimal.
The results of the Design Expert's optimal prediction formula are presented in Table 3. In the
optimization results, the optimum formula is shown in the gray area where the resulting desirability
value is 0.947, which indicates that the desirability value is close to 1, which means the formula is the
most optimal predicted formula result.

Optimum formula validation and verification results

Validation was carried out on the optimum hair serum nanoemulsion formula by preparing three
replications, and the results were obtained, as shown in Table 4. Then, the stage continued with
verification by comparing the predicted results with experimental results using the parametric one-
sample t-test if the data was distributed normally and the Wilcoxon test if the data was not normally
distributed. The test was carried out with the help of SPSS version 20 software. The results of the data
analysis showed a significant value for the pH response of 0.500, particle size response of 0.500,
viscosity response of 0.276, potential zeta response of 0.500, polydispersity index response of 0.500,
and the percent transmittance response of 0.500. In the viscosity response test, the data obtained in the
replication was not normally distributed, so the test was carried out using the Wilcoxon method. The p-
value> 0.05 indicates no significant difference between the predicted and experimental results (Taufik
et al., 2023). The optimum formula verification results are shown in Table 4.

Table 3. Design Expert 13 optimal prediction formula

Material Predicted Value of Response Variable (Y)

Components (X)

Tween Propylene pH Particle Viscosity Zeta Polydis-  Trans- Desirability

80 (%) glycol size (cPs) potential  persity  mittance Value

(%) (nm) (mV) index (%)

33.52 46.48 6.37 176.958  147.14 17.125 0.287 90.00 0.947
(suggested)

26.50 53.50 6.29 454576  116.00 32.079 0.344 75.85 0.626

13.26 66.74 5.92 605.654 99.37 33.635 0.023 49.18 0.325
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Table 4. Optimum formula verification results

Response Prediction Experiment p-value Information
Parameters () Results
(X£SD)
pH 6.37 6.43 £0.015 0.500 Not significant
difference
Particle size (nm) 176.96 130.29 + 19.542 0.500 Not significant
difference
Viscosity (cPs) 147.14 145.20 £ 1.617 0.297 Not significant
difference
Zeta Potential 17.13 36.70 + 29.444 0.500 Not significant
difference
Polydispersity Index 0.287 0.274 +£0.148 0.500 Not significant
difference
Percent 90.00 95.16 £ 3.314 0.500 Not significant
Transmittance (%) difference

Note: X = average
SD = Standard Deviation

Optimum formula characteristic results

Physical characteristics were carried out to compare the physical parameter values of the optimum
hair serum nanoemulsion chia seed oil formula obtained with the predetermined acceptance range.
Observation data are presented in Table 5.

Based on the results of physical characteristic tests on the optimum formula for chia seed oil
nanoemulsion hair serum preparations, the optimum formula meets all physical characteristic tests for
each parameter. In the organoleptic test, the light yellow color of the preparation was due to the
composition of ingredients, which were mostly yellow, including chia seed oil, which had a clear yellow
color, Span 80, which had a yellow color, and Tween 80, which had a yellow color. Adding propylene
glycol as a cosurfactant can make the preparation more straight forward. The addition of appropriate
surfactants and cosurfactants plays a role in reducing the interfacial tension between the oil and water
phases so that phase separation does not occur and a homogeneous preparation is obtained in the
homogeneity test (Figure 1).

O
e

Figure 1. Observation results of homogeneity and organoleptic tests of preparations
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Table 5. Optimum formula characteristic test results
Parameter Optimum Formula (X + SD) Acceptance
Organoleptic Light yellow, liquid, -
characteristic smell of
chia seed oail, clear, and
no phase separation

Homogeneity Homogeneous Homogeneous

pH 6.43 £ 0.015 45-7
Particle size (nm) 130.29 £ 19.542 10 - 1000
Emulsion type Oil in water (O/W) Oil in water (O/W)
Viscosity (cPs) 145.20 £ 1.617 10 — 2000 cPs
Zeta potential (mV) 36.70 £ 29.444 (-30 mV) — (+30 mV)
Polydispersity Index 0.274 £0.148 0-1
Transmittance (%) 95.160 + 3.314 90 %-100%

Note: X = average
SD = Standard Deviation

The physical appearance of the preparation is shown in Figure 2. The results obtained in the
organoleptic test meet the characteristics of nanoemulsion, namely clarity and transparency. The
organoleptic characteristics of a preparation can influence consumer acceptance of the product (Xu et
al., 2022). In the optimum formula formulation, the preparation is replicated three times to increase the
accuracy of the formula created and show that the test results obtained are not biased. As shown in
Figure 2, the first bottle is the optimum formula for replication 1, then the next bottles are the optimum
formula for replication 2 and 3.

In the pH test, it is known that the preparation meets the required pH range, namely by the topical
pH of the skin. The Tween 80 surfactant used in this research has a pH that tends to be alkaline, namely
(6-8), so increasing the concentration of Tween 80 surfactant tends to increase the pH value of the
preparation. Meanwhile, the cosurfactant used, namely propylene glycol, tends to have an acidic pH (3-
6), so the optimum composition between the use of surfactant and cosurfactant can produce a pH that
meets the requirements (Bagiana et al., 2017).

Boig Cptantt Forgy, Optmut Pty gphoun
3

Figure 2. Physical appearance of the optimum hair serum nanoemulsion chia seed oil formula

In the test using the Particle Size Analyzer (PSA) instrument, three test data were obtained, namely
the particle size test, polydispersity index test, and zeta potential test. In the particle size test, it was
discovered that the preparation had nano-sized particles by the standardized acceptance criteria. Tween
80 surfactants play a role in reducing particle size by reducing the amount of free energy between
surfaces and forming a mechanical barrier that prevents particle aggregation (Pratiwi et al., 2018).
Propylene glycol cosurfactant itself functions to prevent nanosized particles from recombining through
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a steric barrier formation mechanism so that the right combination of surfactant and cosurfactant will
produce a nanoemulsion preparation with a stable nanometer size. The polydispersity index value in this
preparation is classified as monodisperse because it has a polydispersity index value of <0.3, which
means the particle size is uniform. The particle size distribution is narrow, so the preparation will be
more stable in storage (Handayani et al., 2018). The polydispersity index tends to be influenced by the
stirring speed, where the right stirring speed will produce a dosage value with a good polydispersity
index (Faizatun et al., 2020). The zeta potential value of the chia seed oil nanoemulsion preparation
meets the required criteria, namely >30 mV; this indicates that the preparation has good electrostatic
stability (Handayani et al., 2018). The use of surfactants and cosurfactants does not influence the
negative charge on the zeta potential value; this is because Tween 80 and propylene glycol are nonionic
compounds (no charge); the negative charge is produced from the collision of droplets with the
dispersing phase containing hydroxyl ions (OH-), thus creating preparations tend to have a negative
charge.

In the emulsion type test, the preparation was an O/W emulsion type. For topical use, the O/W
emulsion-type nanoemulsion was more suitable because it was not sticky and, as a hair serum, did not
leave crusts on the scalp (Rahmayanti et al., 2023). The type of O/W emulsion is influenced by the
highest concentration of nanoemulsion constituents, which tend to be polar, namely Tween 80, a
hydrophilic nonionic surfactant, and propylene glycol, which is polar. The correct surfactant and
cosurfactant composition influences the HLB value, so the oil phase can be dispersed evenly in the
distilled water because the surface tension can be reduced. This makes methylene blue, which is polar,
completely soluble to produce an O/W emulsion type (Dzakwan & Priyanto, 2019). The HLB value
used in this research is HLB 12, which can produce O/W type nanoemulsions.

In the viscosity test, the chia seed oil nanoemulsion hair serum preparation was in accordance with
the acceptance criteria for a good preparation. Viscosity is the main parameter of rheology, which is
related to flow resistance (Nicolini et al., 2021). Components that influence the viscosity of the
preparation are Tween 80 and propylene glycol, where increasing the concentration will cause the
viscosity of the preparation to also increase. Tween 80's mechanism for increasing viscosity is by
reducing the movement between globules, which causes the globule diameter to decrease and the particle
size to become smaller, which causes the surface area to become larger and the resistance of the
nanoemulsion to also increase so that the viscosity increases (Zulfa et al., 2019). The increase in
viscosity is also influenced by propylene glycol, a cosurfactant, which will help increase the bond
between the surfactant, oil phase, and water phase, which causes resistance to flow to become greater
(Yuliani et al., 2016). The use of cosurfactant and surfactant composition in this optimum formula is
correct, as proven by the viscosity value of the preparation, which meets the requirements.

Optimum formula physical stability test results

Stability testing is one of the quality parameters. It is carried out to determine the ability of a product
to survive within specified specification limits throughout the storage and use period. Several factors
can influence the stability of a product, namely temperature and time. In this research, stability tests
were carried out at 4°C and 40°C for six cycles, where one cycle consisted of 48 hours (Ma’arif et al.,
2023). The stability test results are shown in Table 6.

The physical stability test using the cycling test method shows that the preparation remains stable
during the storage period in the homogeneity and organoleptic tests. In the descriptive pH test, there was
a decrease in pH. The significance of the data determined with a paired t-test was carried out. The
requirements for carrying out a parametric paired t-test are that the data is normally distributed and
homogeneous. Based on the normality test results using Shapiro Wilk, the p-value before stability was
0.637; after stability, it was 0.463. The homogeneity test shows a p-value of 0.519. The p value > 0.05
in the normality and homogeneity test indicates that the resulting data is normally and homogeneously
distributed. Testing continued with the paired t-test; in this test, a tailed sig.2 value of 0.27 was obtained.
The p-value > 0.05 indicates that the pH test data before and after physical stability did not show a
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significant change. It means that the nanoemulsion hair serum preparation is also pH stable using the
cycling test method during the storage period. A stable preparation indicates that the components used
are correct; apart from that, the oxidation process can also be inhibited by the presence of the antioxidant
sodium metabisulfite through its interaction with the carbonyl group in the material to produce
melanoidin, thereby preventing the oxidation process from occurring (Taufik et al., 2023).

Table 6. Optimum Formula characteristic test results

Parameter Cycle-0 (X + SD) Cycle-6 (X + SD)

Organoleptic Light yellow, liquid, characteristic ~ Light yellow, liquid, characteristic smell
smell of chia seed oil, clear, and of chia seed oil, clear, and no phase
no phase separation separation

Homogeneity Homogeneous Homogeneous

pH 6.43+0.015 6.37 £ 0.021

Note: X = average
SD = Standard Deviation

CONCLUSION

The optimum composition of surfactant (Tween 80) and cosurfactant for the preparation of chia seed
oil nanoemulsion hair serum (Salvia hispanica L.) based on formula optimization using the Simplex
Lattice Design (SLD) method is 33.52%: 46.48% with a desirability value of 0.947. The optimum
formula's physical characteristics and stability for the chia seed oil nanoemulsion hair serum preparation
fulfill all the physical parameter requirements for good preparation.
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ABSTRACT

This study aims to obtain the optimum formula for green coffee extract effervescent
granules (EG-GCE). Dry extract is obtained by percolation using water as a solvent and a spray
dryer drying system. Specific and non-specific standardization is carried out to ensure the quality
of dry green coffee extract. The dose of the dried extract of green coffee used in the granule
effervescent was 250 mg each sachet. EG-GCE was formulated using wet granulation method. The
quality of effervescent granules was determined based on physical quality tests and the
effectiveness of antioxidant power (ICso value) with DPPH reagent using a microplate reader. The
optimum effervescent granule formula uses a factorial design method combining monohydrate citric acid
and tartaric acid. As a response includes water content, flow rate, and effervescent granule dissolution time
test. Furthermore, the data from the parametric experiments between bets and between formulas
were analyzed using the One Way ANOVA (Yate's Treatment) statistical method. The test will
continue using the Tukey post-hoc test method if there is a significant difference in the statistical
analysis between formulas. The pH value of resulting EG-GCE products was within the range of
5.46-6.07, moisture content: 3.12-3.67%, flow rate: 25.78-28.53 g/s, angle of repose: 25.65-
30.13°, Hausner ratio: 1.14-1.22, Carr's index: 12.50-17.83%, dissolving effervescent granule
time test: 1.00-1.33 min. This study demonstrated that citric acid monohydrate, tartaric acid, and
their interaction affected the moisture content, flow rate, and effervescent time of EG-GCE. The
proportion of citric acid monohydrate (9.94%) and tartaric acid (17.46%) was found to be the
optimum formula of EG-GCE, with the following responses: moisture content 3.26%, flow rate
25.72 gfs, and dissolving effervescent granule time test 1.19 min. The optimum formula show
strong antioxidant activity with ICs, free of radical scavenging 56.56 + 0.97 pg/mL.

Key words: antioxidant, effervescent granules, green coffee, factorial design, citric acid
monohydrate, tartaric acid
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INTRODUCTION

Oxidative stress is a condition with a decrease in endogenous antioxidant capacity and an increase in
free radicals (reactive oxygen species - ROS) (Di Domenico et al., 2019). Free radicals are unstable
reactive molecular species formed from natural metabolic processes that act as reducing agents or
oxidants (Flieger et al., 2021). Free radicals have an impact on the pathogenesis of many diseases due to
prolonged oxidative stress conditions triggered by increased free radicals causing cell damage (Flieger
et al., 2021). Therefore, exogenous antioxidant supplementation is needed, such as bioactive
polyphenolic compounds which can ward off free radicals to prevent oxidative stress conditions. One of
the polyphenolic compounds that has antioxidant properties is chlorogenic acid (Boccellino &
D’Angelo, 2020; Galanakis et al., 2020; Lammi & Arnoldi, 2021).

Pimple et al (2020) stated that chlorogenic acid is often found in robusta coffee beans at a
concentration of around 7-14%. Green coffee has higher antioxidant activity because it does not
undergo a roasting process, which risks degrading chlorogenic acid polyphenolic compounds
(Asbaghi et al., 2020). The two types of coffee that dominate the global market include arabica coffee
(Coffea arabica) and robusta coffee (Coffea canephora) (Cui et al., 2020; Faria et al, 2020).

Green coffee contains polyphenol compounds (Ohishi et al., 2021) which show stability at
temperatures of 160-200 °C, so during the drying process with an oven at a temperature of 45°C it does
not affect the stability of polyphenol compounds (Abrahdo et al., 2019 ; Pifion-Balderrama et al., 2020).

Robusta coffee contains the highest levels of chlorogenic acid compared to other coffee species
(Pereira et al., 2021). Based on previous research, the chemical compounds found in green coffee
include chlorogenic acid (6.7-9.2%), and caffeine (0.9-1.3%) (Pimpley et al., 2020). Green coffee was
chosen because it has a higher polyphenol content than roasted coffee (Asbaghi et al., 2020).

Considering that green coffee robusta (Coffea canephora) contains high levels of chlorogenic acid,
this research carried out the development of a health supplement formula containing dry extract of green
coffee robusta (Coffea canephora) at a selected dose of 250 mg per sachet in the form of effervescent
granules (Gorji et al., 2019 ; Sudeep & Shyam Prasad, 2021). Dry extract of green coffee may reduce
the degradation of secondary metabolites caused by microorganisms in extract containing high water
content (Lima et al., 2020) reported that the green coffee extract (GCE) formulated as effervescent
granules may increase the release, absorption, and bioavailability of the bioactive compounds.

The development of green coffee into quality effervescent granules is largely determined by the
composition of the acid source and base source. The combination of acid sources commonly used is
citric acid monohydrate and tartaric acid (Bertuzi, 2021). Citric acid monohydrate can increase the
stability and extend the storage period of effervescent granule preparations (Bertuzi, 2021). Meanwhile,
sodium bicarbonate can cause a stronger effervescent reaction (Bertuzi, 2021). In effervescent
formulations, the amount of tartaric acid used in the formula must be higher than citric acid, to achieve
the correct stoichiometric equivalence, where tartaric acid is a diprotic acid, while citric acid is a
triprotic acid (Bertuzi, 2021). The ideal combination of acid sources with a composition of citric acid
monohydrate, tartaric acid, and sodium bicarbonate in a ratio of 1:2:3.4. An incorrect ratio will cause
citric acid to form a sticky powder mixture making it difficult to granulate, while tartaric acid tends to
produce brittle granules. In this study, the manufacture of effervescent granules used the wet granulation
method because this method can provide better uniformity of active ingredients and improve the flow
properties and porosity of the granules (Bertuzzi, 2021).

Based on the above, it is necessary to optimize the combination of acid sources to produce an
optimal effervescent granule dosage formula using the factorial design method. The first factor is citric
acid monohydrate and the second factor is tartaric acid with the selected responses including flow rate,
water content, and dissolving time. The response of water content and dissolving granule effervescent
time was chosen because both affect the granule flow rate, where the granule flow rate gets worse when
the water content is high (Maysarah et al, 2020). The concentration of citric acid monohydrate used for
formula optimization with a lower limit level (-1) of 8% an upper limit level (+1) of 12% and a
concentration of tartaric acid for the lower limit level (-1) of 16% and an upper limit level (+1) of 24%.
Determining the specification range in the optimization process refers to general requirements in the
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literature and compendiums and is also based on test results on the innovator's product. This study
aimed to obtain the optimum formula for effervescent granules containing green coffee extract.

MATERIALS AND METHODS

In this study green coffee bean (Coffea canephora) dry extract was obtained from PT. Haldin
Pacific Semesta (Indonesia). The dry extract was prepared by spray drying method without fillers and
preservatives. Other materials used in this study were as follows: citric acid monohydrate (Weifang
Ensign Industry Co., Ltd., China), tartaric acid (Badische Anilin- und SodaFabrik, Germany), sodium
bicarbonate (Chruch and Dwilight Co., Inc., USA), PVP K-30 (Badische Anilin- und SodaFabrik,
Germany), maltodextrin (Qin Huang Dao LiHua Starch Co., Ltd., China), aspartame (Shandong
Tianjiao Biotech Co., Ltd., China), ethanol, and distilled water.

Standardization of dry extracts

The main ingredient used in this research is a dry water extract of green coffee (Coffea canephora)
obtained from PT. Haldin Pacific Semesta, Bekasi. The quality of the dry extract obtained needs to be
guaranteed before use, using specific (i.e visual form, color, smell, flavor, pH of 1% w/v solution,
water soluble extract level, and ethanol soluble extract level) and non-specific standardization (i.e total
ash content, acid insoluble ash content, water content).

Factorial experimental design

The number of effervescent granules of green coffee extract (EG-GCE) formula was determined
according to a complete 22 factorial design. The factors studied in this study were citric acid
monohydrate (8-12%) as Xa and tartaric acid (16-24%) as Xg. Both factors studied were independent
of each other. The following responses were evaluated: flow rate (Y1), moisture content (), and
effervescent time (Y3).

Formulation of EG-GCE

In this study, effervescent granules was formulated using wet granulation method. The proportion
of citric acid monohydrate and tartaric acid as an acid source was 1:2, whereas sodium bicarbonate
was used as a base source, as used by previous investigator. The optimum proportion of citric acid
monohydrate and tartaric acid as an acid source was analysed by factorial design using Design Expert
12.0.3. The resulting EG-GCE was evaluated, including organoleptic, pH value after reconstitution,
flow properties, moisture content, and dissolving effervescent time. According to the factorial
experimental design, EG-GCE was formulated in four different formula (Table 1). Citric acid
monohydrate, tartaric acid, and sodium bicarbonate were mixed and heated at 60 °C for approximately
3 hours. The purpose of heating is to remove hydrates, which reduces the risk of hygroscopicity and
makes formulation easier. The mixture was subsequently crushed and mixed with other excipients.
The mixture of excipients and GCE was mixed and binded with ethanolic solution of PVP K-30. The
mixture was then sieved through mesh number 18 sieve. The wet granules obtained was then driedat 45
°C for approximately 3 hours or until the moisture content measured was lower than 5%.Finally,
the EG-GCE was sieved with a mesh number 20 sieve.
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Table 1. Formula of EG-GCE

Weight (g)
Ingredients Formula- Formula Formula Formula

1(F-1) a(Fa) b(Fb) ab(Fab)
Green coffee extract 0.25 0.25 0.25 0.25
Citric acid monohydrate 0.32 0.48 0.32 0.48
Tartaric acid 0.64 0.64 0.96 0.96
Sodium bicabonate 1.24 1.24 1.24 1.24
Aspartame 0.12 0.12 0.12 0.12
PVP K-30 0.08 0.08 0.08 0.08
Maltodextrin ad 4 ad 4 ad 4 ad 4
Water for reconstitution 250 250 250 250

mL mL mL mL

Evaluation of the quality of EG-GCE before reconstitution
Organoleptic

The organoleptic test was carried out visually, namely by observing the physical form of the green
coffee dry extract effervescent granule (EG-GCE) preparation before it was dissolved, including
observing the color, shape, and odor of the EG-GCE preparation. The organoleptic requirements for
EG-GCE are that they are granular, yellowish-white, and have a distinctive coffee aroma.

Flow rate test

The purpose of the flow rate test is to determine the flow of granules directly (Maysarah et al.,
2020). Flow speed tests were carried out using the funnel method referring to (Taylor & Aultons, 2022)
with modifications. A total of 100 grams of effervescent granules were weighed and placed in a funnel
with the end closed after that the funnel cover was opened, and the effervescent granules were allowed
to flow until they ran out. The granule flow time is calculated using a stopwatch fromthe time the funnel
cover is opened and stopped when the granules have finished flowing. The flow rate test was carried out
three times in replication using equation 1. Effervescent granules have good flow properties if the
granule flow rate is more than 10 grams/second (Tanjung et al, 2023). The flow rate specification for
EG-GCE based on requirements is 27.50 + 2.00 grams/second (U.S Pharmacopeia, 2020). The
following Equation 1 is used to calculate the flow rate.

Flow rate = Granule weight / Flow time......................ccoceeeeee (D)

Angle of repose

The purpose of the angle of repose test is to determine the flow of granules indirectly (Maysarah et
al., 2020). The angle of repose test was carried out using the funnel method referring to (Taylor &
Aulton, 2021) with modifications. A total of 100 grams of effervescent granules were weighed and
placed in a funnel with the end closed after the funnel cover opened, and the effervescent granules were
allowed to flow until they ran out, after which the angle formed was measured. The angle of repose test
was carried out three times in replication using equation 2. Effervescent granules have good flow
properties when forming an angle of repose between 25-40° (Taylor & Aulton, 2021; U.S Pharmacopeia,
2020). The Equation 2 used to calculate the angle of repose:

tan o = cone height / radius of the base of the cone ........................oooell. 2
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Hausner ratio

The Hausner ratio test aims to determine the flow properties of granules indirectly which are
influenced by friction between particles (Taylor & Aulton, 2021). The Hausner ratio test is determined
based on the compressible density and bulk density parameters. The compressible density and bulk
density of the effervescent granules are determined first. A measuring cup with a volume of 100 mL is
weighed (W1), then the effervescent granules are slowly added to the 100 mL mark (V1) and weighed
again (W2). Next, the mouth of the measuring cup is plugged, the measuring cup is installed on the test
tool, and the motor is run for the first 5 minutes, and the volume is measured (V5), and then the motor is
run again until the twelve minute and the volume is measured (V12). Next, calculate the bulk density
first and then the compressible density, and then calculate the Hausner ratio using Equation 3. The
Hausner ratio specification for EG-GCE is 1.00-1.25 (U.S Pharmacopeia, 2020). The following
Equation 3 is used to calculate the Hausner ratio.

Hausner ratio = Tapped Density (pt) / Bulk Density (pb) ........coovviviiiiiiiiiinin, 3)

Carr's Index

The purpose of the Carr's index test is to determine the flow properties of granules indirectly, and the
compressibility of granule preparations based on the compressible density parameters and bulk density
of granule preparations referring to (Taylor and Aultons, 2022) with modifications. The compressible
density and bulk density of the effervescent granules are determined first. A measuring cup with a
volume of 100 mL is weighed (W1), then the effervescent granules are slowlyadded to the 100 mL mark
(V1) and weighed again (W2). Next, the mouth of the measuring cup is plugged, the measuring cup is
installed on the test tool, and the motor is run for the first 5 minutes, and the volume is measured (V5),
and then the motor is run again until the twelve minute and the volume is measured (V12). The change
in volume that occurs (compressible volume) is recorded as (V2). After obtaining the results, they first
calculate the bulk density and compressed density and then calculate Carr's index using equation 4. The
Carr's index test was carried out three times in replication. The Carr's index specification for EG-GCE
based on requirements is 1-20% (U.S Pharmacopeia, 2020). The Equation 4 is used to calculate the
Carr’s index:

Carr’s iNAeX = B2 X 100, ...+ .ve et e, 4
pt

Water content test

The purpose of the water content test is to determine the water content in the preparation. The water
content test was carried out using a Moisture Analyzer tool referring to (Lima et al., 2020) with
modifications. Approximately 3 grams of EG-GCE were put into the sample container, then the tool was
run until the tool gave water content test results. The water content test was carried out three times in
replication. The water content requirement for effervescent granules is < 5% (Giyatmi & Lingga, 2019).
The water content specification for EG-GCE based on requirements is 3.40 £ 0.30%.

Evaluation of the quality of green coffee dry extract effervescent granules (EF-GCE) after
reconstitution
Organoleptic

The organoleptic test was carried out visually, namely by observing the physical form of the green
coffee dry extract effervescent granule (EG-GCE) preparation after being dissolved, including
observing the color, shape, and taste of the EG-GCE preparation after being dissolved, as well as
observing the effervescent reaction through a microscope which was marked by the appearance of
carbon dioxide gas bubbles. The organoleptic requirements for the EG-GCE solution are that it is a
yellowish-white solution, has a sweet and sour taste, and forms carbon dioxide gas.
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pH Value

The pH test used a pH meter refers to the research of (Jain & Patil, 2020) with modifications. The
purpose of the pH test is to determine the acidity level of a preparation. Before taking pH
measurements, the electrode is rinsed first with distilled water and dried. After that, calibration was
done using a buffer solution of pH 4.0, 7.0, and 9.0. The calibrated electrode must be dried first so that
can be used to measure the pH of the EG-GCE solution. The pH test was carried out by dissolving one
sachet (4 grams) the EG-GCE in 250 mL of water at approximately 25 °C and continuing with pH
testing. The pH test was carried out three times in replication. The pH specification for the EG-GCE
solution based on the requirements is 6.00 + 1.00.

Dissolving effervescent granule test

The dissolving effervescent granule time test aims to determine the time required for the preparation
to dissolve completely in water. In this study, the late time test refers to the research of (Maysarah et al.,
2020) with modifications. The dissolving effervescent granule was carried out by dissolving one sachet
(4 grams) of EG-GCE granules in 250 mL of water at a temperature of approximately 25°C, the granules
were considered to have dissolved when the release of carbon dioxide gas stopped. The solubility test
was carried out three times in replication. The dissoving effervescent granule specification for EG-GCE
based on requirements is 1.00 + 0.50 minutes.

Antioxidant activity test

The antioxidant activity test in this research will be carried out on the optimum formula obtained
based on the results of data analysis with the Design Expert program. Antioxidant activity test using the
DPPH method refers to research by (Tasew et al., 2020) with modifications. The following are the
stages of preparing the test solution.

Preparation of ascorbic test solution

In this study, ascorbic acid was used as a positive control. The stock solution was prepared by
weighing 10 mg of ascorbic acid and dissolving it with 10 mL of mixed solvent (1,000 pg/mL). The
ascorbic acid solution was then diluted using a volumetric flask to obtain four different concentrations,
namely 75.00 pg/mL, 37.50 pg/mL, 18.75 pg/mL, and 9.38 pg/mL.

Preparation of green coffee dry extract (GCE) test solution

The main solution of dry green coffee extract is made by weighing 250 mg of GCE and
dissolving it with 100 mL of mixed solvent (2,500 pg/mL). The first stock solution of GCE was then
diluted using a volumetric flask to obtain four different concentrations, namely 75.00 pg/mL, 37.50
pg/mL, 18.75 pg/mL, and 9.38 pg/mL.

Preparation of dry green coffee extract effervescent garnule (EG-GCE) test solution

The test solution was made by dissolving one sachet of the preparation (equivalent to 250 mg of
GCE) with 100 mL of mixed solvent (2,500 pg/mL). The test solution of EG-GCE was diluted using a
volumetric flask to obtain four different concentrations, namely 75.00 pg/mL, 37.50 pg/mL, 18.75
pg/mL, and 9.38 pg/mL.

Mixing Test Solution and DPPH solution

DPPH stock solution is made by weighing 25 mg of DPPH dissolved in 25 mL of methanol, then
vortexing until completely dissolved. After that, the DPPH stock solution was diluted by pipetting 1 mL
of DPPH of the first stock solution and adding methanol to 25 mL (Tasew et al., 2020). Each diluted test
solution reacted with a DPPH solution in a ratio of 1:4, while the control contained mixed solvent
methanol: water (1:1% v/v) and DPPH solution. The mixture of the test solution and DPPH solution
was left for thirty minutes in a dark place at room temperature until the reaction was complete.
After that, the absorbance was observed using a UV-Vis spectrophotometer at a wavelength of 517 nm.
The analysis was carried out three times in replication.
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Statistical analysis

The experimental results were analyzed by one way ANOVA at a confidence level of 95% using
IBM SPSS Statistics 25.0. The optimum formula of EG-GCE was determined by Yate’s treatment using
Design Expert version 12.0.3.

RESULT AND DISCUSSION
Results of standardization of green coffee dry extract (GCE)

The dry extract of green coffee (Coffea canephora) organoleptically has a brownish-green color and
a distinctive coffee odor. The dry extract of green coffee is acidic with a pH value of 5.11 + 0.03. The
purpose of determining the levels of water-soluble extracts and ethanol-soluble extracts is to determine
the compound content in certain solvents according to their level of polarity. The test results show that
the percentage of water-soluble extract levels is higher than ethanol-soluble extract levels, which means
that green coffee has a higher solubility in water than in ethanol solvent. The full results of the
standardization of dried extracts can be seen in Table 2.

The active compound profile of GCE (Coffea canephora): chlorogenic acid was observed using thin
layer chromatography under UV 254 and VIS 366 nm light. The active substance profile in the extract
using the mobile phase Chloroform: Methanol: Formic Acid (44.1: 2.5: 2.15 %v/v) and the stationary
phase silica gel 60 GF2ss showed that green coffee extract contained chlorogenic acid. The stain detected
under 366 nm has a value of Rf 0.37 for a fluorescent blue color is chlorogenic acid. The theoretical Rf
values for the active substances chlorogenic acid was 0.40 respectively (Boji¢ et al., 2013). The
complete result of the TLC profile can be seen in Figure 1. The Rf value that is different from the
theoretical Rf value is likely due to modifications to the analysis process and the type of solvent used.
However, we can still say that green coffee bean extract still contains chlorogenic acid, which has anti-
acne properties.

Table 2. Results of standardization of green coffee (Coffea canephora) dry extract (GCE)

Standardization Parametre Result
Non Specific
Total Ash Content (%) 8.89 £ 0.04
Acid Insoluble Ash Content (%) 0.26 £ 0.04
Water Soluble Ash Content (%) 8.19+0.11
Water content (%) 3.45+0.18
Specific
Organoleptic
« Form Powder Brownish
+ Color greenTypical
« Smell coffee
- Flavor Bitter
pH (1% w/v solution) 5.11+0.03
Water Soluble Extract Level (%) 92.03 £ 0.46
Ethanol Soluble Extract Level (%) 30.96 £ 0.68

Evaluation results of green coffee dry extract effervescent granules (EG-GCE) before
reconstitution
Organoleptic

Organoleptic examination of the EG- GCE preparation was carried out visually as the preparation
was yellowish-white in color, granular in shape, and hada distinctive coffee odor. The results of the
organoleptic examination of the green coffee dry extract effervescent granule preparation can be
viewed at Figure 2.
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1 2 34 65 6 12 3 4 56

Figure 1. Thin layer chromatography results of GCE and EF with mobile phase
chloroform: methanol: formic acid (44.1: 2.5: 2.15 mL) under 254 nm UV
light (a) and 366 nm UV light (b), 1 (formula -1); 2 (formula a); 3 (GCE); 4
(formula b); 5 (formula ab); 6 (formula blank)

(A) (B) ©)

e M
Figure 2. EG-GCE before reconstitution (A) and after reconstitution (B) with carbon

dioxide gas bubbles observed at 1000x magnification (C) using digital
microscope TRM-DM1000

pH Measurement

The pH measurement was carried out to determine the acidity of EG-GCE after reconstitution. The
four formulas gave significantly different pH values (Fvawe > Foos), which may be attributed to the
different proportions of acid species. This findings was in agreement with Lowry-Bronsted theory
stating that acids may act as a substance donating H*, and hence the addition of acidic solute into water
will result in an increased hydronium ion concentration (Aultons & Taylor, 2022). The pH values of all
EG-GCE formula met the pHrequirement, i.e. within the range of 5-7 (Giyatmi & Lingga, 2019).

Flow properties

The test results for all flow property parameters (flow rate, angle of repose, Hausner ratio, Carr
index) show significant differences between the formulas (Table 3). Based on statistical analysis, it was
found that Fvawe Of all parameters of flow properties was greater than the Foos @able. In addition, all
formula demonstrated a good flow properties of granules. Granules are considered to have good flow
rates if they can flow at >10 g/s, angle of repose <350, Hausner ratio <1.25, and Carr’s index <20%
(Taylor & Aulton, 2021) According to (Qiu et al., 2017), the flow properties of granules are complex
and affected by several factors including humidity, particle shape and size. The resulting water content
value meets specifications: 3.40 £ 0.30%.
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Based on the results of the quality control of flow properties that has been carried out in terms of the
parameters of flow speed and angle of repose, all formulas are declared to have good flow properties
when viewed from the Hausner ratio and Carr's index parameters, formula -1, formula a, and formula b
stated to be quite good.

Table 3. Flow properties parameters of EG-GCE

Parameter F-1 Fa Fb Fab Fvalue F0.05
pH 6.07 £ 0.05 5.94 +0.04 585+0.05 546+0.12 82.03
Flow rate (g/s) 28.53 +1.05 26.48 +0.93 28.35+0.53 25.78+0.47 18.14
Angle of repose (%) 25.65 +0.89 27.47 +0.53 30.13+0.56 29.56+0.44 63.61 3.10
Hausner ratio 1.21+0.01 1.22+0.01 120+0.02 1.14+£001 5154
Carr’s index (%) 17.58 £ 0.49 17.83+£0.75 16.75+1.25 1250+0.55 55.36
Water Content (%) 3.16 £ 0.22 3.12 +£0.06 3.28+0.09 3.67+0.14 18.66

Evaluation results of green coffee dry extract effervescent granules (EG-GCE) afterreconstitution
Organoleptic

Organoleptic examination of the EF-GCE after reconstitution, provided specifications for the
preparation being yellowish white in color, in solution form and with a sweet and sour taste, and
producing carbon dioxide gas (Figure 2).

pH Measurement

The purpose of pH measurements is to determine the acidity level of EG-GCE after
reconstitution. The pH test results for each formula were -1 (6.07 £ 0.05), a (5.94 £ 0.04), b (5.85
0.05), ab (5.46) respectively. + 0.12), blank -1 (6.40 £ 0.03), blank ab (5.04 + 0.07). The resulting
pH value is in accordance with the specifications for the EG-GCE preparation, in the range of
6.00 + 1.00. The four formulas give significantly different pH values (Fvaie > Fo.0s), which may be
attributed to the different proportions of acid species. This findings was in agreement with Lowry-
Bronsted theory stating that acids may act as a substance donating H*, and hence the addition of
acidic solute into water will result in an increased hydronium ion concentration (Taylor &
Aulton, 2021). The pH values of all EG-GCE formula met the pH requirement, i.e. within the range
of 5-7 (Giyatmi & Lingga, 2019).
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Figure 3. Interaction of Xa and Xg on Y1, Yz and Y3
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Figure 4. Contour plot of Y1, Y, and Y3

Formula optimization flow rate response

The flow rate test aims to ensure that granules may flow adequately through processing equipment,
since poor flowability can lead to large weight variability among unit dose (sachet) in production scale
(Qiu et al., 2017). In this study, all formula met the flow rate requirements, i.e. within the range of >10
g/s (Table 3). The polynomial equation for the flow rate was found to beY: = 27.28 - 1.16 Xa - 0.22
Xg - 0.13 XaXg. The equation suggested that citric acid monohydrate had more significant effect on
the decreased flow rate than tartaric acid. According to (Rowe et al., 2020) citric acid monohydrate
has orthorhombic crystal form, while tartaric acid is monoclinic. The difference in the crystal form of
these two acidic substances may lead to a difference or change of flow rate (Qiu et al., 2017).
Electrostatics forces, particle size, particle size distribution, and moisture content have also been shown
to influence the flow rate (Gad, 2007; Qiu et al, 2017). In this study, it was also found that the
interaction of citric acid monohydrate and tartaric acid did not affect the flow rate of the granules.
(Figure 3 and 4).

Moisture content response

Effervescent granules should comply with the quality requirements related to moisture content, that
is below 5% (Giyatmi & Lingga, 2019). The moisture content of all EG-GCE formula prepared in this
study was within the range of 3.12-3.67% (Table 3). The polynomial equation for the moisture content
was found to be Y, = 3.31 + 0.09 Xa + 0.17 Xg + 0.11 XaXg. This equation suggested that tartaric acid
exhibited more significant effect on the increased value of moisture content. This may be due to the
hygroscopicity properties of the tartaric acid which is higher than citric acid monohydrate (Bertuzi,
2021). According to (Wilson & Koeberle, 2018; Kalman, 2021), hygroscopicity is the capacity of a
chemical substance to adsorb and desorb water. Thus the increased concentration of tartaric acid which
is highly hygroscopic excipient in the EG-GCE formula may enhance the water content in granules.
This may be attributed to the increased capacity adsorption of water in the atmosphere. In this study,
we found that the interaction of citric acid monohydrate and tartaric acid had no influence on the
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moisture content of granules. In this study, all formulas had water content that met the requirement
because the drying process of the wet granule mass was carried out at a relative humidity (RH) < 25%
with a temperature of around 25°C, thereby preventing the effervescent granules from absorbing water
from the surrounding air.(Figure 4 and 5).

Dissolving granule time test response

Dissolving granule time evaluation aims to determine the dissolving time of EG-GCE in water.
Effervescent granules should meet the quality requirements regarding to the effervescent time, that is
less than 5 minutes (Taylor & Aulton, 2021). In this study, the effervescent time of EG-GCE wasfound
to be within the range of 1.00-1.33 min (Table 3). Upon reconstitution of EG-GCE in water, citric acid
monohydrate and tartaric acid will react with sodium bicarbonate, which in turn will produce its
sodium salt, water, and COxg The conversion of weak acid to its sodium salt leads to an increased ionic
dissociation constant which is subsequently followed by the improved solubility of granules (Taylor &
Aulton, 2021). The polynomial equation demonstrating the effervescent time of this EG-GCE was Y3 =
1.13 - 0.04 Xa - 0.11 Xg + 0.05 XaXg. The equation suggested that tartaric acid had more significant
effect on the decreased effervescent time of granules. This may be due to the anhydrous form of tartaric
acid as a substance used in this study. According to (Taylor & Aulton, 2021), the anhydrous form of a
substance has a faster-dissolved rate than its respective hydrate form. This may explain our findings that
tartaric acid had more significant effect on the effervescent time, compared with citric acid
monohydrate. In thisstudy, the interaction of citric acid monohydrate and tartaric acid did not affect
the effervescent time significantly (Figure 4 and 5).

Optimum formula

Based on the contour plot of the responses used in this study (Figure 5), it was found that the
proportion of citric acid monohydrate and tartaric acid was responsible for the determination of
optimum formula of EG-GCE. The contour plot was then overlaid (superimposed) to obtain the
optimum formula (Figure 6). The yellow area is the prediction of the optimum formula of EG- GCE.
The software recommended an optimum formula containing a combination of citric acid monohydrate
(9.94%) and tartaric acid (17.46%), with a predicted flow rate between 25.62-29.29 g/s, moisture
content between 3.11-3.29%, and effervescent time between 1.15-1.24 min. The suggested optimum
formula was then prepared and the responses of this formula were verified. The optimum formula of
EG-GCE showed a moisture content of 3.26%, flow rate of 25.72 g/s, and effervescent time of 1.19 min.
All responses were within the predicted range and met the effervescent granules requirements.

Overlay Plot
Overlay Plot ! \ T ;;\ L
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Figure 5. Superimposed (overlay plot) of EG-GCE
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DPPH scavening activity of EG-GCE

Antioxidant activity tests were carried out on GCE and EG to determine the effect of formulation on
GCE antioxidant activity. The results of the antioxidant activity test can be seen in Figure 6 with
synthetic antioxidant compounds (ascorbic acid) as positive controls. The difference in 1Cso values for
antioxidants occurs due to space obstructions caused by other additives or excipients that cover the
hydroxyl, phenol, carbonyl, and aromatic amide groups, inhibiting their antioxidant activity (Faria et al.,
2020). The results of this study are by the observations of the ICsy of antioxidants using the DPPH
method, which was reported by (Faria et al, 2020), where green coffee robusta thick extract has a
stronger antioxidant 1Cso compared to green coffee robusta thick extract, which is encapsulated with
maltodextrin: gum arabic (1:1). The Blois antioxidant activity classification system can be divided into
four classification, very strong antioxidants (ICso < 50 pg/mL), strong antioxidants (50 pg/mL < ICsp <
100 pg/mL), moderate antioxidants (101 pg/mL < ICso < 150 pg/mL), and weak antioxidants ( ICso >
150 ug/mL) (Faria et al., 2020). Based on this classification, ascorbic acid as a positive control has very
strong antioxidant activity (37.36+0.29 ug/mL), while GCE and EG-GCE are classified as having strong
antioxidant activity (ICso antioxidant 51.40+1.18 pg/mL and 56.56+0.97 pg/mL. Statistical analysis
using the one-way ANOVA method for the ICso values of vitamin C, GCE, and EC-GCE gave a
significant difference of F count (368.52) > F tapie (5.14).

70
60 51.40+1.18 56_5;tu_97
~—~ 50 =
’a 37.36£0.20
an, 40 -
<30
S 20
10
0
Ascorbic acid Dried extract of Effervescent
green coffee granule of dried
extract of green
coffee

Figure 6. 1Cso Antioxidant of ascorbic acid, GCE, and EG-GCE

CONCLUSION

EG-GCE has been formulated successfully as effervescent granules by wet granulationmethod and
evaluated. The optimum formula, containing a combination of citric acid monohydrate (9.94%) and
tartaric acid (17.46%), was obtained by factorial design method and has been verified, with the
following parameters: moisture content 3.26%, flow rate 25.72 g/s, and effervescent time 1.19 min.
The optimum formula show strong antioxidant activity with ICs, free of radical scavenging 56.56 + 0.97
pg/mL.
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ABSTRACT

Polymeric coating films are able to control tablet drug release rate depending on polymer
physicochemical properties. Guar gum and HPMC-K15M (GG/HPMC-K15M) can be a coating
polymer in sustained-release tablets. This study aims to characterize the disintegration and drug release
kinetics on theophylline sustained-release tablets coated with GG/HPMC-K15M. The film coating was
made with variations of the GG/HPMC-K15M ratio of 1:3 (F1), 1:4 (F2), and 1:5 (F3). Granules were
preformulated regarding LOD, granule size distribution, packing, and flow properties. Film coating
was carried out using a liquid spraying method. Coated tablets were tested for quality examination,
and the drug release kinetics model was determined based on in-vitro dissolution. Granule pre-
formulation result shows that the granules have excellent packing and flow properties with an LOD of
4.59-5.33% and a size of 553.28-627.28 nm. Tablets provided uniform size characteristics with a
weight variation of 333.38-339.56 mg (CV 1.32-3.43% and acceptance value 6.53-13.58), hardness
of 11.61-18.86 kgf, friability of 0.103-0.186%, disintegration time of 20.69-27.36 min, and drug
content of 98.51-98.55%. The theophylline was dissolved by 95.24% (6h in FI), 97.04% (7h in F2),
and 99.79% (8h in F3); all formulas followed zero-order kinetic (r?> ~ 1). Suitable quality theophylline
tablets GG/HPMC-K15M coating have been successfully produced. Increasing the concentration ratio
of HPMC-K15M in the coating solution resulted in a significant increase in disintegration time and a
slowing of the drug release rate. The drug release kinetics of all formulations followed the zero-order
kinetic model.
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INTRODUCTION

Tablets provide many advantages, such as ease of administration, high patient compliance, and
cost-effectiveness, making them one of the most preferred dosage forms. Coating is an essential step in
the tablet manufacturing process regarding aesthetic and functional considerations (Seo et al., 2020).
Film coating is the most widely used to solve various obstacles during drug production, distribution,
storage, and clinical use compared to other types, such as sugar and press coating (Zaid, 2020). For
example, film coating can regulate drug release from the dosage form in terms of time, speed, and
location (Lee et al., 2020). It aims to facilitate the delivery of acid-sensitive drugs to the colon while
minimizing adverse effects on the gastrointestinal system. Sustained-release tablets with film coating
are commonly used to regulate the rate at which drugs dissolve in the gastrointestinal tract (Kapoor et
al., 2019). Its tablet is designed to rapidly achieve therapeutic blood levels and sustain them within the
therapeutic range through controlled release (Agustin & Ratih, 2015). Controlling the drug release rate
is influenced by the physicochemical properties and the quantity of polymer utilized for surface
coating (Seo et al., 2020; Shukla et al., 2019). Guar gum and hydroxypropyl methylcellulose (HPMC)
are suitable polymers for this coating film.

Guar gum (GG) is obtained from Cyamopsis tetragonoloba (Leguminosae family) seeds, a water-
soluble and non-ionic natural polysaccharide gum. Chemically, it consists of a linear polymer chain of
(1 = 4)-R-D-mannopyranosyl units, which have a-D-galactopyranosyl units linked by (1 - 6) bonds
(George et al., 2018). Its use has been widely developed in various hydrophilic matrices as carriers to
effectively control drug release by forming gels. GG expands in cold water and produces a colloidal
dispersion so that its gel-forming network inhibits drug release from the preparation (Jana et al., 2019).
HPMC, another polymer, has hydrophilic properties and is widely applied in modified-release tablet
formulations. Its addition to the coating component can improve the mechanical properties of the
tablet (Prusty & Patra, 2022). This polymer is commercially available in several grades depending on
the viscosity and amount of substituents (Hirun, 2022). HPMC-K15M can control drug release for 24
hours in tablet matrix formulations with drug release mechanisms in the form of drug dissolution
inside the hydrogel, drug diffusion across the hydrogel, and gel erosion (Yi et al., 2019).

Theophylline is a bronchodilator for treating asthma and stable chronic obstructive pulmonary
disease (COPD) (Rahmawati et al., 2018). Sustained release preparations have become essential to
dynamic changes in COPD pharmacotherapy over the last few years (Sharma & Kansal, 2023). After
oral administration, theophylline changes rapidly and is completely retained in the digestive tract. The
serum half-life of theophylline varies from 3 to 13, with an average range of 7-9 hours, and is toxic at
doses of 7.5 mg/kg or higher (Palai et al., 2023).

Based on the explanation above, studying the disintegration characterization and drug release
kinetics of sustained-release tablets coated with guar gum and HPMC-K15M is necessary. Guar gum,
a natural gum, is favored over similar synthetic polymers because of its easy availability, lower
toxicity, and cost-effectiveness (George et al., 2018). The incorporation of HPMC will enhance the
limited properties of guar gum. Theophylline core tablets were produced using the wet granulation
process, and the coating was applied using coating solutions comprising various ratios of guar gum
and HPMC-K15M. The primary measurement to assess the coating performance of the two polymers
is the disintegration and in-vitro dissolution.

MATERIALS AND METHOD
Materials

Materials consist of theophylline BPFI (BPOM, Indonesia), theophylline (Jilin Shulan Synthetic
Pharm., China), HPMC K15M (Shanghai Honest Chem. China), explotab (Gujarat Overseas INC.,
India), lactose (DFE pharma, Germany), talc (Haicheng Xinda Mining, China), guar gum (Shreeji
Agro, India), Mg stearate (Faci Asia Pacific, Singapore), povidone K30 (JH Nanhang LC., China),
PEG 400 (PT. Purnomo Putra Kimia, Indonesia), ethanol and aquadest (Harum Kimia, Indonesia).
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Methods
Theophylline Granules Preparation

Granules (300 mg in capsule) consist of 25% theophylline (75 mg, active ingredient), 5% PVP (15
mg, binder), 4% Explotab (12 mg, disintegrant), and 62% lactose (186 mg, filler). Theophylline and
Explotab were mixed with a V-mixer (Tamaru) at 90 rpm for 10 min. Then, dissolved in 74 mL of
distilled water, PVP was added slowly until a banana-breaking mixture was formed. The mixture was
sieved with a #12 mesh sieve and dried at 60°C in the oven for 2 hours. The dry granules were sieved
again with a #18 mesh sieve and mixed with 2% Mg stearate and 2% talc for evaluation.

Theophylline Granules Evaluation
Densities, Carr Index, and Hausner Ratio

Granules = 50 g (w) were weighed and put into a 100 mL measuring cup installed on a tapped
density tester (Tamaru). The initial volume (v1) before tapping and the final volume (v;) after tapping
500 times were recorded (Nining et al., 2020). Then, the bulk density, tapped density, Carr index, and
Hausner ratio are calculated using equations (1), (2), (3), and (4).

W
Bulk density mlL) = —
T e )
: W
Tapped density (g/mL) = —
U 2 2
Carr index (%) = fapped density - bu_:kd”my X100, 3
tapped density
) tapped density
Hausner ratio = .
bulle density || ..o, (4)

Flow rate and angle of repose

Granules +100 g (w) were weighed and put into a funnel with the hole closed on the granule flow
tester. Then, the funnel lid was opened, and the granules' flow time (t), the pile's diameter (d), and
height (h) were recorded. The t data was used to calculate the flow rate, while the d and h data were
used to calculate the angle of repose (Nining et al., 2020). Both are calculated using equations (5) and

(6).

) w
Flow rate (g/s) = r

) . h
Angle of repose (°) = tan™!—
-

Loss on Drying (LOD)

Granules = 1g (wi) were weighed and placed in a weighing bottle that has been heated and
weighed. The weighing bottle containing the sample with the lid open was heated at 105°C in the oven
(Memmert) for 30 min. Then, the bottle was cooled in a desiccator with the lid closed and weighed. Its
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procedure was repeated until a constant weight (w-) was obtained, indicated by a weighing difference
of no more than 0.50 g (Depkes RI, 2020). LOD was calculated using equation (7).

Wq—W

w.'ix ................................................... (7)

LOD (%) =

Granule size distribution

Granule grouping was determined using the sieving method (Depkes RI, 2020). Mesh analytical
sieves #12, #18, #20, #30, #40, and pans were weighed (w:) and arranged vertically downwards from
small to large numbers. Granules £100.0 g were weighed and put into the top sieve, and the tool was
run at 30 Hz for 25 minutes. Once completed, each sieve was weighed again (wz), and the average
granule size was calculated.

Theophylline tablet core compressing and coating process

The granules that have been evaluated were then put into the hopper of the tablet compressing
machine (Rimek). The tablet weight and hardness were regulated using the upper and lower punch of
the machine. If both were matched, the machine was run until the granules were finished. A 100 mL
coating solution was prepared with the composition listed in Table 1. Both polymers were weighed
and put into a glass beaker. Coating tablets was done by spraying the coating solution over the tablet's
surface gradually and uniformly with a revolving coating pan (CP-2L). Afterwards, the tablets were
rotated in the pan until they reached room temperature. The film-coated pills were weighed and kept in
a clean, then dried container (Iswandana et al., 2018).

Table 1. Composition of theophylline tablet coating solution

Coating component (%)

Materials Function =] =) F3
Guar gum Polymer 1 1 1
HPMC K15M Polymer 3 4 5
PEG 400 Plasticizer 1 1 1

Ethanol 80% ad Solvent 100 100 100

Theophylline coating tablets evaluation
Physical examination and size uniformity

Physical examination was done by observing the tablet's shape, colour, and size (Nining et al.,
2020). The diameter and thickness of the tablet were measured with a calliper and recorded in mm.

Weights variation

Ten tablets as samples were prepared. Each tablet was weighed, and the estimated amount of drug
in each tablet was calculated in percentage of the amount stated on the label. The acceptance value
determines whether the preparation is the same (Depkes RI, 2020). Correlation coefficients can also be
calculated with weighted data.

Hardness and friability

Hardness was measured using a hardness tester (YD-3) by applying pressure to the tablet until it
was crushed. The test was carried out on ten tablets. Friability was measured using a friability tester
(TFT 2D/C5.2). A total of 20 tablets were cleaned, weighed (W1), and put into the tool. Then, the tool
was run at 25 rpm for 4 min. The tablet was cleaned and weighed again (W,). Friability was
determined by calculating the weight loss percentage to the initial weight (Nining et al., 2020).
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Disintegration time

A total of 6 tablets were placed into the disintegration tester basket (BJ-2), and a weighted disc was
placed in each hole. The tool was run with water at 37° + 2° as the medium. The basket was removed
at the end of the time limit, and the tablets were observed (all tablets must be crushed entirely). If one
or two tablets did not entirely disintegrate, repeat the test with an additional 12 tablets: At least 16 of
the 18 tablets tested must fully disintegrate (Depkes RI, 2020).

Drug content

Drug content was determined spectrophotometrically (Agilent Cary 60) with phosphate buffer
saline (PBS) pH 7.2. First, the standard solution variations were made with theophylline BPFI to
determine Amax (270,0 nm) and the standard curve. Sample preparation for compressed theophylline
tablets was done by grinding 20 until they became powder. A certain amount of powder (~10 mg
theophylline) was weighed, dissolved in PBS pH 7.2 in a 100 mL volumetric flask, diluted, and
measured for absorbance at the Amax obtained previously.

Dissolution

The test procedure utilized a dissolution tester (Hanson Research SR 8 plus) with a paddle stirrer
type. PBS pH 7.2 was used as a dissolution medium with an agitation speed of 100 rpm and a
temperature of 37 £ 0.5°C. The pH of PBS is adjusted to 7.2 in order to simulate the pH conditions in
the proximal ileum during the fasting state (Hamed et al., 2016). The sampling process was conducted
at 15, 30, 45, 60, 90, 120, 240, 300, 360, 420, and 480 min. The sample is replaced with a new
dissolution medium of equal volume to maintain a constant medium volume. The sample absorbance
was measured, and the dissolved drug content was determined using Amax and a standard curve
previously determined (Ainurofiq et al., 2014).

Release kinetics modeling
The in-vitro studies results were entered into several kinetic model equations (8)-(11), such as zero-
order, first-order, Higuchi, and Korsmayer-Peppas, to characterize kinetic release studies and
determine the drug release mechanism (Kamboj et al., 2014). Each kinetic model's linear regression
line equation was created using its principles.
(a) Zero-order kinetics: Qi = Qo+ Kot .ovviririii e (8)
where Q is the amount of drug dissolved at time t, Qo is the initial amount of drug in solution,
and Ko is the zero-order release constant. A linear graph shows the cumulative amount of drug the
system releases (Qy) and time (t).
(b) First-order kinetics: IN Qt=1In Qo — K ... i 9
where K is the first-order release constant. A linear graph shows the logarithm of the drug
cumulative amount (In Qy) and time (t).
(c) Higuchi model kinetics: Qt = Kt ... ..uiiiiiii e (10)
where Ky is the Higuchi dissolution constant. A linear graph shows the drug cumulative amount
(Qy) and the root of time (t %%).
(d) Kinetics of the Korsmayer-peppas model: MM« = Kt" ..., (11
where My/M., is the fraction of drug released over time t, and n is the release exponent. The
exponent value (n) indicates the drug release mechanism.

A linear graph is shown between the logarithm of the drug released cumulative amount < 60% and
the logarithm of time as indicated by a correlation coefficient value close to one (r? > 0,98).
Determination of the kinetic model for drug release from tablets was determined from the r2 value in
the linear regression equation obtained by each formulation. If r2 approaches one, the kinetics follows
the release of the regression equation from that kinetic model (Nining et al., 2021).
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Data Analysis

A theoretical approach was carried out on some evaluation data by comparing it with the
requirements contained in compendial and other standard books. Statistical analysis was carried out on
tablet evaluation data with one-way ANOVA (a=0.005), and then, the Tukey HSD test was continued
to determine the significance of the differences between formulas.

RESULT AND DISCUSSION
Packing and flow properties

Granules were made using the wet granulation method. The packing and flow properties, such as
bulk and tapped density, Hausner ratio, Carr index, flow rate, and angle of repose, are shown in Table
2. Some fundamental parameters that govern the efficiency of many processes include solid particle
packing, density, and void proportion. Porosity is connected to the inner structure of the particle
(affecting particle density), whereas vacancy is related to the gaps between the particles (affecting bulk
density) (Kalman & Portnikov, 2020). The bulk and tapped density for all granules ranged from 0.51
g/mL to 0.54 g/mL, with drying losses ranging from 4.59% to 5.33%. The granules’ moisture
accumulates on the surface and creates water-bridging forces that reduce the bulk density. Bulk and
tapped density estimate powder volume at a particular production scale. The test is one of the most
straightforward approaches for determining "flowability" with the Carr index and Hausner ratio
classification. These two indices represent powder packing behaviour with and without tapping
(Akseli et al., 2019). The difference in bulk and tapped density values is between 0.2 and 0.3, which
indicates that the volume has mostly stayed the same even though 500 tappings have been carried out.
That confirms that the granule size is the same and reproducible (Singh et al., 2021). Carr index and
Hausner ratio showed low values, < 10% and < 1.11, respectively, which predicted acceptable flow.
Both were used to estimate powder flow since they are related to powder density and internal friction.
In particular, both describe inertial forces generated by tapping (for tapped density) and interparticle
friction relative to gravitational forces (for bulk density). Powders that exhibit low internal friction
relative to their weight cannot withstand the force of their gravity and, therefore, will compact based
on density measurements. Further rearrangement stimulated by tapping did not cause a significant
reduction in volume, and the powder was characterized by a low Carr index and Hausner ratio (Akseli
etal., 2019).

Table 2. Evaluation data of F1-F3 batches teophylline granule core

Parameter F1 F2 F3
Bulk density (g/mL) 0.51+£0.00 0.51+0.01 0.51+£0.00
Tapped density (g/mL) 0.54 +0.01 0.53+0.01 0.54 £0.00
Carr index (%) 542 +1.16 3.75%£0.62 4.79+0.58
Hausner ratio 1.06 £0.01 1.04 £0.01 1.05+0.01
Flow rate (g/s) 13.77£0.20 16.23 £0.22 16.44 £0.18
Angle of repose (°) 28.44 £ 1.63 27.44£0.41 29.23+1.38
Loss on drying (%) 533+041 459+0.01 4.69+£0.11
Granule size (mm) 553.28 + 7.70 569.04 + 11.04 627.28 + 10.67

Solid particle flow is the movement of particles relative to neighbouring particles to create a sliding
surface. At the same time, the angle of repose is defined as the angle of inclination of the free surface
to the horizontal of the bulk solid pile. It is a criterion for the ability to flow solid particles and a
fundamental parameter in bulk material storage (Kalman, 2021). The angle of repose obtained ranges
from 27.44° to 29.23° with a granule size ranging from 553.28 mm to 627.28 mm, which means it IS
excellent to flow. Particles larger than 250 mm usually flow relatively freely in contrast to particles
under 100 mm in size, which tend to become cohesive and have problems with the flow
(Avbunudiogba et al., 2020).
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Physicochemical properties of coating tablets
Various physicochemical properties of coating tablets, such as diameter and thickness, weight
variations, hardness, friability, and tablet disintegration time, are presented in Table 3.

Table 3. Evaluation data of theophylline tablet

Parameter F1(1:3) F2(1:4) F3 (1:5)

Size variation

Diameter (mm) 9.24 +0.06 9.26 £0.05 9.24 +0.07

Thickness (mm) 5.15+0.07 5.07 £ 0.07 5.07+£0.12
Weight variation (mg) 333.38 +4.40 334.99 + 7.29 339.56 + 11.65

Coefficient of variation (CV, %) 1.32 2.18 3.43

Acceptability value 6.53 7.70 13.58
Hardness (kgf) 11.61+1.17 13.69£0.01 18.86 £ 2.45
Friability (%) 0.186 £+ 0.003 0.155 £ 0.003 0.103 £ 0.001
Disintegration time (min) 20.69 £ 0.38 24.25+0.75 27.36 £ 1.09
Drug content (%) 98.51 + 0.93 98.51 + 0.08 98.55 + 0.10

Tablets must have good dosage uniformity. Tablets with a drug content of > 25 mg with an active
substance ratio of > 25% were tested for preparation uniformity using the weight variation method
(Depkes RI, 2020). All formulas' variation coefficients are below 5%, and the acceptance value is
below 15.0. Both prove that tablets have a similar amount of active substance in the dosage unit. The
acceptability value was calculated by estimating the drug content in each tablet against the drug
content of each dosage formula. The drug content obtained ranged from 98.51% to 98.55%. The
granules' flow properties greatly influence the moulded mass's weight or dosage uniformity, including
their porosity (Iswandana et al., 2018; Syukri, 2018).

Tablet hardness is a parameter of a tablet's resistance to mechanical stress, such as shock and tablet
cracking during packaging, transportation, and usage (Syukri, 2018). Tablet hardness in all batches
ranged from 11.61 kgf to 18.86 kgf. Increasing the coating concentration increases the tablet's
hardness. This observation may be caused due to the stronger bond between the guar gum polymer and
HPMC-K 15M. Another study reported something similar when tablets were formed using
methacrylate polymer (Avbunudiogba et al., 2020). Tablet friability indicates the resistance of the
tablet surface to impact during packaging. The value is good if the amount is below 0.8% (Syukri,
2018). The friability value decreases as the coating polymer concentration increases. This increase in
concentration is thought to increase the thickness of the coating layer, thereby preventing the release of
powder particles from the tablet surface. This finding is inversely proportional to the tablet’s friability
with a NaCMC matrix (Iswandana et al., 2018). Even though HPMC and NaCMC are hydrophilic
polymers, the coating system will be more effective in reducing friability in tablets than the matrix
system.

Disintegration time is required for a tablet to break completely into small particles or granules, as
indicated by the hole in the tool basket passing through (Syukri, 2018); the disintegration time
obtained ranged from 20.69 min to 27.36 min. Increasing the polymer concentration increases the
tablet disintegration time with the exact estimation of the tablet's friability. Coated tablets must
disintegrate within 60 min (Syukri, 2018). Several factors influenced the disintegration time, excipient
usage, production tablet method, type and concentration of lubricant, machine compression during
tabletting, as well as physicochemical properties of tablet ingredients (Nining et al., 2020).

Drug release kinetics

The purpose of sustained-release preparations is to slow the drug release rate in the digestive
system and reduce the frequency of drug administration. The release rate of a dosage form regulates
drug absorption from the sustained-release dosage form so that there is a constant rate to minimize
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unexpected toxic peaks and subtherapeutic troughs in plasma levels, often occurring at various doses
(Caldwell & Kaushal, 2017). For this purpose, it is necessary to characterize the drug release profile of
the preparation using an in-vitro dissolution test (Al-Hashimi et al., 2018). Before testing, the
maximum wavelength and calibration curve were determined to be used to measure dissolved drug
levels spectrophotometrically. The maximum wavelength obtained is 270 nm with a calibration curve
equation Y = 0.05970 pg/mL and 10.9 pug/mL. In the dissolution test, the solubility of the theophylline
was measured at several time points for 8h or 480 min. A paddle-type tool was used with a speed
setting of 60 rpm at 37°C with PBS pH 7.2 medium. Sampling was conducted at 15, 30, 60, 90, 120,
180, 240, 300, 360, 420, and 480 min.

120

——F1(1:3)
100 1 = F2(14)

F3 (1:5)

80 A

60

40

% Cumulative drug released

0'- - L) L) L) L) L) L) L) L) L) L] L]
0 15 30 60 90 120 180 240 300 360 420 480

Time (min)

Figure 1. In-vitro dissolution profile of theophylline coated tablets in PBS 7,2

In Figure 1, the large amount of drug release in F1 began to occur significantly at 180 min (3h),
which is very different from F2 and F3. Meanwhile, in F2 and F3, a significant difference in drug
release occurred starting at 300 min. Regarding the shape of the curve, drug release in F2 and F3
shows almost the same shape. However, the F3 coating slightly inhibits drug release compared to F2,
which is indicated by the position of the F3 curve below F2 on the graph. Theophylline is slightly
soluble in water (Mohamed et al., 2013). Water-soluble drugs exhibit rapid release rates, usually
through diffusion, whereas insoluble drugs are primarily released through gel erosion. In addition,
water-soluble drugs tend to experience increased osmotic pressure, resulting in rapid diffusion—
osmotic pressure applied to the sponge gel core causes polymer swelling (Mohamed et al., 2013). The
results showed that increasing the concentration ratio of HPMC K15M to guar gum resulted in a
decrease in theophylline dissolution. The mechanism for drug release from the preparation occurred
through the process of developing the coating polymer (Singh et al., 2021). This event results in the
formation of a gel around the tablet and inhibits the slow release of the drug. In this case, HPMC
K15M is a polymer with high viscosity, which absorbs water significantly to form a gel. The
dissolution medium penetrates the gel layer, and the drug molecules exit the system by diffusion. That
can be seen from each formula in the dissolution rate data (Majumder et al., 2016).
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Figure 2. Comparative linear plots of (A) zero-order, (B) first-order, (C) Higuchi (SQRT), and
(D) Korsmeyer-Peppas release kinetics model for F1-F3

Based on cumulative drug release data at 360 min, F3 (1:5) showed the most retarded release of up
to 75.42% compared to F2 (1:4) and F1 (1:3), with drug release of 76.91% and 95.24%, respectively.
These data show that increasing the HPMC K15M polymer by 1% in the preparation can hold the drug
for 1.49-18.33%. That was also found in research on releasing salbutamol sulphate coated with
various polymer concentrations. These differences cause the polymer thicknesslayer on the granules to
vary and affect the drug release rate. Increasing the polymer's thickness will reduce the film layer's
porosity, slowing drug release (Al-Hashimi et al., 2018). The physicochemical properties and the
polymer amount used to coat the surface regulate the drug release rate. Moreover, it is regulated by
changing the coating layer's thickness, tortuosity, and permeability (Seo et al., 2020).

Table 5. Estimated correlation coefficient and diffusion exponent values from theophylline
dissolution data

Korsmeyer-

Zero-order First-order Higuchi
Peppas

Tablet

r’ Ko (mol) r’ Ki (h?) r’ Kn r’ n

F1(1:3) 0.9561 16.32 0.7158 0.52 0.9579* 49.12 0.9427 1.12
F2 (1:4)  0.9523* 12.59 0.7945 0.41 0.8786 38.89 0.9454 0.96
F3(1:5) 0.9811* 12.56 0.7926 0.46 0.9003 42.30 0.9704 1.16
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Table 5 and Figure 2A-2D show various release kinetic models to predict tablet drug release
mechanisms and verify whether diffusion is Fickian or non-Fickian. The results with the highest
linearity (r? closest to 1) show the behaviour of the zero-order kinetic model (Figure 2A) at F2 and F3
with rate constant (k) values of 12.59 and 12.56 mol, respectively. In general, these results do not
show significant differences in slowdown rate. From the first to the 6h, the released drug concentration
was almost similar between F2 and F3, but there was a significant difference at the 7h. A delivery
system that follows zero-order kinetics will release the same amount of drug per unit of time and is the
best release technique to achieve delayed effects (Rasul et al., 2020). F1 leads to two kinetic models
with comparable correlation coefficients: the zero-order and the Higuchi models. That may imply that
the viscosity of hydrated coatings may be the same despite differences in viscosity levels (Hirun,
2022). In the Kosrmayer-Peppas kinetic model (Table 5), relatively good linearity was also
demonstrated in all three tablet formulas, and the release exponent (n) values were found to be in the
range of 0.96-1.16, indicating a super-case Il transport mechanism. It refers to the drug transport
mechanism related to pressure and transition in hydrophilic glass polymers swelling in water or
biological fluids (Solanki & Motiwale, 2020). The conclusive findings indicated that the tablet coating
with the lowest concentration of film coating, F1 (1:3), adhered to the zero-order model, but the other
two, F2 (1:4) and F3 (1:5), adhered to the Higuchi models.

CONCLUSION

Suitable quality theophylline tablets with HPMC K15M and guar gum coating have been
successfully produced. Increasing the concentration ratio of HPMC K15M to the coating solution
resulted in a decrease in the drug release rate. The maximum release is provided at F3 with a ratio of
1:5, which releases the drug for up to 480 min or 8h. The drug release kinetics formulations followed
the Higuchi (F1) and zero-order kinetic model (F2 and F3).
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ABSTRACT

Recently, drug encapsulation using a Nanostructured Lipid Carrier (NLC) has gained attention in
formulation studies due to its high loading capacity and prevent drug expulsion during storage. Drug
loading capacity is mainly affected by lipid type and composition, especially liquid lipids. Therefore,
this research aimed to evaluate the potential of avocado oil as a liquid lipid of NLC replacing pure oleic
acid. All components including oil, glyceryl monostearate, Tween 20®, and Span 60® were processed to
NLC by solvent injection method. The colloidal characteristics of NLC dispersion in water and 20 mM
PBS pH 7 were determined, including transmittance, particle size, size distribution, zeta potential,
loading capacity (LC), and loading efficiency (LE) of capsanthin in NLC. The results showed that NLC
containing oleic acid (Foz) and avocado oil (Fav) dispersion in PBS exhibited a similar transmittance
and zeta potential of 69-74% and -51 to -58 mV, respectively, whereas the particle size and size
distribution of Fay, were significantly higher than Fo.. Moreover, the 1.3-fold higher LC and LE of Favo
compared to Foia Was insignificant (p>0.05). Additionally, the Tween 20® and Span 60® ratio of Fayo
should be improved to obtain an ideal particle size and size distribution as in Fqja. In conclusion, avocado
oil indicated the potential to be utilized as a liquid lipid of NLC formulation regarding zeta potential and
drug loading. However, the surfactant composition should be adjusted to reduce the particle size of the
NLC, leading to permeability enhancement in delivery, particularly oral administration.

Keywords: nanostructured lipid carrier, nanocarrier, avocado oil, vegetable oil application

*Corresponding author:

Nuri Ari Efiana

Department of Pharmaceutics and Pharmaceutical Technology, Universitas Ahmad Dahlan
JI. Prof. Dr. Soepomo, S.H., Warungboto, Umbulharjo, Yogyakarta, Indonesia

Email: nuri.efiana@pharm.uad.ac.id

Journal homepage: http://journal.uad.ac.id/index.php/PHARMACIANA


https://doi.org/10.12928/pharmaciana.v14i3.30281

Pharmaciana ISSN: 2088 4559; e-ISSN: 2477 0256 409

INTRODUCTION

Recently, drug discovery has been moving toward two categories, small-molecule drugs and
macromolecule biological products. The first category is dominated by lipophilic substances exhibiting
low water solubility properties thereby categorized in Class Il or IV of the Biopharmaceutics
Classification System (BCS) leading to low oral bioavailability (Leeson, 2016; Lobo, 2020; Walters et
al., 2011). Meanwhile, the second category meets a stability problem against the harsh environment of
the gastrointestinal tract due to enzymatic activities and extreme pH. Moreover, biological product
macromolecules also show low permeability across high-viscosity intestinal mucus and lipophilic-nature
gastrointestinal membranes (Fuhrmann & Fuhrmann, 2017). One of the efforts to address such problems
is the development of a nanocarrier system, including nanostructured lipid carrier (NLC), which has
been proven to increase drug- dissolution and stability in gastrointestinal medium, and drug permeability
across gastrointestinal barrier (ElImowafy et al., 2017; Mahor et al., 2023; Shahzadi et al., 2021).

NLC was developed to ameliorate the properties of solid lipid nanoparticles (SLN) by introducing
liquid lipid, a key component that is not available in SLN formulation. This differentiating component
modifies the characteristic of the lipid core leading to the enhancement of the capability of the
nanocarrier to load the intended drug (Khan et al., 2022). The solubility of drugs in the core of SLN is
affected by the crystal structure of the composing lipid. Therefore, the similar lipid composition of SLN
might produce a different drug loading capacity due to lipid crystal polymorphism phenomena. A dense
triglyceride polymorph, namely B-form, serves fewer crystal voids and spaces leading to decreased drug
solubility, thereby loading capacity (Zhong & Zhang, 2019). Additionally, the drug can occupy the
crystal defect (imperfection) in which much space is available due to crystal disorder (Mukherjee et al.,
2009). Therefore, increasing the part of crystal defect of lipid or selecting an unstable solid form,
including an amorphous state is proven to augment the solubility of the drug in the lipid core, leading to
drug loading enhancement. However, during storage, the lipid molecules in the part of the crystal defect
or amorphous self-arranges bringing the solid into perfect crystal leading to drug expulsion (Mukherjee
et al., 2009). In NLC, alongside utilizing surfactants as in SLN, the liquid lipid is added producing a
core consisting of a mixture of liquid and solid lipid. The introduction of liquid lipids in the lipid
nanocarrier holds the imperfect condition of the lipid mixture, thereby enhancing the drug loading at a
lower risk of drug expulsion (Chauhan et al., 2020; Ghasemiyeh & Mohammadi-Samani, 2018). Several
types of liquid lipids could be used to formulate NLC, such as triglyceride, fatty acid, fatty alcohol, and
vegetable or animal oil (Qushawy, 2021; Saedi et al., 2018; Soeratri et al., 2019; Veider et al., 2022).

The inhibition of lipid crystallization as well as directing the crystallization to a specific polymorphic
form by liquid lipid producing a more accommodating crystal are determined by the type of liquid lipid
(Bertoni et al., 2021; Yang et al., 2024). In the same liquid lipid type, for instance, free fatty acid, the
carbon-chain length also determines the crystal packing of the lipid mixture (Beddoes et al., 2021). The
similar aforementioned situations are likely to appear in NLC preparation, explaining the effect of liquid
lipids on drug loading in NLC. Moreover, since emulsification is one of the steps in NLC preparation,
the conformity between surfactant HLB and lipid mixture RHLB determines the diameter of NLC.
Changing the liquid lipid type of the emulsion means shifting the RHLB resulting in an alteration of the
internal phase (the pre-NLC) characteristics (Griffin, 1949). In previous study implemented various
types of lipid fatty acid ester, namely triglyceride, ester propylene glycol, ester long chain alcohol, and
polyethylene glycol in NLC formulation, concluded that the type of fatty acid ester affected the particle
size and drug loading (Houacine et al., 2020).

The role of liquid lipid type in determining the characteristics of NLC underlies the needs of this
research. Avocado oil was employed as a liquid lipid in NLC formulation to increase vegetable oil
utilization. Avocado oil contained in NLC not only acts as an oil but also as an active ingredient since it
shows various biological activities (Lin & Li, 2024). Therefore, as a first stage, this study aimed to
identify the effect of lipid types, namely avocado oil and oleic acid on the characteristics of NLC.
Avocado oil is a crude vegetable oil containing mostly triglyceride showing an esterified oleic acid
substructure (Liu et al., 2023). Therefore, an NLC formulation containing oleic acid as a free fatty acid
form was developed as a comparator formulation. Several characteristics of NLC formulations were
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determined including transmittance of NLC dispersion, particle size, polydispersity index, and zeta
potential. Moreover, capsanthin derived from paprika extract was used as a model drug to calculate
loading efficiency (LE) and loading capacity (LC). The pharmacological activities of capsanthin and
avocado oil are expected to support each other in delaying degenerative diseases, for instance,
cardiovascular disease and diabetes (Jo et al., 2017; Kim et al., 2022).

MATERIALS AND METHOD
Materials

Avocado oil used as the liquid lipid of the first formulation of NLC was a cold-press product of PT
Tamba Sanji Wani, Bali, Indonesia, whereas oleic acid was purchased from Alfa Kimia, Yogyakarta.
Other materials used in both NLC formulations were glyceryl monostearate (GMS, Multi Jaya Kimia,
Indonesia), Tween 20®, and Span 60® were purchased from (Nitrakimia, Yogyakarta). Standard
capsanthin is of analytical grade purchased from BOC Sciences (USA). Capsanthin was purchased from
the Qin Health Industry (Xi’an, China) as a paprika extract. The capsanthin concentration in the extract
determined by spectrophotometric method is 37%. All components of the phosphate buffer saline (PBS),
namely potassium phosphate mono- and dibasic and sodium chloride, were analytical grade of Sigma
Aldrich (Singapore). Purified water and 95% ethanol were purchased from General Labora, Yogyakarta.

Methods
Preparation of NLC

NLC was prepared by solvent injection method (Duong et al., 2020) with slight modification
according to the formulation as listed in Table 1. Firstly, a paprika extract containing about 185 mg of
capsanthin was dissolved in 1000 pL of ethanol 70% at room temperature assisted by a magnetic bar
stirring at about 300 rpm for 30 minutes. A similar stirring method was also applied to dissolve GMS
and Span 60® in 70% ethanol, each of 700 L, and the temperature was set at 60 °C. These three solutions
were mixed at room temperature by stirring at 1000 rpm for 30 minutes before transferring into a vial
containing liquid lipids. Subsequently, about 2000 pL of ethanol 70% was added to the rinse and the
solution containing capsanthin, GMS, and Span 60®. The solution was added to the main mixture under
continuous stirring at room temperature to get a homogenous oil phase. Afterward, Tween 20® solution
in 50 mL of water was added dropwise into the continuously stirred oil phase to produce NLC dispersion
in water. The unstructured and coarse structured lipids were separated by centrifugation at 4000 rpm for
15 minutes. The supernatant, colloidal dispersion of NLC, was collected and freeze-dried to remove the
solvent. The NLC powder was stored in the fridge until further experiment.

Table 1. Formulation of NLC containing oleic acid (Foz) and avocado oil (and Fav)

Components Functions Amount (mg)

Fola Favo

Paprika extract (containing 37% of capsanthin) Active substance 500 500

Glyceryl monostearate Solid lipid 600 600
Oleic acid Liquid lipid 300 -

Avocado oil Liquid lipid - 300

Tween 20® Hydrophilic Surfactant 600 600

Span 60® Lipophilic Surfactant 300 300

Note: The composition is for a processing batch of 50 mL in an emulsification (dispersion) step using purified water

Measurement of transmittance, particle size, polydispersity index, and zeta potential of NLC
dispersion

About 10 mg of NLC was dispersed in 5 ml water as well as in 20 mM PBS pH 7 by stirring at 300
rpm for 30 minutes at 37°C. The transmittance of dispersed NLC was measured at a wavelength of 650
nm using a Shimadzu UV1900 spectrophotometer. Moreover, the characteristics of the NLC, namely
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particle size, polydispersity index, and zeta potential were determined using Zetasizer® (Malvern
Panalytical).

Loading Capacity (LC) and Loading Efficiency (LE) Determination

Loading capacity reflects the concentration in percent mass of drug loaded in the carrier. In this
research, LC was determined by direct method (Garms et al., 2021) by measuring the concentration of
capsanthin dissolved from the NLC in ethanol. Briefly, a precise weight of about 10 mg of NLC sample
containing capsanthin (Mp) was dissolved in ethanol up to 5 mL (Ve). Thereafter, the absorbance of the
solution was measured at its maximum wavelength (Amax) Of 476 nm to calculate the capsanthin
concentration (Cc) using a calibration curve. Loading capacity (LC) was calculated using Equation 1
(Garms et al., 2021).

LC(%) = % 100% weovverere 1)

(CcxVe)
M

The amount of capsanthin loaded (CcxVe) in a precise weight of NLC (Mp) in LC determination
was also used to calculate loading efficiency (LE). Some additional data was needed in the LE
calculation (Equation 2) (Garms et al., 2021), including the mass of total capsanthin processed in a batch
as stated in Table 1 (Mc) and the mass of total NLC recovered from a process (Mt). To define Mt, we
pre-weighed the mass of the plastic tube for the freeze-drying procedure and determined the mass of the
plastic tube containing NLC once the freeze-drying step was finished. Mt was calculated as mass
differences of such values.

LE(%) — (Mt/Mp;Ic CcxVe)

X 100% ... )

Data Analysis

Independent sample t-test at a 95% confidence interval was performed using SPSS Statistics 17
(IBM, 2008) to analyze the differences between two groups regarding the effect of medium disperse
(water and PBS) on NLC colloid characteristics, including transmittance, particle size, polydispersity
index, and zeta potential of each formulation, as well as the effect of liquid lipid type constructing NLC
on above characteristics either in water medium or PBS. Moreover, the same statistical approach was
also used to determine the effect of liquid lipid type on loading capacity and loading efficiency.

RESULTS AND DISCUSSION

The development of vegetable oil extraction technology increases the variety of oils to be used as
nutrients as well as pharmacological materials (Saputra et al., 2024). Avocado oil extracted by cold-
pressing preserves its composition as original (Cakaloglu et al., 2018; Wandhekar et al., 2023) showing
potential as anticancer, anti-inflammatory, antidiabetic, and anti-cholesterol (Alkhalaf et al., 2019; de
Oliveira Marques et al., 2022; Del Toro-Equihua et al., 2016; Ericsson et al., 2023; llesanmi et al., 2022).
Utilization of vegetable oil, as a component of lipid nanocarrier, namely avocado oil, is expected to
obtain two advantages including physical and biological characteristics. Before this application, several
pre-studies should be conducted as in the present research. The NLC formulation products were
subjected to characterization (Figure 1). Both NLC formulations showed a red color due to capsanthin
and could not be distinguished visually.

Effect of liquid lipid on the transmittance of colloidal dispersion

Fast and cheap investigation of particle size can be performed by measuring the transmittance of
colloidal dispersion of NLC using a Spectrophotometer set up at 650 nm. The type of dispersed medium
did not give any significant effect (at p<0.05) on the transmittance of NLC dispersion. Generally, NLC
dispersion showing transmittance at above 70% is accepted regarding the particle size, namely, less than
500 nm (McClements & Rao, 2011). This submicron-sized particle is still possible to be absorbed by
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the gastrointestinal membrane via pinocytosis mechanism (Wang et al., 2023). Based on transmittance
data available in Figure 2, both formulations were predicted to exhibit an acceptable size (McClements
& Rao, 2011; Wang et al., 2023). However, since other factors alongside particle size also determine
the transmittance of colloidal dispersion (Zhang & Reineccius, 2016), a confirmation from a standard
instrument for particle size measurement was conducted.

A

Figure 1. Photograph of NLC: emulsification step of NLC formulation (A), the supernatant of
NLC formulation before freeze drying (B), The freeze-dried product of NLC (C)
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Figure 2. The transmittance of colloidal dispersion in water and PBS at a solid concentration of 2
mg/mL. The data is presented as mean + SD of three replications

Effect of liquid lipid type on NLC characteristic
Liquid lipid type affects the particle size, size distribution, and zeta potential

In this research, two lipid types, namely, pure oleic acid and avocado oil, were utilized. In explaining
the effect of liquid lipid type on NLC characteristics, the chemical information of avocado oil is provided
in Figures 3 and 4. The lipid composition of avocado oil and the general molecular structure of the main
lipid type are depicted in Figure 3 (Liu et al., 2023), whereas the variety of fatty acids present in avocado
oil as either free or bonded to glycerol is shown in Figure 4 (Nasri et al., 2023).

As shown in Figure 5, dispersing NLC containing avocado oil, either in water or in PBS produced a
significantly (p<0.05) higher particle size compared to that of Foa. The higher particle size of NLC
containing crude vegetable oil compared to oleic acid was also determined previously (Soeratri et al.,
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2019). Two possibilities likely arose to argue the situation as follows. Firstly, as shown in Figure 4, the
mass fraction of the polar substructure of oleic acid liquid lipid, namely COOH, is higher than that in
the corresponding triglyceride, the most abundant lipid type of avocado oil (Figure 3). Exhibiting about
16% of the polar group, alongside as liquid lipid, oleic acid exhibits surfactant properties with a low
HLB of about 1 (Martin & Bustamante, 1993; Sinko, 2006). This liquid lipid can assist Tween 20® and
Span 60® in emulsifying the other lipid, leading to the production of small particles. The second
argument is by applying the HLB-RHLB conformity theory suggesting that stable emulsion and
structured lipid suspension are achieved in the nearest value between the HLB of surfactant/surfactants
mixture and RHLB of lipid/lipids mixture. As a liquid lipid, oleic acid was assumed to have an RHLB
of about 14-16, the value of general fatty acids (Pasquali et al., 2009), whereas the RHLB of avocado
oil could be approximated from other vegetable oils by about 7 (Pham et al., 2022; Rave et al., 2020).
Since the HLB of Tween 20®and Span 60® mixture at a 2:1 ratio is calculated to be about 13, it is closer
to oleic acid than avocado oil. This second argument can also be used as a basis to improve the future
formulation of NLC containing avocado oil, particularly in particle size issues. Once the exact value of
the RHLB of avocado oil is known, the composition of the surfactant could be adjusted to reach the
HLB approaching the RHLB. Moreover, the surfactant-to-lipid ratio and surfactant concentration in
the dispersion system of preparation could be increased to reduce particle size in a targeted value, for
instance, less than 200 nm to ensure permeability and stability during administration or delivery.

Showing a particle size of about 600 nm, the NLC applying avocado oil as liquid lipid is in the border
of colloidal and coarse dispersion. Since the 600 nm value is the mean from a bulk NLC, some part of
the bulk particle is in the colloidal range namely below 500 nm, and the other part is in the nanoparticle
range, i.e. 500-1000 nm. In oral application, the colloidal particles below 200 nm are absorbed by
nonspecific pinocytosis transport in all regions of the intestine. The larger particles are absorbed via M-
cell contained in Peyer’s patch and delivered to the lymphatic system where the particles are destroyed.
Then, the smaller particles are delivered to the systemic circulation by-passing the liver (Cai etal., 2011,
Delon et al., 2022; Trevaskis et al., 2007). In Fq, formulation, along with pinocytosis transport as in Fayo,
some parts of NLC particles are below 50 nm which can be absorbed via a paracellular route in between
intestinal cell (Mok, 2024).

Figure 5 likely disproves Figure 2 since Figure 5 shows that the particle size of Fay, was significantly
(p<0.05) higher than Fo, in both mediums, while Figure 2 informs that the transmittance of colloidal
dispersion predicted the equal particle size. However, they are not contradictory as explained in the
following. The curve of transmittances as a function of particle size slews in a certain particle size
depends on the dispersion type. For lipid/oil nano-carrier, the turning point usually lies in the range of
500-1000 nm, in which the border of the size-based dispersion type rests. Previous studies about lipid
nanocarriers determined that the transmittance vs particle/droplet size curve shows a negative slope
meaning the larger the particle/droplet the lower the transmittance is (Jan et al., 2022; Khan et al., 2020;
Negi et al., 2014; Ziani et al., 2012). Inversely, coarse dispersion containing greater particle/droplet size,
for instant emulsion, shows a greater transmittance (Linke & Drusch, 2016; Orafidiya & Oladimeji,
2002) It means that around 500 nm, for instance, 300-600 nm as in the present research, the
transmittance significantly did not change.

Regarding the higher zeta potential in the negative direction of Foa than Fayo dispersion in water
medium as shown in Figure 6, it is explained by Figure 4 that the ionization ability of the hydrophilic
substructure of oleic acid which is on the surface of lipid particles is higher than that of avocado oil
consisting mostly of triglyceride. Consequently, it was likely that the solid surface of NLC containing
oleic acid was more negative than that of avocado oil. The presence of electrolyte in dispersed medium
likely donated the cation adsorbed on the particle surface of Fo. explaining the equal zeta potential of
both NLC formulations in PBS dispersion.

The more negative zeta potential of NLC formulation containing oleic acid in comparison to that of
lipid type other than free fatty acid which also evaluated in previous research (Andalib et al., 2012;
Chinsriwongkul et al., 2012; Soeratri et al., 2019) indicates that oleic acid lays on the particle interphase.
This strengthens the evidence that oleic acid has surfactant properties as mentioned previously. The
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change in zeta potential by introducing a specific surfactant is adopted in the formulation of zeta
potential changing nanocarrier. For instance, introducing a cationic surfactant in a lipid-based
nanocarrier system, trimethyl tetradecyl ammonium bromide, brought the zeta potential of the
nanocarrier to be positive, and vice versa for the addition of anionic surfactant (Efiana et al., 2022).

Zeta potential plays a crucial role regarding the stability during storage and the permeability in
administration. The high zeta potential, either in a positive or negative direction hinders the flocculation
of the dispersed phase of liquid formulation due to high electron repulsion, thereby hindering the
increase in particle size and size distribution (Deryabin et al., 2015). Since both NLC formulations
showed more than 30 mV (in a negative direction) then it is categorized as stable formulations (Malvern-
Instrument, 2015). The negative value of zeta potential also provides a benefit in permeation across the
mucus layer of the gastrointestinal membrane. The mucus of Gl is constructed by oligosaccharides
containing sialic acid sub-structure capable of ionizing. This negatively charged molecule attracts
positively charged nanocarrier inhibiting nanocarrier permeation to the GI membrane (Griffin et al.,
2016).
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Figure 3. Lipid composition of avocado oil (Liu et al., 2023) and general molecular structure of
triglyceride (A), diglyceride (B), and phosphatidylethanol (C). R'-R?are carbon chains
with or without double bonds which can be the same or different in carbon number
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Figure 4. Average composition of fatty acid from 8 varieties of avocado oil (A) (Nasri et al.,
2023), molecular structure of oleic acid (B) and glyceryl trioleate (C)
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Figure 6. Zeta potential of NLC particle dispersed in water and PBS of Fga (white) and Favwo
(black). The data is presented as mean + SD of three replications. The star notation (*)
indicates that the difference is significant at p<0.05

Effect of liquid lipid type on NLC’s drug loading

Drug loading in lipid nanoparticles (loading capacity, LC) reflects the solubility of drug molecules
in the solid lipid constructing structured lipid carrier. The solubility of a drug in solid lipid is mostly
determined by drug solubility in melted lipid at its melting point as an intrinsic property of drug and
lipid (Alskar et al., 2016; Xu et al., 2022). Additionally, the crystallinity of solid lipids also plays a role
in loading capacity in which low crystallinity solid, namely high defect lipid crystal, adopts more drug
molecules leading to LC enhancement (Chauhan et al., 2020; Rosenblatt & Bunjes, 2017), thereby
increasing the process efficiency. To induce and maintain lipid crystal defect, two liquid lipids were
introduced in NLC formulation containing glyceryl monostearate solid lipid, namely oleic acid and
vegetable oil. Capsanthin was used as a drug model to study the effect of resulted crystal defect on drug
loading, and the data is shown in Figure 7.
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Figure 7. Loading capacity and loading efficiency of capsanthin in NLC formulation containing
oleic acid (white bar) and avocado oil (black bar). The data is presented as mean + SD
of three replications

Figure 7 shows the slight differences in LC and LE of NLC due to the differences in liquid lipid
components. It is predicted that a single-component liquid lipid, for instance, oleic acid, could be
adopted more orderly during the crystallization of monoglyceride compared to a random molar ratio of
multi-component liquid lipid as in vegetable oil. Therefore, the incorporation of avocado oil liquid lipids
intensively decreased the crystallinity of solid lipids, higher than that of oleic acid. However, the high
coefficient variation of the replication caused the differences are not significant (in p<0.05).
Additionally, the physical characteristics might be used to indicate such lipid crystal imperfection
(Aragdo & Maximo, 2024; Flakemore et al., 2014; Folayan et al., 2019).

Effect of medium disperse on NLC characteristic

In particle size analysis using the dynamic light scattering method, particle size is represented by
hydrodynamic diameter. The size is not only determined by solid-state diameter but also includes the
electric Stern layer, an ionic solution extending from the surface of the solid to the slip plane when the
particle is moving (Gordillo-Galeano & Mora-Huertas, 2021; Maguire et al., 2018). Since the thickness
of the Stern layer is affected by ionic strength determined by the salt concentration in the dispersed
medium (Brown et al., 2016), measuring the particle size in different mediums might yield different
results. Moreover, the electrolyte concentration in the medium also affects the electric repulsion
determined by the zeta potential of particles (Hutin et al., 2023). In this research, the characteristics of
colloidal dispersion of NLC in 20 mM PBS pH 7 representing the condition in the gastrointestinal
medium were measured and compared to those in water.

Figure 5 indicates that the particle size of both NLC formulations was decreased by the availability
of electrolytes in the dispersed medium. Since the dispersed particle was the same, the differences in
particle size after dispersion are affected by at least two possibilities, namely the particle aggregation
and Stern layer shrinking or extending. In this study, the second likelihood is preferred since the particle
size in the electrolyte medium is lower than in water which is in line with a theory suggesting that the
thickness of the Stern layer is reduced by enhancing the ionic strength of the medium (Brown et al.,
2016). The decrease in particle size due to the enhancement of ionic strength up to 3% was also evaluated
in emulsion (Narukulla et al., 2020). The mechanism of electric layer compression due to electrolyte
addition into medium disperse was explained by Guerrero-Garcia and co-workers. Briefly, the
electrolyte presented in medium disperse increases the colloidal surface charge density, thereby inducing
the deswelling of the electric field (Guerrero-Garcia et al., 2019). Nonetheless, several previous studies
identified that the particle size of NLC dispersed in electrolyte solution was higher than that in water. It
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is explained that electrolytes induce particle aggregation (Choi et al., 2014; Gordillo-Galeano & Mora-
Huertas, 2021). It is also possible that aggregation in PBS medium increasing the particle size has
occurred but in a less pronounced than Stern layer shrinking. The higher size distribution of both NLC
formulations dispersed in PBS in comparison to that in water correlated to aggregation. The electrolyte
induced some parts of the NLC particle to aggregate, while another part remained as separate particles.
This situation produced a higher size distribution in the PBS medium (Figure 5).

Regarding the higher zeta potential of both NLC formulations when dispersed in PBS (Figure 6), it
is justified as follows. Potential-determining ion, the cation in this case, adsorbed onto the solid surface,
followed by anionic counterions (gegenions) adsorbed on the next-outer layer by the slip plane. In the
water medium, the availability of potential-determining ions and gegenions is not enough to decrease
the negatively charged surface resulting in a maintaining of the more negative of Foi until the slip plane.
The more negative of the solid surface of Fqa formulation could be countered by cation and anions
available in PBS medium resulting in equal zeta potential to Fav. It should be noted that the thickness
of the Stern layer in the PBS medium is less than in water, explaining why the similar zeta potential is
more negative in the PBS medium than in water. However, it should be considered that based on
statistical analysis the effect of the dispersed medium was only significant (p<0.05) on the zeta potential
of Favw and the polydispersity index of Fola.

CONCLUSION

Pre-formulation studies on the use of avocado oil in NLC formulations have been conducted to
improve the utilization of this oil for pharmaceutical applications as an alternative to oleic acid. This oil
has the potential to be used in NLC formulation since the zeta potential, loading capacity, and loading
efficiency are in an acceptable range and close to the NLC standard applying oleic acid liquid lipid.
However, the higher particle size and size distribution of NLC-containing avocado oil in comparison to
NLC-containing oleic acid should be addressed. It is suggested to adjust the surfactant ratio in the
formulation of NLC containing avocado oil to reduce particle size and size distribution. Alternatively,
the nonionic surfactant type could be used in further research, including in the NLC formulation applying
other vegetable oils.
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ABSTRACT

The meat-based products are highly susceptible to counterfeiting, primarily due to high consumer
demand of meat derivative products, such as meatballs. This demand creates opportunities for food
fraud by specific industries, including adulterating meat with non-halal species, such as rats. This
research aimed to detect rat meat contamination in meatball samples from the Indonesian local market
using Real-time Polymerase Chain Reaction (RT-PCR). The RT-PCR amplification involved an initial
denaturation step at 95°C for 3 minutes, followed by denaturation at 95°C for 15 seconds, and
annealing/extension at 60°C for 1 minute. The rat-specific probe primer included in the kit produced
an increasing curve in the External Positive Control (EPC) with a Ct value of 27.22, and no
amplification occurred in the Negative Control (NTC). The analysis of 30 samples from meatball
vendors yielded negative results, as there was no increase in the FAM (rat) curve, indicating that none
of the meatballs were contaminated with rat DNA.
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INTRODUCTION

Nowadays, public halal awareness in Indonesia is rising as food frauds and adulterations increase.
The increasing awareness is also affected by the implementation of the Indonesian Halal Regulation on
Law Number 33 of 2014 concerning Halal Product Assurance. However, food adulteration and fraud
incidents have continually occurred (Nida et al., 2020). These cases also happen globally and threaten
the market (Owolabi & Olayinka, 2021). In the case of meat-based products the high consumer
demand for meat-based products has led several industries to commit fraud in terms of mixing meat
with non-halal materials. Meatball fraud is the most common food fraud in the Indonesian market.
Meatballs are one of the popular dishes in Indonesia (Purnomo & Rahardiyan, 2008). The primary
ingredient is beef; however, the beef is mixed or replaced with other animals at relatively lower prices
to reduce costs, such as chicken, pig, boar, or rats.

It has been reported that 7.83% of beef samples were mixed with boar meat throughout 2013-2017
in Bogor (Nida et al., 2020). A study of commercial beef meatballs reported that 22 of 36 meatballs
samples in Bojonegoro, East Java, contained pork (Siswara et al., 2022). Nine cases of pork
contamination in the meatball samples were reported in Yogyakarta Province (Erwanto et al., 2014).
Other studies also revealed pork contamination in Indonesian meatballs (Cahyadi et al., 2020; Indriati
& Yuniarsih, 2019; Siswara et al., 2021; Waluyo et al., 2023). In addition to pork contamination, dog
meat was also found in the adulterated beef meatball formulation (Guntarti & Purbowati, 2019;
Rohman, Pebriyanti, et al., 2020; Rohman, Rahayu, et al., 2020). Recently, the cases of rat meat
contamination have also increased in meatball products (Cahyadi et al., 2020; IkaWidyasa et al., 2015;
Lestari et al., 2022; Suryawan et al., 2020). In addition, other processed meat products, including
sausages, are also reported to contain rat meat (Sunaryo et al., 2022).

As halal authenticity is essential, various detection techniques have been elaborared to confirm the
presence of non-halal species in meat-based products, like meatballs. The most common and accurate
technique was Polymerase Chain Reaction (PCR). To conduct the PCR technique, the DNA contained
in the samples was extracted (Sunaryo et al., 2023). There are many studies on pork detection in
meatball samples by conventional PCR (Cahyadi et al., 2020; Erwanto et al., 2014; Indriati &
Yuniarsih, 2019). In those studies, several gene targets were used to detect the presence of porcine
genomics, such as cytochrome-b-genes and 12S rRNA genes (Cahyadi et al., 2020, 2021). A real-time
PCR was also used to test such meat contaminations since the method provides faster and more
reliable detection of meat-based products (Dalsecco et al., 2018). It has been reported that RT-PCR has
high sensitivity and specificity over other methods; thus, it is used as a standard halal authentication
analysis and frequently employed to detect traces of pork in foods (Hibaturrahman et al., 2023;
Rohman, Rahayu, et al., 2020; Deepak et al., 2007). The pork detections by Real-time PCR were also
reported (Mustagimah et al., 2021; Raharjo et al., 2017; Salamah et al., 2019; Waluyo et al., 2023).
Meanwhile, several studies on rat detection were conducted by PCR using several genes target of rats,
such as mitochondrial cytochrome-b-genes of Rattus argentiventer and the Mt-atp6 genes of Rattus
norvegicus (IkawWidyasa et al., 2015; Masnaini et al., 2023; Sihotang et al., 2023; Sunaryo et al., 2022;
Suryawan et al., 2020). Some protein markers of Rattus norvegicus were also used to detect rat
contamination in meat-based products (Aini et al., 2022).

In this study, we used a real-time PCR technique to detect rat meat contaminations on the meatball
samples from the Indonesian local market in DKI Jakarta Province. Prior to the PCR test, the DNA
samples were extracted using the Progenus EasyFast™ Extraction Kit for Meat Products, as described
in the previous study (Sunaryo et al., 2023). This study is of urgent importance as the research on rat
detection in the meatball samples using a real-time PCR is yet limited. The result of this study will
significantly contribute to public halal awareness of meatball products that are commercially
distributed in the local Indonesian market.
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MATERIALS AND METHOD
Materials

The instruments were micropippet (Bio-Rad™), mortar set, centrifuge (Thermoscientific™), heat
block (My block, Benchmark), NanoDrop 2000 spectrophotometer (Thermoscientific™), Real-time
PCR from CFX96 Deep Well, Bio-Rad™, and analytical balance. The materials were a 30-samples of
meatballs from a local Indonesian market around DKI Jakarta Province, a Progenus EASYFAST ™ it
for Rat Detection kit, a Progenus EasyFast™ Extraction Kit for Meat Products, rat meat as a positive
control, PCR tubes, and 1.5 mL microtubes.

Sample collections

This study obtained 30 DNA sample from meatballs in Cengkareng district, DKI Jakarta
Province, Indonesia. All samples were labeled, and their DNA was extracted directly. The rat
meat was used as a standard. The standard DNA was also extracted and prepared for PCR
amplification.

DNA extractions

The genomic DNA of meatballs and rat meat was extracted by kit, as described by Sunaryo et al.
2023. The first step began with solution A. Solution A was added to sample tubes. The solution was
homogenized and heated at 95°C for 1 hour. It was then continued by adding solution B. All the
solutions in the microtubes were mixed. The supernatant was transferred to the microtube. The final
solution was diluted with 10X of nuclease-free water. The extracted DNA was analyzed by a
NanoDrop 2000 spectrophotometer.

Measurement of test purity and DNA content

The purity of the DNA sample was analyzed using a spectrophotometer. The
measurements were performed in the wavelength of 260 nm, 280 nm, and 260/280 nm
(Sunaryo et al., 2023).

Amplification with the real-time PCR

The RT-PCR process was conducted using CFX96 Deep Well by Bio-Rad™, USA, as
described in the previous study (Sunaryo et al., 2023). All the PCR tubes were prepared.
Each reaction mixture was prepared by adding MIX reagent (18 pL) and either the samples
or External Positive Control (EPC) or rat meat as standard or Nuclease-free water as
negative control (2 uL), in order to give the total reaction volume as 20 L. All the tubes were
then put in the PCR instrument. The PCR was performed by setting in all the parameters: the
cycle of pre-denaturation and denaturation-annealing-extension step. The pre-denaturation
was conducted at 95°C - 3 minutes. The denaturation-annealing-extension was carried out at
95°C for 15 seconds (denaturation) and 60°C for 1 minute (annealing-extension). The FAM
value at 494/520 nm represents Rattus species. The VIC value at 538/554 nm represents the
gene target for vertebrates (internal control).

Analysis of real-time PCR result

The data obtained in this study was based on identifying DNA rats in the meatball samples. The
primary data was analyzed descriptively and presented in the cycle threshold (Ct) value based on the
fluorescence results on the Real-time PCR instruments.

RESULT AND DISCUSSION

Meat consumption in Indonesia increases yearly and is accompanied by an increasing need for
protection against falsely labeled food. Even though halal labels on meat products are mandatory as an
implementation of Indonesian halal regulations, there are still many incidents of food fraud and
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adulterations. Therefore, public halal awareness demands a vast exploration of the detection of the
non-halal material in foods.

The most common method used for detection in foods, especially meat-based products, is
Polymerase Chain Reaction (PCR). Apart from the conventional PCR, the Real-time PCR is also
widely used for detection. The RT-PCR method for meat-fraud detection is very accurate, sensitive,
and efficient in detecting the presence of DNA content in the samples. The method was chosen as the
amount of DNA amplified can be directly observed without gel electrophoresis analysis. In this study,
30 samples of meatballs were collected from the meatball sellers around Cengkareng district, DKI
Jakarta Province. All samples were collected by accessible population sampling, which requires at
least 30 samples as a minimum for sufficient research (Thomson, 2011).

The DNA extraction was the first step prior to the PCR amplification. In this study, we extracted
DNA for all meatball products as samples and rat meat as a standard. The extracted DNA was used as
a template for amplification. The parameters, which were purity and concentration of DNA, were
analyzed using a Nanodrop 2000 spectrophotometer. The ratio in the absorbance of 260nm and 280nm
were used to analyze the DNA quality (Glasel, 1995). It is known that the recommended protein
standard range was suggested by an A260/280 ratio of 1.70-2.00 (Adriany et al., 2020). However, an
A260/280 ratio above 1.0 is acceptable for the analysis to continue using real-time PCR (Priyanka et
al., 2017). The results of the DNA quantitative analysis described that the extraction and isolation
process involved sufficient steps, yielding in a pure DNA sample. It is known that high DNA purity
can affect the validity of the PCR method. Therefore, analyzing the quality and quantity of DNA was
an important and crucial step.

In this study, the ratio samples of A260/280 were in the range of 1.28-2.24, as shown in Table 1.
The obtained A260 value is the DNA absorbed at the wavelength of 260 nm. Meanwhile, the A280
value at a wavelength of 280 nm indicates the presence of contaminations. Therefore, the high or low
value of A260 is very critical for DNA purity. The highest value of A260 does not always mean that
the purity of the DNA is high; rather, it can be influenced by the A280 value of contaminations. Table
1 shows that the purity value of the meatballs was within normal limits. However, some were less or
more than the ideal value. This result is probably caused by some reagent components, such as phenol,
alcohol, and chloroform at extraction time. Other factors that can affect the DNA's quality and purity
are the presence of protein, RNA, and other impurities that come originally from the sample.

The concentration of the DNA is one of the critical factors during PCR. If the amount of the DNA
is relatively low, the PCR vyield will not be optimum. According to the previous study, the
recommendation of DNA concentration required for PCR ranged from 10-100 pg/mL, whereas
another study stated that the optimum concentration in PCR with 30 cycles was 50 pg/mL (Maryam et
al., 2016; Nugroho et al., 2017). In this study, the DNA concentration extracted from the meatball
sample was relatively low. It happened because of the added ingredients that were mixed in the
samples. Ingredients such as flour, spices, and other ingredients can probably disrupt the extraction
process. Certain procedures in meatball production can produce difficulties during DNA extraction.
According to the previous study, those procedures might disrupt DNA extraction, such as grinding
meat, heating treatment at a very high temperature, and mixing additives in the meatballs (Indriati &
Yuniarsih, 2019).

It is reported that the extraction of DNA can be performed from meat that has been heating at
100°C and 120°C for 30 minutes (Matsunaga et al., 1999). The previous study successfully extracted
and amplified DNA from meat-based products such as sausages, corned beef, meatballs, and beef
jerky; in other words, the DNA was not destructed by heating (Nuraini, 2004). A study stated that PCR
amplification was not affected by adding ingredients or cooking processes (Martin et al., 2007).
Another study successfully amplified 12S rRNA in genomic samples of several animals heated at high
temperatures (Kesmen et al., 2007). However, our data on the extracted DNA in this study showed
good purity and concentration. To avoid the unsuccessful in amplifying the DNA of meatball samples
in this study, the PCR was performed at a 40-cycles.
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The obtained DNA samples were then run by real-time PCR. The analysis data of 30 samples of
meatball products were shown as Cycle Threshold (Ct) values. The number of cycles needed to
replicate the DNA content to be detected crossing a threshold is considered the Ct value. The higher Ct
value indicates a smaller amount of DNA/RNA in the samples, suggesting that more cycles are needed
for detection. Meanwhile, the low Ct value represents a larger amount of DNA/RNA in the sample,
indicating that fewer cycles are needed for detection. However, if the gene target on the samples is
absent, the value was shown as Not Applicable (N/A).

The External Positive Control (EPC) from the kit contains the gene target of rats and vertebrates,
whereas the control negative contains Nuclease Free Water (NFW). The EPC and negative control in
this study showed valid results following the kit recommendations, in which the Ct value of both VIC
and FAM were less than 30 for positive controls, and the Ct value of both VIC and FAM were more
than 38 for negative controls, as shown in Table 2 and Figure 1.

Table 1. The parameters of DNA in standard and meatball samples by Nanodrop 2000

Spectrophotometer
Samples Purity A260/280 (nm) Concentration (ng/mL)
ST 1.87 3045.9
PB1 1.57 2789.6
PB2 1.91 2130.6
PB3 1.64 3027.6
PB4 1.82 1831.1
PB5 1.88 3027.5
PB6 1.95 1827.2
PB7 2.24 2684.1
PB8 1.79 2817.9
PB9 181 2141.8
PB10 1.28 1005.4
PB11 1.99 1627.4
PB12 1.78 1268.3
PB13 2.21 1458.4
PB14 1.76 2916.4
PB15 1.88 1629.2
PB16 1.79 3364.8
PB17 1.86 1418.2
PB18 1.77 1922.6
PB19 2.15 1404.7
PB20 2.04 2132.4
PB21 1.80 1862.4
PB22 1.53 1507.3
PB23 1.96 2086.8
PB24 1.78 2284.1
PB25 1.82 1949.3
PB26 1.80 2466.4
PB27 1.81 1418.2
PB28 1.72 2389.7
PB29 1.60 1730.3
PB30 1.79 3067.4

Notes: ST (standard contains rat meat); PB (meatballs samples)
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The amplification curves of EPC and NFW was shown by Figure 1, which indicates a sigmoid
increase in the curve of VIC (shown in yellow) for vertebrates and FAM (shown in blue) for rats.
Meanwhile, there is no increase in the sigmoidal curve for the control negative in both VIC and FAM.
This result alligns the literature that the positive control is characterized by a fluorescent signal
crossing the baseline threshold. Meanwhile, the curve of negative control does not show the increase
in the sigmoidal curve and does not pass the baseline threshold. The validity of this study based on the
positive and negative control results is in accordance with similar studies (IkaWidyasa et al., 2015;
Rohman, Rahayu, et al., 2020). Therefore, it can be concluded that the experiment in this study was in
good condition, and the work process was good.

Table 2. The Ct values (VIC and FAM) for positive and negative control, rat meat, and meatball

samples
Ct value

Samples
VIC FAM
EPC 28.84 27.22
NFW N/A N/A
Standard 14.97 14.27
PB1 21.98 N/A
PB2 21.95 N/A
PB3 21.97 N/A
PB4 16.27 N/A
PB5 16.26 N/A
PB6 16.25 N/A
PB7 20.50 N/A
PBS8 20.51 N/A
PB9 20.48 N/A
PB10 18.75 N/A
PB11 18.73 N/A
PB12 18.76 N/A
PB13 17.19 N/A
PB14 17.21 N/A
PB15 17.20 N/A
PB16 18.95 N/A
PB17 18.91 N/A
PB18 18.96 N/A
PB19 18.32 N/A
PB20 18.35 N/A
PB21 18.33 N/A
PB22 18.95 N/A
PB23 18.96 N/A
PB24 18.95 N/A
PB25 18.64 N/A
PB26 18.62 N/A
PB27 18.61 N/A
PB28 17.86 N/A
PB29 17.59 N/A
PB30 17.93 N/A

Notes: EPC (External Positive Control); NFW (Nuclease Free Water); PB (meatballs samples)
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In addition, Figure 2 showed that the Ct values of both VIC and FAM from the pure rat meat as
standard were 14.97 and 14.27, as shown in Table 2 and Figure 2, suggesting that the DNA rat in the
standard is abundant. This result showed that the analysis sample of rat meat using Real-time PCR was
well detected.
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Figure 1. The amplification curves of external positive control (EPC) and nuclease free
water (NFW) as negative control (NTC) from progenus easyfast™ kit. the VIC
value is shown in yellow. The FAM value is shown in blue

However, according to the amplification results from the samples shown in Table 2 and Figure 3,
all meatball samples from Cengkareng district, DKI Jakarta Province, did not contain the DNA of rat
meat. The Ct value of all samples for VIC was less than 30, and FAM was more than 38 or as Not
Applicable (N/A), suggesting that all samples contain the gene target of vertebrate, but the DNA of rat
meats was not detected in all of the meatball samples.
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Figure 2. The amplification curves of rat meat as a standard (ST) and External Positive
Control (EPC) from progenus easyfast™ kit. the VIC value is shown in yellow.
The FAM value is shown in blue

Figure 3 shows the representative result of the amplification curve from the Progenus EasyFastTM
kit control and meatball sample (PB2) with a purity value of A260/280 of 1.91. The PB2 of the
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meatball sample showed a sigmoidal increase in the VIC curve (yellow) to detect vertebrates, but there
was no increase in FAM (blue). This result exhibited that the meatball samples analyzed using real-
time PCR were negative for rats, but there were vertebrates with a Ct value of 21.95 in the meatball
samples. The VIC value of the samples indicated that the meatball samples contained vertebrates that
possibly originated from beef meat. A similar study showed no positive contaminant in the samples
(Indriati & Yuniarsih, 2019).
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Figure 3. The amplification curves of external positive control (EPC) and PB2 samples
(S) from progenus easyfast™ kit. The VIC value is shown in yellow. The FAM
value is shown in blue. The VIC and FAM values of samples were shown in S
yellow and blue

CONCLUSION

Based on the research conducted on the detection of rat DNA contamination in the 30 meatball
samples from the Cengkareng district using the Real-time PCR method, no positive results were
obtained. Therefore, we concluded that the meatball samples circulating in the area are relatively safe
because they do not contain rat DNA.
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ABSTRACT

Diabetes is characterized as a hyperglycemic condition impacted by B-cell dysfunction and insulin
deficiency. Black soybean (Glycine soja (L.) Merr.) is widely known as an origin of nutritious food
that has shown activities in preventing cardiovascular disease and reducing hyperglycemia. This
research aimed to evaluate the potential of black soybeans ethanol extract (BSEE) as an a-amylase and
a-glucosidase activity inhibitor. Black soybean seeds were extracted using the Soxhlet method with
50% ethanol as a solvent. The BSEE were screened for the presence of phytochemicals content.
Inhibitory activity of a-amylase and a-glucosidase enzymes was tested in vitro with acarbose as a
control. The absorbance measurement was conducted at 565 nm and 400 nm, respectively. BSEE
contained alkaloids, flavonoids, polyphenols, saponins, quinones, tannins, and terpenoids. The results
indicated that BSEE exhibited a weak inhibitory effect of a-amylase enzyme activity, with an 1Cs
value of 360.37 + 20.80 pg/mL, in contrast to acarbose, which showed a significantly lower ICso of
4.02 = 0.56 pg/mL. Meanwhile, BSEE was classified as an active inhibitor of a-glucosidase enzyme
activity, presenting 25.67 £ 0.27 pg/mL ICso value, while acarbose demonstrated 10.85 + 0.5 pg/mL
ICso value. In conclusion, BSEE inhibits a-amylase and a-glucosidase.
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INTRODUCTION

Diabetes Mellitus (DM) known as condition marked by disturbances in the metabolism of fat,
proteins, and carbohydrates as a consequences of inadequate insulin secretion and Hyperglycemia.
Both of which can cause damage, abnormalities, and failure in tissues and organs such as the kidneys,
heart, nerves, and blood vessels even cause death (Alam et al., 2014). Several varieties of diabetes
exist, including gestational, type I, type 1l (Baynest, 2015). Type Il DM is common and accounts for
between 90% of people with diabetes. Type Il DM is a chronic disease caused by cell dysfunction and
insulin deficiency (World Health Organization, 2019).

One of the pharmacological therapies used to treat DM is the use of oral antidiabetic which has a
mechanism of inhibiting a-amylase and a-glucosidase enzyme (Gondokesumo et al., 2017; Hamid et
al., 2015; Widowati et al., 2022). a-amylase can hydrolyze a-(1,4)-glucosidic bonds to form glucose
and maltose, while a-glucosidase releases glucose from sucrose and maltose thereby increasing the
level of glucose in the blood. By blocking the activity of these two enzymes, it is possible to postpone
glucose absorption into the bloodstream, thereby helping reduce the symptoms of diabetes mellitus
(Hamid et al., 2015).

Chemical drugs are widely used for the treatment of DM such as miglitol and acarbose, but some of
these drugs are pricey and have some complications, such as diarrhea and abdominal distention
(Dipiro et al., 2020). So many studies have been carried out to find active compounds that have
antidiabetic activity derived from plants as an alternative diabetes treatment with minimum side
effects. It is assumed that traditional herbal therapy has hypoglycemic properties. More than 800 plant
species have been found to have anti-diabetic effects (Rosemar et al., 2014).

Many plants contain phytochemical compounds with various biological activities. These biological
activities use plants or herbal medicines for treatment, including diabetes mellitus. An important group
of phytochemical compounds, including phenols, flavonoids, tannins, and saponins, is responsible for
most plant extracts’ beneficial activities. Many phytochemical compounds are also high in
antioxidants because they can scavenge ROS (Si & Liu, 2014). With this, phytochemical screening in
plants is an important step toward their empirical medicinal utilization.

Soybean (Glycine soja L) refers to legume species originating from East Asia that is commonly
cultivated for its seeds. Soybeans are widely consumed as a nutrient-rich food consisting of protein,
oil, carbohydrates, and dietary fiber, as well as a large number of vitamins and minerals. Soybean seed
coats have a variety of colors, including brown, black, yellow, and green. The black soybean seed coat
improves insulin sensitivity and reduces hyperglycemia (Kurimoto et al., 2013). Black soybeans are
also beneficial in improving blood vessel function and preventing cardiovascular disease (Yamashita
et al., 2020). This study investigates the black soybean (G. soja (L.) Merr.)’s extract anti-diabetic
activities, namely inhibitor of a-amylase and a-glucosidase, that are carried out in vitro.

MATERIALS AND METHOD
Materials

Materials used are ethanol (Merck KGaA, 10.099.831.000), Magnesium powder (Mg) powder
(Merck, 1.05815.1000), HCI, Mayer’s reagent, Dragendroff’s reagent, Stiasny reagent, Liebermann
Burchard reagent, NaOH, FeCls reagent, a-amylase enzyme (Sigma Aldrich, A75955-50ML), ddH.0,
Lugol, DMSO, phosphate buffer (pH 7.4), p-nitrophenyl-a-D-glucopyranoside (PNPG) (N1377,
Sigma Aldrich, St. Louis, USA), a-glucosidase enzyme, Na,COs (Merck, 1.063.921.000).
Equipments employed in this study are microplate reader (Thermo Fisher Logical, Multiskan GO
Microplate Spectrophotometer).

Preparation of black soybean extract

The production of black soybean extract (BSEE) was carried out using the Soxhlet method of
extraction. Black soybean seeds are obtained from PT Lingkar Organik, Sleman Regency, Special
Region of Yogyakarta, Indonesia. Plant identification was performed at Jatinangor Herbarium, Plant
Taxonomy Laboratory, Department of Biology, Padjadjaran University. The dried black soybean seeds
were ground and then weighed as much as 200 g, wrapped in a filter paper sleeve, and then put into a
Soxhlet tube, then as much as 2000 mL of 50% ethanol was put into a round bottom flask and
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extracted until the solvent liquid dripping on the material became clear. The filtrate was concentrated
utilizing a rotary vacuum evaporator set to 20 Psi and 70°C. After that, a freeze-drying process was
carried out to obtain a solid extract. The dried black soybean extract was then immersed in 50%
distilled ethanol, the filtrate then filtered for every 24 hours until it became colorless. Black soybean
ethanol extract (BSEE) was obtained after the filtrate was evaporated, subsequently stored at 20°C
(Widowati et al., 2022).

Phytochemical screening of Soybean ethanol extract
Phytochemical screening of BSEE included examination of flavonoid compounds, alkaloids,
tannins, saponins, steroids/triterpenoids, quinones, and polyphenols.

Flavonoids identification

BSEE 1 g was diluted in aquadest, then heated in a water bath, and then filtered. Fill a test tube
with 2 mL of filtrate, 1 mL Magnesium powder (Mg) powder, and 1 mL 2N HCI, then heat for 5
minutes and filter. To the filtrate, up to amyl alcohol 5 mL was added, shaken, and allowed to
separate. The formation of a reddish-orange to purplish-red color indicates a positive reaction for the
flavonoid compounds (Safrina et al., 2022).

Alkaloids identification

Alkaloids identification was initiated with subjecting 0.5 g of BSEE into a mortar and crushing it.
Then 5 mL of dilute ammonia and chloroform 5 mL were added and crushed. Then the solution was
filtered, and 5 mL of 2N HCI was subjected to the filtrate. The mixture then shaken and left for some
time to form two layers. The top layer is splited into two test tubes. To the first tube, Mayer's reagent 3
drops were added. If a white or yellow precipitate forms, the reaction is positive for alkaloids. Add 3
drops of Dragendorrf's reagent to the second tube. If an orange precipitate forms, there is a positive
reaction for alkaloids (Prahastuti et al., 2019).

Tannins identification

BSEE, as much as 1 g, was dissolved in distilled water, heated in water bath, then filtered. After
that, five drops Stiasny reagent were added to the filtrate. The positive reaction of tannin compounds is
indicated by the formation of a pink precipitate (Benzidia et al., 2019).

Saponins identification

The test tube contained SSE 10 mg was filled with a small amount of water, and it was then
brought to a boil for five minutes. The presence of foam on the surface after shaking indicates a
positive reaction to the presence of saponins (Prahastuti et al., 2019).

Steroids/triterpenoids identification

BSEE was subjected as much as 10 mg to dropping plate, subsequently added with acetic acid.
Sulfuric acid (H2SO4) (Merck, 109073) after 10-15 minutes. Green or blue color demonstrated the
steroid presence. Meanwhile, red/orange sediment formation demonstrated the triterpenoid presence
(Pavani & Shasthree, 2022).

Quinones identification

One gram of BSEE was dissolved in aquadest, then filtered above on an air bath. The filtrate was
added with 3 drops of 1IN NaOH. The positive reaction of quinone compounds is indicated by the
yellow-to-red color formation (Prahastuti et al., 2019).

Polyphenols identification

One gram of BSEE was dissolved in distilled water, then heated in a water bath, and then filtered.
Added 2 drops of FeCls reagent (Merck 1.03861.0250). Green, purple, blue, red, and black are
indications of positive polyphenol reactions (Rao, 2016).
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a-amylase inhibitory activity assay

A modified method was utilized to evaluate the activity of a-amylase inhibition (Gondokesumo et
al., 2017; Widowati et al., 2018). Subsequently, 25 pL of starch added to positive control well and
sample well, then 25 pL of ddH,O added to negative and blank control well. The 50 uL samples were
added to the wells of smple and the blank wells. Each positive control well and sample received 50 pL
of the a-amylase enzyme. Ten minutes at 37°C were spent incubating the plate. Each well was filled
with 50 pL of HCI and 25 pL of Lugol to halt the enzymatic reaction. The microplate reader was
utilized to measure the absorbance at A = 565 nm. Mapping of the assay is shown in Table 1. Equation
1 was utilized to calculate the a-glucosidase inhibition percentage.

Table 1. Mapping of the a-amylase inhibitory assay

Positive control Negative Sample well Blank well
well control well

Starch 25 pL - 25 uL -
ddH:0 25 uL - 25 uL
Sample - - 50 pL 50 pL
a-amylase enzyme 50 pL 50 pL

HCI 50 pL 50 puL 50 puL 50 puL
Lugol 25 uL 25 uL 25 UL 25 UL

Inhibition (%j = H—xm ........................... (1)

[
C: control absorbance
S: sample absorbance

a-glucosidase inhibitory activity assay

A modified procedure was utilized to evaluate a-glucosidase inhibitory activity (Gondokesumo et
al., 2017; Widowati et al., 2021). Samples and comparisons were inserted into the wells, DMSO in the
control wells, and blanks. Then, phosphate buffer (pH 7.4) and p-nitrophenyl-a-D-glucopyranoside
(PNPG) (N1377, Sigma Aldrich, St. Louis, USA) were added to all wells. The a-glucosidase enzyme
added to control well, sample, and comparison, incubated 30 minutes in 37°C, then sodium carbonate
(Na,COg3) was added. The microplate reader was utilized to measure the absorbance at A = 400 nm.
Equation 1 was utilized to calculate the a-glucosidase inhibition percentage.

Statistical analysis

Statistical analysis was conducted in SPSS ver 20.0. while the GraphPad Prism 9 was utilized to
analyze research data. Differences in the mean between the sample and analysis were analyzed
utilizing ANOVA followed Tukey HSD post hoc test (P < 0.05). a-amylase and a-glucosidase
inhibition activity was ascertained using linear regression based on the mean inhibition (1Cso).

RESULT AND DISCUSSION

Black soybean (Glycine soja (L.) Merr.) seed extract contains various chemical compounds. In this
study, alkaloids, flavonoids, polyphenols, saponins, quinones, tannins, and terpenoids were found as
secondary metabolites in BSEE. The results of which were strongly influenced by cultivars (Table 2).
BSEE in other research contains tannins, saponins, alkaloids, and steroids/triterpenoids (Prahastuti et
al., 2019). These polyphenols and flavonoids have been shown to contribute to treating DM by
increasing cellular antioxidant activity, increasing ROS scavengers, reducing glucotoxicity, decreasing
a-glucosidase activity, and increasing cellular viability (Li et al., 2017). The phytochemical content in
black soybean seeds has been widely studied for use as an anti-inflammatory, anti-obesity, anti-
apoptotic, and anti-dyslipidemia (Hidayat et al., 2015; Prahastuti et al., 2016; Widowati et al., 2018).
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Table 2. Phytochemical screening of black seed soy extract
Phytochemical Test Results (+/-)
Alkaloid +
Flavonoid
Polyphenol
Saponin
Quinone
Tannin
Steroid Triterpenoid
Monoterpenoid-Sesquiterpenoid

+ = detected, - = not detected

+ + + + + + +

a-amylase is an enzyme that contributes to the starch degradation process by hydrolyzing starch
glycosidic bonds of starch. The a-amylase inhibitory activity causes inhibition of starch hydrolysis,
which reduces the speed of carbohydrate digestion and absorption, resulting in less post-prandial
hyperglycemia (Soeng et al., 2015). In this research, BSEE inhibited the a-amylase activity (Figure 1,
Table 3). a-amylase inhibition increased when the concentration of BSEE increased. The most
effective inhibitory activity of BSEE was the highest concentration (750 pg/mL) which could inhibit
a-amylase activity with a percentage of BSEE inhibition of 63.88% with an ICso of 360.37 + 20.80
pa/mL, even though BSEE has less inhibitory activity than acarbose which had an 4.02 + 0.56 pug/mL
ICso. Inhibition of a-amylase is caused by the presence of flavonoids in BSEE which inhibit a-amylase
in two ways, specifically by directly interacting with amino acid residues on the enzyme active site
and displacing the binding substrate, so that glucose cannot hydrolyze starch into maltose compounds
(Zhu et al., 2020). (Jia et al. 2024) reported that genistein, one of predominant black soybean
compound, binds to a-amylase and a-glucosidase through hydrophobic interactions and hydrogen
bonds, forming complexes that inhibit both enzymes.

The presence of a-glucosidase inhibitory activity in Figure 2 and Table 3 indicates that BSEE can
act as an antidiabetic. a-glucosidase is an important enzyme in carbohydrate metabolism because it has
an impact on the breakdown of carbohydrates into glucose (Chen & Guo, 2017). According to
research, inhibition of a-glucosidase can help reduce DM symptoms by delaying glucose absorption
into the bloodstream (Hamid et al., 2015). a-glucosidase inhibition increased significantly with
increasing BSEE concentration (p<0.05) (Figure 2). The most effective BSEE inhibitory activity was
the highest concentration (23.81 pg/mL) which might inhibit a-glucosidase activity at I1Cso of 25.67 +
0.27 pg/mL (Table 4). Based on the results, the ICso value is in the 1Cso range = 25-50 g/mL which
means the inhibitor is active, while the inhibition of Acarbose is in the 1Cso range = <10 g/mL which is
classified as very active (Marjoni & Zulfisa, 2017). Acarbose is an inhibitor that works competitively
with the p-nitrophenyl-D-glucopyranoside substrate to bind to the active enzyme site, preventing the
breakdown of the substrate into p-nitrophenol and glucose. This leads to high inhitory activity.

BSEE has inhibitory activity due to its secondary metabolite content on black soybeans. Flavonoid
compounds in BSEE can competitively inhibit a-glucosidase enzyme activity by binding to the active
enzyme site (Yang et al., 2021). The potential of flavonoids to inhibit a-glucosidase activity is
influenced by the structure of the flavonoid, its position, and several OH groups (Proenca et al., 2017).
The anthocyanins contained in BSEE are also thought to provide a-glucosidase enzyme inhibitory
activity. Moreover, the addition of hydroxyl groups at positions C3' and C4' on ring b can increase the
strength of anthocyanins in inhibiting a-glucosidase enzyme activity (Promyos et al., 2020). Therefore,
BSEE has the potential as the treatment of DM by inhibit a-glucosidase and a-amylase.
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Figure 1. Histogram of black soybeans etanol extract (A) and acarbose (B) on alfa amylase
inhibition

**The data is showed as mean + SD. A: BSEE; B: Acarbose. Based on Tukey HSD post hoc test, the various superscript marks (a, b, ab, ¢, d) in Figure 1A and

(a, b, c, d, e, f) in Figure 1B revealed significant differences between concentrations (p < 0.05)

Table 3. The I1Cso (ug/mL) values of a-amylase inhibition by BSEE Acarbose

Sample Equation R? ICs0
BSEE y =0.037x + 36.722 0.992 360.37 £ 20.80
Acarbose y =0.968x + 45.922 0.996 4.02 £0.56
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Figure 2. Histogram of black soybeans ethanol extract (A) and acarbose (B) on alfa glucosidase
inhibition
**The data is presented as mean + SD. According to Tukey HSD post hoc test, various superscript marks (a, b, c, d, e and A, B, C, D, E) revealed significant

differences between concentrations (p < 0.05)

Table 4. The I1Cs of a-glucosidase inhibitio by BSEE and acarbose

Sample Equation R? ICso (Ug/mL)
BSEE y =1.0939x + 21.916 0.996 2567 + 0.27
Acarbose y =1.1919x + 37.068 0.991 10.85 + 0.5
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CONCLUSION

Based on phytochemical identification, it was revealed that BSEE comprises alkaloid, flavonoid,
polyphenol, saponin, quinone, tannin, steroid triterpenoid, and monoterpenoid-sesquiterpenoid. BSEE
exhibited weak a-amylase inhibition activity and strong a-glucosidase inhibition activity with ICso of
360.37 = 20.80 pug/mL and 25.67 + 0.27 pg/mL, respectively. Further research on the antidiabetic
activity of BSEE in animal models of DM is recommended.
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ABSTRACT

Diabetes mellitus is a group of metabolic diseases characterized by hyperglycemia, impaired
insulin secretion, and insulin action. To overcome this disease, some people treat it with natural
ingredients. Sambiloto (Andrographis paniculata) is reported to have a wide range of
pharmacological activities, one of which is anti-diabetic. Sambiloto showed activity in lowering
blood glucose which has the potential as an antidiabetic. Computational methods, such as molecular
docking, can increase the effectiveness and reduce the cost of searching for new active compounds.
The purpose of this study was to determine the component compounds contained in the ethanol
extract of Sambiloto and obtain the potential compounds to inhibit the alpha-glucosidase and DPP-4
enzymes as anti-diabetics with molecular docking method. Sambiloto leaves were macerated for 3 x
24 hours using ethanol 96% as a solvent and concentrated with an evaporator. Sambiloto extract was
analyzed using LC-MS, and GC-MS. In-silico analysis includes geometry optimization and
molecular docking methods. Preparation of the test ligands was carried out by the ChemBioDraw
Ultra and ChemBio3D applications, then optimization by Gaussian 09 application. The crystal
structures of the target proteins used were those with PDB ID 5NN8 for alpha-glucosidase and
2QO0E for DPP-4. Molecular docking was performed using Autodock 4.2.3 application. From
analysis with LC- MS/MS and GC-MS methods, 18 compounds were identified. Molecular docking
was performed on the identified compounds. The results of molecular docking showed that the
compound S17 (11-(P- Bromoanilino)-5H-Dibenzo [B,E] [1,4] Diazepine), S1 (andrographolide)
and S2 (andrographanin) have the potential to inhibit the activity of alpha-glucosidase enzyme; on
the other hand S17 (11-(P-Bromoanilino)-5H-Dibenzo [B,E][1,4]Diazepine) and S5
(andrographolactone) have the potential to inhibit the activity of DPP-4 enzyme. These compounds
have the potential to inhibit alpha- glucosidase and DPP-4 enzymes which act as antidiabetics.

Keywords: alfa-glucosidase, diabetes mellitus, DPP-4, molecular docking, Sambiloto
(Andrographis paniculata)
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INTRODUCTION

Metabolic disorder is one of the main health problems that occur among Indonesians. Diabetes
mellitus is a disease caused by a disorder in the secretion of insulin, glucagon, and other hormones
resulting in impaired carbohydrate and fat metabolism. When glucose from food is not metabolized
normally by the body, the accumulation of glucose increases in the blood, called hyperglycemia
(Dipiro 2020). According to the International Diabetes Federation (IDF), Indonesia is ranked 7%
among 10 countries with a total of 10.7 million sufferers (Kementrian Kesehatan Republik
Indonesia, 2020). The WHO organization estimates that the number of people with type 2 diabetes
will increase significantly over the next few years (Perkeni, 2019).

The main pathophysiology of type 2 diabetes mellitus is genetic insulin resistance and pancreatic
beta cell dysfunction. In individuals under normal conditions, the pancreas can function properly and
can adjust insulin secretion to maintain plasma glucose levels. If insulin release is no longer sufficient
to normalize plasma glucose, dysglycemia, including prediabetes and diabetes, may occur. Pancreatic
beta cells cannot maintain adequate insulin secretion and release less insulin as glucose levels increase
(Dipiro 2020).

Diabetes Mellitus is influenced by several proteins, one of which is the alpha-glucosidase enzyme.
An alpha-glucosidase enzyme is a key enzyme in the absorption of sugar in the intestine, and its
activity is closely related to blood glucose levels (Perkeni, 2019). The mechanism of alpha-
glucosidase enzyme can inhibit the breakdown of sucrose and complex carbohydrates in the small
intestine. Diabetes drugs with this mechanism work competitively by inhibiting maltase, isomaltase,
sucrose, and glucoamylase enzymes in the small intestine (Dipiro 2020).

Another hormone that plays a role in regulating glucose in the blood is the hormone incretin.
Incretin is a peptide secreted in the small intestine in response to food in the intestine. Two types of
incretin peptides affect glucose metabolism, namely GLP-1 (Glucagon Like Peptide-1) and GIP
(Glucose Dependent Insulinotropic Peptide). Some people who have type 2 diabetes also have GLP-1
deficiency which is resistant to GIP hormone. GLP-1 plays a role in increasing insulin secretion,
especially in phase 1 insulin secretion, by stimulating glucose in beta cells and also by inhibiting
glucagon secretion. Both lead to a decrease in blood glucose levels. GLP-1 enters the bloodstream and
actively works, but GLP-1 does not last long in the blood, which is only about 1-2 minutes because it
is immediately destroyed by the enzyme DPP-4 (dipeptidyl peptidase- 4). One of the efforts to keep
GLP-1 in the blood longer is to inhibit the DPP-4 enzyme (Dipiro, 2020).

One of the efforts to overcome diabetes mellitus is by utilizing herbs that work to help reduce
blood sugar levels that have been used in traditional medicine for generations by the people of
Indonesia (Safitri et al. 2015). One of the medicinal plants that have a lot of secondary metabolite
content and are widely used in the community to overcome diabetes mellitus is the leaves of
Sambiloto (Andrographis paniculata). Sambiloto is proven to show anti-hyperglycemic activity and
inhibit tissue damage through oxidative stress in diabetic rat models induced by streptozotocin.
Sambiloto ethanol extract showed activity to reduce blood glucose (Sivakumar and Rajeshkumar
2016). The content of chemical compounds in the sambiloto plant are diterpenoid and flavonoid
compounds, including andrographolide, isoandrographolide, neoandrographolide,
andrographolidegraphosterin, 14-deoxy-11, 14-deoxyandrographolide- 19- (B-D-glucoside, 12-
didehydroandrographolide,14-deoxyandrographolide, homoandrographolide, andrographolidegraphan,
and stigmasterol (Chao and Lin 2010; Dai et al. 2019). Andrographolide is the main compound that
can reduce glucose levels by inhibiting the alpha-glucosidase enzyme (Dai et al., 2019; Jarukamjorn &
Nemoto, 2008; Nugroho et al., 2012). In this study, analysis compound was also carried out with GC-
MS and LC-MS/MS methods and compared with previous research, to further determine in silico
mechanism of action in inhibiting 2 enzymes, alpha-glucosidase and DPP4 enzyme which play a role
in lowering blood sugar.

In the development of new drugs, especially in finding active compounds from herbs, the use of
several computational methods has been developed, one of which is molecular docking (Knoll et al.,
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2006). Drug design development can be done with Computer-Assisted Drug Design (CADD).
Molecular docking is one of the most frequently used methods in Structure-Based Drug Design
(SBDD). It can predict the approximate position of the ligand in the target receptor with a high degree
of accuracy. Molecular docking is a computational method to predict the interaction between a
receptor such as a protein or nucleic acid molecule (DNA or RNA) and its ligand, as well as to assess
the binding affinity and positioning of the ligand within receptor (Morris et al. 2008). The complex
interaction of the ligand with protein is identified using a docking program to predict the interaction of
two molecules. The interaction can be seen from the binding site of the macromolecular target
(Kalyaanamoorthy & Chen, 2011; Meng et al., 2011). Molecular docking has advantages such as
shorter time and lower cost compared to in vitro tests (Cosconati et al., 2010).

In this study, we focused on herbal plant sambiloto ((Andrographis paniculata) and conducted in
silico study with its phytoconstituents analyzed by LC-MS/MS and GC-MS. The interactions of its
phytoconstituents with enzyme alpha-glucosidase protein (PBD ID 5NN8) and enzyme DPP-4 (PBB
ID 2QOE) were reported by molecular docking studies. Alpha-glucosidase and DPP-4 enzymes were
chosen as targets in this study. The alpha-glucosidase enzyme is an enzyme that is responsible for the
process of breaking down complex carbohydrates into glucose and absorbing glucose into the
circulation. Inhibition of this enzyme will prevent excess glucose intake from food. Meanwhile, the
DPP-4 enzyme is staged. Our results from the present study have established the strong candidate of
phytoconstituents of sambiloto to be used as a drug-like molecule for preventing diabetes mellitus.

MATERIALS AND METHODS
Materials

Sambiloto plants were obtained from the Installation of Research and Assessment of Agricultural
Technology (IP2TP) Cicurug Sukabumi - West Java. The results of the determination carried out at the
Jatinangor Herbarium, Faculty of Mathematics and Natural Sciences Padjadjaran University showed
that the sambiloto plant used in the study is a species of Andrographis paniculata which belongs to the
Acanthaceae family (No. 38/HB/12/2021). This plant in Indonesia is known by the common name
sambiloto.

The hardware used was an Asus M509BA laptop, AMD A4-9125 Radeon R3 processor, 4 compute
cores 2C+2G, 2300, Mhz, 2 Core(s). Storage SSD (Solid State Drive) 1TB, RAM 8.00 gigabytes. The
software used was Masslynx V4.1, ChemBioOffice 2014 (ChemBioDraw Ultra and ChemBio3D
Ultra), Discovery Studio Visualizer 2016, GaussianView 5.0, and AutoDock 1.5.6.

Methods
Extraction

80 grams of sambiloto leaves were macerated with 96% ethanol solvent for 3x24 hours, then the
extract was concentrated with a rotary evaporator.

Compound analysis

Analysis of compounds in the extract was carried out by LC-MS/MS, and GC-MS. Analysis using
a Liquid Chromatography-Mass Spectrometer (LC-MS/MS) instrument was conducted at Bogor
Forensic Laboratory Center with UPLC (Ultra Performance Liquid Chromatography), UPLC Column
HSS (High strength silica), and Two-Generation Quadrupole time-of-flight mass spectrometry. The
results obtained are chromatograms and mass spectra that will be checked using Masslynx software.
The mass spectrum pattern will be matched with external literature such as journals, mass bank
databases, PubChem, and ChemSpider. The results of the mass spectra that have been matched with
the literature will be taken for the preparation of test ligands.

For GC-MS analysis using Shimadzu-GC 2010 with the mass selective detector, carrier gas using
helium. The optimization process was carried out by programming the interface temperature of 250°C,
injector 150°C, and initial column temperature programmed 50°C increased to 100°C with a
temperature increase set at 10°C/minute (held for 3 minutes). Then increased back to 200°C, increased
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back to 250°C. Components were identified by comparing the mass spectra of the samples with the
internal Willey Library7 (Rohloff, 2015).

In silico testing

The in-silico process includes ligand preparation, protein preparation, validation of molecular
docking method, simulation of molecular docking of test ligand with protein, and interpretation of
results.

Test ligand preparation

The test ligand used was the result of determining components of the sambiloto extract which were
analyzed using LC-MS/MS and GC-MS instruments. The compounds obtained were checked with the
PubChem database and made 2D and 3D compound re-structures using the ChemBioDraw Ultra and
ChemBio3D applications. Then geometry optimization was carried out using the Gaussian application.

Protein target and natural ligand preparation

The proteins used are alpha-glucosidase enzyme and DPP-4 enzyme, downloaded on the Protein
Data Bank website https://www.rcsb.org/structure/ (PDB 1D 5NNS8 for alpha-glucosidase enzyme) and
(PDB ID 2QOE for DPP-4 enzyme). Preparation of the target protein and natural ligand was done by
separating the protein structure and natural ligand and removing water molecules. Using the Visual
Discovery Studio application.

Validation of molecular docking method

Validation of molecular docking was carried out using the AutoDock version 4.2.3 application
(Morris et al., 2008). The proteins used were the alpha-glucosidase enzyme and the DPP- 4 enzyme
that had been prepared. The natural ligands that had been separated from the proteins using the
Discovery Studio application were then reattached to the target proteins. The grid center was placed
approximately to the center of the ligand, covering all binding site residues. Determination of the
Gridbox is done by setting the central region of the natural ligand and docking calculation with the
number of GA runs as many as 100 maximum numbers of evals and the algorithm method used is
Lamarckian Genetic Algorithm (LGA). Validation is declared valid if the Root Mean Square
Deviation (RMSD) value < 2A (Lépez-Camacho et al. 2016).

Molecular docking simulation

Simulation of molecular docking of test compounds to alpha-glucosidase and DPP-4 target proteins
using the AutoDock application version 4.2.3. Gridbox settings according to the size and area that
have been obtained from the validation results. Furthermore, the interpretation of molecular docking
results is carried out by looking at the value of AG (binding free energy), and inhibition constant.
Visualization using the Discovery Studio Visualizer 2016 application to explore the bond interaction
formed between the test ligand with alpha-glucosidase and DPP-4 enzyme (LOpez-Camacho et al.
2016). Visualization of docking results draws the interaction of ligands with proteins that form
intermolecular bonds with amino acid residues enzyme (L6pez-Camacho et al. 2016).

RESULT AND DISCUSSION
Analysis of compounds from Sambiloto extract by LC-MS/MS

Analysis of compounds in the extract with LC-MS/MS instrument identified some
chromatographic peaks (Figure 1).
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Figure 1. Chromatogram profile of LC-MS/MS analysis results of sambiloto ethanol
extracts

Characterization of the structure of chromatogram peaks is based based on accurate mass,
fragmentation patterns, literature data, molecular weights, and chemical formulas, matched with
external literature from the form of mass spectra of compounds compared with mass bank databases,
PubChemm, ChemSpider, and journals. Analysis using LC-MS/MS showed the presence of 22 peaks
(Table 1), but only 16 compounds had their chemical structures identified. Other peaks whose
structures cannot be carried out in silico studies. Of the 16 peaks, as listed in Table 1 were identified
from the alkaloid, diterpenoid, and flavonoid compound classes including Andrographolide,
Andrographanin, Bisandrographolide, 14-Deoxyandrographolide, Andrographolactone, 14-Deoxy-
11,12-didehydroandrographolide, Lambertianic acid, Cevadine, Caffeoylquinic acid and 5,7-
dihydroxy-3-(4-hydroxyphenyl)-66-methoxy-4H-chrome-4-one4',55,7-Trihydroxy-6-methoxy
isoflavone.  Several diterpenoids including 14-deoxy-11, 12-di- dehydroandrographide,
andrographolide, neoandrographolide and isoandrographolide have been reported previously from A.
paniculata (Chao & Lin, 2010).

Alkaloid compounds were detected in this extract which confirmed the presence of aromatic and
oxidized nitrogen functional groups. Previous studies have confirmed the presence of hydroxyl,
aromatics, alkanes, esters, amines, ethers, nitro aromatics, phenolics, and phosphine groups present in
the extract of sambiloto leaf plants (Dwivedi et al. 2021). Alkaloids were detected at retention time
7.65 with m/z value 592.3492, mass number 591.7, and molecular formula CzH4sNOg. The compound
detected was Cevadine, the results of the fragmentation pattern were compared with external literature
contained in the mass bank database. Cevadine was detected at m/z 592 with product ions 389 and
289.

Analysis of compounds from Sambiloto extract by GC-MS

The results of GC-MS analysis identified compounds successfully extracted from ethanol solvents
and derivatized by adding Trimethylsilyl in methanol. Derivatization is intended to improve the
volatility of a compound so that it can be analyzed by gas chromatography. Analysis of sambiloto
ethanol extract with derivatization showed more peaks (Mushtaq et al. 2014).

Further identification of each peak was carried out using mass spectra based on the database
Similarity Index (SSI). Analysis of the extract using the GC-MS method identified the presence of 8
compounds. The identified metabolites will be bound to TMS which has functional groups such as
amino acids (-COOH, -NH2, -OH) and monosaccharides. The results of the 8 main peaks consisted of
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peak number 1 in the Willey7 internal library so the compounds were identified as 1-(3-
hydroxycyclopent-2-en-1-yl)propane-2-one,  furan-2,5-dicarboxylic  acid, 2,4-Di-Tert-Butyl-6-
Cyanoaniline, 3-hydroxy-3-(4-hydroxyphenyl)propanoic acid, 1-(2-hydroxyphenyl)ethan-1-one,
propyl 4-hydroxybenzoate, 11-(P-Bromoanilino)-5H- Dibenzo[B, E][1,4]Diazepine, and 3-butyl-3,5,5-
trimethyl cyclo hex- 1-en-1-ol.

Table 1. LC-MS/MS analysis of sambiloto ethanol extracts

Peak Rt MW (m/z) Molecular formula Compound
(min) (g/mol) classes
1. 1.08 167 167.013 CsH3N20,4 Nitrobenzenes
2. 1.30 117.15 118.146 CsH1NO2 Amino acid
3. 1.68 268.10 268.104 C10H14NsO4 Nucleotides
4, 2.64 165.19 166.086 CoH11NO2 Amino acid
5. 3.76 205.0 205.097 C11H12N20; Alkaloids
6. 3.90 355.1 355.105 C16H1809 (Caffeoyl quinic Phenolic acid
acid)
7. 4.14 595.5 595.167 C27H31015 Flavonoids
8. 4.92 334.4 335.220 CaoH2504 (14- Diterpenoids
Deoxyandrographolide) ) )
9. 5.43 332.4 333.203 20H2804 Diterpenoids
(Andrographolactone)
10. 6.03 3334 333.205 C20H2804 (14-Deoxy-11,12- Diterpenoids
didehydroandrographolide)
11. 6.38 350.4 351.219 C20H300s (Andrographolide) Diterpenoids
12, 7.01 350.4 701.431 C20H300s (Andrographolide) Diterpenoids
13. 7.24 318.4 319.219 C20H3003 (Andrograpanin) Diterpenoids
14. 7.47 318.4 319.228 Ca0H3003 (Andrograpanin) Diterpenoids
15. 7.65 591.7 592.349 Ca2HagsNOg (Cevadine) Alkaloids
16. 8.07 3324 333.208 C20H2804 (14-Deoxy-11,12- Diterpenoids
didehydroandrographolide)
17. 8.38 318.4 319.226 C20H3003 (Andrograpanin) Diterpenoids
18. 8.66 318.4 319.226 Ca0H3003 (Andrograpanin) Diterpenoids
19. 8.94 316.4 317.210 C20H2803 (lambertianic acid) Diterpenoids
20. 9.27 300.26 301.216 C16H1206 (5,7-dihydroxy-3- Flavonoids
(4-
hydroxyphenyl)-6-
methoxy-4H- chromen-
4-one 4°,5,7- trihydroxy-
6-methoxyisoflavone)
21. 954 316.4 317.204 C20H2803 (lambertianic acid) Diterpenoids
22.  9.92 664 665.406 CaoHs608 Diterpenoids

(Bisoandrographolde)

LC MS/MS analysis of 3 out of 7 compounds of the diterpenoid group whose fragmentation
patterns have been studied in previous studies. The fragmentation pathway and diagnostic product ions
are andrographolide, 14-deoxy-11, 12- didehydroandrographolide, and bis andrographolide. One of the
compounds detected was the main compound of andrographolide with the molecular formula
C20H300s, showing fragmentation patterns at m/z 351 and 702. While other diterpenoid compounds are
14-deoxy-11, 12-didehydroandrographolide ([M+ lon H]* with at m/z 333, bisandrographolide A on
MS/MS at m/z 665 (Dwivedi et al., 2021; Solomon Jeeva, 2014).

From the results of GC-MS and LC-MS/MS analysis, the chemical structure of 18 compounds was
successfully determined, while the chemical structure of several other compounds could not be
determined so they could not proceed to in silico studies. The identified compounds were then
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analyzed for physicochemical properties based on the Lipinski rule of five with parameters of
Molecular Weight < 500 g/mol, LogP < 5, number of hydrogen bond acceptors < 10, and number of
hydrogen bond donors < 5 (Lipinski, 2004). The results of the physicochemical properties analysis
parameters can be seen in Table 2.

Physicochemical parameters are one of the requirements that must be met, especially for peroral
drug preparations (Lipinski, 2004). The molecular weight of a drug is related to the process of the drug
in penetrating biological membranes. Peroral drug requirements based on Lipinski's rules are < 500
g/mol. The results of the molecular weight determination showed that 16 test ligands had BM 500
values of less than g/mol, indicating that the test ligands could pass through the cell membrane (Table
2 marked with a).

The physicochemical property parameter that determines the hydrophobic or hydrophilic nature of
a ligand is the Log P value. The requirements for drugs by the peroral route based on Lipinski's rule
must have a LogP value < 5 (Lipinski, 2004). 16 test ligands have a LogP value < 5, indicating that the
test ligand has lipophilic properties and can pass through the cell membrane so that it can reach the
target. as shown in Table 2, marked with b). Bond acceptors and donors are influential in the process
of membrane permeability. The requirement for the number of acceptor bond donors is < 10 and the
number of hydrogen donor bonds is < 5 (Lipinski, 2004). From the determination of physicochemical
parameters, fourteen test ligands have met the rules as good antidiabetic candidates (Table 2 marked
with ¢).

Preparation of test ligands

The test ligands used in this study are ligands from the ethanol extract of sambiloto that have met
the requirements of the physicochemical properties parameters that are used as test ligands based on
Lipinski's rules. All ligands were made two- and three-dimensional structures using ChemDraw 2D
and 3D applications using Discovery Studio Visualizer (Figure 2). Furthermore, geometry
optimization was carried out using the Gaussian09 application with the Semi-Empirical (AM1)
method (Julaiha et al. 2019).

Protein target and natural ligand preparation

The working targets used are the Alpha-Glucosidase enzyme and the DPP-4 enzyme which were
downloaded from the Protein Data Bank (PDB) site https://www.rcsh.org/ which is managed by the
Research Collaboratory for Structural Biology (RCSB). The downloaded enzymes have PDB ID
codes, namely 5NN8 and 2QOE. The following visualization of the work targets and natural ligands
(Figure 3):

The natural ligand on the alpha-glucosidase enzyme is acarbose which is proven to have an activity
to inhibit the enzyme (Julaiha et al. 2019). The natural ligand on the DPP-4 enzyme is
triazolopiperazine (Kowalchick et al. 2007) which also has activity as an inhibitor (Figure 3).

The selection of the two working targets is an enzyme that affects the increase in blood glucose in type
2 DM disease and also because these enzymes can be inhibited by the test compound so that it forms a
complex between the working target and the ligand in the form of an inhibitor. The organism used in
modeling is the human organism (Homo sapiens). Apart from that, the modeling method used is X-ray
diffraction (XRD), this method only has one post at rest and a resolution of <2 A. Natural ligands that
form complexes with action targets are medicinal compounds that have been used and proven have a
mechanism of action as inhibitor (Kowalchick et al., 2007; Roig-Zamboni et al., 2017).
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Table 2. Parameters of physicochemical properties

Liga Ligand name MW (g/mol) LogP H-bond H-
nd acceptor bond
code donor
S1 Andrographolide #° 350.00 1.96260 5 3
S2 Andrographanin 2 318.00 4.0209 3 1
S3 Bisandrographolide 664.00 5.36789 8 4
S4 14-Deoxyandrographolide ®¢  334.00 2.99179 4 2
.00
S5 Andrographolactone®® 296.00 4.22613 2 0
S6 14-Deoxy-11,12- 332.00 2.76779 4 2
didehydroandrographolide *
S7 Lambertianic acid? 316.00 5.07570 3 1
S8 5,7-dihydroxy-3-(4- 300.00 1.93897 6 3

hydroxyphenyl)-6-
methoxy-4H-chromen-4-
one 4',5,7- Trihydroxy-6-
methoxyisoflavone™®

S9 Cevadine ® 591.00 0.99457 10 6
S10 Caffeoyl quinic acid ® 354.00 -0.6459 9 6
S11 1-(3-hydroxycyclopent-2- 140.00 1.81740 2 1

en-1- yl) propane-2-one

furan-2,5-dicarboxylic acid

S12 ae 156.00 0.67600 5 2

S13 2,4-di-tert-Butyl-6- 230.00 3.73547 2 2
Cyanoaniline®*

S14 3-hydroxy-3-(4- 182.00 0.90030 4 3
hydroxyphenyl)propanoic

S15 acid® 136.00 1.59480 2 1
1-(2-hydroxyphenyl)ethan-
1-one ¢

S16 pbropyl 4-hydroxybenzoate 180.00 1.95900 3 1
anc

S17 11-(P-Bromoanilino)-5H- 363.00 4.70999 3 2

Dibenzo[B,E][1,4]Diazepin
e abc

S18 3-butyl-3,5,5-trimethyl 196.00 4.44479 1 1
cyclo hex- 1-en-1-ol 3°
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Figure 2. Ligand structure modelling

A B C D
Figure 3. Target protein and natural ligands

(A) Crystallographic Structure of Alpha-Glucosidase Enzyme (B) Natural ligand Acarbose
(C) Crystallographic Structure of DPP-4 Enzyme (D) Natural ligand Triazolopiperazine
(Source: RSCB Protein Data Bank)
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Besides that the enzyme can be inhibited by the test compound therefore it forms a complex with a
resolution of < 2 A. Crystallographic resolution categories are divided into four categories, small
(<3.00 A), medium (2.70-2.00 A), high (2.00-1.50 A), and very high (<1.5 A). The smaller the
crystallographic value, the more specific the visualization of the resulting image (Riverson &
Rizarullah, 2020).

Docking validation

Molecular docking was performed using Autodock version 4.2.3 (Morris et al. 2008). Validation of
molecular docking is done by natural ligands docking to the test enzyme and then comparing the pose
of the natural ligand before and after, known as redocking which is expressed in the form of RMSD
(Root Mean Square Deviation). The purpose of redocking is to determine the validated ligand docking
location in the form of the size and position of the grid box. The validation of molecular docking is
declared valid if the RMSD value is < 2 A, which means that the molecular docking method provides a
deviation that is not large and can be used further for the simulation of molecular docking of test
ligands enzyme (Ldopez-Camacho et al. 2016).

Docking validation of alpha-glucosidase enzyme

Redocking natural ligand against alpha-glucosidase enzyme is valid with grid box (40,76,40), grid
spacing 0,775A% and grid center (-14,425; -37,292; 95,129). This redocking gives an acceptable
RMSD value, which is 1,705A° with a AG value of -9,65 Kcal/mol. or equivalent to the inhibition
constant of 84,93nM.

The interaction of the natural ligand redocking results is in accordance with the interaction in its
crystal structure. The interaction occurs through the formation of 18 hydrogen bonds, 2 hydrophobic
interactions, and several Van der Walls interactions. Visualization of the interactions can be seen in
Figure 4.

Docking validation of DPP-4 (Dipeptidyl Peptidase 1V) enzyme

Redocking natural ligand against DPP-4 enzyme is valid with grid box (46,44,44), grid spacing
0,375A° and grid center (-7,646; 66,207; 39,187). This redocking gives an acceptable RMSD value at
1,878A° with an AG value of -8,26 Kcal/mol. or equivalent to the inhibition constant of 874,76 nM.

The interaction of the natural ligand redocking results following the interaction in its crystal
structure. The interaction occurs through the formation of 6 hydrogen bonds, 3 hydrophobic
interactions, and several VVan der Walls interactions. Visualization of the interactions can be seen in
Figure 4.

Interactions between enzymes and natural ligands can be in the form of hydrogen bonds,
hydrophobic bonds, and Van der Waals interactions, which are intermolecular bonds. Intermolecular
bonds are important bonds that occur between drug interactions and their targets. The conformation
with the lowest binding energy shows the best interaction pose. The conformational suitability of the
test ligand is compared with the native ligand to confirm the free energy value because the active
ligand must bind to specific amino acid residues. The important amino acid residues responsible for
activity are ALA 284, ASP 404, MET 519, ASP 616, HIS 674, ARG 600, and TRP 376 in Alpha-
glucosidase enzyme while Glu 205, Glu 206 in DPP-4 enzyme (Kowalchick et al., 2007; Roig-
Zamboni et al., 2017). The results of re-bonding natural ligands have interactions with amino acid
residues by forming hydrogen bonds, proving the validation of molecular docking has been valid
(Julaiha et al. 2019).

Molecular docking on alpha-glucosidase enzyme

Molecular docking is a computational technique used to predict the interaction between a small
molecule, such as a drug candidate, and a target protein, usually an enzyme. It helps in understanding
the binding affinity and the orientation of the ligand within the enzyme's active site, which is crucial
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for designing effective inhibitors. A molecular docking simulation for the test ligand was carried out to
obtain the interaction and affinity of the test ligand to the active side of the Alpha-glucosidase enzyme,
according to the previously validated docking parameters. This simulation allows for the identification
of key interactions between the ligand and the enzyme, providing insights into the potential efficacy of
the ligand as an enzyme inhibitor. (Julaiha et al. 2019)

The AG value of the test ligands compared to the natural ligand is -9.65 kcal/mol (Table 3), where
ligands S1, S1, S4, S5, S17, and S18 are predicted to have a better affinity to the enzyme. Meanwhile,
the inhibition constant value of the test ligands compared to the natural ligand is 84.93 nM (Table 3),
where ligands S1, S2, S4, S5, S4, S6, S17, and S18 showed less than 100 uM and are predicted as
strong inhibitors (Zheng and Polli 2010). Interaction of the test ligand with the alpha-glucosidase
enzyme, S1 showed the best interaction because it interacts with important amino acid residues which
are responsible for the activity of ALA 284 and ASP 404 (Julaiha et al. 2019), and based on AG
value, inhibition constant, and interaction with Alpha- glucosidase enzyme showed that ligand S17
(11-(P-Bromoanilino)-5H-Dibenzo  [B,E][1,4] Diazepine), Sl(andrographolide) and S2
(andrographanin) have potential as inhibitors on alpha-glucosidase enzyme (Morris et al. 2008).
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Figure 4. Visualization of alpha-glucosidase enzyme-natural ligand acarbose interaction
(A) DPP-4 enzyme interaction with triazolopiperazine natural ligand(B)

Molecular docking on DPP4 enzyme

A molecular docking simulation for the test ligands was conducted to obtain the interaction and
affinity of the test ligands towards the active side on the DPP-4 enzyme, under the previously
validated docking parameters. This approach allows for the assessment of how well the ligands fit
within the enzyme's active site, providing valuable insights into their potential to inhibit enzyme
activity. By evaluating the binding energy and key interactions, the simulation helps identify the most
promising candidates for further in vitro and in vivo studies, ultimately contributing to the
development of more effective therapeutic agents.

The AG values of the test ligands (Table 4) were compared with the AG value of the natural ligand
of -8.26 kcal/mol, where ligands S17 and S5 had more negative AG values than the natural ligand, so
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they were predicted to have better affinity to the DPP-4 enzyme. While ligands S17 and S5 showed
lower inhibition constant values compared to the natural ligand (Table 4). Value less than 100 uM are
considered strong inhibitors (Zheng and Polli 2010). From the interaction of the test ligand with the
DPP-4 enzyme, S17 has the best interaction because it interacts with amino acid residues GLU 205
and GLU 206 which is responsible for the activity. The best molecular docking results based on AG,
Ki values and interactions with the DPP-4 enzyme are the S17 ligand (11-(P-Bromoanilino)-5H-
Dibenzo [B,E][1,4]Diazepine) and S5 (andrographolactone), which have potential to act as an inhibitor
of the DPP-4 enzyme and predicted that these ligand will have a better affinity in interacting with the
enzyme (Morris et al. 2008).
Table 3. Molecular docking on alpha-glucosidase enzyme

Ligand code AG Inhibition Constant
(kcal/mol)

Acarbose -9.65 84.93nM
S1 -7.47 3.34uM
S2 -1.72 2.18uM
S4 -7.05 6.84 uM
S5 -6.99 7.55 uM
S6 -7.09 6.40 uM
S7 -5.67 70.12 uM
S8 -6.05 36.50 uM
S11 -5.23 146.78 uM
S12 -0.88 227.88 mM
S13 -6.64 13.67 uM
S14 -2.75 9.66 mM
S15 -5.21 151.86 uM
S16 -5.59 80.11 uM
S17 -8.18 1.02 uM
S18 -6.92 8.43 uM

Table 4. Molecular docking on DPP-4 enzyme

Ligand code AG Inhibition
(kcal/mol) constant

Triazolopiperazine -8.26 874.76 nM
S1 -7.70 2.28uM
S2 -8.15 1.06 uM
S4 -7.87 1.70 uM
S5 -8.28 851.87 nM
S6 -7.99 1.40 uM
S7 -6.81 10.22 uM
S8 -7.08 6.41 uM
S11 -5.33 123.74 uM
S12 -1.47 84.28 mM
S13 -6.51 16.90 uM
S14 -4.21 821.99 uM
S15 -5.53 88.91 uM
S16 -5.31 127.56 uM
S17 -9.35 140.32 nM
S18 -7.16 5.64 uM

CONCLUSION

Based on LC-MS / MS and GC-MS analysis obtained 18 identified compounds. These compounds
come from alkaloids, flavonoids, and terpenoids. The results of molecular docking showed that the
compound S17 (11-(P- Bromoanilino)- 5H-Dibenzo[B,E][1,4]Diazepine), S1 (andrographolide) and
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S2 (andrographanin) have the potential to inhibit the activity of alpha-glucosidase enzyme; on the
other  hand, S17 (11-(P- Bromoanilino)-5H-Dibenzo[B,E][1,4]Diazepine) and S5
(andrographolactone) have the potential to inhibit the activity of DPP-4 enzyme. These compounds
have the potential to inhibit alpha- glucosidase and DPP-4 enzymes which act as antidiabetics.
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