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Abstract 

Background: Pineapple peel (Ananas comosus (L.) Merr.) is an agricultural 
waste that contains various secondary metabolites with antimicrobial 
potential. 
Objective: This study aimed to formulate a pineapple peel extract into a nano-
shampoo preparation and evaluate its physical quality characteristics and 
antimicrobial activity against Malassezia furfur and Staphylococcus 
epidermidis. 
Methods: The nano-shampoo was formulated with three different 
concentrations of extract: 3% (FI), 6% (FII), and 9% (FIII). Physical quality 
evaluation included organoleptic observations, homogeneity, pH, viscosity, 
foam height, and storage stability. Antimicrobial activity was tested in vitro 
using the agar diffusion method and analyzed. 
Results: The results showed that all nano-shampoo formulations met the 
physical quality requirements and exhibited good stability. All formulations 
demonstrated antimicrobial activity against M. furfur and S. epidermidis, as 
indicated by the formation of inhibition zones. Statistical analysis showed that 
the positive control produced significantly larger inhibition zones than all 
nano-shampoo formulations (p < 0.05), whereas no significant differences 
were observed among formulations FI, FII, and FIII (p > 0.05). Nevertheless, 
the 9% extract formulation (FIII) descriptively exhibited the largest inhibition 
zones among the tested nano-shampoo formulations.  
Conclusion: Based on these results, pineapple peel extract nano-shampoo has 
the potential for development as a natural-based preparation with 
antimicrobial activity, particularly as a supportive alternative for scalp care. 
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INTRODUCTION 
Dandruff is a common scalp disorder characterized by excessive shedding of the stratum corneum, often 

accompanied by itching and discomfort. Its pathogenesis is strongly associated with alterations in the scalp 

microbiome, particularly the proliferation of lipophilic Malassezia species, which metabolize sebum lipids into 

irritating metabolites that can disrupt the skin barrier and trigger inflammation. In addition, opportunistic commensal 

bacteria such as Staphylococcus epidermidis have been implicated in scalp dysbiosis and may contribute to local 

inflammatory processes. Emerging evidence suggests that interactions between Malassezia and Staphylococcus 

species influence microbial ecology and may exacerbate the severity of dandruff and related scalp disorders.1,2 

Dandruff is typically treated using anti-dandruff shampoos that contain synthetic active ingredients such as 

zinc pyrithione and ketoconazole.3 Although conventional antidandruff agents are generally effective, some may cause 

local adverse effects in susceptible individuals, and dandruff may recur after treatment discontinuation.4,5 This 

situation has led to increased interest in the development of natural alternatives, which are expected to be safer and 

more suitable for long-term use. 

Pineapple peel (Ananas comosus (L.) Merr.) is an agricultural waste produced in large quantities by the food 

industry, and its utilization has been limited. Various studies have reported that pineapple peel contains secondary 

metabolites such as flavonoids, alkaloids, saponins, and tannins, as well as the enzyme bromelain, which are known to 

have biological activities, including antimicrobial activity against bacteria and fungi.6–9 Methanolic pineapple peel 
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extract exhibited antimicrobial activity against several bacterial and fungal strains, with the strongest inhibition 

observed against Pseudomonas fluorescens, Staphylococcus aureus, Fusarium sp., and Tilletia indica; its activity against 

Bacillus megaterium was also evaluated.10 Ethanolic pineapple peel extract also exhibited in vitro antifungal activity 

against Trichophyton mentagrophytes and Malassezia furfur.11 The use of pineapple peel as an active ingredient in 

pharmaceutical formulations not only has the potential to increase the value of this waste but also aligns with the 

principles of sustainability and the development of products based on local natural resources.8,9  

The development of topical formulations based on natural ingredients faces a major challenge regarding the 

stability of active compounds and their effectiveness in reaching the target site.12 Nanotechnology has been widely 

applied in topical formulations because it can improve the physical stability, homogeneity, and biological activity of 

active ingredients by increasing the surface area and achieving a more uniform particle distribution.13,14 In shampoo 

formulations, nanotechnology is expected to enhance the interaction between active ingredients and microorganisms 

causing scalp disorders while supporting the effectiveness of the formulation without increasing the risk of irritation.15 

Among the various nano-based delivery systems, nanoemulsions are particularly suitable for shampoo 

formulations because they are composed of biocompatible oil, water, and surfactants that can be easily incorporated 

into conventional cleansing products without substantially altering their rheological properties. Compared with 

liposomes and solid lipid nanoparticles, nanoemulsions are generally simpler to prepare, more cost-effective, and 

exhibit high physical stability while efficiently solubilizing hydrophobic phytochemicals. In addition, their small droplet 

size provides a larger surface area, which enhances contact between the active compounds and the scalp surface, 

thereby potentially improving antimicrobial efficacy and the retention of bioactive constituents during shampoo 

applications. These advantages make nanoemulsion systems particularly attractive for the development of natural 

anti-dandruff shampoo formulations. 

Recent evidence from systematic reviews and comprehensive review articles has highlighted the increasing 

potential of natural products as alternative agents for dandruff management because of their combined antimicrobial, 

anti-inflammatory, antioxidant, and scalp-protective properties. Compared with conventional synthetic agents, plant-

derived bioactive compounds are considered promising for long-term scalp care due to their lower risk of adverse 

effects and broader pharmacological activities. Furthermore, recent advances in nano-based topical drug delivery 

systems have demonstrated that nanoformulations can significantly improve the stability, solubility, skin penetration, 

controlled release, and bioavailability of phytochemicals, thereby enhancing their therapeutic efficacy. Collectively, 

these findings provide a strong scientific basis for developing nano-shampoo formulations containing medicinal plant 

extracts as innovative natural alternatives for managing scalp disorders.3,16 

Recent studies have demonstrated that dandruff is associated not only with fungal overgrowth but also with 

alterations in the scalp bacterial microbiota. Besides Malassezia spp., Staphylococcus epidermidis is one of the 

dominant bacterial species inhabiting the healthy scalp. Under dysbiotic conditions, changes in its abundance and 

interaction with Malassezia may contribute to scalp inflammation, impairment of the skin barrier, and persistence of 

dandruff symptoms. Therefore, evaluating antimicrobial activity against both fungal and bacterial scalp-associated 

microorganisms may provide a broader assessment of the therapeutic potential of novel anti-dandruff formulations. 

Although the antimicrobial potential of pineapple peel extract has been widely documented, studies 

investigating its formulation into nano-shampoo preparations and evaluating its activity against both Malassezia furfur 

and Staphylococcus epidermidis remain limited. Previous nano-shampoo research has focused only on pineapple core 

extract and assessed antidandruff activity against a single pathogen, Malassezia furfur.15 To date, no study has 

examined pineapple peel extract in a nano-shampoo system with broader antimicrobial evaluation targeting both 

fungal and bacterial scalp pathogens. 

Therefore, this study aimed to formulate pineapple peel extract into a nano-shampoo preparation and 

evaluate its physicochemical characteristics and antimicrobial activity against Malassezia furfur and Staphylococcus 

epidermidis. Comprehensive characterization of the pineapple peel extract was also performed to identify its major 

bioactive constituents and support formulation development. Beyond providing scientific evidence of antimicrobial 

efficacy, this study may contribute to the development of standardized natural-based nano-shampoo products 

utilizing agricultural waste as a value-added raw material. The findings may also provide preliminary evidence to 

support future product optimization, safety evaluation, and regulatory assessment prior to clinical application, 

thereby facilitating the translation of sustainable plant-based formulations into topical scalp care products. 
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METHODS 

Tools. The primary tools that influenced the research results included an analytical balance (Kenko), rotary evaporator 

(Buchi), ultrasonic probe homogenizer (Qsonica sonicator), Viscometer (NDJ-5S), calibrated pH meter (Hanna 

instruments edge), Particle Size Analyzer (PSA), and UV-Vis spectrophotometer (Genesys 30, Thermo Fisher Scientific, 

USA). Additionally, supporting equipment such as an autoclave (GEA), incubator (Memmert), laminar air flow 

(Biobase), and standard laboratory glassware and microbiological supplies were used to support sample preparation, 

formulation, and testing. 

Materials. The main material used in this study was pineapple peel (Ananas comosus (L.) Merr.) as the raw material 

for the extract and 96% ethanol as the solvent. The shampoo base ingredients included sodium lauryl sulfate (SLS), 

cocamidopropyl betaine, glycerin, sodium benzoate, essential oils, deionized water, and citric acid. Additionally, 

materials for forming and stabilizing the nanosystem were used. The test microorganisms were Malassezia furfur and 

Staphylococcus epidermidis. Sabouraud Dextrose Agar (SDA) was used for the growth of M. furfur, while Nutrient Agar 

(NA) was used for S. epidermidis. The positive control was 2% ketoconazole shampoo, and the negative control was 

deionized water. 

Research Procedure 

Plant Identification 

The plant identification was carried out to confirm the botanical identity of the test material used in the 

study.17 Pineapple peel samples were obtained from fresh pineapples and subsequently identified at the SITH ITB 

institution. The identification process was based on the morphological characteristics of the plant and was matched 

with relevant taxonomic literature. 

Preparation and Characterization of Simplisia 

The pineapple peel was washed with running water to remove dirt, then cut into small pieces and dried to 

reduce the moisture content, turning it into simplisia. The dried simplisia was characterized using the following tests: 

Macroscopic Examination: Macroscopic examination was conducted by directly observing a small portion of the 

simplisia based on its physical condition. The characteristics observed included the shape, color, odor, and texture of 

the pineapple peel simplisia (Ananas comosus (L.) Merr.).18 

Microscopic Examination: Microscopic examination was performed using a light microscope at 40× magnification to 

identify diagnostic characteristics including parenchyma cells, stone cells, and calcium oxalate crystals.18 

Moisture Content Determination: The moisture content of the simplicia was determined using the gravimetric method 

as described in previous study.19 All tests were performed in triplicate to ensure consistency of the results The 

moisture content of simplisia should not exceed 10%, as it could affect the quality of simplisia.20  

Determination of Water-Soluble Extract and Ethanol-Soluble Extract Content: The determination of water-soluble and 

ethanol-soluble extract content was conducted according to the method described previously using water–chloroform 

(97.5:2.5) and 96% ethanol as solvents to evaluate the solubility of polar and semipolar compounds. The filtrates were 

evaporated to dryness and heated at 105°C to constant weight to calculate the extract content.21  

Pineapple Peel Extraction 

Pineapple peel simplisia was extracted using the maceration method with 96% ethanol for 3 × 24 h with 

periodic agitation. The filtrate obtained from maceration was filtered and evaporated using a rotary evaporator until a 

thick extract was obtained. The resulting thick extract was weighed, and the yield was calculated before being stored 

in a sealed container for further use in the next stage.17 

%𝑌𝑖𝑒𝑙𝑑 =
𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑒𝑥𝑡𝑟𝑎𝑐𝑡 (𝑔𝑟𝑎𝑚𝑠)

𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓𝑠𝑖𝑚𝑝𝑙𝑖𝑠𝑖𝑎 (𝑔𝑟𝑎𝑚𝑠)
x 100% 

Phytochemical Screening of Extract 

Qualitative phytochemical screening of the pineapple peel extract was performed using specific reagent-

based tests to identify major classes of secondary metabolites. The presence of each metabolite class was determined 

based on characteristic color changes or precipitate formation.22 In this study, phytochemical screening was 

conducted to identify the presence of flavonoids, alkaloids, saponins, tannins, terpenoids, and steroids, according to 

previously reported methods.23  
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Pineapple Peel Extract Nanoemulsion Preparation 

The pineapple peel extract nanoemulsion was prepared using probe ultrasonication following a high-energy 

emulsification approach. Tween 80 and PEG 400 were mixed until the mixture was clear and homogeneous, after 

which virgin coconut oil (VCO) was added to the mixture of Tween 80 and PEG 400. Next, the mixture was 

incorporated into the pre-dissolved extract and stirred using a magnetic stirrer for 20 min at 800 rpm and 80°C. The 

mixture was then homogenized using an ultrasonic probe homogenizer for 30 min to obtain a homogeneous and 

stable nanoemulsion. The detailed formula composition is presented in Table 1. 

The nanoemulsion composition consisting of virgin coconut oil (VCO), Tween 80, and PEG 400 was selected 

based on previous reports demonstrating its suitability for topical nanoemulsion formulations. VCO served as the oil 

phase to dissolve lipophilic phytochemical constituents, while Tween 80, a nonionic surfactant with a high 

hydrophilic–lipophilic balance (HLB), facilitated the formation of a stable oil-in-water nanoemulsion. PEG 400 was 

used as a co-surfactant to further reduce the interfacial tension, improve droplet dispersion, and enhance the physical 

stability of the nanoemulsion during ultrasonication. 

Table 1. Formulation of Pineapple Peel Extract Nanoemlsion 

Ingredients Quantity 

Pineapple peel extract 2 g 
VCO 0.6 g 

Tween 80 7.2 g 
PEG 400 4 g 

Deionized water 20 mL 

Characterization of Particle Size and Polydispersity Index (PDI) of Nanoemulsion 

The particle size and Polydispersity Index (PDI) of the pineapple peel extract nanoemulsion system were 

characterized before formulation into the shampoo base. Particle size and PDI were measured according to previously 

reported methods, a PDI value below 0.3 indicates a homogeneous particle size distribution.24 Particle Size Analyzer 

(PSA) testing was performed to ensure the formation of a nanosized dispersion system and to evaluate the particle 

distribution homogeneity. This characterization was performed on the pure nanoemulsion and was not repeated after 

the nanoemulsion was formulated into the shampoo formulations (FI, FII, and FIII). 

Formulation of Nanoemulsion Shampoo 

The nano-shampoo formulations were prepared using three different extract concentrations: 3% (FI), 6% (FII), 

and 9% (FIII), as shown in Table 2. All formulations were homogenized until a homogeneous and stable nanosized 

shampoo was achieved. The pH was adjusted using citric acid to match that of the human scalp. 

Table 2. Pineapple Peel Extract Nano Shampoo Formulation 

Ingredients 
Concentration (%w/v) 

Function 
FI FII FIII 

Pineapple peel extract 
nanoemulsion 

3 6 9 Active ingredient 

SLS (Sodium Lauryl 
Sulfate) 

10 10 10 Surfactant 

Cocamidopropyl 
betaine 

5 5 5 Co-surfactant 

Glycerin 2 2 2 Humectant 
Sodium Benzoate 0.2 0.2 0.2 Preservative 

Essential oil 0.5 0.5 0.5 Fragrance 
Deionized water q.s. to 100 q.s. to 100 q.s. to 100 Solvent 

Citric acid Sufficient amount Sufficient amount Sufficient amount pH stabilizer 

Physical Evaluation of Nano Shampoo 

Organoleptic Stability Test. The organoleptic stability test was performed by observing the stability of the physical 

parameters of the formulation, such as color, odor, shape, and homogeneity, at specific time intervals to assess the 

stability of the formulation during storage process.25  

pH Measurement. The pH of the shampoo formulation was measured using a universal pH indicator to determine its 

acidity level and ensure skin compatibility.26  
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Viscosity Test. The viscosity of the shampoo preparations was measured using an NDJ-5S digital rotational 

viscometer equipped with spindle No. 2 at a rotational speed of 60 rpm. The shampoo sample was placed 

in a 100-mL beaker, and the spindle was immersed until the marked line on the spindle was aligned with 

the surface of the sample. After an equilibration period of approximately 30 s, the viscosity value displayed 

by the instrument was recorded in mPa·s. Measurements were performed at room temperature without 

specific temperature control. The measurement procedure was conducted according to the operating 

principles of the NDJ-5S viscometer.27  

% Transmittance Test. The percent transmittance test was performed to evaluate the clarity of the dispersed nano 

system, following procedures described in previous studies.28,29 A transmittance value of ≥90% indicates adequate 

clarity and suitability for further nano-system characterization.28,29 

Particle Size and Distribution Analysis (Particle Size Analyzer). Particle size analysis was conducted using a Particle 

Size Analyzer based on laser light scattering principles, following previously reported methods.30 Nanoemulsions are 

generally characterized by an average particle size within the range of 1–500 nm.  

Foam Height Test. Foam height was evaluated to assess the cleansing performance of the nano-shampoo formulation, 

following previously reported procedures.31 Briefly, 1 g of the sample was dispersed in 10 mL of distilled water, shaken 

to generate foam, and the foam height was recorded after 5 minutes. 

Antimicrobial Activity Test 

The antimicrobial activity of the pineapple peel extract nano-shampoo was evaluated in vitro using the agar 

disk diffusion method on Nutrient Agar (NA) for Staphylococcus epidermidis and modified Sabouraud Dextrose Agar 

(SDA) supplemented with lipid for Malassezia furfur, following previously reported procedures.32–36 Before 

inoculation, microbial suspensions were standardized using the 0.5 McFarland standard (approximately 1.5 × 10⁸ 

CFU/mL) to ensure uniform microbial density during antimicrobial testing. Sterile paper discs impregnated with the 

positive control (2% ketoconazole shampoo, diluted), negative control, and nano-shampoo formulations (FI, FII, and 

FIII) were placed on inoculated agar surfaces, incubated under appropriate conditions, and the inhibition zone 

diameters were measured using a caliper and recorded in millimeters. Each sterile paper disc (6 mm diameter) was 

impregnated with 20 µL of the respective test sample before being placed on the inoculated agar surface. The 

antimicrobial assay was performed in triplicate (n = 3), and the inhibition zone diameters were expressed as mean ± 

standard deviation. For Malassezia furfur, inoculated plates were incubated at 32°C/35°C for 48–72 h on lipid-

supplemented Sabouraud Dextrose Agar under aerobic conditions. 

Data Analysis 

The test data were analyzed statistically using SPSS software at a 95% confidence level. Normality and 

homogeneity tests were performed as prerequisites for the analyses. Data that met the parametric assumptions were 

analyzed using one-way ANOVA followed by a Tukey test to determine differences between treatment groups. Those 

that did not meet the assumptions were analyzed using the nonparametric Kruskal-Wallis test. Statistical significance 

was set at p < 0.05. 

 

RESULT AND DISCUSSION  
Plant Identification 

The plant identification results showed that the sample used in this study was identified as pineapple (Ananas 

comosus (L.) Merr.) and belongs to the Bromeliaceae family with identification number 1913/IT1.C11.2/TA.00/2025. 

This identification confirmed that the raw material used matched the reported plant species and was suitable for use 

as the subject of the research. 

Preparation and Characterization of Pineapple Peel Simplicia 

Macroscopic Examination. The macroscopic examination of the pineapple peel simplicia was conducted by directly 

observing the physical condition of the pineapple peel simplicia used. The macroscopic observation showed that the 

pineapple peel simplicia used had an elongated shape, measuring approximately ±2–3 cm in length and ±1–2 cm in 

width, with a rough surface. The simplicia appeared yellowish-brown, reflecting the natural characteristics of the 

pineapple peel after drying. Sensory evaluation indicated that the simplicia had a sweet taste and characteristic 

pineapple aroma, suggesting that the volatile components and natural compounds were well preserved. 
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Microscopic observation. The Microscopic observation revealed several diagnostic characteristics of pineapple peel 

simplicia, including parenchyma cells, stone cells, and calcium oxalate crystals (Table 3). These findings confirmed the 

authenticity of the plant material.15,18 

Table 3. Microscopic Observation Results of Simplicia 

Name of Object Sample Reference 

Parenchyma   

 

 

 

 

 

 

 

 

Stone cell 

 

 
Calcium Oxalate 

 

 

Moisture Content Test. The moisture content test is an essential part of ensuring the quality of the simplicia during 

storage. The moisture content was 2.2%, which complies with the Indonesian Materia Medica (MMI) requirement of 

not more than 10%. 

Results of Water-Soluble Extract and Ethanol-Soluble Extract Tests. Water-soluble and ethanol-soluble extract tests 

are preliminary identification steps before conducting phytochemical screening to identify the types of active 

compounds that are polar, semi-polar, or nonpolar present in the simplicia. The water-soluble and ethanol-soluble 

extract contents were 42.1% and 7.29%, respectively, which meet the requirements of the MMI, with values of ≥37% 

and ≥3%, respectively14. This result indicates that the simplicia contains compounds soluble in both polar and semi-

polar solvents. 

Extraction Yield of Pineapple Peel 

Pineapple peel was extracted using the maceration method with 96% ethanol, resulting in a thick, dark brown 

extract with a characteristic pineapple odor. The yield calculation was 29.05%, This yield is comparable with previous 

studies indicating that the extraction successfully drew soluble compounds from the simplicia.37 The obtained yield 

value demonstrates that pineapple peels have good potential as a source of bioactive compounds. 

Phytochemical Screening of Pineapple Peel Extract 

Phytochemical screening is a preliminary identification process used to study the chemical compounds in 

pineapple peel extracts. The phytochemical screening of pineapple peel extract revealed the presence of several 

groups of secondary metabolites, including flavonoids, alkaloids, saponins, tannins, terpenoids, and steroids, which is 

consistent with the findings of previous studies 15,38. The presence of these compounds suggests the potential of 

pineapple peel extract, particularly as an antimicrobial agent. These phytochemical screening results are consistent 

with the antimicrobial activity observed against Malassezia furfur and Staphylococcus epidermidis, where phenolic 
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compounds and flavonoids are known to inhibit microorganism growth by disrupting cell membranes and enzymatic 

systems.28 

Characterization of Pineapple Peel Extract Nanoemulsion 

The nanoemulsion of pineapple peel extract was characterized prior to incorporation into the shampoo base 

to confirm the successful formation of a nano-sized dispersion system. Particle Size Analyzer (PSA) results showed an 

average hydrodynamic diameter of 369.4 ± 0.0314 nm, indicating relatively consistent particle size. This value falls 

within the nanoemulsion range (<500 nm), suggesting effective homogenization through the combination of 

surfactants and ultrasonication. The polydispersity index (PDI) of 0.2707 ± 0.0130, which is below 0.3, indicates a 

relatively homogeneous and physically stable particle size distribution. Furthermore, the transmittance value (89.8 ± 

0.45%) reflects high system clarity, while the diffusion coefficient of 1.10 ± 0.10 µm²/s indicates stable particle 

movement, confirming the formation of a well-dispersed submicron system. 

This characterization was performed at the nanoemulsion stage before being formulated into the shampoo 

base. Thus, the obtained particle size represents the delivery system of the active ingredient, which is consistently 

used across all shampoo formula variations (FI–FIII), where the differences between formulas lie only in the volume of 

nanoemulsion added to the shampoo base matrix. 

Physical Characteristics of Nano Shampoo 

The results of the organoleptic stability evaluation of the pineapple peel extract nano shampoo during 

storage on days 0, 7, and 14 showed that all formulations (FI–FIII) maintained their characteristics of shape, color, 

odor, and homogeneity with a score of 5 (very stable). No significant physical changes were observed during the 

observation period, indicating that the nanoemulsion system effectively maintained the physical and organoleptic 

stability of the formulation. The physical appearance of the three formulations is shown in Figure 1. 

 
Figure 1. Nano-shampoo formulations containing pineapple (Ananas comosus (L.) Merr.) peel extract at 

concentrations of 3% (FI), 6% (FII), and 9% (FIII), arranged from left to right. 

The pH test showed a decrease in pH values with increasing concentrations of pineapple peel extract. 

Formula FI (3%) had the highest pH value at 6.50 ± 0.32, while formula FIII (9%) showed the lowest pH at 4.77 ± 0.04. 

Statistical analysis showed a significant difference in pH values between formulations (p < 0.001), especially between 

FI and FII/FIII, while the difference between FII and FIII was not significant. The decrease in pH is suspected to be 

related to the higher content of organic acids in the extract at higher concentrations.39 However, all formulations 

remained within the pH range that is safe for the scalp.40 One-way ANOVA demonstrated a significant difference in pH 

among the formulations (p < 0.05). Tukey's HSD analysis further confirmed that increasing pineapple peel extract 

concentration significantly decreased the pH of the nano-shampoo formulations. 

The decrease in pH with increasing pineapple peel extract concentration is likely associated with the presence 

of naturally occurring organic acids and phenolic compounds in the extract. From a pharmaceutical perspective, 

maintaining the pH within the physiological scalp range is crucial because slightly acidic formulations help preserve the 

integrity of the scalp barrier, maintain the acid mantle, and support the balance of the resident scalp microbiota. 

Consequently, although increasing extract concentration significantly reduced the pH, all formulations remained 

within the acceptable range for topical application, indicating their suitability for scalp use.41,42 

Similar trends have been reported in herbal shampoo formulations containing plant extracts, where 

increasing extract concentration resulted in a gradual decrease in pH because of the higher content of organic acids 

and phenolic compounds. Nevertheless, maintaining the formulation within the physiological scalp pH range is 

essential to preserve the acid mantle and minimize irritation.  
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The viscosity test showed that formula FIII (9%) had a higher viscosity compared to FI (3%) and FII (6%). The 

Kruskal-Wallis test showed a significant difference between formulations (p = 0.043), and the Mann-Whitney post-test 

indicated that FIII was significantly different from FI and FII, while FI and FII showed no significant difference. The 

increased viscosity in FIII is suspected to be due to the higher dissolved solid content of the extract, which affects the 

intermolecular interactions in the formulation matrix.43 Although there were significant statistical differences, all the 

physical parameters remained within an acceptable range for topical shampoo formulations, ensuring user 

comfort.44,45 Statistical analysis revealed significant differences in viscosity among the formulations (one-way ANOVA, 

p < 0.05). Pairwise comparisons using Tukey's HSD indicated that formulations containing higher extract 

concentrations exhibited significantly greater viscosity than those containing lower concentrations. 

The increase in viscosity observed with higher extract concentrations may be attributed to the greater 

amount of dissolved phytochemicals and enhanced intermolecular interactions within the formulation. In topical 

formulations, viscosity is an important quality attribute because it influences product spreadability, residence time on 

the scalp, and the release profile of active compounds. A moderately increased viscosity may prolong contact between 

the formulation and the scalp, potentially enhancing antimicrobial efficacy while maintaining acceptable consumer 

usability.46,47 

Similar increases in viscosity following higher concentrations of plant extracts have also been reported in 

previous topical formulations. This phenomenon is attributed to the increased total dissolved solids and stronger 

intermolecular interactions within the formulation matrix. This observation is consistent with previous reports on 

herbal shampoo formulations, where increasing extract concentration increased viscosity due to the higher amount of 

dissolved solids and stronger intermolecular interactions within the formulation matrix. Appropriate viscosity is 

important because it influences shampoo spreadability, user acceptability, and retention time on the scalp. 

The transmittance values of the nano shampoo showed a decreasing trend with increasing extract 

concentrations. Formula FI had the highest transmittance value at 99.83 ± 0.05%, while FIII had the lowest at 96.73 ± 

0.05%. Statistical analysis showed a significant difference between all formulations (p < 0.05). The decrease in 

transmittance indicates reduced clarity due to the higher concentration of active ingredients, but all formulations still 

met the characteristics of a nano-based system.48-49 One-way ANOVA showed that transmittance differed significantly 

among the formulations (p < 0.05), with Tukey's HSD indicating a significant reduction in transmittance as the 

concentration of pineapple peel extract increased. 

The gradual reduction in transmittance with increasing extract concentration reflects the incorporation of a 

greater amount of dispersed phytochemicals within the nanoemulsion rather than indicating formulation instability. 

Despite the decrease in optical clarity, all formulations exhibited transmittance values above 90%, suggesting that the 

dispersed droplets remained sufficiently small and uniformly distributed. High transmittance is generally associated 

with nanoscale droplet formation and effective stabilization of the dispersed phase, indicating that the surfactant 

system successfully prevented significant particle aggregation.50,46 

Particle size characterization using the Particle Size Analyzer (PSA) showed an average particle diameter of 

0.3694±0.0314 µm with a polydispersity index (PDI) of 0.2707±0.0130, indicating a relatively homogeneous and stable 

particle size distribution. The consistency of particle size and transmittance values supports the stability of the 

nanoemulsion system formed, since both parameters are commonly used as indicators of nanoemulsion stability and 

homogeneity.51 Particle size characterization was performed at the nanoemulsion stage before formulation into the 

shampoo base to ensure that the active ingredient delivery system was optimally formed. This approach aimed to 

validate the success of nano system formation before applying concentration variations in the final formulation. 

Since the formula variations (FI, FII, and FIII) only involved differences in the amount of nanoemulsion added 

to the shampoo base without altering the composition of the nanoemulsion system itself, the particle size is assumed 

to remain consistent across formulations. Therefore, the observed differences in antimicrobial activity and physical 

characteristics are more related to variations in the concentration of active ingredients in the formulation matrix, 

rather than changes in the particle size of the nano system. 

The small particle size obtained in this study is advantageous for topical drug delivery because nanosized 

droplets provide a larger interfacial surface area, facilitating closer interaction between the active compounds and the 

scalp surface. In addition, the relatively low polydispersity index indicates a homogeneous particle size distribution, 

which contributes to formulation stability by minimizing droplet aggregation during storage. Previous studies have 

demonstrated that nano-sized delivery systems improve the penetration, retention, and bioavailability of 

phytochemicals in topical formulations, thereby potentially enhancing therapeutic efficacy.52 
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The particle size was characterized only once at the nanoemulsion stage prior to incorporation into the 

shampoo base. Therefore, no statistical comparison among formulations FI, FII, and FIII was performed because all 

formulations were prepared using the same nanoemulsion system. 

The average particle size of approximately 369 nm obtained in this study is comparable to nanoemulsion 

systems reported in previous topical delivery studies, which generally range between 100–500 nm. Such particle size is 

considered appropriate for improving formulation stability and facilitating closer interaction between active 

compounds and the scalp surface. Therefore, the present findings support the theoretical advantages of nano-based 

topical delivery systems reported in previous pharmaceutical studies. 

The foam height evaluation showed differences in foam stability among the formulations. Formula FI showed 

a smaller foam height difference compared to FII and FIII, indicating relatively better foam stability. Meanwhile, 

formula FIII showed a greater decrease in foam height, which is suspected to be influenced by increased viscosity and 

the dissolved solid content of the extract. However, all formulations still produced adequate foam suitable for a 

shampoo product.53 Foam stability also differed significantly among formulations (one-way ANOVA, p < 0.05), with 

Tukey's HSD indicating that higher extract concentrations produced slightly lower foam stability, although all 

formulations remained within the acceptable specification. 

Foam formation is an important quality parameter affecting consumer perception and product acceptance, 

although it is not directly correlated with cleansing efficacy. The slight decrease in foam stability at higher extract 

concentrations may result from interactions between phytochemical constituents and surfactant molecules, which can 

alter foam film elasticity. Nevertheless, the observed foam stability remained within acceptable limits, indicating that 

the incorporation of pineapple peel extract did not adversely affect the functional performance of the shampoo 

formulation.39,54 

The high foam stability observed in all formulations indicates that the incorporation of pineapple peel extract 

did not adversely affect the foaming performance of the shampoo. This finding is important because foam stability is 

closely associated with consumer acceptance, although it is not directly related to cleansing efficacy. 

Antimicrobial Activity 

The results of the inhibition zone diameter measurements for each formula are presented as shown in Figure 

2 and Table 4. All nano shampoo formulations were able to inhibit the growth of both microbes, as indicated by the 

formation of inhibition zones around the test disks. Overall, the statistical analysis (Table 4) showed that the variation 

in pineapple peel extract concentration in formulations FI, FII, and FIII did not result in significant differences in 

antimicrobial inhibition against both Malassezia furfur and Staphylococcus epidermidis (p > 0.05). This could be 

influenced by the relatively small increase in extract variation within the formulation and relatively similar 

composition of secondary metabolites among the formulations. The phenomenon is called the plateau effect, where 

increasing the concentration does not necessarily result in a significant increase in activity.55,56  

Table 4. Inhibition Zone Diameter of Pineapple Peel Extract Nano Shampoo 

Group 
Inhibition Zone Diameter (mm) Mean ± SD 

Malassezia furfur Staphylococcus epidermidis 

Negative Control (K-) 0.00 ± 0c 0.00 ± 0c 
Positive Control (K+) 12.86 ± 0.63a 10.31 ± 0.10a 
FI (3%) 9.68 ± 0.62b 8.28 ± 0.90b 
FII (6%) 9.81 ± 0.53b 7.91 ± 0.51b 
FIII (9%) 10.15  ± 1.02b 8.46 ± 0.59b 
Different letters indicate a significant difference (p < 0.05). 

 

 

 

 

 

 

 

 

 

Figure 2. Microbial Assay on Petri Dishes. Left: Malassezia furfur; Right: Staphylococcus epidermidis. 
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However, all formulations exhibited significant antimicrobial activity compared to the positive control (p < 

0.05), confirming the potential of the pineapple peel extract nano shampoo as a natural-based formulation with 

antimicrobial activity, One-way ANOVA showed significant differences among formulations (p < 0.05), followed by 

Tukey's HSD test. This activity may be attributed to the presence of bioactive phytochemicals in pineapple peel, 

including phenolic compounds and flavonoids, which have previously been reported to possess antimicrobial 

properties.57 The 9% formulation showed the highest inhibition zone among the nano-shampoo formulations, 

indicating a concentration-dependent antimicrobial effect. 

In general, the inhibition zone diameter against Malassezia furfur was larger than that against Staphylococcus 

epidermidis for all formula variations. The comparison of microorganism sensitivity is shown more clearly in Figure 3. 

This suggests that the pineapple peel extract nanoemulsion system has relatively more dominant antifungal activity 

compared to antibacterial activity. This difference in sensitivity is suspected to be related to the structural differences 

in the cell walls and membrane composition between fungi and Gram-positive bacteria. Based on the research 

conducted, the antimicrobial activity of pineapple peel extract was found to be more significant against the fungus 

Malassezia furfur. 

 

Figure 3. Comparison of inhibition zone diameters (mm) of pineapple peel extract nano shampoo against Malassezia 
furfur and Staphylococcus epidermidis. 

FI, FII, and FIII contained 3%, 6%, and 9% pineapple peel extract, respectively. Data are presented as mean ± SD (n = 3). 

The antimicrobial activity test results of the pineapple peel extract nano shampoo against Malassezia furfur 

and Staphylococcus epidermidis demonstrate the potential of bioactive compounds in pineapple peel, such as 

flavonoids and bromelain.58 Both compounds were reported inhibit lipophilic fungi.59 These findings are consistent 

with previous studies demonstrating that pineapple peel contains bioactive secondary metabolites, including alkaloids 

and terpenoids, which may contribute to its observed antibacterial activity.60,61 Phenolic compounds and flavonoids 

have been reported to exhibit antimicrobial activity through multiple mechanisms, including disruption of cell wall 

integrity, alteration of cytoplasmic membrane permeability, interference with intracellular metabolic processes, and 

inhibition of microbial protein and nucleic acid synthesis, ultimately suppressing the growth of pathogenic bacteria 

and fungi.62,63  

The lack of significant statistical differences among the formulations suggests that increasing the extract 

concentration within the tested range did not result in a meaningful increase in antimicrobial activity. This 

phenomenon indicates that the relationship between extract concentration and inhibition activity is not linear, 

especially in natural-based formulations. These findings are in line with several studies reporting that the antimicrobial 

effectiveness of herbal extracts can reach a saturation point (plateau), meaning that further increases in concentration 

do not always lead to a significant rise in inhibition activity.64-65 

Statistical analysis demonstrated significant differences in antimicrobial activity among the treatment groups 

(one-way ANOVA, p < 0.05). Tukey's HSD test further showed that all pineapple peel extract nano shampoo 

formulations exhibited significantly lower inhibition zones than the positive control, although increasing extract 

concentrations from 3% to 9% resulted in progressively greater antimicrobial activity. The 9% formulation produced 

the highest inhibition among the tested formulations, indicating a concentration-dependent effect. These findings 

suggest that higher concentrations of pineapple peel extract provide greater amounts of bioactive compounds, such 

as flavonoids, tannins, phenolics, and bromelain, which contribute to microbial growth inhibition. Although the 
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antimicrobial activity of the nano shampoo was significantly lower than that of the positive control, its marked 

inhibitory effect relative to the negative control suggests its potential as a natural-based adjunctive topical 

formulation. Previous studies have demonstrated that optimization of nanoemulsion delivery systems can enhance 

the antimicrobial performance of natural bioactive compounds by improving their stability, bioavailability, and 

interaction with microbial cells.30,66 

This study has several limitations. First, the antimicrobial evaluation was conducted exclusively under in vitro 

conditions using the agar diffusion method, which may not fully represent in vivo scalp conditions, including sebum 

composition, skin barrier interactions, and microbiome complexity. Second, the investigation focused on two 

representative scalp pathogens, which, although relevant, may not encompass the full diversity of microorganisms 

associated with scalp disorders. Third, the study did not include long-term stability or clinical efficacy assessments; 

therefore, further in vivo and extended stability studies are recommended to strengthen the translational application 

of the formulation. The antimicrobial activity observed in this study is in agreement with previous reports 

demonstrating that pineapple peel extract possesses inhibitory activity against dandruff-associated microorganisms 

because of its flavonoid, tannin, saponin, and bromelain contents. The antimicrobial activity is likely attributed to the 

synergistic action of flavonoids, tannins, saponins, and bromelain. Flavonoids may disrupt microbial cell membranes, 

tannins precipitate cellular proteins, while bromelain has been reported to interfere with microbial adhesion and 

biofilm formation. 

The antimicrobial activity observed in the present study is generally consistent with previous reports 

demonstrating the inhibitory effect of pineapple peel extract against Malassezia furfur and several Gram-positive 

bacteria. Octaviani et al.11 reported that ethanol extract of pineapple peel exhibited antifungal activity against M. 

furfur, whereas Soni et al.10 and Mursidah et al.6 demonstrated antibacterial effects against Staphylococcus aureus. 

The present study extends these findings by demonstrating that pineapple peel extract retains its antimicrobial 

activity after incorporation into a nano-shampoo formulation against both M. furfur and Staphylococcus epidermidis. 

This suggests that nanoformulation does not diminish the biological activity of the extract while simultaneously 

providing acceptable physicochemical characteristics suitable for topical application. From a theoretical perspective, 

antimicrobial activity is likely associated with the synergistic action of flavonoids, tannins, saponins, and bromelain. 

Flavonoids disrupt microbial cell membranes, tannins precipitate cellular proteins, whereas bromelain may interfere 

with microbial adhesion and biofilm formation. The nanoemulsion system may further enhance the interaction 

between these bioactive compounds and microbial cells through increased surface area and improved dispersion. 

The positive control produced significantly larger inhibition zones than all nano-shampoo formulations. This 

finding is expected because ketoconazole is a synthetic antifungal agent with a well-established mechanism of 

inhibiting ergosterol biosynthesis, whereas pineapple peel extract contains naturally occurring antimicrobial 

compounds with comparatively lower specific activity. 

Limitations  
The antimicrobial activity of the nano-shampoo was lower than that of the positive control, and increasing the extract 

concentration did not produce statistically significant differences among the formulations (p > 0.05). The study was 

also limited to laboratory-based physicochemical and antimicrobial evaluations. Long-term stability, scalp irritation, in 

vivo safety, and clinical effectiveness were not assessed. Further studies should therefore evaluate these parameters 

and refine the formulation to improve its antimicrobial performance. 

 

CONCLUSION  

This study successfully formulated Ananas comosus peel extract into a nano-shampoo with acceptable 

physicochemical properties. The nanoemulsion had a mean particle size of 369.4 ± 0.0314 nm and a PDI of 0.2707 ± 

0.0130, indicating a relatively homogeneous submicron system. The formulations maintained acceptable pH, viscosity, 

foam stability, and organoleptic characteristics during the evaluated storage period. All formulations exhibited 

antimicrobial activity against Malassezia furfur and Staphylococcus epidermidis, with the 9% extract formulation 

producing the largest inhibition zones. These findings demonstrate the potential of A. comosus peel extract nano-

shampoo as a natural-based supportive formulation for controlling dandruff-associated microorganisms while 

promoting the valorization of pineapple peel waste. 
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