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ARTICLE INFO  ABSTRACT 
 
 

This study addresses environmental concerns by enhancing a recycled food waste soap to improve its 
antimicrobial properties and pass physicochemical analysis. Researchers modified the sustainable soap 
formula by incorporating lemon peels, eggshell membrane, lemongrass essential oils, and various fruit peels. 
Laboratory testing confirmed that the mango and pineapple variations of the soap both met the standard pH 
levels for acceptable soap products, and their antimicrobial analysis demonstrated inhibitory activity against 
common bacteria. The dehydrated pineapple peel variation displayed a slightly better zone of inhibition 
against these organisms compared to the mango variation, indicating its potential as a more effective 
alternative. This research underscores the importance of recycling by-products to create sustainable solutions 
and contribute to environmental conservation efforts. 
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INTRODUCTION 
 
In recent decades, global environmental changes have intensified, 
leading to more pronounced climate shifts, including the escalation of 
extreme weather events such as stronger typhoons. The primary driver 
of climate change is attributed to increased manufacturing and 
economic activities resulting in elevated emissions of greenhouse 
gases, particularly carbon dioxide and methane (Mikhaylov et al., 
2020). As societal awareness of sustainability grows, the hospitality 
industry, a significant contributor to the Philippines' GDP, faces 
challenges in waste management. A substantial portion of municipal 
solid waste, notably biodegradable waste, originates from food 
establishments, retailers, and households, contributing to 
environmental concerns (Cos, 2020; Dela Peña, 2021). Focusing on 
the Philippines' key fruit exports—mango, banana, and pineapple—
the study highlights the considerable waste generated, with mango 
alone producing 46,963 metric tons of waste, underscoring the need 
for innovative approaches to address agricultural by-products 
(Department of Agriculture - Bureau of Agricultural Research, 2022). 
Recognizing the environmental impact, the researchers propose a 
novel approach by utilizing fruit waste, particularly mango and 
pineapple peels, to fortify the antimicrobial properties of Soap Zero, 
aiming to contribute to sustainability and waste reduction in the  

 
 
 
 
hospitality industry. This study stems from the researchers' 
observations during their internship in the hotel industry, where they 
identified significant waste production, motivating them to address 
food waste management through the innovative application of by-
products in the creation of a new, fortified variant of Soap Zero with 
potentially enhanced antimicrobial capabilities. 
 

METHODOLOGY 
 
The study employed R.A. Fisher's experimental design from the 1920s 
and 1930s, comparing two factors in two groups to assess differences 
in soap formulations. Utilizing Soap Zero as the base, the research 
replaced the original fruit peel powder with Mango and Pineapple peel 
powders sourced from local vendors. Additional components, 
including lemon peels and eggshell membrane, were incorporated to 
enhance antimicrobial properties. Coconut oil and lemongrass 
essential oil were prepared, while waste cooking oil was purified 
using activated charcoal. The soap production took place in Ashton 
Field Subdivision, Brgy. Milagrosa, Calamba, Laguna. Mango, 
pineapple, lemon peels, and eggshells were sourced fresh from local 
vendors, rinsed, and dehydrated before use. The dehydrating process 
involved washing, dehydrating, and powdering the peels and eggshell 
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membrane. Purifying waste cooking oil was done through a filtration 
and activated charcoal process, aiming for 130 ml of purified oil. The 
study assessed soap's antimicrobial properties at the Department of 
Science and Technology (DOST), aiming to identify the most 
effective agent against Escherichia coli, Staphylococcus aureus, and 
Salmonella Typhimurium, ensuring safety through physicochemical 
testing and ethical considerations. The results from DOST are 
essential for evaluating the safety and antimicrobial effectiveness of 
the two new soap variations, with statistical tools and the disc 
diffusion method utilized for analysis. 
 

RESULTS AND DISCUSSIONS 
 
Table 1 reveals the moisture content of the Pineapple Bar and Mango 
Bar variants of sustainable soap. The Pineapple variant has a moisture 
and volatile matter content of 44.1%, while the Mango variant has 
42.2%, both deriving their moisture from the same liquid content. The 
higher moisture content in the Pineapple Bar Soap, as per Dema et al. 
(2022), could lead to the formation of free fatty acids, glycerol, and 
hydrolysis, negatively affecting soap quality and shelf life. Soap-
making relies on alkali, specifically sodium hydroxide (NaOH) for bar 
soap and potassium hydroxide (KOH) for liquid soap. In this study, 
NaOH is used to craft high-quality solid soap (Gelaye, 2018). The 
table indicates that the Mango variant contains more free alkali than 
the Pineapple variant, exceeding the standard for commercially 
available hand bar soap products. Acceptable free alkali levels are less 
than 0.5% for NaOH-based soap and less than 0.14% for KOH-based 
soap, based on Alcantara et al. (2022). Both variants surpass the 
NaOH-based standard, with the Mango variant at 0.706% and the 
Pineapple at 0.542%. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 3 shows the pH levels of the researchers' sustainable soap 
creations. The Mango variation has a pH level of 9.70, while the 
Pineapple variation has 9.63. Both variations fall within the safe pH 
range for common soaps, typically between 8 and 10. This aligns with 
prior research indicating that soaps with a pH value ranging from 4 to 
10.5 are skin-friendly. Table 4shows the antimicrobial zones of 
inhibition for mango and pineapple Soap Zero variations against E. 
coli. The pineapple variation consistently had the highest inhibition 
zones, with a mean of 13.09, while the mango variation had the lowest 
mean at 12.50.In a study by Crebello et al. (2019), ripe mango peel 
extract was used in soap making via cold saponification. Their soap 
exhibited a smaller zone of inhibition (4mm) against E. coli compared 
to the mango variation of Soap Zero, which had a mean inhibition 
zone of 12.50mm using green mango peel powder. In Table 5, the 
antimicrobial effectiveness of two Soap Zero variations, mango, and 
pineapple, against Escherichia coli is assessed. Both variations exhibit 
mild reactivity with a complete inhibitory rating but are considered 
resistant as per established criteria for Escherichia coli. Table 6 
presents the Zone of Inhibition for sustainable soaps against 
Staphylococcus aureus. Each soap was measured three times and 
averaged, resulting in the Mango Bar Soap with a mean of 18.13mm 
and the Pineapple Bar Soap with a mean of 19.01mm, both effectively 
inhibiting Staphylococcus aureus. The superior antimicrobial 
effectiveness of the Pineapple Bar Soap is attributed to its natural 
acidity, supported by studies showing pineapple's high acidity, 
proteolytic compound bromelain, flavonoids, and vitamin C's role in 
inhibiting Staphylococcus aureus growth. Table 7 displays the 
antimicrobial effectiveness of Mango Bar Soap and Pineapple Bar 
Soap against the common household bacterium, Staphylococcus 
aureus. Both soap variants demonstrate susceptibility in inhibiting this 
bacterium, likely attributed to ingredients in the soap's new  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1. Physicochemical Analysis for the Moisture and Volatile Matter Content for the Pineapple and Mango variation of Soap Zero 
 

Sample Name and Code Moisture and Volatile Matter, % w/w  Test Method 

Pineapple Bar Soap (OCS-2023-0693) 44.1 PNS 39:2003 
 Mango Bar Soap (OCS-2023-0692) 42.2 

                                        Reference: Philippines National Standard 39:2003 Toilet Soap - Specific, Bureau of Product Standards, 2003 
 

Table 2. Physicochemical Analysis for the Free Alkali Content for the Pineapple and Mango variation of Soap Zero 
 

Sample Name and Code Free Alkali (as Na2O), % w/w Test Method 
Pineapple Bar Soap (OCS-2023-0693) 0.542 PNS 39:2003 

 Mango Bar Soap (OCS-2023-0692) 0.706 
                                  Reference: Philippines National Standard 39:2003 Toilet Soap - Specific, Bureau of Product Standards, 2003 

 
Table 3. Physicochemical Analysis for the pH Level Content for the Pineapple and Mango variation of Soap Zero 

 
Sample Name and Code pH @24.0°C, % w/w Test Method 
Pineapple Bar Soap (OCS-2023-0693) 9.63 PNS 39:2003 
Mango Bar Soap (OCS-2023-0692) 9.70 

Reference: Philippines National Standard 39:2003 Toilet Soap - Specific, Bureau of Product Standards, 2003 
 

Table 4. Zone of Inhibition of Mango and Pineapple soap formulation against Escherichia coli 
 

Sample/Control Escherichia coli (ATCC 25922) Zone of Inhibition (mm) 
Replicate 1 Replicate 2 Replicate 3 Mean SD 

Bar Soap with Mango (10mm) 12.62 13.22 11.67 12.50 0.78 
Bar Soap with Pineapple (10mm) 13.11 14.12 12.05 13.09 1.04 
Positive Control: Amikacin 30 ug (6mm) 13.07 12.88 13.07 13.01 0.11 
Negative Control: Sample-free disc (10mm) 0.00 0.00 0.00 0.00 - 

 
Table 5. Antimicrobial capability of Mango and Pineapple soap formulation against Escherichia coli 

 
Sample/Control Escherichia coli (ATCC 25922) 

Reactivity Inhibitory Activity Characteristic 
Bar Soap with Mango (10mm) 2 +++ Resistant 
Bar Soap with Pineapple (10mm) 2 +++ Resistant 
Positive Control: Amikacin 30 ug (6mm) 3 +++ Resistant 
Negative Control: Sample-free disc (10mm) 0 (-) Resistant 

                                      Legend: Inhibitory Activity Rating: (+++) Complete; (++) partial; (+) slight, and (-) negative 
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formulation, including dehydrated lemon peels. Citrus peels, 
particularly lemon (citrus limon), have been documented to exhibit 
antibacterial activity, as supported by Santhosh et al. (2015). Both 
soaps receive a reactivity rating of 3, indicating a moderate response 
to the tested bacteria, and the natural ingredients in the fortified soap, 
rich in citral and limonene, serve as antimicrobial agents. According 
to Wifek et al. (2016), these constituents contribute to the soap's 
bactericidal and antimicrobial properties. Both variants display 
complete inhibitory activity against the tested bacterium, suppressing 
bacterial growth where the soap sample is placed on sterile agar 
plates. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 8 reveals the zone of inhibition for mango and pineapple soaps 
against Salmonella Typhimurium, with each soap variant measured 
three times and averaged. The positive control used was 6mm 
Amikacin, an antibiotic for treating resistant infections. The mango 
soap exhibits a lower mean of 12.62, failing to meet the average mean 
and inhibiting Salmonella Typhimurium. In contrast, the pineapple 
soap shows a higher mean of 14.11, indicating effectiveness against 
Salmonella Typhimurium compared to the mango soap. In conclusion, 
pineapple soap exhibits stronger antimicrobial activity against 
Salmonella Typhimurium than mango soap, but neither completely 
inhibits the bacterium.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 6. Zone of Inhibition of Mango and Pineapple soap formulation against Staphylococcus Aureus  
 

Sample/Control Staphylococcus Aureus (ATCC 6538) Zone of Inhibition (mm) 
Replicate 1 Replicate 2 Replicate 3 Mean SD 

Bar Soap with Mango (10mm) 18.73 17.13 18.54 18.13 0.87 
Bar Soap with Pineapple (10mm) 19.02 19.65 18.37 19.01 0.64 
Positive Control: Oxacillin 1 ug (6mm) 22.27 23.26 23.29 22.94 0.58 
Negative Control: Sample-free disc (10mm) 0.00 0.00 0.00 0.00 - 

 
Table 7. Antimicrobial capability of Mango and Pineapple soap formulation against Staphylococcus Aureus  

 
Sample/Control Staphylococcus aureus (ATCC 6538) 

Reactivity Inhibitory Activity  
Bar Soap with Mango (10mm) 3 +++ Susceptible 
Bar Soap with Pineapple (10mm) 3 +++ Susceptible 
Positive Control: Oxacillin 1 ug (6mm) 4 +++ Susceptible 
Negative Control: Sample-free disc (10mm) 0 (-) Susceptible 

Legend:     Inhibitory Activity Rating: (+++) Complete; (++) partial; (+) slight, and (-) negative Reactivity Rating:  0 - None 
(No detectable zone around or under specimen) 1 - Slight (Some malformed or degenerated cells under the specimen) 2 - Mild 
(Zone limited under the specimen 3 - Moderate (Zone extends 5 to 10 mm beyond specimen) 4 - Severe (Zone extend greater 
than 10mm beyond specimen) 

 
Table 8. Zone of Inhibition of Mango and Pineapple soap formulation against Salmonella typhimurium 

 
Sample/Control Salmonella typhimurium (ATCC 14028) Zone of Inhibition (mm) 

Replicate 1 Replicate 2 Replicate 3 Mean SD 
Bar Soap with Mango (10mm) 12.13 12.57 13.15 12.62 0.51 
Bar Soap with Pineapple (10mm) 14.04 14.09 14.21 14.11 0.09 
Positive Control: Amikacin 30 ug (6mm) 14.6 14.79 14.42 14.6 0.19 
Negative Control: Sample-free disc (10mm) 0.00 0.00 0.00 0.00 - 

 
Table 9. Antimicrobial capability of Mango and Pineapple soap formulation against Salmonella typhimurium 

 
Sample/Control Salmonella typhimurium (ATCC 14028 

Reactivity Inhibitory Activity  
Bar Soap with Mango (10mm) 2 +++ Resistant 
Bar Soap with Pineapple (10mm) 2 +++ Resistant 
Positive Control: Amikacin 30 ug (6mm) 3 +++ Resistant 
Negative Control: Sample-free disc (10mm) 0 (-) Resistant 

Legend: Inhibitory Activity Rating: (+++) Complete; (++) partial; (+) slight, and (-) negative 
Reactivity Rating: 0 - None (No detectable zone around or under specimen) 1 - Slight (Some malformed or degenerated cells under the specimen) 2 - Mild (Zone 
limited under the specimen 3 - Moderate (Zone extends 5 to 10 mm beyond specimen) 4 - Severe (Zone extend greater than 10mm beyond specimen) 
 

Table 10. Comparative Analysis 
 

Test organism Chi-Square Sig 
E. coli 14.244 0.014* 
S. aureus 14.892 0.011* 
S. typhi 14.939 0.011* 

                                                                                     Legend: *Significant at .05 level  
 

Table 11. Comparative analysis of Mango and Pineapple soap formulation against Escherichia coli 
 

  1 2 3 4 
Mango 3 12.5033    
Positive 3 13.0067    

Pineapple 3 13.0933 13.0933   
Resist 3  14   
Inter 3   16  
Susc 3    17 

Means for groups in homogeneous subsets are displayed. Values in different columns are significantly different. 
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Table 9 demonstrates the antimicrobial test results for mango and 
pineapple bar soaps against Salmonella Typhimurium, a pathogenic 
bacterium often found in meat products and eggshell membranes, and 
used cooking oil, making it easily transmissible (Arnedo-Pena et al., 
2019). The test indicates that both pineapple and mango sustainable 
soaps exhibit resistance in inhibiting Salmonella Typhimurium. This 
resistance may be attributed to the eggshell dehydration process, 
which was conducted at 70 degrees Celsius, below the recommended 
temperature range (160-170 degrees Fahrenheit or 71-77 degrees 
Celsius) at which Salmonella cannot thrive (Wiley & Son, 2018). This 
suboptimal dehydration temperature potentially affects the soaps' 
antimicrobial properties since eggshells are included in the 
formulations for exfoliation and antimicrobial effects. Both variants 
exhibit a resistance rating of 2, signifying mild resistance to 
Salmonella Typhimurium as per DOST laboratory tests. Further 
research is needed to enhance the antibacterial efficacy of these 
sustainable soaps. The results indicate significant variations in the 
zone of inhibition for the three tested organisms: E. coli, S. aureus, 
and S. typhi, across different treatments, including mango bar soap, 
pineapple bar soap, positive control, and standard zones classified as 
resistant, intermediate, and susceptible. Table 6, 8, and 10 display 
these differences, with measurements taken alongside positive and 
negative controls. The variation in positive controls, Amikacin for 
Escherichia Coli and Salmonella Typhimurium, and Oxacillin for 
Staphylococcus Aureus, could contribute to the observed differences. 
The E. coli test results show significant differences between mango 
and pineapple soap variants, the positive control, and standard zone of 
inhibition categories (resistant, intermediate, and susceptible). Mango 
soap falls short of the standards, while pineapple soap aligns with the 
resistant standard. Both soaps perform similarly to the positive 
control, Amikacin. The test results for S. aureus indicate that both 
mango soap and pineapple soap, along with the positive control 
(Oxacillin), have significantly larger zones of inhibition compared to 
the established standards. Moreover, there is no notable difference 
between the efficacy of mango and pineapple soaps and the positive 
control. Oxacillin, an effective narrow-spectrum antibiotic for 
staphylococcal infections, serves as the positive control. 

 
Table 12. Comparative analysis of Mango and Pineapple soap 

formulation against Staphylococcus Aureus 
 

  1 2 
Resist 3 10  
Inter 3 12  
Susc 3 13  
Mango 3  18.13 
Pineapple 3  19.01 
Positive 3  22.94 

 
Table 13. Comparative analysis of Mango and Pineapple soap 

formulation against Salmonella typhimurium 

 
  1 2 

Mango 3 12.62  
Pineapple 3 14.11  
Positive 3 14.6  
Resist 3 15  
Inter 3  18 
Susc 3  19 

 
The S. Typhimurium test results show a significant difference in the 
zone of inhibition among the test materials, with soap containing 
mango (µ=13.59), soap with pineapple (µ= 13.82), and the positive 
control (µ= 13.93) falling below the resistant standard (µ= 15) but 
exceeding the intermediate (µ= 18) and susceptible (µ=19) 
classifications.  
 
There's no significant difference between the test materials and the 
positive control or the resistant classification. The positive control, 
Amikacin, used for S. Typhimurium, resembles its use in the E. Coli 
test.  
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