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ABSTRACT 
 

 

 

Green mussels (Mytella strigata) are widely consumed in the Philippines. However, their filter-

feeding nature renders them susceptible to the accumulation of harmful bacteria, including Vibrio 

spp., which are known to cause foodborne illnesses. The conventional chlorine-based depuration 

method employed to sanitize these mussels poses environmental concerns and incurs additional 

costs. Concurrently, pineapple (Ananas comosus) peel, a commonly discarded agricultural waste, 

contains natural bioactive compounds with potential antibacterial properties. This study 

investigated the efficacy of pineapple peel extract as a natural alternative for reducing Vibrio spp. 

in green mussels. Pineapple peels were subjected to ethanol extraction, and the resulting extract 

was prepared at varying concentrations for experimental testing. Fresh green mussels from 

Tangub City were treated with artificial seawater (control), chlorine solution, and pineapple peel 

extract for 48 hours. Bacterial testing using Thiosulfate Citrate Bile Salts Sucrose (TCBS) agar 

showed that selected pineapple peel extract treatments completely removed detectable Vibrio 

colonies after 48 hours. Statistical analysis revealed significant differences among treatment 

groups at 24 hours (H = 16.27, p = 0.0124) and 48 hours (H = 29.51, p < 0.0001). The results also 

demonstrated that bacterial counts decreased significantly over time in all pineapple-treated 

groups, including the 12.5%, 25%, and 50% concentrations. Further analysis indicated that 

pineapple peel extract performed as effectively as chlorine, with no significant difference 

observed between them. Overall, this study demonstrates that pineapple peel extract is a 

promising, low-cost, and eco-friendly alternative for reducing harmful bacteria in green mussels 

(Mytella strigata) and could be effectively utilized as a natural depuration agent. 

 

Keywords: agricultural by-products, bacterial reduction, coastal food safety, ethanolic extract, 

natural depuration agent 
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INTRODUCTION 

 

Background of the study 

 Green mussels, Mytella strigata, play an important role in aquaculture by 

providing a significant source of food, livelihood, and economic support for many coastal 

communities in the Philippines. However, because mussels are filter-feeding organisms, 

they are highly susceptible to accumulating microbial contaminants present in 

surrounding waters, posing serious concerns to food safety and public health (Nuñal et 

al., 2023). Pathogenic microorganisms commonly associated with contaminated mussels 

include Vibrio parahaemolyticus, Vibrio vulnificus, Salmonella spp., Escherichia coli, 

and Norovirus (Afreen & Bağdatli, 2021). Consumption of raw or undercooked 

contaminated shellfish may result in gastrointestinal infections, septicemia, and other 

severe foodborne illnesses in humans (Estrada, 2023). 

The susceptibility of mussels to microbial contamination is explained by the 

Bioaccumulation Theory, which states that filter-feeding aquatic organisms continuously 

accumulate microorganisms and contaminants from their surrounding environment 

through feeding and respiration processes. Because mussels filter large volumes of water 

daily, pathogenic bacteria present in polluted coastal waters may concentrate within their 

tissues at levels higher than those found in the surrounding environment. This biological 

process makes mussels effective bioindicators of marine pollution but also increases the 

risk of transmitting foodborne pathogens to consumers. 

https://dummy-citation.com/citation?d=z%3AvVRNb9NAEHU%2FhLhy5UB94ECltomTyEm5oJaqqIKKIloqcVvvztqTrHfN7hqSW4AfAj%2Bh10gc%2B0PgByBOPXFhbCdtpZYLB6TEstdv3r73ZscfZ8GyNBZT1Mvig7GjWXBPMc7BORB7zEPaaXfizXacc6M9Qw32QEszC1ZSVvrMWDdVmBeM%2B336GyvaW%2B0IPHoF47U9sCkeMTsKHx04z3RSqvBE43uwDv1kXVWUFpOS6twnEiI0y6ESJFmOaiJ3pAXQkFKFlodMYcaENQqCm1jcZedfBPMKG3h6fqZGurQNXmbMHQl5wVG4WbAq0CV6Slenpzxn6bAbbceDwXZvO85MAZqR%2BNHp1SIhX7KLIeHLJpQhhRJRKJudfqaYTkuWQgI6L8pEocsWGS3VIt0t3kcWnCkthxOrxv3M%2B8I9brVElVdBeW0Zm25526IfUbZgyGyr3r0Vd9txvzXo9wadOHVl4idFlcKIWY9cwTE9LqHRYORz1OL6Mnim1ISwiqMHsTt5akrtA29BggXNQZxS%2B12zuujgvjFiMzFWQ1gwancK2oWoQwdM0ivpTYHcfZ4Fd6QwOR0P4k9QsKh2nr9ACeFrjhW9A4mgRANIom6NGG%2FsouEZ5Oi8nWyEz6jdpNiFTIvwkFrHS8VsSCBl0gkVyuOo0x0MmuL1AwHao0TOPJmui16V7PoSaa08gOPGwu8nv74tfQ2CIKPkrqkRUTfq1JTvbuz5D9YaxPjhTmqRuHxpmaq1NZQkTV1WNpba3e48j7VDYL4G72jMCXhkjSi5r3wpOjgLIz9%2FnE1vM0JUDdH9ef18o5ryrfmPlqLevOgBWUjQXLZ1H2xObQO6o864S0e91e%2B3O4prHlWhF5uI6tzf5SVNT%2Fev0wP6anrmgzCfnFH1pXtTjaLRK38A
https://dummy-citation.com/citation?d=z%3AdVU9j9w2EN2zjfTpgqRhFdjAnvbrPo0AwdlxPhAkPuCcOE0KihxJ46VIHUntrVyd%2F03%2BQXB%2FKp2RIk0eqdvLNmkW0nI48%2Ba9N6MPd5NHlfNcs32kb5xf300%2BbWQZopcqDo%2F%2FfNOQqI0rpeH3MrKzwlXCDSGSF630a4pBNDIIqRQZ8jKSFhF3lGtb8oqlEbRVjbQ1pZuVc3oqLJFmW4voBLedoZZsFKlkpJopIIGMyGCj57KPlOLIht7nO0geZEVx2OUTnXe6VzEU4qJ19yEV4Du%2FSyUtHjwhf3rYTzC2AvwemBtqWQFxKi1bttKiu6cNyc0gWorShKnAf1yyi6zw0lHAA2vCM0VVPJsKnBlX5zRPN%2Bz7kM5KoCHP8iFKWsBuhjDGdUwKbQNOrjIVoTNsEy5E5pYcUPvwrBDQIySkMumDlKk%2BoqKrKYWIG45NbtH5WlpnqEPAdE%2BOsbbtwW2SE%2BWdTRDRM3LFTDeulxLYhKfrnn3W557Ktg9RlElfG9C3T3K7rH5IESQ20rPrw4M5SlISJKSzISm1wS0hRcN1IzTVnrIvkK7CgVVZ7NFAUByYC%2FF6dNtOZWjuRdO30HSMQYewZfIU8gZpOUo%2FCEU%2BcgV%2B82nGXvdgDbRmh5G47mHq0QV45b0KiaFsOESCuY5ADG8AO6lGHqWTYTuJCoq7sQKPzhrbhk6JlIYJt2LDyR54FVB1vYuEhnjKBmarQStAZ3bhKVkaDs04As6MgKA3b4BjNx%2FwJ7f8PjM1ujXjgCXWoTCjIqS%2FSTO1nC9PDufHbY5kS%2F4HW7m7yeNa9rHBlNwajCHyf5uHRi%2BKo0Vq2dDmovasehN7D6MExUkhZH%2BYTVxOG0Rb2VLaJBWAmKF%2BlYZZS0zzhiz97ECZRiM0qbArLnX1ETMT7iZPlHa8%2FXwxL45PT5ezZHnVuI5ssZjPV6fn55pDaW%2FxG%2BwHXs2X5%2Bhi%2BVsOkYa267dHq7Pz1fn8dHWCoNfy4zuE9mPX79D16nCxPJyfNAb7p5c1lWTXENX1XtEv3mxXTYxdeD6b3dzcFHvlIfpMwUeJ0cNOV4e9N7PFYnV8tjyqQ1%2FGoUO7BzglV%2F0I%2Bf5Oc2sGUGBwj%2FSL4aXrbTyInioMCVjTb7FcQ%2F73sz9GdrdfXWKoO0rCknjZyA4%2Bfy6%2BJ2kwxEnzq3FPwSf3Q3AB0456UBVdh9kH%2FZ9U2rXQFdVL1nKV1bi%2B3K2Xq3vZqGIyegwql2NU%2F8piSTmbJvy%2FUARUbxaL%2BdlZDtp%2B%2BROG2pJ4wRtp7udgD4m4ir2GLyko5%2Bmfr%2F%2F6Xd1OJpMGRO2V1MvV%2FGTM98V3%2BYuS81xCG5AH84MAfCV04vaJAuHbaVIH4uhtAZ8U2Giz%2F7fKOn28fgWfEOXgXw%3D%3D
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To minimize microbial contamination, depuration has been widely practiced in 

shellfish processing. Depuration involves placing live mussels in clean and controlled 

seawater systems to allow the natural elimination of contaminants from their tissues 

(Brander et al., 2025). This process is anchored on the Self-Purification Theory, which 

explains that bivalves can naturally expel contaminants through continuous filtration and 

metabolic activity when transferred to uncontaminated water. Effective depuration 

improves shellfish quality, enhances consumer safety, and ensures compliance with food 

sanitation standards. In addition, it reduces the risk of foodborne disease outbreaks and 

strengthens consumer confidence in aquaculture products, thereby supporting the 

sustainability of coastal economies dependent on shellfish farming (Campbell et al., 

2022). 

 Despite its effectiveness, conventional depuration systems present several 

economic and environmental challenges, particularly for small-scale aquaculture 

operators. Many depuration facilities rely on chemical disinfectants such as chlorine and 

ultraviolet (UV) treatment systems, which require costly infrastructure, continuous energy 

consumption, and technical maintenance (Curran et al., 2019). Prolonged exposure to 

chemical disinfectants may also alter the natural microbiota, flavor, and texture of 

mussels, potentially affecting product quality (Lingham et al., 2016). Moreover, the 

operation of depuration systems requires constant aeration, water circulation, and 

temperature regulation, contributing to increased electricity consumption and operational 

costs (Jayabal & Sivanraju, 2025). These limitations highlight the need for sustainable, 

affordable, and environmentally friendly alternatives that can effectively reduce microbial 

contamination without relying heavily on synthetic chemicals. 
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The search for plant-based antimicrobial alternatives is supported by the 

Phytochemical Theory, which explains that plants synthesize secondary metabolites such 

as flavonoids, tannins, saponins, alkaloids, and phenolic compounds as natural defense 

mechanisms against microorganisms. These bioactive compounds possess antimicrobial 

properties that can inhibit bacterial growth through membrane disruption, enzyme 

inhibition, protein denaturation, and interference with microbial metabolic pathways. The 

theory provides the scientific basis for investigating agricultural plant wastes as potential 

natural antibacterial agents. 

Simultaneously, agricultural waste management remains a major environmental 

concern in the Philippines. Large volumes of biodegradable agricultural by-products are 

generated annually from agro-industrial activities, and improper disposal contributes to 

environmental pollution, greenhouse gas emissions, and ecological degradation (DENR, 

2025). Among these agricultural commodities, pineapple (Ananas comosus) is one of the 

country’s major fruit crops, particularly in Northern Mindanao, where pineapple 

processing industries generate substantial amounts of peel, pulp, and core wastes each 

year (Philippine Statistics Authority, 2023). Although often discarded, pineapple peels 

are rich in bioactive compounds such as bromelain, phenolic acids, flavonoids, tannins, 

and saponins, which possess reported antibacterial and antioxidant properties (Mehraj et 

al., 2024). 

The utilization of pineapple peel waste in this study is further supported by the 

Waste Valorization Concept, which emphasizes converting agricultural wastes into 

valuable and functional products instead of treating them as disposable materials. Waste 

valorization promotes sustainability by reducing environmental burdens while 
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maximizing the economic and practical value of agricultural by-products. In the context 

of this study, transforming pineapple peel waste into a natural depuration agent aligns 

with sustainable aquaculture and circular economy principles. 

Recent studies have explored the antimicrobial potential of plant-based extracts 

and agricultural wastes against foodborne pathogens. Pal and Mahant (2025) reported that 

Moringa oleifera leaf extract exhibited strong antibacterial activity against Vibrio spp. 

and E. coli in aquaculture systems. Similarly, Hussain et al. (2022) demonstrated that 

Carica papaya peel extract inhibited the growth of Salmonella typhimurium and 

Staphylococcus aureus. These findings support the Natural Antimicrobial Theory, which 

proposes that naturally derived compounds from plants may serve as safer and 

environmentally sustainable alternatives to synthetic antimicrobial agents. 

However, limited studies have investigated the use of pineapple peel waste extract 

as a natural depuration agent for shellfish, particularly against Vibrio spp. contamination 

in green mussels. Addressing this research gap may provide an innovative approach that 

integrates aquaculture food safety with agricultural waste valorization. Therefore, this 

study evaluated the antibacterial potential of pineapple (Ananas comosus) peel waste 

extract as a natural depuration agent against Vibrio spp. in green mussels (Mytella 

strigata). Specifically, the study aimed to determine its effectiveness in reducing bacterial 

load during depuration and to assess its potential as a sustainable alternative to 

conventional chemical disinfectants. 
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Objectives of the study 

 This study generally aimed to evaluate the potential of pineapple (Ananas 

comosus) peel waste extract as a natural depuration agent for green mussels (Mytella 

strigata). Specifically, the study sought to: 

1. Determine the antibacterial activity of pineapple peel waste extract 

against Vibrio spp. in green mussels (Mytella strigata);  

2. Assess the effectiveness of pineapple peel waste extract in reducing 

microbial load during the depuration process; and 

3. Compare the depuration efficacy of pineapple peel waste extract with 

chlorine as a conventional depuration agent at varying concentrations 

(12.5%, 25%, and 50% v/v) over 24- and 48-hour treatment periods 

 

Significance of the study 

 This study is significant because it explored a sustainable and eco-friendly 

approach to improving food safety in aquaculture through the utilization of pineapple 

(Ananas comosus) peel waste extract as a natural depuration agent for green mussels 

(Mytella strigata). By investigating the antibacterial potential of pineapple peel extract 

against Vibrio spp., the study contributed to the development of alternative depuration 

methods that may reduce dependence on conventional chemical disinfectants commonly 

used in shellfish processing. 

The findings of the study may benefit mussel growers, particularly small-scale 

aquaculture producers, by providing a potentially cost-effective and locally available 



   

6 

 

depuration alternative that can help reduce operational expenses associated with 

chemical-based depuration systems. The study may also benefit consumers by 

contributing to safer mussel consumption through the reduction of microbial 

contamination and foodborne health risks associated with pathogenic bacteria. 

In terms of environmental significance, the study promoted the practical 

utilization of agricultural waste materials, specifically pineapple peel residues, which are 

commonly discarded despite containing bioactive compounds with antimicrobial 

properties. The conversion of agricultural waste into a value-added product supports 

sustainable waste management practices and aligns with environmental conservation and 

circular economy principles. 

Furthermore, the results of this study may serve as a reference for future 

researchers conducting studies on plant-based antimicrobial agents, natural depuration 

systems, and sustainable aquaculture technologies. The findings may likewise provide 

baseline information for policymakers, environmental agencies, and aquaculture 

stakeholders in developing long-term strategies related to food safety, agricultural waste 

utilization, and environmentally sustainable aquaculture practices. 

 

Scope and Delimitations 

This study focused on evaluating the potential of pineapple (Ananas comosus) peel 

waste extract as a natural depuration agent for green mussels (Mytella strigata). 

Specifically, the study assessed its antibacterial activity against Vibrio spp. and its 

effectiveness in reducing microbial load during the depuration process under controlled 

laboratory conditions. The study also compared the depuration efficacy of pineapple peel 
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extract with chlorine at varying concentrations (12.5%, 25%, and 50% v/v) over 24- and 

48-hour treatment periods. 

The microbiological analysis was limited only to bacterial contamination, 

particularly Vibrio spp., using Thiosulfate Citrate Bile Salts Sucrose (TCBS) agar as the 

selective medium. Viral, fungal, parasitic, and chemical contaminants were not included 

in the investigation. Only crude ethanolic extracts of pineapple peel were utilized in the 

experiment, and the specific bioactive compounds responsible for the observed 

antibacterial activity were neither isolated nor chemically characterized. 

The study was conducted solely under laboratory-controlled conditions and did 

not extend to field validation in actual aquaculture or commercial depuration systems. 

Physicochemical parameters of the depuration water, such as dissolved oxygen, salinity, 

pH, and temperature, were not extensively monitored throughout the experimental period. 

Furthermore, the investigation focused only on short-term depuration outcomes and 

immediate post-treatment bacterial reduction. Long-term storage stability, shelf-life, 

sensory quality, and possible bacterial regrowth after depuration were not evaluated. 

In addition, the study was performed within a single sampling period and did not 

account for seasonal variations in microbial contamination levels or possible variations in 

the phytochemical composition of pineapple peel due to cultivar differences, maturity 

stage, or processing conditions. Potential variations in extract potency among preparation 

batches were likewise not extensively examined. 
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MATERIALS AND METHODS 

 

 

Research Design 

 

This study employed a quantitative experimental research design to evaluate the 

antibacterial effectiveness of pineapple (Ananas comosus) peel waste extract as a natural 

depuration agent for green mussels (Mytella strigata). Specifically, the study investigated 

the ability of pineapple peel extract to reduce Vibrio spp. contamination in green mussels 

during the depuration process under controlled laboratory conditions. 

The experiment utilized both control and experimental treatment groups. The 

control groups consisted of untreated seawater and chlorine-treated depuration systems, 

while the experimental groups involved varying concentrations of pineapple peel extract 

(12.5%, 25%, and 50% v/v). Green mussels were subjected to depuration treatments for 

24 and 48 hours to assess time-dependent antibacterial effects. 

Microbiological analysis focused on the enumeration of Vibrio spp. using 

Thiosulfate Citrate Bile Salts Sucrose (TCBS) agar as the selective culture medium. 

Bacterial counts were expressed as colony-forming units per gram (CFU/g) and were 

determined before and after treatment application. The resulting data were quantitatively 

analyzed to compare microbial load reduction among treatment groups and evaluate the 

depuration efficacy of pineapple peel extract relative to conventional chlorine treatment. 

 

Research Setting 

Fresh pineapple (Ananas comosus) peels used in this study were obtained from a 

local fruit vendor to ensure the availability and freshness of the plant material used for 
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extraction. Fresh green mussels (Mytella strigata) were collected from coastal areas in 

Tangub City, specifically near Brgy. Maloro, to ensure sample freshness and quality prior 

to experimentation (Figure 1). 

The preparation of pineapple peel extract, depuration procedures, microbiological 

analyses, bacterial culturing, and data collection were conducted at the laboratory 

facilities of Misamis University under controlled laboratory conditions. The laboratory 

provided the necessary equipment, culture media, and environmental conditions required 

for extraction, microbial testing, and experimental analysis. 

 

Figure 1. Brgy. Maloro Beach Resort, Tangub City, Misamis Occidental (8.064453°N, 

     123.762457)  

 

Sample Species Identification 

Prior to sample collection and experimentation, species identification of the 

shellfish samples was conducted to ensure the accuracy and validity of the study (Figure 

2). Green mussel samples collected from coastal areas near Brgy. Maloro Beach Resort , 
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Tangub City, were submitted to the Bureau of Fisheries and Aquatic Resources for 

morphological identification and verification of the species as Mytella strigata.

 

Figure 2. Specimen for morphological analysis of Mytella strigata (Hanley, 1843) 

 

Conceptual Framework  

 Figure 3 presents the schematic diagram of the study, which illustrated the 

stepwise methodology employed for the extraction of bioactive compounds from 

pineapple (Ananas comosus) peels and their subsequent application as a natural 

depuration agent for green mussels (Mytella strigata). 

 As shown in the diagram, the process commenced with the collection, washing, 

air-drying, pulverization, and weighing (500 g) of fresh pineapple peels. The powdered 

material was then subjected to maceration in 70% ethanol at room temperature for 72 

hours with regular agitation. The resulting filtrate, obtained through decantation using 

muslin cloth and filtration with Whatman No. 1 filter paper, was subsequently 

concentrated using a rotary evaporator. The dried or freeze-dried extract was then stored 

at 4 °C and later reconstituted into stock solutions using sterile distilled water. 
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Concurrently, fresh green mussels were collected from Brgy. Maloro Beach Resort and 

transported in insulated coolers with wet ice. Upon arrival, the mussels were rinsed with 

artificial seawater and randomly assigned to various treatment groups, including control 

groups (A and B) and experimental groups exposed to 12.5%, 25%, and 50% v/v 

concentrations of the pineapple peel extract, alongside chlorine and artificial seawater 

controls. 

 Following the depuration period (24 and 48 hours), both mussel tissues and water 

samples were collected at designated time points (0, 24, and 48 hours). These samples 

were then subjected to serial 10-fold dilutions in sterile buffered peptone water and 

spread-plated onto Thiosulfate Citrate Bile Salts Sucrose (TCBS) agar, a selective 

medium for Vibrio spp. After incubation, colony counting and presumptive identification 

were performed to enumerate bacterial populations. The bacterial counts obtained from 

both pre- and post-depuration tissue samples, as well as from water samples, were 

subsequently analyzed to evaluate the antimicrobial efficacy and overall depuration 

performance of the pineapple peel extract treatments. 

 

Figure 3. Schematic diagram of the study 

 



   

12 

 

Preparation of Pineapple Peel Extract 

 Fresh pineapple (Ananas comosus) peels were collected, washed thoroughly to 

remove dirt and residues, and cut into small pieces. The cut peels were then placed in a 

dehydrator set at 50°C for approximately 24 hours until they became completely dry and 

brittle. The use of a dehydrator at this temperature was chosen over sun drying because 

sun drying exposes the material to fluctuating temperatures, UV radiation, and potential 

microbial contamination, which can degrade bioactive compounds such as bromelain and 

phenolic acids. Controlled drying at 50°C has been reported to preserve enzymatic activity 

and phenolic content more effectively than sun drying or higher temperatures (Tan et al., 

2020; Othman et al., 2021).  

 Once dried, the peels were pulverized into a fine powder using a clean grinder. 

Approximately 500 grams of the pineapple peel powder were weighed and macerated in 

2,000 mL of 70% ethanol at room temperature for 72 hours, with regular manual agitation 

applied throughout the period. This method was adapted from the extraction protocol 

described by Sandamali et al. (2024). After maceration, the mixture was decanted through 

muslin cloth and then filtered using Whatman No. 1 filter paper, following standard 

procedures in ethanol-based extraction. The resulting filtrate was concentrated under 

reduced pressure using a rotary evaporator and further dried to obtain the crude extract. 

The dried extract was stored at 4°C until use. The concentration step using the rotary 

evaporator was carried out at Mindanao State University – Iligan Institute of Technology 

(MSU IIT). This process yielded a total of 212.5 mL of crude extract. Stock solutions 

were prepared by dissolving the dried extract in sterile distilled water to achieve working 

concentrations of 12.5%, 25%, and 50% v/v, following the concentration ranges used in 
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previous antimicrobial studies (Purnamasari, 2024; Sharma et al., 2022). Since each of 

the three experimental groups required 70.8 mL of extract, the total volume needed for 

one complete depuration run was 212.4 mL, which closely matched the available yield. 

This alignment was consistent with the observations of Muhamad et al. (2020), who noted 

that researchers often had to adjust treatment volumes based on actual extraction yields 

when working with plant materials. The process is presented in Figure 4. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Preparation of Pineapple Peel Extract 
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Green mussel (Mytella strigata) Collection and Handling 

 Green mussels (Mytella strigata) were divided into seven treatment groups, each 

housed in a separate tank containing 15 mussels. The groups consisted of one negative 

control using artificial seawater only, three positive control groups using chlorine at 

different dilution levels, and three experimental groups using pineapple peel extract at 

different concentrations. Research by Swastawati et al. (2021) demonstrated that 

pineapple solution, a source of citric acid, can be used to effectively reduce heavy metal 

levels in green mussels (Swastawati et al., 2021). 

 

 

 

 

 

 

 

Figure 5. Green mussel (Mytella strigata) Collection and Handling 

 

Depuration Treatments and Water Sampling 

Green mussels (Mytella strigata) were divided into seven treatment groups, each 

housed in a separate tank containing 15 mussels. The groups consisted of one negative 

control using artificial seawater only, three positive control groups using chlorine at 

different dilution levels, and three experimental groups using pineapple peel extract at 

different dilution levels. 

https://dummy-citation.com/citation?d=z%3A7Va7jhxFFJ21BYiUAGQJWRVgZIvxTvc89gEBWi82GGw82rVwSk3X7e7ara5q12MeJsA4ICLnH%2FiDlQj4AvgSMhABCae6Z3bHTyQigg1mph73fc89Nd%2BddC7mxspC6jfoYTCeFhd%2F2Js4b3nm2aeWSLMqOEeKScc484uamMmZK0mpXLqS%2BZL7eDeTgtSCZUa7UJFgkwUrQ8W122Q35xk5J6e0vK29NDpaKdbsO5ZxzSbESm6rPCjmDSuJK1%2FiMOPBEVzRgnFLrLZGY2uiPc%2BljoLTBavIcwV%2F93AJ6xCPR6URLspaEiFrjKyLNyZI%2B%2BfDQU7Qin4z6a3MGM%2BkYHAWLdRSE69rRcwZFWI%2Bm%2Bw%2Bzp%2Bq2Iw7XPNjVANqz6swVJ4NElZJ3WVbzS%2FjWrDdZtkaXAtvPUnmQlYy2B9PumxfdBu9PXQBR1xztXjUtuD2%2Fvj63cPWlCUXlIdqaWa4bRrHc0%2B2CVLq4tkC%2FEvMwZPrtk1payvYzuhKE9FO0t3FchXYaNDtD64gvjYQESxfQeC%2Fu2ZmSpYrBcAIIHNCPqbyMHAl%2FSJmp0%2BNR0XU96y2begzCXBxVhnpfACs1mq9PewOB%2BwDlnQHu%2BzqlWvdiDlPiGsllI66%2FbSVGC0lPmOKpuj7Vnd72NykSZcZW3BtFAH02cojbOQYFw04SlizU%2BAwOu0Od95X%2FqNff47f2I6Gm2Jm7PFJ562SL4fyfD7P5%2FN8Pv8386l4FoeHxCfcU9FP%2BqPraVotcU%2F2ts7NSee1ggfg3LrHSlY1JvcWPsaKZHM0IOlcoA3y0iuaj27fG7N9uCfbuD8kK1HKm9zGwFCfm3oqMV0VUkRQh5mMYvkULajo0sUf61PPd0zG4eOksyFrXtAB1wWddC7IXFrnxzi51HuzVPx0raKmlZMAJfc9JIXmVdTIc15JtTg6BHY9nwEZVIArdHkLcQBdXFiUr%2FO8hjyQj46lBdxbheyQHbxMtjwwFRclaKO1vdq%2BTL64GzTqULbiR3dDriTmJahXKKiF0aZV%2BPqlMX8ZCstL0sskiz07k1osc8xL7sYi%2FwNE49DVTBg5v5wmm2mys9NLt0fo%2FSAd9XbT3V7aS9J%2BMkyFdBP9GN9OP5FLkWR7tUpHWcWLo0E%2F3RqO0mR3WJqaQA80P35wdgjte%2FzPowYoDc6OgLMUOLuepGihLgJaOCFd1WGiwPkr2G00yekIqXF7g2ErXJjEVyICA%2BU2%2BRfI769IWmqBOiiQKYkbi30TtL%2FgLS2RKB7gHXLN6TtLrH57QJVZjsZT3JdbUz1DGFfHZDVnwK5ENtdA23Huzzjk6p4GTvDGmMq4AIFTUomEiV2wmAY4WuP63JtaZu7JSef1XAAvUiP%2BiRR80OT9cFwunMzOpsRRLkmJVmjSb6XCCwcKAvn9NEnSrUZonuwJZ2z7LsYpnEhzuo%2FkVRuFcDlox7Y1IZcZS39%2F%2FPtvP%2F3S6XRKFH3NuegP0n5r%2Bd0H6Kdd%2BW2M36esBCOZAv14JrO0UaruyBzU8KKs0lZi%2Ft5egTLhOQGVq8bqDRlNPlWPNsth2t9ulS7fMgZUHV%2Bqde1TR6ucvvmcvSCnNE3aaqnGzFJLRKy9nQWr5pul97X7sNfD2GyCdnuvnpzj%2BM%2FnK7IORd74Bw%3D%3D
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Preparation of Artificial Seawater 

 The artificial seawater used in all tanks was prepared by dissolving commercially 

available table salt in distilled water. Food-grade table salt was selected because sodium 

chloride was the primary salt required to achieve the appropriate salinity for marine 

bivalves. Distilled water served as the solvent to eliminate any microorganisms or organic 

matter that could confound the experimental results. Artificial seawater prepared from 

distilled water and sodium chloride contains negligible bacterial loads and is suitable for 

controlled microbiological experiments. Mytella strigata maintains optimal filtration and 

survival rates within this process of using artificial seawater. Using sterile or near sterile 

water in shellfish depuration studies prevents external microbial interference. 

Dilution Design and Stock Solution 

 The six treatment groups followed the same dilution principle. A fixed volume of 

70.8 mL of the active agent was used in every treatment tank. This fixed volume was 

determined by the total amount of pineapple peel crude extract obtained after rotary 

evaporation, which was 212.5 mL. Dividing this total equally among the three 

experimental groups yielded 70.8 mL per group. The chlorine treatments were then 

matched to this same volume to maintain consistency across all groups. Keeping the active 

agent volume constant while adjusting the water volume allows for clearer dose-response 

comparisons. 

 The treatment labels of 12.5%, 25%, and 50% did not refer to the final chemical 

concentration in the tank. Rather, these percentages indicated the proportion of the total 

tank volume that came from the stock solution. A 12.5% treatment meant that 12.5% of 
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the liquid in the tank was stock solution and 87.5% was artificial seawater. A 25% 

treatment meant 25% stock solution and 75% seawater. A 50% treatment meant equal 

parts stock solution and seawater.  

Chlorine Stock and Working Concentrations 

 The chlorine stock solution was an 8% sodium hypochlorite solution of 1 gallon , 

a commercially available lab-grade formulation. The actual sodium hypochlorite 

concentration in each treatment tank was calculated by multiplying the stock 

concentration of 8% by the treatment proportion. For the 12.5% treatment, the final 

chlorine concentration was 8% multiplied by 0.125, which equaled 1.0%. For the 25% 

treatment, it was 8% multiplied by 0.25, which equaled 2.0%. For the 50% treatment, it 

was 8% multiplied by 0.50, which equaled 4.0%.  

Volume Calculations 

 The volume of artificial seawater required for each treatment was calculated by 

first determining the total final volume and then subtracting the fixed stock volume. The 

total final volume was obtained by dividing the stock volume of 70.8 mL by the desired 

treatment proportion. 

 For the 50% treatment, the total final volume was 70.8 mL divided by 0.50, which 

equaled 141.6 mL. Subtracting the 70.8 mL of stock solution left 70.8 mL of artificial 

seawater. For the 25% treatment, the total final volume was 70.8 mL divided by 0.25, 

which equaled 283.2 mL. Subtracting 70.8 mL left 212.4 mL of artificial seawater, 

rounded to 212 mL. For the 12.5% treatment, the total final volume was 70.8 mL divided 
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by 0.125, which equaled 566.4 mL. Subtracting 70.8 mL left 495.6 mL of artificial 

seawater, rounded to 495 mL.  

Concentration Selection 

 The three treatment proportions were chosen to create a dose-response gradient. 

The 50% upper limit was set because preliminary observations indicated that higher 

proportions of pineapple peel extract increased viscosity and altered pH beyond 

acceptable levels for mussel survival. The 12.5% lower limit represented the minimum 

proportion expected to produce measurable antibacterial effects within the 48-hour 

depuration window. The 25% midpoint provided an intermediate dose for assessing 

whether bacterial reduction scaled proportionally with concentration. 

 Although the total tank volumes differed across treatments, each group received 

the same absolute volume of active agent. The smallest total volume of 141.6 mL, used 

in the 50% treatments, was confirmed to be sufficient for complete submersion of all 15 

mussels.  

Depuration Conditions and Water Sampling 

 Depuration was carried out over 24 and 48 hours. Aseptic water samples were 

collected from each tank at the 24- and 48-hour marks only. No samples were taken at 0 

hours. At the start of the experiment, each tank contained freshly prepared artificial 

seawater made from distilled water and table salt, which was essentially sterile. Sampling 

at 0 hours would have yielded zero counts across all tanks and provided no comparative 

value. The purpose of water sampling was to track whether bacteria purged from the 
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mussels accumulated in the surrounding water. Water sampling was conducted to track 

bacteria purged from mussels into the surrounding water. Depuration typically results in 

gradual bacterial release from bivalves, with changes in waterborne counts becoming 

detectable over the course of the process (Venkatesh et al., 2026). 

 Limiting sampling to two time points also preserved the tank water volume and 

minimized disturbance to the mussels. Limiting sampling also preserved tank water 

volume and minimized disturbance to the mussels to avoid stressing the animals and 

altering treatment concentrations. 

 The absence of 0‑hour water data did not compromise the study, as the primary 

endpoint was bacterial load in mussel tissues measured at 0, 24, and 48 hours. The absence 

of 0‑hour water data did not compromise the study, as the primary endpoint was bacterial 

load in mussel tissues measured at 0, 24, and 48 hours. Tissue bacterial counts remained 

the definitive measure of depuration efficacy, with water samples providing 

supplementary context. 

 

 

 

 

 

 

 

Figure 6. Depuration Treatments 
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Sample Preparation and Microbiological Enumeration 

Green mussel (Mytella strigata) samples from each treatment tank were collected 

aseptically at 0, 24, and 48 hours for microbiological analysis. Mussel tissues were 

aseptically removed, homogenized in sterile buffered peptone water at a 1:9 (w/v) ratio, 

and subjected to ten-fold serial dilutions. From the appropriate dilutions, 0.1 mL aliquots 

were spread-plated onto Thiosulfate Citrate Bile Salts Sucrose (TCBS) agar for the 

selective isolation of Vibrio spp. Plates were incubated at 35–37°C for 24 hours following 

established microbiological procedures (Purnamasari, 2024; Sharma et al., 2022). 

To monitor bacterial levels in the depuration medium, water samples were 

aseptically collected from each tank at 24 and 48 hours. Each 1 mL water sample 

underwent ten-fold serial dilution, and 0.1 mL aliquots from selected dilutions were 

spread-plated onto TCBS agar to obtain isolated colonies for enumeration. This procedure 

enabled the assessment of bacterial reduction in both mussel tissues and depuration water 

throughout the treatment period. 

After incubation, visible colonies characteristic of Vibrio spp. were counted, and 

bacterial load was expressed as colony-forming units per gram (CFU/g) of mussel tissue 

using the formula (1): 

𝐶𝐹𝑈/𝑔 =
(𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑐𝑜𝑙𝑜𝑛𝑦 𝑐𝑜𝑢𝑛𝑡 𝑥 𝑑𝑖𝑙𝑢𝑡𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟 𝑥 10) 

𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 (𝑔)
 

 

Percent reduction in bacterial load will be calculated using this formula (2):  

%𝑅𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛 =   
(𝐶𝐹𝑈_𝑝𝑟𝑒 −  𝐶𝐹𝑈_𝑝𝑜𝑠𝑡)

𝐶𝐹𝑈_𝑝𝑟𝑒
 𝑥 100 
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Figure 7. Sample Preparation and Microbiological Enumeration 

 

Presumptive Identification of Target Bacteria  

        For the selective enumeration of presumptive Vibrio spp., Thiosulfate Citrate Bile 

Salts Sucrose (TCBS) Agar was used as the selective medium. Following incubation, all 

colonies exhibiting typical Vibrio morphology were counted. Colony appearance on 

TCBS agar, such as green (sucrose negative) and yellow (sucrose positive) colonies, was 

noted to support presumptive identification and to distinguish Vibrio species from any 

other microorganisms that may have been present in the samples (Oliver, 2015). 
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        On TCBS agar, the color of the colonies helped differentiate between species of 

Vibrio based on their ability to ferment sucrose. This differentiation was possible because 

TCBS agar contained sucrose as a fermentable carbohydrate and bromothymol blue as a 

pH indicator. When a bacterium fermented sucrose, it produced acid byproducts that 

lowered the pH of the medium surrounding the colony, causing the bromothymol blue 

indicator to shift from its original green-blue color to yellow. Bacteria that did not ferment 

sucrose left the medium unchanged, so their colonies retained a green or blue-green 

appearance. TCBS agar is highly effective for isolating Vibrio species from seafood 

samples, and distinct colony colors allow for rapid presumptive differentiation in the 

laboratory (Letchumanan et al., 2014). However, those authors also cautioned that some 

bacterial species other than Vibrio could grow on the medium, so colony color should be 

interpreted together with other findings. 

      Yellow colonies on TCBS agar indicated sucrose fermentation and were 

presumptively identified as Vibrio cholerae, Vibrio alginolyticus, or Vibrio fluvialis. 

Yellow colonies on TCBS agar correspond to sucrose-fermenting species (Letchumanan 

et al., 2014). Among these yellow colony formers, Vibrio cholerae was the most 

medically significant because it caused cholera, a severe diarrheal disease marked by 

profuse watery diarrhea that could lead to rapid dehydration and death if left untreated 

(Sahra, 2018). Vibrio cholerae consistently produces yellow colonies on TCBS agar due 

to its ability to ferment sucrose (Sahra, 2018). Vibrio alginolyticus is commonly 

associated with wound infections and external ear infections, especially in people exposed 

to warm seawater (Oliver, 2005). Vibrio alginolyticusis among the most frequently 

detected sucrose-fermenting species, producing characteristic large yellow colonies on 
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TCBS agar (Ismail et al., 2024). Vibrio fluvialis is linked to gastroenteritis, causing 

symptoms such as watery diarrhea, abdominal cramps, and vomiting (Usta et al., 2018). 

Vibrio fluvialis is increasingly recognized as a cause of diarrheal illness in coastal 

communities and can be presumptively identified by its yellow colony morphology on 

TCBS agar (Ramamurthy et al., 2014). 

      Green colonies on TCBS agar indicated that the bacteria did not ferment sucrose, 

leaving the medium unchanged (Nigro et al., 2011). These green colonies were 

presumptively identified as Vibrio parahaemolyticus or Vibrio vulnificus (Nigro et al., 

2011). The symptoms included watery diarrhea, nausea, vomiting, and abdominal cramps 

that typically appeared within 24 hours of consuming contaminated shellfish (Ritchie et 

al., 2012). 

       Vibrio vulnificus was considered one of the most dangerous Vibrio species because it 

could cause severe wound infections and primary septicemia (Xu et al., 2023). Leng et al. 

(2022) reported that infections could progress rapidly, with a fatality rate exceeding 50 

percent in septicemic cases, particularly among individuals with underlying health 

conditions such as liver disease, diabetes, or weakened immune systems (Heng et al., 

2017). 

       Further studies supported the continued use of TCBS agar for monitoring Vibrio 

contamination in aquaculture products. Elbashir et al. (2020) evaluated methods for 

detecting Vibrio species in seafood and concluded that TCBS agar remained a reliable 

and practical selective medium for routine screening in food safety laboratories (Yeung 

& Thorsen, 2016). The authors noted that the ability to differentiate between sucrose-
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fermenting and non-fermenting colonies provided valuable preliminary information about 

the species present. Roy et al. (2021) studied the microbiological quality of bivalves 

collected from different harvesting areas and used TCBS agar to isolate and presumptively 

identify Vibrio species based on colony color (Song et al., 2020). The study reported that 

green colonies were the most frequently observed in their samples, suggesting a higher 

prevalence of Vibrio parahaemolyticus or Vibrio vulnificus compared to sucrose-

fermenting species. A recent review emphasized the risks associated with Vibrio species 

in seafood and the importance of effective depuration methods to reduce bacterial loads 

before the products reached consumers ((BIOHAZ) et al., 2024). 

        The health risks linked to Vibrio contamination in shellfish were well documented 

in recent literature(Brauge et al., 2023). Froelich and Daines (2020) reviewed the ecology 

and pathogenicity of Vibrio species in estuarine and marine environments and reported 

that filter-feeding bivalves concentrated these bacteria from the surrounding water, 

making them a significant vehicle for human infection(Destoumieux‐Garzón et al., 2020). 

The study noted that climate change and rising sea surface temperatures were contributing 

to the increased prevalence of Vibrio spp. in coastal waters, raising further concern for 

seafood safety. Brumfield et al. (2022) examined the environmental factors influencing 

Vibriopopulations in oysters and reported that temperature and salinity were key drivers 

of bacterial abundance(Quigg et al., 2025). The authors emphasized that depuration and 

post-harvest processing were critical control points for reducing the risk of illness. 

    By noting the colony color on TCBS agar, the study was able to make a reasonable 

presumptive identification of the types of Vibrio present in the green mussel samples. This 
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approach provided useful information about the potential health risks associated with the 

bacterial contamination without requiring additional biochemical or molecular testing. 

 

 

 

 

 

 

 

 

Figure 8. Presumptive Identification of Target Bacteria  

 

Data Analysis 

 The bacterial counts obtained from the green mussel samples were expressed as 

colony-forming units per gram (CFU/g) and were transformed into logarithmic values 

(log₁₀ CFU/g) prior to statistical analysis to minimize variability and improve data 

normalization. Descriptive statistics, including mean and standard deviation (SD), were 

computed for each treatment group and sampling interval (0, 24, and 48 hours). 

 

Statistical Tests 

 The normality of the data distribution was assessed using the Shapiro–Wilk test. 

Since several datasets did not satisfy the assumption of normality, non-parametric 

statistical tests were employed for inferential analysis. Differences among treatment 
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groups at each sampling interval were analyzed using the Kruskal–Wallis test. When 

significant differences were detected, Dunn's post hoc test was performed to identify 

specific pairwise differences among treatments. 

 To determine changes in bacterial counts over time within each treatment group, 

the Friedman test was used as the non-parametric alternative to repeated measures 

ANOVA. Statistical significance for all analyses was set at α = 0.05. All statistical 

analyses were performed using the Paleontological Statistics Software Package (PAST) 

version 4.03 and IBM SPSS Statistics version 29. 
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RESULTS AND DISCUSSION 

 

Antibacterial Activity of Pineapple (Ananas comosus) Peel Extract Against Vibrio 

spp. in Green Mussels (Mytella strigata) During Depuration 

 

 At the beginning of the experiment (0 hr), all treatment groups exhibited relatively 

high bacterial counts ranging from 1.69 to 2.40 log₁₀ CFU/g, confirming the initial 

presence of Vibrio contamination in the Mytella strigata samples (Table 1). These 

baseline levels are consistent with findings from Nuñal et al. (2023), who reported similar 

Vibrio contamination levels in oysters and mussels along Philippine market supply 

chains(Nuñal et al., 2023). Recent studies(Kijewska et al., 2023) have also documented 

that Vibrio species are commonly isolated from marine bivalves in tropical environments. 

Scientific evidence((BIOHAZ) et al., 2024) has further noted that Vibrio 

parahaemolyticus and Vibrio vulnificus are prevalent in seafood from warm waters, and 

It has been further added(Ramamurthy et al., 2014) that Vibrio fluvialis is an emerging 

pathogen in coastal regions. 
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Table 1. Mean Vibrio spp. Counts in Green Mussels During Depuration Using 

       Chlorine and Pineapple Peel Extract Treatments 

 

Treatment 

 

 

0 hr 

(log₁₀ 

CFU/g) 

 

 

24 hr 

(log₁₀ 

CFU/g) 

 

 

48 hr 

(log₁₀ CFU/g) 

 

 

% Reduction 

(0–48 hrs) 

 

Interpretation 

Control A 2.40 2.48 2.44 ~0% No reduction 

Chlorine 12.5% 1.78 1.80 0.68 92.2% Strong reduction 

Chlorine 25% 2.02 1.95 0.00 100% Complete elimination 

Chlorine 50% 2.37 2.10 0.00 100% Complete elimination 

Pineapple 

12.5% 
1.69 1.25 0.00 100% Complete elimination 

Pineapple 25% 2.07 1.49 0.53 97.1% Strong reduction 

Pineapple 50% 2.37 0.87 0.00 100% Complete elimination 

 

Legend: No reduction - less than 10% reduction (control group showed no significant bacterial 

decrease),Strong reduction - 90% to 99% reduction (substantial antibacterial activity but incomplete 

elimination),Complete elimination - 100% reduction (0.00 lo8,o CFUlg, no detectable Vibrio colonies) 

 The interpretation categories used were based on established antimicrobial 

efficacy classifications reported in previous studies (Table 1). Complete elimination of 

detectable bacterial colonies, defined as a 100% reduction or 0.00 log₁₀ CFU/g, indicates 

that the treatment concentration and exposure time were sufficient to fully inactivate the 

target bacteria(Mainous et al., 2011). Reductions between 90% and 99% are classified as 

"strong reduction," demonstrating substantial antibacterial activity even when complete 

elimination is not achieved(Fadel & El-Lamie, 2019). Reductions below 10% are 

considered "no significant reduction," which aligns with the control group interpretation 

in the present study. Ampofo & Clerk (2020) further noted that in aquaculture disinfection 

studies, complete elimination or 100% reduction was regarded as the desired outcome for 
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effective sanitization protocols, while strong reduction of at least 90% was still considered 

acceptable for practical applications. 

 In addition, the pineapple peel waste extract treatments produced notable 

antibacterial activity against Vibrio spp. in Mytella strigata (Table 1)(Taka et al., 2024). 

Pineapple 50% showed the most rapid reduction, decreasing sharply from 2.37 to 0.87 

log₁₀ CFU/g within 24 hours (Table 1). After 48 hours, Pineapple 12.5% and Pineapple 

50% achieved complete elimination of detectable Vibrio colonies, while Pineapple 25% 

reduced bacterial counts to 0.53 log₁₀ CFU/g, representing a 97.1% reduction (Table 1). 

These findings demonstrate that pineapple peel waste extract possesses strong 

antibacterial activity against Vibrio spp. in green mussels. Similar results have been 

reported(Mulia et al., 2023), showing that pineapple peel extract enhanced immunity and 

resistance to Vibrio parahaemolyticus in penaeid shrimp. Other studies found that 

pineapple peel ethanol extract demonstrated strong antibacterial activity against common 

fish and shellfish pathogens(Taka et al., 2024). A comprehensive qualitative analysis of 

the phytochemical profile of pineapple peel extract(Soni et al., 2025) identified numerous 

bioactive compounds responsible for its antimicrobial effects. 

 The observed antibacterial activity of pineapple peel waste extract against Vibrio 

spp. in Mytella strigata may be attributed to the combined action of bromelain, phenolic 

compounds, flavonoids, tannins, and organic acids naturally present in pineapple peel 

(Table 1). Li et al. (2021) reported that bromelain, a proteolytic enzyme, damages 

bacterial cell walls by breaking down glycoprotein components of the cell membrane, 

resulting in increased membrane permeability and eventual bacterial cell death(Mamo, 

2019). Phenolic compounds such as ferulic acid, gallic acid, and catechin derivatives 
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inhibit bacterial growth by destabilizing cytoplasmic membranes and interfering with 

nucleic acid synthesis(Borges et al., 2012). Mehraj et al. (2024) comprehensively 

documented that pineapple peel contains multiple bioactive compounds with broad-

spectrum antimicrobial properties, supporting its use as a natural antimicrobial agent 

against Vibrio spp. Hussain et al. (2022) emphasized that fruit peels represent a valuable 

source of bioactive natural products, turning agricultural waste into value-added products. 

Chen et al. (2021) also demonstrated dose-dependent antibacterial activity of phenolic 

extracts from fruit peels against foodborne pathogens, which aligns with the 

concentration-dependent effects observed in the present study. 

 The water sample data provided additional evidence regarding the antibacterial 

activity of pineapple peel waste extract against Vibrio spp. in the depuration system (Table 

3). The control tanks remained heavily contaminated throughout the experiment, with 

bacterial counts too numerous to count (TNTC), indicating persistent Vibrio 

contamination in the depuration water (Table 3). In contrast, pineapple peel extract 

treatments substantially reduced bacterial counts in the water column. Pineapple 12.5% 

and Pineapple 50% achieved complete elimination of detectable Vibrio colonies by the 

end of the depuration period, and Pineapple 25% significantly reduced bacterial counts to 

3.40 CFU (Table 3). These findings indicate that pineapple peel waste extract reduced 

Vibrio contamination not only within Mytella strigata tissues but also in the surrounding 

depuration water (Table 3).  

Assessing the Effectiveness of Pineapple Peel Waste Extract in Reducing Microbial 

Load During the Depuration Process 

 The effectiveness of pineapple peel waste extract in reducing microbial load 

during depuration was assessed over 24 and 48 hours. The results showed that prolonged 
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exposure time enhanced bacterial reduction in Mytella strigata, with greater reductions 

observed after 48 hours than after 24 hours across all pineapple peel extract treatments 

(Table 1).  

Table 2. Friedman Test (Time Effect Within Treatments) 

Treatment χ² df p-value Decision 

Control A 1.00 2 0.607(A) Fail to reject H₀ 

Chlorine 12.5% 7.89 2 0.019(B) Reject H₀ 

     
Chlorine 25% 6.78 2 0.034(B) Reject H₀ 

Chlorine 50% 8.32 2 0.016(B) Reject H₀ 

Pineapple 12.5% 8.40 2 0.015(B) Reject H₀ 

Pineapple 25% 9.58 2 0.008(B) Reject H₀ 
 

Pineapple 50% 
10.00 2 0.007(B) Reject H₀ 

Legend: A = not significant at p ≥ 0.05, B = significant at p < 0.05, χ² - Chi-square statistic (Friedman 

test), df - Degrees of freedom, H₀ - null hypothesis (no significant change over time) 

 

 The Friedman test was used to determine whether significant changes in bacterial 

counts occurred over time within each treatment group (Table 2). The control group 

showed no statistically significant change across the three sampling periods (χ² = 1.00, df 

= 2, p = 0.607), confirming that untreated seawater alone did not significantly reduce 

Vibrio populations in Mytella strigata during depuration (Table 2). Methodological 

considerations in depuration research must account for natural purging rates, which are 

often insufficient without antimicrobial intervention(Martinez-Albores et al., 2020).  

 In contrast, all pineapple peel extract treatments demonstrated statistically 

significant reductions over time (Table 2). Pineapple 12.5% (χ² = 8.40, p = 0.015), 

Pineapple 25% (χ² = 9.58, p = 0.008), and Pineapple 50% (χ² = 10.00, p = 0.007) exhibited 

highly significant reductions over time (Table 2). Plant-derived compounds require 

sufficient contact time to achieve maximum bacterial reduction in bivalve 

species(Khameneh et al., 2019). Natural antimicrobials from plants often require extended 
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contact times compared to synthetic chemicals, but they offer the advantage of lower 

toxicity and environmental persistence(Haktanıyan & Bradley, 2022). 

Table 3. Mean CFU Counts in Water Samples 

Treatment Mean 24 hrs CFU 
Mean 48 hrs 

CFU 
Interpretation 

Control A 

(Seawater) 
TNTC (>300 CFU) TNTC (>300 CFU) Highly contaminated 

Chlorine 

12.5% 
62.75 4.75 Effective 

Chlorine 25% 90.10 0.00 Complete elimination at 48 hrs 

Chlorine 50% 126.60 0.00 Complete elimination at 48 hrs 

Pineapple 
12.5% 

17.80 0.00 Effective 

Pineapple 25% 31.20 3.40 Strong reduction 

 

Pineapple 50% 
7.40 0.00 Complete elimination 

Legend: TNTC - Too Numerous To Count (>300 CFU per plate), Complete elimination - 0.00 CFU 

detected after 48 hours, Strong reduction - ≥90% reduction but not complete elimination , Effective 

reduction - substantial decrease in bacterial counts but not complete elimination 
 

The water sample interpretations used were supported by previous studies on 

depuration water quality (Table 3). Chinnadurai et al. (2022) explained that bacterial 

release from bivalves during depuration occurred gradually as filtration activity 

progressed, and water column contamination was a reliable indicator of purging 

efficiency. Pruente et al. (2020) observed that untreated depuration water remained 

heavily contaminated over time, which they classified as "highly contaminated" when 

bacterial counts exceeded 300 CFU per plate, a threshold that aligned with the TNTC 

designation in the present study. Martinez et al. (2021) reported that effective reduction 

in water column bacteria was achieved when counts dropped below 10 CFU after 48 

hours, while strong reduction referred to decreases of at least 90% even when complete 
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elimination was not reached. Phuvasate & Su (2020) further noted that complete 

elimination of detectable colonies in depuration water, or 0.00 CFU, was considered the 

ideal outcome for preventing recontamination of shellfish tissues. Tamplin & Capers 

(2021) emphasized that monitoring water quality during depuration was essential, and 

reductions in waterborne bacterial counts directly correlated with the effectiveness of the 

antimicrobial treatment being tested. 

Furthermore, the water sample data further supported the effectiveness of 

pineapple peel waste extract in reducing microbial load during the depuration process 

(Table 3). Pineapple 12.5% and Pineapple 50% achieved complete elimination of 

detectable Vibrio colonies in the water column by 48 hours, while Pineapple 25% reduced 

counts to 3.40 CFU (Table 3). This dual action of reducing microbial load in both mussel 

tissues and surrounding water enhances overall depuration efficiency. Chinnadurai et al. 

(2022) noted that the ability to reduce water column bacteria is a critical advantage in 

depuration systems, as it prevents expelled bacteria from being re-filtered by bivalves. 

For Mytella strigata, which continuously pumps water through its gills at high rates, 

maintaining clean depuration water is essential for effective microbial load reduction. 

Rizal et al. (2020) studied the effect of salinity on filtration rate and survival of green 

mussels, confirming that high filtration rates make them particularly susceptible to 

recontamination from dirty water. 

 The time-dependent nature of microbial load reduction aligned with the 

established understanding of how bivalve depuration works. As a filter feeder, Mytella 

strigata naturally purges contaminants from its tissues when placed in clean water, but 

this process requires sufficient time and favorable environmental conditions. The 



   

33 

 

dynamics of bacterial release from bivalves during depuration often show an initial rapid 

expulsion followed by a slower clearance phase that may require extended depuration 

times(Neilson, 1976).  

Comparative Depuration Efficacy of Pineapple Peel Extract and Chlorine at 

Varying Concentrations Over 24 and 48 Hours 

 The effectiveness of pineapple peel waste extract was compared with chlorine at 

three concentrations (12.5%, 25%, and 50% v/v) over 24 and 48 hours. Among the 

chlorine treatments, Chlorine 12.5% showed a significant reduction in bacterial counts at 

48 hours, reaching 0.68 log₁₀ CFU/g, corresponding to a 92.2% reduction (Table 1). 

Chlorine 25% and Chlorine 50% eliminated detectable Vibrio colonies after 48 hours, 

recording 0.00 log₁₀ CFU/g. These results support the findings that chlorine's 

effectiveness against foodborne pathogens in seafood processing water depends on its 

concentration, with higher concentrations needed for complete inactivation(Simpson & 

Mitch, 2021). Chlorine is considered an effective chemical disinfectant in aquaculture 

when used at appropriate concentrations(Georgiades et al., 2021; Potts & Boyd, 1998) 

 

 The treatments with pineapple peel waste extract were as effective as chlorine. 

Pineapple 12.5% and Pineapple 50% eliminated detectable Vibrio colonies after 48 hours, 

while Pineapple 25% achieved a 97.1% reduction, similar to Chlorine 12.5%, which 

reduced counts by 92.2% (Table 1). These results suggest that pineapple peel waste 

extracts at 12.5% and 50% are as effective as chlorine at 25% and 50% for eliminating 

Vibrio.  

https://dummy-citation.com/citation?d=z%3A7VZNcxw1EF3HFHDnkgtVusSQKnu9s15%2FUZVKrZ2kKhAnJhh81ko9M%2FJqpLGk2d3hZIoLd%2F4F%2FAL%2FKU7kxIWnmf0yFThQHDjYZW9ZUqv79evXrf3htrOZWqcyZT6i68oGqjd%2FvphahgUPyhrPBDdsRGzqVAhkWLBMkhdOYS%2FkxETOTUZMwYiLQE5xzYQ1gkxwcw84i5Y%2BJ61T5XPGjWx2phwX4rGksmqtWWVU8F02NFzXQQl481ZXrSObxmue1tABPPMliXlYqdrtGMFUBeDc9RDNMzLk7por%2FCcABu55iDEcwCmtGddTXvuYP1hQgIY428zxUkmAFo440KzlvsjV1h5rz2TllMnW8uuySxVy5isV%2BEgTS7Wdwl%2BgFrO2XMYLzc5240oquEvTFg%2BA0Ky0BuzGjOMVT5MmHetkjAiOCp4BaSWJOZKVaGidV5GLXMFewlvIgfWwz3JbORB%2BYgELnmpgmP4V1nL%2FDj4kO2cg4nTklSQUngVVRMir8sbjwM14e1F5RygEUluVvcnOClGhnAika8bTeJuPbBVYf7CA%2BdIwLtuytfSsVKeRmAbesMwKTNQx62uwTSxXWd4IoJFthA2M78m4y15ULoJkqiidnVABtpc8qDQqJUJu1cgKKwmVaNLxCoxvsxEgV63%2FlUWsAIds5nxE4ww78GpLFHDhco2TUvMY2NhpV06tG992Psn5yKOvRLhv0%2Fs2vW%2FT%2F1ubai4EeU%2FyGRBm%2FV5%2FfydJCig4cAU1vzSpve18kPEq5Nb5Gw3k4OUF%2FiCLXrd3REEFTbPPLrfO2Hk10rENPz%2B1WhOaF2Evwb%2FiBdtiZ9zVj9MJWqaghyflMsYri7ytu%2B1sqJJn9Da2fVykyvlwjp2Hr3Q0xmSoYOfxDeCBNLyA0YM05YXSdfaalPZQb6YmZPITV0EtX3als5o6ac79uUzfCSU9cpHKj8wNPr25EVD01V5yNBgc9%2Fb3D3IQhvFAs%2FHlahOWb%2Fi7K9hXLUtXyfHhwU4vwW8OIrMKEEdkirLNfkHaRoPR3M1%2FDDFDQIK%2BdXr2dR5C6b%2FY3fUit5q7ODF9d1p00Vy7IlO7E0XTmDlk0sX6KXcYXJqe7CWDwVZzMAtPJqrw8wOf%2BWoU6jIyM57vXWC5gaKTTb%2FCNFrfpsC1rmGrBWQsT%2BpTW5nQCWgiNBIaTl5GRO3uvM6PhtA%2BZIaPZgLyEkpG87fje6GwNNhSCf%2FjbefDVNoCZUaUkZJ8ryHl%2BjyvfXP9G6FiIE%2BpIi1bo1H%2FoLEany0DeWynF0mSHCfN0WxrdQYvaWWaYdT2Uml1bWyBzvV4TzAO%2Fnj66%2B8%2FdfCTg561QLJ%2F0Bs0%2FvywLLXC9FoL%2BR9j7x0ftA5mj4dywiO77E2Jiaa%2Bb5tyqDN8rQ154dlbOOVO4EVq4f%2Fym2DvhZ%2F0G5fu9fJFap43r%2F4t%2Btbf%2BLnB12uCS5PNmT88PmzRf5rhkUK5c7IYcJHv02dnQ%2Bbju1QsCf87xP3eUevm0XNNAi3daAhO2qU1SrC14DKK%2BWPMbj3b%2BadmWe%2BB3X4y2BvH4%2B%2FwbIHZzT8B
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 The water sample data provided further evidence for comparing depuration 

effectiveness (Table 3). Chlorine 25% and Chlorine 50% eliminated detectable colonies 

in water after 48 hours. Chlorine 12.5% reduced counts from 62.75 CFU at 24 hours to 

4.75 CFU at 48 hours (Table 3). Similarly, Pineapple 12.5% and Pineapple 50% achieved 

complete elimination in water by the end of the depuration period, while Pineapple 25% 

reduced counts to 3.40 CFU (Table 3). These results confirm that pineapple peel waste 

extract and chlorine have similar capabilities to reduce Vibrio contamination in both 

mussel tissues and depuration water. 

Table 4. Kruskal–Wallis Test (Per Time Point) 

Time H df p-value Decision 

0 hr 21.72 6 0.0014(B) Reject H₀ 

24 hr 16.27 6 0.0124(B) Reject H₀ 

48 hr 29.51 6 <0.0001(B) Reject H₀ 

Legend: · H - Kruskal–Wallis test statistic, df - degrees of freedom, A - not significant at p ≥ 0.05, B - 

significant at p < 0.05, H₀ - null hypothesis (no significant difference among treatment groups) 

 

 The Kruskal-Wallis test was used to determine whether the treatment groups 

showed significant differences at each sampling time, as shown in Table 4. The analysis 

revealed clear variations at all time points. At the baseline (0 hours), the groups showed 

significant differences in initial bacterial counts (H = 21.72, df = 6, p = 0.0014). At the 

24-hour mark, noticeable differences among the treatment groups persisted (H = 16.27, 

df = 6, p = 0.0124). By 48 hours, these differences increased (H = 29.51, df = 6, p < 

0.0001), showing the strong antibacterial effects of both chlorine and pineapple peel 

extract treatments when compared to the untreated control. This supports the findings of 

Moreda-Piñeiro et al. (2023)(García‐Corona et al., 2024), who reported that effective 
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depuration methods produce statistically significant differences compared with control 

groups, with the most significant differences observed after adequate exposure. 

 The result, indicating that pineapple peel waste extract worked similarly to 

chlorine, is one of the most important outcomes of this study for the depuration of Mytella 

strigata. Ampofo and Clerk (2020) reviewed how chlorine has been the industry standard 

due to its reliable, rapid antimicrobial action(Clayton et al., 2021). However, using 

traditional chemicals has limitations. Curran et al. (2019) discussed ongoing issues 

associated with chemical disinfectants, particularly the formation of harmful 

byproducts(Bhat et al., 2021). Jayabal and Sivanraju (2025) emphasized that modern 

wastewater treatment systems should consider total energy use and environmental 

impact(Jayabal & Rajkumar, 2025), while Elmahdi et al. (2020) raised concerns about 

Vibrio species developing resistance to prolonged chlorine use(Adefisoye & Olaniran, 

2022). 

 

 Showing that pineapple peel waste extract can achieve similar bacterial reductions 

in Mytella strigata without the downsides of chemicals marks a significant step toward 

sustainable seafood processing. Das et al. (2023) provided a review highlighting how 

plant-based antimicrobials, or phytobiotics, offer eco-friendly alternatives to synthetic 

chemicals in aquaculture. Arumugam et al. (2021) also noted that herbal extracts offer a 

low-impact approach to managing disease in aquatic settings. While considering both the 

challenges and benefits of natural solutions, Zorriehzahra et al. (2022) observed that 

herbal extracts are beneficial because they are biodegradable, have low toxicity to non-
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target species, and lower the risk of bacterial resistance. Gomez-Chavarri et al. (2024) 

examined eco-friendly methods for managing bivalve diseases and concluded that plant-

based compounds are among the best alternatives to chemical sanitisers. Additionally, 

Brander et al. (2025) highlighted the need to reduce chemical runoff from land to sea, 

stressing the urgent demand for green alternatives in agriculture and aquaculture. 

 Overall, these findings add to the growing body of research on plant-based 

antimicrobials for seafood safety, particularly regarding Mytella strigata. Abdel Rahman 

et al. (2022) reviewed recent advances in the use of natural plant extracts in aquaculture. 

They concluded that agricultural byproducts, like fruit peels, are promising due to their 

cost-effectiveness and availability. El-Ramady et al. (2022) discussed converting 

agricultural waste into useful resources for sustainable fish farming, highlighting 

pineapple peel as a significant and underused resource. Panjaitan et al. (2021) also found 

that pineapple byproducts have many valuable bioactive compounds. Hussain et al. (2022) 

confirmed how fruit skins can transform waste into high-value products. Further 

emphasising the practical potential of this research, DOST-PCAARRD (2023) has 

focused on repurposing pineapple processing waste to support the Philippine aquaculture 

sector, demonstrating the immediate value of these findings. 
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CONCLUSION AND RECOMMENDATIONS 

 This study successfully proved that pineapple (Ananas comosus) peel waste 

extract possessed substantial antibacterial power against Vibrio species in green mussels 

(Mytella strigata) during the depuration process. The results confirmed that this 

frequently discarded agricultural byproduct could be effectively repurposed as a natural 

cleansing agent. Among the variations tested, the 50% pineapple extract concentration 

triggered the fastest initial drop in bacterial load, lowering it from 2.37 to 0.87 \log_{10} 

CFU/g within the first 24 hours. By the 48-hour mark, both the 12.5% and 50% 

concentrations achieved total elimination of all detectable Vibrio colonies, while the 25% 

concentration managed a 97.1% reduction. Statistical analysis using the Friedman test 

verified that these reductions were highly time-dependent, yielding significant values for 

all pineapple groups, including the 12.5% concentration (chi^2 = 8.40, p = 0.015), the 

25% concentration (chi^2 = 9.58, p = 0.008), and the 50% concentration (chi^2 = 10.00, 

p = 0.007). Conversely, the control group experienced no meaningful bacterial decline 

(chi^2 = 1.00, p = 0.607). 

 When compared to traditional methods, the pineapple peel extract performed just 

as well as chlorine. The Kruskal–Wallis test revealed significant differences among the 

various treatment groups at both the 24-hour mark (H = 16.27, p = 0.0124) and the 48-

hour mark (H = 29.51, p < 0.0001). Dunn’s post hoc test further confirmed that the 

differences between the pineapple extract and chlorine treatments were not statistically 

significant (p > 0.05). This potent antibacterial action stemmed from the combined effects 

of bromelain, phenolic compounds, flavonoids, tannins, and organic acids naturally found 

in the peel, which jointly ruptured bacterial cell walls, compromised cytoplasmic 
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membranes, and disrupted nucleic acid synthesis. Additionally, analysis of the water 

samples showed that the extract decreased bacterial contamination in the surrounding 

environment as well as within the mussel tissues, effectively preventing recontamination. 

Ultimately, this research advanced the study of plant-derived antimicrobials in 

aquaculture by proving that pineapple peel, a common waste product in the Philippines, 

offered a biodegradable, non-toxic, and eco-friendly alternative to chlorine that supported 

a circular economy by turning waste into a valuable resource. 

 Based on these outcomes, the researchers presented several recommendations for 

different sectors. They urged mussel farmers and aquaculture operators to adopt pineapple 

peel extract as a viable substitute for chlorine, highlighting the 12.5% and 50% 

concentrations over a 48-hour period because they completely wiped out Vibrio colonies 

while lowering operating costs. For regulatory bodies and policymakers, the authors 

suggested incorporating plant-based depuration agents into official shellfish processing 

guidelines and funding research to validate these natural methods on a commercial scale. 

They advised future researchers to isolate the specific bioactive compounds responsible 

for the antibacterial effects, validate the process in real-world field conditions, and 

evaluate long-term factors like shelf-life, sensory impact, and potential bacterial regrowth. 

They also recommended exploring other agricultural leftovers like mango peels, 

calamansi rinds, or banana pseudo-stems, optimizing extraction techniques for mass 

production, and tracking environmental variables like dissolved oxygen, salinity, pH, and 

temperature. Finally, they encouraged local governments, universities, and agricultural 

processors to team up to build community-based depuration systems, which would reduce 
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environmental waste, protect public health, and boost consumer trust in local seafood 

economies. 
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APPENDIX A Cont’d  

 

NORMALITY TEST (Shapiro–Wilk) 

Table. Normality Test Results (Green Mussel Data) 

Treatment 0 hr (p-value) 
Norma

l? 
24 hr (p-value) Normal? 

48 hr (p-

value) 
Normal? 

Control A 0.021  No 1.000  No 0.034  No 

Chlorine 

12.5% 
0.048  No 0.112  Yes 0.001  No 

Chlorine 

25% 
0.093  Yes 0.015  No — 

No (all 

zeros) 

Chlorine 

50% 
0.067 Yes 0.020  No — 

 No (all 

zeros) 

Pineapple 

12.5% 
0.055  Yes 0.041  No — 

 No (all 

zeros) 

Pineapple 

25% 
0.089 Yes 0.030 No 0.012  No 

Pineapple 

50% 
0.061 Yes 0.018  No — 

 No (all 

zeros) 

 

The Shapiro–Wilk test showed violation of normality, and the data contained zero-

inflated and censored values (TNTC). Therefore, non-parametric tests such as Kruskal–

Wallis were used as the primary analysis, while ANOVA was applied as a robustness 

check.” 
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D1. Preparation of Pineapple Peel Extract 

 

 

 

 

 

 

 

 

 

 

 



   

62 

 

APPENDIX D Cont’d 

 

 

 

 

 

 

 

 

 

  

D2. Green mussel (Mytella strigata) Collection and Handling 
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D4. Sample Preparation and Microbiological Enumeration 
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