
Functional Edible Coating from Banana Peel Starch (Musa sapientum L.) and Vannamei Shrimp Shell Chitosan for Quality Maintenance of Tomato
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ABSTRACT

	Fresh tomatoes (Solanum lycopersicum L.) are highly perishable because of rapid physiological and microbial deterioration during storage. The use of biodegradable edible coatings derived from natural resources, including banana peel starch (Musa sapientum L.) and chitosan obtained from vannamei shrimp shells, provides a sustainable approach to preserving postharvest quality. This study aimed to develop a functional edible coating based on banana peel starch and chitosan and evaluate its effectiveness in maintaining the quality of tomatoes during storage. Tomatoes were coated using an edible coating based on banana peel starch and shrimp shell chitosan using the dipping method, then stored at room temperature for 20 days. Sensory characteristics, physicochemical properties namely weight loss, pH, and total soluble solids, vitamin C content, and total microbial count of tomatoes were evaluated periodically every 5 days. The result sensory evaluation indicated that banana peel starch and shrimp shell chitosan coatings improved surface quality and overall acceptability of tomatoes. The results showed that application of the edible coating reduced weight loss and slowed the increase in pH relative to the control group (uncoated tomatoes). Tomatoes coated with edible coating can also maintain a more stable total soluble solids content and exhibited higher vitamin C content compared to the control. Furthermore, the coating inhibited microbial growth, attributed to the barrier properties of starch and the antimicrobial activity of chitosan. Therefore, the edible coating formulated from banana peel starch and chitosan effectively maintained the physicochemical, microbiological, and sensory qualities of tomatoes, indicating its promise as a sustainable postharvest preservation method. 
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1. INTRODUCTION 

Tomatoes, classified as a horticultural fruit, encounter significant supply challenges due to their high perishability, particularly during harvesting and post-harvest handling (Nie et al., 2024; Zaman et al., 2025). This perishability results from mechanical, physical, chemical, and biological damage, including microbial activity, which leads to a relatively short shelf life (Zaman et al., 2025; Rizzo, 2025). The rapid deterioration of tomatoes adversely affects both their nutritional and economic value (Rizzo, 2025). Consequently, effective post-harvest handling or protective measures are required to preserve tomato quality. The application of edible coatings represents one promising approach to prevent damage and maintain quality. 
Edible coatings serve as barriers that regulate water vapor transfer, oxygen uptake, and lipid migration, and may function as active packaging (Pérez-Vázquez et al., 2023; Sharma et al., 2024; Pires et al., 2024). These coatings reduce water activity at the material's surface, thereby limiting microbial growth (Pires et al., 2024). Additionally, edible coatings minimize dehydration and associated weight loss, restrict oxygen exposure to inhibit oxidation or rancidity, preserve flavor, and enhance product appearance (Yanti et al., 2023; Pires et al., 2024).
Edible coatings are produced from renewable raw materials, including mixtures of lipids, polysaccharides, and proteins (Gupta et al., 2024). Starch, an abundant plant polysaccharide, demonstrates considerable potential as a raw material for such coatings (Sapper & Chiralt, 2018). Bananas are notable for their high starch content, especially in the peels (Pellisari et al., 2021). Banana peels comprise 68.90% water, 2.11% fat, 0.32% protein, and 15% starch, while unripe bananas may contain up to 18.50% starch (Happi et al., 2011).
 The starch content of banana peels varies according to the banana variety. Plantain peels (Musa sapientum L.) exhibit the highest starch content among the varieties studied. Ahnwange et al. (2011) reported that plantain peels (M. sapientum L.) contain 59% starch, whereas Horn banana peels (Musa paradisiaca) contain 29.60%, Cavendish banana peels (Musa acuminata) 29.37%, and Saba banana peels (Musa acuminata balbisiana Colla) 27.70%. Due to this higher starch content, plantain banana peels (M. sapientum L.) are considered a promising raw material for the production of edible coatings. Khamsaw et al. (2024) further noted that starch derived from plantain peels offers advantages because of its thicker fiber structure and relatively high starch and calcium content.
The use of starch in the manufacture of edible coatings presents several disadvantages, including low transparency, brittleness, and a poor water vapor barrier due to the hydrophilic nature of starch (Sapper & Chiralt, 2018). Consequently, edible coatings made from starch are more susceptible to oxidation, which reduces the quality of the packaged product (Gupta et al., 2024). To address these limitations, additional ingredients can be incorporated to enhance the properties of starch-based edible coatings. For example, edible coatings may be combined with biopolymers (Pires et al., 2024). Hydrophobic biopolymers such as chitosan not only improve the functional characteristics of starch-based coatings but also provide antibacterial activity (Pavinatto et al., 2020).
The incorporation of chitosan in the production of edible coatings enhances fruit protection by reducing surface tension on the coating layer, resulting in increased resistance to brittleness (Mohd Yusof et al., 2019). Furthermore, chitosan addition decreases the wettability and water vapor permeability of the coating, thereby minimizing microbial contamination and potential fruit damage (Pavinatto et al., 2020). This study evaluates the effectiveness of plantain banana peel starch-based edible coatings, supplemented with chitosan derived from Vannamei shrimp shells, in maintaining tomato fruit quality during 20 days of storage.


2. material and methods 

2.1 Materials
Fresh tomatoes obtained from tomato gardens in Marga Cinta village, Moramo district, Southeast Sulawesi, Vannamei shrimp shells (Litopanaeus vannamei) as raw materials for chitosan were obtained from the fisheries processing and export company PT. Grahamakmur Ciptapratama, Tapulaga Village, Soropia District, Konawe Regency, Southeast Sulawesi, Plantain peels as raw materials for starch were obtained from Panjang market, Kendari city, Southeast Sulawesi. Beeswax and the other materials for the coating (glycerol, sodium metabisulfite, acetic acid) were obtained from online stores.
2.2 Production of Starch from Banana Peel (Musa sapientum L.)
Starch production is carried out using the precipitation method. One kilogram (1 kg) of banana peel is cut into small pieces measuring 1x1 cm, then placed in a sodium metabisulfite solution with a concentration of 0.3% and added with water up to 2 liters, soaked for 30 minutes, then pureed using a blender. The banana peel pulp is then filtered and the pulp is separated from the liquid (starch suspension). The starch suspension is allowed to settle for 12 hours. The starch precipitate is then dried using an oven at a temperature of 40 ºC for 24 hours. The dried starch is then crushed and filtered using a 60 mesh sieve.
2.3 Production of chitosan from shrimp shells (Litopanaeus vannamei)
The production of chitosan from the shells of vannamei shrimp was carried out based on the method outlined by Chaudhary et al. (2020). The production of chitosan consists of three stages, namely deproteination, demineralization and deacetylation.
2.4 Preparation of coating solution 
The steps for making edible coating solution are the first stage of making chitosan solution, 2% (w/v) chitosan is dissolved in 125 mL of 1% acetic acid and stirred using a magnetic stirrer for ± 30 minutes until the chitosan dissolves. The second stage of making starch solution, as much as 5 g of plantain peel starch is dissolved in 125 mL of distilled water and heated using a hotplate at a temperature of 70 ºC until the starch dissolves. Furthermore, the chitosan solution and glycerol 1% (v/v) is added to the starch solution while continuing to stir until the solution is homogeneous at a temperature of 50 ºC.
2.5 Application of Edible Coating on Tomatoes (Solanum lycopersicum L.)
The application of edible coating to tomatoes is carried out using the dipping method as explained by Yanti et al. (2023). The treatments consisted of three types: uncoated tomatoes (control), tomatoes coated with plantain peel starch and chitosan (EC), and tomatoes coated with beeswax (BW) as a comparison. Commercial ripe tomatoes were washed using sterile water and allowed to air dry. The dried tomatoes were then dipped into an edible coating solution of starch + chitosan and beeswax solution for 2 minutes before being air dried for 10 minutes. Subsequently, the tomatoes were dipped back into the coating solution for 2 minutes and air dried. All samples were stored in open plastic containers at room temperature (20-27 °C) for 20 days. Each sample was analyzed in triplicate. During incubation, sensory features (texture, smoothness and color), weight loss, pH value, vitamin C content, total soluble solids, and total microbial counts of tomatoes were evaluated every 5 days to monitor the quality and shelf life of the tomatoes.
2.6 Characterization of sensory tomatoes 
The sensory characteristics observed were skin features, which included color, smoothness and texture, and were evaluated by ten untrained panelists. These panelists were university students aged 19 to 23 from the Department of Biology at Halu Oleo University, Indonesia. Assessments were conducted using a 10-point scale, where 1–2 indicated very poor, 3–4 indicated poor, 5–6 indicated moderate, 7–8 indicated good, and 9–10 indicated very good for each fruit. A score of 5 was established as the cutoff for product acceptability (Atta et al., 2021).
2.7 Weight loss
Weight loss measurements were conducted using a gravimetric method. The percentage weight loss of tomatoes from each treatment was evaluated by measuring their weight before storage and at 5-day intervals using a digital scale. The percentage weight loss was estimated using the given equation below:


2.8 pH value
A pH meter was used to assess the sample’s pH after it had been calibrated using buffer solutions with pH values of 4 and 7. The sample was made by weighing about 10 g of tomatoes, crushing them in a hand blender, and adding 100 mL of distilled water. After that, the mixture was moved to a 250 mL volumetric flask and diluted with distilled water to the required concentration. After filtering the solution, the pH was tested with a calibrated pH meter, yielding a result of 7 (AOAC, 1990). The pH value of tomatoes was determined by measuring their pH prior to storage.
2.9 Vitamin C content
Vitamin C content was determined using the titration method (Elgailani et al., 2017). To assess vitamin C levels in 100 g of tomatoes, 1 mL of each freshly prepared sample solution was added to 200 mL of distilled water. Approximately 10 mL of each solution was transferred into separate conical flasks. To each flask, 5.0 mL of potassium iodide (KI) solution (0.2 M), 2.5 mL of hydrochloric acid (HCl) (1.0 M), and a few drops of starch solution were added. Each of the five solutions was titrated against potassium iodate (KIO3) (0.015 M) from a burette until a blue-black colour appeared, indicating the endpoint of the reaction. The titration was performed in triplicate for each sample. The results were recorded, tabulated, and used to calculate the vitamin C concentration for each sample.
2.10 Total Soluble solids (TSS) 
Total soluble solid (TSS) were measured using a digital sugar/Brix refractometer with a resolution of 0.2ºBx (W/ATC, 9026809000, Bingsheng, China). Samples were thoroughly mixed to ensure homogeneity. Subsequently, 1–2 drops of each sample were placed on the refractometer prism. Measurements were obtained by reading the scale in ºBx, which indicates the total concentration of dissolved solids. After each measurement, the prism was rinsed with distilled water and dried. The refractometer was calibrated with distilled water (0ºBx) prior to use.
2.11 Total Microbial Count
The total number of colony forming units (CFU) microbial was quantified throughout the storage period. After homogenization in 90 ml of Ringer's solution, a 10 g sample was collected. Serial dilutions were then prepared starting from a 10-1 until 10-4 dilution. The pour-plate method was used to determine the total microbial count. Plate count agar (Merck) served as the growth medium. Plates were incubated at 35 °C for 48 hours. Microbial counts were expressed as log CFU/g.


3. results and discussion

3.1 Characteristics of sensory tomatoes
Morphological observation of tomato surface was conducted to evaluate physical changes during storage, particularly in response to edible coating treatment. Parameters such as smoothness, glossiness, firmness, and surface defects were assessed as indicators of fruit quality. The appearances of differently coated tomatoes are shown in Fig. 1. 
[image: ]
Fig 1. Appearances of packaged tomatoes. EC (edible coating starch plantain peel+chitosan), BW (beeswax) served as comparison and Control (uncoated tomato)
Observations of the surface morphology of tomatoes in Fig. 1 show changes during storage, especially in samples without edible coating treatment (uncoated). Control tomatoes experienced a decline in quality on the 15th day of storage, characterized by an increasingly dull surface, the appearance of wrinkles (shriveling), and decreased skin firmness. In contrast, tomatoes treated with an edible coating of banana peel starch + shrimp shell chitosan (EC) were able to maintain a smoother, shinier surface, and were relatively wrinkle-free until the end of the storage period (20 days) (Fig. 1). This condition indicates that the edible coating acts as a protective layer that is able to inhibit water loss from the fruit surface. The plantain peel starch helps maintain fruit quality by inhibiting transpiration and respiration rates (Khamsaw et al., 2024), while the addition of chitosan, which possesses antimicrobial properties (Pavinatto et al., 2020), further enhances preservation. Chitosan reduces wettability and water vapor permeability in tomatoes, thereby preventing microbial contamination or fruit damage (Pavinatto et al., 2020). Jalil et al. (2024) also reported that edible coatings made from banana peel starch combined with chitosan inhibit bacterial and fungal growth. Tomatoes coated with beeswax (BW) retain their physical properties for up to 15 days of storage; however, after 20 days, the fruit exhibits noticeable shriveling (Fig. 1). Beeswax inhibits the rates of respiration and transpiration in fruit (Rizzo, 2025), allowing the packaged tomatoes to remain fresh and unshrunken for 15 days. Nevertheless, a limitation of beeswax is that the wax layer gradually diminishes at room temperature, resulting in shriveling of the tomatoes by the twentieth day due to increased oxidation.
These morphological changes are in line with the results of sensory features in Table 1, showing that tomatoes with better surfaces as shown in tomatoes coated with edible coating (EC) obtained higher preference scores, in the parameters of color, smoothness and texture. In contrast, panelists tended to give low ratings (score ≤5), especially in the parameters of smoothness and texture for uncoated tomatoes (control) on the 15th to 20th day of storage and tomatoes coated with beeswax on the 20th day of storage (Table 1), because the tomatoes experienced wrinkles, decreased texture and looked dull, as shown in Fig. 1. This indicates that the visual characteristics of the fruit surface greatly influence sensory perception and consumer acceptance. Atta et al. (2021), stated that a sensory score above 5 indicates a good level of consumer acceptance of the product, while a score below 5 indicates a poor level of consumer acceptance.
Table 1. Sensory features of tomatoes
	Time (day)
	Color
	Smoothness
	Texture

	
	Control
	BW
	EC
	Control
	BW
	EC
	Control
	BW
	EC

	0
	10.0
	10.0
	10.0
	10.0
	10.0
	10.0
	10.0
	10.0
	10.0

	5
	9.0 
	8.6
	9.2
	8.8
	9
	9.8
	9
	9
	9.2

	10
	8.0
	8.0
	8.6
	7.8 
	8.4
	9.0
	8.6
	7.8
	8.6

	15
	7.2
	7.8
	8.2
	5.4
	7.2
	8.8
	5.6
	7.2
	8.2

	20
	6.2
	6.4
	8.0
	4.7
	5.1
	8.2
	4.8
	5.6
	7.8


Note : Control = uncoated, BW = beeswax coated, EC = edible coating 
 3.2 Weight loss of tomatoes
Weight loss is a parameter that describes fruit quality. In general, a high percentage of weight loss indicates low fruit quality (Yadav et al., 2022). Based on the results of weight loss in Fig. 2A, it shows that uncoated tomatoes (control) experienced greater weight loss compared to coated tomatoes (EC and BW). Similar results were reported by Yanti et al. (2023) and Adebayo et al. (2024), that uncoated tomatoes had a higher percentage of weight loss than coated fruits. The high weight loss in the control is closely related to the increased rate of transpiration which causes water loss, thus triggering wrinkles on the surface of the fruit as shown in Fig. 1. In contrast, edible coating is able to suppress the rate of transpiration and respiration, so that water loss can be minimized. Banana peel starch acts as a film-forming matrix that can seal the pores on the fruit's surface, thereby inhibiting the diffusion of water vapor from the fruit tissue to the environment. By reducing the transpiration rate, water loss can be suppressed, resulting in lower fruit weight loss (Sapper & Chiralt, 2018). Thus, the application of edible coating is effective in maintaining the physical and organoleptic quality of tomatoes during storage. Riva et al. (2020) stated that An edible coating can cover the pores on the fruit surface and decrease transpiration and respiration, thereby reducing fruit weight loss.
3.3 pH values of tomatoes
In general, the pH of both coated and uncoated tomatoes showed an increase, however the pH of tomatoes coated with edible coating of plantain peel starch and chitosan (EC) showed a low increase and was relatively more stable compared to tomatoes coated with beeswax (BW) and uncoated tomatoes (control) (Fig. 2B). Adebayo et al. (2024) also reported that the pH of uncoated tomatoes experienced a higher increase compared to tomatoes coated with coating. An increase in the pH of tomatoes during storage signifies a reduction in acidity, a factor closely associated with quality deterioration. During respiration, organic acids such as citric and malic acids are metabolized, resulting in decreased concentrations and a corresponding rise in pH (Tigist et al., 2013).  The presence of an edible coating can form a semipermeable barrier that inhibits gas exchange, particularly oxygen, thereby suppressing the respiration rate. This reduced respiration rate results in slower utilization of organic acids, thus controlling the increase in pH (Sapper & Chiralt, 2018; Rizzo, 2025).
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Fig. 2. Quality parameters of tomatoes following coating application during storage: A. weight loss percentage, B. pH value, C. total soluble solids, and D. vitamin C content. Values represent means of triplicate samples (n = 3).
3.4 Total soluble solids (TSS) of tomatoes
TSS showed an increase in both coated and uncoated tomato samples (Fig. 2C). However, the edible coating treatment on tomatoes (EC) in this study was proven to maintain a more stable TSS value during the 20-day storage period compared to the control, as shown in Fig. 2C. This is due to the coating's ability to form a semipermeable layer that can suppress the respiration rate, thus slowing the use of sugar as an energy source. The coating is expected to inhibit ethylene formation, reduce respiration rates, and slow down metabolic processes resulting in a smaller increase in TSS (Dhall, 2013; Sapper & Chiralt, 2018). Furthermore, the coating forms a highly effective semipermeable barrier around the fruit surface, altering internal conditions by decreasing oxygen levels and increasing carbon dioxide levels (Sapper & Chiralt, 2018; Rizzo, 2025).
3.5 Vitamin C content of tomatoes
[bookmark: _GoBack]Vitamin C is highly susceptible to degradation during food processing and storage (Santos & Silva, 2008; Ramadhany et al., 2025). As illustrated in Fig. 2 D, the vitamin C content in tomatoes declined during storage across all treatments. Tomatoes coated with edible coating (EC) exhibited the smallest reduction in vitamin C levels compared to those coated with beeswax (BW) and uncoated tomatoes (control) (Fig. 2 D). These findings suggest that an edible coating based on plantain peel starch and chitosan effectively preserves vitamin C levels in coated tomatoes. The edible coating reduces the respiration rate and metabolic activity of the fruit, thereby minimizing the utilization of vitamin C as a substrate in oxidative reactions (Gupta et al., 2024). Furthermore, the chitosan component in edible films acts as an antimicrobial agent, inhibiting the growth of microorganisms, reducing tissue damage, and maintaining the stability of bioactive compounds (Pavinatto et al., 2020; Jalil et al., 2024).
3.6 Total microbial of tomatoes
A comprehensive microbial analysis was performed to assess the impact of an edible coating on microbial proliferation in tomatoes over a 20-day storage period. This parameter is a critical indicator of product safety, quality, and shelf life.








Fig. 3. Total microbial of tomatoes for 20 days storage. EC : tomato coat with edible coating, BW : tomato coat with beeswax, control : uncoated tomato
Microbial growth during tomato storage is a primary factor contributing to reduced quality and shelf life. As shown in Fig. 3, the application of a starch-based edible coating combined with chitosan (EC) effectively inhibits the increase in microbial populations compared to the uncoated (control). These findings demonstrate that the coating process can suppress microbial proliferation. Consistent with these results, Adebayo et al. (2024) observed lower microbial counts in coated tomatoes relative to uncoated samples. 
Starch- and chitosan-based edible coatings inhibit microbial growth through complementary physical and biological mechanisms. Starch serves as a film-forming matrix that coats the fruit surface, creating a physical barrier to external contamination (Pellisari et al., 2021). Additionally, starch-based coatings are semipermeable and restrict oxygen diffusion. Lower oxygen availability at the fruit surface inhibits aerobic microbial respiration, thereby reducing microbial growth and metabolic activity (Sapper & Chiralt, 2018). This environment also helps maintain fruit tissue stability and delays the decay process. Chitosan serves as an effective antimicrobial agent in coating systems. Mechanistically, its positively charged amino groups interact with negatively charged components in microbial cell walls (Kong et al., 2010). This interaction disrupts cell membrane permeability, causes leakage of intracellular components, and inhibits protein and enzyme synthesis, ultimately resulting in microbial cell death (Hosseinnejad & Jafari, 2016).
The combination of starch and chitosan produces a synergistic effect, where starch acts as a physical barrier against water loss, while chitosan strengthens the film structure and enhances its barrier properties and antimicrobial activity (Sapper & Chiralt, 2018; Mohd Yusof et al., 2019). Chitosan's antimicrobial activity also helps maintain the integrity of fruit tissue by inhibiting the growth of microorganisms that can accelerate deterioration and fluid loss (Pavinatto et al., 2020; Jalil et al., 2024). Therefore, edible coatings based on banana peel starch and chitosan are effective in maintaining tomato fruit weight during storage by inhibiting transpiration, reducing respiration rates, and protecting against microbiological damage.

Several limitations are present in this study, such as the use of controlled storage conditions that may not accurately reflect real-world environments. Additionally, the coating formulation was not optimized. Future research should address these limitations.


4. Conclusion

The functional edible coating formulated from plantain banana peel starch and vannamei shrimp shell chitosan effectively preserved the sensory, physicochemical, and microbiological qualities of tomatoes. This treatment extended shelf life and demonstrated potential as a natural and sustainable postharvest technology.
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EC	0	0.84	0.63	0.77	0.56999999999999995	0	0.84	0.63	0.77	0.56999999999999995	0	5	10	15	20	0	2.5099999999999998	3.67	5.23	7.78	BW	0	0.67	0.69	0.46	0.47	0	0.67	0.69	0.46	0.47	0	5	10	15	20	0	2.85	4.25	6.92	9.57	Control	0	0.48	0.45	0.4	0.7	0	0.48	0.45	0.4	0.7	0	5	10	15	20	0	3.48	5.36	9.68	13.33	Time (days)


Weight loss (%)




EC	0.33486315612998274	0.10214368964029709	7.211102550927985E-2	0.12013880860626733	0.12583057392117919	0.33486315612998274	0.10214368964029709	7.211102550927985E-2	0.12013880860626733	0.12583057392117919	0	5	10	15	20	1.0433333333333332	1.1933333333333334	1.27	1.4766666666666668	1.4866666666666666	BW	0.29263173671584813	4.0414518843273843E-2	0.30615900008546815	0.32807519463277507	0.3724244889907215	0.29263173671584813	4.0414518843273843E-2	0.30615900008546815	0.32807519463277507	0.3724244889907215	0	5	10	15	20	1.0133333333333334	1.2733333333333332	1.68	1.8033333333333335	1.91	Control	0.28583211855912882	0.14294521094927712	0.27135462651912268	0.14000000000000001	0.39310727967481268	0.28583211855912882	0.14294521094927712	0.27135462651912268	0.14000000000000001	0.39310727967481268	0	5	10	15	20	1.04	1.2833333333333332	1.8366666666666667	2.25	2.5166666666666671	Time (days)


TSS (°Brix)




EC	0.79924964810752264	0.92218942378089164	2.0096102441352484	0.17156145643277002	0.68251984098144181	0.79924964810752264	0.92218942378089164	2.0096102441352484	0.17156145643277002	0.68251984098144181	0	5	10	15	20	28.709999999999997	28.193333333333332	23.603333333333335	21.443333333333332	21.153333333333336	BW	0.29263173671584836	2.6118256705479661	1.6308688890690533	1.0186428880296241	2.6817966614441997	0.29263173671584836	2.6118256705479661	1.6308688890690533	1.0186428880296241	2.6817966614441997	0	5	10	15	20	29.013333333333332	25.273333333333337	23.016666666666666	20.803333333333331	19.243333333333336	Control	0.86892654081535126	1.6280151514446457	1.426055164898375	1.4497011186218123	0.85704920123253969	0.86892654081535126	1.6280151514446457	1.426055164898375	1.4497011186218123	0.85704920123253969	0	5	10	15	20	28.373333333333335	22.283333333333331	19.503333333333334	16.916666666666668	12.183333333333335	Time (days)


Vitamin C content (mg/100 g)




EC	0.34641016151377524	0.34641016151377579	0.26457513110645897	0.26457513110645914	0.20000000000000018	0.34641016151377524	0.34641016151377579	0.26457513110645897	0.26457513110645914	0.20000000000000018	0	5	10	15	20	5.1000000000000005	5.2	5.5	5.6000000000000005	5.7	BW	0.680685928555403	0.73711147958320156	0.40414518843273795	0.36055512754639901	0.35118845842842472	0.680685928555403	0.73711147958320156	0.40414518843273795	0.36055512754639901	0.35118845842842472	0	5	10	15	20	5.0666666666666664	5.4333333333333336	5.9333333333333336	6.5	6.6333333333333329	Control	0.43588989435406766	0.26457513110645914	0.50332229568471665	0.56862407030773288	0.6244997998398395	0.43588989435406766	0.26457513110645914	0.50332229568471665	0.56862407030773288	0.6244997998398395	0	5	10	15	20	5.0999999999999996	5.6000000000000005	6.4333333333333336	6.9333333333333327	7.0999999999999988	Time (days)


Log Total Microbial (CFU/g)




image1.jpg
0 days

5 days

10 days

15 days

20 days

EC

Control





image2.png
pH

5.00

4.80

4.60

4.40

0o 5 10 15
Time (days)

~#—EC —8—=BW - Control

20





image3.png
Weight loss (%)

15.00

10.00

o
8

o
8

0o 5 10 15

Time (days)

=#—EC =8=BW ~&-Control

20





image4.png
TSS (°Brix)

3.00

2.00

1.00

0.00

0o 5 10 15

Time (days)

=@—EC —8=BW =#=Control

20





image5.png
15 20

10
Time (days)

=@=—EC =8=BW =—#=Control

2 2 9 9 ©°
s 8 & 8 o
§ &8 |8 =

(800T/8w) 3u93u02 3 upwEIA





