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Abstract
Tomato (Solanum lycopersicum L.) is a climacteric fruit with high moisture content and active postharvest metabolism, which contribute to rapid deterioration during storage. This study evaluated the effects of corn starch and guava (Psidium guajava L.) leaf extract as edible coatings on the postharvest quality of tomato fruits under ambient conditions. Five treatments were assessed: distilled water as control, 100% corn starch coating, 100% guava leaf extract coating, 50% corn starch + 50% guava leaf extract coating, and paraffin wax coating. The experiment was arranged in a completely randomized design with three replications. Coated and control fruits were stored at 28 ± 2 °C for 10 days and evaluated for weight loss, fruit color, total soluble solids, and market acceptability. Physiological weight loss increased in all treatments during storage. Paraffin wax recorded the lowest weight loss at Day 10, with 2.99%, followed by guava leaf extract and corn starch treatments with 6.32% and 6.35%, respectively. The combined corn starch and guava leaf extract treatment showed the highest weight loss at 9.49%. Paraffin wax also delayed fruit color development and retained relatively higher total soluble solids at the end of storage. The corn starch and guava leaf extract coatings, whether applied individually or in combination, did not consistently improve tomato quality compared with the distilled water control. These results indicate that paraffin wax was the most effective treatment under the conditions of the study, while the natural coatings require further formulation improvement before they can be considered reliable alternatives for tomato shelf-life extension.
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INTRODUCTION
[bookmark: bbib0024][bookmark: OLE_LINK7][bookmark: OLE_LINK11]Tomatoes (Solanum lycopersicum L.) are a significant food crop worldwide, ranking as the second most produced and consumed vegetable (Guan et al., 2018; Roy et al., 2024). Tomato, as a known climacteric fruit, is susceptible to postharvest damage (Al-Dairi et al., 2021). They have a short postharvest life with a high moisture content, leading to deterioration (Tolasa et al., 2021; Mouhamed and Kasnazany 2024). The skin and flesh of the fruit are soft, increasing the risk of physical damage due to friction and impact. Softening of tomatoes during ripening, storage, and distribution increases their risk of disease development. (Ayomide et al., 2019; Roy et al., 2024). 
[bookmark: OLE_LINK20][bookmark: OLE_LINK22][bookmark: OLE_LINK18]Although synthetic preservatives are widely used to extend the shelf life of tomato fruits, increasing consumer concern has emerged regarding the application of synthetic chemicals on horticultural crops such as tomatoes. (Ahmad et al., 2020). Plant-derived preservatives contribute to extended food shelf life and are considered safer for humans and animals than synthetic alternatives, thereby increasing the economic value of food products. (Irokanulo et al., 2015: Ahmad et al., 2020). Plant extracts and natural edible coatings have been investigated as bio-preservatives because they are multipurpose, easy to apply, environmentally friendly, inexpensive, antioxidant-rich, and capable of inhibiting fungal growth while exhibiting antimicrobial, anti-inflammatory, and health-promoting properties (Mouhamed and Kasnazany, 2024). Furthermore, edible coatings made from biodegradable materials are applied to food produce to form a protective film using dipping, spraying, or brushing methods (Kester and Fennema, 1986; Dadzie 2018) and also acts as a surface barrier that regulates gas exchange, reduces transpiration, and delays ripening and senescence (Safari, 2020). Edible coatings are formulated from proteins, polysaccharides, lipids, or their combinations and can also function as delivery systems for food additives such as antimicrobial and anti-browning agents, antioxidants, as well as dyes, flavors, nutrients, and spices (Mikus, et al., 2025). In recent years, increasing attention has been given to the development of edible coatings from biodegradable, natural-source materials such as cellulose and protein nanofibers, cassava starch, alginate, chitosan, shellac, aloe vera gel, lipids, beeswax, and gums that can be directly applied to food surfaces to enhance postharvest quality (Shanta et al., 2023).
[bookmark: OLE_LINK24]Guava (Psidium guajava L.) leaves exhibit strong antibacterial activity, with extracts shown to inhibit the growth of Staphylococcus aureus, while methanolic extracts from the leaves and bark also demonstrate high antimicrobial efficacy against Bacillus and Salmonella species. (Naseer et al., 2018). The antioxidant, antibacterial, and anticancer effects of guava leaf extract (GLE) are largely due to its high content of phenolic compounds (Nantitanon and Okonogi, 2012; Correa et al., 2016; Seddiek et al., 2020; Seddiek et al., 2022). Antioxidant compounds help reduce damage caused by oxygen, such as that from free radicals, which can spoil food, damage cells, and decrease the quality of materials; by stabilizing these radicals, antioxidants slow oxidation and extend the shelf life of fruits and vegetables (Cushnie and Lamb, 2011; Braga et al., 2014; Gituma and Njue, 2019). 
[bookmark: OLE_LINK27][bookmark: OLE_LINK28]Starch is considered a valuable polysaccharide for food coating applications due to its widespread availability and affordability. Starch-based edible coatings help regulate the respiratory exchange ratio of fruits and vegetables, which delays natural senescence and prolongs shelf life. These coatings exhibit a highly selective gas permeability ratio (CO₂/O₂) compared with conventional synthetic materials. By creating a modified atmosphere around the produce, the coating promotes partial retention of CO₂ within the fruit or vegetable and partially seals surface pores, thereby reducing gas exchange and transfer rates. (Versino et al. 2016). The global starch industry primarily relies on four key raw materials: corn, potato, sweet potato, and cassava (Lopez and Garcia, 2012). Numerous studies have explored coatings made from polysaccharides, including those derived from mango and banana cellulose, cactus, soybean, various seeds, tapioca, jicama, and sago starch (Ali et al., 2022a; Ali et al., 2022b; Wu et al., 2022; Liu et al., 2022; Retnowati et al., 2015; Pratama et al., 2019; Wahjuningsih et al., 2019; Santosa et al., 2019). Furthermore, the impact of corn starch coatings has been examined in various fruits, including Ber, Assam lemon, and plum, as reported by Mani et al. (2017), Ghosh et al. (2015), and Bhowmick et al., (2017).    
The study was carried out to assess the effects of corn starch and guava leaf extracts based edible coatings on the physicochemical properties of tomato fruits during 10 days of storage.

MATERIALS AND METHODS
Materials Collection
[bookmark: _Hlk222108710][bookmark: _Hlk204588514][bookmark: OLE_LINK8]Commercially mature tomatoes were obtained from the local market in Mayana, Barili, Cebu, while commercial corn starch was purchased from the local market in Barili, Cebu. Tomato fruits were selected at the breaker stage based on uniform maturity and the absence of external injuries, and were brought to the preparation room of the Center for Studies in Biotechnology at Cebu Technological University – Barili Campus. Meanwhile, guava leaves were collected from various locations within the vicinity of the campus.
Treatment Preparation and Application
[bookmark: OLE_LINK14]The different coating treatments were prepared based on their respective formulations and subsequently applied to the tomato fruits. For treatment 0 (control) – 1 L distilled water, in which 10 tomatoes were immersed for 5 minutes. Treatment 1 (100% corn starch coating) – 40 g corn starch was dissolved in 1000 mL water and heated with continuous stirring; glycerol (2 mL/L) was added as a plasticizer (Chithra et al., 2022). A 500 mL portion of the solution was used. In treatment 2 (100% guava leaf extract coating) – 500 g fresh guava leaves were blended with 1000 mL water, and 125 mL of the extract was diluted with 375 mL distilled water to obtain 500 mL coating solution (Tabassum et al., 2018), with the modification on the amount of water used based on the treatment of the study. Treatment 3 with (50% corn starch + 50% guava leaf extract coating) – 250 mL corn starch solution was mixed with 250 mL guava leaf extract solution prepared from 60 mL extract and 190 mL water. Tomatoes in T₀–T₃ were immersed in their respective treatment solutions for 5 minutes. Lastly, for treatment 4 (100% paraffin wax coating) – 300 g paraffin wax was melted at 60°C and maintained at 50°C during application (Magashi and Bukar, 2007) with modification on amount of paraffin wax used. The solution for wax coating was applied evenly to the tomato surface using a soft bristle brush following the method described by Muthuselvi et al. (2020).

Sampling Procedure

The study utilized destructive sampling to evaluate the physicochemical parameter of total soluble solids (TSS) of tomatoes on, Day 5, and Day 10 of storage. At each sampling interval, representative fruits from each treatment were selected and evaluated, after which they were not returned to storage. The remaining fruits from each treatment were used for the subsequent evaluations of weight loss and color change throughout the storage period.

Experimental Design and Lay out

[bookmark: OLE_LINK31]The experiment was laid out in a completely randomized design (CRD) with five treatments and three replications each. A total of 150 fresh, matured, breaker stage, firm, and smooth tomato fruits was selected based on uniformity in size and the absence of physical damage. Additional 5 samples were used for destructive sampling. All tomato fruits were cleaned with distilled water and air-dried for 30 minutes before coating at their respective plastic trays. For each treatment, 10 fruits per replication (30 fruits per treatment) have been used, resulting in 15 experimental units. Then allowed to dry at room temperature (28°C). All samples were air-dried at room temperature, weighed, and then stored at 28°C for 10 days. After coating, different physicochemical parameters were collected.



Data Collection

Weight loss (%)
Weight loss is a common symptom of deterioration and contributes to the decline in product quality. (Ullah, 2009; Woelore, et al., 2016). The tomato fruits weight was repeatedly measured after the treatment was applied at the beginning and during the storage interval using digital weighing balance. The difference between the initial and final weight of the fruits was considered as total weight loss during the storage and expressed as a percentage (Tunwari et al.,2019). This was taken at Day 0, 2, 4, 6, 8 and 10 days of storage.
      WL% = Initial weight – final weight x 100 
                              Initial weight

[image: ]fig 1 : Fruit Color Determination
The changes in tomato color were determined using a number grading system with modification from 1 to 5, where 1 represents breaker, 2 is turning, 3 is pink, 4 is light red, and 5 is red (Safari, 2020). The color was assessed at every two (2) days interval of storage.
[bookmark: OLE_LINK6][bookmark: OLE_LINK3]
Days Until Tomato is No Longer Marketable (Shelf-Life Determination via Market Acceptability Interview)

The shelf life of tomato fruits was evaluated by determining the number of days the fruits remain acceptable for market sale. This was done through a personal interview with a local tomato vendor in the public market of Barili, Cebu City. The interview aimed to make them unsuitable for sale.obtain practical insights on the typical duration that tomatoes maintain their marketable quality, such as firmness, freshness, and color, before showing signs of deterioration that 
Total soluble solid (TSS) (ºBrix)

[bookmark: OLE_LINK12]A portable refractometer was used to determine the total soluble solid content in ºBrix. To prepare the sample, tomato flesh was blended. One or two drops of the resulting clear juice were placed on the refractometer's prism, and a direct reading was obtained. The refractometer was calibrated with distilled water before use, and the prism was washed with distilled water between each sample (Dhami et al., 2023). Total soluble solids (TSS) were measured before and after treatments: Day 0 for initial sampling, Day 5 for destructive sampling, and Day 10 for the termination of the experiment.

Data Analysis

Analysis of Variance (ANOVA) was used to analyze the data gathered using the Statistical Tool for Agricultural Research (STAR). Least Significant Difference (LSD) was utilized with a 5% level of significance to compare treatment means and identify the best-performing techniques.

RESULT S AND DISCUSSION
[bookmark: OLE_LINK41]Weight Loss of Tomato During Storage
Observation during storage of tomato fruits showed that physiological weight loss increased progressively in all treatments throughout the 10-day storage period under ambient conditions (Table 1). Significant differences among treatments were observed on Days 2, 4, and 10 (P ≤ 0.05), while no significant differences were detected on Days 6 and 8 (P > 0.05). On Day 2, weight loss ranged from 0.44% in paraffin wax to 1.25% in guava leaf extract-coated fruits. By Day 10, paraffin wax still recorded the lowest weight loss (2.99%), followed by guava leaf extract (6.32%) and cornstarch (6.35%), compared with the control (7.49%). The combined cornstarch and guava leaf extract coating showed the highest weight loss at 9.49%, indicating lower effectiveness in reducing moisture loss during storage.
	
	Table 1: Effect of edible coatings on the loss in weight (%)

	Treatment
	DAY 2
	[bookmark: OLE_LINK1]DAY 4
	DAY 6
	DAY 8
	DAY 10
	

	T0- Control
	0.78b
	2.69a
	3.95
	5.16
	7.49ab
	

	T1-Cornstarch (CS) 
	1.05ab
	2.74a
	3.41
	4.39
	6.35b
	

	T2- Guava Leaf Extract (GLE)
	1.25a
	2.92a
	3.42
	4.40
	6.32b
	

	T3-CS +GLE
	1.19a
	2.77a
	4.00
	6.18
	9.49a
	

	T4-Paraffin wax
	0.44c
	0.90b
	1.57
	2.39
	2.99c
	

	P-value
	0.00s
	0.00ns
	0.14ns
	0.08ns
	0.00s
	

	CV%
	18.36
	23.75
	35.23
	32.01
	22.92
	


Note: Means with the same letter(s) are not significantly different.
A general trend of increasing weight loss in tomato fruits, regardless of GLE or CS treatments, was observed with the advancement of the storage period, which agrees with the findings of Getinet et al. (2008), Tefera et al. (2008), Tigist et al. (2013), and Zewdie et al. (2022). The variation in the rate of physiological weight loss (PWL) of tomato fruits may be attributed to differences in physiological processes and responses to atmospheric conditions among cornstarch (CS)-coated, guava leaf extract (GLE)-treated, and untreated tomato fruits, similar to the findings reported by Zewdie et al. (2022) for beeswax (BW)- and neem leaf extract (NLE)-treated tomato fruits. Similar findings were reported by Sena et al. (2019), who observed that edible cornstarch-based coatings were not effective in reducing weight loss of cashew apples during storage. The incorporation of guava leaf extract into the cornstarch coating may have altered its structural stability, possibly increased pore formation and facilitating moisture loss, consistent with the observations of Roy et al. (2024) when Tulsi extract was combined with Aloe vera coatings.
According to Pérez et al. (2016) and Zewdie et al., (2022), the extent of weight loss in most fruits and vegetables during storage is largely determined by storage temperature and relative humidity. Mohammed et al. (1999) reported that transpiration is a primary factor contributing to deterioration, as it causes direct quantitative losses through reduction in weight, which leads to fruit softening and shriveling. In contrast, respiration consumes stored plant reserves as substrates, further resulting in weight loss and tissue shrinkage. Similarly, Ball et al., (1997), as well as Kissinger et al. (2005) observed that weight loss in sweet pepper and other vegetables negatively affects fruit appearance, ultimately reducing market value and consumer acceptance.
These findings are consistent with Khedr (2017) & Khedr (2022), who reported that paraffin coating significantly reduced weight loss during storage. Post-harvest mass loss in fruits is a serious problem because it results in shrinkage and quality deterioration (Magashi and Bukar, 2007). The lower physiological weight loss observed in paraffin wax-coated tomato fruits may be due to the formation of a thin semi-permeable barrier on the fruit surface, which helps reduce moisture loss, respiration, and evaporation (Shahid and Abbasi, 2011). In addition, storage temperature, duration, and fruit skin thickness may also influence the rate of water loss (Fawole and Opara, 2013).
Moreover, water loss resulting from transpiration and respiration may cause the accumulation of free moisture on the fruit surface. Such conditions favor the growth of pathogens, which can accelerate fruit deterioration (Zewdie et al., 2022). According to Ahmed (2016) infection by pathogens can lead to tissue maceration, resulting in gradual degradation of the fruit. Effective coatings are expected to act as semi-permeable barriers that restrict gas and water vapor movement.
Overall, the cornstarch and guava leaf extract coatings, applied alone or in combination, did not consistently and significantly reduce weight loss compared with the control, indicating limited effectiveness in modifying the physiological weight loss of tomatoes under the given storage condition.

Fruit Color
The fruit color of tomatoes during 10 days of storage under different coating treatments is presented in Table 2. Significant differences among treatments were observed (P ≤ 0.05). At Day 2, the Cornstarch (CS) treatment showed the highest color value (2.27), while the control recorded the lowest value (1.70). By Day 6, paraffin wax exhibited the lowest color value (2.95), compared with CS (3.47), control group (3.23), CS + GLE (3.19), and GLE (3.33), indicating delayed ripening under wax coating. The same trend was observed on Days 8 and 10, where paraffin wax consistently maintained the lowest color score (2.95), whereas the other treatments ranged from 3.19–3.52, reflecting faster color development.
Color change in tomatoes is a visible indicator of biochemical ripening processes characterized by the transition from green to reddish due to lycopene accumulation. Lycopene concentration significantly increases as tomatoes progress from the mature green stage to the red ripening stage (Kumar et al., 2023; Umeohia, 2025). The results are consistent with the findings of Dávila-Aviña et al. (2011), who reported no significant differences in color development between control and wax-coated tomatoes, indicating that wax coatings may not necessarily alter final color expression but instead influence the rate of ripening. Similarly, although distilled water did not provide a protective barrier, it allowed natural ripening to proceed without interference, resulting in comparable color changes. In contrast, paraffin wax likely delayed color development by forming a semi-permeable layer that reduced gas exchange and respiration rate, thereby slowing pigment synthesis and ripening progression. Previous studies also noted that pigment degradation during storage is unavoidable, and coatings may have limited ability to completely prevent color change (Porat et al., 2018; Anjum et al., 2024). Nevertheless, differences among coating treatments suggest that coating composition influences ripening behavior and overall visual quality.
Overall, paraffin wax most effectively delayed color change. Among the study coatings, the combined CS + GLE treatment showed intermediate color values and better ripening delay than CS alone, while single-component natural coatings and the water control exhibited faster color development.

	
	Table 2: Effect of edible coatings on fruit color

	Treatment
	DAY 2
	DAY 4
	DAY 6
	DAY 8
	DAY 10
	

	T0- Control
	1.70c
	3.23
	3.23ab
	3.37ab
	3.52a
	

	T1- Cornstarch (CS) 
	2.27a
	3.27
	3.47a
	3.52a
	3.52a
	

	T2- Guava Leaf Extract (GLE)
	2.20ab
	3.30
	3.33ab
	3.37ab
	3.37a
	

	T3- CS +GLE
	1.90bc
	3.17
	3.19bc
	3.19b
	3.38a
	

	T4- Paraffin wax
	1.97abc
	3.00
	2.95c
	2.95c
	2.95b
	

	P-value
	0.02*
	0.56ns
	0.01**
	0.00**
	0.00**
	

	CV %
	9.63
	7.28
	4.68
	3.74
	4.57
	


[bookmark: OLE_LINK5]Note: Means with the same letter(s) are not significantly different.
Legend: T₀ = Control (distilled water); T1 = 100% Cornstarch (CS) coating; T2 = 100% Guava Leaf Extract (GLE) coating; T3 = 50% Cornstarch + 50% Guava Leaf Extract (CS + GLE) coating; T4 = 60% Paraffin wax coating. Fruit color was evaluated using the following scale: 1 = Green, 2 = Breaker (green with traces of yellow, pink, or red), 3 = Turning (10–30% red), 4 = Pink (30–60% red), 5 = Light red (60–90% red), and 6 = Red (>90% red). * = Significant at P ≤ 0.05; ** = Highly significant at P ≤ 0.01; ns = Not significant; CV = Coefficient of Variation.

Days Until Tomato is No Longer Marketable (Shelf Life Determination via Market Acceptability Interview)

The shelf life of tomato fruits was evaluated by determining the number of days the fruits remain acceptable for market sale through a personal interview with a local tomato vendor in the public market of Barili, Cebu City. The interview aimed to obtain practical insights on the typical duration that tomatoes maintain their marketable quality, such as firmness, freshness, and color, before showing signs of deterioration that make them unsuitable for sale. Based on the vendor’s seven (7) years of experience in selling tomatoes, freshly harvested fruits are generally marketable for up to seven (7) days under normal market conditions. Beyond this period, the tomatoes typically exhibit signs of shriveling, loss of firmness, discoloration, and decay, which render them unacceptable for sale. These physical deteriorations serve as indicators that the fruits have exceeded their marketable shelf life and are no longer suitable for consumer preference or commercial distribution.

Total Soluble Solids (TSS)

Total soluble solids (TSS) of tomato fruits decreased as storage progressed across all treatments (Figure 1). TSS, expressed in °Brix, reflects soluble sugars, organic acids, and other compounds that change during ripening and senescence. At Day 0, all treatments showed a uniform TSS value of 4.5°Brix, which served as the baseline measurement. By Day 5, slight reductions were observed, with paraffin wax retaining the highest TSS (4.27°Brix), while GLE and the distilled water control recorded the lowest values (4.00–4.17°Brix), indicating that coatings, particularly wax, slowed respiration and sugar utilization. By Day 10, the lowest TSS was recorded in CS + GLE (3.50°Brix), whereas paraffin wax and GLE maintained relatively higher values (3.97°Brix), suggesting better preservation of soluble sugars. Overall, soluble solids content decreased in both coated and uncoated tomatoes by the end of storage under ambient conditions.

Figure 2 : Effect of different edible coating treatments (T0 – Control [water only], T1 – Cornstarch [CS], T2 – Guava leaf extract [GLE], T3 – Cornstarch + Guava leaf extract [CS+GLE], and T4 – Paraffin wax) on total soluble solids (°Brix) of tomato fruits during storage at Day 0, Day 5, and Day 10 under ambient conditions.
The gradual decline in TSS reflects normal metabolic activity during storage (Chithra et al., 2022). A similar trend has been reported in strawberries and papaya, where the reduction in TSS during storage was associated with the hydrolysis and utilization of reducing sugars and organic acids as respiratory substrates (Aday & Caner, 2011; Zheng et al., 2008; Joshi et al., 2017; Chithra et al., 2022; Gigante et al., 2025). The comparable decrease observed in the present study indicates that tomatoes undergo similar respiratory metabolism during postharvest storage. However, the slower decline in TSS under paraffin wax coating suggests that the coating acted as a semi-permeable barrier, reducing respiration rate and delaying sugar depletion compared with the control and other coatings.

Conclusion
[bookmark: _GoBack]The study showed that coating treatment influenced the postharvest quality of tomato fruits during 10 days of storage under ambient conditions. Among the treatments evaluated, paraffin wax provided the greatest preservation effect by reducing physiological weight loss, slowing color development, and maintaining relatively higher total soluble solids. The 100% corn starch and 100% guava leaf extract coatings performed similarly to the distilled water control in several quality attributes and did not consistently provide a clear advantage in reducing weight loss or delaying ripening. The combined 50% corn starch + 50% guava leaf extract treatment was less effective, as it recorded the highest weight loss and showed faster quality deterioration than the other coating treatments. These findings suggest that the tested natural coating formulations were not yet sufficient to extend tomato shelf life under the storage conditions used in the study. However, corn starch and guava leaf extract remain promising biodegradable materials, provided that their formulation, coating stability, concentration, and application method are further improved. Additional studies using refined coating ratios, larger sample sizes, and more detailed quality parameters are needed to determine their practical value for postharvest tomato preservation.


Limitations
This study was limited to a 10-day storage period under ambient conditions of 28 ± 2 °C; therefore, the results may not directly apply to refrigerated or controlled-atmosphere storage systems. The evaluation focused mainly on weight loss, fruit color, total soluble solids, and market acceptability, while other important quality parameters such as firmness, titratable acidity, pH, microbial load, decay incidence, and sensory attributes were not fully assessed. Shelf-life determination was based on market acceptability information obtained from a local tomato vendor, which provides practical insight but does not replace a replicated sensory or consumer evaluation. The destructive sampling procedure for total soluble solids also requires clearer sample allocation across treatments, replications, and sampling days. In addition, the tested corn starch and guava leaf extract formulations were limited to the concentrations used in the experiment. Further research using improved coating formulations, additional quality indicators, and broader storage conditions is needed to confirm the effectiveness of these biodegradable coatings.
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