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Edible coating containing cashew gum and lemongrass essential oil extends the shelf life of tomatoes at 13°C.
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ABSTRACT 

In many developing countries, the high cost of post-harvest technologies is a limiting factor. This study evaluated the effectiveness of inexpensive edible coatings, prepared from local gum, in preserving the quality of tomatoes stored at 13°C for 25 days. Different formulations were applied, some with and some without the addition of essential oil. The results showed that the coatings slowed the deterioration of physicochemical parameters. While untreated tomatoes lost 37 N of firmness and deteriorated by 25% after 25 days, the coated samples retained a firmness greater than 25 N and showed no visible deterioration. The color variation remained between 5 and 18 for the coated samples, compared to more than 25 for the control samples, indicating a delay in ripening and enzymatic browning. The ripeness index of untreated tomatoes increased from 7 to 14 in 15 days, reaching 14 between 22 and 25 days. At the same time, the pH of coated tomatoes remained below 6. Coatings containing 15% and 20% gum proved to be the most effective in slowing ripening. The addition of essential oil enhanced the antimicrobial and antioxidant properties of the coatings. Storage at 13°C amplified the protective effect, delaying ripening and stabilizing the pH between 5.2 and 5.5. In conclusion, edible coatings made from local, inexpensive raw materials are an effective and accessible method of extending the shelf life of tomatoes and preserving their physical and chemical qualities.
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1. INTRODUCTION 

The tomato (Solanum lycopersicum L.) is a staple of the Mediterranean diet and one of the most widely consumed foods. Tomatoes are one of the most commercially traded crops, ranking second only to potatoes, with an annual production of 186,8 millions tonnes in 2020 (FAOSTAT, 2022).  They transcend geographical boundaries and are grown worldwide for local and industrial consumption. They are an essential export crop (Poojitha M., 2023).  Its attractive appearance, linked to its colour and shape, is a powerful asset. It is grown for its fleshy red fruits, which are highly sought after and consumed by all ages for their organoleptic qualities and nutritional value, which have various positive effects on our health. Its attractive appearance, linked to its colour and shape, is a powerful asset. It is a good source of vitamins A, B, C and E (Tripathy and Mallikarjuna Rao, 2020). In addition, tomatoes contain various bioactive compounds such as carotenoids, chlorophyll, organic acids, flavonoids, lycopene and phenols, which have health benefits by reducing the risk of heart disease (Domínguez et al., 2020). Thanks to its varied composition of organic substances and minerals, the tomato has enormous therapeutic properties (Grasselly et al., 2000). In Côte d'Ivoire, tomato production plays a very important economic role for the population (Soro et al., 2007). In 2020, annual production was 47,283 tonnes, ranking it 7th in West Africa (FAOSTAT, 2022). Unfortunately, 30-40% of tomato production is lost after harvest due to a lack of appropriate preservation techniques, resulting in high economic losses and the release of pollutants into the environment (Rai et singh , , 2022).  Post-harvest fruit losses can occur due to various factors, such as poor handling, lack of pre-cooling, inadequate storage temperature control and microbial pathogens (Lieu et al., 2024). Indeed, fruit has a very short shelf life after harvest due to several factors. Their climacteric nature makes them susceptible to rapid deterioration caused by biochemical and physiological processes (e.g., senescence, ethylene synthesis, transpiration), resulting in nutrient loss and economic damage (Huang et al., 2023). At the same time, the world population is growing and is expected to reach around 
10 billion by 2050 (Anonymous, 2021). To meet the needs of future generations, food availability must be increased. Increased production, optimised distribution and reduced losses can increase the availability and accessibility of food. Therefore, to reduce tomato losses and extend their shelf life, it is necessary to explore new preservation methods. Among sustainable and innovative alternatives, the application of edible gelatinous coatings to fruit and vegetables, which slow down internal metabolism and limit the penetration of external agents, is a practical approach (Wang, et al., 2024). Indeed, edible coatings slow down ethylene production and the ripening process, reduce deterioration and weight loss, decrease respiration and delay the reduction in firmness, ultimately leading to an extension of the shelf life of fruit (Iqbal et al., 2024). It has also been demonstrated that the use of edible coatings does not affect the sensory quality of the fruit (Bersaneti et al., 2021) and has no toxic effects. Furthermore, edible coatings can be applied to a wider variety of fruits than plastic films, particularly for ready-to-eat or freshly cut fruits (Seididamyeh et al., 2024), increasing preservation efficiency and allowing direct consumption without affecting sensory characteristics (Rather & Mir, 2023). These edible coatings are safe and suitable for human consumption, as they are prepared from natural materials (Khalil et al., 2020). Combining coating materials and additional materials to reduce fruit metabolism, preserve fruit quality, inhibit harmful pathogens, prevent browning, and provide antioxidants would be an excellent way to promote the ecological potential of fruit preservation methods (Dong et al., 2025). Thus, edible coatings must have desirable characteristics, such as biodegradability, compostability, renewable resources, antimicrobial activity, and a packaged structure based on a network of hydrogen bonds, providing an improved barrier against oxygen, moisture, and solute migration (Yuvaraj et al., 2021). The overall objective is to evaluate the potential of edible coatings in reducing post-harvest losses of tomatoes.

2. material and methods 
2.1. Tomato Collection
Green ripe (Sree et al., 2020) tomatoes (Solanum lycopersicum L., variety Cobra 26) (Figure 1 b) were kindly donated by a local producer in Dabou, 45 km from Abidjan (Cote d'Ivoire). After sorting, healthy tomatoes of uniform size and color were washed with chlorinated water (0.05% v/v) for 3 min (Flores-López et al., 2023), rinsed with tap water (Onyegbula et al., 2023), and air dried at room temperature to facilitate the adhesion of the coating solution on the surface (Sree et al., 2020). The tomatoes received were used on the same day of the experiment.  
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Figure 1. Crude gum nodules and flour from Anacardium occidentale L (a), and tomato (var. Cobra 26) (b) used in the study. 
2.2. Collection, purification, and characterization of cashew gum (Anacardium occidentale L) 
[bookmark: _Hlk166539794]Crude samples of cashew gum were collected from native trees (Figure 1 a) in Karakoro, Korhogo, Côte d'Ivoire and purified as described by Oliveira-Alcântara et al. (2020) with some modifications. The nodules were dried at 50° for 8 h in an oven (Memmert UN160) until they became brittle (Ofori et al., 2010), ground to a fine powder, dissolved in distilled water (1:3, w/v) with stirring for 24 h at room temperature (24 ± 2 °C), filtered through muslin cloth, precipitated with 96% ethanol (1:3, w/w) to recover the cashew gum polysaccharide (CGP). This CGP was washed twice with ethanol (Moreira et al., 2020), dried at 50 °C for 10, ground, sieved through 80 µm, and stored at room temperature in hermetically sealed containers. Moisture was determined by drying 5 g of the gum at 105 °C for 6 h. The pH was determined by immersing the electrode of a standardized pH-meter (pH-mètre C861, consort, bio block, Belgique) in a 1 % (w/v) dispersion prepared by mixing the gum in distilled water for 5 min at room temperature. Ash was determined by igniting 5 g of sample in a furnace at 300°C for 3h and then at 600°C for 1 h. 
2.3. Collection of Cymbopogon citratus leaves and essential oil production.
Leaves (5 kg) were collected from the botanical garden of the Peleforo Gon Coulibaly University, dried at room temperature (28 ± 2 °C) for at least seven days, and cut into small pieces of 4 to 8 mm in length. The essential oil (EO) was extracted by steam distillation using a Clevenger-type apparatus for 3 h. After drying on anhydrous magnesium sulfate, the EO was stored at 4 °C, protected from light, until use (Olayemi et al., 2017). 
2.4. Preparation of the edible coating solutions
The coating formulation solutions (with and without EO) were prepared according to a modified method of Adjouman et al. (2017). The CGP (10%, 15%, and 20%) (Daisy et al., 2020) coating solutions were prepared by redissolving CGP in distilled water by stirring at 80 °C for 20 min, followed by the addition of 30% glycerol (g/g of gum) as a plasticizer. For the formulations containing Cymbopogon citratus essential oil (Athayde et al., 2016) (EO, final concentration 0.2%, g/g of gum), the glycerol-gum solutions were prepared in distilled water to 80% of the final volume as described above. The EO emulsion was prepared by mixing EO with 5% soya lecithin (mg/g of EO) in water (20% of the final volume) for 5 min at 15000 rpm using an Ultra-Turrax T25 Basic (IKA Werke, Staufen / Germany). The gum solution and EO emulsion were mixed at 750 rpm for 10 min at room temperature to obtain the EO-CGP (10%, 15%, and 20%) coating solutions.
2.5. Application of coatings to tomatoes
[bookmark: _Hlk166588616]The washed and dried healthy tomatoes were divided into 11 groups according to the coating solutions and treated using the dipping method described by Kumar et al. (2021) with some modifications. Each group was immersed in the appropriate treatment solution for 5 min (Peralta-Ruiz et al., 2020), while the control group was immersed in distilled water. The residual coating was allowed to drip off and air-dried for 60 min at ambient temperature (24 ± 2 °C). This process was repeated twice to ensure that the edible coating component was applied to the surface of the tomato. After drying, each of the coated tomato groups was randomly divided into 2 groups of 60 tomatoes and stored at a controlled (13 °C, 89 ± 2% RH) (Mohammed et al., 2021) (Haier WS190GA) and room (24 ± 2 °C, 84 ± 2% RH) temperatures. Room temperature was chosen to simulate conditions commonly found in tomato sales . During the 25 days of storage, the quality attributes of the tomatoes were assessed every 5 days and, in each group of 60 tomatoes, 30 fruits were preserved intact for weight loss, and color, while the other 30 fruits were used for firmness measurement, pH, titrable acidity, and total soluble sugars analysis. For day 0 measurements, fruits were analyzed after dipping in the distilled water.  
2.6. Physicochemical quality aspects of control and coated tomatoes 
2.6.1. Firmness 
Tomato firmness was measured using a hand-held digital penetrometer (PCE-TR 200N, PCE instruments France EURL, France). Tomato fruits were tested with a flat-ended (6 mm in diameter) stainless steel probe that penetrated the sample at three different points for each of the three tomatoes selected per treatment (Kibar and Sabir, 2018). The breaking force required for the tip to penetrate the flesh was measured and values were expressed in Newtons (N).
2.6.2. Weight loss (WL)
The WL of control and coated tomatoes was determined by the gravimetric method using a precision balance (Denver Instrument SI-234, Germany). All tomatoes in each group were individually weighed at the beginning of the study and during storage (Souza et al., 2010). Six tomatoes per treatment were evaluated (Flores-López et al., 2024) and the difference in weight during storage was measured as a percentage of weight loss, as described by Souza et al. (2010). Mass loss was estimated as the average of individual weights per replicate (n = 2 x 3)

	% WL = [(Initial weight of tomato - Weight of tomato at storage time) / Initial weight of tomato] x 100
	(2)


2.6.3. Color 
The color change of the tomato surface was evaluated using a Minolta CR-10 Plus COLOR READER (Konica Minolta, Japan) handheld colorimeter at ambient temperature (28 ± 2 °C). Average readings were taken at three different points on the surface of each of the 6 tomato fruits (Flores-López et al., 2024). The color scale values of the control and the coated tomato samples were determined in terms of L*, a*, and b* (L* = light/dark; a* = green/red; b* = blue/yellow), and ΔE (color change).
2.6.’. Total soluble solids, Titrable acidity, maturity index, and pH
Three tomatoes from each treatment were cut into small pieces and 50 g were crushed using a 500 W Moulinex faciclic glass blender (LM310E10, China) (Flores-López et al., 2024) and centrifuged at 5000 rpm for 20 min at 4 °C (Thermo Fisher Scientific, Sorvall ST16R, 230/8A) (Onyegbula et al., 2023) to obtain the juice. Total soluble solids (% Brix) were measured on the concentrated juice of each treatment using a combined Brix-acid dual scale digital refractometer model PAL-BX-ACID 91 (ATAGO, France) after adding 1 or 2 drops of the juice on the prism surface. For titratable acidity (% acid), the juice of each treatment was diluted (5 g of juice in 25 mL of distilled water) before the reading was taken (Sree et al., 2020). The pH was determined using a pH meter (pH 340i/SET, Germany) by immersing the electrode in diluted tomato juice. The tomato maturity index (MI) was calculated as reported by Peralta-Ruiz et al. (2020).

3. results and discussion

3.1 Firmness 
The firmness of the tomatoes gradually decreased over the 25 days of storage, regardless of treatment or temperature (Fig. 2). From Day 0 to Day 25, a considerably greater reduction was observed in the control groups than in the coated groups. Furthermore, the reduction in firmness occurred more quickly in samples stored at room temperature than in those stored at a cold temperature.  After five days of storage under cold temperature, the firmness of the control tomatoes decreased by 36.43%, which was statistically higher than the reduction observed with the coated tomatoes.  Loss in firmness ranged from 7.40% to 24.12% for the tomatoes coated with CGP, and from 5.00% to 19.75% for the EO-CGP-coated ones. Statistical analysis revealed that the reduction in firmness of the control was greater than in the coated tomatoes (p > 0.05). Moreover, among the coated samples, smaller reduction in firmness was observed with the 20% formulated coating solutions. Between days 10 and 20, no statistically significant differences in firmness reduction were observed between the control and coated tomatoes (p > 0.05). After 25 days, however, firmness had decreased by 59.90% in the control sample, compared to reductions ranging from 42.51% to 58.78% in the CGP-coated tomatoes and from 39.77% to 57.10% in the EO-CGP-coated samples. Statistical analysis showed that samples coated with 10% and 15% gum solutions experienced the least loss of firmness (p < 0.05). Furthermore, no significant difference was observed between the control group and the group of tomatoes coated with 20% formulated gums (p > 0.05). 
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[bookmark: _Hlk205540715]               Fig. 2. Effects of treatments and storage times on firmness 13 ± 2 °C  
[bookmark: _Hlk206178075]    3.2. Weight loss 
In general, the percentage weight loss increases gradually over time for all samples, regardless of the coating formulation or storage conditions (Fig. 3). For tomatoes stored under cold conditions, after 5 days of storage, WL ranged from 1.13% ± 0.13 to 2.42% ± 0.46. The control sample had a WL of 1.13% ± 0.13. The WL for CGP-coated tomatoes ranged from 1.28% ± 0.19 to 2.02% ± 0.47, while for EO-CGP-coated tomatoes it ranged from 1.32% ± 0.39 to 2.32% ± 0.36. Statistical analysis showed that the WL of the control samples was not significantly different to that of the tomatoes coated with the 20% gum solutions (p > 0.05). But significant differences were observed between all the above-mentioned samples and the ones coated with 10% and 15% gum solutions (p < 0.05). From day 10 until the end of the storage period, no statistically significant difference in WL was observed between the control tomatoes and coated ones (p > 0.05). On day 25, the WL of the control sample was 7.63% ± 0.96, while that of the CGP-coated samples varied from 5.16% ± 1.12 to 7.55% ± 1.07 and that of the EO-CGP-coated samples ranged from 5.45% ± 2.26 to 8.04% ± 2.08. 
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[bookmark: _Hlk206254429]                              Fig. 3. Effects of treatments and storage times on weight loss at 13 ± 2 °C 
  3.3. Maturity index (MI)
The maturity index (TSS/TA) of the control and coated tomatoes is presented in Fig.4 . On day 25, the MI of the control group was 16.93 ± 2.78. Meanwhile, the MI of the the coated samples ranged from 11.50  ± 0.02 to 12.81 ± 1.22 for the CGP coated tomatoes, and from 10.56 ± 0.24 to 11.46 ± 1.28 for the EO-CGP coated tomatoes.
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[bookmark: _Hlk206190821][bookmark: _Hlk206191347]                            Fig. 4.  Effects of treatments and storage times on TSS / TA at 13 ± 2 °C

 3.3. Color change (ΔE) during storage
Figure 5 shows the change in color (ΔE) of treated and untreated tomatoes over the 25-day storage period. The color change increased gradually over this period.
Statistical analysis revealed similar patterns in the control and coated groups when the tomatoes were stored at a low temperature. However, by day 25, there were no significant differences between the control group and those coated with 10% or 15% solutions (p > 0.05). For the control group, the ΔE value increased from 15.78 ± 1.88 on day 5 to 22.48 ± 1.79 on day 25. For tomatoes coated with CGP and EO-CGP solutions, the ΔE value ranged from 12.43 ± 6.80 to 20.37 ± 1.55, and from 10.78 ± 3.59 to 20.43 ± 0.65 on day 25, respectively. Among the coated group, ΔE did not vary significantly after five days of storage (p > 0.05). From day 10 until the end of the experimental period, tomatoes treated with the 20% coating solutions exhibited the least color change (p < 0.05), but no significant difference in the ΔE value was observed between tomatoes treated with the 10% or 15% formulated coating solutions











[bookmark: _Hlk206238549]                        Fig. 5. Effects of treatments and storage times on ΔE at 13 ± 2 °C
[bookmark: _Hlk206191514][image: ] 







     
[bookmark: _Hlk206238595]                      Fig. 6. Tomatoes coated with different concentrations of gum at 13 ± 2 °C
   3.4. pH
The pH of tomatoes generally increases during storage, reflecting a gradual decrease in acidity resulting from the degradation of organic acids such as citric and malic acid. This process is often observed during ripening or under the influence of increased microbial activity.  CG-based treatments limit the rise in pH, demonstrating their effectiveness in preventing gas exchange and tissue metabolic activity. This effect is particularly evident in EO-CG samples, where the addition of essential oils improves the effectiveness of the coating due to their antimicrobial and antioxidant properties. Additionally, storage at 13°C significantly reduces pH variation compared to storage at room temperature. This low temperature reduces respiratory metabolism and degradation processes, thereby delaying the loss of acidity and the ageing of the fruit. Overall, the combined EO-CG coating and cold storage maintained the tomatoes at a pH close to their initial value, demonstrating remarkable effectiveness in extending shelf life and preserving the product's physicochemical quality.




Table 1. pH of tomato fruits coated with cashew gum during storage at different temperatures.
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	Control
	CGP-10%
	CGP-15%
	CGP-20%
	EO-CGP-10%
	EO-CGP-15%
	EO-CGP-20%

	
	

	0
	
	5.04 ± 0.07 eA
	5.04 ± 0.07 bA
	5.04 ± 0.07 cA
	5.04 ± 0.07 bA
	5.04 ± 0.07 bA
	5.04 ± 0.07 bA
	5.04 ± 0.07 bA

	5
	
	4.72 ± 0.07 fCD
	4.74 ± 0.01 cCD
	4.82 ± 0.06 dB
	4.83 ± 0.07 cB
	4.67 ± 0.07 cD
	4.7 ± 00 cBC
	4.90 ± 0.02 cA

	10
	
	5.52 ± 0.02 dA
	5.45 ± 0.04 aBC
	5.44 ± 0.00 abBC
	5.51 ± 0.04 aA
	5.42 ± 0.02 aBCD
	5.41 ± 0.06 aBCD
	5.44 ± 0.04 aBC

	15
	
	5.61 ± 0.01 cA
	5.50 ± 0.03 aB
	5.37 ± 0.02 bC
	5.51 ± 0.03 aB
	5.46 ± 0.03 aBC
	5.42 ± 0.03 aBC
	5.52 ± 0.06 aB

	20
	
	5.70 ± 0.01 bA
	5.53 ± 0.07 aB
	5.50 ± 0.06 aB
	5.54 ± 0.10 aB
	5.44 ± 0.03 aB
	5.47 ± 0.03 aB
	5.54 ± 0.04 aB

	25
	
	5.82 ± 0.04 aA
	5.46 ± 0.00 aB

	5.48 ± 0.01 aB


	5.56 ± 0.11 aB
	5.43 ± 0.02 aB
	5.44 ± 0.01 aB
	5.57 ± 0.12 aB


Results are expressed as mean ± SD. Statistics were performed per storage temperature. Different lowercase letters indicate significant differences (p < 0.05) within the same sample for different storage times. Different capital letters indicate significant differences (p < 0.05) between treatments within the same storage time. CPG-10,15and 20% =10, 15, and 20% concentration of cashew gum polysaccharides; EO-CPG-10, 15, 20% = 10, 15 and 20% cashew gum polysaccharide solutions supplemented with Cymbopogon citratus essential oil (EO).

4. DISCUSSION
Firmness is a key factor influencing consumer acceptability and is affected by time and treatment, as well as their interaction during storage (Kumar et al., 2021). Loss of mass is the main reason for this reduction. A significant loss of firmness reduces the quality and market value of tomatoes. Tomatoes are moisture-sensitive fruits that lose their firmness during ripening, which reduces their shelf life (Xylia et al., 2021). In our current study, a loss of firmness occurred during storage of both coated and uncoated tomatoes, but it was significantly higher in uncoated fruits. The GC20% treatment maintained the highest level of firmness. In addition, cashew gum coating was more effective than the control in preserving tomato firmness (p < 0.05) during storage. These results are similar to those of the study by Giacondino et al. (2024), in which coating with guar gum and 5% lemon pomace extract (Citrus limon (L.)) maintained higher firmness than the other treatments for cherry tomato storage. The superior firmness of coated tomatoes can be attributed to the water barrier properties of the coating materials, as they act as a physical barrier against moisture, thereby reducing the respiration rate. Jurić et al. (2023) also reported that ECs could reduce the activity of cell wall-degrading enzymes, such as polygalacturonase, β-galactosidase, and pectin lyase, thereby delaying the softening process and maintaining firmness. However, some research has shown that the use of EC for fruit preservation was not effective in maintaining firmness during storage. A study conducted on the firmness of mandarins showed no significant difference between coated fruits (chitosan, alginate/chitosan, hydroxypropylmethylcellulose/chitosan, or locust bean gum/chitosan) and uncoated fruits, either at room temperature or at cool temperatures, during storage, as reported by Jurić et al. (2023). In addition, storage temperature has a significant impact on fruit firmness. Low-temperature storage preserves fruit firmness better than high-temperature storage (Álvarez et al., 2021), as low temperatures can inhibit metabolic enzyme activity and thus maintain fruit firmness. Jurić et al. (2023) also reported that low temperatures slowed down the activity of metabolic enzymes during the storage of mandarins, which significantly improved the effectiveness of EC
  
The main defect in tomatoes is their rapid weight loss during storage, which ultimately reduces their shelf life. The main causes of this weight loss are water and carbon loss during respiration (Álvarez-Pérez et al., 2025). The rate of water loss is influenced by the water pressure gradient at the fruit surface and in the surrounding atmosphere. Indeed, weight reduction and softening of tomatoes are closely related to water loss. In this study, weight loss increased during storage in all samples. In addition, all coated treatments showed lower weight loss than the uncoated treatment. However, treatment (20% cashew gum + 2% oil) stood out for its thick coating layer and showed the lowest weight loss, making it the best treatment for preserving tomato mass. The composite coating significantly inhibited respiration, thereby slowing down physiological metabolism and reducing weight loss, while maintaining fruit firmness. This effect is due to the suppression of gas exchange through the fruit surface thanks to the coating with specific polysaccharides, as well as the increase in the lipophilicity of the fruit surface resulting from the incorporation of lipophilic compounds in the coating (Dug et al., 2024). These results are similar to those reported by Basumatary et al. (2022), who showed that chitosan coating combined with clove oil and aloe vera extends the shelf life of pineapple by reducing weight loss. Farooq et al. (2023) explained that coating tomatoes with aloe vera created a layer that prevented weight loss and extended shelf life to 30 days. Sherani (2022) also explained that the edible coating acts as a barrier against moisture and gas transfer, reducing respiration and resulting in less physiological weight loss. Low temperature also reduces weight loss during storage.  Seididamyeh et al. (2024) reported that gum arabic coating did not reduce weight loss in freshly cut red peppers compared to the control during 16 days of storage at 4 °C.
One of the main factors that attract consumers' attention is color. Consumers prefer tomatoes that are deep red and uniform in color. Color is the first and most important quality attribute that consumers perceive in food packaging. It is often considered an indicator of the overall quality of the packaging and influences consumers' judgments about other attributes, such as flavor (Kumar et al., 2021). Studies have shown that chlorophyll content decreases with increasing carotenoid and lycopene content during storage. During ripening, chlorophyll degradation and increased lycopene synthesis lead to the appearance of a characteristic color (Farooq et al., 2023). This could be related to the modified atmosphere in the fruit, generated by cashew gum and essential oil, which have an impact on the respiration rate and thus delay the color disparity between samples, rather than the storage period itself. Similar results were obtained by Athmaselvi et al. (2013) for edible aloe vera-based coatings for tomatoes. The ΔE value indicates the color intensity (saturation) of the sample. Coating tomatoes with gum gels delayed color change, probably due to increased CO₂ levels and decreased O₂ levels, which reduced ethylene synthesis and delayed fruit color change (Dong et al., 2025). In fact, the edible coating acts as a barrier to oxygen, slowing down enzyme activity and delaying the changes associated with tomato ripening. Various reports show that edible coatings are effective in reducing ethylene production in tomatoes. Safari et al. (2021)  reported that 1% chitosan containing 10 mM vanillin was effective in maintaining low ethylene levels compared to uncoated samples for 25 days at 26 ± 2 °C. Sherani et al. (2022) explained that edible coatings based on aloe vera gel and olive oil had barrier properties that reduced transpiration rates, responsible for the metabolic activity of the fruit, thus helping to preserve its color. Similar results were presented by Basumatary et al. (2022), who reported that adding an active substance to the chitosan coating would delay color change during storage. 

TSS is an indirect indicator of soluble sugar content and, therefore, sweetness. It is an important quality characteristic for most fruits, as its value influences the flavor and marketability of the fruit. Among quality parameters, it is the main parameter used to determine the freshness of fruit. In a recent study, it was observed that on the first day, the TSS content was lower in all coated and uncoated tomatoes. The increase in total soluble solids was significant during the storage of uncoated tomatoes. The control sample showed the maximum increase in total soluble solids, followed by the coated samples. This clearly indicated that the soluble solids content of all coated tomatoes was lower than that of uncoated tomatoes. The decrease in soluble solids content in coated edible fruits could be related to a reduction in the respiration rate of the tomato, which delays metabolic processes such as the degradation of pectin and other carbohydrates, incomplete protein hydrolysis, and glycoside decomposition. Several studies have demonstrated the effectiveness of edible coatings in slowing the increase in TSS during tomato storage (Mohammed et al., 2021). Our results are consistent with those of Da Costa de Quadros et al. (2020), who reported that an edible coating composed of 2% protein hydrolysate applied to cherry tomatoes maintained TSS content for 21 days, compared to 14 days for uncoated samples, under room temperature storage conditions. Duguma et al. (2020) also showed that the total soluble sugar content of tomatoes increased with storage time, with the maximum value being reached for uncoated tomatoes compared to those coated with chitosan, aloe vera gel, or a mixture of chitosan and aloe vera gel. This increase could be due to a slower decrease in the acidity of coated fruits, which slows down the ripening process. During storage, polysaccharides undergo hydrolysis as ripening progresses, resulting in a higher total soluble solids content (Islam et al., 2022).

Due to the consumption of organic acids by metabolism during respiration, the pH of the fruit increases steadily during ripening. The results of the present study also showed that pH increased with storage time. This increase in pH during storage indicates that the organic acids present in tomatoes degrade during this period. The pH of tomatoes increased during storage. These results are similar to those of Farooq et al. (2020), who reported that edible coating solutions containing 80% aloe vera gel and 2% calcium chloride treatment slightly increased the pH value from 4.98 to 5 after a 30-day storage period. This shows that the biochemical reactions leading to ripening and decay were slowed down by the aloe vera gel coating. Edible coatings reduced pH variation during storage by altering the internal environment and slowing down the metabolic process (Alemu et al., 2025). Similar results were reported by Mani et al. (2018), who showed that edible coatings based on aloe vera prolonged the shelf life of fruit by delaying pH variation. However, Won et al. (2018) reported that the pH of tomato samples was not affected by chitosan coating incorporated with grapefruit seed extract or storage temperature (10 and 25°C).

5. Conclusion

The results of this study highlight the effectiveness of edible coatings made from cashew gum and enriched with lemongrass essential oil (Cymbopogon citratus) in preserving the quality of tomatoes after harvest. These coatings effectively reduce weight loss and maintain the firmness of tomatoes, thereby extending their shelf life. Based on these results, it is recommended that a coating of 15% cashew gum enriched with 2% lemongrass essential oil (Cymbopogon citratus) be applied to maintain the freshness and quality of tomatoes during post-harvest storage. This approach offers a sustainable and environmentally friendly solution for optimizing the handling and distribution of tomatoes after harvest. This study highlights the potential of cashew gum coatings as a promising method for improving post-harvest shelf life, with important implications for sustainable practices in the fruit and vegetable industry. Future research should focus on exploring the synergistic effects of cashew gum combined with other natural additives to further improve preservation results and extend the shelf life of tomatoes.
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