Development of Processing Protocols for Tomato-Based Products



ABSTRACT
This study developed and evaluated processing protocols for tomato-based products as a post-harvest intervention for seasonal tomato overproduction in Roxas City, Isabela. Using a product-development and descriptive-evaluative design, the research converted ripe tomatoes into tomato jam and tomato seasoning and assessed their sensory acceptability and shelf-life stability under refrigerated, room-temperature, and direct-sunlight storage conditions. Sixty evaluators composed of administrative personnel, faculty members, and students of Isabela State University participated in sensory evaluation across two observation periods: three months and six months. Data were analyzed using weighted means and one-way analysis of variance. Findings showed that both products remained generally acceptable to highly acceptable after six months, with refrigerated storage producing the most stable sensory profile. Analysis of variance indicated no significant difference between the three-month and six-month observations for both tomato jam and tomato seasoning across all storage conditions. The results suggest that tomato jam and tomato seasoning are viable value-added products that may help reduce post-harvest losses, improve utilization of surplus tomatoes, and support local livelihood and entrepreneurship initiatives.
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Introduction
Tomato (Solanum lycopersicum L.) is an economically important horticultural crop and a widely consumed food commodity because of its versatility, affordability, and nutritional value. Tomatoes are consumed fresh and are also processed into sauces, juices, ketchup, paste, puree, seasonings, and other value-added products. Their nutritional relevance is largely associated with antioxidant compounds such as lycopene, ascorbic acid, carotenoids, and phenolic compounds, which have been linked to potential protective effects against oxidative stress and chronic diseases (Borguini & Torres, 2009; Burton-Freeman & Reimers, 2011; Raiola et al., 2014).
In agricultural communities, the value of tomato production is often constrained by perishability and post-harvest losses. Fresh tomatoes deteriorate rapidly when exposed to poor handling, delayed marketing, high temperature, and inadequate storage conditions. Post-harvest loss is not only a food-supply concern but also an income issue for farmers and local producers. McNamara and Tata (2015) emphasized that reducing post-harvest loss requires practical extension strategies, appropriate processing technologies, and market-oriented interventions that enable communities to transform surplus produce into products with longer shelf life.
The situation in Roxas City, Isabela reflects this challenge. Local observations and interviews reported in the terminal research document indicate that tomato overproduction occurs during cropping cycles, resulting in excess produce at drop-off points and reduced economic returns for farmers. This condition establishes a clear need for locally appropriate processing protocols that can convert surplus tomatoes into stable and acceptable products. Product development is therefore positioned not merely as a food-processing activity but as a community-based intervention that may reduce waste, increase product diversity, and create opportunities for microenterprise development.
This study focused on the development of processing protocols for tomato jam and tomato seasoning. It assessed whether these products could remain acceptable under different storage conditions over three- and six-month observation periods. The study specifically sought to develop tomato-based products from surplus produce, evaluate their sensory acceptability in terms of appearance, aroma, taste, and texture, determine their shelf-life stability under refrigerated, room-temperature, and direct-sunlight exposure, and establish whether significant differences existed between the two observation periods.


Methodology
The study used a product-development and descriptive-evaluative research design. The product-development component involved the preparation and refinement of tomato jam and tomato seasoning protocols, while the descriptive-evaluative component assessed the sensory acceptability and shelf-life stability of the developed products. This design was appropriate because the study aimed to generate practical processing outputs and evaluate their performance using quantitative sensory data.
Ripe tomatoes served as the primary raw material. For tomato jam, the process involved sorting, washing, cooking, and packaging. For tomato seasoning, the process involved sorting, washing, slicing, drying, dehydrating, cooking, and packaging. Control recipes were initially produced and evaluated, after which the most preferred formulation was reproduced for shelf-life and stability observation. The original project workflow included procurement of raw materials, preparation of products, collection and collation of quantitative and qualitative data, ranking of participant evaluations, selection of the most preferred recipe, and further shelf-life observation.
The sensory evaluation involved sixty participants composed of administrative personnel, faculty members, and students of Isabela State University. Twenty participants evaluated the products after three months of storage, while forty participants evaluated the products after six months of storage. Participants assessed the products using a structured sensory evaluation instrument that measured sight-related attributes, smell-related attributes, taste-related attributes, and texture.
The products were stored under three conditions: refrigerated storage, room-temperature storage, and direct-sunlight exposure. Sensory acceptability was measured using a five-point scale in which scores from 4.21 to 5.00 were interpreted as highly acceptable, 3.41 to 4.20 as acceptable, 2.61 to 3.40 as slightly acceptable, 1.81 to 2.60 as unacceptable, and 1.00 to 1.80 as highly unacceptable. Weighted means were used to summarize sensory ratings. One-way analysis of variance was used to compare the three-month and six-month observations for each storage condition. A result was interpreted as significant when the p-value was less than .05.
Table 1
Sensory Evaluation Scale Used in the Study
	Mean Range
	Descriptive Interpretation

	4.21–5.00
	Highly Acceptable

	3.41–4.20
	Acceptable

	2.61–3.40
	Slightly Acceptable

	1.81–2.60
	Unacceptable

	1.00–1.80
	Highly Unacceptable



Analysis and Discussion
The sensory evaluation results indicate that both tomato jam and tomato seasoning retained favorable acceptability ratings over the six-month observation period. The overall mean scores were derived from the fourteen sensory indicators used in the study. The findings are presented in table form to provide a concise summary of the product performance across storage conditions and observation periods.
Table 2
Overall Sensory Acceptability of Tomato Jam and Tomato Seasoning After Three and Six Months
	Product

	Storage Condition
	3-Month Mean
	3-Month Interpretation
	6-Month Mean
	6-Month Interpretation
	Mean Change

	Tomato jam
	Refrigerated
	4.31

	Highly Acceptable
	4.09

	Acceptable

	-0.22


	Tomato jam
	Room temperature

	4.14

	Acceptable

	3.91

	Acceptable

	-0.23


	Tomato jam
	Direct sunlight exposure
	4.16

	Acceptable

	3.82

	Acceptable

	-0.34


	Tomato seasoning
	Refrigerated

	4.15

	Acceptable

	3.92

	Acceptable
	-0.23


	Tomato seasoning
	Room temperature
	4.01

	Acceptable

	3.94

	Acceptable

	-0.07


	Tomato seasoning
	Direct sunlight exposure
	3.92

	Acceptable

	3.87

	Acceptable

	-0.05




As shown in Table 2, tomato jam received highly acceptable ratings after three months in refrigerated storage and acceptable ratings in room-temperature and direct-sunlight storage. After six months, refrigerated tomato jam remained acceptable, while room-temperature and direct-sunlight samples also remained acceptable. The decline in mean scores was expected because storage duration can affect color, aroma, and flavor stability in fruit-based products. Nevertheless, the product remained within the acceptable range, suggesting that the processing protocol was able to maintain consumer acceptability over time.
Tomato seasoning also demonstrated favorable sensory performance. At three months, all storage conditions were rated acceptable, with refrigerated storage recording the highest overall mean. At six months, all storage conditions remained acceptable. These results suggest that the seasoning formulation was comparatively stable, particularly because dehydration and seasoning processes generally reduce moisture availability and may contribute to longer shelf stability. However, the lower scores observed in some taste-related indicators, especially bitterness in selected conditions, suggest that refinement of the formulation may further improve product quality.
Figure 1
Overall Sensory Acceptability of Tomato Jam by Storage Condition
Figure description: The figure compares the overall weighted mean scores of tomato jam after three and six months under refrigerated, room-temperature, and direct-sunlight storage conditions. The chart shows a slight decline in mean scores across all conditions after six months, with refrigerated storage maintaining the highest acceptability.
Figure 2
Overall Sensory Acceptability of Tomato Seasoning by Storage Condition
Figure description: The figure compares the overall weighted mean scores of tomato seasoning after three and six months under refrigerated, room-temperature, and direct-sunlight storage conditions. The chart shows that tomato seasoning remained generally stable across the three storage conditions, with only minimal decline from three months to six months.
Table 3
ANOVA Summary for Tomato Jam Comparing Three-Month and Six-Month Observations
	Storage Condition
	F Value
	p-value
	Decision

	Refrigerated
	2.320733
	0.140729
	Not significant

	Room temperature
	0.936311
	0.342144
	Not significant

	Direct sunlight exposure
	2.806085
	0.106890

	Not significant




Table 3 shows that no statistically significant difference was found between the three-month and six-month observations of tomato jam across the three storage conditions. The p-values for refrigerated storage, room-temperature storage, and direct-sunlight exposure were all greater than .05. This indicates that although sensory scores decreased slightly over time, the changes were not large enough to be considered statistically significant. The result supports the shelf-life stability of tomato jam for up to six months under the tested conditions.
Table 4
ANOVA Summary for Tomato Seasoning Comparing Three-Month and Six-Month Observations
	Storage Condition
	F Value
	p-value
	Decision

	Refrigerated
	2.974375
	0.096464
	Not significant

	Room temperature
	0.428415
	0.518517
	Not significant

	Direct sunlight exposure
	0.107820

	0.745270

	Not significant




Table 4 shows that tomato seasoning also had no statistically significant differences between the three-month and six-month observations. The p-values for all storage conditions exceeded .05, indicating that the product remained statistically stable over time. The highest p-value was observed under direct-sunlight exposure, suggesting minimal measurable difference between the two observation periods for the sensory scores summarized in the original dataset.
Table 5
Findings of the Study
	Finding
	Evidence from Results

	Tomato jam maintained acceptable to highly acceptable ratings after six months.
	Six-month means ranged from 3.82 to 4.09.

	Tomato seasoning maintained acceptable ratings across all storage conditions after six months.
	Six-month means ranged from 3.87 to 3.94.

	Refrigerated storage produced the most favorable overall mean for tomato jam after six months.
	Refrigerated tomato jam recorded a six-month overall mean of 4.09.

	No significant difference was found between three-month and six-month observations for tomato jam.
	All tomato jam p-values were greater than .05.

	No significant difference was found between three-month and six-month observations for tomato seasoning.
	All tomato seasoning p-values were greater than .05.

	Taste-related attributes, particularly bitterness and saltiness in some samples, require formulation refinement.
	Several bitterness and saltiness ratings were slightly acceptable or unacceptable in the detailed sensory tables.



The findings in Table 5 demonstrate that the developed processing protocols produced products with promising acceptability and stability. From a food-product development perspective, the results are important because consumer acceptability is a key indicator of market potential. The stability of the products over six months also suggests practical relevance for local processors who may not have access to advanced storage systems. However, the taste-related concerns observed in selected samples indicate that formulation refinement remains necessary before full commercialization.
The results are consistent with the broader literature on tomato processing. Tomato-based products are widely recognized as valuable because processing can extend shelf life, reduce waste, and preserve desirable nutritional and sensory properties (Borguini & Torres, 2009; Kaur et al., 2008; Pinela et al., 2012). Processing surplus tomatoes into jam and seasoning aligns with post-harvest loss reduction strategies because it transforms a highly perishable commodity into products that can be stored, transported, and marketed for a longer period. This is especially relevant in local agricultural economies where seasonal oversupply often leads to reduced farm-gate prices and product wastage.
The study also contributes practical evidence for community-level product development. The absence of significant differences between the three-month and six-month observations indicates that the products have sufficient stability for small-scale enterprise exploration. Nevertheless, publication and commercialization would benefit from additional laboratory tests, including microbial load, water activity, pH, titratable acidity, and nutrient retention. These analyses would strengthen claims about product safety and quality beyond sensory acceptability.



Conclusion and Recommendations
This study successfully developed processing protocols for tomato jam and tomato seasoning as value-added products from surplus tomatoes in Roxas City, Isabela. The sensory evaluation results showed that both products were generally acceptable to highly acceptable across storage conditions and remained stable after six months. The ANOVA results further indicated that there were no significant differences between the three-month and six-month observations for both products under refrigerated, room-temperature, and direct-sunlight storage conditions. These findings support the potential of tomato-based product development as a practical intervention for reducing post-harvest losses and promoting local enterprise opportunities.
For publication and future development, it is recommended that the processing protocols be subjected to further laboratory validation. Microbiological testing, physicochemical analysis, nutritional profiling, and packaging evaluation should be conducted to establish stronger evidence of product safety, quality, and shelf-life stability. The formulation of both products should also be refined, particularly in relation to bitterness, saltiness, and sourness, because these attributes received lower ratings in selected storage conditions. Future studies may include a larger and more diverse consumer panel, compare alternative packaging materials, and conduct cost-return analysis to determine commercial feasibility.
Local government units, agricultural extension offices, DOST, TESDA, and other development agencies may use the findings as a basis for training programs on tomato processing and value addition. If supported by appropriate technical assistance, packaging development, labeling compliance, and market testing, tomato jam and tomato seasoning may become viable community-based products that help farmers manage seasonal surplus and improve income opportunities.
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