



Post-Processing Constraints on Converting Calamansi Wastes into Marketable Products in the Philippines
ABSTRACT
This study explores the postprocessing of calamansi waste in Oriental Mindoro, Philippines, formerly a prominent calamansi-producing province. Calamansi waste management is crucial due to its potential for creating valuable marketable products. The research employs a mixed-method approach including surveys, focus group discussions, waste management assessments, key informant interviews, and secondary data analysis. These methods are used to analyze socio-demographic profiles, farming practices, and operational dynamics within the calamansi industry. Interviews with farmers, processors, and traders identify multiple constraints affecting efficient calamansi waste utilization. These include technical challenges, economic constraints, inadequate infrastructure, logistical difficulties, and regulatory issues. Despite these challenges, the study reveals significant potential to convert calamansi waste into valuable products. Key findings highlight substantial gaps in stakeholder knowledge about opportunities in calamansi waste utilization. The study emphasizes the critical need for innovation in postprocessing equipment to enhance efficiency and profitability. Implications of the research include recommendations to raise awareness among industry stakeholders, foster technological advancements in waste processing, and strengthen the calamansi production value chain in the Philippines. 
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Introduction
Citrus, renowned for its adaptability and diverse varieties, plays a significant role in Philippine agriculture. Known for their refreshing flavors and nutritional benefits such as Vitamin C, citrus fruits are part of the Rutaceae family, valued for their medicinal properties. Varieties like calamansi, oranges, lemons, limes, grapefruits, and mandarins are cultivated in over 140 countries, primarily consumed fresh or processed into juice and concentrates. The citrus industry, utilizing approximately 30% of its yield for various products, ranks second globally after grapes, predominantly used in wine production.

Calamansi (Citrus microcarpa), often termed the "Philippine Lime," is a small citrus fruit resembling an Asian mandarin orange offspring. Indigenous to Southeast Asia, particularly China's southern regions, it has thrived in Philippine cultivation. Historically, Oriental Mindoro held the title of "Calamansi King" but has seen production decline in recent years, with Kasibu, Nueva Vizcaya now recognized as a leading producer.
Despite its culinary popularity, calamansi processing generates significant waste, with only 30-35% of the fruit utilized, leaving the remainder—comprising rinds, pulp, seeds, and leaves—discarded. This waste, estimated at 88,200 to 94,500 metric tons annually from Mindoro alone, poses environmental concerns if not managed properly. Improper disposal methods, such as landfilling and incineration, can contaminate soil and groundwater with methane and carbon dioxide, contributing to greenhouse gas emissions.

This study aims to investigate the challenges hindering the conversion of calamansi waste into marketable products in the Philippines. It focuses on technical, economic, infrastructure, logistical, and social-regulatory constraints within the post-processing phase. Understanding and addressing these barriers are crucial for optimizing the value chain of calamansi production and promoting sustainable practices in the citrus industry.
Review of literature

Understanding the calamansi value chain in the Philippines is paramount due to its significance as a major citrus crop. Rerefence [15] delineates a development strategy focused on Nueva Ecija, a pivotal producer, emphasizing regional dynamics in calamansi production. Reference [2] investigate the impact of calamansi peelings on blood coagulation, underscoring their nutritional importance and consumption patterns. Addressing postharvest aspects, [3] examines efficiency and waste utilization in calamansi processing, pivotal for Mindoro Island's industry. Reference [4] discuss physicochemical alterations of citrus peel waste, reflecting on the Philippines' substantial production volumes.

In broader agricultural contexts, studies such as [5] and [6] analyze postharvest losses in tomato and horticultural crops in Ethiopia, respectively, offering comparative insights applicable to calamansi. Reference [7] provides a comprehensive review of horticultural produce management, proposing strategies to effectively reduce calamansi losses. Methodologies from [8] on fruit quality management and [9] on temperature effects on tropical fruits provide practical applications for enhancing calamansi handling. Reference [10] contribute insights into citrus leaf structure and quality assessment methods, pertinent for evaluating calamansi health.

Analyzing challenges across the calamansi value chain, [1] identifies obstacles such as input costs, price volatility, and pest-related losses, stressing the necessity for targeted interventions. Reference [11] explore culturally aligned value chains, revealing how cultural factors influence calamansi production and consumption. Reference [12] suggests assessing calamansi chains' readiness for sustainable practices to effectively mitigate environmental impacts. Reference [13] emphasizes socially sustainable practices within the calamansi industry to foster inclusive growth and stakeholder relations. Reference [14] advocate for a circular economy approach in calamansi production to enhance sustainability and resource efficiency. Lastly, [15] highlight the integrity of calamansi supply chains through halal practices, addressing market demands and consumer trust.

These studies collectively deepen our understanding of the calamansi value chain, offering insights into challenges, methodologies, and sustainable practices crucial for its development and resilience in the global market.
1.1. Investigating the market dynamics of calamansi and calamansi products

Research on the market dynamics of calamansi and its products spans various aspects crucial for understanding its cultivation, processing, and market behavior. Studies such as [16] offer insights into the calamansi industry in Nueva Ecija, detailing market trends, pricing mechanisms, and growth opportunities over significant periods. Referece [3] explores efficiency and waste utilization in calamansi processing on Mindoro Island, highlighting efforts to enhance industry sustainability. Reference [4]  discuss physicochemical changes in citrus peel waste, which are pivotal for optimizing calamansi production volumes and sustainability practices in the Philippines.

Addressing sustainability, [14] advocate for a circular economy approach in calamansi production, emphasizing resource efficiency and sustainable practices across the value chain. Reference [10] contribute insights into assessing calamansi health through citrus leaf structure and quality assessment methods, crucial for maintaining product integrity. Referecne [2] explore the nutritional importance of calamansi peelings and their consumption patterns, underscoring their potential health benefits.

In broader agricultural contexts, studies like [5] and [6] provide comparative insights into postharvest losses in other crops, offering applicable strategies to mitigate similar issues in calamansi. Reference [12] assesses the readiness of calamansi chains for sustainable practices, aiming to minimize environmental impacts through effective management strategies. These studies collectively deepen our understanding of calamansi market dynamics, highlighting challenges, methodologies for improvement, and sustainable practices crucial for its development and resilience in the global market.
1.2. Mitigation strategies for postharvest losses in the calamansi value chain

Reference [17] illuminate the socioeconomic impacts on value chain actors due to external factors, emphasizing losses among backyard farmers and their ripple effects on linked stakeholders, such as input suppliers within the calamansi industry. Reference [1] delve into challenges faced by calamansi growers, including pest infestations, adverse weather, and price fluctuations, quantifying these losses to underscore their impact on industry sustainability. Reference [18] examines obstacles to inclusive coastal development in the Philippines, such as decreased seaweed exports due to environmental factors like typhoons and El Niño, offering insights into postharvest losses in the calamansi sector. Reference [19] analyzes the palm oil value chain in Indonesia, focusing on processing efficiency and strategies to mitigate postharvest losses. Reference [20] study the sheep-fattening business in Langkat District, emphasizing Value Chain Analysis (VCA) to optimize efficiency and profitability, which is relevant for assessing and improving calamansi value chains.

Reference [21] investigate the duck meat supply chain in Malang, Indonesia, highlighting value addition and distribution channels to reduce postharvest losses and enhance competitiveness. Reference [22] assesses the profitability of rabbit value chains in Benin, exploring income generation and sustainable farming practices applicable to the calamansi industry. Refrence [23] conduct a social value chain analysis of Vietnam's tuna industry, providing insights into resilience strategies and social dynamics relevant for calamansi value chain management. Reference [24] optimizes coastal management through a comprehensive value chain approach in Java, Indonesia, focusing on value addition strategies to minimize postharvest losses and increase profitability in calamansi production.

Reference [25] review coconut value chains, synthesizing literature to propose interventions for enhancing efficiency in the calamansi industry. Reference [26] analyzes the tobacco value chain in Karnataka, offering strategies to mitigate postharvest losses and improve value chain performance in calamansi production. Reference [27] examines the rice value chain in East Timor, considering consumer preferences to address postharvest losses effectively in calamansi production. Reference [28] develop a hybrid model for value-added process analysis in manufacturing chains, providing innovative insights to reduce postharvest losses and enhance value addition in the calamansi industry. Reference [29] map the Moringa value chain in Tiruppur District, identifying key stakeholders and activities crucial for improving efficiency and reducing postharvest losses in the calamansi industry. Reference [30] explore factors shaping Ghana's textile and apparel value chain, offering insights into creating a conducive business environment to enhance the competitiveness of the calamansi industry.
1.3. Assessing the effectiveness of technologies and their adoption rates among farmers

Reference [31] investigated the root performance of air-layered calamansi using various organic soil media, highlighting the role of vermicompost in enhancing root development through its physical, chemical, and biological properties. This study provides critical insights into improving calamansi plant health and productivity. Reference [32] assessed the efficacy and residual activity of entomopathogenic nematode strains for controlling Mediterranean fruit fly, emphasizing integrated pest management strategies essential for enhancing calamansi production and minimizing postharvest losses. 
Reference [33] explored the use of organic foliar fertilizers to boost off-season cayenne pepper yields, demonstrating sustainable agricultural practices that can enhance crop productivity and quality. Reference [34] examined the efficacy of an active coating containing radish leaf extract on sweet lemon preservation during cold storage, showcasing innovative techniques to maintain fruit quality and reduce postharvest losses. Reference [35] examined chitosan from Hermetia illucens as a preservative for Prunus species fruits, emphasizing effective packaging strategies to maintain postharvest quality and reduce losses.  These selected references focus on topics closely related to calamansi production, including root development, pest management, fertilizer application, postharvest preservation techniques, and packaging strategies. They provide valuable insights and methodologies applicable to improving calamansi plant health, productivity, and reducing losses throughout its production and postharvest stages.
1.4. Entrepreneurial opportunities within the calamansi industry

Reference [36] explored the utilization of Cachaça as a flavoring agent in artisanal Goat Coalho Cheese, showcasing the potential for value-added products in the dairy industry. This study highlights the importance of innovation and product diversification for small-scale processors to increase profitability and market competitiveness.

Reference [37] conducted a value chain mapping of porang (Amorphophallus muelleri) in Wonogiri Regency, focusing on different actors involved in the value chain. By analyzing the value chain, this study provides insights into opportunities for small-scale farmers to tap into value-added products and strengthen their position in the market.

Reference [1] presented a value chain-based development plan for the calamansi (Citrus microcarpa) industry, emphasizing the pivotal role of calamansi in the agricultural panorama of the Philippines. This study offers insights into entrepreneurial opportunities within the calamansi industry and strategies for small-scale processors and farmers to enhance value-added products.

Reference [38] assessed the impact of facility location on the financial performance of integrated and distributed LVL production in Subtropical Eastern Australia, highlighting the importance of strategic location decisions in value chain operations. Understanding the significance of location can help small-scale processors optimize their operations and tap into value-added products effectively.

Reference [39] calculated the total factor productivity of the Indonesian micro and small-scale manufacturing industry, providing insights into efficiency and productivity in small-scale enterprises. By understanding productivity levels, small-scale processors can identify areas for improvement and enhance their capacity to produce value-added products efficiently.

Reference [40] evaluated the technical efficiency of small-scale tea processors in Kenya using a stochastic metafrontier approach, highlighting the importance of operational efficiency in small-scale processing units. By optimizing technical efficiency, small-scale processors can enhance their competitiveness and explore opportunities for value-added products in the tea industry.

Reference [41] conducted a scoping review of market links between value chain actors and small-scale producers in developing regions, emphasizing the importance of technology adoption and productivity in improving farmer welfare. This study underscores the potential for small-scale farmers to engage in value-added products through enhanced market linkages and technology adoption.

Reference [42] discussed the need for a value-added toolkit, showcasing a case study with Montana specialty fruit growers to co-create products and enhance value chain efficiency. By adopting value-added strategies, small-scale processors can innovate and create products that meet market demands, ultimately increasing their competitiveness and profitability.

Reference [43] explored the potentials of plantain value addition in improving rural households' income in Ekiti State, Nigeria, highlighting the diverse applications of plantain products in various industries. This study provides insights into the value-added opportunities for small-scale processors and farmers to enhance their income and market presence.

Reference [44] evaluated farm-level value addition among small-scale mango farmers in Machakos County, Kenya, focusing on creating value and innovation in agricultural products. By engaging in value addition, small-scale processors can transform their products into higher-value goods, expanding their market reach and profitability.

Reference [45] studied small- and very-small-scale meat processors in Missouri to strengthen the local supply chain, emphasizing the challenges faced by small-scale processors in realizing sustainable meat production. By addressing scale limitations and resource constraints, small-scale processors can enhance their operations and tap into value-added opportunities in the meat processing industry.

Reference [3] explored the enhancement of value and efficiency in calamansi and banana processing, focusing on waste utilization and machine development in Mindoro Island, known as the "Calamansi King" and "Banana King" in the Philippines. This study provides insights into innovative practices for small-scale processors to optimize processing efficiency and tap into value-added products.

Reference [46] investigated the Philippine Lime (Citrofortunella microcarpa) agribusiness industry in Nueva Ecija, highlighting marketing disputes and economic outlooks. By understanding the challenges and opportunities in the lime industry, small-scale processors and farmers can strategize to tap into entrepreneurial opportunities and enhance value-added products.

Reference [47] investigated the production, consumption, processing, and marketing of the baobab fruit (Adansonia digitata L.) in Kenya, highlighting the economic impact of value-added products. By exploring the utilization of baobab fruit, small-scale processors can innovate and create value-added goods to meet consumer demands and increase revenue. Reference [48] reviewed the safety and quality of milk and milk products in Senegal, emphasizing the importance of quality control and value addition in the dairy industry. By focusing on product quality and safety, small-scale processors can enhance their products and tap into value-added opportunities in the dairy sector.

Reference [49] conducted a study aiming to enhance off-season production and fruit quality of Siam orange (Citrus nobilis var. microcarva L.) by utilizing mycorrhizal inoculants and auxin. The research was carried out using a randomized block design with two factors, demonstrating the potential of these innovative agricultural practices to improve fruit production and quality during the off-season.

Reference [50] investigated self-efficacy in cooking and consuming fruits and vegetables among Brazilian university students, analyzing its correlation with sociodemographic characteristics. The study underscored the significance of cooking skills and consumption habits in encouraging fruit and vegetable intake, highlighting the role of self-efficacy in promoting healthy eating behaviors.
The literature suggests several entrepreneurial opportunities within the calamansi industry, encompassing value-added product development from calamansi waste, innovative processing technologies, expanding market reach for calamansi products, and optimizing the calamansi supply chain. Thus, this study has been conducted by following the framework as shown in Figure 1.
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Fig 1. Framework of the study

MATERIALS AND METHODS
1.5. Locatıon of the study and selection of the respondents

This study was conducted through series among various stakeholders of calamansi industry which include the farmers through farmer cooperatives, the calamansi producers, traders, processors, the consumers through the schools and the city government units. The identified areas were Zamboanga City, Cebu City, Nueva Vizcaya, and from the Parang National High School, in Oriental Mindoro. Three of the selected groups of respondents are processors.
1.6. Method of data collection and analysis
The series of interviews aims to gather data from the key stakeholders to trace the flow of the calamansi as a product and the movement of its by-products. Also, the interview covers the data collection on the challenges of producers and processors in their production and calamansi waste management and utilization. Data collected also entails the source of the calamansi as a raw material to process other calamansi products. Furthermore, it also covers the marketing aspect of the calamansi products and its by-products. However, the interviews were also designed to correlate the volume of calamansi waste produced and the practices of reutilizing it.
RESULTS AND DISCUSSION
The calamansi, a citrus fruit native to the Philippines, has a significant place in the country's economy and culture. Its flow, from production to consumption, involves a complex network of farmers, processors, distributors, and retailers. Calamansi trees are primarily grown in small-scale farms throughout the Philippines, particularly in the regions of Central Luzon, Visayas, and Mindanao. Ripe calamansi fruits are harvested by hand and sold fresh in local markets or processed into juice, jams, jellies, marmalades, and candied fruits. The peels and seeds of calamansi can also be used to produce essential oils, animal feed, and compost. Calamansi products are distributed through local markets, supermarkets, and online platforms. Filipinos consume calamansi fresh, as a flavoring agent in drinks and desserts, and in various processed forms. The calamansi industry faces challenges such as limited market access, post-harvest losses, competition from imported citrus fruits, and the need to develop high-value products (Figure 2).
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Fig 2. The flow of the calamansi, its products and by-products

The value chain map of calamansi in the Philippines visually represents the various stages involved in the production and distribution of this citrus fruit. It outlines the key actors and functions within the value chain, highlighting their interconnectedness and contributions to the overall industry. At the core of the map are the farmers, who are responsible for cultivating calamansi trees and harvesting the fruits. Their inputs include land, labor, and agricultural supplies. The harvested calamansi is then aggregated by traders or aggregators, who play a crucial role in collecting and consolidating the produce from multiple farmers. The aggregated calamansi is subsequently processed into various products, such as juice, jams, and preserves, by calamansi processors. Throughout the value chain, various organizations, including provincial and local governments, private organizations, and farming organizations, provide support and enablement. These enablers contribute to the smooth functioning of the industry by providing services such as infrastructure, financing, and technical assistance (Figure 3).
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Fig 3. The value chain map of calamansi

Table 1. Summary of the profile of the respondents
	Key Players
	Identified Players
	Members
	Volume of production (annual/ha), in MT

	Input provision
	Not included
	Not included
	

	Calamansi production
	1.Matulatula Agrarian Reform Community Cooperative
	572 Members


	64 tons for the Trading +11tons for the production=75tons

	
	2. Pakyas Association of Rural Improvement
	87 Members
	12,000-15,000

	
	3. Victoria Kalamansi Farmers Federation
	29 Farmers. 1 LGU
	65

	Calamansi aggregation
	1. Matulatula Agrarian Reform Community Cooperative
	572 Members


	

	Calamansi processors
	1. Nueva Vizcaya State University
	1
	10kg weekly

	
	2. Zam’s Delight Foods
	
	10000

	
	3. Pestales Agriculture Cooperative Integrated –Diversified Farm
	100 Farmers
	

	
	
	
	


1.7. Constraints of converting calamansi wastes according to various key players
Based on insights gathered from key stakeholders in the calamansi industry (Table 1) regarding the conversion of calamansi wastes into marketable products, several significant constraints have been identified. Technically, Zam’s Delight Foods highlighted challenges such as insufficient knowledge, time constraints, and manpower shortages hindering their ability to process calamansi wastes effectively. Moreover, farmers' tendency to switch crops based on seasonal demand disrupts the consistent supply of calamansi waste. Improving post-processing technologies, particularly in juice extraction, drying methods, and spoilage management, is crucial. The Victoria Kalamansi Farmers Federation stressed the need for technologies to address odor issues associated with calamansi waste. Institutional constraints, particularly in terms of policy and regulatory frameworks, are also significant barriers to the effective conversion of calamansi waste. The Philippine government has recognized the need for comprehensive food risk assessments and management strategies, which could be extended to include waste management practices [51]. However, the implementation of such policies often faces bureaucratic hurdles and insufficient resources, which can stifle innovation and progress in the sector [52]. Therefore, enhancing the capacity of local government units (LGUs) to support waste conversion initiatives is crucial for fostering a conducive environment for sustainable practices [51].
Economically, there are substantial barriers, including the high costs of equipment, labor, and processing time, which affect the viability of converting calamansi wastes into profitable products. Limited funding further complicates efforts to sustain production and marketing initiatives. Exploring the market potential for calamansi waste-derived products is essential to justify investments in processing technologies and overcome economic challenges. Economic constraints are significant in the context of converting calamansi waste into marketable products. The Philippine food processing industry has been characterized by moderate to high effectiveness, yet it still faces challenges related to technology transfer and value addition [53]. The need for improved knowledge and practices in financial management and operational efficiency is evident, as these factors directly influence the competitiveness of the industry [54]. Moreover, the economic viability of utilizing calamansi waste hinges on the establishment of waste banks, which have shown to create local jobs and provide economic opportunities through waste collection and processing [55]. This aligns with the broader trend of integrating waste management into economic development strategies, emphasizing the importance of local resource generation [56].
Infrastructure and logistical constraints pose additional challenges. Current storage facilities and transportation networks are inadequate for handling post-processed calamansi wastes effectively. Issues such as water scarcity, lack of quality planting materials, and poor farm-to-market roads further impede the efficient collection, transportation, and storage of calamansi wastes.

Socially and regulatory-wise, there is a need to raise consumer awareness and acceptance of products derived from calamansi wastes to stimulate demand. Moreover, navigating the complex regulatory framework governing food safety and waste management is crucial for compliance and operational sustainability. Addressing social perceptions and regulatory barriers will be pivotal in fostering the growth and acceptance of calamansi waste-based products in the market. Social factors also play a crucial role in the post-processing landscape. The study indicates that community engagement and awareness are vital for the successful implementation of waste conversion initiatives. The historical context of agricultural practices in the Philippines reveals a legacy of market-oriented food security that often overlooks local resource utilization [57]. This necessitates a shift towards community-managed approaches that empower local organizations to take charge of waste management and product development [58]. Furthermore, the involvement of local governments in facilitating communication and support for these initiatives is essential, as they can help bridge the gap between community needs and market opportunities [59].
CONCLUSION

In conclusion, addressing these multifaceted constraints is imperative to unlock the full potential of calamansi waste utilization in the Philippines. Strategic interventions focusing on technological innovation, economic feasibility, infrastructure enhancement, and regulatory alignment are essential for fostering sustainability and maximizing the economic benefits of the citrus industry.
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