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Abstract This study explores the impact of post-harvest processing and value-added methods for fresh sweet potatoes on farmers'
income and market demand. The research finds that value-added processing of sweet potatoes, such as producing sweet potato flour,
chips, and puree, helps increase farmers' income, reduce post-harvest losses, and extend product shelf life. Additionally, farmer
cooperatives and agricultural groups play a significant role in promoting value-added activities by providing training, technical
support, and market access. The study recommends further promotion of value-added processing technologies, improved credit
access for smallholders, and the establishment of better market linkages through government and non-governmental organizations to
enhance the market value of sweet potato products and boost farmers' economic returns.

Keywords Fresh sweet potato; Post-harvest processing; Value-added processing; Farmers' income; Market demand

1 Introduction

Sweet potatoes (I[pomoea batatas) are a globally significant crop, valued for their nutritional benefits and
versatility in culinary applications. Particularly in regions like sub-Saharan Africa and Asia, sweet potatoes play a
crucial role in food security due to their high yield potential and adaptability to various climates. In recent years,
there has been growing interest in enhancing the post-harvest processing and value addition of fresh-eating sweet
potatoes to improve marketability, reduce post-harvest losses, and create economic opportunities for farmers. The
development of innovative post-harvest techniques and the promotion of value-added products have become focal
points in agribusiness to improve the profitability and sustainability of sweet potato production (Sugri et al., 2019;
Simdes et al., 2020).

Sweet potatoes are prone to significant post-harvest losses, particularly due to their perishable nature. Issues such
as weight loss, decay, and sprouting during storage severely affect the marketable quality and shelf life of the crop.
Moreover, traditional processing methods, such as boiling and frying, often lead to nutrient loss, further reducing
the product's value. Addressing these challenges through improved post-harvest techniques and exploring new
value addition pathways is critical for enhancing the sweet potato's contribution to food security and income
generation. Post-harvest processing methods, such as drying, minimal processing, and storage innovations, play a
pivotal role in maintaining the quality and prolonging the shelf life of sweet potatoes. Value addition, through the
creation of products like sweet potato flour, chips, and puree, can increase the economic returns for smallholder
farmers, as demonstrated by studies in regions such as Nigeria and South Africa (Adeyonu et al., 2017; Ejechi,
2023). Moreover, research indicates that delaying harvest can induce the production of beneficial bioactive
compounds, enhancing the nutritional value of minimally processed sweet potatoes (Simdes et al., 2020). These
advances underscore the importance of strategic post-harvest interventions to ensure both nutritional preservation
and economic viability.

This study explores post-harvest processing techniques and value-adding opportunities for fresh sweet potatoes,

evaluating the effectiveness of various treatments in extending shelf life and improving quality, while also

investigating scalable value-adding opportunities for smallholder farmers to enhance their income and market
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access. It further analyzes factors influencing both producers' and consumers' adoption of value-added sweet
potato products, aiming to guide research on optimizing post-harvest practices and value addition, ultimately
benefiting local economies and the global food system.

2 Economic and Nutritional Value of Sweet Potatoes

Sweet potatoes (lpomoea batatas) are not only a staple food in many regions of the world but also an
economically valuable crop due to their adaptability and nutrient-rich composition. Their economic and nutritional
importance has gained attention, especially in regions striving to improve food security and income generation
through agricultural diversification. Sweet potatoes are a versatile crop, used both as a food product and for
industrial applications, with various processing options enhancing their value.

2.1 Nutritional composition of sweet potatoes

Sweet potatoes are a nutrient-dense food that provides significant health benefits. They are particularly high in
carbohydrates, dietary fiber, and vitamins, notably vitamin A (as beta-carotene), vitamin C, and essential minerals
such as potassium, magnesium, and iron. The different flesh colors of sweet potatoes-orange, purple, and
white-correlate with varying levels of nutrients. For instance, orange-fleshed sweet potatoes are rich in
beta-carotene, while purple varieties have higher levels of anthocyanins, known for their antioxidant properties.
Studies have shown that sweet potatoes also provide bioactive compounds that contribute to anti-inflammatory,
anti-cancer, and anti-diabetic effects (Alam, 2021). Furthermore, the bioavailability of these nutrients can vary
with processing methods such as boiling, roasting, and frying, with roasted sweet potatoes retaining the highest
nutritional value in terms of vitamins and phenolic content (Yvonne and Pontsho, 2023).

2.2 Importance of sweet potatoes as a food security crop

Sweet potatoes play a critical role in global food security, especially in regions with limited access to other staple
crops. Their ability to grow in diverse climatic conditions, including regions with poor soils and minimal inputs,
makes them a resilient crop in the fight against hunger. Sweet potatoes, particularly the orange-fleshed varieties,
are recognized for their potential to alleviate vitamin A deficiency in developing countries (Sanoussi et al., 2016).
Moreover, their short growing season and relatively low labor requirements allow for multiple harvests per year,
contributing to continuous food supply and income generation for smallholder farmers (Sugri et al., 2017).
Additionally, sweet potatoes can be processed into various value-added products like flour, chips, and purees,
which further enhances their economic and nutritional contributions to food security.

Motsa et al. (2015) highlights the resilience of sweet potatoes as a drought-tolerant crop and its role in ensuring
food security, especially in regions prone to climate change. It underscores how sweet potatoes thrive in poor soils
and with minimal inputs, making them a critical crop for food security in developing countries (Motsa et al.,
2015). The study investigates how the market behavior of sweet potatoes impacts food security. It discusses the
market potential of new varieties with high beta-carotene and anthocyanins, and their significance in addressing
nutritional deficiencies while supporting food security, particularly in the context of developing markets (Rozi et
al., 2021).

2.3 Consumption patterns of sweet potatoes in different countries

The consumption patterns of sweet potatoes vary widely across different regions, reflecting cultural preferences,
economic factors, and availability. In sub-Saharan Africa, sweet potatoes are a staple food, consumed in both fresh
and processed forms. In contrast, in industrialized nations such as Japan and the United States, sweet potatoes are
often consumed as a health food due to their rich nutritional profile and are increasingly used in processed
products such as snacks and baked goods (Hou et al., 2019). In countries like Indonesia and China, sweet potatoes
are also used in traditional dishes, with a growing interest in their health benefits driving higher consumption
(Kurnianingsih et al., 2020). Overall, sweet potatoes are increasingly being recognized not just as a staple food but
also as a functional food with significant health benefits.

Galvao et al. (2021) highlights the growing demand for sweet potatoes in Europe and provides insights into the
nutritional content of different sweet potato accessions, focusing on their potential contribution to improving the
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human diet, particularly in markets where sweet potato consumption is not widespread (Galvao et al., 2021). The
study investigates the consumption behavior of sweet potato consumers in Beijing, China, and analyzes how
different market segments prioritize sweet potato products based on factors like nutritional value, taste, and
convenience. It provides an in-depth look at the growing interest in sweet potatoes as a functional food in urban
China (Zhang et al., 2018).

3 Post-Harvest Processing Techniques for Sweet Potatoes

Post-harvest processing of sweet potatoes plays a crucial role in maintaining their quality, extending shelf life, and
enhancing their economic value. Various techniques, including grading, cleaning, drying, and storage, have been
developed to minimize post-harvest losses and ensure the best quality for consumption or further processing (Fang,
2024a).

3.1 Grading, cleaning, and peeling of sweet potatoes

Grading and cleaning are essential initial steps in the post-harvest processing of sweet potatoes. These processes
help remove dirt, debris, and inferior quality produce, ensuring that only high-quality roots are further processed.
Cleaning techniques may vary from simple water rinses to more sophisticated washing systems that reduce
microbial contamination. Automated systems for cleaning and grading sweet potatoes are being increasingly
adopted to enhance efficiency and reduce labor costs (Abbasov, 2019).

Peeling is another important step in preparing sweet potatoes for consumption or industrial processing.
Mechanical peeling methods, such as abrasion peeling, are commonly used in large-scale processing plants. These
methods help to efficiently remove the skin without causing significant damage to the tuber, which can help
maintain the nutritional content and minimize waste (Rashid et al., 2022). Peeling is particularly important in
ready-to-eat and processed products where the outer skin is less desirable for consumers.

3.2 Drying, storage, and processing methods

Drying is a widely used post-harvest method to extend the shelf life of sweet potatoes by reducing their moisture
content. Various drying methods are employed, including sun drying, hot-air drying, and advanced techniques like
vacuum and freeze drying. Sun drying, although cost-effective, is prone to contamination and nutrient loss. In
contrast, advanced drying technologies such as freeze-drying and vacuum drying help retain more nutrients, such
as beta-carotene and phenolic compounds, improving the nutritional value of the final product (Savas, 2022).

Storage conditions play a critical role in maintaining the quality of sweet potatoes. Proper storage helps to
minimize physiological weight loss, sprouting, and microbial decay. Techniques such as the use of ventilated
storage bags and improved traditional platforms have shown positive results in reducing spoilage, particularly
under challenging storage conditions in tropical climates (Richard et al., 2023). Studies show that the combination
of infrared drying (IR) and hot air drying (HAD) can significantly reduce drying time, lower energy consumption,
and maintain the integrity of the product's color and microstructure (Figure 1) (Rashid et al., 2022). The use of
curing before storage-where harvested sweet potatoes are exposed to high humidity and moderate
temperatures-helps to heal minor wounds, reducing post-harvest decay and enhancing storability (Sugri et al.,
2019).

3.3 Effects of storage conditions on sweet potato quality (e.g., sugar and starch content)

Storage conditions significantly affect the quality of sweet potatoes, particularly their sugar and starch content.
During storage, enzymatic activities cause changes in the starch and sugar levels. Under improper storage
conditions, sweet potatoes can experience rapid starch degradation, leading to an increase in sugar content. This
change impacts the texture and flavor, making the sweet potatoes sweeter and softer (Kwarteng et al., 2020).

Research has shown that prolonged storage at optimal temperatures (around 13-15°C) can maintain the balance
between starch and sugar, preserving the overall quality of the tubers. Additionally, delayed harvesting has been
found to induce the accumulation of bioactive compounds, such as carotenoids, which enhance the nutritional
value of the sweet potatoes (Simdes et al., 2020). However, excessively long storage or improper temperature
control can lead to undesirable texture changes and nutrient loss.
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Figure 1 Comparison of energy efficiency in different sweet potato drying methods (Adopted from Rashid et al., 2022)

4 Value-Addition Processing Methods for Sweet Potatoes

Value addition in sweet potato processing involves transforming the raw crop into various products to improve its
marketability, shelf life, and economic value. Different forms of processing methods have emerged, enhancing the
utilization of sweet potatoes for both small-scale farmers and industrial applications.

4.1 Forms of processing (e.g., sweet potato flour, chips, puree)

Sweet potatoes can be processed into various forms such as flour, chips, puree, and starch, which not only increase
their shelf life but also create more versatile uses for the crop. Sweet potato flour, for example, is widely used in
baking as a gluten-free alternative. Chips and fries are popular snack products, while puree is used in baby food
and as a base ingredient in many culinary products. Processing sweet potatoes into these forms helps reduce
post-harvest losses and makes it easier to transport and store the crop, contributing to increased income for
farmers and producers (Alalade et al., 2019). The study results indicate that temperature significantly affects
shrinkage rates, which increase with prolonged drying time. Additionally, the images provide a visual
representation of the shape changes in SP samples after 200 minutes of drying (Figure 2) (Gongalves et al., 2023).
Studies show that transforming sweet potatoes into products such as chips, flour, and puree can significantly
increase farm income and reduce food waste in rural communities (Ejechi, 2023; Orinda et al., 2017).
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Figure 2 The variations in sample shrinkage rates under different drying temperature conditions (Adopted from Gongalves et al.,
2023)

4.2 Factors affecting quality during processing (e.g., storage time, temperature)

The quality of sweet potato products can be influenced by several factors during processing, including storage
conditions, temperature, and processing techniques. For instance, prolonged storage or high storage temperatures
can degrade the nutritional quality of sweet potatoes by reducing their starch content and increasing sugar levels.
High temperatures used during drying or frying can also affect the retention of important nutrients like
beta-carotene, which is sensitive to heat. Techniques like sun-drying are cost-effective but may result in lower
nutrient retention compared to vacuum or freeze-drying methods, which are more efficient at preserving vitamins
and antioxidants (Figure 3) (Rashid et al., 2022).
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Figure 3 The impact of ultrasound technology on the drying process of sweet potato samples (Adapted from Rashid et al., 2022)
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Storage time before processing is critical in maintaining the quality of sweet potatoes. Longer storage durations
can lead to sprouting or microbial spoilage, reducing the final quality of the processed products. Additionally, the
duration and method of cooking or drying sweet potatoes, such as roasting or boiling, can also significantly
impact the texture, flavor, and nutritional value of the final product (Yvonne and Pontsho, 2023).

4.3 Impact of technological improvements on value addition (e.g., mechanical harvesting and slicing
machines)

Technological advancements have greatly improved the efficiency of sweet potato processing, especially for
smallholder farmers. Mechanical harvesting tools and slicing machines reduce labor costs and time, allowing for
faster and more uniform processing of sweet potatoes. These technologies help streamline the production of
value-added products such as chips and flour, which require precise cutting and drying (Fatmala, 2021).

Moreover, improvements in drying technologies, such as vacuum drying and the use of ultrasound-assisted
osmotic dehydration, have enhanced the ability to preserve nutrients and maintain the quality of sweet potato
products. These methods improve the efficiency of processing by reducing drying times and retaining higher
levels of antioxidants and vitamins, which would otherwise degrade under traditional methods (Oladejo and Ma,
2016). The adoption of mechanical processing equipment has been shown to significantly improve the
profitability of sweet potato products, making it easier for farmers to enter larger markets (Oluoch et al., 2016).

5 Impact of Sweet Potato Value Addition on Farmers' Income

Value addition in agriculture, particularly for sweet potato farming, is a transformative approach that helps
farmers boost their income, improve market access, and increase the overall economic value of their produce.
Through value-added processing, farmers can transform raw sweet potatoes into a variety of products such as
flour, chips, and puree, significantly increasing their earning potential. This section explores the substantial impact
of value addition on farmers' income, with a focus on the role of cooperatives and market access in enhancing
profitability (Fang, 2024b).

5.1 Contribution of value-added processing to farmers' earnings

Value addition in agriculture, particularly for sweet potato farming, is a transformative approach that helps
farmers boost their income, improve market access, and increase the overall economic value of their produce.
Through value-added processing, farmers can transform raw sweet potatoes into a variety of products such as
flour, chips, and puree, significantly increasing their earning potential. This section explores the substantial impact
of value addition on farmers' income, with a focus on the role of cooperatives and market access in enhancing
profitability (Sugri et al., 2017; Fatmala, 2021).

The income earned from processed products is also more stable compared to that from raw sweet potatoes, which
are more susceptible to price fluctuations. In Kenya’s Homa Bay County, farmers who added value to their sweet
potato crops through processing observed a steady increase in their income due to the high demand for processed
products like chips and flour (Oluoch et al., 2016). The steady income provided by value addition also allows
farmers to reinvest in their farms, improve their living conditions, and secure better education for their children.
Value addition not only enhances income but also reduces post-harvest losses, which is crucial for regions with
limited access to storage and transport facilities.

5.2 Role of agricultural cooperatives and farmer groups in value addition

Agricultural cooperatives and farmer groups play a crucial role in the success of value addition for smallholder
farmers. These groups offer collective support in terms of training, resource pooling, access to technology, and
market connections, making it easier for farmers to adopt value-added practices. For many smallholder farmers,
joining cooperatives provides them with the infrastructure needed to process sweet potatoes and the knowledge
required to implement value addition techniques effectively. For instance, in Ebonyi State, Nigeria, research
indicated that membership in farmer associations significantly increased the likelihood of farmers engaging in
value-added activities, such as drying or converting sweet potatoes into flour and chips (Ejechi, 2023). These
cooperatives enable members to access credit, which is crucial for investing in processing equipment, packaging
materials, and transportation.
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Cooperatives also facilitate collective marketing efforts, which help smallholder farmers negotiate better prices for
their processed goods. In Kenya, farmer groups were shown to have a stronger bargaining power in markets
compared to individual farmers, enabling them to secure better deals and more consistent buyers for their
value-added products (Orinda et al., 2017). Additionally, cooperatives often provide essential training in business
management and quality control, ensuring that farmers can maintain high standards for their products, which
further enhances their market competitiveness. By working together, farmers in cooperatives can overcome many
of the barriers that traditionally prevent smallholders from entering larger, more lucrative markets.

5.3 Market access and price influence

Market access is one of the most significant factors determining the success of value-added sweet potato products.
Farmers who are able to reach broader markets, whether through direct sales, contracts with retailers, or
cooperative marketing channels, are more likely to see substantial income growth from their value-added products.
In Uganda, for example, smallholder farmers who participated in value addition through potato processing
experienced a 25% increase in income compared to those selling raw tubers. Market access was particularly
enhanced for farmers who had contracts with buyers or worked through farmer groups, which provided a stable
and predictable demand for their products (Sebatta et al., 2015).

Price influence also plays a critical role in determining the profitability of value-added products. When farmers
are able to access urban markets or international markets, where the demand for processed food is higher, they can
command better prices for their products. In Ghana, a study on the sweet potato value chain showed that linking
farmers to more stable market channels, such as supermarkets and processors, reduced price volatility and
improved overall market efficiency (Sugri et al., 2017). Furthermore, collective marketing efforts through
cooperatives or associations can help stabilize prices by reducing competition among smallholder farmers and
increasing their negotiating power.

Additionally, farmers who participate in value addition often benefit from price premiums for processed goods, as
these products tend to offer better convenience and longer shelf life to consumers. The development of market
infrastructure, such as processing facilities and storage systems, further supports farmers in accessing higher-value
markets. Therefore, the combination of value addition, cooperative support, and improved market access plays a
pivotal role in enhancing farmers’ income and ensuring the sustainability of sweet potato farming.

6 Case Study: Post-Harvest Processing and Value Addition in Fresh-Eating Sweet Potatoes
Post-harvest processing and value addition are essential for improving the economic and nutritional value of sweet
potatoes. This case study focuses on specific methods and outcomes of implementing post-harvest processing
techniques to enhance the marketability of fresh-eating sweet potatoes. By exploring real-world practices and
analyzing the effectiveness of these techniques, the case study highlights the potential for improving smallholder
farmers' livelihoods.

6.1 Study location and methods

Adeyonu et al. (2017) was conducted in Offa and Oyun local government areas of Kwara State, Nigeria, two
regions known for sweet potato production. The areas are characterized by favorable climatic conditions that
support sweet potato farming year-round. The study employed a multi-stage sampling technique to select 163
smallholder sweet potato farmers. Data collection involved the use of structured questionnaires, participant
observations, and interviews to gather insights into the post-harvest processes and value addition activities
undertaken by these farmers (Adeyonu et al., 2017).

The farmers were selected based on their participation in sweet potato farming and processing activities. The
research aimed to evaluate how value addition through processes like drying, peeling, and frying influenced their
income and overall production efficiency. Additionally, focus group discussions were held with farmers to identify
challenges and opportunities in the value addition process. The data collected were analyzed using descriptive
statistics and the Heckman two-stage model to evaluate the determinants of value addition in sweet potato
farming.
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6.2 Implementation of processing techniques

In the study areas, farmers employed various post-harvest processing techniques to add value to their sweet
potatoes. The most common activities included slicing and sun-drying, with 44% of respondents involved in these
processes. Sun-drying is a cost-effective method, though it is subject to contamination risks. Another 39% of
farmers engaged in more advanced techniques, combining slicing, drying, and grinding to produce sweet potato
flour. This flour is sold in local markets and used in the production of snacks and baked goods, offering an
extended shelf life and reducing post-harvest losses.

Additionally, 15% of the farmers focused on frying sweet potatoes to produce chips, a popular snack in both rural
and urban markets. Frying significantly increases the value of sweet potatoes, making them more profitable than
selling raw tubers. The study found that farmers who were trained in processing techniques and received support
from agricultural extension services were more likely to engage in these value-adding activities. Moreover, access
to credit and membership in farmer cooperatives were significant factors in determining the extent of value
addition (Adeyonu et al., 2017).

6.3 Processed product types and market demand

The processed products generated through value addition included sweet potato flour, chips, and puree, each
catering to different market demands. Sweet potato flour is highly sought after in both local and urban markets
due to its versatility and use in baking. The demand for gluten-free products has driven the popularity of sweet
potato flour, particularly in health-conscious consumer segments. Sweet potato chips are another value-added
product that enjoys high demand in urban centers where snacks and convenience foods are popular. These
products not only increase market reach but also offer higher profit margins for farmers (Rashid et al., 2022).

In addition to these products, some farmers in the study areas produced sweet potato puree, which is used in baby
food, sauces, and bakery products. Puree production requires more advanced processing techniques but offers an
extended shelf life and higher market value. The increasing awareness of the health benefits of sweet potatoes,
particularly the orange-fleshed variety rich in beta-carotene, has driven demand for these processed products.

The study found that market demand for processed sweet potato products was influenced by several factors,
including product quality, packaging, and marketing strategies. Farmers who invested in better packaging and
participated in cooperative marketing initiatives experienced higher sales and greater access to urban markets.
Overall, value addition has the potential to significantly improve farmers' income and enhance the marketability of
sweet potatoes in both local and regional markets (Oluoch et al., 2016).

7 Concluding Remarks

The case study of post-harvest processing and value addition in fresh-eating sweet potatoes highlights the
significant impact that these processes have on improving both the quality and economic value of sweet potatoes.
Through the adoption of value-adding techniques, farmers can reduce post-harvest losses, extend the shelf life of
their produce, and access better markets. The study reveals that both small-scale and large-scale processing of
sweet potatoes contribute to enhanced incomes for farmers and greater market penetration for sweet potato-based
products. However, there are still challenges that need to be addressed, particularly in terms of training,
technological advancements, and market access.

Post-harvest processing techniques such as drying, frying, and grinding into flour have a profound impact on the
profitability of sweet potato farming. Farmers who adopt value-adding practices experience higher income due to
the increased market value of processed products like chips, flour, and puree. The study also emphasizes the role
of cooperatives and farmer groups in promoting value addition. Farmers who are part of these groups are more
likely to receive training and financial support, enabling them to engage in value-added processing and access
more lucrative markets. Moreover, factors such as storage time, temperature, and processing methods were found
to be critical in maintaining the quality of sweet potatoes during and after processing. The study also highlights
that farmers who invested in technologies such as mechanical slicers and dryers experienced more efficiency in
their operations and increased product quality. These technological advancements not only enhance the
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profitability of sweet potato farming but also improve the nutritional value of processed products by preserving key
nutrients like beta-carotene and vitamin C.

To further promote value addition in sweet potato farming, several recommendations arise from the study. It is
essential for governments and agricultural development programs to increase their efforts in providing training
and education to farmers on value-added processing techniques. This can be achieved through the expansion of
extension services and the promotion of farmer cooperatives, which have proven to be effective in disseminating
knowledge and resources.

Access to credit should be improved for smallholder farmers to enable them to invest in processing technologies.
Investments in equipment such as dryers, grinders, and packaging materials are necessary to ensure that farmers
can produce high-quality processed products that meet market demands. In addition, governmental and
non-governmental organizations should focus on establishing proper market linkages for processed sweet potato
products, ensuring that farmers can sell their products at competitive prices. Research and development should
continue to focus on improving the efficiency of post-harvest processing technologies. Innovations in drying and
storage techniques, as well as advances in mechanical processing equipment, can significantly improve the shelf
life and nutritional value of sweet potatoes. These improvements will be crucial in expanding the market reach of
sweet potato products and enhancing the livelihoods of farmers engaged in value addition.
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