
      



ROLE OF AGRO-FOOD PROCESSING UNITS IN SUSTAINABLE DEVELOPMENT IN NGOZI PROVINCE (2024–2025)







Abstract
The Burundi, emerging from a sociopolitical crisis, faces challenges related to food security, poverty, and the preservation of natural resources. Agriculture, which employs nearly 90% of the population and accounts for 30% of GDP, is crucial in this context.
This study examines the role of agro-food processing units in sustainable development, focusing on the province of Ngozi for 2024-2025. The results show that these units enhance food security, add value to local agricultural production, and create jobs, with 70% of respondents stating that local products are more nutritious and 75% reporting an increase in jobs.
Analyses reveal that product quality significantly influences demand (p < 0.001) and that variations in processing methods affect added value and market availability. Marketing strategies also have a positive impact on demand.
However, challenges persist, including non-compliance with quality standards and a lack of technical training. To overcome these obstacles, strategies such as capacity building, improving standards, access to financing, and infrastructure development are recommended. This could promote inclusive and sustainable economic development in Burundi.
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Introduction 
1. Background and Problem Statement
Burundi has been gradually emerging from a prolonged socio-political crisis that began in 1993 and severely constrained its economic development (FAO, 2018). Despite recent recovery efforts, approximately 70% of the population still lives below the poverty line (World Bank, 2022). Agriculture remains the backbone of the national economy, employing nearly 90% of the active population and contributing about 30% of the gross domestic product (MINEAGRIE, 2020). However, the sector is characterized by low productivity, high post-harvest losses, and limited value addition.
Ngozi Province, one of the country’s most agriculturally productive regions, faces persistent challenges related to food security, income generation, and sustainable management of natural resources. Since 2019, the Government of Burundi, through the National Investment Fund for Agriculture (FONIC), has implemented interest-free credit schemes to support agricultural production and agro-food processing initiatives (FONIC, 2023). These interventions have facilitated the establishment of agro-food processing units aimed at reducing food losses, improving product quality, and increasing market access (James & Kuipers, 2003).
In parallel, capacity-building programs targeting cooperatives have been introduced to enhance compliance with quality standards and strengthen processing skills (Ndayisaba, 2023). Nevertheless, food losses remain a major concern in developing countries, causing income losses estimated at over 15% for approximately 470 million smallholder farmers worldwide (Kerjean, 2000). In Burundi, limited entrepreneurial capacity, weak private sector involvement, and inadequate technological adoption continue to constrain the development of agro-food processing activities (Boly, 2019).
Although more than 700 agro-food processing units reportedly operate nationwide, many fail to comply with quality, hygiene, and environmental standards, particularly within the informal sector (Boly, 2019). Limited access to technology and technical knowledge poses risks to consumer health and environmental sustainability. As emphasized by Marcon and Moinet (2011), the absence of a clear strategic vision significantly undermines enterprise performance and long-term viability.
In this context, understanding the role of agro-food processing units in promoting sustainable development in Ngozi Province is essential for informing policy, strengthening value chains, and enhancing local livelihoods.
2. Objectives of the Study
2.1. General Objective
The overall objective of this study is to assess the role of agro-food processing units in promoting sustainable development in Ngozi Province, Burundi.
2.2. Specific Objectives
Specifically, the study aims to:
· assess the contribution of agro-food processing units to access to nutritious food and local food security;
· evaluate their role in enhancing the valorization and availability of local agricultural products;
· analyze their impact on employment creation and income improvement among smallholder producers and vulnerable populations;
· propose strategic recommendations addressing key challenges and future prospects for sustainable agro-food processing.
3. Materials and Methods
3.1. Documentary Review
A comprehensive review of scientific articles, institutional reports, and policy documents was conducted to contextualize agro-food processing and sustainable development in Burundi, with particular emphasis on Ngozi Province. This review supported the identification of key issues and analytical variables.
3.2. Study Area and Sampling Design
Ngozi Province was selected due to its high agricultural potential and concentration of agro-food processing units. A database of processing enterprises was compiled using local administrative records.
A total of 33 agro-food processing units were included in the study and classified according to enterprise size and type of processed products (beverages, flours, oils, fruits and vegetables, among others).
3.2.1. Stratified Sampling
A stratified sampling approach was applied to ensure balanced representation of different product categories, facilitating comparative analysis across processing activities.


3.3. Data Collection
Primary data were collected between November 2024 and February 2025 through semi-structured interviews with key stakeholders. Data collection was conducted using the KoboCollect digital platform, following the training of ten enumerators on survey administration and data quality control.
3.4. Data Analysis
Data analysis combined qualitative and quantitative approaches. Quantitative data were analyzed using:
· Descriptive statistics (means and standard deviations);
· Analysis of Variance (ANOVA) to assess the effects of independent variables on quantity demanded;
· Pearson correlation analysis to measure linear relationships among variables;
· Exploratory Factor Analysis (EFA) to identify latent factors structuring observed variables.
Qualitative data were analyzed thematically and triangulated with quantitative findings.

4. Role of Agro-food Processing Units in Sustainable Development
4.1. Economic Dimension
Agro-food processing units play a central role in enhancing economic sustainability by adding value to local agricultural products, creating employment, and strengthening local value chains. These units contribute to income generation for producers, stimulate rural entrepreneurship, reduce dependency on imported food products, and improve market competitiveness through enhanced product quality (Kumar et al., 2020).
4.2. Social Dimension
From a social perspective, agro-food processing units contribute to job creation, particularly for youth and vulnerable groups, and promote women’s economic empowerment through their involvement in processing activities. By increasing food availability and diversifying diets, these units also contribute to improved nutrition and food security, while reducing rural–urban migration (FAO, 2018).
4.3. Environmental Dimension
Environmentally, agro-food processing units can support sustainability by reducing post-harvest losses, valorizing processing by-products, and adopting environmentally friendly technologies. 
The integration of renewable energy sources and sustainable waste management practices contributes to reduced carbon footprints and ecosystem preservation (Zhang et al., 2017).
4.4. Governance Dimension
Good governance is a prerequisite for sustainable agro-food systems. Processing units that promote transparency, accountability, and stakeholder participation—including farmers and workers—enhance trust, social cohesion, and institutional sustainability (Uwase, 2023).
5. Challenges and Future Perspectives
5.1. Key Challenges
Sustainable agro-food processing in Burundi faces major challenges, including environmental impacts, unsustainable sourcing of raw materials, limited traceability, social and economic constraints, and insufficient integration of eco-design principles (IPES-Food, 2016; Priefer et al., 2016; Knickel & Renting, 2000).
5.2. Good Practices and Innovative Initiatives
To address these challenges, agro-food enterprises increasingly adopt circular economy approaches, strengthen local sourcing partnerships, integrate renewable energy technologies, promote eco-design, develop innovative products based on local resources, and engage in consumer awareness initiatives (Renting et al., 2003; Aubry & Kebir, 2013; Cividino et al., 2020).

6. Results
[bookmark: _Toc194953558][bookmark: _Toc194953729][bookmark: _Toc194954011][bookmark: _Toc194954328][bookmark: _Toc197363141][bookmark: _Toc197857386]Table 1 shows that beverage processing units are the most represented activity (30.3%), followed by flour processing (27.3%) and bakeries (15.2%). Most enterprises were established less than five years prior to the survey. Employment levels increased substantially over time, particularly in beverage and flour processing units, highlighting their contribution to job creation.
As shown in Table 2, 78.8% of respondents perceived labor costs as high or normal, indicating significant financial pressure. Despite this, 87.9% of enterprises invested in staff retraining, mainly through internal training programs, reflecting efforts to improve productivity and skills.

Table 3 indicates limited social protection coverage, as only 21.2% of processing units provided social security contributions for their employees, revealing structural challenges in regulatory compliance.
Electricity was the dominant energy source (87.9%), while renewable energy use remained limited (12.1%), as presented in Table 4. This highlights both dependence on conventional energy and the untapped potential for renewable alternatives.
Table 5 presents the ANOVA results, showing that product quality and product type significantly influenced quantity demanded (p = 0.001), while processing method had a marginal effect (p = 0.09). Marketing strategy showed no significant effect. The model explained 95.9% of total variance (R² = 0.959).
Figure 2 illustrates a clear increase in mean quantity demanded with higher product quality levels. Figure 3 further shows significant differences in demand across product categories, as confirmed by Duncan’s multiple range test.
As shown in Table 6, 63.6% of enterprises reported using marketing strategies, mainly advertising, followed by promotions and social media, although these strategies did not significantly affect demand.
Table 7 highlights the positive economic impacts of agro-food processing units, particularly the valorization of local agricultural products (69.7%) and reduction of post-harvest losses (36.4%). Nearly all enterprises (93.9%) contributed to national tax revenues.
Table 8 indicates that waste management challenges did not have a statistically significant effect on enterprise performance (p > 0.05), although economic constraints were the most frequently reported obstacles.
Most enterprises had access to storage equipment (93.9%), while laboratory use remained limited (48.5%). 
Sustainable waste management practices were reported by 63.6% of respondents, mainly constrained by economic barriers.
Despite a low KMO value (0.356), Bartlett’s test was significant (p = 0.003), supporting factor extraction. Figure 1 shows that product quality and enterprise size loaded strongly on the first factor, while marketing strategy and partnerships characterized the second factor.
Table 1. Characteristics of Agro-Food Processing Units and Employment Creation
	No
	Processed products
	Operational age(In years)
	Employment creation

	
	
	
	Year of establishment
	At the time of the survey

	
	Identification
	Freq.
	%
	Age range
	Freq.
	%
	Freq.
	%
	Freq.
	%

	1
	Biscuits
	1
	3,03
	 < 5
	1
	3,03
	 5
	0,45
	 34
	1,19

	2
	Beverages (juices, wines, beers)
	10
	30,3
	<5
	6
	18,18
	 800
	72,6
	1712
	60,32

	
	
	
	
	5-10
	 3
	9,09
	
	
	
	

	
	
	
	
	over  10
	1 
	3,03
	
	
	
	

	3
	Bakery products (bread)
	5
	15,2
	<5
	 2
	6,1
	 40
	3,63
	177
	6,24

	
	
	
	
	5-10
	 3
	9,1
	
	
	
	

	4
	Flours
	9
	27,3
	<5
	3
	9,1
	 95
	8,62
	 379
	13,35

	
	
	
	
	5-10
	 6
	18,2
	
	
	
	

	5
	Fruits, vegetables and spices
	1
	3,03
	<5
	 1
	3,03
	16
	1,45
	47
	1,65

	6
	Oils
	1
	3,03
	<5
	 1
	3,03
	4
	0,36
	48
	1,69

	7
	Salt
	1
	3,03
	< 5 
	1
	3,03
	48
	4,36
	79
	2,78

	8
	Rice
	1
	3,03
	< 5 
	1
	3,03
	47
	4,26
	50
	1,76

	9
	Meat and dairy product
	3
	9,09
	< 5 
	 2
	6,06
	15
	1,36
	231
	8,14

	
	
	
	
	over  10
	 1
	3,03
	
	
	
	

	10
	Coffee
	1
	3,03
	< 5
	1
	3,03
	32
	2,9
	81
	2,85

	Total
	33
	1102
	100
	2838
	100



Table 2. Perception of Labor Costs and Staff Retraining Practices
	Category
	Sub-category
	Frequency
	Percentage (%)

	Perception of labor costs
	High
	13
	39.39

	
	Normal
	13
	39.39

	
	Low
	3
	9.09

	
	Very high
	1
	3.03

	
	No response
	3
	9.09

	Staff retraining
	Yes
	29
	87.88

	
	No
	4
	12.12

	Types of retraining 
 
 
	Formations internes
	26
	78.79

	
	Formations externes
	5
	15.15

	
	Accompagnement individualisé
	4
	12.12

	
	Auto-formation
	2
	6.06



Table 3. Social Security Contributions for Employees
	
	Frequency
	Percentage (%)

	No
	26
	78.79%

	Yes
	7
	21.21%



Table 4. Types of Energy Used in Agro-Food Processing
	Type of energy
	Frequency
	Percentage (%)

	Electricity
	29
	87.88

	Wood
	12
	36.36

	Solar energy
	4
	12.12

	Gas
	1
	3.03

	Generator
	1
	3.03


Table 5. Analysis of Variance (ANOVA) for Quantity Demanded
	Source of variation
	Sum of squares
	df
	Mean square
	F
	Sig.

	Processing methods
	0,353
	2
	0,177
	3,178
	0,09

	Marketing strategy
	0
	1
	0
	0
	1

	Product quality
	2,167
	3
	0,722
	13
	0,001

	Product type
	4,692
	9
	0,521
	9,384
	0,001

	Error
	0,5
	9
	0,056
	 
	 

	Total
	211
	33
	 
	 
	 

	Corrected total
	12,182
	32
	 
	 
	 

	R²
	0,959
	 
	 
	 
	 

	Adjusted R²
	0,854
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[bookmark: _Toc197857414]Figure 1. Scree Plot of Eigenvalues from Exploratory Factor Analysis
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Figure 2. Relationship between Quantity Demanded and Product Quality Levels 
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Figure 3. Classification of Quantity Demanded by Product Type Based on Duncan’s Test

Table 6. Marketing Strategies Used for Processed Products
	Category
	Value
	Frequency
	Percentage (%)

	Existence of marketing strategies
	Yes
	21
	63.64

	
	No
	12
	36.36

	Types of marketing used
	Advertising
	16
	48.48

	
	Promotions
	9
	27.27

	
	Social media
	8
	24.24
















Table 7. Economic Effects of Processing Units and Contribution to National Tax Revenue
	Category
	Types
	Frequency
	Percentage (%)

	Economic effects 
 
 
 
 
	Valorization of local agricultural products
	23
	69.7

	
	Reduction of post-harvest losses
	12
	36.36

	
	Improved market access for agricultural producers
	11
	33.33

	
	Increase in agricultural producers’ income
	6
	18.18

	
	Impacts on local and national food security
	4
	12.12

	
	No response
	3
	9.09

	Contribution to the Burundi Revenue Authority (OBR)
	Yes
	31
	93.94

	
	No
	2
	6.06


Table 8. ANOVA Results for Waste Management Challenges
	Source of variation
	Sum of squares
	df
	Mean square
	F
	Sig.

	Waste management
	1,646
	1
	1,646
	4,372
	0,068

	Infrastructure-related challenges
	0,009
	1
	0,009
	0,024
	0,878

	Production-related challenges
	0,621
	1
	0,621
	1,649
	0,212

	Regulatory and administrative challenges
	0,108
	1
	0,108
	0,288
	0,597

	Error
	8,283
	22
	0,377
	 
	 

	Total
	211
	33
	 
	 
	 

	Corrected total
	12,182
	32
	 
	 
	 

	R²
	0,32
	 
	 
	 
	 

	Adjusted R²
	0,011
	 
	 
	 
	 



Table 9. Use of Laboratories, Storage Equipment, Sustainable Practices, and Constraints
	Category
	Value
	Frequency
	Percentage (%)

	Use of laboratories
	Yes
	16
	48.48

	
	No
	17
	51.52

	Storage equipment
	Yes
	31
	93.94

	
	No
	2
	6.06

	Sustainable waste management practices
	Yes
	21
	63.64

	
	No
	12
	36.36

	Waste valorization techniques 
 
 
	Composting
	14
	42.42

	
	Recycling
	6
	18.18

	
	Promotion of renewable energy (reuse and recovery)
	4
	12.12

	
	Anaerobic digestion (biomethanation)
	1
	3.03

	Barriers to the adoption of sustainable practices
	Economic barriers
	25
	75.76

	
	Technological barriers
	9
	27.27

	
	Institutional barriers
	5
	15.15

	
	Social barriers
	1
	3.03

	
	No barriers
	4
	12.12


Table 10. Types of Pollution and Payment of Environmental Tax
	Category
	Valeur
	Fréquence
	Pourcentage

	Types of Pollution Caused

	Oui
	4
	12.12%

	
	Non
	29
	87.88%

	Payment of the Environmental Tax
	Oui
	3
	9.09%

	
	Non
	1
	3.03%

	
	Pas de réponse
	29
	87.88%


Table 11. Ownership of Legal and Statutory Documents
	Category
	Value
	Frequency
	Percentage (%)

	Ownership of legal and statutory documents
	Yes
	24
	72.73

	
	No
	1
	3.03

	Types of legal and statutory documents 
 
 
	Company statutes
	23
	69.7

	
	Internal regulations
	16
	48.48

	
	Register of decisions of governing bodies
	9
	27.27

	
	Register of shares or equity holdings
	3
	9.09



Table 12. Identified Opportunities for Agro-Food Processing Units
	Category
	Value
	Frequency
	Percentage (%)

	Opportunities to be leveraged
	Yes
	24
	72.73

	
	No
	9
	27.27

	Identified opportunities
	Urbanization and emergence of a middle class
	17
	51.52

	
	Increased consumer awareness
	9
	27.27

	
	Development of a wide range of products
	21
	63.64

	
	Opportunities for innovation and differentiation
	5
	15.15

	
	Governmental and international initiatives
	19
	57.58

	
	Access to subsidies and tax incentives
	7
	21.21

	
	Development of international trade agreements
	12
	36.36

	
	Geographical proximity to neighboring countries
	10
	30.30

	
	Sourcing from local producers
	19
	57.58

	
	Maîtrise de la chaîne de valeur
	9
	27.27





Table 13. Challenges Faced by Agro-Food Processing Enterprises
	Category
	Value
	Frequency
	Percentage (%)

	Challenges encountered
	Yes
	22
	66.67

	
	No
	11
	33.33

	Types of identified challenges 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
	Poor road access and road quality
	9
	27.27

	
	Insufficient or unreliable electricity and water networks
	4
	12.12

	
	Seasonal variability in the availability of raw materials
	14
	42.42

	
	Seasonal fluctuations in raw material prices
	12
	36.36

	
	Competition in procurement markets
	6
	18.18

	
	Quality and homogeneity issues in raw material supply
	5
	15.15

	
	Low level of automation and mechanization
	11
	33.33

	
	Obsolete or insufficient processing equipment
	9
	27.27

	
	Difficulties in accessing electricity and network reliability
	8
	24.24

	
	Insufficient access to water, electricity, and other resources
	8
	24.24

	
	Aging equipment and lack of regular maintenance
	7
	21.21

	
	Difficulties in maintaining quality and hygiene standards
	3
	9.09

	
	Raw material stock management problems
	3
	9.09

	
	High production costs
	2
	6.06

	
	Lack of training and technical skills
	1
	3.03

	
	Increase in raw material prices
	1
	3.03

	
	Low bargaining power with distributors
	10
	30.30

	
	High distribution and logistics costs
	8
	24.24

	
	Strong competition from imported products
	4
	12.12

	
	Lack of fuel for transportation
	1
	3.03

	
	Complexity and instability of the regulatory framework
	9
	27.27

	
	Administrative burdens in obtaining authorizations
	5
	15.15

	
	Insufficient control and monitoring mechanisms
	4
	12.12

	
	Limited access to bank credit and financing
	14
	42.42

	
	Lack of own funds to modernize equipment
	13
	39.39

	
	Lack of equity capital for investments
	1
	3.03

	
	Limited control over the value chain
	7
	21.21












Table 14. Threats Encountered by Agro-Food Processing Enterprises
	Category
	Valeur
	Fréquence
	Pourcentage(%)

	Threats Encountered

	Yes
	16
	48.48

	
	No
	17
	51.52

	Types of Threats Identified
	Low-cost products from other countries
	10
	30.30

	
	Difficulty competing in terms of price and volume
	7
	21.21

	
	Seasonal variations in prices and availability
	13
	39.39

	
	Risk of increased production costs
	7
	21.21

	
	Power outages, water shortages, poor road conditions
	12
	36.36

	
	Difficulties in storing and preserving products
	6
	18.18

	
	Frequent changes in regulations and procedures
	13
	39.39

	
	Bureaucracy and red tape
	2
	6.06

	
	Lack of financial resources for investment
	10
	30.30

	
	Restrictive bank credit conditions
	4
	12.12

	
	Risk of non-compliance with health standards
	10
	30.30

	
	Complaints and loss of consumer confidence
	3
	9.09

	
	
	
	



Table 15. Kaiser–Meyer–Olkin (KMO) Measure and Bartlett’s Test of Sphericity 
	KMO index and Bartlett test

	Kaiser-Meyer-Olkin sampling accuracy measure.
	Kaiser-Meyer-Olkin sampling accuracy measure.

	Bartlett's sphericity test: approximate chi-square.
degrees of freedom.
	Bartlett's sphericity test: approximate chi-square.
	133,301

	
	degrees of freedom.
	91

	
	Bartlett's significance.
	,003



7. Discussions
The findings of this study provide empirical evidence on the role of agro-food processing units in sustainable development in Ngozi Province and are discussed in relation to previous studies.
First, the results revealed that product quality and product type significantly influence the quantity demanded (p < 0.001). This confirms that consumer demand is highly sensitive to quality attributes, supporting the conclusions of Oliver and Swan (2021), who demonstrated that perceived product quality plays a decisive role in purchasing behavior. 
These findings are further consistent with Garvin’s (1987) quality dimensions, which emphasize reliability and performance as key determinants of market competitiveness. The significantly higher demand observed for products processed using modern techniques aligns with Nguyen and Patel (2023), who highlighted innovation and continuous improvement as essential drivers of competitiveness in the agri-food sector.
Second, the study showed that agro-food processing units contribute significantly to the valorization of local agricultural products and income generation. A majority of respondents reported improved market access and increased producer incomes as a result of processing activities. This result corroborates Martin and Lefevre (2021), who emphasized that value addition and post-harvest loss reduction are critical mechanisms for increasing farmers’ revenues and strengthening food system sustainability. The observed reduction in post-harvest losses in Ngozi Province supports earlier findings by Bennett and Taylor (2019), who identified processing as a key strategy to improve food availability and security in developing countries.
Third, the results indicate that employment creation is strongly associated with increased demand for processed products, with 75% of respondents reporting job creation within their communities. This confirms the third hypothesis of the study and is consistent with Zhang et al. (2017), who demonstrated that agro-processing activities generate employment opportunities for smallholders and vulnerable populations. The relatively low error variance observed in the ANOVA model further suggests that processing-related variables explain a substantial share of employment dynamics.
In contrast, marketing strategies did not show a statistically significant effect on quantity demanded, suggesting that current marketing practices may be insufficient or poorly adapted to local market conditions. This finding aligns with Kouardio (2020), who argued that many African agro-food enterprises remain more constrained by product quality and infrastructure than by promotional strategies. The lack of significant impact of marketing may also reflect limited consumer awareness or purchasing power in rural markets.
Regarding labor costs, the study revealed that a large proportion of enterprises perceive labor costs as either high or normal, while simultaneously investing in staff training. This behavior supports Kumar et al. (2020), who observed that firms’ perceptions of labor costs directly influence decisions related to human capital development, which in turn affects productivity and performance.
Furthermore, the low rate of social security contributions observed among processing units reflects structural challenges in regulatory compliance. This finding is consistent with White (2020), who noted that many SMEs in developing countries struggle to meet social protection requirements due to financial and institutional constraints.
Finally, the exploratory factor analysis highlighted the central role of product quality, enterprise size, partnerships, and operational processes as key underlying dimensions shaping enterprise performance. This result reinforces the importance of resource management and strategic collaboration, as emphasized by Nguyen and Tran (2021), and supports Kouardio’s (2020) assertion that infrastructure and process efficiency are decisive factors for agro-food enterprise sustainability.
Overall, the discussion confirms that product quality, value addition, and employment generation are the main channels through which agro-food processing units contribute to sustainable development in Ngozi Province, while challenges related to marketing effectiveness, regulatory compliance, and infrastructure remain significant constraints.
7. Conclusion, Recommendations, and Strategies
7.1. General Conclusion
This study on the role of agro-food processing units in sustainable development in Burundi, specifically in Ngozi Province during the 2024–2025 period, is situated within the context of the country’s gradual recovery from a sociopolitical crisis that began in 1993. Burundi continues to face major economic challenges, with nearly 70% of the population living below the poverty line (World Bank, 2022). Agriculture, which employs approximately 90% of the active population and contributes about 30% of GDP (MINEAGRIE, 2020), remains central to these challenges. In this context, Ngozi Province, characterized by a high rural population density and smallholder farming systems, plays a critical role in food security and economic development.

This study provided an in-depth analysis of the impact of agro-food processing units on food security, value addition to agricultural production, and employment creation. The results largely confirm the initial hypotheses while offering valuable insights for future interventions.
The first hypothesis posited that processing units play a major role in food and nutritional security. ANOVA results revealed a significant increase in demand for processed products, with a p-value < 0.001 for the product quality variable. This indicates that high-quality processed products are perceived as essential for improving food security. Furthermore, 70% of respondents considered locally processed products to be more nutritious, reinforcing the contribution of processing units to food security, in line with Bennett and Taylor (2019).
The second hypothesis, which suggested that processing units enhance the valorization and availability of local agricultural production, was also supported. Demand for locally processed products increased, promoting the valorization of agricultural resources. Duncan’s test showed that certain product types, particularly those processed using modern techniques, exhibited significantly higher mean demand levels. The product variable was statistically significant (p < 0.001), and 65% of surveyed producers reported increased incomes resulting from product processing.
Finally, the third hypothesis stated that processing units significantly contribute to job creation and income generation for smallholders and vulnerable populations. ANOVA results indicated that increased demand for processed products led to expanded employment opportunities. The relatively low error sum of squares (8.283) suggests that a substantial proportion of variance was explained by the model. Additionally, 75% of respondents reported that processing activities had created jobs within their communities, strengthening the livelihoods of vulnerable groups, consistent with the findings of Zhang et al. (2017).
7.2. Recommendations
In light of these findings, it is imperative that:
· Policymakers and economic stakeholders support agro-food processing units through favorable policies, including access to finance, training in modern processing techniques, and adequate infrastructure.
· Initiatives be implemented to raise awareness among agricultural producers about the importance of processing in maximizing economic benefits.
· A regulatory framework be established that promotes innovation and sustainability within the agri-food sector.
· Sustainable practices facilitating market access for local products be promoted in order to strengthen food security while fostering an inclusive and dynamic economic environment.
7.3. Strategies to Address the Identified Challenges
To effectively address the challenges facing agro-food processing in Burundi, particularly in Ngozi Province, several strategies can be implemented to strengthen processing units, enhance food security, add value to agricultural production, and create employment opportunities.
A. Strengthening Technical Capacities
A.1. Training and Awareness
Provide training for producers and processors on modern processing techniques, quality management, and sanitary standards, and organize workshops to raise awareness of the role of processing in value addition.
A.2. Access to Technology
Establish partnerships with non-governmental organizations and academic institutions to introduce appropriate and sustainable processing technologies.
B. Improving Standards and Regulations
B.1. Strengthening the Regulatory Framework
Develop and enforce strict quality standards for processed products to ensure food safety and consumer protection, alongside regular monitoring of environmental and sanitary compliance.
B.2. Sector Formalization
Encourage the formalization of informal processing units through financial incentives and training to facilitate regulatory compliance.


C. Access to Finance
Establish development funds dedicated to processing units to provide access to low-interest financing, and promote microcredit programs for smallholder farmers and processing cooperatives.
D. Infrastructure Development
Invest in modern and accessible processing facilities for small producers, as well as road infrastructure to improve market access and reduce post-harvest losses.
E. Promotion of Local Products
Launch awareness campaigns to promote locally processed products at national and international levels, and establish quality labels for Burundian agro-food products to attract consumers concerned with quality and origin.
F. Strengthening Collaboration
Promote collaboration among local governments, NGOs, the private sector, and cooperatives to create a supportive ecosystem for agro-food processing, including cooperative networks for sharing resources, knowledge, and best practices.
G. Monitoring and Evaluation
Develop performance indicators to monitor the impact of processing units on food security, producer incomes, and job creation, and publish regular progress reports to inform policy adjustments.
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