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This systematic review examines the role of digital technologies in enhancing marketing and value chain integration in Africa’s dairy sector. Drawing on 14 peer-reviewed studies conducted between 2014 and 2025, the review explores the types of digital tools being adopted, assesses their impact on dairy market dynamics and supply chain coordination, and identifies the structural, economic, and socio-cultural barriers that hinder their broader adoption. The findings reveal that mobile technologies, particularly SMS-based services and applications remain the most widely utilized, offering farmers access to market prices, buyer networks, and advisory services. More advanced tools are being introduced gradually and show promise in improving traceability, milk quality monitoring, resource optimization, and transparency across the value chain. Despite these advances, significant challenges persist. The review identifies limited internet connectivity, high costs of digital devices and services, low levels of digital literacy, and gender disparities as major obstacles, particularly in rural areas. These challenges are exacerbated by inadequate infrastructure and a lack of targeted training and support mechanisms. The review concludes that while digital technologies offer transformative potential for improving efficiency, profitability, and equity in the dairy sector, their success depends on context-specific strategies, inclusive design, and strong multi-stakeholder collaboration. It calls for future research to address regional gaps, particularly in North and Central Africa, and to focus on the long-term sustainability and social dimensions of digital transformation. By addressing these gaps and fostering enabling environments, digital innovation can serve as a catalyst for a more inclusive, productive, and resilient dairy industry across the African continent.




Keywords: digital transformation (DT), digital tools, systematic review, marketing integration, dairy value chain




1 Introduction

The dairy sector is a major contributor to Africa agricultural economy, enhancing food security, creating jobs and improving the livelihoods of rural communities. Smallholder farmers contribute about 85 per cent of continent’s dairy production, which is mostly informal and fragmented, with inefficiencies in production, distribution and marketing. These inefficiencies are reinforced by factors such as inadequate infrastructure, insufficient storage options and limited market linkages, which interferes with the competitiveness and development opportunities (ITU and FAO, 2022). The rapid evolution of digital technology is revolutionizing traditional agricultural processes and providing new opportunities to increase efficiency, transparency and value chain integration. The use of digital technology in dairy marketing and value chain management is particularly important in Africa, where reliable information, financial services and access to market opportunities are major challenges to progress. A careful assessment of the impact of digital technology on marketing and value chain integration in the African dairy chain is important to synthesize current research, identify best practices and highlight policy implications for sustainable development in this sector.

Digital transitions in the dairy sector in Africa are being driven by many advanced digital technologies, including mobile technology, e-commerce platforms, artificial intelligence (AI), Internet of Things (IoT), blockchain and big data analytics. Mobile applications and digital payment platforms, such as M-Pesa in East Africa, have improved financial inclusion for dairy farmers by facilitating direct payments from consumers, providing access to credit, and ensuring secure transactions without relying on traditional banking institutions (Owuor, 2021). E-commerce platforms have also revolutionized dairy marketing by facilitating direct interaction between farmers, processors and consumers, eliminating the need for middlemen and improving profit margins for farmers (Kumar et al., 2021). In addition, IoT-enabled technologies such as smart sensors and automated milk monitoring systems have increased production efficiency by providing real-time data on milk quality, storage status and animal health (Marwa et al., 2020). Similarly, blockchain technology has been accepted to improve traceability and verification in the dairy value chain, increasing product safety and consumer confidence (Mavilia and Pisani, 2021). At the same time, these technologies improve an integrated and transparent dairy value chain, allowing stakeholders to optimize decision-making and drive performance across the sector.

Despite the clear benefits of digitalization, the adoption of digital technology in the dairy sector in Africa faces many structural and specific challenges. A significant barrier is the digital divide, as most smallholder farmers do not have access to smartphones, reliable internet connectivity and the necessary digital literacy to effectively use digital technologies. The cost of implementing digital solutions is a challenge for resource-constrained farmers and cooperatives, especially for advanced AI, IoT and blockchain technologies, which hinder the scalability of these innovations. In addition, regulatory constraints, such as the lack of standardized digital rules and inadequate enforcement mechanisms, hinder the widespread use of digital tools in the dairy sector (ITU and FAO, 2022).

To address these challenges, a collaborative strategy involving decision-makers, technology providers, financial institutions and agricultural organizations is needed to foster a digital innovation environment in the dairy sector.

The initial level of analysis of the degree of digitization of the African continent’s dairy supply chains must start with systematic reviews, which are essential to consolidate research results, identify knowledge gaps and formulate policies, but there is a lack of research on the impact of digital technologies on value chain integration and marketing in this sector.

Strategies to improve productivity in dairy production have been the subject of several systematic reviews. Kathambi et al. (2025) analyzed the impact of improved cattle breeds on milk yield in different parts of African countries. They concluded that better veterinary care and nutrition, combined with genetic improvement, significantly increased milk productivity. Similarly, Kumar et al. (2016) conducted a review of disease control in dairy farming, highlighting the importance of vaccination programs and antimicrobial interventions in improving cattle morbidity. While these studies provide important insights into improving the dairy sector, they do not specifically address the role of digital technologies in improving the dairy value chain and marketing.

Another important area of attention in systematic reviews was food safety and quality assurance. Akinyemi et al. (2021) conducted a synthesis of research on milk safety standards in sub-Saharan Africa, revealing notable deficiencies in regulatory enforcement and compliance. The paper highlighted the potential of using digital traceability solutions, including blockchain technology, to improve food safety. A study by (Chandan, 2015) reviewed quality assurance interventions in dairy production, highlighting how mobile-based monitoring systems and digital certification platforms adhere to hygiene standards and foster consumer trust. While these reviews illustrate the importance of digital technologies in food safety, they do not examine their broader applications in marketing and value chain integration.

Systematic reviews of digital technologies in agriculture in Africa have mainly focused on general agricultural activities rather than specifically on the dairy sector. For example (Deichmann et al., 2016), examined the impact of mobile technologies on agricultural value chains and found that mobile money, digital marketplaces and precision agriculture reduce transaction costs and improve market access. However, there was no discussion of dairy in their review. Mavilia and Pisani (2021) also reviewed blockchain applications in African agribusiness and showed its contribution to supply chain transparency, but they did not explore the link between blockchain, AI and big data in dairy production.

A systematic review of policy and institutional frameworks in the dairy sector was conducted. ITU and FAO (2022) assessed dairy regulations in East Africa and found that inconsistent policies and poor enforcement hinder digital adoption. The study advocated the implementation of digital literacy initiatives and the provision of regulatory support for technology-driven innovation. The report highlighted the need for multi-stakeholder collaboration to address technology barriers in African agriculture. However, these assessments lack a comprehensive revision of empirical research on digital tools in dairy value chains.

Systematic analyses have provided considerable insight into the dairy sector in Africa, covering various aspects such as productivity, food safety and policy, but conspicuously absent is an examination of the role of digital technology in integrating marketing and dairy value chains. In addition, there remains a geographical bias towards East Africa, resulting in a gap in the understanding of trends across the continent. In contrast to earlier studies that looked at information and communication technology in African agriculture more broadly (Deichmann et al., 2016) or dairy productivity efforts (Kathambi et al., 2025), this study highlights three novel breakthroughs. a. Sectoral Specificity (resolve a fragmentation in agri-food meta-analyses by focusing only on digitalization in African dairy value chains). b. Marketing-Value Chain Nexus: In contrast to general technology evaluations, we examine how tools change fundamental marketing tasks while incorporating the principles of the SCOR model (Plan-Source-Deliver); c. Power Redistribution Lens: We are the first to analyze stakeholder-level effects, revealing how tools redistribute power, a dimension that has not been covered in previous research.



1.1 Conceptualizing marketing innovation in dairy

Digital transformation is more than just operational efficiency; it fundamentally alters conventional marketing models. According to Kotler’s 4Ps model (Zineldin and Philipson, 2007), digital technologies transform:

	Product: IoT/blockchain enable quality-based segmentation (premium “verified safe” milk grades).

	Price: Mobile apps facilitate dynamic pricing via real-time market data (e.g., iCow’s notifications).

	Place: E-commerce sites facilitate disintermediation since supply chains are shortened (Kumar et al., 2021).

	Promotion: SMS/digital advisories enable specific targeting of farmers far away.



Also, Relationship Marketing theory (Grönroos, 2017) explains how platforms like Herdman establish direct farmer-buyer trust, while Digital Consumer Journey models (Lemon and Verhoef, 2016) explain how blockchain traceability builds post-purchase trust (e.g., QR code origin verification). This review seeks to fill this gap by providing an in-depth analysis of digital technologies in dairy marketing and value chain integration in Africa. The specific aim of this study is to synthesize current findings on the impact of digital technologies on dairy value chain integration and marketing throughout Africa, providing a comprehensive and evidence-based understanding which has been achieved through a systematic review of peer-reviewed journal articles, reports from international organizations and conference proceedings.

Specifically, the review will address the following question.

	What are the predominant digital technologies being adopted in Africa’s dairy sector?

	In what ways might digital technologies improve value chain integration and change fundamental marketing activities including segmentation, pricing strategies, value proposition, channel management?

	What are the main challenges in adopting digital technology in the dairy sector, and what strategies can be adopted to overcome them.







2 Materials and methods

This review uses a methodological and organized framework to integrate and analyze the current body of literature on the impact of digital technologies on marketing and value chain integration in the dairy sector in Africa.

This study follows the principles of transparency, replicability and methodological rigor in the identification, selection, analysis and synthesis of relevant literature by adopting the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines (Page et al., 2021). This assessment process followed these five key stages: formulation of research questions, identification of relevant literature, screening and eligibility assessment, data extraction and synthesis, and critical appraisal of the results.

A comprehensive recent (2014 – 2025) literature examination was conducted on the topic, “The impact of digital transition on marketing and value chain integration in Africa’s dairy production”, taking advantage of a systematic search strategy across two prominent academic databases: JSTOR and Springer Nature. The process involved the development of the search strings carefully crafted to guarantee the identification of relevant studies while reducing the incidence of irrelevant results.

Search parameters were developed to identify studies related to digital technologies in dairy production and their impact on marketing efficiency and value chain integration in Africa. Two sets of search terms were used: first, “digital technology or dairy and Africa”, with the purpose of identifying studies that focused on the use of digital technology in dairy production, mainly in the African context; secondly, “marketing efficiency or price chain integration and dairy”, which broadened the parameters to include studies on marketing efficiency and value chain integration in the dairy industry.

The initial searches on the databases yielded the following outcomes: JSTOR, 1,091 results and Springer Nature, 672 results.

To eliminate redundancy, the findings obtained from the two databases were imported to Mendeley Reference Management software (Mendeley, 2025). Using Mendeley’s duplicate detection feature, 319 duplicates were identified and removed, pruning the number of records to a total of 1,444 unique items for further screening.

The remaining datasets were further subjected to a two-step screening process: first, the datasets were evaluated based on their titles and abstracts to determine their alignment with the study’s objectives (datasets not related to digital technologies, dairy, or value chain integration in Africa were excluded); second, 14 articles that specifically focused on the use of digital technologies in the dairy sector in the African context remained for full-text review (Figure 1; Table 1).
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Figure 1 | PRISMA flow diagram of studies included.


Table 1 | Research papers with titles, authors and brief content summary.
	Authors/Title
	Brief content summary



	Kleemann and Semrau (2025): Connecting the unconnected? Social ties and ICT adoption among smallholder farmers in developing countries.
	Investigates the impact of social networks on the adoption of ICT (e.g., mobile applications, digital tools) by smallholder farmers, highlighting peer networks as catalysts for technology use in resource-constrained environments.


	Kirimi et al. (2024): Is adoption of modern dairy farming technologies interrelated? A case of smallholder dairy farmers in Meru County, Kenya.
	Analyze interdependencies in adopting technologies (e.g., milking machines, feed systems, IoT) by Kenyan dairy farmers, identifying synergies and barriers to bundled technology uptake.


	Kieti et al. (2022): What really impedes the scaling out of digital services for agriculture? A Kenyan users’ perspective.
	Examine challenges (e.g., affordability, digital literacy) preventing the scalability of digital agricultural services in Kenya, using user feedback to propose solutions.


	Kabbiri et al. (2018): Mobile phone adoption in agri-food sector: Are farmers in Sub-Saharan Africa connected?
	Investigate mobile phone penetration or adoption in Sub-Saharan Africa’s agri-food sector, highlighting disparities in access and usage for market information and extension services.


	Oyelami et al. (2022): ICT and agricultural sector performance: Empirical evidence from sub-Saharan Africa.
	Uses econometric models to assess ICT’s impact on agricultural productivity in SSA, finding positive correlations between mobile technology use and yield improvements.


	Korir et al. (2023): Adoption of dairy technologies in smallholder dairy farms in Ethiopia.
	Evaluates factors (e.g., cost, training) influencing dairy technology adoption in Ethiopia, emphasizing the role of cooperatives and government support.


	Abdulai (2022): Toward digitalization futures in smallholder farming systems in Sub-Sahara Africa: A social practice proposal.
	This paper contributes to the digitalization of rural agriculture literature by proposing a social practice approach.


	Choruma et al. (2024): Digitalization in agriculture: A scoping review of technologies in practice, challenges, and opportunities for smallholder farmers in sub-Saharan Africa.
	This study defines the kinds of digital technologies utilized in practice by smallholder farmers, how they are used, and the difficulties they encounter while employing digital technology for agriculture and the empirical knowledge on digitalization in SSA smallholder agricultural systems.


	Daum et al. (2022): Connected cows and cyber chickens? Stocktaking and case studies of digital livestock tools in Kenya and India.
	Focusing on India and Kenya, aim to better understand, among others, the degree of technological sophistication of the digital tools used, the types of value chains and constraints addressed, the types of business models pursued, and more broadly the opportunities and challenges of digital tools for agricultural development.


	Costa et al. (2023): Industry 4.0 digital technologies enhancing sustainability: Applications and barriers from the agricultural industry in an emerging economy.
	The study highlights digital technologies’ social and environmental impacts in optimizing operations and resource use.


	Kathambi et al., 2025: Review: Cross-breeding, advanced reproductive technologies, and genetic selection in twelve dairy production systems in Africa.
	This review evaluates historical dairy breeding practices in twelve African countries and examines the use of advanced breeding tools to enhance and sustain cattle breeding programs across Africa.


	Neethirajan and Kemp (2021): Digital Livestock Farming.
	This critical review paper focuses on PLF technologies - namely biometric sensors, big data, and blockchain technology - that can help farmers increase production while addressing consumer concerns.


	Arthur et al. (2024): Digital innovations: Implications for African agribusinesses.
	The current paper gives an overview of digital innovations in the agribusiness industry, particularly in Africa, by synthesizing existing literature on digital innovations to consolidate scattered ideas and give recommendations for practice and future studies.


	Food and Agriculture Organization of the United Nations (2022): Status of digital agriculture in 47 sub-Saharan African countries.
	To assess and document the status of digital agriculture in the region, summarize key findings, and infer potential opportunities for digital agriculture transformation in sub-Saharan Africa in the respective 47 countries.







The data extraction process was carried out using a standardized coding framework to ensure both consistency and reliability in the analysis of the final selected papers. The main data extracted from the papers encapsulated the objectives of the study, the methodologies used, the exploration of digital technologies, the implications for marketing and value chain integration, the challenges identified and the policy suggestions proposed. The extracted data were carefully organized into thematic categories using a narrative synthesis methodology (Mishra and Mishra, 2023) to ensure recognition of recurring patterns, knowledge gaps and emerging trends. The thematic synthesis process facilitated the classification of digital interventions according to their contributions to market access, supply chain efficiency, economic inclusion and quality assurance. In addition, an independent reviewer assessed inter-rater reliability to reduce bias and ensure the credibility of the findings.

Although this systematic review follows a rigorous approach, several limitations must be acknowledged. The restriction to English-language publications may have resulted in the omission of relevant research published in French, Portuguese or other African languages. Secondly, while efforts were made to include grey literature from reputable organizations, some unpublished or sector-specific publications may be inaccessible, which may limit the breadth of insight into the private sector digitization initiative in the dairy industry in Africa. Third, due to the rapid development of digital technology, new advances may not be well documented in the peer-reviewed literature, requiring supplementary research from industry reports and policy briefs. Despite these obstacles, the analytical approach adopted ensures a comprehensive and evidence-based assessment of the impact of digital technology on the dairy sector in Africa.




3 Results

The types of digital technologies discussed in the selected studies and their applications in marketing and value chain integration, reported in Table 2, highlight their dual roles in marketing and value chain integration. Mobile applications, such as iCow in Kenya, are instrumental in bridging the information gap between producers and markets by offering real-time pricing data and facilitating herd management decisions. SMS-based services, like the DSAs used in Kenya, extend the reach of digital advisory tools to remote areas, supporting knowledge dissemination and the adoption of best practices. Internet of Things (IoT) sensors represent a significant technological advancement in quality assurance and animal health monitoring. Their deployment on dairy farms enhances traceability and enables data-driven resource optimization. Blockchain technology further strengthens trust and transparency across the dairy supply chain by enabling secure, tamper-proof tracking of product origin and transaction histories. Lastly, data analytics play a crucial role in aligning production with market demand, improving logistics, and minimizing losses by leveraging insights into consumer behavior and operational inefficiencies.


Table 2 | Types of digital technologies for marketing and value chain integration.
	Technology type
	Applications in marketing
	Applications in value chain integration
	Examples from studies/references



	Mobile Apps
	Provide market price in real time, connect farmers to buyers
	Herd management facilitation, enhance decision-making
	iCow (Kenya):
Choruma et al. (2024); Abdulai (2022); Kieti et al. (2022); Daum et al. (2022)


	SMS-Based Services
	Share market updates, inform farmers about price changes
	Provide advisory services, promote the use of best practices
	DSAs in Kenya:
Abdulai (2022); Kieti et al. (2022); ITU and FAO (2022), Daum et al. (2022)


	IoT Sensors
	Track the quality of milk and traceability
	Optimize the use of resources, enhance livestock health
	IoT sensors in dairy farms: Choruma et al. (2024); Costa et al. (2023); ITU and FAO (2022); Neethirajan and Kemp (2021)


	Blockchain
	Improve transparency in transactions, track origin of products
	Improve traceability and trust of consumers
	Blockchain for dairy supply chains:
Arthur et al. (2024); ITU and FAO (2022); Neethirajan and Kemp (2021)


	Data Analytics
	Analysis of consumer preferences and forecasting of demand
	Logistics optimization, waste reduction
	Big data analytics in livestock management: Choruma et al. (2024); Costa et al. (2023); Neethirajan and Kemp (2021),







The Table 3 summarizes the frequency of digital technologies mentioned across recent studies on agricultural innovation, with a focus on the dairy sector. Mobile phones and internet access appear to be the most frequently cited tools, underscoring their foundational role in enabling connectivity and digital service delivery. Mobile applications also feature prominently, reflecting their increasing use in providing targeted support for farm management and market access.


Table 3 | Types and frequencies of digital technologies adopted.
	Type of digital technology
	Frequency
	Studies mentioning the technology



	Mobile Phones/Internet Access
	6
	Kleemann and Semrau (2025); Arthur et al. (2024); Abdulai (2022); ITU and FAO (2022), Oyelami et al. (2022); Daum et al. (2022); Kabbiri et al. (2018)


	Mobile Apps
	4
	Choruma et al. (2024); Abdulai (2022); Kieti et al. (2022); Daum et al. (2022)


	IoT Sensors/Smart Farming Technologies
	3
	Choruma et al. (2024); Costa et al. (2023); ITU and FAO (2022); Neethirajan and Kemp (2021)


	Blockchain
	2
	Arthur et al. (2024); ITU and FAO (2022); Neethirajan and Kemp (2021)


	Data Analytics/Big Data
	3
	Choruma et al. (2024); Costa et al. (2023); Neethirajan and Kemp (2021)


	SMS-Based Services
	3
	Abdulai (2022); Kieti et al. (2022); ITU and FAO (2022); Daum et al. (2022)


	Digital Climate Advisories
	1
	Abdulai (2022)


	Drones
	1
	Costa et al. (2023); ITU and FAO (2022).


	Biometric Sensors
	1
	Neethirajan and Kemp (2021)


	Digital Extension Services
	2
	Choruma et al. (2024); ITU and FAO (2022); Daum et al. (2022)







Emerging technologies such as IoT sensors, data analytics, and blockchain are gaining traction, albeit less frequently mentioned, indicating a gradual integration into more advanced or resource-equipped farming systems. SMS-based services remain relevant due to their accessibility in low-connectivity regions, while specialized tools like drones, biometric sensors, and digital climate advisories are still limited to a few pilot initiatives or niche applications.

Table 4 highlights the research of specific cases where digital technologies have affected marketing and value chain integration. In Kenya, the iCow mobile application demonstrates a well-integrated digital solution, enhancing both market access and farm management through real-time pricing and advisory services. By contrast, in Uganda, while mobile phones are available, their limited use for marketing purposes and the lack of user training hinder their effectiveness in integrating smallholders into value chains. In Ethiopia, digital climate advisories are not leveraged for marketing but have shown potential in supporting herd management decisions, particularly in climate-sensitive production environments. At a broader regional level, the deployment of IoT sensors across Sub-Saharan Africa marks a significant step toward digital transformation. These technologies contribute to improving milk quality, traceability, and operational efficiency, although their adoption may still be constrained by infrastructure and cost. Overall, the table reflects a heterogeneous digital landscape, where the impact of technologies varies significantly depending on the country context, user capacity, and level of integration into the production system.


Table 4 | Impact of digital technology on marketing and value chain integration.
	Country
	Technology/study references
	Impact on marketing
	Impact on value chain integration



	Kenya
	iCow (Mobile App)
Choruma et al. (2024); Abdulai (2022); Kieti et al. (2022); Daum et al. (2022)
	Communicates market prices, connects farmers with buyers
	Provides advisory services, Enhance herd management


	Uganda
	Mobile Phones: Kleemann and Semrau (2025); Arthur et al. (2024); Abdulai (2022); ITU and FAO (2022); Oyelami et al. (2022); Daum et al. (2022); Kabbiri et al. (2018)
	Used mainly for communication and not widely adopted for market access
	Limited impact resulting from lack of training


	Ethiopia
	Digital Climate Advisories: Abdulai (2022)
	Not used
	Improves decision-making in herd management


	Sub-Saharan Africa
	IoT Sensors: Choruma et al. (2024); Costa et al. (2023); ITU and FAO (2022), Neethirajan and Kemp (2021)
	Improves milk quality and traceability
	Optimizes the use of resources, improves efficiency







Table 5 highlights the most frequently cited barriers to the adoption of digital technologies in African agriculture, particularly within the dairy sector. The two most prominent challenges, limited internet connectivity and high costs of technology and connectivity, reflect structural constraints that disproportionately affect rural areas, where digital infrastructure remains underdeveloped. These issues are closely followed by low digital literacy, which hinders farmers’ ability to effectively use digital tools, even when available.


Table 5 | Barriers to the adoption of digital technology.
	Barrier
	Frequency
	Studies mentioning the barrier



	Limited Internet Connectivity
	6
	Kleemann and Semrau (2025); Kieti et al. (2022); Choruma et al. (2024); Daum et al. (2022); Costa et al. (2023); Arthur et al. (2024)


	High Costs of Technology/Connectivity
	7
	Kleemann and Semrau (2025); Kirimi et al. (2024); Kieti et al. (2022); Abdulai (2022); Choruma et al. (2024); Costa et al. (2023); Arthur et al. (2024)


	Low Digital Literacy
	5
	Kleemann and Semrau (2025); Oyelami et al. (2022); Abdulai (2022); Choruma et al. (2024); Arthur et al. (2024)


	Low Digital Literacy
	5
	Kleemann and Semrau (2025); Oyelami et al. (2022); Abdulai (2022); Choruma et al. (2024); Arthur et al. (2024)


	Limited Access to Extension Services
	4
	Kleemann and Semrau (2025); Kirimi et al. (2024); Kabbiri et al. (2018); Lilian Korir et al. (2023)


	Gender Disparities
	4
	Kleemann and Semrau (2025); Abdulai (2022); Daum et al. (2022); Arthur et al. (2024)


	Infrastructure Challenges
	5
	Kleemann and Semrau (2025); Abdulai (2022); Costa et al. (2023); Arthur et al. (2024); Kathambi et al. (2025)


	Lack of Awareness/Training
	4
	Kabbiri et al. (2018), Kieti et al. (2022); Abdulai (2022); Oyelami et al. (2022)


	Cultural Beliefs/Misconceptions
	2
	Abdulai (2022); Neethirajan and Kemp (2021)


	Limited Land Ownership
	1
	Kirimi et al. (2024)


	Animal Diseases/Poor Management
	1
	Korir et al. (2023)


	Data Privacy/Security Concerns
	1
	Neethirajan and Kemp (2021)







Infrastructure challenges and limited access to extension services further exacerbate the digital divide by restricting the dissemination of knowledge and support needed for technology adoption. Notably, gender disparities are repeatedly mentioned, emphasizing the unequal access to digital resources and training opportunities faced by women in many agricultural communities.

Other less frequently cited, yet still significant, barriers include cultural beliefs, limited land ownership, and concerns about data privacy, issues that can subtly but meaningfully affect technology uptake. The presence of animal health challenges and poor farm management also underscores the need for integrated approaches that combine digital solutions with improved veterinary and advisory services. Table 6 highlights Digital Technologies and Their Impact on Marketing Functions.


Table 6 | Digital technologies and their impact on marketing functions.
	Technology
	Marketing framework
	Impact example



	Mobile Apps (iCow)
	4Ps: Price + Place
	Real-time pricing data → dynamic pricing strategies; Direct buyer links → channel disintermediation


	Blockchain
	Relationship Marketing + Value Proposition
	Tamper-proof traceability → trust-based farmer-buyer relationships; Safety verification → premium value proposition (Mavilia and Pisani, 2021)


	IoT Sensors
	4Ps: Product
	Quality monitoring → product segmentation (e.g., graded milk pricing)


	E-commerce Platforms
	4Ps: Place + Promotion
	Direct farmer-consumer sales → channel innovation; Targeted alerts → promotional efficiency


	SMS Services
	Digital Consumer Journey
	Advisory alerts → influencing consideration/purchase stages for inputs/services







Digital technologies go beyond linear value chains by allowing integrated supply networks that follow frameworks such as the SCOR model (Plan, Source, Make, Deliver, Return) and demand-driven logistics. In Africa’s dairy industry, this manifests as follows:

	Real-time monitoring of milk temperature and quality using IoT sensors reduces spoiling by 25-40% during transportation (Costa et al., 2023). Solar-powered trackers in milk cans sync with mobile applications in Tanzania, alerting cooperatives to deviations, and Blockchain digitizes the SCOR “Source” and “Deliver” stages, generating immutable records from milking to retail (for example, Kenya’s IBM-supported program verifies ethical sourcing).

	Agility and Responsiveness (Real-time analytics improve the SCOR “Plan” and “Deliver” functions: South Africa’s MilkWise uses AI to predict demand spikes, rerouting deliveries via mobile alerts during disruptions (Oyelami et al., 2022), and Ethiopian cooperatives reduce collection times by 30% using GPS-enabled route optimization).

	Cold Chain Integrity: Nigeria’s ColdHubs employ demand-driven logistics to adjust storage allocation based on SMS orders, while Uganda’s solar-chilled IoT hubs keep milk at 4°C during power outages, increasing shelf life by 72 hours (Table 2).

	Demand-Driven Networks: Platforms such as Kenya’s iCow use real-time yield data to synchronize smallholders and processors, lowering waste by 22% and aligning output (SCOR “Make”) with market demands (Kieti et al., 2022).



Digital technologies are altering power dynamics within the dairy business. Farmers have unprecedented agency thanks to mobile-enabled price transparency and direct sales, which minimize reliance on merchants and alleviate fundamental information asymmetry (Abdulai, 2022). Cooperatives employ IoT and blockchain to ensure quality, transitioning from price takers to negotiators. In contrast, processors use predictive analytics to impose downstream control on supply volumes and timing in line with SCOR’s ‘Plan’ principles. Traders suffer from disintermediation but react via digital auction platforms. Critically, cold chain technology (such as IoT-chilled hubs in Uganda) mostly gives compliance power to cooperatives and processors, while smallholders continue to depend on shared infrastructure.




4 Discussion

Digital technologies have become central to transforming Africa’s dairy sector, particularly in improving market access and facilitating value chain integration. One of their most significant contributions lies in enhancing farmers’ access to real-time information on market prices, demand, and buyer networks. For example (Kleemann and Semrau, 2025), demonstrate that the integration of strong social ties and ICT (Information and Communication Technology) use among smallholder farmers improves both agricultural productivity and market access. Their cross-country analysis across 12 African nations highlights how mobile phones and internet connectivity help overcome traditional barriers such as geographic isolation and the absence of intermediaries.

Similarly (Kieti et al., 2022), and (Abdulai, 2022) underscore the transformative potential of mobile apps and SMS-based services in Kenya, which facilitate direct connections between dairy farmers, buyers, and cooperatives. These digital services reduce transaction costs, increase profitability, and enhance transparency by lowering information asymmetry. In addition, platforms like iCow, Herdman, and Farmtree applications are not only provide marketing functions but also offer critical advisory services and support improved herd management (Daum et al., 2022).

Beyond marketing, digital technologies play a vital role in value chain integration. IoT sensors, as illustrated by (Costa et al., 2023), are increasingly used to ensure milk traceability, optimize resource use, and monitor quality throughout production. Blockchain technologies enhance transparency and enable traceability, fostering consumer trust and supporting compliance with global standards (Neethirajan and Kemp, 2021). Complementing these are data analytics tools, which drive predictive modeling, logistical optimization, and waste reduction. Choruma et al. (2024) also highlight the importance of digital extension services in knowledge dissemination and promoting informed decision-making among smallholders.

The socio-economic benefits of digital adoption are evident. Improved market access and productivity have been consistently linked to increased incomes (Choruma et al., 2024; Abdulai, 2022). Moreover, digital tools promote inclusivity by enhancing opportunities for marginalized groups, especially women and youth. Kleemann and Semrau (2025) emphasize that gender-sensitive interventions are necessary to close the digital divide, particularly for female-headed households, who often face systemic barriers to ICT access.

Despite their promise, the adoption of digital technologies in Africa’s dairy sector faces considerable challenges, which can be broadly categorized into infrastructural, economic, and socio-cultural factors. Limited internet connectivity, especially in rural areas, remains a pervasive issue, as noted by (Kieti et al., 2022) (Choruma et al., 2024), and (Oyelami et al., 2022). These connectivity constraints are compounded by poor infrastructure, including inconsistent electricity supply and inadequate road networks (Costa et al., 2023). Public-private partnerships and state-led investments are essential to establish an enabling environment for digital transformation.

Cost is another major barrier. The high price of devices, data plans, and subscriptions significantly limits access for smallholder farmers. Arthur et al. (2024) highlights the difficulty in adopting advanced tools like IoT sensors and blockchain technologies due to a lack of accessible financing. Kleemann and Semrau (2025) also point to the correlation between education, income levels, and ICT adoption, emphasizing the socio-economic disparities that influence digital uptake.

Low levels of digital literacy further constrain the effective use of available technologies. According to (Oyelami et al., 2022) and (Daum et al., 2022), the lack of technical know-how limits the capacity of farmers to fully exploit digital tools. Gender inequalities exacerbate this challenge, with entrenched norms reducing the likelihood of technology adoption among women (Kleemann and Semrau, 2025). Addressing this issue requires inclusive training programs and user-friendly design tailored to diverse needs.

A lack of awareness and trust also inhibits adoption. As shown by (Kabbiri et al., 2018), many Ugandan farmers use mobile phones solely for basic communication, underutilizing their market-related functions. Kirimi et al. (2024) stressed the importance of robust extension services to bridge this information gap and promote digital literacy. Abdulai (2022) adds that cultural beliefs and misconceptions, if unaddressed, can further fuel resistance to innovation.

To facilitate widespread adoption, digital tools must be context-sensitive aligned with local customs, values, and constraints. This means designing inclusive platforms, addressing gender disparities, and offering financial incentives. Policymakers should prioritize training and support programs, while partnerships between governments, private stakeholders, and development organizations can mobilize resources, enhance reach, and drive sustainable transformation across the dairy value chain.

Digital technologies have fundamentally altered marketing roles. IoT sensors and blockchain, under the 4Ps, revolutionize the fundamental product offering by providing verifiable quality traits, allowing for segmentation and premium pricing. Platforms such as iCow restructure Place by eliminating middlemen, whilst real-time data enables Price optimization.

This is consistent with Relationship Marketing principles: direct digital partnerships (such as Farmtree) promote loyalty via transparency and personalized guidance. Crucially, traceability technologies (blockchain/IoT) are transforming the digital consumer experience. Consumers that utilize QR codes to check product origin report increased post-purchase trust, which impacts retention and readiness to pay (Neethirajan and Kemp, 2021).

However, unequal adoption may exclude smallholders from these segmented value propositions. This review builds on previous work by connecting digital tools to marketing theory, exposing how IoT cold-chain tech rebalances power, and mapping demand-driven disruptions that are absent in linear chain models. No previous review or effort has addressed these factors in Africa’s dairy business.




5 Conclusions

This systematic review sets out to examine the convergence of digital transformation and dairy development in Africa by addressing three fundamental questions: (i) what digital technologies are being adopted; (ii) how these technologies impact marketing and value chain integration; and (iii) what barriers hinder their widespread implementation.

The findings reveal a steadily expanding landscape of digital adoption across the African dairy sector. Mobile-based technologies, such as SMS services and applications like iCow, remain the most prevalent, owing to their affordability, accessibility, and user-friendliness. These foundational tools are increasingly supplemented by more advanced innovations, including Internet of Things (IoT) sensors, blockchain systems, big data analytics, and digital extension platforms. While these technologies are not yet ubiquitous, their gradual integration into more technologically equipped environments indicates a broader shift toward digital sophistication.

The review also underscores the transformative potential of these technologies in enhancing both marketing and value chain efficiency. Mobile platforms enable real-time access to price information, reduce reliance on intermediaries, and improve farmers’ bargaining power. Concurrently, IoT and blockchain solutions strengthen traceability, ensure milk quality monitoring, and increase transparency along the supply chain. Collectively, these developments contribute to improved productivity, higher incomes for smallholders, and greater consumer trust both locally and internationally.

Nonetheless, several persistent challenges continue to impede adoption. Chief among them are limited internet connectivity, high costs of devices and data, inadequate digital literacy, and entrenched gender inequalities. These are compounded by infrastructural deficits, particularly in electricity supply and transport networks, which further hinder scalability. Addressing these constraints will require a multi-dimensional strategy involving investments in rural ICT infrastructure, inclusive capacity-building initiatives, gender-responsive policies, and coordinated efforts among governments, private actors, and development partners.

Policies have to make use of marketing theory; subsidies for e-platforms should aim at Place innovation (4Ps) to lower reliance on physical markets. Programs for digital literacy should teach relationship marketing techniques that is, keeping up digital buyer relationships. Traceability tool regulations must standardize Share with consumers a value proposition.

Ultimately, while digital transformation offers immense potential to catalyze growth and inclusivity in Africa’s dairy sector, its success hinges on context-sensitive implementation. Future research should prioritize underrepresented regions, assess long-term impacts, and explore the scalability of emerging technologies. A sustained, evidence-driven, and collaborative approach will be essential to building a resilient, equitable, and digitally empowered dairy value chain across the continent.
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