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ABSTRACT

Role of Gender in Dairy Cattle Management, Milk Production, and Microbial
Quality, Among Smallholder Farms in Shashemene, Hawassa, and Yirgalem
districts, Ethiopia
By Elleni Cherinet
Supervisor: Dr. Sintayehu Yigrem (Associate Prof.)

This study explores the role of gender in dairy cattle management, milk production,
microbial quality, and value addition among smallholder farms in the Shashemene,
Hawassa, and Yirgalem districts, Ethiopia. Data were collected from 150 households,
where half of the farms had women-led and the other half had male-led farm
management. In addition, 80 raw milk samples were analyzed for microbial quality,
focusing on Total Plate Count (TPC), coliform counts (CC), and Escherichia coli (E.
coli) using standard microbiological methods. Small-scale farms dominated (69.4%),
with male-led farm management households accounting for 72.2%. Female-led farm
management households managed smaller herds (mean 2.7 cows) and produced less
milk daily (mean 6.2 liters) than male-led farm management (mean herd size 4.3 cows;
mean milk production 9.5 liters). Observational results showed significant gender
differences in 8 of 14 management practices (p < 0.05), with Female-led farm
management excelling in milking hygiene, milk storage, feed management, and
processing despite facing 1.8 times more equipment access challenges. Milk from
women-led farms had better microbial quality; Total Plate Count (TPC) was
significantly lower (mean logio CFU/mL 4.2) than male-led farm management (mean
5.1), confirmed by chi-square tests (p < 0.001). Logistic regression indicates gender,
education, and location as significant predictors of processing engagement (all p <
0.05). Female-led farm management was 2.1 times more likely to practice hygiene, and
higher education increased modern technique adoption by 2.3 times. These findings
highlight women's often-overlooked role in ensuring milk quality and safety and
maintaining high standards in dairy production, even under constrained conditions.
The study concludes that supporting women through targeted training, improved
infrastructure, and access to veterinary services could lead to better milk quality and
more equitable outcomes in the dairy sector. These insights provide important guidance
for inclusive agricultural development policies and strengthen the case for investing in

gender-responsive approaches to enhance Ethiopia’s smallholder dairy value chain.

Keywords: Gender roles, Dairy cattle management, Microbial milk quality,
Smallholder farms, Milk value addition



1. INTRODUCTION

1.1. Background

In Ethiopia agriculture sector and national economy, the dairy sub-sector play important
contributions (Tegegne et al., 2013; Hoddinott et al., 2014). The dairy sub-sector
accounts for 30-35 percent of the national agricultural output and 40 percent of
agricultural export value (Edomo H, 2017). Dairy is also a vital source of nutrition and
provide important livelihood opportunities for dairy farmers, processors, transporters,
retailers and other dairy value chain actors (FAO, 2017). Recent data estimates indicate
that there are over 70 million cattle, from which 55.38% are female animals (CSA,
2022).

Dairy production also plays a vital role in economic development and sustainability of
several low- and middle-income countries, where it provides critically important
contributions to nutrient cycling, plays a crucial role in income generation and poverty
alleviation, and serves as a vital source of manure for crop production and cooking fuel

and women’s empowerment (Adesogan & Dahl, 2020).

Both men and women have a significant contribution to agricultural related activities
in the African continent, although the contributions of women are not usually explicitly
recognized in official statistics and documents (Kebede T, 2021). Women play a
significant role in agricultural productivity, that they contributing about 40-60% of all
agricultural related labor (World Bank, 2008). Worldwide, women produce over 50%
of the food and it is more than this in developing countries. Women in Africa play a
significant role in agriculture but they are more often considered as family assistances
on farmland belonging to their husbands who have a correspondingly enhanced status.
They are usually have a sole responsible for food processing and also make a major
contribution to food storage, transportation and marketing but they seldom control the
revenue generated (Kristjanson P., et al. 2014). In Ethiopian dairy sector, the role of
women is immense from managing the managing dairy cattle up-to managing the
products. Women role is typically associated to activities around the home, with little
decisions on sale and marketing of milk but not owning big assess (LMD, 2013).
Traditionally, the role of women to milk products handling and ownership is not

questionable, however, it is not clear if the role of women is bold enough when farms



generate more income and become commercial farms it seems to be male-dominated
thus limiting women’s participation (Njarui et al,. 2012). It is assumed that Women
are confined at lower-level dairy value chain activity which is routine and daily, which
genders’ perception supports this role (Michael, 2015). Women are also not allowed to
share equally in the proceeds despite their active involvement in most of the farm
activities along the dairy value chain. This is because their contribution is not visible

by the other stakeholders in the industry (Immaculate N, 2014).

Milk from healthy udder contains few bacteria (not more than 5x10° bacteria/ml), but
it picks up many bacteria from the time it leaves the teat of the cow until it is consumed
(O’Conner, 1995). Gender roles should be taken into account at every step in the value
chain in order to reduce food safety risks. Training farmers on hygienic milk production
and handling, including microbiological testing and examination of livestock, can help
reduce food safety risks (Lore et al., 2006) but the training needs to recognize that
women and female children are the primary processors of milk and milk products and

cleaners of milking equipment (Colverson, 2019; FAQO, 2012).

Despite a substantial potential, the Ethiopian dairy sector is not well developed that is
characterized by a large gap between actual and potential contribution to national
economy and the welfare of rural people in Ethiopia (Yilma et al., 2001; Hoddinott et
al., 2014; FAO, 2017). This emanates from the major constraints to the development of
livestock sector in general and dairy sector in particular includes shortage and
fluctuation in quality and quantity of feed, poor breeding program, poor management
practices, diseases, poor market infrastructure, poor service delivery, policy and
institutional arrangements (ILRI/IPMS, 2005). Value chain development is key to
achieve increased production and improved livelihoods of the rural poor, especially
women. A value chain refers to all the sequence of production and marketing steps of
a product ranging from primary production, processing, and distribution up to the retail
sale till it reaches the final consumer (Kaplinsky and Morris, 2001). Value chains offer
tremendous opportunities to women through better market linkages and employment
opportunities. At the same time, the way these value chains operate can affect women
negatively (Njuki et al., 2012). And there is no clear evidence, to what existent they
manage and own resources, to what existent they contribute to the quality and safety of
products and how they decide on the volume of milk that goes to the family and market.

The decision process on milk and milk products utilization's are not clear. Several

2



reports show how much they are involved in dairy farm management, such as feeding,
watering, milking, animals reared close to home. This study aims to achieve a dual
purpose: firstly, to provide a comprehensive understanding of the diverse roles women
undertake in the Shashemene, Hawassa, and Yirgalem districts, value chain, and
secondly, to evaluate the role of women microbiological quality of milk at different
stages of production, processing, and distribution. As we delve into this investigation,
our overarching goal is to contribute valuable insights that not only acknowledge the
indispensable contributions of women but also inform strategies for enhancing the
value addition and microbiological quality of dairy products within the Hawassa milk
shed.

1.2 Statement of the Problem

Women play a significant role in animal husbandry and dairy production (FAO, 2017).
In many smallholder’s cattle-raising enterprises, their contributions vary based on
region, culture, and social class. However, their roles are often underrecognized, as is
the value of their local knowledge and expertise (Immaculate, 2014). Historically,
women participating in the livestock value chain have been confined to lower levels
and have faced greater inequalities in the upper segments, where economic benefits are
distributed (Njuki, 2011).

Although women engage in a wide range of dairy-related tasks such as weeding fields,
feeding and watering cows, milking, and cleaning animal sheds they continue to
experience disparities in access to resources and participation in decision-making
processes (Njarui et al., 2012). In addition, women play a crucial but often overlooked
role in ensuring milk safety, particularly in Ethiopia, where traditional practices and
limited support systems can pose challenges to quality assurance (Garsow et al., 2021).
Their access to opportunities in the dairy sector is shaped by intersecting social norms,
institutional structures, and gender relations (Rietveld et al., 2019). As Okali and
Sumberg (2012) note, global, regional, and local economic processes, alongside
cultural expectations and social relations, determine the type of work available to

women and young people in the livestock sector.

Despite their contributions, little empirical research has systematically assessed how

gender dynamics influence key outcomes such as milk production efficiency, microbial



quality, and value addition in the dairy value chain. This gap is especially relevant in
smallholder farming systems like those in the Shashemene, Hawassa, and Yirgalem
districts of Ethiopia, where dairy serves both nutritional and economic functions.
Without clear evidence on how gender roles and inequalities affect dairy management
and milk safety, policies and interventions risk reinforcing existing disparities rather

than promoting inclusive development.

1.3 Research Questions

1. What are the gender-specific roles and practices across the dairy value chain,
particularly in production, processing, and marketing, among smallholder
farmers in the Hawassa Milk Shed?

2. How do gender-based differences in farm management, hygiene, and milk
handling affect the microbial quality of milk and opportunities for value addition
in dairy production?

1.4 Research Objectives
1.4.1 General Objective

To explore and analyze gender-based differences in dairy cattle management, milk
production, microbial quality, and value addition on smallholder farms in the
Shashemene, Hawassa, and Yirgalem districts, with a focus on understanding and

enhancing women's contributions to the sector.

1.4.2 Specific Objectives

» Assess, describe, and compare roles of gender in dairy farm management
practices

» Assess the role of gender in milk handling practices and quantity, and compare
microbiological quality of milk among women-led and men-led dairy farms.

» Analyze the role of gender and other socio-economic factors on the milk value

additions among smallholder dairy farms.



1.5 Research Hypotheses

Based on the literature and research objectives, the following hypotheses are proposed:

Null Hypothesis (Ho): There is no significant difference in milk microbiological quality,
milk production, farm management practices, and value addition activities between
female-led farm management and male-led farm management dairy farms in the

Hawassa Milk Shed, Ethiopia.

Alternative Hypothesis (Hi): There is a significant difference in milk microbiological
quality, milk production, and farm management practices between female-led farm
management and male-led farm management dairy farms in the Hawassa Milk Shed,

Ethiopia.



2. LITERATURE REVIEW

2.1. Overview of Dairy Production in Ethiopia

Dairy farming is one of the livestock production systems practiced almost all over the
world, including Ethiopia, involving a vast number of small, medium, or large-sized,
subsistence or market-oriented farms. Based on climate, land holding, and integrated
with crop production, dairy production can be: pastoralism, highland smallholder,
urban and peri-urban, and intensive dairy farming systems are recognized in Ethiopia.
A large number of small, medium, and large farms that are focused on either market-
oriented farming or subsistence farming are involved in the dairy industry, which is one
of the livestock production systems used almost everywhere in the world, including
Ethiopia. Ethiopia recognizes pastoralism, highland smallholder, urban and peri-urban,
and intensive dairy farming systems as viable dairy production methods based on

climate, land holding, and integration with crop production (Guadu and Abebaw, 2016).

Ethiopia holds large potential for dairy development due to its large livestock
population, favorable climate for improved, high-yielding animal breeds, and the
relatively disease-free environment for livestock (Mohammed et al., 2004). Milk
production in Ethiopia takes place within four main dairy production systems: medium-
scale commercial, small-scale commercial, rural mixed crop-livestock dairy system and
pastoral/agro-pastoral. The latter two systems are classified as rural dairy production
systems. The highlands are also the regions with market-oriented milk production (FAO
& NZAGRC, 2017). There are about 11.4 million livestock-producing households in
Ethiopia (CSA, 2013). In Ethiopia, dairy production is one of the livestock production
systems. The diverse livestock species like cattle, camel, goats account as the major
sources of milk producers (MOARD, 2004). Out of the total milk produced, cattle
produce 83% of it. Moreover, of the total milk produced by cattle indigenous breeds
contribute 97%. Dairying is practiced all over the country and is classified as pastoral,
agro-pastoral, crop-livestock, urban, and peri-urban production systems. The
production systems involve a vast number of small, medium, and large-scale operation
and defined by its location, agroecology, production objectives, access to inputs and
services, scale of production and management, market orientations, and resource uses
(Tegegne et al., 2013). Depending on the production zone, cattle are the dominant

species in 70% to 90% of livestock-producing households, depending on the production



zone, and thus dominate smallholder income generation and milk production in all
production zones. In addition, smallholder farmers represent about 85% of the
population and are responsible for 98% of the milk production (FAO & New Zealand
Agricultural Greenhouse Gas Research Centre, 2017). The aforementioned research

tells us dairying is well known in Ethiopia.

2.2. Characteristics of Dairy Value Chain in Ethiopia

Dairy value chain analysis refers to different stages where the dairy products pass from
farm to consumer (FAO, 2007). There are different levels of value chains identified like
input supply, production, marketing, processing, and consumption (Brhane and
Weldegiorgis, 2019). Value chain is the overall activities that are necessary to create,
produce, and add value to end products or services. Value chains include different levels
of production like producing raw materials, processing, distribution, marketing,
provision of services/products, and disposing of it after-use (Kaplinsky and Morris,
2000). The value chain includes various actors such as input suppliers, farmers,
collectors, cooperatives, processors, and consumers (Adane, 2020). The dairy
production systems in Ethiopia are classified based on factors such as climate,
production intensity, land holding, and market orientation (Brhane 2019, Adane
2020, Gebremariam 2019, Beyene 2015). Smallholder farmers play a significant role
in milk production, but face challenges such as poor genetics, limited access to animal
feed, and poor management practices (Adane, 2020). Financial analysis shows that

dairy production and marketing can be profitable and create value added (Adane, 2020).

2.3. Women's Involvement in Milk Production, Processing, and Marketing

2.3.1 Milk production

Women are playing a pivotal role both in agriculture and dairying (Manthekar & Nigade,
2018). The involvement of women in milk production in Ethiopia is a complex issue
influenced by market dynamics and gender relations. Women were largely involved in
obtaining feed, giving it to the animals, watering them, tending to the ill and young
ones, cleaning the animal shelter, milking the animals, and helping to sell the products
made from them (Obosha, 2020). Women tend to be responsible for activities carried
out at or near the home, activities required for the day-to-day care of animals, and

storing, processing, and adding value to livestock products, while men are more often



responsible for activities outside the home. This is evident from observations and
analysis in several published reports (Aregu et al., 2010; AGP-LMDP, 2013; Benyene,
2015). This corresponds to the findings of this study, where women tended to be
predominantly involved in the day-to-day management of dairy cattle as well as the

home-processing of milk into butter and cheese (Beyene, 2015).

The dairy production sector is one in which female participation is high, with a range
of potential benefits for women in terms of income, employment, and empowerment
(Maestre et al., 2018, Boros and McLeod 2015; Safi 2016). Women play an integral
role in Ethiopia’s dairy value chain, though their contributions are often overlooked and
undervalued. At the production level, women are primarily responsible for feeding,
milking, and cleaning cows, in addition to processing the milk into products like butter,
cheese, and yogurt Garsow et al., 2022; Beyene 2015; Beyene 2016; Desalegne 2016;
Tingirtu 2019; Yuya 2018; Tadesse 2016). Women were involved in a wide range of
different work tasks, mainly in cattle barns and at home (Kallioniemi and Kymal&inen,
2012).

Women are crucial to the management of cattle, as they are involved in the production,
processing, and selling of milk, even though not all of them are in charge of the milk
and its product sales (FAO, 1999). Women mostly participated in gathering feed and
providing feed to the livestock, watering, taking care of the sick and young animals,
contribute to cleaning the animal shelter, milking, and contributing to sale of the
livestock products (Obosha, 2020). It was found that women are mainly responsible for
barn cleaning, milk selling, processing, and feeding, whereas male undertakes shed
construction, feed storing, and animal health treatments (Workneh & Galmessa, 2011).
The findings clearly showing women's involvement dairy sector is high and their

involvement is greatly significance for the sector.

2.3.1 Processing

Management practices were mainly carried out by women including feeding, cleaning,
watering, and milking (Zahra et al., 2014). Women play a critical role in the storage of
dairy products in Ethiopia, with 89% and 100% found to be responsible for these
activities in the Walmera and Kersa Woredas, respectively (Colverson, 2019). Women
processed sheep and goat milk into butter using traditional labor-intensive methods.

Women smoke milk and butter containers with herbs and olive tree leaves to increase



the shelf life of the butter (Zahra et al., 2014)(Zahra et al., 2014). Value-addition
technologies targeting women should be relevant, accessible, and affordable (Odero-
Wanga et al., 2009).

2.3.2 Marketing

Traditional/informal milk markets have played a key role in dairy development in
Ethiopia. Informal, small-scale markets control over 90% of marketed milk in the
country. Producers sell their milk to anyone whom they come across every day. Dairy
cooperatives and the formation of milk groups give producers guaranteed access to
market and sell their milk (Seifu and Doluschitz, 2014). Even though the proportion of
milk channeled through the formal markets is still small, since 1991 the supply of milk
and other dairy products from non-state actors (private and cooperative dairy firms) has
increased, (SNV, 2008). FAO (2010) acknowledged that dairy production and
marketing are of areas where both men and women are involved, however, we need to
remark on the gender biases that remain prevalent in the dairy sector. This suggests that
women's involvement in the market can lead to greater economic independence and
decision-making authority. Hebo (2014) further explored the impact of evolving
markets on gender relations, noting that the commercialization of milk is challenging

traditional gender roles in milk production and distribution.

Women make essential contributions to the agricultural and rural economies in all
developing countries. Evidence suggests that women tend to lose income and control
as a product moves from the farm to the market (Belete, 2019). In the collection process,
males were principally assigned to milk transportation, whereas milk reception, selling,
and quality control activities were mainly given to females (Misganaw & Dagnew,
2022). They have far more rights over livestock products (milk, butter, cheese, ghee,
hides, and skins) than they do over the live animals themselves (Njuki et al., 2013).
These studies highlight the need for further research and policy interventions to support
women's participation in the milk market while addressing the potential risks to their

traditional roles and responsibilities.



2.4. Female Dairy Cooperatives and Their Impact on Quality Milk Production

Women entrepreneurship is the process where women take lead and organize a business
or industry and provide employment opportunities to others. It may be defined as a
woman or group of women who initiate, organize, and run business enterprises (D.
Ravinder, & S. Prathap, 2016)(D.Ravinder, 2016). Research on female dairy
cooperatives in Ethiopia has highlighted their potential to improve milk quality and
safety. Cooperatives can indeed play an important role in poverty alleviation among
dairy producers. In addition, similar to what has been reported by Fischer and Qaim
(2012) and Abebaw and Haile (2013). And Fikadu (2019) emphasizes the need for
targeted interventions to enhance female-led farm management households'
membership in these cooperatives. Garsow (2021) further emphasizes the importance
of gender-sensitive interventions in ensuring the safety of milk and milk products,

particularly in the context of female involvement in the dairy value chain.

Women actively participate in small-scale milk production and informal processing,
and have opportunities to control the income from both or to influence its use (FAO,
2017). The FAO (2011) publication provides guidelines for practitioners on promoting
gender equity in dairy value chains. It emphasizes the need to involve women in
decision-making processes, provide training and capacity-building opportunities, and
ensure equal access to resources and benefits. These strategies can contribute to
improved milk quality. Milk cooperatives realized that women's participation in Dairy
Cooperatives can help rural women become self-confident and self-reliant and can run
Dairy Cooperatives more efficiently at the same time, it will create income and
employment as a result, women became empowered through this milk cooperative
(Roopa, 2017).

2.5. Challenges Faced by Women in the Dairy Business

Men and women are involved in dairy value chains, but in different ways, and they face
different constraints (FAO, 2017). As Sintayehu Y. et al., (2008) described the major
constraints for dairy development in the area included availability and costs of feeds,
shortage of farmland, discouraging marketing systems, waste disposal problems, lack
of improved dairy animals, poor extension and animal health services, and knowledge
gap on improved dairy production, processing and marketing. Like different African

countries, Ethiopian women traditionally have been subject to socio-cultural and
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economic discrimination that resulted in fewer economic and social opportunities than
men (Kebede T. 2021). Women in the dairy value chain in Ethiopia face numerous
challenges, including limited decision-making power and access to resources (Beyene,
2015). And Women are also constrained with lower levels of human capital (Mulema
et al., 2017), They are also at a higher risk of exposure to food safety hazards due to
their primary role in milk production (Garsow et al., 2021). These challenges are further
exacerbated by gender-related factors such as poor technical skills, limited access to
markets and financial services, and social expectations (Obosha, 2020). Despite this
growing momentum, women around the world still face discrimination and gender

barriers that prevent them from unleashing their full economic potential (ILO, 2014).

Gender-based constraints are factors that inhibit men’s or women’s access to resources,
behaviors, participation, time use, mobility, rights, and exercise of power based on their
gender identity (Rubin, 2010). And women reported some unique challenges, not faced
by male traders, related to milk transportation (traveling to source the milk from
producers and transporting it to the sales point) female participants reported that women
are less likely to own motorbikes or even know how to ride a bicycle. Similarly,
adherence to transportation requirements of using metal cans poses a specific challenge
for women, as women consider metal cans too big and heavy for them. Also, given that
most household responsibilities fall disproportionately on women, they have less
available time to travel to source milk (Alonso et al., 2018). A major barrier to women’s
access is gender biases within households, communities, and cooperatives themselves
that favor educated male household heads and land owners over resource-poor women
(Woldu et al., 2013). Women are affected by resource scarcity more than men as they
are characterized by a higher level of insecurity concerning livestock and access to other
rights and resources (Gallina A, 2016). Tadesse (2016) found that while men dominate
dairy production, women provide much of the labor, spending twice as much time as
men on household and farm tasks. Addressing these issues is crucial for the
empowerment of women in the dairy value chain and the improvement of their

livelihoods.
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2.6. The Socio-economic Impact of Women's Participation in the Dairy sector

Dairy farming provides economic and social benefits to farmers and their wider
communities (FAO, 2011). In the food systems of smallholder farmers, dairy
production holds significant role. They have a huge contribution to smallholders as
income generation and poverty alleviation, food and nutrition security in the country
(T. Mihret et al., 2017 and Andeweg K. et al., 2020). Lenjiso et al (2015) argued that
household milk market participation has the potential to improve household food and

nutritional security in Ethiopia.

Dairy production is particularly important to rural women, providing them with income
and a means to meet social obligations (FAO, 2017). The participation of women in the
dairy sector in Ethiopia has significant socio-economic implications. Lenjiso (2016)
found that women's involvement in the smallholder milk market led to a shift in income
control from women to men, but also increased women's bargaining power within the
household. This suggests that while women may have less control over income, their
participation in the market can still enhance their overall influence. Abebe and
Galmessa (2011) highlighted the gendered division of labor in dairy production, with
women primarily responsible for tasks such as milk selling and processing. However,
men tend to have greater control over income from live animal sales. Garsow et al.,
(2021) emphasized the crucial role of women in ensuring the safety of milk and milk

products, particularly in the context of potential food safety risks.

Women are powerful agents of change and continue to make increasing and significant
contributions to sustainable development, despite existing structural and socio-cultural
barriers (Markham, 2013). Small-scale dairy production is considered beneficial to
more women and children. Sales dairy product provides regular income for women that
help to diversify their diets and children (FAO, 2011). Value chain development aims
at improving the livelihoods of poor families and enhances the potential of women to
provide for their families, it is important to understand access to and control of
resources and the benefits from various productive assets (Zahra et al., 2014). Small-
scale dairy production is considered beneficial to more women and children. Sales dairy
product provides regular income for women that help to diversify their diets and
children (FAOQ, 2011).
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The dairy sector fulfills many important roles: milk and dairy products are a rich source
of essential nutrients (e.g., protein, calcium, vitamin B12 and riboflavin), especially for
young children and pregnant women and is one of the most affordable nutritious
products. Moreover, dairy value chains are a primary source of livelihoods for rural
populations and women in particular. In East Africa, milk is one of the few resources
that is usually under the control of women, both as a food product for the family and a
source of earnings from its sales. This is central to the link between dairy production,
consumption and nutrition, because women are also generally in charge of household
nutrition, are the main preserves of food cultures, and some studies have suggested they
tend to prioritize expenditures in high-quality and high-nutrition foods more than their
male counterparts (Rogers, 1996; Smith et al., 2003; UNICEF, 2011).

A shift in focus towards establishing women’s cooperatives and self-help groups, it is
argued, could assist more women in becoming empowered to become business leaders
themselves, to obtain positions where they can access productive resources, and
ultimately, work towards creating tangible improvements in mitigation practices in the
dairy sector in the long run (Gallina A, 2016). If more income is to be generated from
women owned micro enterprises in the dairy sector to improve the status of women and
their families, it is imperative that government policies and programme effectively
address issues that affect women’s participation in this sector (Odero-Wanga et al.,
2009). Women on female contact farms were observed spending dairy income on food
for the household and children's schooling more often than their counterparts on male
contact farms (Mullins et al., 1996). Women often devote more time and resources
under their control towards improving household concerns related to food security as
compared to men and their involvement (Quisumbing et al., 1995). Ensuring that
women’s contributions to food systems are recognized by their families, communities,
policymakers, and society more broadly and that women can make strategic choices
about their involvement in food systems has benefits for all of society. Women’s
empowerment can improve agricultural productivity, household food security and

dietary quality, and maternal and child nutrition (Malapit et al,, 2020).
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2.7. Overview of Milk Quality Standards and Regulations

The safety and quality of milk and dairy products in Ethiopia are a major concern, with
the majority of products falling below standard requirements (Gemechu, 2017). This is
due to poor hygienic practices, water adulteration, and the use of adulterants such as
water (Zebib and Zewudu, 2020). The handling and processing of milk also lack proper
hygienic conditions, further compromising the quality of the products (Bereda et al.,
2014). The existing food laws and regulations in Ethiopia are outdated and not
comprehensive, particularly in the inspection of food sources and street foods
(Temesgen, 2015).

Quality has become a major driving force in many production enterprises. In the
classical context, the quality concept addresses the product only. Quality as a subjective
entity comprises both technical and technological characteristics, as well as emotional
and ethical aspects. Many definitions of quality can be found in literature, each trying
to address quality from one or more of the forenamed points of view. Most important
is that a product should fulfil the demands put forward by the consumers and is
attractive enough to be bought (Evans and Lindsay, 1996). In dairy production, milk is
a product with a long history of product quality testing, particularly with respect to, for
example, cleanness, hygiene, microbiological contamination, somatic cell counts, and
antimicrobial residues. Most of the regular quality failures in this area are caused by
managerial faults, followed by cow problems (AHSN, 1981; Kivaria et al., 2004). As
milk leaves the cow, it is dominated by lactic acid bacteria. However, during storage
pathogenic bacteria introduced from the environment can cause spoilage of raw milk
(Merwan et al., 2018). Implementation of good hygiene and production practices and
assessment of interventions targeting the reduction of contamination in the dairy supply
chain is needed to inform coordinated efforts focused on improvement of dairy food
safety in Ethiopia (Keba et al,. 2020).

In Ethiopia, in most cases, milk is produced and marketed without quality control
measures (Yilma and Faye, 2006). The nature of milk and its chemical composition
renders it one of the ideal culture media for microbial growth and multiplication
(Woldemariam and Asres, 2017). The safety of dairy products with respect to food-

borne diseases is a great concern around the world. This is especially true in developing

14



countries where production of milk and various dairy products take place under rather

unsanitary conditions and poor production practices (Abebe et al., 2014).

The microbial load of milk is a significant factor in determining its quality and safety.
It indicates the hygienic level exercised during milking including cleanliness of the
milking utensils, storage condition, and transportation as well as the cleanliness of the
udder of the individual animal (Yilma and Faye, 2006). In most dairy industrialized
countries, milk quality is defined by the level of somatic cells count (SCC) and the
microbial load of milk in the pre-pasteurized bulk tank. These are the key components
of international regulation put in place for milk quality, udder health and the prevalence
of clinical and sub-clinical mastitis in dairy herds (Fatine et al., 2012). The most
contentious microbial and residues that occur in milk are bacteria and antimicrobial
drugs respectively (Girma et al., 2014). The residual amount of drugs consumed
through animal origin food not necessarily toxic, except when exceeds a certain limit
i.e. MRL (Gupta, 2019). High levels of SCC and microbial load indicate poor milk
quality due to the fact that it contains reduced curd firmness and increased fat and casein
loss in whey. Moreover, reduction of milk shelf life, poor farm hygiene, antibiotic
residues and the presence of pathogenic organisms and toxins increase the microbial
load of the milk. Problems of public health associated with consumption of raw milk
and traditional dairy products obtained from raw milk are common in the developing
countries (Makita et al., 2012). Chemical contamination may occur at any point of the
various stages of processing, packaging, transportation and storage of food (Rather et
al., 2017).

2.7.1 Quality regulation

Quality control measures have been advanced to provide better tools for the evaluation
of different quality parameters of milk at different stages of the production (Merwan et
al., 2018). Governments, all over the world, have put in place various mechanisms for
protecting their citizens from food borne illnesses to ensure the socio-economic
development of their country. Milk quality standards have been regulated by the
respective Food and Drug Administration in the countries. As a result, the EU and USA
legislation's have been used as a common measure of milk quality standards. More or
less in Ethiopia the application of milk quality standard and regulation is comparable

world-wide. Regulation in the area of food quality and safety protection has been one
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the features of regulatory mechanisms established for problems that are difficult to be
identified by consumers using their sense of sight, smell, taste or touch when selecting
or consuming foods (CAC, 2007). The safety and quality of milk and dairy products in
Ethiopia must be guaranteed, and these findings emphasize the need for stronger

standards and laws in the dairy sector.

2.7.2 Milk quality grading

The microbial load of milk is a major factor in determining its quality. It indicates the
hygienic level exercised during milking, that is, cleanliness of the milking utensils,
condition of storage, manner of transport as well as the cleanliness of the udder of the
individual animal (Spreer E (1998) and Gandiya F (2001). Quality control tests are vital
to support activities for hygiene and food standards to meet regulatory and customer
demand (Burke et al., 2018). In the United States, Grade A milk (fluid grade milk), top
quality milk, refers to milk produced in the farms where sufficiently sanitary conditions
have been fulfilled to qualify for fluid (beverage) consumption. Grade B milk is referred
to as manufacturing grade milk that does not meet the fluid grade standards and can
only be used in cheese, butter and nonfat dry milk. Grade C milk is the last grade milk
which violates any of the requirements for grade B milk but is not subjected to

adulteration (U.S. Department of Health and Human Services, 2011).

2.8. Overview of food safety and standards in Ethiopia

The food safety and standards system in Ethiopia faces significant challenges, including
outdated laws and a lack of comprehensive regulation (Temesgen, 2015). These issues
are further compounded by a lack of organized food safety systems and growing
population and urbanization pressures (Teferi, 2020). Key stakeholders in the food
safety management system include various government bodies, research institutions,
and industry players, but there are gaps in legal and policy frameworks, food-borne
disease surveillance, and coordination (Ayalew et al,, 2013). The safety and quality of
dairy products in the country are particularly concerning, with substandard
microbiological and physicochemical parameters and an increasing trend of
adulteration (Gemechu, 2017).

Food safety is concerned with the production of food that does not pose a threat to

human health (Henson and Traill, 1993). Higher bacterial contents exist in developing
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countries where production of milk and various dairy products takes place under rather
unsanitary conditions and poor production (Mogessie A (1990). In Ethiopia, indigenous
dairy products are produced by using traditional materials and methods, thus becoming
potential hosts for many microorganisms (Alganesh and Fekadu, 2012; Abebe et al.,
2013). Quality assurance is mandatory before the milk is consumed. It is achieved up
on planned and systematic activities performed in each steps of the quality system
(Ahmedsham et al., 2018). Previous studies have emphasized that the hygienic
practices during production, processing and handling of milk and milk products in
different parts of the country are substandard, which made the quality and safety of
milk products questionable (Amistu et al., 2015). Milk and milk products in Ethiopia
are channeled to consumers through both formal (2%) and informal (95%) marketing
systems (Netherlands Development Organization, 2008). HACCP requires a critical
examination of the whole food manufacturing process to determine every step where
there is a likelihood of physical, chemical, or microbiological contamination. This
would make the food unsafe or unacceptable for human consumption. It identifies and
sets critical control points (CCP) (DPC, 2001).

Factors which give rise to potential hazards in foods include improper agricultural
practices accompanied with traditional milk production; poor hygienic activities at all
stages of the food chain; lack of preventive and controlling measures in food processing
and preparation operations; misuse of chemicals; contaminated raw materials,
ingredients and water; inadequate or improper storage etc (Battu et al., 2004; Buncic,
2006).

2.9. Economic Benefits of Milk Safety System and Quality Assurance

The economic benefits of a robust milk safety system and quality assurance are evident
in the potential to increase exports and ensure public health. Ahmedsham et al., (2018)
emphasizes the need for a stringent food safety system, particularly in traditional milk
production, to prevent food-borne illnesses. Anand (2005) underscores the importance
of implementing quality and food safety management systems in the dairy sector,
especially with the emergence of new product ideas and technologies. Girma (2014)
highlights the public health hazards of milk, including biological, chemical, and
physical agents, and the need for control measures. Tian & Li (2019) provides a risk

assessment of raw milk quality, identifying feeding and management as high-risk areas.
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These studies collectively underscore the economic benefits of a strong milk safety
system and quality assurance, including increased export potential and public health
protection.

Food safety plays a significant role in the national economy and health by; safe-
guarding the health of the nation through improved nutrition, enhancing national and
international trade, preventing avoidable losses at pre/post-harvest, reducing public
health costs by decreasing food borne illness and reducing export and trade barriers,
resulting in countries becoming competitive in the global trade (WHO, 2005). High
quality of milk is necessary for consumption and eligible for export thereby
contributing to the national economy through foreign currency (Ahmedsham et al.,
2018).

2.10. Women's Contribution to Milk Quality and Safety

Quality requirements in the food industry stimulate the development of analytical
techniques capable of precise component quantification at a reasonable price of analysis
(Kessler, 2013). Milk quality is an important factor in the dairy industry. One of the
major factors of milk quality is composition, which affects the properties of the milk.
Milk fat plays a significant role not only in the nutritional, physical, and chemical
properties of milk, but also in the Purchas ability of milk (Upadhyay et al., 2018). Most
importantly, dairy farmers are in the business of producing food for human
consumption so they must be confident in the safety and quality of the milk they
produce. Good dairy farming practice underpins the production of milk that satisfies
the highest expectations of the food industry and consumers (FAO, 2011). Milk and
milk products are highly nutritious and essential to healthy diets, particularly for
children (Walstra et al., 2006). However, the nutritional content of milk, together with
its high-water activity, provides an excellent matrix for the growth of a multitude of

pathogenic microorganisms (Oladipo et al., 2016).

Cooperatives are one way that farms can reduce waste by individual farmers combining
their products for sale and increasing the capacity for milk processing. One downside
of combining milk from multiple farms in a single bulk tank is that if if milk from a
single farm is adulterated or temperature abused, it could potentially contaminate an
entire batch of milk. This is an incentive for all farmers in cooperatives to share food

safety management practices (Yilma et al., 2011; Ruben et al., 2017).
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Generally, women’s artisanal food production is tending spontaneously to acquire the
characteristics of a special informal quality labelling, a “female label”, with
connotations of “home-made” and so traditional, pure and healthy (Anthopoulou and
Koutsou, 2010). Women play an important but often unrecognized role in the safe
production of milk and milk products, particularly in Ethiopia (Garsow et al., 2022).
Men are typically responsible for providing enough milk, while women ensure
nutritious diets, but women’s limited decision-making power can restrict their ability
to provide sufficient safe milk (Galie et al., 2021). However, their work is often
characterized by unhygienic practices, such as the use of non-tap water and plastic
containers, which can compromise the safety and quality of the products (Amentie,
2016). This highlights the need for gender-sensitive interventions to improve food
safety and overall family health in the dairy value chain in Ethiopia (Garsow et al.,
2021).

2.10.1 Milk Handling Practices by Women

Milk quality and safety are a challenge due to unhygienic handling and non-adherence
to food safety standards (Nyokabi et al., 2021). Milk contamination results from
improper handling, and poor hygiene and sanitation conditions in the milking
environment (Olivier et al., 2005). Poor milk quality and food safety risks are a major
challenge in the dairy sector in LMICs (low middle-income countries) with weak food
safety management systems and low compliance with food safety standards (Amenu et
al., 2019; Kussaga et al., 2014). Women, in general, are more concerned about quality
and hygiene than men (Johnson et al., 2015). Women play a crucial role in milk quality
and safety as they are often responsible for milking, handling, and processing milk and
milk products in pastoral communities (Amenu et al,. 2019). Garsow et al.,
2022 emphasizes that women in Ethiopia play a crucial part in the safe production of
milk and milk products, as they are involved in animal husbandry, health, and milking.
Traditional roles with women being primarily managing the daily tasks of the farm such
as milking and, women may have a greater risk of exposure to food-borne pathogens
through the milking and processing of dairy products (Colverson, 2019; FAO, 2017;
Grace et al., 2015; Kebede et al., 2020; Kinati & Mulema, 2018; Njuki et al., 2013;
Ruben et al., 2017). The findings highlight the intricate relationship between milk

quality, cooperative practices, and the often-underappreciated role of women in
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ensuring the safety and nutritional value of milk and milk products in Ethiopia's dairy

value chain.
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Conceptual Framework: Gender Roles in Dairy Value Chain & Milk
Quality

Survey Data
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Figure 1. Conceptual Framework
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3. GENERAL METHODOLOGY

3.1. Description of the Study Area

This study was conducted in the Shashemene, Hawassa, and Yirgalem districts, area of
Ethiopia. The milk area covers a large geographical area, and this research focused on
the Shashemene, Hawassa, and Yirgalem district. Hawassa, the capital city of the
Sidama region, is located 275 km south of Addis Ababa along the Addis Ababa—Nairobi
highway. The city has an altitude of 1,750 meters above sea level and is situated at 6°
83’ to 7° 17’ N latitude and 38° 24’ to 38° 72’ E longitude (AWARDO, 2006).

ETHIOPIA G WEST ARSI

Study districts
Shashemene
Hawassa
Yirgalem

—— Main Road

SIDAMA REGION S s = 5 i CRS:- WGS_1984_UTM_Zone 37N

38°1007E 38°200°E 38°300°E 38°400"E 38°500°E 39°00E

Figure 2: Study Area Map

Hawassa presents significant opportunities for dairy development due to the presence
of well-established private and public institutions engaged in dairy research and
development. Organizations such as the Netherlands Development Organization (SNV)
and the School of Animal and Range Science under Hawassa University’s College of
Agriculture, as well as the Research Centre (RC) under the Ethiopian Institute of
Agricultural Research (EIAR), contribute to the dairy sector. Also, milk processing

centers, including Yirgalem Agro Processing, supply processed milk nationwide.
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3.2. Research Design

This research adopted a cross-sectional survey and laboratory analysis approach. Both
qualitative and quantitative data were collected using structured and open-ended
questionnaires and observations. The microbiological quality of raw whole milk was
assessed in the dairy laboratory under the School of Animal and Range Sciences at

Hawassa University.

3.3. Data Collection
3.3.1. Survey and systematic observations

Primary data were collected through surveys and observations. The data collection
process was designed to actively involve smallholder dairy farmer. The survey
instrument was administered to sampled households, incorporating both open-ended
and closed-ended questions. Open-ended questions allowed respondents to elaborate on
their thoughts, experiences, and opinions, while closed-ended questions facilitated the
collection of quantitative data, focusing on the milk value chain system. The study
addressed potential oversights by surveying male and female household heads

separately. The questions included multiple-choice and Likert scale formats.

The data collection process covered various topics, including hygienic practices during
milking, storage, transportation, and marketing, as well as the breed types of cows and
feeding systems. The observational checklist was used to quantify dairy management
practices across both female- and male-led farm management households. Additionally,
secondary data were gathered from government organizations, such as the Hawassa

City Livestock Development Office and the Cooperatives Promotion Office.

Observations complemented survey and interview data by offering real-time insights
into the daily activities of women in the milk value chain. The observation covered
various farm practices like farm infrastructure, herd management, feed management,
milking hygiene, milk storage, , transportation practices, hygiene and sanitation, milk
processing, value addition activities such as involvement of milk processing, market
access, technology adoption, community participation, and community development
involvement. A standardized observation protocol was developed to ensure consistency

across different sites. On-site observations were documented to assess the practices of
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milk handlers, and a pre-tested structured questionnaire for the survey in English was

translated into the local language.

3.3.2. Microbial assessment in the laboratory

Microbial analysis was conducted to assess the microbiological quality of milk, with
samples collected at different stages of production, processing, and distribution.
Laboratory analyses were performed to evaluate the microbiological safety and quality
of milk. Additional factors such as geographical location, farm size, age, socioeconomic
status, education, and rural/urban background were also considered. Microbiological
analyses included total bacterial count, coliform count, and Escherichia coli. All
laboratory work was conducted at the dairy laboratory of Hawassa University’s College

of Agriculture.

3.3.3. Sampling Strategy and Experimental Procedure

Stratified sampling techniques were employed for the comparative study. The number

of elements selected from each stratum was determined using the formula:

. . : .
By using this formula = S%mple size (1)
no.of strata (k)

Select the required number of elements from each stratum with the SRS technique
(Ranjit K, 2011).

The population was divided into strata based on gender, and random samples were
drawn while considering socioeconomic status, education, age, farm size, and

rural/urban backgrounds.

A total of 150 households participated, comprising 75 female led farm management
farm management and 75 male led farm management. For microbiological quality
analysis, 80 milk samples (40 from male led farm management and 40 from female led
farm management) were collected from different stages of the milk value chain,
including farms, processing centers, and marketing outlets. Sampling was conducted
while considering socioeconomic status, education, age, farm size, and rural/urban
background to maintain the integrity of the samples and ensure accurate microbial

quality assessment.
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3.3.3.1. Bacteriological count

Raw milk quality and microbiological safety are critical for the dairy industry, as
contamination can occur from microorganisms, chemical residues, and other sources
(Vissers and Driehuis, 2008). According to Burke (2018), microbial quality assessment
should begin at the farm level. Deddefo et al., (2023) emphasized the importance of
determining microbiological quality and safety at the farm level to ensure the quality
of subsequent dairy products. For total plate count (TPC) and coliforms threshold, used
Microbial counts were evaluated according to the Ethiopian Standards for raw milk
intended for processing (Ethiopian Standards Agency [ESA], 2021). And for E. coli,
the presence and levels of Escherichia coli in raw milk samples were assessed against
international microbiological criteria. Specifically, the thresholds outlined in
Regulation (EC) No 2073/2005 of the European Commission on microbiological
criteria for foodstuffs were used as the reference standard (European Commission,
2005).

3.3.3.2. Total Bacterial Count (TBC)

Total bacterial count (TBC), also referred to as standard plate count (SPC), aerobic
plate count (APC), or viable count, was used to determine the total number of viable
bacteria in 1 mL of raw milk, expressed in colony-forming units per milliliter
(CFU/mL) (FAO, 2009). The bacterial counts were determined by plating and
incubating appropriate dilutions sample volume divided by sample volume +diluted
volume, subsequent dilutions were prepared by transferring 1 mL from the previous
dilution into 9 mL of fresh diluent, yielding serial dilutions of 102, 103 of milk samples
on Standard Plate Count Agar (SPCA) medium at 37°C for 48 hours. Colonies were
counted using a manual colony counter, and a count of 107 CFU/mL indicated the end

of raw milk’s shelf life.

3.3.3.3. Coliform Count

Coliform counts were used to assess potential contamination from udder, milk utensils,
or water sources. sample volume divided by sample volume +diluted volume,
subsequent dilutions were prepared by transferring 1 mL from the previous dilution into
9 mL of fresh diluent, yielding serial dilutions of 102, 1073 etc, of milk samples. The
coliform bacteria count was conducted following APHA (1992) guidelines, with
samples incubated in Violet Red Bile Agar (VRBA) at 37°C for 24 hours. Coliforms
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were identified based on their ability to ferment lactose, producing gas and acid within
48 hours at 35°C (Feng et al., 2002). The acceptable coliform limit for raw milk was
set at 10 CFU/mL (FDA, 2011).

3.3.3.4. E. coli Identification

The identification of Escherichia coli (E. coli) in milk samples was conducted using
the Most Probable Number (MPN) method, which involves a series of enrichment,
selective, and differential media to confirm the presence of E. coli. First, an enrichment
step using Tryptic Soy Broth (TSB) was performed to provide a nutrient-rich
environment for the growth of E. coli. Sterile containers were used to transfer the
sample into TSB, and the cultures were incubated at 35°C for 18-24 hours to promote
bacterial growth (Bording-Jorgensen et al., 2021). Following enrichment, selective
isolation was achieved using MacConkey Agar, which selectively grows Gram-
negative bacteria such as E. coli while inhibiting the growth of Gram-positive bacteria.
A loopful of the enriched culture from TSB was streaked onto MacConkey Agar plates,
which were then incubated at 35°C for 18-24 hours. The appearance of pink or red
colonies indicated lactose fermentation, characteristic of E. coli (Al-blooshi et al.,
2021). Finally, to differentiate E. coli from other bacteria, a differential media, Eosin
Methylene Blue (EMB) Agar, was used. A sample from the pink or red colonies on the
MacConkey Agar plate was transferred onto EMB Agar plates and incubated at 35°C
for 18-24 hours to confirm the presence of E. coli based on its distinct metabolic

properties (Lupindu, 2016).

3.4. Data Management and Analysis

In this study, we integrated data from three main sources: household surveys (n = 150),
laboratory-based microbial milk tests (n = 80), and structured farm observations. The

survey and observational checklist data were collected digitally using Kobo Toolbox.

The household survey provided detailed insights into demographic characteristics,
socio-economic conditions, and farm management practices. To ensure balanced
gender representation, we included 75 respondents from male led farm managementled
farm management households and 75 from female led farm managementled farm
management households. For the microbial testing, raw milk samples were collected

from 80 households, equally divided between male led farm management and female
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led farm management, and analyzed in the laboratory for three key indicators of milk
safety and quality: Total Plate Count (TPC), Total Coliform Count, and Escherichia
coli (E. coli). Simultaneously, we conducted on-site assessments of farm hygiene,
infrastructure, and milk handling practices using a structured observational checklist

rated on a 5-point Likert scale.

All data were first entered and verified in Microsoft Excel. We performed thorough
checks for missing values, outliers, and inconsistencies before importing the cleaned
datasets into SPSS (version 27) and R (R version 4.4.2 (released on October 31, 2024,
codename: "Pile of Leaves) for further analysis. To stabilize variance and meet the
assumptions of statistical tests, microbial count data were log-transformed using the
formula logio (CFU/mL + 1), following the recommendations of the American Public

Health Association (1992), as cited by Dehinenet et al., (2013).

For Total Plate Count, we used a three-tier classification system commonly referenced
in food safety literature: low (<10,000 CFU/mL), medium (10,000-99,999 CFU/mL),
and high (>100,000 CFU/mL), based on standards from Jay et al., (2005) and the FAO
& WHO (2006). Total Coliform Count data were analyzed both with a Wilcoxon rank-
sum test (on log-transformed values) and a chi-square test using a median-based
categorical split. E. coli contamination was categorized into ‘Low’ (<100 CFU/mL) and
‘High’> (>100 CFU/mL), following European Commission Regulation (EC) No
2073/2005.

Descriptive statistics such as means, standard deviations, frequencies, and percentages
were used to summarize household characteristics, hygiene scores, and microbial loads.
Including chi-square tests and Fisher’s Exact Tests, were then used to examine
associations between gender and various factors related to dairy practices and milk
safety (microbial quality). This multi-source, multi-method approach allowed us to
capture a nuanced picture of gendered differences in Ethiopia’s smallholder dairy

sector.

Model log(P / (1 - P)) = Po + Bi(Gender) + B2(Age) + Ps(Urban) + Ba(Education) +
Bs(Hygiene) + Bs(Infrastructure) + B+(TPC) + ¢

Where:

P: Probability that a household engages in milk processing

Bo: Intercept
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Bi: Coefficients of the respective predictors

¢: Error term
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4. RESULTS AND DISCUSSION
4.1. Socio-economic characteristics study households

Figure 3 illustrates the key demographic profiles of our 150 household heads 75 women
and 75 men led farm management living in Hawassa, Shashemene, and Yirgalem.
When we look at age, most household heads in both groups fall between 31 and 50
years old. About one-third of women (32 %) and men (34 %) are aged 31-40, and
roughly a quarter fall into the 41-50 bracket (28 % of women, 26 % of men). Men are
a bit more likely to be younger than 30 (28 % vs. 22 %), while women are slightly more
represented among those aged 51 and above (18 % vs. 12 %). Education levels also
track closely between genders: around 60 % of both women and men have completed
primary or secondary school. Beyond that, however, more men hold university degrees
(24 % versus 16 %), and more women report having had no formal schooling at all (20
% compared to 12 % of men). Religious affiliations mirror one another almost exactly.
Orthodox Christianity is most common (48 % of men, 45 % of women), followed by
Protestantism (30 % and 32 %, respectively) and Islam (15 % of men, 18 % of women),

with the rest practicing traditional or other faiths.

The slightly younger profile of male heads might hint at earlier household formation or
labor migration, whereas the greater share of older female heads could reflect scenarios
like widowhood and women stepping into leadership roles. The gap in tertiary
education between men and women points to ongoing barriers for women accessing
higher learning barriers that could affect everything from adopting new farm

technologies to engaging with extension services.
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Demographic Distribution by Age, Religion, and Education
Percent of Household Heads by Category and Site
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Figure 3 Percentage distribution of household head age, education and religion among male-led farm
management and female-led farm management dairy farm households in the study area.

Figure 4 below shows the marital status of household heads. When we look at
household heads, we find that a significant portion of households (83.3%) are currently
married, which includes 92.0% of men and 74.7% of women-led farm management
farms. Interestingly, only 4.0% have never tied the knot, with 5.3% being men and 2.7%
women. Additionally, 3.3% are separated, which breaks down to 2.7% of men and 4.0%
of women. It's worth noting that all the widowed household heads in this sample are
women, representing 18.7% of female heads, while there are no widowed male heads.
The dominance of marriage, especially among men (92 %), reflects common household
formation patterns, while the fact that all widowed heads are women (18.7 %) highlights
their longer life expectancy or men’s greater out-migration and risk exposure. Widowed

women may face extra financial burdens, strain, limited labor capacity, or social stigma,



so programs in farm management, dairy hygiene, and credit should offer targeted

support to help them sustain their households effectively.

Marital Status of Household Heads by Gender

Gender A Female Male
Widowed A
Separated oA
Never married A
Married A
0 25 50 75

Percentage (%0)

Figure 4. Marital status of led farm management by gender

4.2. Dairy Farm Size

In this study, dairy farms were categorized into three groups based on herd size small-
scale farms (1-5 dairy cows), medium-scale farms (620 dairy cows), and large-scale
farms (more than 20 dairy cows). These thresholds were adapted to better reflect the
actual herd size distribution observed in the in Shashemene, Hawassa, and Yirgalem
districts, and other peri-urban areas. While Mureda and Mekuriaw (2008) defined farm
sizes in Eastern Ethiopia as small (<5 cows), medium (6—30 cows), and large (>72
cows), the present study refined these categories by narrowing the medium-scale range
and lowering the threshold for large-scale farms. This adjustment aligns with
classifications applied in other urban and peri-urban dairy contexts in Ethiopia (ILRI,
2020; Belete, 2009), providing a more context-appropriate basis for analysis. As shown

in Figure 5, dairy farm size was further disaggregated by gender of household head,
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study location, and cattle breed. The majority of farms were small-scale (<5 cows),
accounting for 69.4% of the sample, with male-headed households managing 72.2% of
these farms. Medium-scale farms (6—20 cows) comprised 28.5% of the sample, where
female-headed households (30.6%) slightly outnumbered their male-headed
counterparts (26.4%) suggesting women'’s increasing participation in mid-sized dairy
operations. Large-scale farms (>20 cows) represented only 2.1% of the total, with a
notably higher share of female-headed households (2.8%) compared to male-headed
households (1.4%) in managing large herds. These patterns support the relevance of the
adjusted classification system and highlight evolving gender dynamics across different

farm scales in the region.

Farm Scale Distribution by Sex and Location
Each tile displays the percentage of respondents per category
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Figure 5. Heatmap of farm scale percentages by household head type (top: female-led farm
management vs. male-led farm management HH) (bottom: Hawassa, Shashemene, Yirgalem) across

Cross and Local Farms. Darker tiles indicate higher percentages.
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This aligns with previous findings that dairy production in developing regions,
particularly in Sub-Saharan Africa, is predominantly characterized by smallholder
systems with very few large-scale operations (FAO of the United Nations, 2013). The
study further compared male-led farm management and female-led farm management
households in terms of dairy cattle breed ownership. Female-led farm management
households are more likely to focus on local dairy cattle farming, particularly in rural
settings. These gender-based patterns are consistent with other findings where access
to resources such as land, credit, and extension services has been identified as a
significant. This study highlights that female-led farm management households
demonstrate notable involvement in medium- and large-scale farming, presenting an
opportunity for targeted support to boost productivity. While small-scale farming
remains the most common, interventions aimed at improving efficiency and
sustainability are critical for both genders. Furthermore, tailored strategies that address
the unique challenges faced in rural versus urban areas, along with gender-sensitive

interventions, are crucial for promoting sustainable dairy development (FAO, 2019).

4.3. The role of gender in dairy farm management

As illustrated in Figure 6, in female led farm management households, the purpose of
keeping dairy cows falls to three main categories namely milk for home and sale, for
sale of raw milk only, and to process and consume it at home. While in male led farm
management households, milk is mainly produced for two main reasons, as for home
consumption and sale as well as for sale only. Both female-led farm management and
male-led farm management households primarily keep dairy animals to produce milk
for household consumption, with 10% of all households reporting this as their sole
motivation. Large proportion of male-led farm management households 48% were
more involved in milk sales that their counter female-led farm management households
with only 29.3%.

A smaller but noteworthy group (14%) of exclusively female-led farm management
households reported raising dairy animals for a combination of household use, raw milk
sales, and butter production, indicating a broader approach to value addition.

Conversely, raw milk sales alone accounted for 36% of household motivations, with
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male-led farm management households (41.3%) more likely to rely solely on this

income stream than female-led farm management households (30.7%).

These gender patterns in dairy cattle management reflect the broader socio-economic
differences which also somehow indicates income diversification and market
engagement. As supported by studies like Njuki et al., (2011) and Mutua et al., (2014),
female dairy farmers often pursue multi-product strategies (milk, butter, ghee) to meet
household needs and mitigate market barriers, while men more frequently specialize in
raw milk sales due to stronger market linkages and resource access. These findings also
reaffirm Kristjanson et al., (2010), who explained that women's roles in livestock

systems are more tightly linked to food security, whereas men are more market-oriented.

Dairying Purpose by

HH consumption, Raw milk, and Butter for
sale
Raw milk to sale Butter to

HH consumption and Butter to

HH consumption

Raw milk for

HH consumption and Raw milk

for sale
4 2 0 2

Percentage

Sex of HH Female Male

Figure 6 Purpose of keeping dairy animals

Figure 7 shows dairy animal feed resources and role of gender in feed management.
The figure shows that roughages and roughage combinations are the predominant feed
choices for both female- and male-led farm management households. Among all
respondents, 29.3% used roughages alone, with female-led farm management

households slightly ahead (32%) compared to male-led farm management households
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(26.7%). Similarly, a mix of roughages and by-products was reported by 30% of
households, with female-led farm management households (32%) again slightly more

inclined than male-led farm management ones (28%).

Interestingly, when it comes to roughages paired with concentrates, male-led farm
management households showed a marked preference: 40% compared to only 25.3%
among female-led farm management households. Meanwhile, mixed feed was the least
used overall, reported by just 8% of households, predominantly female-led farm

management (10.7%) compared to male-led farm management (5.3%).

These findings suggest that while roughages and by-products are core to feeding
strategies for both genders, male-led farm management households are more inclined
towards concentrate use, likely due to greater access to financial resources or
commercial feed markets (Tegegne et al., 2013; Tangka et al., 2002). Female-led farm
management households, on the other hand, maintain diversified but often lower-cost
feeding systems, consistent with their adaptive strategies noted in similar smallholder
systems (FAO, 2011; Njuki et al., 2011).

Feed Type Usage by Gender
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Roughages and By-products
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Figure 7. Major feed resources by Gender HH
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4.4. The role of gender in dairy barn management and animal care practices

Figure 8 shows dairy barn management and the role of gender. The way cleaning time
is distributed in dairy barns and sheds shows some interesting differences between
households led by men and those led by women. For male-led farm management
households, 16.7% spent four hours cleaning, while 30.7% (23 households) dedicated
two hours, and 21.3% (16 households) only spent one hour. On the flip side, female-
led farm management households mostly spent three hours on cleaning, with a striking
85.3% (64 households) reporting this duration. Only 14.7% of female-led farm
management households took four hours to clean, and none reported spending just one

or two hours.

Role of Women in Milk Value Additions and Microbiological Quality
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Figure 8 Role of Women in Milk Value Additions and Microbiological Quality

When we look at the Chi-Square test for independence, it shows a significant difference
in cleaning times based on the sex of the household head. The Pearson Chi-Square value
came in at 59.872 (p < 0.001), and the effect size, measured by Cramer’s V, was 0.632,
indicating a strong effect. This suggests that the time spent cleaning the dairy barn or
shed is closely linked to whether the household is led farm management by a man or a
woman. Overall, it seems that male-led farm management households have a more
varied approach to cleaning times, while female-led farm management households tend
to stick to a more consistent three-hour routine. These findings align with studies by
Keba et al. (2025) and Amenu et al. (2020), which underscore the pivotal role women
play in enforcing consistent and hygienic milk handling practices. Both studies
employed observational checklists and noted that women’s involvement in daily barn
sanitation was significantly more structured and time-intensive. Similar gendered
patterns in agricultural labor division and attention to hygiene have been reported in
other contexts as well (Njuki et al., 2011; Kristjanson et al., 2014).

4.5. The role of gender in dairy cows" health management

The way animal service providers are distributed among farmers shows some
interesting gender-based trends in how these services are used. Most households,
whether led by women or men, reported reaching out to animal health professionals for
help. Specifically, 69.3% of female-led farm management households and 57.3% of
male-led farm management households turned to these experts, making them the top
choice overall, with 63.3% of all respondents seeking their assistance. This indicates
that female-led farm management households are more proactive in engaging with
animal health professionals, representing 34.7% of all participants, while male-led farm
management households accounted for 28.7%. Veterinarians came in as the second
most sought-after option, with 30.7% of female-led farm management households and
40% of male-led farm management households relying on them, which together makes
up 35.3% of the total sample. On the other hand, traditional animal service providers
were hardly used, with only two male-led farm management households (2.7%)

reporting their use, and none from female-led farm management households.

Both female- and male-led farm management households depend significantly on

modern animal health services, but it seems that female-led farm management farms
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are more proactive in seeking help from professionals. Interestingly, traditional service
providers are seldom utilized, indicating a shift towards formal veterinary care. This
trend mirrors findings from Ethiopia, where there's an increasing demand for animal
health services and noticeable gender differences in access and usage (Gizaw et al.,
2021). It underscores the importance of developing more inclusive and gender-sensitive
veterinary outreach, particularly in rural communities.

Table 1, Distribution of Animal Service Providers by Gender of Household Head

Animal Service Providers Female (%) Male (%0) Total (%)
Animal health professionals 69.3 57.3 63.3
Traditional 0 2.7 1.3
Veterinarians 30.7 40 35.3

As illustrated in Figure 9, the way animal health management is handled varies between
households led by women and those led by men. Interestingly, a significant proportion
(77.3%) of female-led farm management households take charge of their animals'
health themselves, while only 53.3% of male-led farm management households do the
same. This translates to 58 female-led farm management households, making up 38.7%
of the total, practicing self-management, compared to 40 male-led farm management
households, which account for 26.7%. On the flip side, a larger share of male-led farm
management households 46.7% turn to someone else for help with animal health,
whereas just 22.7% of female-led farm management households do. Overall, 52
households, or 34.7%, seek assistance from others, with 35 of those being male-led

farm management households, representing 23.3% of the total.
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Gender roles in animal health management
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Figure 9: Gender differences in managing animal health among dairy households.

When we look at the Chi-Square test for independence, it reveals a significant link
between the sex of the household head and how animal health is managed. The Pearson
Chi-Square value stands at 9.537 (p = 0.002), indicating a strong association. These
findings suggest that female-led farm management households are more inclined to
manage animal health on their own, while male-led farm management households tend

to seek help from others.

The results indicate that female-led farm management households are more likely to
manage animal health on their own, potentially due to limited access to external support
or a stronger sense of responsibility. In contrast, male-led farm management households
more often seek assistance, possibly reflecting different management styles or better
access to resources. These findings are consistent with recent research showing that
women farmers frequently face barriers such as time constraints, mobility limitations,
and social norms that reduce their access to veterinary and extension services
(Gemechu, 2023). The significant Chi-Square result reinforces the importance of
integrating gender considerations into the design of animal health and extension

programs to ensure they are accessible and effective for all households.
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4.6 Milk production and processing
4.6.1. Gender role in milk production

The analysis of milk production roles by gender highlights some important differences
between households led by women and those led by men. Large proportion (93.3%) of
female-led farm management households report that they handle both animal care and
milk production, while only 42.7% of male-led farm management households share
these duties. The most common role for men in these households is just animal care,
with 13.3% focusing solely on that task 10 male-led farm management households, or
6.7% of the total, identified it as their main responsibility. Additionally, 22.7% of male-
led farm management households mentioned they have other tasks related to milk
production, totaling 17 households (11.3%). On the flip side, female-led farm
management households are much less likely to take on just animal care or other roles.
A mere 1.3% of them are solely responsible for animal care, and 5.3% report having
other responsibilities. Interestingly, 70 female-led farm management households

(46.7% of the total) manage both animal care and milking.
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Figure 10. Primary Role in milk Production by Gender HH
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The results from the Chi-Square test reveal a strong connection between gender and
primary roles in milk production, with a Pearson Chi-Square value of 45.568 (p <
0.000). The effect size, measured by Cramer’s V, stands at 0.551, indicating a
significant impact. This suggests that roles in milk production and animal care vary
notably depending on whether the household head is male or female. Female-led farm
management households are more likely to juggle both responsibilities themselves,
often out of necessity due to limited help at home and a strong commitment to essential
farm tasks. In contrast, male-led farm management households tend to split these
responsibilities, with men focusing more on specific tasks like animal care, which may

reflect different gender expectations or better access to resources.

A study in the Afar region of Ethiopia supports this, showing that women in female-led
farm management households take on a broader range of livestock duties because of
limited external support, while men in male-led farm management households often
concentrate on particular roles, with other family members assisting elsewhere
(Nigussie, Hoag, & Alemu, 2014). Similarly, research from the Somali region
highlights the critical but often under-recognized role of women in livestock
management, despite their challenges in accessing resources and decision-making
power (Foelster, Buluma, & Kamel, 2024). These findings align with broader research
indicating that women frequently manage multiple livestock-related tasks but lack

adequate recognition and support (Kristjanson et al., 2010).

Together, these patterns underscore the urgent need for gender-sensitive extension
services that truly reflect and support the realities of who is doing the work in livestock

and milk production.
4.6.2. Gender role in milk processing

Large proportion (77.3%) of female-led farm management households are actively
engaged in milk processing at home, while only 4.1% of male-led farm management
households can say the same. A significant 95.9% of male-led farm management
households are involved indirectly in milk processing, compared to only 22.7% of
female-led farm management households. When we look at the bigger picture, 59.1%
of all households are indirectly involved in milk processing, with 47.7% of those being
male-led farm management. In contrast, 40.9% of households are directly involved, and
the majority of those (38.9%) are female-led farm management. The results from the

Chi-Square test show a statistically significant link between gender and involvement in
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milk processing, with a Pearson Chi-Square value of 82.724 (p < 0.000). Additionally,
the effect size measured by Cramer’s V was 0.745, which indicates a very strong effect.
This suggests that female-led farm management households are much more likely to be
directly involved in milk processing, while male-led farm management households tend

to be more indirectly involved.

Gender-Based Involvement in Milk Processing

Directly involved

Gender

. Female
. Male

Indirectly involved

100 50 0 50 100

Percentage of Respondents
%5 =18272 ,p <0001

Figure 11. Involvement in Milk Processing

4.7. Income from dairy products

Figure 13 shows the income of farmers from dairy sales, as disaggregated by study
locations total income. In Hawassa, 44.1% of households fall into the low milk income
category, accounting for households 27.6% of the total sample. On the other side, a
larger portion of households 55.9% have high milk income, households representing
14.2% of the total. There are no households in Hawassa that fall into the middle-income
category for milk. Moving over to Shashemene, the numbers tilt heavily towards high
milk income, with an impressive 93.8% of households reporting high income. Just 6.3%
are in the low-income bracket, and again, there are no middle-income households here.
Yirgalem presents a more even picture, with 29.4% of households reporting low milk
income. A small slice, about 7.4%, fall into the middle-income category, while a solid
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Percentage of Households

63.2% of households in Yirgalem report high milk income. To sum it all up, both
Hawassa and Yirgalem have a good number of households with high milk income, but
Shashemene stands out with an overwhelming majority reporting high income. Low-
income households are more common in Hawassa and Yirgalem, but they’re quite rare

in Shashemene.

Distribution of Milk Income Categories by Location

Proportional stacked bars
100%
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Hawassa Shashemene Yirgalem
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Figure 12: Total income by location

Figure 13 shows dairy incomes as disaggregated by gender. The breakdown of total
milk income by gender shows that female- and male-led farm management households
have a pretty balanced income distribution. Both types of households report similar
percentages across different income brackets. When we look at low-income households,
28.4% of female-led farm management households report low milk income, while 26.9%
of male-led farm management households are in the same boat. This indicates a slight
edge for female-led farm management households in this category. For middle-income
households, the numbers are 3.0% for female-led farm management households and

4.5% for male-led farm management households. The difference is minimal, but it does
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show a slightly higher percentage of male-led farm management households in this
income range. Most households, regardless of gender, report high milk income, with

68.7% of both groups landing in this category.

Proportional Distribution of Milk Income by Gender of
Household Head

. Female-led farm management [ Male-led farm management
100
75
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25

Percentage within Income Level
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Milk Income Level

Figure 13: Distribution of income by sex of HH

It's crucial to recognize that these findings might obscure deeper gender-related
disparities in areas like labor, asset ownership, and decision-making authority that
income categories alone don't reveal. As Kristjanson et al., (2010) pointed out,
traditional gender roles within households often lead to unequal control over income,
assets, and productive resources, which can have a significant impact on economic
outcomes. Moreover, research from Doss (2013) and Quisumbing & Maluccio (2003)
highlights that women's involvement in decision-making especially concerning
agricultural resources might not be adequately represented in income distributions.
Additionally, qualitative research could shed light on how income is generated, utilized,
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and managed within households, particularly when gender dynamics play a role in
resource allocation (Njuki & Sanginga, 2013).

4.8 Observations on dairy farms: role of gender in Dairy Farm Management
Practices

The results revealed that out of the 14 variables, 8 demonstrated statistically significant
differences (p < 0.05) between the two household head categories. Chi-Square tests
were primarily used for the analysis, and Fisher's Exact Test was applied for those
variables with small expected frequencies where the Chi-Square assumptions were not

met.

Female-led farm management households (FHHs) were found to have significantly
higher engagement or better practices in several critical areas. Specifically, milking
hygiene (p = 0.0001), milk storage (p = 0.0027), product quality and safety measures
(p < 0.0001), and hygiene and sanitation practices (p = 0.0002) were all more
consistently observed among female-led farm management households. These findings
suggest that FHHs may be more attentive to hygienic and quality-related practices in

milk production, which are essential for ensuring food safety and consumer health.

In addition to hygiene practices, FHHs were also more involved in milk processing
activities (p < 0.0001) and the utilization of value-added opportunities (p < 0.0001),
indicating a stronger role in transforming raw milk into processed products, potentially
as a strategy to increase household income and product shelf life. Furthermore, FHHs
showed significantly better practices in feed management (p = 0.0282), which may
reflect careful resource allocation or stronger adherence to nutritional requirements for

livestock.

Conversely, male-led farm management households (MHHs) showed higher
involvement in farm infrastructure development (p = 0.0482) and herd management
practices (p = 0.0021). This suggests that MHHs may have greater access to capital and
labor for infrastructure investment, or they may prioritize herd expansion and routine

animal care more than FHHs.

For the remaining six variables transportation practices, access to markets, technology
adoption, community social aspects, and community development initiatives no

statistically significant gender differences were observed (p > 0.05). This indicates that
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both male-led farm management and female-led farm management households face
similar conditions or exhibit comparable behaviors in these domains, possibly due to
shared challenges or equal exposure to external interventions such as community
programs and training.

Findings from the observational checklist in this study highlight meaningful gender-
based disparities in several key areas of dairy farming, particularly those related to
hygiene, milk processing, and feed management. Female-led farm management
households demonstrated greater attention to milk safety and value addition, while
male-led farm management households had advantages in physical infrastructure and
herd management. These insights suggest the need for gender-responsive agricultural
interventions that build on the strengths of each group while addressing their specific
constraints to enhance overall productivity, quality, and economic outcomes in dairy

value chains.

Gender Comparison of Dairy Practice Ratings

B Male-led farm management HH

B Female-led farm management HH
Farm Practices

A. Farm Infrastructure
B. Herd Management
C. Feed Management
D. Milking Hygiene

E. Milk Storage

. Practice Rating Index
F. Product Quality and Safety

G. Transportation Practices b L ! f Extreme Poor
. o 2 = Poor

H. Hygiene and Sanitation 3 = Fair

1. Milk Processing 4 = Good

J. Value Addition Activities 5 = Excellent

K. Market Access E
L. Technology Adoption

M. Community Participation

N. Community Development
Involvement

Figure 14: Farm management practice from observational checklist
This study adds to the growing body of research that highlights women’s often

underrecognized contributions to dairy management. While Keba et al., (2025) used a
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similar observational approach to track improvements in dairy hygiene after training
programs. Amenu et al., (2020) relied on what farmers said they did, rather than what
was directly observed and they acknowledged this as a limitation. By combining
reported data with on-site observations, this study fills that gap and provides a more
complete, trustworthy picture. It also shows how powerful observational tools can be

when it comes to understanding and comparing gender roles in farming practices.

4.9 Microbial quality and safety of milk
4.9.1 Total plate count (TPC)

As shown in Figure 14, in this study, while all milk samples from both female- and
male-led farm management households met the Ethiopian Standard for microbial load
(1,000,000 CFU/ml), a closer look at the data revealed a notable gender-based
differences in milk quality. The chi-square test indicated a significant correlation
between gender and microbial load (y¥*(2) = 18.899, p < 0.001). Specifically, milk
samples collected male-led farm management households have higher microbial counts
than their female counterparts. This suggests that although both groups adhered to
national microbial standards for TPC, the finding underscores the importance of
disaggregating reports by gender, showing the role of females in keeping the quality
and safety of dairy products. This also highlights the need for targeted interventions in
dairy production and hygiene practices, especially considering the differences between

genders.
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Figure 15, Logo total plate count (CFU/mL) in raw milk samples by household gender. Violins
show the full distribution, boxplots the median and IQR, and black dots the group means. Points
are individual samples.

4.9.2 Total coliform count

This analysis takes a closer look at the coliform bacterial load (CFU/mL) in milk
samples gathered from households led by both females and males, employing a mix of
categorical and non-parametric statistical methods. The results from the Wilcoxon test
showed a significant difference in coliform levels between the genders (W = 425.5, p
< 0.001), indicating that male-led farm management households had higher microbial
loads. The chi-square test (}*> = 12.81, p < 0.001, ¢ = 0.40) further validated this

difference when samples were categorized into “Low” and “High” based on the median

CFU.
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The Ethiopian Standard threshold (1000 CFU/mL) was used as a national benchmark,
providing regulatory context for acceptable microbial quality. These findings are
consistent with global studies highlighting how women tend to adopt more hygienic
practices in dairy processing due to targeted training and their central role in household-
level milk handling (Keba et al., 2025; Nagasha et al., 2024). For example, Nagasha et
al., (2024) found that gender-based approaches significantly reduced microbial
contamination in smallholder milk systems across East Africa. Similarly, Amenu et al.,
(2020) demonstrated that community-based, gender-sensitive training led to improved

hygiene and lower bacterial loads in pastoralist settings.

The current study's use of non-parametric tests and log-transformation aligns with
microbial assessment standards outlined in traditional dairy safety evaluations (Abera
& Mideksa, 2020). Moreover, studies have shown that barriers to resource access and
training often disadvantage male-led farm management households in terms of milk
safety practices, possibly due to lower engagement in direct milking and cleaning
processes (Njuki & Sanginga, 2013). These barriers were observed in Ethiopia, where
female farmers were found to face higher equipment access challenges, yet their milk
quality was similar to that of their male counterparts (Keba et al., 2025). This resonates
with findings from other developing countries, such as Bangladesh, where gender-
based differences in dairy hygiene practices were also noted (Ahmed et al., 2023).
Furthermore, global studies have highlighted how education plays a critical role in the
adoption of modern, hygienic milking methods. Educated farmers, regardless of gender,
are more likely to embrace best practices, reducing microbial contamination in milk
(Tegegne et al., 2013).

The relationship between education and the adoption of hygienic methods is well-
documented globally. For instance, in a study conducted in Bangladesh, researchers
found that farmers with higher education were significantly more likely to engage in
improved hygiene practices, leading to safer milk (Hasan et al., 2021). These global
parallels reinforce the conclusion that gender-based differences in milk hygiene are
both statistically significant and structurally influenced, warranting further targeted

intervention.
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A violin plot (see Figure 16) visually emphasizes the distribution and central tendency
of the log-transformed coliform counts by gender. Together, these methods and global
perspectives underscore the importance of addressing gender inequalities in dairy
farming and hygiene practices. Further research is needed to explore how gender-

sensitive interventions can be scaled up to improve milk safety worldwide.

Logw (CFU/mL + 1) by Gender
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Figure 16, Violin plot showing the distribution of log-transformed coliform microbial
load (CFU/mL + 1) by gender. The plot includes individual data points, median (black
dot), and mean (text label) values.

4.9.3 Overall E. coli Contamination

Among the 31 milk samples that passed the three-phase confirmation protocol (see
Section 3.3.3.4.), the distribution of contamination levels by sex of the household head
revealed that, for female-led farm management households (F), 7 out of 13 (54%)
samples were classified as ‘Low’ contamination, while 6 (46%) were categorized as
‘High.” For male-led farm management households (M), 4 out of 18 (22%) samples
were classified as ‘Low,” with 14 (78%) falling into the ‘High’ category. A Chi-square

test was performed to assess the statistical association between the sex of the household
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head and E. coli contamination levels. The test yielded a p-value of 0.1511, indicating
that the difference in contamination levels between male- and female-led farm
management households was not statistically significant. Furthermore, a Fisher’s Exact
Test returned a p-value of 0.1277, with an odds ratio of 3.88 (95% CI: 0.68-26.04),
further suggesting that no significant association exists between sex and contamination

level.

The study also examined the relationship between E. coli contamination levels and the
geographical location of the samples, which were grouped into three regions: Hawassa,
Shashemene, and Yirgalem. In Hawassa, 4 out of 5 (80%) samples were classified as
"Low," and 1 of 5 (20%) was "High." In Shashemene, 6 out of 11 (55%) samples were
"Low," and 5 of 11 (45%) were "High." In Yirgalem, 1 out of 7 (14%) samples was
"Low," while 6 out of 7 (86%) were "High." A one-way ANOVA was conducted to
evaluate whether E. coli contamination levels varied significantly across the three
locations based on the Estimated CFU per mL values. The ANOVA result showed an
F-statistic of 1.781 with a p-value of 0.187, indicating that there was no statistically

significant difference in contamination levels across the three locations

While there were noticeable variations in contamination levels between male- and
female-led farm management households and across different geographical locations,
the statistical analyses did not reveal any significant associations. Both the Chi-square
and Fisher’s Exact tests for sex and the ANOVA for geographical location suggest that
the differences in contamination levels are not statistically significant at the 5%

significance level.

Table 2. One-way ANOVA assesses the variation in raw milk's E. coli contamination

levels (CFU/mL) across different geographical locations.

Source Df Sum Sq Mean Sq F value Pr(>F)
Location 214978 x10° 2.489 x 10° 1.781 0.187
Residuals 28 | 3.914 x 10" 1.398 x 10°
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4.10 Socio-economic Factors Affecting in Milk Value Additions

The in-depth analysis uncovered significant differences among various demographic
groups (}2(3) = 90.78, p < .001). Younger processors aged 18-30 exhibited less
standardization compared to their middle-aged peers ()2 = 3.59 vs. 81.90), a pattern
linked to limited technical experience and reduced access to capital at early stages of
entrepreneurship (Omore et al., 2009). Gender disparities were also pronounced:
female processors encountered equipment access barriers that were 1.8 times greater
(x> = 84.13, p < .001), yet managed to achieve similar product quality (p = .61),
reflecting resilience despite structural disadvantages (Njuki & Sanginga, 2013). Urban
centers like Hawassa showcased 89% gender parity in adopting milk processing
techniques (y*> = 17.57, p <.001), a trend that supports Amenu et al., (2020)’s findings
on the effectiveness of community-based interventions in urban and peri-urban areas.
In contrast, female processors in Yirgalem faced capital constraints 2.1 times higher
than males in Hawassa (3> = 81.78, p <.001), overshadowing the 3.7-fold difference in
equipment availability between the regions (x> = 64.12 vs. 17.57), emphasizing the
rural-urban equity gap documented by Abera and Mideksa (2020). Education played a
crucial role; processors with higher education were 2.3 times more likely to adopt
modern practices regardless of gender (¥2(1) = 16.12, p <.001), corroborating evidence
that education drives innovation uptake across the dairy value chain (Omore et al.,
2009; Tegegne et al., 2013).
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Table 3, Summary of Gender-Household Factors Affecting in Milk Value Additions

A_naly3|_s Results Gender Findings Synthesis

Dimension

Overall Model  *(3)=90.78*** Not shown Gender tests are subsets
18-30yo: ¥*=3.59

Age Effects 31-50yo0: Not analyzed Age patterns consistent
?=81.90%**

Gender Effects

Urban-Rural

Education

Workload: p=.61
(NS)

Hawassa:
=17.57***
Yirgalem:
P=64.12%**

OR=2.3%***
(=16.12)

Equipment:
YP=84.13%**
Quality: p=.61

Hawassa: 89%
parity
Yirgalem: 2.1x
constraints

No gender
difference

Different aspects vary

Urbanization reduces gap

Equal benefits

*** n<0.001; NS=Not Significant; OR=0dds Ratio

(

Age
x*=3.59/81.90

Figure 17, Flowchart showing how gender-specific analyses branch from the full
demographic model. Left branch highlights planned gender comparisons and analytical

links.

Full Model j

¥2(3)=90.78%%*

N~

Location

Education
¥’=17.57/64.12 OR=2.3
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Measure

A Chi-Square Values across Demographic Measures B Disparity Ratios across Measures

Overall 90.78
Differences . A
Equipment Availability
Difference
Equipment Access 84.13
(Females)
Standardization: 81.9 Modern Methods (Higher
Middle-aged Education)
Capital Constraints 81.78
(Yirgalem Females)

Capital Constraints
g(YirgaIem Females)

Equipment Availability 64.12 8

Difference =
Gender Parity (Hawassa 17.57 Equipment Access
Techniques) (Females)

Modern Methods (Higher 16.12

Education)

Gender Parity (Hawassa

Standardization: Techniques)

[ ]
w
13
©

Age 18-30
0 2 5 7
5 0 5
Chi-Square
Value Ratio

Figure A — Chi-Square Values across Demographic Measures: This plot displays the chi-square
statistics for different measures, confirming significant differences among groups (Overall: ¥*(3)=90.78,
p<.001). Younger processors (18-30) show less standardization (}>=3.59) compared to middle-aged
processors (¥>=81.90), and females face notable equipment access barriers (}*>=84.13, p<.001), despite

similar product quality (p=.61).
Figure B — Disparity Ratios across Measures: This chart illustrates disparity ratios, where females face
1.8 times greater equipment access barriers, urban gender parity in technique adoption is 0.89 (89%),

female processors in Yirgalem experience 2.1 times higher capital constraints, and equipment
availability differences reach a 3.7 times disparity. Additionally, processors with higher education are

2.3 times more likely to adopt modern methods (%*(1)=16.12, p<.001).
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5. SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

This study of the Shashemene, Hawassa, and Yirgalem districts highlight the distinct
contributions of female-led farm management and male-led farm management
households to the dairy value chain. Using household surveys, microbial assays, and
structured observations. Female-led farm management households were significantly
more involved in direct milk processing compared to male-led farm management
households, a relationship confirmed by a strong and statistically significant association.
From the observational checklist, we found that women are central to daily dairy
operations from animal care to milk production, while also adopting diverse, low-cost
feed strategies and actively engaging in value addition. These practices result in
improved on-farm hygiene and lower microbial loads in raw milk, despite women
operating with comparatively limited infrastructure. Male-led farm management
households benefit from stronger physical assets and greater access to commercial feeds
and veterinary services. While income levels were similar across household types,
women faced more pronounced barriers to resources, education, and decision-making.
The findings confirm meaningful gender-based differences in dairy management,
handling practices, and milk quality. Notably, lower total plate counts, coliforms, and
E. coli levels were observed in milk from female-led farm management farms, although
E. coli differences were not statistically significant. Education, farm size, and

geographic location also played key roles in shaping these outcomes.

These insights affirm the study’s hypothesis: women, despite structural disadvantages,
play a vital role in enhancing milk safety and value addition. Thus, gender-sensitive
interventions should not only improve infrastructure but also recognize and strengthen
the effective practices already in place, particularly those led by women. Future
research should examine the social and behavioral factors underlying these gender
differences and develop tailored strategies to enhance dairy productivity and milk

quality across all household types.

It is strongly advised to focus targeted support on female-led farm management
households, enhancing their access to resources, technical training, and market

connections. Strengthening their decision-making authority and integrating them more
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deeply into extension services will be essential for maintaining and expanding their

positive effects on milk quality and value addition.

56



6. REFERENCES

Abebe B, Zelalem Y &Ajebu N (2013). Handling, processing and utilization of milk
and milk products in Ezha district of the Gurage zone, Southern Ethiopia. J.
Agric. Biotech. Sustain. Dev. 5(6):91-98.

Abebe B, Mohammed Yesuf K & Yilma Z (2014). Handling, Processing and
Utilization of Milk and Milk Products in Ethiopia: A Review. World Journal
of Dairy and Food Sciences 9:105-112.

Abebe, W., & Galmessa, U. (2011). Gender role in peri urban dairy production system
of Ambo town, Ethiopia. Journal of Agricultural Extension and Rural
Development, 3, 224-228.

Abebaw, D., & Haile, M. G. (2013). The impact of cooperatives on agricultural
technology adoption: Empirical evidence from Ethiopia. Food Policy, 38(1),
82-91. https://doi.org/10.1016/j.foodpol.2012.10.003

Abera, H., & Mideksa, T. (2020). Tradition processing, handling and mitigation
systems of milk and milk products in the Nekemte milk shed of Ethiopia.
Global Veterinaria, 22(3), 149-159.
https://doi.org/10.5829/idosi.gv.2020.149.159

Adane, B. T. (2020). Value Chain Analysis of Smallholder Dairy Production in Debark
District, Ethiopia. 1-13.

Adesogan, A. T., & Dahl, G. E. (2020). MILK Symposium Introduction: Dairy
production in developing countries *. Journal of Dairy Science, 103(11),
9677-9680. https://doi.org/10.3168/jds.2020-18313

AGP-LMDP  (Agricultural Growth Project-Livestock Market Development

Programme). 2013. Value chain analysis for Ethiopia: meat and live animals;

hides, skins and leather; dairy (available at
www.usaid.gov/sites/default/files/documents/1860/AGPLMD%20Value%?2
0Chain%20Analysis.pdf

Ahmed, M. U., Rahman, M. S., & Akter, S. (2023). Coliform bacterial contamination
of dairy products and antimicrobial susceptibility patterns in Northwest
Ethiopia. Journal of Dairy  Science, 106(2), 437-448.
https://doi.org/10.3168/jds.2022-11014

Al-blooshi, M. N., Al-Mazrouei, M. A., & Al-Awadhi, A. M. (2021). Isolation and

identification of Escherichia coli from dairy products using selective and

57


https://doi.org/10.1016/j.foodpol.2012.10.003
https://doi.org/10.3168/jds.2020-18313
http://www.usaid.gov/sites/default/files/documents/1860/AGPLMD%20Value%20Chain%20Analysis.pdf
http://www.usaid.gov/sites/default/files/documents/1860/AGPLMD%20Value%20Chain%20Analysis.pdf
https://doi.org/10.3168/jds.2022-11014

differential media. Journal of Microbial Methods, 80(4), 210-215.
https://doi.org/10.1016/j.mimet.2021.106078

Alganesh TG, Fekadu B (2012). Traditional milk and milk products handling practices
and raw milk quality in Eastern Wollega, Ethiopia. In: Laura Dean (ed.) LAP
Lambert Academic Publishing. HeinrichBocking-Str. 6-8, 66121
Saarbriicken, Germany www.lappublishing.com pp .85. ISBN 978-3-8484-
3573-9. 4.

Alonso, S., Muunda, E., Ahlberg, S., Blackmore, E., & Grace, D. (2018). Beyond food
safety : Socio-economic effects of training informal dairy vendors in Kenya.
Global Food Security, 18(August), 86-92.
https://doi.org/10.1016/j.9s.2018.08.006.

Amenu, K., Agga, G. E., Kumbe, A., Shibiru, A., Desta, H., Tiki, W., ... & Wieland, B.
(2020). Milk symposium review: Community-tailored training to improve
the knowledge, attitudes, and practices of women regarding hygienic milk
production and handling in Borana pastoral area of southern Ethiopia.
Journal of Dairy Science, 103(10), 9748-9757.
https://doi.org/10.3168/jds.2020-18292

Amenu, K., Wieland, B., Szonyi, B., & Grace, D. (2019). Milk handling practices and
consumption behavior among Borana pastoralists in southern Ethiopia.
Journal of Health, Population and Nutrition, 38(1), 6.
https://doi.org/10.1186/s41043-019- 0163-7.

Amenu, K., Agga, G. E., Kumbe, A., Shibiru, A., Desta, H., Tiki, W., Kerro Dego, O.,
Wieland, B., Grace, D., & Alonso, S. (2019). Improving milk handling
practices and microbiological safety in Borana pastoral communities in
Ethiopia. Focus, 36, 1-4.

Amentie, T., Eshetu, M., Mekasha, Y., & Kebede, A. (2016). Milk postharvest handling
practices across the supply chain in Eastern Ethiopia. Journal of Advanced
Veterinary and Animal Research, 3, 112-126.

Amistu K, Degefa T, Melese A (2015). Assessment of raw milk microbial quality at
different critical points of Oromia to Milk Retail Centers in Addis Ababa. F
ood Sci. Qual. Manag. 2015(38):1-9.

Anand, S.K. (2005). Quality assurance and public health safety of milk and milk

products-a review. Indian Journal of Animal Sciences, 75.

58


https://doi.org/10.1016/j.gfs.2018.08.006.

Animal Health Service Netherlands Animal Health Service. 1981. Annual Report, GD,
Zwolle, the Netherlands (in Dutch).

Anthopoulou Theodosia, and Stavriani Koutsou (2010). “Local Agri - Food Products
of Women s Cooperatives . The * Feminine Side ’ of Quality ( Greece ).”
(July): 1712-20.

Aregu, L., Bishop-Sambrook, C., Puskur, R. & Tesema, E. (2010). Opportunities for
promoting gender equality in rural Ethiopia through the commercialization
of agriculture. IPMS (Improving Productivity and Market Success) of
Ethiopian Farmers Project Working Paper 18. Nairobi, ILRI (International
Livestock Research Institute).

Ayalew Henok, Amhare B. & Biruhtesfa. A. (2013). Review on food safety system:
Ethiopian perspective. African Journal of Food Science, 7(12), 431-440.
https://doi.org/10.5897/ajfs2013.1064

Battu R, Singh SB, Kang BK (2004). Contamination of liquid milk and butter with
pesticide residues in the Ludhiana district of Punjab state, India. Ecotoxicol.
Environ. Saf. 59:324-331.

Belete, M. (2019). Women Role in Agricultural Value Chain: Review in Ethiopia. 45,
16-19. https://doi.org/10.7176/JCSD.

Beyene, B. (2015). Review on value chain analysis of dairy products in Ethiopia
College of Agriculture and Veterinary Medicine, Jimma University. Journal
of Economics and Sustainable Development, 6(1), 26-37 (available at
www.iiste.org/Journals/index.php/JEDS/ article/viewFile/18960/19542).

Bereda, A., Kurtu, M.Y., & Yilma, Z. (2014). Handling, Processing and Utilization of
Milk and Milk Products in Ethiopia: A Review. World Journal of Dairy &
Food Sciences, 9, 105-112.

Birhanu Megersa Lenjiso, Jeroen Smits & Ruerd Ruben (2016). Transforming Gender
Relations through the Market: Smallholder Milk Market Participation and
Women's Intra-household Bargaining Power in Ethiopia, The Journal of
Development Studies, 52:7, 1002-1018, DOI:
10.1080/00220388.2016.1139693.

Brhane, G., & Weldegiorgis, Y. (2019). Advances in Dairy Research Review on
Characteristics of Dairy Value Chain: Way Forward to Design Viable
Strategies for Upgrading in Ethiopia. J Adv Dairy Res, 7(2 No:222), 1-5

59


https://doi.org/10.7176/JCSD

Bonfoh, B., Wasem, A., Traore, A.N., Fane, A., Spillmann, H., Simbe, C.F., Alfaroukh,
I.0., Nicolet, J., Farah, Z., Zinsstag, J., (2003). Microbiological quality of
cows’ milktaken at different intervals from the udder to the selling point in
Bamako (Mali). Food Control 14 (7), 495-500

Bording-Jorgensen, S., Thomsen, K. A., & Holm, J. (2021). Enrichment of Escherichia
coli in tryptic soy broth for milk contamination testing. International Journal
of Dairy Science, 65(2), 103-110.
https://doi.org/10.1016/j.dairysci.2021.01.007

Buncic S (2006). On-farm phase in the context of the food chain. Integrated Food Safety
and Veterinary Public Health (ed. S. Buncic), CABI, Oxford. pp. 26-31.

Colverson, K. E. (2019). Gender analysis of the dairy and meat value chains in two
locations of Ethiopia. University of Florida.

CSA (Central Stastical Authority), 2022. Agricultural Sample Survey 2015/16 [2008
E.C.] Volume Il Report on Livestock and Livestock Characteristics (Private
Peasant Holdings). Addis Ababa, Ethiopia

CSA (Central Stastical Authority). (2013). Population projection of Ethiopia, 2007-
2037. Addis Ababa, Ethiopia.

CAC (Codex Alimentarius Commission) (2007). Codex Alimentarius Commission -
17th Procedural Manual, Rome: Codex Alimentarius Commission (CAC
(2007).

Deddefo, A., Mamo, G., Asfaw, M., & Amenu, K. (2023). Factors affecting the
microbiological quality and contamination of farm bulk milk by
Staphylococcus aureus in dairy farms in Asella, Ethiopia. BMC
Microbiology, 23(1), 1-13. https://doi.org/10.1186/512866-022-02746-0

DPC (Dabhol Power Company) (2001). Hazard Analysis Critical Control Point system
- HACCEP for the dairy industry. Guideline No. 55 in Guidelines for the Dairy
Industry Relating to Sanitation and Milk Quality, Volume 4 . Ed. Dairy
Practices Council. Keyport

Dehinenet G, Mekonnen H, Ashenafi M, Emmanuelle G. (2013). Determinants of raw
milk quality under a smallholder production system in selected areas of
Amhara and Oromia National Regional States, Ethiopia. Agric. Biol. J. N.
Am. 4(1): 84-90.

D.Ravinder, & S.P. (2016) ‘International Journal & Magazine of Engineering , Dairy Cooperatives and
Women Entrepreneurship - A study of Mulkanoor Women ’ s Cooperative Dairy’, International Journal

60



& Magazine of Engineering, Technology, Management and Research, 3 (2016)(7 (July)), p. 275
Adesogan, A. T., & Dahl, G. E. (2020). MILK Symposium Introduction : Dairy

production in developing countries *. Journal of Dairy Science, 103(11), 9677—
9680. https://doi.org/10.3168/jds.2020-18313

Belete, M. (2019). Women Role in Agricultural Value Chain : Review in Ethiopia. 45,
16-19. https://doi.org/10.7176/JCSD

D.Ravinder, & S. P. (2016). International Journal & Magazine of Engineering , ISSN
No : 2348-4845 Dairy Cooperatives and Women Entrepreneurship - A study of
Mulkanoor Women ’ s Cooperative Dairy. International Journal & Magazine of
Engineering, Technology, Management and Research, 3 (2016)(7 (July)), 275.

Manthekar, J. S., & Nigade, D. D. (2018). Participation and Decision Making Pattern
of Farm Women in Dairy Occupation. International Journal of Current
Microbiology and Applied Sciences, 6, 2948-2952.

Michael, Z. G. (2015). COLLEGE OF AGRICULTURE DEPARTMENT OF
AGRICULTURAL ECONOMICS THE ROLE OF GENDER IN DAIRY VALUE
CHAIN : THE CASE OF CENTRAL ZONE OF TIGRAY BY Approval sheet
Aksum University College of agriculture.

Obosha, D. W. (2020). Review on Gender Roles in Livestock Value Chain in. 5(4),
140-147. https://doi.org/10.11648/j.eeb.20200504.14

Tadesse, B. (2016). Gender Disaggregated Analysis of Milk Value Chain in Major
Milk Producing Towns of Jimma Zone , Southwestern Ethiopia. 19(Baden 1998),
1-9.

Woldu, T., Tadesse, F., & Waller, M. (2013). Women ’ s Participation in Agricultural
Cooperatives in Ethiopia. June.

Zahra, A., Mulema, A., Colverson, K., Odongo, D., & Rischkowsky, B. (2014). A
review of Ethiopia small ruminant value chains from a gender perspective. April.

Desalegne, Z. (2016). Opportunities and Challenges of Women in Milk Value Chain
Development : The Case of Batie and Adelie in East. International Journal
of Sciences, 4531, 26-40.

Doss, C. R. (2013). Intrahousehold bargaining and resource allocation in developing
countries.  World Bank Research  Observer, 28(1), 52-78.
https://doi.org/10.1093/wbro/lks012

Edemo, H. (2017). Gender assessment of dairy value chains: evidence from

Ethiopia. Gender assessment of dairy value chains: evidence from Ethiopia.

61



Ethiopian Standards Agency. (2021). Raw whole cow milk — Specification (2nd ed., ES
ISO 6610; ES 1SO 5541-1/2). Ethiopian Standards Agency.

Evans, J.R., Lindsay, W.M. 1996. The management and control of quality. West Publ.
Company, St. Paul, MN, USA.

European Commission. (2005). Regulation (EC) No 2073/2005 of the European
Parliament and of the Council on microbiological criteria for foodstuffs.
Official Journal of the European Union, L338, 1-26. https://eur-
lex.europa.eu/eli/reg/2005/2073/0j

FAO (Food and Agriculture Organization) of the United Nations. (2019). The future of
food and agriculture: Trends and challenges.
https://www.fao.0rg/3/i6583e/i6583e.pdf

FAO (Food and Agriculture Organization) & New Zealand Agricultural Greenhouse

Gas Research Centre. (2017). Supporting low emissions development in the
Ethiopian dairy cattle sector — reducing enteric methane for food security
and livelihoods. Rome. 34 pp.

FAO (Food and Agriculture Organization). (2017). Gender assessment of dairy value
chains: evidence from Ethiopia, by Herego E.,Rome, Italy.

FAO (Food and Agriculture Organization). (1999) “The Technology of Traditional milk
products in developing counties. FAO Animal Production and Health Paper
85”. Food and Agriculture Organization of the United Nations, Rome, Italy:
333

FAO (Food and Agriculture Organization) of the United Nations & World Health
Organization. (2006). Understanding the Codex Alimentarius (3rd ed.). FAO.
https://openknowledge.fao.org/handle/20.500.14283/a0825e

FAO (Food and Agriculture Organization of the United Nations). (2013). Milk and

dairy products in human nutrition. FAO.
https://www.fao.org/documents/card/en/c/7b8d03f2-2b0e-4a06-bdf5-
d3efch6bd5d6

FAO (Food and Agriculture Organization). (2007). Improved market access and
smallholder dairy farmer participation for sustainable dairy development
(CFC/FIGMDP/ 16FT). Lessons learned studies.

FAO (Food and Agriculture Organization), (2011). The State of Food and Agriculture:
Women in Agriculture—Closing the Gender Gap for Development, Food and

agricultural organization of the United Nations, Rome”, .

62


https://eur-lex.europa.eu/eli/reg/2005/2073/oj
https://eur-lex.europa.eu/eli/reg/2005/2073/oj
https://www.fao.org/3/i6583e/i6583e.pdf
https://openknowledge.fao.org/handle/20.500.14283/a0825e
https://www.fao.org/documents/card/en/c/7b8d03f2-2b0e-4a06-bdf5-d3efcb6bd5d6
https://www.fao.org/documents/card/en/c/7b8d03f2-2b0e-4a06-bdf5-d3efcb6bd5d6

FAO-Food and Agriculture Organization. (2011). Guide to good dairy farming practice.
In Animal Production and Health Guidelines.

FAO-Food and Agriculture Organization. (2011). Guide to good dairy farming practice. In Animal
Production and Health Guidelines

Adesogan, A. T., & Dahl, G. E. (2020). MILK Symposium Introduction : Dairy
production in developing countries *. Journal of Dairy Science, 103(11), 9677—
9680. https://doi.org/10.3168/jds.2020-18313

Belete, M. (2019). Women Role in Agricultural Value Chain . Review in Ethiopia. 45,
16-19. https://doi.org/10.7176/JCSD

D.Ravinder, & S. P. (2016). International Journal & Magazine of Engineering , ISSN
No : 2348-4845 Dairy Cooperatives and Women Entrepreneurship - A study of
Mulkanoor Women ’ s Cooperative Dairy. International Journal & Magazine of
Engineering, Technology, Management and Research, 3 (2016)(7 (July)), 275.

Manthekar, J. S., & Nigade, D. D. (2018). Participation and Decision Making Pattern
of Farm Women in Dairy Occupation. International Journal of Current
Microbiology and Applied Sciences, 6, 2948-2952.

Michael, Z. G. (2015). COLLEGE OF AGRICULTURE DEPARTMENT OF
AGRICULTURAL ECONOMICS THE ROLE OF GENDER IN DAIRY VALUE
CHAIN : THE CASE OF CENTRAL ZONE OF TIGRAY BY Approval sheet
Aksum University College of agriculture.

Obosha, D. W. (2020). Review on Gender Roles in Livestock Value Chain in. 5(4),
140-147. https://doi.org/10.11648/j.eeb.20200504.14

Tadesse, B. (2016). Gender Disaggregated Analysis of Milk Value Chain in Major
Milk Producing Towns of Jimma Zone , Southwestern Ethiopia. 19(Baden 1998),
1-9.

Woldu, T., Tadesse, F., & Waller, M. (2013). Women ’ s Participation in Agricultural
Cooperatives in Ethiopia. June.

Zahra, A., Mulema, A., Colverson, K., Odongo, D., & Rischkowsky, B. (2014). A
review of Ethiopia small ruminant value chains from a gender perspective. April.

Fatine H, Abdelmoula E, Doha B, Hinde H (2012). Bacterial quality of informally
marketed raw milk in Kenitra City, Morocco. Pak. J. Nutr. 11(8):662-669.
https://doi.org/10.3923/pjn.2012.760.767

Fikadu, L., Duguma, G., & Mitiku, F. (2019). Pull and Push Factors for Producers’
Membership in Dairy Marketing Cooperatives in Jimma Zone , Oromia,
Ethiopia. Journal of Agribusiness and Rural Development.
http://dx.doi.org/10.17306/J.JARD.2019.01162

63


https://doi.org/10.3923/pjn.2012.760.767
http://dx.doi.org/10.17306/J.JARD.2019.01162

Fischer, E., & Qaim, M. (2012). Linking Smallholders to Markets: Determinants and
Impacts of Farmer Collective Action in Kenya. World Development, 40(6),
1255-1268. https://doi.org/10.1016/j.worlddev.2011.11.018.

Foelster, J., Buluma, C., & Kamel, N. (2024, August 22). Bridging the gender gap in
animal health services as a resilience pathway: Insights from pastoralist
communities in Ethiopia and Kenya. SPARC. https://www.sparc-

knowledge.org/news-blog/blog/bridging-gender-gap-animal-health-

services-resilience-pathway-insights-pastoralist
Gali, A., Farnworth, C. R., & Njiru, N. (2021). Intra-Household Handling and
Consumption Dynamics of Milk in Peri-Urban Informal Markets in Tanzania

and Kenya: A Gender Lens.

Gallina, A. (2016). Gender dynamics in dairy production in Kenya: A literature review.
CCAFS Working Paper No. 182. Copenhagen, Denmark: CCAFS.

Gandiya F (2001) where quality begins: Cow management factors affecting the quality
of milk. Bulletin of International Dairy Federation (IDF) 361: 6-8.

Garsow, A. V., Biondi, M. R., Kowalcyk, B. B., Vipham, J. L., Kovac, J., Amenu, K.,
Zewdu, A., & Colverson, K. E. (2022). Exploring the relationship between
gender and food safety risks in the dairy value chain in Ethiopia.
International Dairy Journal, 124, 105173.
https://doi.org/10.1016/j.idairyj.2021.105173

Gemechu, T. (2023) Determinants of Women Farmers’ Access to Agricultural
Extension Services in Ethiopia: A Review
https://www.sciencepublishinggroup.com/article/10.11648/j.advances.2023
0402.12

Gemechu, A.T. (2017). Status and Challenges in the Safety and Quality of Dairy
Products in Ethiopia: A Review. Food Science and Quality Management, 59,
34-46.

Girma, K., Tilahun, Z., & Haimanot, D. (2014). Review on milk safety with emphasis
on its public health. World Journal of Dairy & Food Sciences, 9(2), 166-183.
http://www.idosi.org/wjdfs/wjdfs9(2)14/11.pdf

Grace, D., Roesel, K., Kanggethe, E., Bonfoh, B., & Theis, S. (2015). Gender roles and

food safety in 20 informal livestock and fish value chains. International Food
Policy Research Institute (IFPRI). http://ebrary.ifpri.org/cdm/ref/collection/
p15738coll2/id/129860.

64


https://doi.org/10.1016/j.worlddev.2011.11.018
https://www.sparc-knowledge.org/news-blog/blog/bridging-gender-gap-animal-health-services-resilience-pathway-insights-pastoralist
https://www.sparc-knowledge.org/news-blog/blog/bridging-gender-gap-animal-health-services-resilience-pathway-insights-pastoralist
https://www.sparc-knowledge.org/news-blog/blog/bridging-gender-gap-animal-health-services-resilience-pathway-insights-pastoralist
https://doi.org/10.1016/j.idairyj.2021.105173
https://www.sciencepublishinggroup.com/article/10.11648/j.advances.20230402.12
https://www.sciencepublishinggroup.com/article/10.11648/j.advances.20230402.12
http://www.idosi.org/wjdfs/wjdfs9(2)14/11.pdf

Guadu, T. and Abebaw, M. (2016) ‘Challenges, Opportunities and Prospects of Dairy
Farming in Ethiopia: A Review.’, World Journal of Dairy & Food Sciences,
11(1), pp. 1-9. Available at:
https://doi.org/10.5829/idosi.wjdfs.2016.11.1.10140.

Gupta P. K. (2019). Concepts and Applications in Veterinary Toxicology: An
Interactive Guide. Springer Nature Switzerland AG, Cham, pp. 301-308.

Hasan, M. N., Islam, M. T., & Sultana, S. (2021). Microbiological quality assessment
of milk at different stages of the dairy value chain in a developing country
setting. Journal of Food Safety, 41(2), e12847.
https://doi.org/10.1111/jfs.12847

Hebo, M. (2014). Evolving markets, rural livelihoods, and gender relations: The view
from a milk-selling cooperative in the Kofale District of West Arsii, Ethiopia,
Department of Social Anthropology, Addis Ababa University. African Study
Monographs 48: 5-29.

Henson, S., Traill, B., (1993). The demand for food safety. Market imperfections and
the role of  government. Food Policy 18, 152-162.
http://dx.doi.org/10.1016/0306- 9192(93)90023-5.

Hoddinott J, Derek H, Mekdim D. (2014). Cows, missing milk markets and nutrition in
rural Ethiopia. EDRI and IFPRI. ESSP working paper 63. Addis Ababa,
Ethiopia.

ILRI (International Livestock Research Institute). (2005). Ada’a — Liben Woreda pilot
learning site diagnosis and program design. ILRI/ IPMS, Addis Ababa,
Ethiopia.

Immaculate N, (2014). Gender roles in a dairy value chain in Uasin Gishu county,
Kenya. Innovations for agricultural value chain in Africa, Appling science
and technology to enhance cassava, dairy and maize value chain, Dairy
value chain over view. Institute of management accounting,( 1996).Value
chain analysis for assessing competitive advantage. Page3.

International Labour Organization. (2014). Engaging Men in Women’s Economic
Empowerment and Entrepreneurship Development Interventions: An ILO-
WED Issue Brief. 1-12.

Jensen, R. G. And Newburg, D. S. (1995). Bovine milk lipids. In: JENSEN, R. G. (Ed.).
Handbook of Milk Composition. 1st edition. London: Academic Press, pp.
543-575.

65



Johnson, N., Njuki, J., Waithanji, E., Nhambeto, M., Rogers, M., & Kruger, E. H.
(2015). The Gendered Impacts of Agricultural Asset Transfer Projects:
Lessons from the Manica Smallholder Dairy Development Program. Gender,
Technology and Development, 19(2), 145-180.
https://doi.org/10.1177/0971852415578041

Jay, J. M., Loessner, M. J., & Golden, D. A. (2005). Modern food microbiology (7th
ed.). Springer.

K. Andeweg, J. van der Lee, S.M. van Vugt. (2020). Dairy for Nutrition, Employment,
and Sustainability . an Action Agenda for the Dutch Contribution to Dairy
Development in Africa and Asia: Position Paper, 2020 (Netherlands Food
Partnership).

Kala, R., Samkova, E., Hanus, O., Pecova, L., Sekmokas, K., & Riaukiené, D. (2019).
Milk protein analysis: An overview of the methods — Development and
application. Acta Universitatis Agriculturae et Silviculturae Mendelianae
Brunensis, 67(1), 345-359. https://doi.org/10.11118/actaun201967010345

Kala, R., Samkova, E., Pecova, L., Hanus, O., Sekmokas, K., & Riaukiene, D. (2018).
An overview of determination of milk fat: Development, quality control
measures, and application. Acta Universitatis Agriculturae et Silviculturae
Mendelianae Brunensis, 66(4), 1055-1064.
https://doi.org/10.11118/actaun201866041055

Adesogan, A. T., & Dahl, G. E. (2020). MILK Symposium Introduction : Dairy
production in developing countries *. Journal of Dairy Science, 103(11), 9677—
9680. https://doi.org/10.3168/jds.2020-18313

Belete, M. (2019). Women Role in Agricultural Value Chain : Review in Ethiopia. 45,
16-19. https://doi.org/10.7176/JCSD

D.Ravinder, & S. P. (2016). International Journal & Magazine of Engineering , ISSN
No : 2348-4845 Dairy Cooperatives and Women Entrepreneurship - A study of
Mulkanoor Women ’ s Cooperative Dairy. International Journal & Magazine of
Engineering, Technology, Management and Research, 3 (2016)(7 (July)), 275.

Manthekar, J. S., & Nigade, D. D. (2018). Participation and Decision Making Pattern
of Farm Women in Dairy Occupation. International Journal of Current
Microbiology and Applied Sciences, 6, 2948-2952.

Michael, Z. G. (2015). COLLEGE OF AGRICULTURE DEPARTMENT OF
AGRICULTURAL ECONOMICS THE ROLE OF GENDER IN DAIRY VALUE

66


https://doi.org/10.1177/0971852415578041
https://doi.org/10.11118/actaun201967010345
https://doi.org/10.11118/actaun201866041055

CHAIN : THE CASE OF CENTRAL ZONE OF TIGRAY BY Approval sheet
Aksum University College of agriculture.

Obosha, D. W. (2020). Review on Gender Roles in Livestock Value Chain in. 5(4),
140-147. https://doi.org/10.11648/j.eeb.20200504.14

Tadesse, B. (2016). Gender Disaggregated Analysis of Milk Value Chain in Major
Milk Producing Towns of Jimma Zone , Southwestern Ethiopia. 19(Baden 1998),
1-9.

Woldu, T., Tadesse, F., & Waller, M. (2013). Women ’ s Participation in Agricultural
Cooperatives in Ethiopia. June.

Zahra, A., Mulema, A., Colverson, K., Odongo, D., & Rischkowsky, B. (2014). A
review of Ethiopia small ruminant value chains from a gender perspective. April.

aplinsky R, Morris M. A. (2000). handbook for value chain research (Ottawa:
International development research center). CANADA.

Keba, A., Tola, A., Kaylegian, K. E., Kebede, M., & Zewdu, A. (2025). Impact of
hygienic milk production training on knowledge, attitudes and practices of
women farmers in the central highlands of Ethiopia. Frontiers in Sustainable
Food Systems, 8. https://doi.org/10.3389/fsufs.2024.1539559

Keba, A., Rolon, M., Tamene, A., Dessie, K., Vipham, J., Kovac, J., & Zewdu, A.,
(2020). Review of the prevalence of foodborne pathogens in milk and dairy
products in  Ethiopia.  International  Dairy  Journal,  1009.
https://doi.org/10.1016/j.idairyj.2020.104762.

Kebede, M., Biondi, M., Keba, A., Kovac, J., Vipham, J., & Zewdu, A. (2020). Risk
factors and possible strategies to mitigate microbiological hazards in milk
and dairy products in Ethiopia: A review. Ethiopian Journal of Animal
Production, 20(1), 65e84.

Kebede, T., Tadesse, M., & Amare, A. (2019). Gender differences in agricultural
productivity: The role of farm size, resources, and institutional access in rural
Ethiopia. Agricultural Economics, 50(4), 577-590.
https://doi.org/10.1111/agec.12542

Kessler, R. W. (2013). Perspectives in process analysis. J. Chemometrics, 27(11): 369-
378.

Kinati, W., & Mulema, A. A. (2018). Gender issues in livestock production in Ethiopia:
A literature review. Journal of Livestock Science, 10, 66e80. https://
doi.org/10.33259/JLivestSci.2019.66-80

67



Kivaria, F.M., Noordhuizen, J.P.T.M., Kapaga, A.M. (2004). Risk indicators
associated with sub-clinical mastitis in smallholder dairy cows in Tanzania.
Tropical Animal Health & Production 36 (6): 581-592.

Kristjanson P., et al.(2014). “Livestock and Women'’s Livelihoods: A Review of the
Recent Evidence”. ILRI Discussion Paper No. 20. Nairobi: ILRI

Kristjanson, P., Waters-Bayer, A., Johnson, N., Tipilda, A., Njuki, J., Baltenweck, 1., ...
& MacMillan, S. (2010). Livestock and women’s livelihoods: A review of
the recent evidence. ILRI Discussion Paper 20. Nairobi: International
Livestock Research Institute.

Kussaga, J. B., Jacxsens, L., Tiisekwa, B. P., & Luning, P. A. (2014). Food safety
management systems performance in African food processing companies: A
review of deficiencies and possible improvement strategies. Journal of the
Science of Food and  Agriculture,  94(11), 2154-2169.
https://doi.org/10.1002/jsfa.6575

Lenjiso, B. M., Smits, J., & Ruben, R. (2016). Transforming Gender Relations through
the Market: Smallholder Milk Market Participation and Women's Intra-
household Bargaining Power in Ethiopia. Journal of Development Studies,
52(7), 1002-1018. https://doi.org/10.1080/00220388.2016.1139693

Lock, A. L. And Bauman, D. E. 2011. Milk fat and human health — separating fats from
fiction. In: Proceedings 2011 Cornell Nutrition Conference for Feed
Manufacturers. Cornell University, 18-20 October. New York: Department
of Animal Science, Cornell University, pp. 126-135.

Lore, T. A, Kurwijila, L. R., & Omore, A. (2006). Hygienic milk production: A training
guide for farm-level workers and milk handlers in Eastern Africa.
International Livestock Research Institute (ILRI).
https://cgspace.cgiar.org/handle/10568/ 1763.

Lupindu, A. M. (2016). Differentiation of Escherichia coli using Eosin Methylene Blue
agar and its implications for microbial quality in dairy. African Journal of
Microbiology, 17(2), 115-121. https://doi.org/10.1002/ajm.2016.01720

Makita K, Desissa F, Teklu A, Zewde G, Grace D (2012). Risk assessment of
staphylococcal poisoning due to consumption of informally-marketed milk
and home-made yoghurt in Debre Zeit. Ethiopia. Int. J. Food Microbiol.
153(1-2):135-141.

68


https://doi.org/10.1002/jsfa.6575
https://doi.org/10.1080/00220388.2016.1139693

Marja K Kallioniemi & Hanna-Riitta Kymaldinen. (2012). Women On Finnish Dairy
Farms: Hard Work In The Midst Of Traditions And Changes. 1-21.
https://doi.org/10.5172/rsj.2012.22.1.78

Manthekar, J. S., & Nigade, D. D. (2018). Participation and Decision Making Pattern
of Farm Women in Dairy Occupation. International Journal of Current
Microbiology and Applied Sciences, 6, 2948-2952. http://www.ijcmas.com

Malapit, Hazel J.; Meinzen-Dick, Ruth Suseela; Quisumbing, Agnes R.; and Zseleczky,
Laura. (2020). Women: Transforming food systems for empowerment and
equity. In 2020 Global Food Policy Report. Chapter 4, Pp. 36-45.
Washington, DC: International Food Policy Research Institute (IFPRI).
https://doi.org/10.2499/9780896293670_04

Merwan, A., Nezif, A., & Metekia, T. (2018). Review on milk and milk product safety,
quality assurance and control. International Journal of Livestock Production,
9(4), 67—78. https://doi.org/10.5897/ijlp2017.0403

Michael, Z. G. (2015). College of Agriculture Department of Agricultural Economics
the role of Gender in Dairy value chain : the Case of central zone of Tigray
by approval sheet Aksum university College Agriculture.

Misganaw, G., & Dagnew, Y. (2022). Analysis of Downstream Dairy Value Chain in
Ziway-Hawassa Milk Shed Areas of Ethiopia. Advances in Agriculture, 2022.
https://doi.org/10.1155/2022/6902503

MOARD. Market —Oriented development master plan. Addis Ababa, Ethiopia. (2004).

Adesogan, A. T., & Dahl, G. E. (2020). MILK Symposium Introduction : Dairy
production in developing countries *. Journal of Dairy Science, 103(11), 9677—
9680. https://doi.org/10.3168/jds.2020-18313

Belete, M. (2019). Women Role in Agricultural Value Chain : Review in Ethiopia. 45,
16-19. https://doi.org/10.7176/JCSD

D.Ravinder, & S. P. (2016). International Journal & Magazine of Engineering , ISSN
No : 2348-4845 Dairy Cooperatives and Women Entrepreneurship - A study of
Mulkanoor Women ’ s Cooperative Dairy. International Journal & Magazine of
Engineering, Technology, Management and Research, 3 (2016)(7 (July)), 275.

Manthekar, J. S., & Nigade, D. D. (2018). Participation and Decision Making Pattern
of Farm Women in Dairy Occupation. International Journal of Current
Microbiology and Applied Sciences, 6, 2948-2952.

Michael, Z. G. (2015). COLLEGE OF AGRICULTURE DEPARTMENT OF

69


https://doi.org/10.5172/rsj.2012.22.1.78
http://www.ijcmas.com/
https://doi.org/10.2499/9780896293670_04
https://doi.org/10.5897/ijlp2017.0403
https://doi.org/10.1155/2022/6902503

AGRICULTURAL ECONOMICS THE ROLE OF GENDER IN DAIRY VALUE
CHAIN : THE CASE OF CENTRAL ZONE OF TIGRAY BY Approval sheet
Aksum University College of agriculture.

Obosha, D. W. (2020). Review on Gender Roles in Livestock Value Chain in. 5(4),
140-147. https://doi.org/10.11648/j.eeb.20200504.14

Tadesse, B. (2016). Gender Disaggregated Analysis of Milk Value Chain in Major
Milk Producing Towns of Jimma Zone , Southwestern Ethiopia. 19(Baden 1998),
1-9.

Woldu, T., Tadesse, F., & Waller, M. (2013). Women ’ s Participation in Agricultural
Cooperatives in Ethiopia. June.

Zahra, A., Mulema, A., Colverson, K., Odongo, D., & Rischkowsky, B. (2014). A
review of Ethiopia small ruminant value chains from a gender perspective. April.

ohamed A.M. Ahmed, Simeon Ehui, Yemesrach Assefa. 2004. Dairy development in
Ethiopia. EPTD discussion paper No. 123. International Food Policy
Research Institute. Washington, DC 20006 U.S.A.

Mogessie A (1990) Microbiological quality of Ayib, a traditional Ethiopian cottage
cheese. International Journal of Food Microbiology 10: 263-268.

Mossie, Hailemikael. (2019). “Review on Traditional Handling, Processing and
Marketing of Milk and Its Derivative in Ethiopia.” J Dairy Vet Sci 13(5): 1-
7. internal-pdf://228.60.152.66/Mossie_JDVS2019 Milk handling
processing Ethio.pdf.

Mulema, A.A., Farnworth, C.R. and Colverson, K.E. (2017). Gender-based constraints
and opportunities to women’s participation in the small ruminant value
chain in Ethiopia: A community capitals analysis. Community Development
48: 1-19.

Mullins, G., Wahome, L., Tsangari, P., & Maarse, L. (1996). Impacts of intensive dairy
production on smallholder farm women in coastal Kenya. Human Ecology,
24(2), 231-253. https://doi.org/10.1007/BF02169128

Mutua, E. N., Zander, K. K., & Amwata, D. A. (2014). Gendered decision-making in
dairy farming: Evidence from Kenya. Livestock Research for Rural
Development, 26(3). http://www.lrrd.org/lrrd26/3/mutu26051.htm

Nagasha, J. I., Ocaido, M., Rajala, E., Hatab, A. A., & Chiwona-Karltun, L. (2024).

Gender-based approaches for improving milk safety, value addition, and

70


https://doi.org/10.1007/BF02169128

marketing among smallholder livestock farmers. Frontiers in Sustainable
Food Systems, 8. https://doi.org/10.3389/fsufs.2024.1392020

Natural Earth. (2020). Admin 0 — Countries, Scale 1:50m [Shapefile]. Retrieved from

https://www.naturalearthdata.com/downloads/50m-cultural-vectors/

Niamh Burke, Krzysztof A. Zacharski, Michael P. Ryan and Mark Southern, Paul

Hogan, and Catherine C. Adley. (2018). “The Dairy Industry: Process,
Monitoring, Standards, and Quality.” In Descriptive Food Science, eds.
Antonio Valero Diaz and Rosa Maria Garcia-Gimeno. Rijeka: IntechOpen.
https://doi.org/10.5772/intechopen.80398.

Njuki, J., Mutua, E. and Saghir, P. (2012). Review of gender and value chain analysis,

Development and evaluation toolkits. Nairobi, Kenya: International

Livestock Research Institute.

Njuki, J., & Sanginga, P. C. (Eds.). (2013). Women, livestock ownership and markets:

Bridging the gender gap in eastern and southern Africa. Routledge.

Njuki, J., Poole, J., Johnson, N., Baltenweck, 1., Pali, P., Mburu, S., & Livestock and

Fish CGIAR Research Program. (2011). Gender, livestock and livelihoods

indicators. International Livestock Research Institute (ILRI).

Njuki, J., & Sanginga, P. C. (2013). Gender and livestock: Key issues, challenges and

opportunities. Women, Livestock Ownership and Markets: Bridging the
Gender Gap in Eastern and  Southern  Africa, 1-8.
https://doi.org/10.4324/9780203083604

Njuki, J., Waithanji, E., Lyimo-Macha, J., Kariuki, J., & Mburu, S. (Eds.).

(2013). Women, livestock ownership and markets: Bridging the gender gap

in eastern and southern Africa. Routledge.

Nigussie, A., Hoag, D., & Alemu, T. (2014). Women's workload and role in livestock

production in pastoral and agro-pastoral communities of Ethiopia: The case
of Afar. African Journal of Agricultural Economics and Rural Development,
2(4), 138-146.

Obosha, D. W. (2020). Review on Gender Roles in Livestock Value Chain in. 5(4), 140—

147. https://doi.org/10.11648/j.eeb.20200504.14

O'Connor, C. B. (1995). ILRI training manual No.1. Rural Dairy Technology. ILRI.

Addis Ababa, Ethiopia 123 pp.

71


https://doi.org/10.3389/fsufs.2024.1392020
https://doi.org/10.4324/9780203083604

Odero-Wanga, D., Mulu-Mutuku, M., & Ali-Olubandwa, A. (2009). Value added milk
products: Constraints to women in milk micro enterprises in Kenya. Journal
of Development and Agricultural Economics, 1(7), 144-149.

Okali, Christine and James Sumberg. (2012). “Quick Money and Power: Tomatoes and
Livelihood Building in Rural Brong Ahafo, Ghana.” IDS Bulletin 43(6):44—
57.

Oladipo, I. C., Tona, G. O., Akinlabi, E. E., & Bosede, O. E. (2016). Bacteriological
quality of raw cow's milk from different dairy farms in Ogbomoso, Nigeria.
International Journal of Advanced Research in Biological Sciences, 3(8),
1e6. SOI: http://s-0-i.org/1.15/ijarbs-2016-3-8-1

Olivier, S. P., Jayarao, B. M., & Almeida, R. A. (2005). Foodborne pathogens in milk
and the dairy farm environment: Food safety and public health implications.
Foodborne Pathogens and Disease, 2(2), 115-137.

Olson, J.C., Mocquot, G., (1980). Milkand milkproduct. In: International Commission
on Microbiological Specification for Foods (Ed.), Microbial Ecology of
Foods: Food Commodities, VVol. 2. Academic Press, New York, pp. 470-490.

Omore, A., Muriuki, H., Kenyanjui, M., Owango, M., & Staal, S. (2009). The role of
smallholder dairy production and marketing in Ethiopia and East Africa.
International Livestock Research Institute (ILRI).

Phiri, A. T., Toure, H. M. A. C., Kipkogei, O., Traore, R., Afokpe, P. M. K., & Lamore,
A. A. (2022). A review of gender inclusivity in agriculture and natural
resources management under the changing climate in sub-Saharan Africa.
Cogent Social Sciences, 8(1).
https://doi.org/10.1080/23311886.2021.2024674

Quisumbing, A. R., & Maluccio, J. A. (2003). Resources at marriage and
intrahousehold allocation: Evidence from Bangladesh, Ethiopia, Indonesia,
and South Africa. Oxford Bulletin of Economics and Statistics, 65(3), 283-
327. https://doi.org/10.1111/1468-0084.00073

Quisumbing AR, Brown LR, Feldstein HS, Haddad L, Pena C (1995). Women: The Key
to Food Security, Food Policy Report. International Food Policy Research
Institute (IFPRI) Washington, DC.

Ranjit Kumar. (2011). Research Methodology a step-by-step guide for beginners This
third edition published. Selecting a Sample:Specific random/probability
sampling designs. Page 203, cat no ISBN 978-1-84920-300-5

72


http://s-o-i.org/1.15/ijarbs-2016-3-8-1
https://doi.org/10.1080/23311886.2021.2024674

Rather, I. A., Koh, W. Y., Paek, W. K., & Lim, J. (2017). The sources of chemical
contaminants in food and their health implications. Frontiers in
Pharmacology, 8(NOV). https://doi.org/10.3389/fphar.2017.00830

Rietveld, Anne, Margreet van der Burg, and Jeroen Groot. (2019). “Bridging Youth and
Gender Studies to Analyse Rural Young Women and Men’s Livelihood
Pathways in Central Uganda.” Journal of Rural Studies 75:152—163.

Rogers, B. L. (1996). The implications of female household headship for food
consumption and nutritional status in the Dominican Republic. World
Development, 24(1), 113-128. https://doi.org/10.1016/0305-
750X(95)00122-S

Roop, K. (2017). Women Empowerment and Intra-household. 5(December), 985-990

Ruben, R., Bekele, A. D., & Lenjiso, B. M. (2017). Quality upgrading in Ethiopian
dairy value chains: Dovetailing upstream and downstream perspectives.
Review of Social Economy, 75(3), 296e317.
https://doi.org/10.1080/00346764.2017.1286032

Rubin, D. (2010). Promoting gender equitable opportunities in agriculture value
chains: A Hand Book. USA: USAID.

Samkova, E., Spicka, J., Pesek, M.,et al. (2012). Animal factors affecting fatty acid
composition of cow milk fat: A review. South Afr. J. Anim. Sci., 42(2): 83—
100.

Seifu E. and Doluschitz R. Analysis of the dairy value chain: Challenges and
opportunities for dairy development in Dire Dawa, Eastern Ethiopia.
International Journal of Agricultural Policy and Research. 2014; 2: 224-233

Sintayehu Yigrem, Fekadu Beyene, Azage Tegegne and Berhanu Gebremedhin. (2008).
Dairy production, processing and marketing systems of Shashemene-Dilla
area, South Ethiopia. IPMS (Improving Productivity and Market Success) of
Ethiopian Farmers Project Working Paper 9. ILRI (International Livestock
Research Institute), Nairobi, Kenya. 62 pp.

Slaghuis, B., (1996). Source and significance of contaminants on different levels of raw
milk production. In Symposium on bacteriological quality of raw milk, Wolf
passing (Austria), 13-15. International Dairy Federation.

Smith, L. C., Ramakrishnan, U., Ndiaye, A., Haddad, L., & Martorell, R. (2003). The

importance of women’s status for child nutrition in developing countries.

73


https://doi.org/10.3389/fphar.2017.00830
https://doi.org/10.1016/0305-750X(95)00122-S
https://doi.org/10.1016/0305-750X(95)00122-S
https://doi.org/10.1080/00346764.2017.1286032

Research Report of the International Food Policy Research Institute, 24(131),
1-164. https://doi.org/10.1177/156482650302400309

SNV (Netherlands Development Organization), (2008). Dairy investment opportunities
in Ethiopia, Addis Ababa, Ethiopia.

SNV (Netherlands Development Organization). (2008). Investment opportunity in
dairy sub-sector of Rwanda. 1st Draft. Kigali, Rwanda.O’Connor CB (1994).
Rural Dairy Technology ILRI Training Manual 1. ILRI (International
Livestock Research Institute), Addis Ababa, Ethiopia. 133 p.

Spreer E (1998) Milk and Dairy Product Technology. Marcel Dekker Inc, New York,
USA.

T. Mihret, F. Mitku, T. Guadu, Dairy farming and its economic importance in Ethiopia”:
a review, World J. Dairy Food Sci. 12 (1) (2017) 42-51.

Tadesse, B. (2016). Gender Disaggregated Analysis of Milk Value Chain in Major Milk
Producing Towns of Jimma Zone , Southwestern Ethiopia. 19(Baden 1998),
1-9.

Tangka, F. K., Jabbar, M. A., & Shapiro, B. I. (2002). Gender roles and child nutrition
in livestock production systems in developing countries: A critical review.
ILRI.

Tamconsult. (2008). Dairy investment opportunities in Ethiopia. Addis Ababa, SNV.

Teferi, S.C. (2020). A Review on Food hygiene Knowledge, Practice and Food Safety
in Ethiopia. Food Science and Quality Management.

Tegegne, A., Gebremedhin, B., Hoekstra, D., Belay, B. and Mekasha, Y. (2013).
Smallholder dairy production and marketing systems in Ethiopia: IPMS
experiences and opportunities for market-oriented development. IPMS
Working Paper 31. Nairobi, Kenya: ILRI.

Tegegne, A., Gebremedhin, B., Hoekstra, D., & Berhanu, G. (2013). Smallholder dairy
production and marketing systems in Ethiopia: IPMS experiences and
opportunities for market-oriented development. IPMS Working Paper No. 31,
ILRI.

Temesgen, M. (2015). Food Standards, Food Law and Regulation System in Ethiopia:
A Review. Public Policy and Administration Research, 5, 58-72.

Tian, D., & Li, C. (2019). Risk assessment of raw milk quality and safety index system
based on primary component analysis. Sustainable Computing: Informatics
and Systems, 21, 47-55. https://doi.org/10.1016/j.suscom.2018.11.006

74


https://doi.org/10.1177/156482650302400309

Tingirtu Geberetsadik Tekele. (2019). Promoting female leaders in Somali Region ,
Ethiopia:  An  entrepreneurship  approach. 11(May), 18-26.
https://doi.org/10.5897/1JSA2018.0781

Upadhyay, N., Jaiswal, P. and JHA, S. N. (2018). Application of attenuated total
reflectance Fourier Transform Infrared spectroscopy (ATR-FTIR) in MIR
range coupled with chemometrics for detection of pig body fat in pure ghee
(heat clarified milk fat). J. Mol. Struc., 1153: 275-281.

UNICEF, (2011). Gender influences on child survival. Health Nutr.: A Narrat. Rev. 68

U. S. Department of Health and Human Services (1995). Public Health

Vieitez, 1., Irigaray, B., Callejas, N.etal. (2016). Composition of fatty acids and
triglycerides in goat cheeses and study of the triglyceride composition of goat
milk and cow milk blends. J. Food Comp. Anal., 48: 95-101.

Vissers, M. M. M., & Driehuis, F. (2008). On-farm hygienic milk production. Milk
processing and quality management, 1-22.

Wheatley, K. E., Bradshaw, C. J. A., Harcourt, R. G. et al. (2008). Feast or famine:
Evidence for mixed capital-income breeding strategies in Weddell seals.
Oecologia, 155(1): 11-20.

Wafula, 1. N. (2014) Gender Role In Dairy Value Chain In Uasin Gishu Immaculate
Nafula Wafula

Walstra, P., Wouters, J. T. M., & Geurts, T. J. (2006). Milk for liquid consumption,
nutritive value. In P. Walstra, J. T. M. Wouters, & T. J. Geurts (Eds.), Dairy
science and technology (2nd ed., pp. 441e445). CRC Press.
https://doi.org/10.1201/ 9781420028010.

Woldemariam, G., Tewodros, A., & Tegegne, F. (2020). The role of gender in dairy
farming practices and access to resources in Ethiopia. International Journal
of Agricultural Sustainability, 18(5), 543-557.
https://doi.org/10.1080/14735903.2020.1792369

Woldemariam HW, Asres AM (2017). Microbial and Physicochemical Qualities of
Pasteurized Milk. Journal of Food Processing and Technology 8:1.

Woldu, T., Tadesse, F., & Waller, M. (2013). Women ’ s Participation in Agricultural
Cooperatives in Ethiopia. June.

World Health Organization (WHO) (2005). Guiding Principles for Feeding non-
breastfed Children 6-24 months of age. 20 Avenue Appia 1211 Geneva 27,

Switzerland.

75


https://doi.org/10.5897/IJSA2018.0781

Workneh Abebe, & Galmessa, U. (2011). Gender role in peri urban dairy production
system of. 3(December), 224-228. https://doi.org/10.5897/JAERD11.030

Yilma Z, Faye B (2006). Handling and Microbial Load of Cow's Milk and Irgo -
Fermented Milk Collected from Different Shops and Producers in Central
Highlands of Ethiopia. Ethiopian Journal of Animal Production 6(2)7-82

Yilma, Z., GuerneBleich, E., & Sebsibe, A. (2011). A review of the Ethiopian dairy
sector. Food and agriculture organization of the United Nations. Sub
Regional Office for Eastern Africa (FAO/SFE).
http://www.fao.org/3/aq291e/aq291e.pdf

Yuya, B. A. (2018). Food Science and Technology Valuation of Gender Differentiated
Dairy Farming and Household Level Food Security Status in Eastern
Oromia , Ethiopia. Turkish Journal of Agriculture - 6(6), 719-728.

Zahra, A., Mulema, A., Colverson, K., Odongo, D., & Rischkowsky, B. (2014). A
review of Ethiopia small ruminant value chains from a gender perspective.
April.

Zebib, Haftom, and Ashagrie Zewdu. (2020). “Nutritional Quality, Level of Chemical
Contaminants and Adulterants in Milk and Dairy Products in Ethiopia: A
Review.” Modern Chemistry 8(4): 64

76


https://doi.org/10.5897/JAERD11.030
http://www.fao.org/3/aq291e/aq291e.pdf

APPENDICES

APPENDIX I: Research tools, survey questions, and observational checklist (R
code)

Survey questions link https://ee.kobotoolbox.org/x/tiJINS5Ly

Observational checklist link https://ee.kobotoolbox.org/x/TCR0OuOo
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APPENDIX Il: Data cleaning in Excel and SPSS
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APPENDIX 111I: Conceptual Framework Diagram (R code)

This appendix provides the R code used to generate the conceptual framework for the
study, highlighting the interrelationships among gender roles, dairy hygiene practices,
microbial milk quality, socioeconomic factors, and women’s empowerment outcomes.
The diagram is created using the DiagrammeR package and the DOT language.

# Load libraries
library(DiagrammeR)
library(DiagrammeRsvg)
library(magrittr)

# Define conceptual framework using DOT language
grViz("
digraph conceptual_framework {
graph [layout = dot, rankdir = TB,
label = 'Conceptual Framework: Gender Roles in Dairy Value Chain & Milk Quality’,
labelloc = t, fontsize = 18, fontname = 'Helvetica']

# Nodes

Gender [label = 'Gender Roles in Dairy Value Chain\n(Production, Processing,
Marketing)', shape = rectangle, style=filled, fillcolor="#4A90E2', fontcolor=white]

Practices [label = 'Hygiene & Safety Practices\n(Milking, Storage, Processing,
Transportation)', shape = rectangle, style=filled, fillcolor="#50E3C2’, fontcolor=black]

Microbial_Quality [label = 'Microbial Quality Indicators\n(TBC, Coliform Count,
Pathogens)', shape = rectangle, style=filled, fillcolor="#E94E77', fontcolor=white]

Socioeconomic [label = 'Socioeconomic Factors\n(Education, Farm Size, Breed type,
Location)', shape = rectangle, style=filled, fillcolor="#F5A623', fontcolor=black]

Value_Addition [label = 'Value Addition Outcomes\n(Market Value, Product
Diversity)', shape = rectangle, style=filled, fillcolor="#7ED321', fontcolor=black]
Empowerment [label = 'Women Empowerment Indicators\n(Decision-making,

Income Control)', shape = rectangle, style=filled, fillcolor="#BD10EQ', fontcolor=white]

# Data Collection Nodes

Survey [label = 'Survey Data\n(150 Households)', shape = cylinder, style=filled,
fillcolor="#D8D8D8']

Lab [label = 'Laboratory Analysis\n(80 Milk Samples)', shape = cylinder, style=filled,
fillcolor="#D8D8D8']

Observations [label = 'Participant Observations', shape = cylinder, style=filled,
fillcolor="#D8D8D8']

# Connections

Gender -> Practices [label = 'Influences']

Practices -> Microbial_Quality [label = 'Direct Impact']
Socioeconomic -> Gender [label = 'Moderates']
Socioeconomic -> Practices [label = 'Moderates']
Microbial_Quality -> Value_Addition [label = 'Affects']
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Gender -> Empowerment [label = 'Contributes to']
Value_Addition -> Empowerment [label = 'Enhances']

# Data Flow Arrows

Survey -> Gender [style=dashed]

Survey -> Socioeconomic [style=dashed]
Lab -> Microbial_Quality [style=dashed]
Observations -> Practices [style=dashed]

")

81



APPENDIX IV: Farm management practice by observational (R code)

#

# 0. Setup
#

# install.packages(c("haven", "tidyverse™)) # if needed
library(haven)

library(tidyverse)

library(forcats)

#

# 1. Load SPSS and recode sex
#

data <- read_sav(
"C:/Users/User/Desktop/Everthing workout in the end/observational_feb_19.sav"
) %>%
mutate(
sex = as_factor(Sex) %>%
factor(levels = c("Female", "Male™))

)
#

# 2. Define categorical variables
#

cat_vars <- ¢(
"farm_infrastructure”, "herd_management”, "feed management",
"milking_hygiene", "milk_storage”,  "product_quality safety",

"transportation_practices”, "hygiene_sanitaion”, "milk_processing",

"value_added_opportunities"”, "access_markets", "technology_doption",

"community_social_spects", "community_development_initiati"

# 3. Crosstab and test
#
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results <- list()

for (var in cat_vars) {
# Create contingency table (replace NA with 0s)
tbl <- table(data[[var]], data$sex)
tbl[is.na(tbl)] <- 0

# Chi-square test with continuity correction
test <- tryCatch({
test_result <- chisq.test(tbl)
# Use Fisher’s exact test if expected counts are too low
if (any(test_result$expected < 5)) {
fisher_result <- fisher.test(tbl)
list(
Variable = var,
Test = "Fisher's Exact Test",
P_Value = fisher_result$p.value,
Result = fisher_result

)
}else {
list(
Variable = var,
Test = "Chi-square Test",
P_Value = test_result$p.value,
Result = test_result

)

}, error = function(e) {
list(
Variable = var,
Test = "Error",
P_Value = NA,
Result = eSmessage
)
by,

results[[var]] <- test

}

#

# 4. Display results summary
#

results_df <- map_dfr(results, ~ tibble(
Variable = .x$Variable,
Test = x$Test,
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P_Value = round(.x$P_Value, 4)
)

print(results_df)

# Load required libraries

if (Irequire("fmsb™)) install.packages("fmsh™)
library(fmsb)

library(tidyverse)

# 1. Simulated mean scores for each gender across 14 domains
female_scores <-¢(3.2,3.8,4.1,4.5,4.3,4.6,3.1,4.2,4.7,4.4,3.3, 3.0, 3.8, 3.7)
male_scores <-c(4.1,4.3, 35, 3.0,3.2,3.0,35,3.1,3.2,3.0,3.2, 34, 3.9, 3.6)

# 2. Domain labels for practices
domain_labels <- ¢(
"A: Farm Infrastructure”,
"B: Herd Management",
"C: Feed Management”,
"D: Milking Hygiene",
"E: Milk Storage",
"F: Product Quality & Safety",
"G: Transportation Practices”,
"H: Hygiene & Sanitation™,
"I: Milk Processing™,
"J: Value-Added Opportunities”,
"K: Access to Markets",
"L: Technology Adoption”,
"M: Community Social Aspects”,
"N: Community Development Initiatives

)

# 3. Prepare radar chart data
data_radar <- rbind(
max = rep(5, 14),
min = rep(1, 14),
Female = female_scores,
Male = male_scores
) %>%
as.data.frame()
rownames(data_radar) <- ¢("max", "min", "Female", "Male")
colnames(data_radar) <- domain_labels

# 4. Layout configuration: Radar + Legend
layout(matrix(c(1,2), ncol=2), widths = c(4,1))
par(mar =c(1, 1, 6, 1)) # Top and bottom spacing

# 5. Generate radar plot
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radarchart(

data_radar,

axistype =1,

seg =4,

pcol = c("firebrick", "forestgreen™),

pfcol = c(alpha(“firebrick™, 0.5), alpha("forestgreen", 0.5)),
plwd =2,

plity =1,

cglcol  ="grey70",

cglty =1,

axislabcol = "black",
caxislabels = 1:5, # Scale: 1 = Poor, 5 = Excellent

vicex = 0.6,

title  ="Gender Comparison of Dairy Practice Ratings"
)
# 6. Top legend for sex
legend(

"top",

legend = c("Female-led farm management HH", "Male-led farm management HH"),
col = c("firebrick", "forestgreen"),
pch =15,
pt.cex = 2,
bty ="n",
horiz = TRUE,
inset = ¢(0, -0.05)
)

# 7. Side panel legend for rating index
par(mar = c(5, 0, 5, 2))
plot.new()
legend(
"center",
legend = c(""1 = Extreme Poor", "2 = Poor", "3 = Fair", "4 = Good", "5 = Excellent"),
title = "Practice Rating Index",
bty ="n",
cex=0.9

)
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APPENDIX V: Analysis SPSS for Statistical Tests and R for Visualization

Workflow

e The cleaned and labeled dataset was exported from Excel to SPSS in .csv
format.

e  Statistical analysis (e.g., chi-square, regression) was conducted in SPSS to
test relationships between variables such as gender, hygiene scores, and
microbial qualit.

e SPSS output tables were used to extract summary statistics and p-values.

e R was used to create visually informative plots such as:

Figures on R visualized

Figure 1. Conceptual Framework

Figure 2: Study Area Map

Figure 3 Percentage distribution of household head age, education and religion among
male-led farm management and female-led farm management dairy farm households in
the study area

Figure 4. Marital status of HH by gender

Figure 5. Heatmap of farm scale percentages by household head type (top: female-led
farm management vs. male-led farm management HH) (bottom: Hawassa, Shashemene,
Yirgalem) across Cross and Local Farms. Darker tiles indicate higher percentages.
Figure 6 Purpose of keeping dairy animals

Figure 7. Major feed resources by Gender HH

Figure 8 Role of Women in Milk Value Additions and Microbiological Quality

Figure 9: Gender differences in managing animal health among dairy households.
Figure 10. Primary Role in milk Production by Gender HH Error! Bookmark not
defined.

Figure 11. Involvement in Milk Processing

Figure 12: Total income by location

Figure 13: Distribution of income by sex of HH

Figure 14: Farm management practice from observational checklist

Figure 15, Loguo total plate count (CFU/mL) in raw milk samples by household gender.
Violins show the full distribution, boxplots the median and IQR, and black dots the
group means. Points are individual samples.

Figure 16, Violin plot showing the distribution of log-transformed coliform microbial
load (CFU/mL + 1) by gender. The plot includes individual data points, median (black
dot), and mean (text label) values.

Figure 17, Flowchart showing how gender-specific analyses branch from the full
demographic model. Left branch highlights planned gender comparisons and analytical
links.

“Data were cleaned and statistically analyzed using SPSS version 27. For visual
representation of the results, datasets were exported to R (R version 4.4.2 (released on
October 31, 2024, codename: "Pile of Leaves"), running on a 64-bit Windows platform
(x86_64-w64-mingw32/x64). ) where plots were generated using ggplot2.”
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APPENDIX VI: Microbial Thresholds for raw milk quality

This study used the Ethiopian Standard (ES) for assessing microbial quality in raw

whole cow milk. The table below outlines the permissible microbial limits for milk
intended for processing.

. . - Maximum Limit Test Method
Microbial Characteristic (CFU/mL) (Ethiopian Standard)

Total Viable Bacterial Count .

(incubated 48 h at 32°C) 1,000,000 (1 x 10°) ES 1SO 6610

Coliform Count (incubated 24 h ES I1SO 5541-1/ES ISO

at 37°C) 50,000 (5 > 10%) 5541-2

CFU/mL = Colony Forming Units per milliliter

Source: Ethiopian Standard (Second Edition 2021), ICS 67.100.10, Published by the
Ethiopian Standards Agency (ESA).
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APPENDIX VII: Field and lab photos
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APPENDIX VIII Tables

Test Statistics?
CFU_Log

Mann-Whitney U 405.500
Wilcoxon W 1225.500
Z -3.796
Asymp. Sig. (2-tailed) .000
a. Grouping Variable: Sex pca

Chi-Square Tests

Value Df Asymptotic Exact Sig. (2-
Significance (2- sided)
sided)

Pearson Chi-Square 18.899° 2 .000 .000
Likelihood Ratio 20.529 2 .000 .000
Fisher-Freeman-Halton 19.754 .000
Exact Test
N of Valid Cases 80

a. 2 cells (33.3%) have expected count less than 5. The minimum expected count is 1.50.
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Total coliform Microbial load by Sex, Chi-Square Tests

Value df Asymptotic Exact Sig. (2-
Significance sided)
(2-sided)

Pearson Chi-Square 8.4572 015 014
Likelihood Ratio 8.613 .013 .035
Fisher-Freeman-Halton 8.395 014
Exact Test

N of Valid Cases 80

a. 2 cells (33.3%) have expected count less than 5. The minimum expected count is 3.00.

Demographic | Category N | Standardization | Equipment | Product Capital e p-

Group Score Access Quality | Constraints | Value | value
(Barriers)

Age Group 18-30 35 | Low Medium Good High 3.59 | <.001

Age Group 31-50 45 | High Low Good Medium 81.9

Gender Female 40 | Medium High Good High 84.13 | <.001

Gender Male 40 | Medium Low Good Medium .61

Location Hawassa 50 | High Low Good Medium 17.57 | <.001

Yirgalem

Location (Female) 30 | Low High Fair Very High 81.78 | <.001

Education Higher Very

Level Education 42 | High Low Good Low 16.12 | <.001

Education Primary/No

Level Education 38 | Low High Fair High
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