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ABSTRACT
Sub-Saharan Africa has one of the world’s richest selections of indigenous 
fermented foods which constitute valuable cultural heritage with significant 
socio-economic impact. The review provides an in-depth examination of the 
diversity of indigenous fermented foods of Kenya in the cultural practices 
context, interlinked microbiome, associated nutritional and food security 
aspects while positing valorisation perspective. The traditional fermented 
foods are profiled into five clusters with significant valorisation potential for 
food systems in: (i) non-alcoholic cereal-based thin porridge (uji) and (ii) 
fermented milk products (mursik and suusac). This is informed by agro- 
productivity resilience and evolving consumption preferences. Whereas 
these foods are commonly processed via artisanal methods, often resulting 
in inconsistent products, locally tailored starter culture trials in uji and suusac 
have shown a promising model to guarantee microbiological safety, mitigate 
contamination and assure stable sensory characteristics. It is thus plausible to 
posit, that integrated microbial ecology of traditional fermentation and food 
systems policy-level research targeted at a reengineering of the unit opera
tions with the intent of improving safety and nutritional quality while being 
cognizant of organoleptic traits and intertwined biocultural diversity is highly 
desirable. Particularly, with a broader foresight for promoting sustainable 
food systems at the base of the pyramid.

KEYWORDS 
Fermented foods; uji; mursik; 
suusac; mnazi; nutrition

Introduction

The pursuit of agricultural productivity has led to the loss of food biocultural diversity coupled with 
a general standardization of the global foodscape owing to the industrialization of food production since 
the so-called “green revolution” after World War II.[1–3] In response to this shift, a new perspective 
geared towards promoting indigenous varieties, safeguarding food and gastronomic heritage emerged. In 
the late 1960s, European design and enactment of legislation about origin certification in the wine 
industry was the first indication.[4] The global north consumers’ attitudes towards food shifted to 
a greater emphasis on nutritional and health benefits, methods of production, traits tied to regional 
identity and sensory attributes.[5–7] Interest in food products was further characterized by a new 
awareness that challenged the dominance of commercial, mass-produced food. The awareness entailed 

CONTACT Christopher Khayeka-Wandabwa christopher.wandabwa@wur.nl Laboratory of Genetics, Wageningen University 
& Research, Wageningen 6700 HB, The Netherlands

Supplemental data for this article can be accessed online at https://doi.org/10.1080/87559129.2024.2355992.

FOOD REVIEWS INTERNATIONAL                       
https://doi.org/10.1080/87559129.2024.2355992

© 2024 The Author(s). Published with license by Taylor & Francis Group, LLC.  
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives License (http:// 
creativecommons.org/licenses/by-nc-nd/4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium, provided the 
original work is properly cited, and is not altered, transformed, or built upon in any way. The terms on which this article has been published allow the 
posting of the Accepted Manuscript in a repository by the author(s) or with their consent.

https://doi.org/10.1080/87559129.2024.2355992
http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/87559129.2024.2355992&domain=pdf&date_stamp=2024-05-23


encouraging new forms of production and consumption as a means of developing more socially just and 
environmentally sustainable food systems alongside improving nutrition for the global vulnerable.[8–11] 

Consequently, food heritage, the collection of tangible and intangible aspects of food cultures (such as 
ingredients, techniques, recipes, and food traditions) that are considered a common good in a given 
agroecology and sociocultural setting, has been revitalized.[11–14] This is in a quest to build an all- 
inclusive capacity for food systems and food security at large[11,13]

Concurrently, studies have established a correlation between the ingestion of fermented foods and 
an array of health promoting benefits.[15–17] That is in complementation to fermentation leverages in 
augmentation of the sensory characteristics, nutritional value and enrichment of foods’ shelf life.[18] 

The convergence of these advancements has prompted a renewed emphasis on research and innova
tion concerning fermented foods. Specifically traditional fermented foods, in an effort to utilise this 
knowledge for the creation of novel fermented foodstuffs and ingredients that can be commercially 
available.[17,19] In the African context, milk, cereals, honey, fruits and starchy root crops are commonly 
used to make a range of traditional fermented dishes and beverages.[14,18,20,21] Across Africa, indust
rially prepared fermented food products coexist with indigenous fermented foods such as bushera, 
mahewu, mabisi, kwerionik, munkoyo, fufu and ogi which are produced in rural and ethnic regions 
utilising locally accessible raw materials and indigenous knowledge.[17,18,21] The fermented foods are 
primarily produced at the household level via spontaneous fermentation.[22]

In Kenya, most traditional fermented foods and beverages have socioeconomic value. Indigenous 
fermentation technologies are widely engrained in culture as a way of life of most rural 
communities.[23] They provide a relatively inexpensive source of food and contribute significantly to 
the rural populations’ food, health and nutritional security.[13,24] Constrained structured upscaling to 
fulfil local and urban inhabitants’ budding demand for traditional products[7,24,25] is a common 
phenomenon. Therefore, identification and prioritization of research to ensure the safety, quality, 
and upscaling to advance food security is essential[25–27] Besides, the world population is predicted to 
exceed 9 billion by 2050, putting a growing strain on food supplies. Indigenous fermentation 
technology could be applied as a crucial pivot to reinforce reductions in food waste while boosting 
sustainable food systems.[13,27,28]

Given the above, first, we provide a comprehensive and in-depth examination of the diversity of 
indigenous fermented foods and beverages of Kenya in the cultural practices context along with 
interlinked microbiomes. Second, we examine the microbial diversity nexus with health benefits, 
especially probiotic attributes and safety influences in the traditional fermented foods profiled. Cereals 
and milk emerge as the predominant substrates for the diverse traditional fermented foods identified. 
Consequently, we appraise agroproduction interplays that could influence traditional fermented 
foods’ sustainability and subsequent valorisation prospects in food systems. SSA has one of the world’s 
richest collections of traditional fermented foods which constitute a valuable cultural heritage. Across 
the region, the indigenous foods and beverages diversity has a sizeable socioeconomic influence 
among smallholder farmers and households food security.[11,13,29] Particularly for countries like 
Kenya and South Africa where indigenous fermented foods are integrated into national nutrition 
guidelines.[16,30] Thus, this article concludes by highlighting the existent prospects of the systematic 
microbial ecology of natural fermentation research and interlinked food systems action cues for 
traditional fermented foods valorisation. Among the indigenous foods and beverages, alcoholic 
brews are historically highly entwined with substance use disorders.[31,32] Therefore, this review 
does not elaborate on alcoholic fermented beverages in detail.

Diversity of the traditional fermented food products and associated microbes

Indigenous fermented foods and beverages of Kenya can be clustered into five domains: (i) non- 
alcoholic cereal-based thin porridge (uji, kirario, kimere and ikii), (ii) fermented milk products (kule 
naoto, suusac/suusa, mursik, amabere amaruranu and iria ri matii), (iii) alcoholic beverages from 
maize and/or sorghum or millet malt (busaa), (iv) fermented fruit mashes/wine (mnazi and muratina), 
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and (v) distilled spirits (chang’aa/nubian gin). The diversities and associated predominant microbiota 
characterized so far are depicted in Table 1. For a map of Kenya with regional diversity, see 
Supplementary material. The foods and beverages have varying adaptabilities as exemplified by the 
different tribes/ethnic groups of Kenya and/or region of origin (Table 1) in conjunction with 
ingredients, techniques, recipes, and inherent food traditions. A vast majority of the fermentation 
process is via earthen pots, gourds or calabashes as preferred vessels. By extension, containers made of 
plastic are being embraced because of their durability, ease of use, low cost and availability. The 
microbial structure is not significantly impacted by the container material.[79,80] 

(i) Fermented uji is a thin gruel (porridge) widely prepared from unblended or composite flours 
(Table 1). The variability of recipes depends on cultural practices, the predominant crops 
grown in the area, and the price and availability of raw materials. After allowing the slurry (30% 
w/v solids) to ferment, it is diluted with water (to 8–10% w/v solids), boiled, sweetened, and 
consumed while still hot.[39] Among the implicated microbiota (Table 1), Lactobacillus plan
tarum accounts for the majority of the lactobacilli in uji. Fermentation by both traditional 
backslopping or the use of starter cultures (as the preferred approach) with lactic acid bacteria 
(majorly Lactobacillus plantarum, L. brevis, L. buchneri, L. paracasei ssp. paracasei and 
Pediococcus pentosaceus) are effective in uji preparation.[39,40,42,81] The use of a starter culture 
is denoted to impede the occurrence of different pathogenic and spoilage microbes.[39,82,83] 

Kirario, kimere and ikii variants of non-alcoholic cereal-based thin porridge (Table 1) are 
uniquely characterized by exploiting wet-milling involving green maize as an ingredient, 
a combination of dry-milling + wet-milling and dry maize grits in the order of major con
sumption habits routinely or during special celebrations commonly observed in the respective 
ethnicities of origin[43–49] Notably, kimere was more of a staple food before the initiation of 
maize.[47] Regarding the distribution of microbiota for the cereal-based beverages, lactic acid 
bacteria were the most dominant microbial flora (Table 1) except for busaa (an anaerobically 
fermented alcoholic beverage from maize) in which the lactic acid bacteria (LAB) are 
limited.[38,81]

(ii) For the traditional fermented milk products (Table 1), the LAB were the predominant micro
bial flora with some variations in the product traits. In kule naoto, wherein blood is added 
before fermentation, high levels of protein51 are present. Due to the high iron content in blood, 
which is a cofactor in various cellular physiological processes, the mixing of blood and milk for 
fermentation might impact microbial metabolism.[84,85] However, to our understanding, no 
evidence validates the notion of the influence of blood in the fermentation process regarding 
a correlation between microbial flora diversity and volatile compounds along with sensory 
characteristics.

The concept of thermophilic or mesophilic lactic acid cultures, being typically utilized in mini- 
production trials of fermented milk under regulated conditions, has been observed in suusac and 
cow milk fermentation mimicking mursik to a good extent.[57,86,87] The mesophilic lactic 
cultured milk showed certain benefits in warm areas (as is the case of Kenya) on capacity to 
be incubated at room temperature (20–30°C) with optimum fermentation at 1–1.2% lactic acid, 
avoiding the requirement for refrigeration to stop additional souring as occurs with 
yoghurt.[57,86] It is therefore apparent that developments in sequence-based molecular technol
ogies for exploring the diversity and functionality of microbiota in traditional fermented foods at 
metagenomic and metabolomics scale,[88] offer the chance to enrich our understanding of 
traditional fermenting microbial ecosystems. Such findings could have practical implications 
for ecology-driven process design to upscale and standardize indigenous fermentation or for 
optimization of context-fit starter cultures.

In fermented dairy products like kule naoto, a definite correlation between the occurrence of yeasts 
and pathogenic and/or spoilage microbes like Enterobacteriaceae was noted where no 
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Enterobacteriaceae were detected in samples where yeasts were profiled.[50,89] In addition to the yeasts 
being major players in the metabolism of lactic acid with a consequent increase in pH, thus supporting 
the growth interactively of less acid-tolerant microorganisms.[56,65,90] As well, yeasts can produce 
proteolytic and lipolytic enzymes that are important in the formation of flavour compounds.[56,65,89,90] 

Still, the low pH of fermented milk provides a favourable environment for yeast growth, but is 
unfavourable for the majority of bacteria. Spoiling becomes apparent when the yeast population 
reaches 105–106 cells g−1[89,91,92]. Yet, except for amabere amaruranu and suusac (in which the 
dominant species of yeast was S. cerevisiae, Table 1), there is little data on the characterization of 
yeasts across the majority of the foods and beverages studied. They were mostly enumerated but not 
characterized. This limits the understanding of their interplays in the indigenous spontaneous 
fermentation setting, for instance, their interaction with LAB and the ensuing metabolic properties 
and safety effects.

A fermentation vessel (i.e., gourd or calabash) for milk processing usually originates from the 
plant Lagenaria leucantha or Lagenaria siceraria. The gourd is commonly sooted on the inside 
with glowing splints of Olea Africana chopped stem as a preparatory step (Fig. 1). More diverse 
plant species (Fig. 1) can be applied in mursik and kule naoto processing bearing in mind 
preferences and availability.[68,93,94] The benefits of soot application are still debatable and wide- 
ranging: a) improves flavours, b) slows down the fermentation process and the growth of 
coliforms thus enhancing safety and extended shelf life of the fermented products c) functions 
to inactivate potential spoilage organisms in the milk, allowing lactic acid bacteria to establish as 
the dominant flora, d) suppresses naturally-occurring yeasts, moulds and bacterial contaminants 
brought in by the raw milk, and e) protects the gourd from wearing out fast and erases the 
gourd natural smell when milk is drunk from it.[54,68,95–97] Notwithstanding, there is paucity of 
evidence on the origin of plant species used and the associated sooting impact on the microbial 
ecology interplays in the fermentation process.

(iii) The Kenyan traditional beers, wines and spirits are commonly denoted as “pombe” but 
distinctively differ from each other based on the substrate used (Table 1) and methods of 
preparation besides variations in alcohol and/or lactic acid proportion. For busaa, which is 
a beer, spontaneous fermentation results in the formation of, among others, alcohol and lactic 

Figure 1. Diversity of plant species for which chopped stems are used to prepare glowing splints for sooting the fermentation vessel 
(calabash/gourd) inner surface. A case example of the gourd smoking in progress (shown in the centre) with the charcoal from the 
burning wood. This process is repeated until the inside is smooth and even. After it has been suitably sooted, the extra dust from the 
charcoal is gently removed. The gourd is now regarded as ready for usage and is covered and left to cool.
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acid. The final product contains varying amounts of alcohol (2–4% v/v)(volume/volume) and 
lactic acid (0.5–1.0% w/v)(weight/volume). In chekwe beer, the final product has a pleasant, 
refreshing sour taste (acidity approximately 0.5–0.8% w/v as lactic acid) and usually contains 4– 
5% v/v alcohol. The alcohol content of marwa remains indeterminate. Among the wines, the 
alcohol content of muratina varies from 3–6% v/v with that of mnazi depending on the chemical 
composition of the sap, the duration of fermentation, and the temperature during the fermenta
tion, thus typically varying between 0.5–7% v/v. Changaa, which is a spirit, contains 25–60% v/v 
alcohol, contingent on manufacturing conditions.

Microbiota health benefit aspects and safety influences in traditional fermented foods

We next examine the microbiota diversity nexus with health benefits, especially probiotic attributes 
and safety influences in the traditional fermented foods profiled. Indigenous fermentation takes place 
by a mixed colony of microorganisms such as moulds, bacteria and yeasts in a food substrate.[98] The 
resulting microbiota are beneficial with enzymes such as proteases, amylases and lipases that hydrolyze 
food complexes into simple nontoxic products with desirable textures and aromas that make them 
palatable for consumption.[17,98–101]

In the traditional foods and beverages examined (majorly cereal and milk-based), LAB are the 
dominant microorganisms, which include those of the genera Leuconostoc, Lactococcus 
Streptococcus, Lactobacillus, Enterococcus, Aerococcus and Pediococcus. However, the genera 
Lactobacillus, Lactococcus and the yeast species Saccharomyces cerevisiae are predominant 
across ≥ 5 of the fermented products (Fig. 2) four of which are milk-based. Overall, the yeasts 
isolated from different fermented products were mainly of the genus Saccharomyces and 
Candida. The reviewed literature lacks detailed descriptions of moulds but moulds that have 
been established in milk and cheese fermentation include Penicillium, Mucor, Geotrichum, and 
Rhizopus species.[109,110] Cereals of major importance as identified in the reviewed cereal-based 
fermented products (Table 1) are maize (Zea mays), sorghum, and millets, especially pearl millet 

Figure 2. Bacteria and yeast genera that commonly co-occur in five major Kenyan traditional fermented foods. Microorganisms 
widely used as probiotics mostly belong to the genera Lactobacillus for bacteria and the yeast Saccharomyces.[102,103] in the five 
fermented foods identified, the LAB and the yeast Saccharomyces have a predominant co-occurrence despite varied substrate and 
processing variations that may shape microbial ecology attributes that influence mechanisms of microbial community formation.[104] 

LAB and yeast co-exist synergistically in diverse traditional fermented foods by stimulating their growth and survival.[64,105] the co- 
occurrence and anticipated beneficial interactions of LAB and yeast across the five foods give credence to their distinctive probiotic 
viability while in their native forms and that, processing optimization through microbial ecology principles would positively influence 
valorisation prospects.[17,104,105] Microorganisms commonly considered probiotics, and characterized and/or co-occurring in the five 
foods: Kule naota; Lactobacillus plantarum, Lactobacillus paracasei, Lactobacillus rhamnosus, Lactobacillus acidophilus, isolates of 
Lactococcus lactis and Saccharomyces cerevisiae. Mursik; Lactobacillus plantarum, Lactobacillus curvatus, Lactobacillus fermentum, 
Lactobacillus brevis, Lactobacillus casei as well as Lactococcus lactis, Enterococcus faecium, Leuconostoc mesenteroides and 
Saccharomyces cerevisiae. Amabere amaruranu; Lactobacillus plantarum, Lactobacillus bulgaricus, Lactococcus lactis, Leuconostoc 
mesenteroides, Streptococcus thermophilus and Saccharomyces cerevisiae. Suusac; Lactobacillus plantarum, Lactobacillus curvatus, 
Leuconostoc mesenteroides and Saccharomyces cerevisiae. Mnazi: Lactobacillus plantarum, Lactobacillus paracasei, Lactococcus lactis, 
and Saccharomyces cerevisiae. Strain specific data to justify precise probiotic traits is scanty, there is need for further investigations to 
delineate the subspecies and genetic differences if any and where necessary. Methods such as comparative genomics analysis have 
the potential to provide insights into the genetic variation and evolutionary relationships among subspecies, while also facilitating 
the precise detection of strains that display dual phenotypes.[105–108]
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(Pennisetum glaucum) and finger millet (Eleusine coracana). For these cereal products, 
L. fermentum, Pediococcus pentosaceus, W. confusa, L. plantarum, L. salivarius, L. casei, 
L. acidophilus, and Leuconostoc spp. are some species that have been commonly isolated. 
Fermentation of cereals provides optimum pH conditions for enzymatic degradation of phytate 
and releases minerals such as manganese (which is an important growth factor of LAB), iron, 
zinc and calcium.[111] Moreover, cereal and cereal component-based foods (like those herein 
profiled) contain water-soluble fibre (such as β-glucan and arabinoxylan), oligosaccharides (such 
as galacto- and fructo-oligosaccharides) and resistant starch, which are known for their prebiotic 
properties.[111–113]

Taken together, lactic acid fermentation is considered a major contributor to the beneficial 
characteristics of indigenous fermented foods and beverages.[15,17,81] Probiotics isolated from 
a variety of sources including traditional fermented foods, mostly belong to genera Lactobacillus, 
Bifidobacterium, Lactococcus, Enterococcus, Leuconostoc, Streptococcus and the yeast 
Saccharomyces.[102,105,114,115] The respective strains, which are predominantly LAB and considered 
to be of importance to food and nutrition, have been characterized, and validated for safety, 
functionality and technological attributes[52,102,114–116] with more yeast strains identified as having 
probiotic properties and capabilities.[105,106] A selective range of the reported microorganism species 
resonates with those that co-occur in traditional foods (Fig. 2) while in their native forms of 
preparation. The utilization of wet-milling or a combination of dry-milling + wet-milling for the non- 
alcoholic cereal-based porridges (kirario, kimere and ikii) confers them good traits for prebiotics and 
probiotics.[45,102,115,117] Prebiotic and probiotic bacteria are beneficial in that they favourably alter the 
intestinal microflora balance, such as the reconstruction of normal intestinal microflora after disorders 
caused by diarrhoea and antibiotic therapy inhibiting the growth of harmful bacteria, promoting good 
digestion, boosting immune functions and increasing resistance to infections.[111,112] Further physio
logical benefits include the removal of carcinogens, lowering of cholesterol, immunostimulating and 
allergy-lowering effects, and synthesis and enhancement of the bioavailability of nutrients.[111,112]

In food and health safety, fermentation plays a crucial role in the reduction of fermentable 
oligosaccharides, disaccharides, monosaccharides and polyols (FODMAP).[118] FODMAP ingestion 
induces abdominal symptoms in people suffering from irritable bowel syndrome, which is 
a common gastrointestinal tract disorder.[118] Though not conclusive owing to limited studies, 
fermented foods can support microbiota formation during pregnancy.[30] Antimicrobial effects of 
LAB, inactivation and control of foodborne pathogens through fermentation can reduce the risk of 
pathogenic diarrhea, which is the leading cause of infant mortality in sub-Saharan Africa.[17,119] 

For instance, raw sorghum flour contains ~ 2,400 colony-forming units per gramme (cfu/g) of 
Escherichia coli, whereas fermented dough contains significantly fewer.[17,120] The fermented dough 
contains no Salmonella spp., which were found in several sorghum cultivars. Still, a variety of 
spoilage and pathogenic microorganisms have been identified in traditional fermented foods and 
beverages.[121,122] These microorganisms are primarily native microflora of fermenting foods in 
addition to those from poor handling and processing methods.[122–124] They include non-spore- 
forming pathogenic bacteria (e.g., Listeria monocytogenes, Salmonella spp., and Shigella spp.), 
bacterial toxin producers (Staphylococcus aureus), yeasts (for instance Candida spp.), moulds 
(such as Rhizopus spp., Penicillium spp.), and toxigenic fungi (like Aspergillus spp.).[123,125–127]

Cereals are prone to contamination by toxigenic fungi that lead to mycotoxicosis.[128,129] As an 
indirect environmental influence, mycotoxins have been detected in milk as a result of feeding 
livestock with contaminated agricultural produce.[129,130] Interlinkages of direct and indirect types 
and sources of contaminants of milk and dairy products including those impacting the processing of 
foods like mursik, kule naota, suusac and amabere amaruranu have been examined.[131,132] 

Considering the significant burden of mycotoxins in Kenya’s food systems, the mainstay control 
strategy entails the use of chemical preservatives but their impact on health, nutritional and organo
leptic qualities of food is a growing concern.[128,129] The LAB, including those from Lactobacillus, 
Lactococcus and yeast strains of Saccharomyces cerevisiae predominant in the traditional fermented 
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foods herein profiled (Table 1) are generally regarded as safe (GRAS). Apart from the LAB and the 
yeasts’ essential traits for application in food fermentation systems, their ability to produce bioactive 
metabolites or enzymes with synergistic antifungal activity has been reported.[119,128,129,133,134] The 
traditional fermented foods thus act as reservoirs of beneficial LAB and yeasts that can aid in food 
preservation and control of mycotoxins.

Agroproduction determinants and traditional fermented foods valorisation prospects

An important component of national nutrition policies is dietary recommendations. The guidelines 
represent suggestions for optimal nutrition and overall health, devised by experts in the field of science 
and health, drawing upon the most recent scientific data and information on food consumption.[16,23] 

Fermented foods are consumed globally but national nutrition guidelines in the majority of countries 
do not provide recommendations concerning the consumption of fermented foods. Australia, 
Bulgaria, South Africa, India, Qatar, Kenya, Sri Lanka, and Oman are among the very few nations 
that have national nutrition guidelines that include indigenous and traditional fermented 
foods.[16,23,30] Fermented foods that are indigenous and traditional to these nations are accessible 
and denote an integral part of the national ethos.[16,19]

While national dietary guidelines across the globe may contain similar recommendations, they 
remain distinct to the population and country that established them and are country-specific.[16,135] 

They are interconnected and impacted by the accessibility of food products within a particular nation, 
including dietary and cultural attributes that are specific to that country.[16,19] Cereals and milk are the 
predominant substrates for the diverse traditional fermented foods identified (Table 1). We, therefore, 
explore the agroproduction of these substrates that would conceivably influence traditional fermented 
foods’ sustainability and subsequent valorisation in food systems. Across many households in Kenya, 
the staple food crop is maize, often consumed as stiff porridge (ugali), alongside cooked vegetables 
and/or meat (with chicken as the most preferred meat in Kenya at 92%), beef (85%), fish (79%) or goat 
with milk and related products as common features in the diet.[136–144] The Food Balance Sheet (FBS 
2023) by the Kenya National Bureau of Statistics (KNBS) shows that milk and related products have 
a per capita consumption of 93.3 kg, followed by maize and maize products (69.5 kg), wheat products 
(41.3 kg) and vegetables at 32.6 kg.[145,146]

The projected value of Kenya’s dairy industry is 4% of its gross domestic product.[147,148] This 
vitality is supported by rising domestic milk production (an average of 5.3% annually), processing 
capacity (an average of 7% annually), yearly per capita milk consumption (an average of 5.8% 
annually, now 110 litres), well beyond those of other African nations.[144,147,148] There is a growing 
dairy production cutting across smallholder farmers (who are the majority), dominating mixed crop- 
livestock (MCL) systems with small herds of superior dairy cattle breeds replacing the traditional 
breeds.[144,148,149] Bovine and camel milk along with derivative products are the most produced and 
consumed animal-sourced foods while ∼70%–80% of the milk marketed in the country is sold through 
informal markets.[144,150–152] Of note, recent trends have positioned Kenya Arid and Semi-Arid Lands 
(ASALs) to be in the lead in camel milk production with an annual production volume of 1.165 million 
metric tonnes (MMT), followed by Somalia (0.958 MMT) and Saudi Arabia (0.271 MMT).[152,153]

The consumption of milk-based traditional fermented foods is at a rate of up to 2–3 litres 
per day per person for kule naoto, majorly among the Maasai, irrespective of income or 
number of cattle per household.[50,154–156] Comparatively, mursik consumption is estimated at 
500 ml (2 cups) per person per day during main meals within the agropastoralists’ settings, 
coupled with the “traditional fermentation technology export” spanning the country (Fig. 3) 
and ~ 53% of milk produced in cooler Kenyan highlands consumed as fermented milk pro
ducts [157–160] Camel milk products are equally gaining increased acceptability beyond the 
usual ASAL settings.[59,161,162] Despite a robust legislative framework in the dairy sector, up to 
80% of the milk is marketed informally providing livelihoods to households. Informal milk 
markets are ascribed for proficiency in delivering dairy products that satisfies sociocultural 
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expectations in quality, at reduced prices and in smaller quantities fitting low-income con
sumers’ purchasing power.[144] Mursik, is a archetypical case milk product bridging the pur
suit for sustainable food systems especially at the bottom of the pyramid. It is plausible to 
note, with valorisation, milk based products like mursik and suusac have a good potential to 
add to food security as driven by the growing agroproduction sustained in the dairy sectors 
over time.

Maize, sorghum, finger millet and cassava have a diverse role in the food chain other than the 
preparation of fermented products. The cereals are important raw materials for making thick 
(ugali) and thin (uji) porridge, githeri (a boiled mixture of maize+beans) mainly in school meals 
programme and mkarango (maize meal snacks) but their production is persistently less than the 
demand.[34,37,163,164] The annual production of white maize is about 3.6 million tons with insuffi
cient production to meet national demand spanning all the way from the 1980s to date[165,166] with 
the shortage getting more severe. The productivity of sorghum is about 2.0 t/ha, which is below 
the inherent potential of 3–4 t/ha, even with farmers increasingly adopting varieties with improved 
genetic potential like Serena, Seredo, Gadam and E1291.[34,167] The average mean yield of finger 
millet in Kenya is 2.9 t/ha with yields of improved varieties (such as P224 and Katumani) reaching 
up to 3.3 
t/ha.[34,168] Cassava, an ideal food security crop for semi-arid regions, has average yields of 15 
to 20 t/ha against a potential yield of over 50 t/ha.[34]

In contrasting the cereals’ productivity with fermented beverages utilizing the cereals or cereal flour 
as substrate (Table 1), uji is commonly used as a vital weaning food along with being consumed by 
individuals of all age groups as a breakfast meal or a refreshing beverage at any time of day.[40,169] It is 
a highly preferred food among invalids as they are often weak and unable to consume food that 
requires much energy to chew and swallow.[34] Per capita consumption of uji is high in poor house
holds, especially during a famine, because only a small amount of flour is necessary to produce 
a significant quantity of the product, which can be consumed throughout the day.[34,39] As earlier 
detailed (Table 1), although the main substrates for uji comprise unblended or composite flours of 
cassava and whole-milled grains of maize (cornmeal), sorghum or finger millet (wimbi), the most 
popular 1:1 composites are maize – sorghum, maize – finger millet, cassava – finger millet and 
cassava – sorghum. The growing adaptive premise of composites (blending of cereals) in traditional 
cereal-based foods (like uji) and enhanced productivity of alternative cereals (mainly sorghum and 
finger millet) is promising for food sufficiency in SSA where indigenous fermented foods continue to 
gain acceptance.[29,170]

Figure 3. A case of rural Kenya experience in mursik production and consumption: (a) an enterprising local farmer who produces 
calabashes/gourd bottles for sale to the community and beyond, due to its high demand for use in the production of indigenous 
fermented milk (mursik). (b) a demonstration of how the calabash/gourd is coated on the inside by smoking with special tree species 
locally used for flavour and alluded medicinal benefits. (c) Fermented mursik in a calabash ready for consumption. (d) Mursik with the 
dark effect due to smoking is aliquoted from the calabash to an open container for further mixing before consumption to ensure the 
smoking effect from the fermentation process done in the calabash is properly mixed and for evenness.
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Conclusion and perspective

It is apparent that the traditional fermented foods examined are widely accepted and within the 
socioeconomic means of the communities in which they are produced, based on the substrates 
used. As a way of mitigating wastage under ambient temperatures, improving the nutritional 
quality, organoleptic characteristics and enhancing the products’ shelf life at the production level, 
indigenous spontaneous fermentation persists as a mainstay approach across different ethnicities 
for varied substrates.

We profile the traditional fermented foods and beverages into five major clusters with significant 
valorisation potential for greater nutritional value and assurance for food system progression in two: (i) 
non-alcoholic cereal-based thin porridge (majorly uji) and (ii) fermented milk products (mainly mursik 
and suusac) as informed by agroproduction resilience and evolving consumption preferences, especially 
for the milk products. Likewise, some products such as uji, mursik and suusac have a likability that 
transcends their ethnic jurisdiction of origin as a consequence of widely perceived and/or partly 
established health benefits and organoleptic properties. Whereas these foods are commonly processed 
and produced using empirical and artisanal methods, often resulting in inconsistent products, locally 
tailored starter culture trials and related applications in products like uji and suusac have shown 
a promising prototype to guarantee safety, mitigate contamination, assure stable sensory characteristics 
and nutritional value. It is thus plausible to affirm, that integrated basic, applied and policy-level 
research (Fig. 4) aimed at improving traditional processes by reengineering the unit operations with 
the intent of improving safety and nutritional quality while being cognizant of organoleptic traits and 
intertwined biocultural diversity is highly desirable. In the long run, this would potentially stimulate 
assurance of sustainable food systems, especially at the base of the pyramid.

Figure 4. Schematic model for interlinked microbial ecology of natural fermentation research and food systems policy action cues in 
traditional fermented foods: understanding food products’ preference and perception (e.g. cereal or milk-based and alcoholic or non- 
alcoholic) depending on the cultural context of the communities; investigating aspects of the microbial ecology of the traditional 
fermented foods (e.g. studying the diverse bacteria, yeasts, and moulds that contribute to the fermentation process) and its role in 
the substrates utilized; microbial ecology studies can assist in identifying biomarkers (measurable indicator of some biological state 
or condition) for assessing fermented food quality and aid in the development of optimal ecology driven process design to upscale 
and standardize fermentation while being cognizant of intertwined biocultural diversity (for instance preservation of organoleptic 
properties). In the case of microbial ecology-driven biomarkers identification, some microbial metabolites, enzymes, and proteins can 
be utilized to evaluate whether a food product has been properly fermented or contains harmful microbes. As an effect of the 
interlaced actions, stimulate agro-enterprise development (e.g. shift from calabash/ gourd fermentation (top centre) to milk grade 
controlled fermentation tank (top left) with a touch of typicity).
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From the declining productivity of maize (Zea mays) that spans decades coupled with known 
unfavourable climate variability trends in the tropics and the growing adaptive premise of composites 
(blending of cereals) in cereal-based foods and beverages, promotion of the productivity of alternative 
cereals (mainly sorghum and finger millet) in the context of indigenous foods and beverages con
sumption habits, would go a long way in invigorating food sufficiency at community and households 
levels. Ultimately, such efforts would help alleviate or mitigate the overreliance on maize as the main 
substrate for different cereal-based indigenous foods and beverage preparation among other compet
ing needs (like home-grown school meal programmes). In doing so, this would proportionally advance 
responsiveness to several SDGs, namely 2) Zero hunger, 3) Good health and well-being, 12) 
Responsible consumption and production and 13) Climate action.
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